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Abstract

Study design—Systematic review.

Objective—To systematically review evidence on aging of the body systems after spinal cord 

injury (SCI).

Setting—Toronto, Ontario and Vancouver, British Columbia, Canada.

Methods—Electronic databases (MEDLINE/PubMed, CINAHL, EMBASE, and PsycINFO), 

were searched for studies published between 1980 and 2009. The search was augmented by 

reviewing the reference lists of relevant papers. Non-intervention studies that were longitudinal or 

cross-sectional with able-bodied (AB) controls that were at minimum matched on chronological 

age were included for review. Levels of evidence were assigned to the study design using a 

modified Sackett scale.

Results—Of the 74 studies selected for inclusion, 16 were longitudinal in design. The hypothesis 

that SCI represents a model for premature aging is supported by a large proportion of level 5 

evidence for the cardiovascular and endocrine systems, level 2, 4 and 5 evidence for the 

musculoskeletal system, and limited level 5 evidence for the immune system. Only a few level 4 

and 5 studies for the respiratory system were found. The evidence on the genitourinary system, 

gastrointestinal system, and for skin and subcutaneous tissues provide level 4 and 5 evidence that 

premature aging may not be occurring. The evidence on the nervous system does not provide 

evidence of premature aging as a result of SCI.

Conclusions—Premature aging appears to occur in some systems after SCI. Additional 

longitudinal studies are required to confirm these findings.
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Introduction

The literature suggests that persons with spinal cord injury (SCI) may be more susceptible to 

earlier age-related functional declines when compared to the able-bodied (AB) population,1 

and that SCI represents a model for premature aging.2 Such premature aging of certain body 

systems has been said to occur because of additional stresses extending to physical systems 

beyond their ability to repair themselves.3 Although the aging process occurs at varying 

rates and at different ages for each individual,4 it is generally accepted that bodily functions 

reach a maximum capacity before or during early adulthood, before beginning to gradually 

decline. This decline is thought to commence at approximately 25 years of age when the 

developmental process plateaus and biological capacity has peaked.5 This physical peak can 

be measured by examining the functioning of the individual organ systems (for example, 

cardiovascular capacity via how well the heart can pump blood) or by assessing the 

individual’s maximum functional abilities (for example, amount of weight that can be 

lifted). After this peak, the body’s reserve capacity of its organ systems begins to drop at a 

rate of 1% per year in AB persons. Thus, the average person at age 70 has about 50% of 

his/her capacity remaining in each organ system, which does not necessarily present a 

problem since all organ systems have “excess reserve” (that is, more cells, structure, and 

supportive tissue than is required to meet daily life needs).6 When reserve capacity 

diminishes to below 40% of original functioning, however, there is greater chance of 

becoming injured, and/or more susceptible to infection or disease.6 A SCI results in 

physiological and functional changes, and potentially accelerates bodily declines at 

approximately the time of injury, after which the effect of aging is said to proceed at a 

normal rate.7

Age of SCI-onset may have important consequences on different aspects of health. As there 

are increasing numbers of seniors incurring a SCI due to falls, a bi-modal age-of-onset 

distribution exists, with the prevalence of SCI peaking among individuals who are 30 and 60 

years of age.8 As a result, researchers have been able to investigate and compare age-related 

outcomes after SCI. For example, there are a number of studies showing that persons who 

incur a SCI at later ages have poorer functional outcomes than those injured at younger ages.
9–11 Within a theoretical reserve capacity model of aging that is disrupted by SCI, Adkins7 

posits that the impact of injury ‘decreases the further out on the age continuum the injury 

occurs’ (p. 5). However, if the injury occurs far enough along the continuum, then even a 

minimal change in rate will lower reserve capacity below 40% since capacity is already low. 

Further, adults with older ages of SCI-onset may have other pre-existing co-morbidities that 

affect outcomes compared to younger adults.9

Fortunately, increases in life expectancy are providing opportunities to clarify the changes to 

body systems resulting from SCI, aging, or both. What is clear is that physiologic systems 

do deteriorate with age, and this has been well documented in person with SCI.3, 10 They 
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may experience upper limb extremity pain,11, 12 rapid bone loss in the lower extremities 

(that is, hips and knees),13 develop multiple risk factors for cardiovascular disease,14, 15 

experience declines in pulmonary function,16 and have recurring problems with the 

genitourinary17 and gastrointestinal18 systems.

The breadth of aging-related issues after SCI is expansive, and there is substantial overlap 

from body system to body system. Indeed, difficulties in one area impacts others, resulting 

in compromised system functioning.19 Presently, we have a naïve understanding what it 

means to live long term with SCI, but the field is now at a point where the evidence to-date 

can be systematically evaluated to better understand issues associated with aging following 

SCI. Hence, the purpose of this evidence-based review is to clarify the role of age (including 

age of SCI onset) and years post-injury (YPI) on outcomes, and to determine if premature 

aging is occurring for each physiological system.

Materials and methods

A systematic review of all relevant literature published from 1980 through to the end of 

December 2009 was conducted using multiple databases (MEDLINE/PubMed, CINAHL, 

EMBASE, PsycINFO).20 The key word ‘spinal cord injuries’ and its variants were used with 

the following terms: aging, longitudinal, prospective, and case-control. Reference lists of 

relevant articles were reviewed and authors’ names that came up frequently were targeted to 

augment the search. The articles considered for review were English non-intervention 

studies that had adult (> 18 years) SCI participants with traumatic etiologies comprising at 

least 50% of the sample.

With the intention of addressing aging of the body systems after SCI, studies that were 

longitudinal (including retrospective cohort data) or prospective in design that had 

observations of at least 2 years or more were included for review. However, association 

studies were excluded. In order to address the issue of premature aging, cross-sectional 

studies with an AB comparison group that was minimally matched on chronological age 

were also included. Case studies or studies with limited age-ranges (that is, only persons in 

their twenties and/or early thirties, and so on) were excluded except for monozygotic twin 

model designs since this design provides some independence from genetic variability and 

aging.

After reviewing the abstracts and identifying papers for inclusion, a quality assessment was 

conducted on each relevant article using the Downs and Black tool.21 This assessment tool 

consists of 27 questions that evaluate the study’s external and internal validity (both bias and 

confounding). The last question was modified from a scale of 0–5 to a scale of 0–1, where a 

study was provided with a score of 1 if a power calculation or sample size calculation was 

present. Conversely, a score of 0 was assigned if there was no power calculation, sample size 

calculation or explanation on whether the number of subjects was appropriate. Thus, the 

highest score any reviewed article could receive was 28, with a higher score indicating 

higher methodological quality.21 Two independent reviewers assessed the quality of the 

studies. Discrepancies in scores were resolved by a third reviewer. Five levels of evidence, 

based on a modified scale, were used to rank the data22 (see Table 1).
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Results

This search involved reviewing over 17 000 titles and 8400 abstracts. Seventy-four articles 

met the inclusion criteria. The articles were categorized according to seven body systems: 

cardiovascular and endocrine systems (n = 24), immune system (n = 2), musculoskeletal 

system (n = 25), respiratory system (n = 4), skin and subcutaneous tissues (n = 2), 

genitourinary and gastrointestinal systems (n = 16), and nervous system (n = 4). It should be 

noted that some articles overlap across categories. The results presented from each study 

primarily focus on the analyses relevant to aging, and the P-values reported in Tables 2–8 are 

those reported in the original articles.

Cardiovascular System

Fifteen studies were identified for the cardiovascular systems (see Table 2). There is level 5 

evidence that plasma homocysteine levels are higher in persons with SCI (n = 835) 

compared to the AB population (n =14 838), with discrepancies greatest in older adults with 

SCI (> 50 years).23 Elevated levels of plasma homocysteine have been shown to be a clear 

marker for the prediction of vascular disease, although it is unclear if it is the main cause or 

only an associated factor.24, 25

There is conflicting level 5 evidence from several studies demonstrating that persons with 

SCI have abnormal lipid profiles2, 26–33 with some studies27, 32, 33 reporting that total 

cholesterol/high-density lipoprotein levels, total cholesterol33 and low-density lipoprotein33 

were higher in persons with SCI than in AB controls, while others2, 27–29, 32 found that total 

cholesterol, high-density lipoproteins, and low-density lipoprotein levels were lower. It is 

possible that lifestyle factors may have accounted for differences across these studies, but 

further work is needed to clarify the role of diet and physical activity to aging with SCI.

Another study provides level 5 evidence that C-reactive protein levels are higher in men with 

SCI (n = 62) compared with AB controls (n = 29), which could also account for the 

decreases in total cholesterol, low-density lipoproteins and high-density lipoprotein levels.29 

At the same time, increases in C-reactive protein levels may also partly explain why persons 

with SCI are nonetheless at increased risk for accelerated atherogenesis.32 As well, one 

study provided level 5 evidence that persons with SCI (n = 144) also have greater 

atherosclerotic burden compared with an AB reference population (n = 273) (Orakzai et al.
34).

Finally, two studies provide level 5 evidence that when compared with AB controls, men 

with complete T6 or above paraplegia (n = 50) have an abnormal (absent) heart rate response 

during exercise, and men with complete tetraplegia (n = 7) have increased mean arterial 

blood pressure.35, 36 These findings are indicative of altered autonomic control, and may 

contribute to changes in cardiovascular health.

Endocrine System

Thirteen studies were identified for the endocrine system (see Table 2). There is level 5 

evidence that secretion of testosterone and human growth hormone levels are lower in 

persons with SCI compared with AB controls.37–40 Level 5 evidence from two studies37, 41 
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suggests that serum insulin like growth factor 1 levels are impaired in persons with SCI 

compared to the AB population, and may be a sign of premature aging. There is also level 5 

evidence that glucose tolerance is lower after SCI, 2, 29, 42 which concurs with level 5 

evidence that diabetes mellitus occurs prematurely in men with SCI (n = 3708) compared 

with AB controls (n = 18 018) (Lavela et al.43). There is level 5 evidence that persons with 

SCI have higher levels of fat mass, and experience significantly faster rates of age-related 

declines of lean tissue, than in the AB population.26, 27, 42, 44–46 Finally, there is level 5 

evidence that basal and resting energy expenditures are lower in mens with SCI (n = 13) 

compared with their AB twin.47

Immune System

Two studies on the immune system after SCI (see Table 3) provide level 5 evidence that this 

system is compromised at both the acute and chronic stage of SCI compared to the AB 

population.48, 49

Musculoskeletal System

Twenty-five articles were identified relevant to the musculoskeletal system (see Table 4), 

which support the notion of premature aging in most areas with a few exceptions. There is 

level 4 evidence50–52 and level 5 evidence53–63 that there is a rapid loss of bone in the hip 

and lower extremities following SCI, and that this bone loss is significantly lower than the 

AB population. Within these studies there are also some interesting patterns found in 

relation to chronological age and YPI with the extent and rate of system decline. For 

instance, three studies provide level 5 evidence that older men and women with SCI may not 

experience as rapid of a decline in bone mass compared with AB controls.57, 60, 62 

Conversely, there is level 5 evidence that YPI may be more associated with bone loss after 

SCI than chronological age,53, 57 therefore suggesting premature aging.

There is level 5 evidence that differences exist in bone geometric indices and in structural 

properties in the lower extremities of women with SCI (n = 19) compared with the AB 

women (n = 17) (Slade et al.59). Level 5 evidence from five studies suggests that 

biochemical and bone markers in persons with SCI are impaired compared to AB controls,
55, 62, 64–66 which contributes to a greater risk for fracture due to the premature development 

of osteoporosis. Conversely, there is level 2 (Catz et al.67) and level 5 (Chow et al.54); 

(Garland et al.57); (Szollar et al.60–62) evidence that premature aging does not occur in the 

lumbar spine after SCI. As well, one study provides level 5 evidence that persons with SCI, 

regardless of age or YPI, have increased thoracic kyphosis compared to AB controls.68 

However, thoracic kyphosis may also be attributable to muscle changes (that is, innervated 

musculature).

With regard to the upper extremities, there is level 2 evidence showing that the incidence of 

shoulder pain increases over time in persons with SCI.69, 70 This is supported by level 5 

evidence that upper limb pain in men with complete paraplegia who use manual wheelchairs 

may be attributed to longer YPI and not to chronological age.71 However, there is also level 

2 (Lal72) and level 5 evidence73 that highlights chronological age as having an important 

influence on developing shoulder pain. Finally, there is level 5 evidence that premature aging 
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does not occur in hand grip strength in men with complete paraplegia and that continual 

manual wheelchair use may retard this aging process.35, 71

Respiratory System

Four studies on the respiratory system were identified (see Table 5). There is level 4 (Bach 

and Wang74) and level 5 evidence75, 76 that sleep disordered breathing as characterized by 

sleep apnea, oxygen desaturation, and snoring is more prevalent in SCI populations, and that 

it may either increase or persist with the aging process in persons with SCI.74 As well, one 

study relying on self-report found that persons with SCI (n = 408) snored more often, louder, 

and commenced at a younger age than AB controls (n = 339) (Biering-Sorenson F and 

Biering-Sorenson M76) which could be interpreted as premature aging. Level of injury, 

however, likely plays an important role given that another study found that six patients with 

tetraplegia (n = 16) had oxygen saturation levels below the normative range (n = 12) (Cahan 

et al.75). As well, there is level 5 evidence demonstrating that seated breathing patterns are 

compromised immediately post injury in men with tetraplegia (n = 6) compared with AB 

controls (n = 18) but appear to recover over time77.

Skin and Subcutaneous Tissues

Two studies were identified on skin and subcutaneous tissues (see Table 6). There is level 2 

evidence indicating that men with SCI (n = 10) have higher, albeit not significant, levels of a 

collagen metabolite, glu-gal Hyl, than AB controls (n = 5) (Rodigruez and Claus-Walker78) 

and level 4 evidence from a two-year study that increased excretions of glu-gal Hyl is 

significantly associated with development of pressure ulcers in men with SCI (n = 62) 

(Rodriguez and Garber79).

Genitourinary System

Eleven studies were identified for the genitourinary system (see Table 7). There is level 4 

evidence that up until 5 YPI, there are no differences in renal functioning, at which time 

functioning has been noticed to decline.80–82 One study provides level 4 evidence that 

repeated episodes of vesicoureteral reflux can cause kidney damage as early as four YPI in 

some persons with SCI (n = 32) (Lamid83). As well, there is level 4 evidence that renal 

plasma flow declines until 10 YPI after SCI (n = 1114), at which time a slight reversal 

occurs81. One level 5 study with SCI (n = 400) and AB groups (n = 287) suggests that age of 

onset may be an important factor related to renal functioning.84 It was shown that those 

individuals with SCI under 20 years of age or older than 50 had comparable renal 

functioning to the AB controls, whereas persons between those ages were more likely to 

have impaired functioning. Finally, there is level 5 evidence that men with SCI do not appear 

to be at higher risk for the development of prostate cancer compared to the general 

population,85–90 but when detected in persons with SCI (n = 7), the cancer may be more 

advanced and metastatic than in AB controls (N = 267) (Scott et al.86).

Gastrointestinal System

Five studies were identified for the gastrointestinal system (see Table 7). A 10-year 

longitudinal study provides level 4 evidence that persons with SCI (N = 159) do incur an 
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increase in constipation-related symptoms over time.91 It may be that bowel functioning 

worsens over time for persons with SCI but three studies92–94 provide level 5 evidence that 

level of injury plays a primary role in the extent of bowel dysfunction. As well, one study 

provides level 5 evidence that deterioration in bowel continence increases with age in an AB 

population (n = 467) but does not change in persons with SCI (n = 467) (Lynch et al.95).

Nervous System

Four studies (with SCI samples of > 70; see Table 8) provide level 4 evidence that the early 

onset of SCI-related pain is likely to persist over time,69, 70, 96, 97 and that the degree of 

interference experienced might be impacted by age of onset.69

Discussion

A majority of the articles (64%) in this review were on the effects of aging with an SCI on 

the cardiovascular, endocrine, and musculoskeletal systems, which provided limited level 2 

and level 4 evidence, and a large proportion of level 5 evidence, in support of the premature 

aging hypothesis of these systems. Fewer studies (5%) were found on the respiratory system, 

which provide limited Level 4 and 5 evidence that this system is negatively impacted by 

aging after SCI. Only two level 5 studies (3%) provided support for the immune system. The 

studies (20%) on the genitourinary and gastrointestinal systems provide limited level 4 and 5 

evidence on the negative effects of aging but do not appear to suggest premature aging. 

Similarly, level 2 and 4 evidence (3%) for the skin and subcutaneous tissues also does not 

suggest premature aging. The level 4 evidence (5%) on the nervous system provides some 

insight on the role of age and YPI, but no evidence to support or denounce the premature 

aging hypothesis.

Cardiovascular and Endocrine Systems

The evidence reviewed appears to support the hypothesis that there is premature aging of the 

cardiovascular and endocrine systems after SCI. The predisposition to carbohydrate and 

lipid abnormalities is thought to be largely a consequence of extreme inactivity, and the 

constellation of metabolic findings (that is, hormone growth hormone deficiency, 

testosterone deficiency) appears to occur prematurely in persons with SCI.2 However, some 

caution is warranted when interpreting the findings of studies that used standard body mass 

index values to predict outcomes (that is, Liang et al.29), which have been shown to be 

inappropriate for persons with SCI.44 As well, all the identified studies for these systems 

only provided level 5 evidence that reserve capacity is compromised. Hence, higher levels of 

evidence are needed to provide stronger support for the hypothesis of premature aging.

Immune System

With regard to immune functioning after SCI, the identified studies indicate that the system 

is compromised compared with AB controls,48, 49 suggesting reduced reserve capacity, but 

do not clarify whether chronological age (including age of onset) or YPI are significant 

factors. Given the lack of studies with large sample sizes or with longitudinal designs, 

further work is strongly needed to determine how aging with SCI impacts this system.
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Musculoskeletal System

The musculoskeletal system provides obvious signs of reduced reserve capacity, and thus 

suggests premature aging. In general, the identified studies provide evidence for rapid bone 

loss, and particularly so in the pelvis and lower limb regions during the acute stage post-SCI.
51, 52, 55, 98 Further, these losses may be greater for older persons,54 and women with SCI,57 

and is evident in both bone mineral density (amount of matter per cubic centimeter of bones) 

and content (bone mass). Bone geometric changes50, 64 have been also been shown post-

SCI, however, these changes may be independent of chronological age and YPI.59

There is evidence that endocrine changes may be contributing to the losses in bone density.
55, 62, 64–66 It is thought that altered bone structure and microarchitecture because of SCI 
50, 56, 58, 59 leads to impaired calcium and phosphate metabolism and the parathyroid 

hormone-vitamin D axis.55, 62, 64–66 These changes have been shown to contribute to 

premature onset of osteoporosis and increased risk for fracture in total and regional sites 

following SCI when compared with the AB population,55–58, 60–63 which may be more 

related to YPI than chronological age.53, 57 Age of SCI onset, however, may be an influential 

factor on the extent of the decline in bone loss,57, 58, 60 as age-related factors may become 

less important on changes in bone mass when an individual reaches a certain chronological 

age threshold (that is, 60 years). At this point, other factors (that is, immobilization) 

affecting bone mass may become more prominent. However, there is evidence that the 

lumbar spine is not adversely affected by aging with SCI,54, 55, 57, 60–62, 67 and postural 

changes are also independent of age and YPI.68 The possibility that the lumbar spine 

becomes the primary weight-bearing region, along with immobilization, may serve to 

protect age-related bone loss changes to this region. This does not preclude the possibility 

that long-term weight-bearing on the spine could have long-term adverse effects.

With regard to the upper extremities, the shoulders appear to decline with YPI,69, 71–73 while 

handgrip strength and bilateral elbow flexion appear to be spared or even improves with 

time.35, 71 As well, the incidence of degenerative shoulder changes after SCI may be higher 

in persons with advanced age (older than 30 years) who are < 10 YPI,72 suggesting that 

degenerative changes may occur earlier than previously thought.

Overall, the identified studies for this system provides us with the clearest picture of the 

effects of aging for persons with SCI through the support of studies with higher levels of 

evidence compared to the other body systems, and through lower level studies that noted age 

group comparisons (that is, Szollar et al.60–62).

Respiratory System

Although respiratory complications lead to significant morbidity and mortality in people 

with SCI,99, 100 only a few studies were identified for this body system. In general, the 

incidence of sleep disordered breathing, characterized by sleep apnea and snoring, may be 

higher in persons with SCI than in the AB population,75,76 and appears to increase with age 

in persons with tetraplegia.74 As well, being in a seated position imposes greater stress on 

the respiratory system in the acute stage of SCI than the supine position, but may improve at 

one YPI, to levels more comparable with AB controls77.
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Overall, reserve capacity appears to be diminished but it is unclear if breathing patterns 

change as a result of the injury or because of aging with SCI. Although there are additional 

factors that can affect respiratory health long-term for individuals with SCI, there are several 

preventative activities that can be done to minimize the aging of the respiratory system, such 

as not smoking, minimizing exposure to polluted air, and controlling body weight.4

Skin and Subcutaneous Tissues

Pressure ulcers are common among individuals with SCI (20–30% incidence rate).101 

Although the primary reasons for cause include pressure, shearing, and/or friction due to 

continuous sitting, it may be that a SCI results in an increase in collagen metabolism, thus 

elevating susceptibility to pressure ulcers.102, 103 As well, the presence of glu-gal Hyl, a 

collagen metabolite, in large concentrations in urine is indicative of the degradation of skin 

collagen. However, there is no evidence suggesting that glu-gal Hyl excretions increase with 

age after SCI79 or are higher compared with the AB population,78 suggesting that reserve 

capacity is not diminished. Although increasing age has been shown to be a risk factor for 

the development of a pressure ulcer among people with SCI,104 there is limited evidence as 

to whether SCI exacerbates skin degradation due to aging.

Genitourinary System

Prostate cancer is one of the primary causes of death among men, yet the risk appears to be 

lower among men with SCI87, 88, 90 due to impaired testosterone levels.85, 89 Nonetheless, 

prostate cancer screening should be encouraged given the possibility that men with SCI who 

do develop prostate cancer may have poorer outcomes than AB men.86

The evidence80–82 indicates that while renal functioning exhibits some significant declines at 

approximately 5 YPI, the type of bladder management used by persons with SCI may not be 

a strong contributor to this decline. It may also be that persons between the ages of 20 and 

50 experience a disruption in biological capacity in this system during the acute phase of 

SCI. More work regarding age of SCI onset and the genitourinary system is needed to help 

determine the impact of aging. Overall, the evidence does not provide support that this 

system is prematurely aging following SCI.

Gastrointestinal System

Neurogenic bowel may also compound aging after SCI,4 but some studies did not provide 

details of the role of age in either the SCI or AB control groups.92 Although YPI may not 

play a significant role, it does appear that constipation-related problems do increase over 

time in persons with SCI, and suggests that attention to bowel symptoms should be 

incorporated into routine follow-up procedures and education.3 Similar to the genitourinary 

system, the evidence on the gastrointestinal system does not provide any evidence of 

premature aging.

Nervous System

With regard to the nervous system, the only studies that were identified were those related to 

chronic pain. The clearest finding from these studies is that the presence of pain at an earlier 

time point after SCI appears to be the best predictor of future pain, and that this is likely 
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does not change significantly over time.69, 70, 96, 97 In general, there is a continued dearth of 

knowledge regarding the aging SCI nervous system.

Summary

The majority of studies for all the systems provide some important findings regarding the 

role of chronological age (including age of SCI onset) and YPI, but there is still lack of 

clarity on how all of these factors affect (individually and in combination) the individual 

living with SCI over time, and further work is needed to determine if SCI is indeed a model 

for premature aging across all body systems. As noted, the studies from the musculoskeletal 

system provide the strongest levels of evidence of premature aging, and even do so with 

lower levels of evidence by providing age comparisons within studies between SCI and AB 

samples. Efforts should be made to do the same for prospective studies for other body 

systems as well. Overall, it appears that the field of aging with SCI has yet to make 

significant advances since many of the issues and questions raised over 15 years ago4 are 

still relevant today. Although somewhat discouraging, the dearth of knowledge in some areas 

highlights research opportunities that will help to resolve current challenges, and more 

importantly, provide information to fill many existing gaps.

Limitations

Information on aging with SCI not published in English may have influenced our findings 

but were excluded from this review. As well, some articles with relevance may have been 

missed if aging was not the primary focus.
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