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The association between metabolic syndrome and pressure
ulcers among individuals living with spinal cord injury

C Li1, ND DiPiro1, Y Cao1, Y Szlachcic2 and J Krause1

Objective: The objective of this study was to identify the relationship between metabolic syndrome (MetS) and pressure ulcers (PrU),
after controlling for demographic and injury characteristics, socioeconomic factors, health behaviors and fatigue among participants
with spinal cord injury (SCI).
Methods: This cross-sectional study recruited 350 participants with SCI from a hospital in the western region of the USA. Blood tests
and physical examination were performed. Waist circumference, high-density cholesterol, triglycerides, blood pressure and fasting
glucose were used to diagnose MetS according to Criteria for Clinical Diagnosis of Metabolic Syndrome defined by the American Heart
Association. All other variables were self-reported. Three-stage multivariate logistic regression models were conducted to evaluate the
effects of three sequential sets of predictors, including demographic/injury, socio-environmental/behavioral and health factors, basing
the order of analysis on the Theoretical Risk and Prevention Model.
Results: The prevalence of PrU and MetS was 11.0% (n=36) and 35.3% (n=115), respectively. Ethnicity, smoking, alcohol
consumption and MetS were statistically associated with PrU in the full model. Participants who were non-Hispanic (odds ratio
(OR)=10.30, 95% confidence interval (CI): 3.46–30.65), smokers (OR=2.69, 95% CI: 1.00–7.27) and drank over 30 drinks per
month (OR=5.26, 95% CI: 1.24–22.26) had greater odds of having a PrU compared with those who were Hispanic, non-smokers and
non-drinkers, respectively. We also observed a positive association between MetS and PrU (ORMetS=3.71, 95% CI: 1.45–9.52), even
after controlling for all other factors.
Conclusion: Participants who had MetS had higher odds of PrU than those without MetS after adjusting for multiple covariates.
Unhealthy behaviors such as smoking and excess drinking were positively associated with PrU.
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INTRODUCTION

Spinal cord injury (SCI) often results in significant physiologic and
functional changes, predisposing individuals to a higher risk of both
acute and chronic secondary health conditions. In particular, owing to
motor and sensory impairments, mobility limitations and changes in
skin composition, individuals with SCI are prone to developing
pressure ulcers (PrU). A PrU is defined as an injury to the skin or
an underlying tissue, commonly over a bony prominence, as a result
of pressure and/or shear.1 Large cross-sectional studies of people with
chronic SCI have found that 16–24% report having a PrU at a given
time,2–6 and 32–48% report having a PrU in the past year.2–7 Despite
considerable research focused on the identification of risk factors,
prevention and treatment for PrU,8–14 at least one study suggested that
the prevalence of PrUs has increased in recent years,15 and PrUs
remain one of the most common and devastating sequelae after SCI.
Several sets of factors have been investigated in relation to PrU

outcomes, all of which can be structured according to the
Theoretical Risk and Prevention Model, with four levels of predictors:
(i) demographic and injury level, (ii) socio-environmental and
psychological, (iii) behavioral and (iv) health outcomes.16 Several
biographic, injury and disability factors have been found to signifi-
cantly increase the odds of a PrU. An early review suggested an

increased risk of PrU with advancing age;17 however, the associations
between age and PrU are inconsistent, and data from recent systematic
reviews suggest that age is likely to be a multi-factorial PrU risk
factor.10,13 There has been moderate to strong evidence that sex, age at
injury and time since injury are significant PrU risk factors for
individuals with chronic SCI.10 Several more recent cross-sectional
studies have found that sex (male at greater risk of PrU),5,6

race/ethnicity (American Indian and African American at greater risk
of PrU),4–6 injury severity4–6 and years post injury5–7 were significantly
associated with self-reported PrU outcomes (current PrU, at least one
PrU in the past year and at least one PrU surgery).
Socio-environmental factors have been linked with PrU. According

to the review by Gelis et al.,10 there was a moderate level of evidence
that education, marital status and employment status are protective or
risk factors for PrU in chronic SCI. Other studies have identified
income5–7 and social support4 as socio-environmental factors
associated with PrU outcomes. Few studies have assessed psychological
factors in relation to PrU, and there was insufficient evidence to
suggest that they are risk factors.3,7,18,19

Numerous health behaviors and medical conditions have been
associated with PrU. Cigarette smoking,7,10,17,20 using prescription
medications2,7 and being underweight (a proxy measure for poor
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nutrition)2 are risk factors for PrU. Healthy lifestyle, diet, fitness and
increased hours out of bed and days out of house have been identified
as protective factors.2,3,7

There is moderate to strong evidence that medical factors including
deep venous thrombosis, pneumonia or pulmonary conditions, lower
limb fractures and autonomic dysreflexia are risk factors for PrUs.10

The evidence for cardiovascular disease as a risk factor for PrU was
insufficient.10 Diabetes has been suggested as a factor associated
with PrU, but the findings were mixed, and the evidence was
insufficient.10,13,17,20–22

The impact of metabolic syndrome (MetS) on PrU has yet to be
explored. MetS is a cluster of conditions such as obesity, hypertension,

diabetes, elevated triglycerides and reduced high density lipoprotein-
cholesterol (HDL-c), which increase heart disease and diabetes risk.23

There are several reasons to hypothesize that MetS may be associated
with PrU: (i) obesity increases difficulties in turning and repositioning,
which leads to ineffectively relieving pressure on skin and body
tissue;24 (ii) elevated triglycerides and reduced HDL-c contribute to
plaque buildup and thicker blood, which leads to slower oxygen and
nutrition transportation to the skin;25,26 (iii) hypertension is highly
associated with diabetes,27 and elevated blood sugar is associated with
nerve damage (neuropathy), capillaries and poor circulation, which
can disturb normal blood flow;28 (iv) each component of MetS is
correlated with each other, which may trigger a joint effect exaggerat-
ing PrU development beyond that of a single component alone.
The objective of the present study was to fill the knowledge gap by

assessing the association between MetS and the odds of having a PrU,
while also examining the association of demographic and injury
characteristics, socioeconomic and behavioral factors, and fatigue with
PrU. The sequence of inclusion of predictive factors follows that of the
Theoretical Risk and Prevention Model.16

METHODS

Study design and population
This cross-sectional study built upon a 17-year cohort study conducted in a
hospital in the western region of the USA (a subset of participants participated

17 years earlier).29 The inclusion criteria were (i) 18 years or older,
(ii) traumatic SCI with residual deficits (that is, not a complete recovery)
and (iii) over 1 year since SCI onset. Institutional review board approval was

obtained before initiating data collection. Data were collected from August 2011
to February 2014. From a total of 350 participants, 13 did not provide valid
self-report PrU information and 11 did not complete all the clinical

assessments, which reduced the final sample to 326. Participant characteristics
are summarized in Table 1.

Data collection
Informed consent was obtained prior to data collection. Those agreeing to
participate were sent a self-report questionnaire and were scheduled for clinical

assessment. Participants either returned the questionnaire by mail or completed
it at the time of their clinical appointment. Participants received $150 as
remuneration for completing both parts of the assessment and to cover travel

expenses to get to the clinic.

Measurement of variables
Participants completed a self-report assessment that encompassed multiple

areas of life, including measurement of study covariates. These included the
following demographic and injury characteristics: ethnicity (Hispanic and non-
Hispanic), sex (female and male), age at injury, years since injury and injury

severity. A combination of ambulatory status and neurologic level was used to
measure injury severity, forming four categories, with all ambulatory cases
classified together (regardless of injury level) and the non-ambulatory

participants broken down as follows: C1-C4, C5-C8 and non-cervical. For
the socioeconomic variables, education was broken down into four groups
based on the highest level achieved (less than high school, high school, bachelor

and above bachelor), whereas income was broken down into three categories
(o$25 K, $25 K–75 K and 4$75 K) and health insurance was dichotomized
(yes/no). Behavioral factors included current smoking status (yes/no), and

alcohol consumption was broken down into three groups (none at all, 1–30
drinks per month and 430 drinks per month). Fatigue was measured by the
Modified Fatigue Impact Scale,30,31 which is a 5-item instrument to capture the

influence of fatigue on daily life.
The main outcome (PrU) of this study was measured by a self-reported

question, which was ‘Do you currently have an open pressure/skin ulcer?’
Responses to this question were dichotomized as yes or no.

Table 1 Participant characteristics by pressure ulcer (PrU) status

PrU now No PrU now Total P-value

n (row %) unless otherwise specified
Ethnicity
Hispanic 13 (36.1) 191 (65.9) 204 (62.6) 0.0005

Non-Hispanic 23 (63.9) 99 (34.1) 122 (37.4)

Sex
Female 4 (11.1) 48 (16.5) 52 (15.9) 0.4004

Male 32 (88.9) 242 (83.5) 274 (84.1)

Age at injury (mean± s.d.) 26.8±11.8 26.8±9.8 26.8±10.0 0.9997

Injury severity
Ambulatory 3 (8.3) 42 (14.5) 45 (13.8) 0.3564

C14: non-ambulatory 5 (13.9) 19 (6.6) 24 (7.4)

C58: non-ambulatory 7 (19.4) 55 (19.0) 62 (19.0)

Others non-ambulatory 21 (58.3) 174 (60.0) 195 (59.8)

Education
Less than high school 15 (41.7) 115 (39.7) 130 (39.9) 0.6281

High School 17 (47.2) 140 (48.3) 157 (48.2)

Bachelor 1 (2.8) 21 (7.2) 22 (6.8)

Above Bachelor 3 (8.3) 14 (4.8) 17 (5.2)

Income
o$25 K 23 (69.7) 200 (74.9) 223 (74.3) 0.5549

$25–75 K 9 (27.3) 53 (19.9) 62 (20.7)

4$75 K 1 (3.0) 14 (5.2) 15 (5.0)

Health insurance
No 3 (8.3) 13 (4.5) 16 (4.9) 0.3131

Yes 33 (91.7) 277 (95.5) 310 (95.1)

Current smoking status
No 23 (63.9) 227 (78.3) 250 (76.7) 0.0542

Yes 13 (36.1) 63 (21.7) 76 (23.3)

Alcohol consumption
None at all 17 (47.2) 137 (47.2) 154 (47.2) 0.454

1–30 drinks per month 14 (38.9) 130 (44.8) 144 (44.2)

430 drinks per month 5 (13.9) 23 (7.9) 28 (8.6)

Modified fatigue impact

score (mean± s.d.)

7.3±5.8 6.9±4.8 7.0±4.9 0.6231

Metabolic syndrome
No 15 (41.7) 196 (67.6) 211 (64.7) 0.0021

Yes 21 (58.3) 94 (32.4) 115 (35.3)
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Measurement of MetS
Fasting blood sample was obtained under metabolic stability conditions (8 h of

fasting) by using standard phlebotomy protocol and analyzed in the laboratory

of the same hospital during the appointment. Physical examination was also

conducted to measure waist circumference and systolic and diastolic blood

pressure. Waist circumference was measured by a measuring tape in a

horizontal plane around the narrowest point between the ribs and the iliac

crest. Systolic and diastolic blood pressures were measured by the standard

Hypertension Detection and Follow-up Program protocol.32 Three supine

blood pressure readings were taken, and mean systolic and diastolic blood

pressures were calculated from the second and third readings.
MetS was diagnosed according to Criteria for Clinical Diagnosis of Metabolic

Syndrome (CCDMS) defined by the American Heart Association.33 Five

measures in the CCDMS were used to define MetS, which were elevated waist

circumference (⩾102 cm (⩾40 inches) in men and ⩾ 88 cm (⩾35 inches)

in women), elevated triglycerides (⩾150 mg dl− 1 (1.7 mmol l− 1) or on drug

treatment for elevated triglycerides), reduced HDL-c (o40 mg dl− 1

(1.03 mmol l− 1) in men and o50 mg dl− 1 (1.3 mmol l− 1) in women or on

drug treatment for reduced HDL-c), elevated blood pressure (⩾130 mm Hg

systolic blood pressure or ⩾ 85 mm Hg diastolic blood pressure or on

antihypertensive drug treatment in a patient with a history of hypertension)

and elevated fasting glucose (⩾100 mg dl− 1 or on drug treatment for elevated

glucose). Any three of five measures constituted diagnosis of MetS.

Data analysis
Continuous variables are demonstrated as the mean and standard deviation and

tested by a t-test. Categorical variables are shown as the frequency and

percentage and tested by the chi-square test.
Three-stage multivariate logistic regression models were developed to

evaluate the association between MetS and PrU. Consistent with the Theoretical

Risk and Prevention Model, we included demographic and injury variables in

the first model (ethnicity, sex, age at injury, years since injury, injury severity),

followed by socio-environmental and behavioral variables in the second model

(education, income, health insurance, current smoking status and alcohol

consumption), and health variables in the third model (Modified Fatigue

Impact score and MetS).
SAS (Version 9.4, SAS institute Inc, Cary, NC, USA) was used to conduct all

statistical analyses. The standard of significance was set at Po0.05.

Statement of ethics
We certify that all applicable institutional and governmental regulations

concerning the ethical use of human volunteer were followed during the

course of this research.

RESULTS

Descriptive analysis
There were 11.0% (n= 36) of participants who had PrU now
(Table 1). Among them, 63.9% (n= 23) were non-Hispanics and
36.1% (n= 13) were Hispanic. In comparison, among people who did
not have a PrU now, 34.1% (n= 99) were non-Hispanic and 65.9%
(n= 191) were Hispanic. The participants were similar with respect
to sex, age at injury, education, income, insurance and Modified
Fatigue Impact score among those with and without PrU now. The
percentages of smoking, drinking 430 drinks per month and having
MetS were higher among people who had PrU now than those who
did not.

MetS and chronic health conditions
On the basis of the CCDMS, 35.3% (n= 115) were diagnosed with
MetS (Table 2). Of the 326 participants, 32.5% (n= 106) had elevated
blood pressure, 35.6% (n= 116) had increased triglycerides, 48.5%
(n= 158) had reduced HDL-c, 65.0% (n= 212) had elevated waist
circumference and 21.2% (n= 69) had elevated fasting glucose.

Logistic regression
In the first model, ethnicity was significantly associated with PrU.
Compared with Hispanics, non-Hispanics (odds ratio (OR)= 4.05,
95% confidence interval (CI): 1.86–8.80) had higher odds of having
PrU now. Sex, age at injury and injury severity were not significantly
associated with PrU. In model 2, ethnicity was the only significant
factor, as none of the newly added socio-environmental or behavioral
predictors was statistically significant.
The fit of the third and final model was improved after including

MetS and Modified Fatigue Impact score (significant likelihood ratio
test, Table 3). Besides the significant association between ethnicity and
PrU (ORnon-Hispanic= 10.30, 95% CI: 3.46–30.65), we also observed
that participants who had MetS (OR= 3.71, 95% CI: 1.45–9.52) had
significantly higher odds of having PrU. Interestingly, those who
smoked (OR= 2.69, 95% CI: 1.00–7.27) or drank over 30 drinks per
month (OR= 5.26, 95% CI: 1.24–22.26) also had a greater risk of PrU,
only after inclusion of MetS and fatigue (Table 3).

DISCUSSION

This study adds to our body of knowledge on factors associated with
PrUs after SCI, with several unique contributions including as follows:
(i) to our knowledge, ours is the first study to evaluate the relationship
between MetS and PrU after SCI, (ii) inclusion of a large portion of
Hispanic participants, (iii) inclusion of both self-report and clinical
data and (iv) evaluation of multiple factors from the Theoretical Risk
and Prevention Model that include socioeconomic, behavioral and
health factors, which allow us to control for multiple covariates. Our
key findings are that non-Hispanics and those who reported unhealthy
behaviors (smoking and excess drinking) were more likely to report a
current PrU. We also found that participants who had MetS had
higher odds of PrU than those without MetS after multivariate
adjustment.
There are several plausible explanations for the relationship between

MetS and PrU. Each component of MetS has its own biological
potentials to impact pressure on the skin24 and/or normal blood flow
that transports oxygen and nutrition to the skin.25–28 It is very likely
that MetS can contribute to the development of PrU, as well as slow
down the recovery from PrU. However, it is also possible that a history
of PrUs elevates the risk for MetS due to inactivity or other
consequences of PrUs.

Table 2 Metabolic syndrome and its indicators

Yes: n (%) No: n (%) Total

Elevated blood pressurea 106 (32.5) 220 (67.5) 326

Elevated triglyceridesb 116 (35.6) 210 (64.4) 326

Reduced HDL-cc 158 (48.5) 168 (51.5) 326

Elevated waist circumferenced 212 (65.0) 114 (35.0) 326

Elevated fasting glucosee 69 (21.2) 257 (78.8) 326

Metabolic syndrome 115 (35.3) 211 (64.7) 326

Abbreviation: HDL-c, high density lipoprotein-cholesterol.
Criteria for clinical diagnosis of metabolic syndrome:
aElevated blood pressure: ⩾130 mm Hg systolic blood pressure or ⩾85 mm Hg diastolic blood
pressure or on antihypertensive drug treatment in a patient with a history of hypertension.
bElevated triglycerides: ⩾150 mg dl−1 (1.7 mmol l−1) or on drug treatment for elevated
triglycerides.
cReduced HDL-c: o40 mg dl−1 (1.03 mmol l−1) in men and o50 mg dl−1 (1.3 mmol l−1) in
women or on drug treatment for reduced HDL-c.
dElevated waist circumference: ⩾102 cm (⩾40 inches) in men and ⩾88 cm (⩾35 inches)
in women.
eElevated fasting glucose: ⩾100 mg dl−1 or on drug treatment for elevated glucose.
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An important finding was that none of the components of MetS
(obesity, fasting glucose, HDL, triglycerides, systolic and diastolic
blood pressure) was significantly related to current PrU. Therefore, no
single element of MetS was sufficient to be significantly associated with
PrU development, but the combination of these components of MetS
was associated with the probability of a PrU. This may be through
triggering the development or delaying the resolution of a PrU, or
conversely, the effects of the PrU on the development of MetS. The
findings overall are with the concept of allostatic load, a biologic-based
theory of stress, where only the combination or number of indicators
is significant (not individual components).34

Blood pressure among people with SCI is more complicated than
that of in the general population owing to orthostatic hypotension and
autonomic dysreflexia. In regard to orthostatic hypotension, the
diagnosis criteria of American Heart Association (AHA) (early stage
of hypertension) are higher and more restrictive. In this study, we
identified participants having MetS with higher blood pressure using
American Heart Association (AHA) standards and found an

insignificant association between hypertension and PrU, which
indicates that high blood pressure by itself may not be sufficient to
have an impact on PrU. Therefore, we found that MetS, as a cluster of
chronic health conditions, and hypertension presented differently
among people with SCI.
We found that Hispanics had lower odds of having PrU than

non-Hispanics, which is consistent with previous work by
Saladin et al.4 that found race-ethnicity to be a risk factor for current
PrU and higher prevalence of PrU among American Indians and
African Americans compared with Hispanics, which is another
scenario of ‘Hispanic Paradox.’35 However, several other studies
reported contradictive results.3,21,36,37 As septicemia is one of the
primary causes of mortality38 and septicemia has been reported to be
associated with PrU,39,40 the lower prevalence of PrU may lead to a
lower risk of mortality among Hispanics with SCI.
Smoking has been identified as a risk factor for PrU development by

numerous studies,7,10,17,20 at least partially owing to nicotine possibly
impairing the endothelial vasorelaxation function and leading to

Table 3 Multi-stage logistic regression models

Model 1 Model 2 Model 3

OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value

Ethnicity 0.0004 0.0004 o0.0001

(ref=Hispanic)

Non-Hispanic 4.05 (1.86-8.80) 5.37 (2.10–13.73) 10.30 (3.46–30.65)

Gender 0.2548 0.4456 0.2244

(ref=Male)

Female 0.48 (0.14–1.70) 0.60 (0.16–2.26) 0.40 (0.09–1.76)

Age at injury 0.97 (0.93–1.02) 0.2683 0.97 (0.92–1.02) 0.2634 0.96 (0.91–1.02) 0.1718

Years since injury 0.99 (0.95–1.03) 0.5081 0.98 (0.94–1.03) 0.3883 0.97 (0.92–1.02) 0.1991

Injury severity 0.5374 0.1850 0.1846

(ref=Ambulatory)

C14: Non-ambulatory 2.85 (0.58–14.08) 3.38 (0.59–19.33) 6.43 (0.74–55.78)

C58: Non-ambulatory 1.46 (0.33–6.42) 1.55 (0.30–7.87) 3.22 (0.39–26.63)

Others Non-ambulatory 1.29 (0.35–4.75) 0.82 (0.20–3.39) 1.68 (0.25–11.19)

Education 0.5495 0.5004

(ref=High School) — —

Above Bachelor — — 2.36 (0.46–12.07) 2.27 (0.42–12.23)

Bachelor — — 0.36 (0.04–3.34) 0.27 (0.03–2.82)

Less than High School — — 0.99 (0.41–2.41) 0.98 (0.37–2.55)

Income 0.1786 0.0933

(ref=o$25 k) — —

$25–75 K — — 1.99 (0.74–5.37) 2.63 (0.88–7.85)

4$75 k — — 0.29 (0.03–3.44) 0.26 (0.02–3.44)

Insurance — 0.2803 0.1559

(ref=Yes) — —

No — — 0.38 (0.07–2.19) 0.25 (0.04–1.71)

Current smoking status 0.0932 0.0506

(ref=No) — —

Yes — — 2.23 (0.87–5.71) 2.69 (1.00–7.27)

Alcohol consumption — — 0.0829 0.0265

(ref=None at all)

1–30 drinks per month — — 1.10 (0.42–2.84) 0.71 (0.25–2.07)

430 drinks per month — — 4.47 (1.12–17.91) 5.26 (1.24–22.26)

Fatigue — — — — 1.07 (0.98–1.17) 0.1488

Metabolic syndrome 0.0063

(ref=No) — — — —

Yes — — — — 3.71 (1.45–9.52)

-2 Log L 198.290 169.343 146.163

Abbreviations: CI, confidence interval; OR, odds ratio.
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vasoconstriction in the vascular system, which has a negative impact
on the healing progress of PrU.41–44 Our study also supported this
relationship that current smokers had greater odds of having PrU than
non-smokers. Although the influence of alcohol consumption on PrU
is still controversial, we found evidence that excessive drinking is
associated with PrU. Meanwhile, most previous studies7,20 reported
non-significant association between alcohol consumption and PrU.
One possible explanation could be that previous studies used binge
drinking as the indicator of alcohol consumption, and we used average
number of drinks in a month as a proxy for alcohol consumption.
Fatigue is common and caused by multiple risk factors among

individuals with SCI.45 Fatigue is typically presented as muscle fatigue
and decreased endurance (physical construct),46,47 which further leads
to less frequent repositioning to avoid stress on the skin. Each
component of MetS has the potential to exacerbate fatigue that may
increase the possibility of developing PrU. However, in this study, we
studied fatigue as a potential confounder and did not find a significant
association between fatigue and PrU.

Limitations
There are several noteworthy limitations. First, this is a cross-sectional
study that does not allow us to draw any causal conclusions that MetS
causes PrU or PrU causes MetS. Second, the study participants were
recruited from one hospital, which may affect the generalizability of
our findings, although this would apply more to prevalence rates,
rather than covariates. Third, although substantial for a clinical study,
the size of the participant sample is still relatively small (n= 350) in
terms of limiting the power in multivariate analyses.

Future research
As MetS is a chronic health condition and PrU can occur multiple
times after SCI, prospective cohort studies are needed to assess the
longitudinal association. We collected and analyzed longitudinal data
on MetS with 150 of the participants (reported elsewhere),48 but there
were no longitudinal data on PrUs. Research should also focus on the
impact of MetS on previous PrU, severity of PrU and course of
development, including progression. It may very well be that MetS
affects the time of recovery, as opposed to the onset of a PrU.
Moreover, additional studies are needed to confirm the association
between current PrU and MetS in different SCI populations or those
with differing characteristics.

CONCLUSION

PrU and MetS were observed in 11.0% and 35.3%, respectively, of our
sample. Participants who had MetS had greater odds of having current
PrU than those without MetS. Being non-Hispanic and having
unhealthy behaviors such as smoking and excess drinking were
positively associated with current PrU.
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