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Intensity of pain and biochemical changes in blood plasma
in spinal cord trauma
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Study design: Cross-sectional, observational and longitudinal.
Objectives: The aim of the study was to analyze the relationship between pain intensity, plasma lipids
and severity of spinal cord injuries in patients with paraplegia (n¼11), tetraplegia (n¼ 16) and
polytrauma (n¼ 15). We concentrated on the hospitalization period immediately following injury.
Methods: Pain intensity was assessed on a visual analog scale immediately after patients were
transported to hospital, again 14 days after injury and before discharge from hospital. Blood samples
were also obtained at these same times. We measured following biochemical parameters: total protein,
albumin, total cholesterol, HDL cholesterol, LDL cholesterol, triglycerides, glycemia, and C-reactive
protein. Data were analyzed with respect to type of injury, state of unconsciousness immediately after
injury, hemorrhage, measure of liability (self-inflicted injuries vs casualties), cause of the accident and
pre-injury cholesterol levels.
Results: On the day of injury, pain intensity correlated positively with HDL cholesterol (r¼0.48,
P¼0.04); on the day of discharge from hospital, pain intensity correlated positively with blood glucose
levels (r¼0.67, P¼ 0.0002). Diagnostic subgroups did not differ either in pain intensity or in pain
dynamics during hospitalization. Total cholesterol level was lowest in patients with polytrauma. In all
patients, the lowest total cholesterol level was observed immediately after injury. HDL cholesterol was
highest after injury.
Conclusion: After spinal cord injury, lower total cholesterol levels reflected more serious trauma
intensity and HDL cholesterol predicted more intensive pain. Subjects responsible for their own injuries
suffered less intensive pain than those who were not responsible for their injuries.
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Introduction

In our previous experimental and clinical studies we

described that some parameters of lipid, saccharide and

protein metabolism mostly increase during nociceptive

stimulation and acute pain processes.1,2

Clinical studies in patients with spinal cord injuries mostly

deal with the consequences of long-term immobilization

and development of chronic pain.3 However, the situation

immediately after injury is different, as the levels of plasma

lipids represented by total cholesterol are, on the contrary,

relatively low.

The low cholesterol levels have frequently been reported

in association with suicidal behavior.4 Lower cholesterol

levels may weaken serotonergic functions and consequently

trigger increased aggressive or auto-aggressive behavior. In

addition, individuals with auto-aggressive behavior, mani-

fested by self-mutilation or self-injury, have also been

observed to have lower cholesterol levels in comparison

with control subjects.5

Self-injury behavior tends to be accompanied by lower

pain sensitivity and higher pain thresholds. Pain perception

has also been observed to be reduced in those who have

survived suicide attempts.6

The aim of our study was to analyze the relationship

between pain intensity and levels of plasma lipids as they

relate to the severity of injury in patients with spinal cord

trauma. We tested the hypothesis that subjects with lower

total cholesterol levels experience lower pain intensity.

Patients and methods

When evaluating injuries to patients and the severity of

clinical conditions, we followed the recommendations for

the study of spinal cord injuries in humans.7
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Our sample consisted of 42 patients: paraplegia (n¼11),

tetraplegia (n¼16), and polytrauma (n¼ 15). Four patients

out of the group died (on average 26 days after their injury).

The spinal cord injuries were caused by car accidents,

motorcycle or biking accidents, falls from high places, jumps

to water or other causes. On hospitalization, 13 patients were

unconscious as a consequence of craniocerebral injuries.

Diagnostic groups had a similar average age, roughly 38 years

old. There were 35 men and 7 women in the sample. Women

did not differ from men in any of the investigated items;

therefore it was possible to analyze both sexes together.

Demographic descriptions of the patient sample are shown

in Table 1.

The intensity of pain was evaluated on a visual analog

scale VAS (10 cm line segment). Levels of total cholesterol,

LDL and HDL cholesterol, triglycerides, total proteins,

albumin, glycemia and CRP were analyzed using standard

biochemical laboratory methods. Patients had 5 ml blood

samples taken (i) immediately after their arrival at hospital

(within several hours of the injury), (ii) after 2 weeks, and

(iii) before discharge. Pain intensity was also evaluated at

these same three times; pain intensity was either marked by

the patient themselves, or in the case of tetraplegic patients,

with the assistance of a doctor according to the patient’s

instructions. The first measurement of pain could not be

carried out on patients who were brought to hospital

unconscious; however, blood samples were taken.

During hospitalization the patients received standard

analgesic treatment. Post-traumatic and, if necessary, post-

surgical pain was alleviated with varying combinations of

weak opioids (piritramid, tramadol) and non-opioid analge-

sics (paracetamol, metamizol, nimesulid), antidepressants

(sertralin, mirtazepin, citalopram), antipsychotics (ziprasidon)

myorelaxants (baclofen), and anxiolytics (bromazepam).

Data analysis

The data were analyzed using the non-parametric Kruskal–

Wallis test. Changes in pain intensity and changes in

biochemical data were compared: (1) in patients with

different levels of lesion and severity of injury (paraplegia,

tetraplegia, polytraumas); (2) depending on the state of

unconsciousness immediately after injury; (3) depending on

the degree of hemorrhage; (4) depending on the measure of

liability (self-inflicted injuries vs casualties); (5) cause of the

accident (dives, falls from height, car accidents and biking

accidents) and (6) depending on pre-injury cholesterol levels

(if it could be determined from the patients’ previous

medical records or if it was known by the patients

themselves). When indicated, simple effects were computed

using post hoc analyses.

The relationship between pain and biochemical data at the

beginning and at the end of the treatment was determined

using Pearson’s correlation coefficients.

Results

Clinical factors influencing biochemical values

The length of hospitalization was shorter in paraplegia (34.2

days) and tetraplegia (39.7 days) than in polytraumas (62.7

days) (F(1,36)¼6.1; P¼0.02).

The level of lesion and severity of injury. The mean values for

individual diagnostic groups are summarized in Table 2.

Paraplegic patients did not differ from tetraplegics in any

variables except for HDL cholesterol levels immediately after

admission to hospital. Compared with normal physiological

values, HDL cholesterol as a whole was lower in all groups. In

all groups the highest levels were observed immediately after

injury, followed by a gradual decline in values. The initial

level of HDL cholesterol did not differ from normal values in

paraplegic patients (Figure 1).

Total cholesterol was the lowest in patients with poly-

traumas. In all groups, cholesterol levels were lowest

immediately after injury (Figure 2). Although the level of

cholesterol gradually increased during hospitalization, it

remained relatively low. LDL cholesterol behaved in a similar

way, but there were no significant differences between

groups.

There were no differences between groups with regard to

triglyceride levels. During hospitalization, however, they

increased significantly in all groups (F(2,54)¼4.6, P¼0.014).

Total protein was lower in all groups and followed a similar

pattern; with the lowest protein levels being in polytrauma

patients immediately after injury. During hospitalization

these values increased, reaching normal values by the time of

hospital discharge. Albumin levels were at their lowest levels

14 days after injury.

Blood glucose and CRP were significantly increased after

injury in all groups. In polytrauma patients, the elevated

glucose levels and CRP were still present 14 days after injury.

At discharge from hospital, glucose values, as well as CRP,

had decreased significantly compared with initial values.

Diagnoses did not differ with regard to pain intensity and

its dynamics during hospitalization, that is, high VAS scores

were observed both on admission to hospital and 14 days

later. However, at discharge from hospital, VAS scores were

significantly lower in all groups (Figure 3).

Table 1 Demographic and injury characteristics of patients

All patients Age, year (mean±s.d.) 38.1±17.4

Sex, n (%) Female 7 (16.7)
Male 35 (83.3)

Type of injury, n (%) Paraplegia 11 (26.2)
Tetraplegia 16 (38.1)
Spinal cord injury with polytrauma 15 (35.7)

Cause of injury, n (%) Falls from high places 13 (30.95)
Biking accidents 10 (23.8)
Motor vehicle accident 9 (21.4)
Jumps to water 5 (11.9)
Other 3 (7.1)

Craniocerebral trauma,
n (%)

Absent 29 (69)
Present 13 (31)

Hemorrhage, n (%) Absent 24 (57.1)
Present 18 (42.9)
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Table 2 Biochemical characteristics of patients during hospitalization period (mean±s.d.)

Paraplegia Tetraplegia Polytrauma Kruskal–Wallis test

Age (years) 37.9±18.2 38.5±19.9 37.7±14.9 H(2,42)¼0.07
P¼0.97

Weight (kg) 79.5±14.4 75.1±13.7 76.0±20.16 H(2,36)¼0.80
P¼0.67

Height (cm) 175.6±9.6 178.4±7.0 175.6±12.3 H(2,36)¼0.48
P¼0.79

Hospitalization (days) 34.2±11.6 39.7±31.8 62.7±37.8 H(2,39)¼3.64
P¼0.16

Pain intensity I (VAS) 33.9±15.9 32.9±15.3 35.0±13.7 H(2,29)¼0.22
P¼0.89

Pain intensity II 35.9±11.1 30.3±17.4 32.5±9.1 H(2,34)¼1.53
P¼0.47

Pain intensity III 19.7±15.6 15.5±5.3 19.6±10.1 H(2,30)¼0.41
P¼0.82

Total protein I Reference range: 65–85 (g l�1) 61.5±7.2c 57.5±7.2c 50.0±7.9a,b H(2,42)¼11.84
P¼0.003

Total protein II 64.2±5.9c 60.1± 7.8 55.6±6.5a H(2,34)¼7.71
P¼0.02

Total protein III 64.1±6.5 63.3±6.6 62.1±6.5 H(2,33)¼0.83
P¼0.66

Albumin I Reference range: 30–50 (g l�1) 40.7±5.5 40.7±6.2 36.5±7.6 H(2,42)¼3.03
P¼0.22

Albumin II 36.3±3.3 33.7±7.6 30.5±7.7 H(2,35)¼4.56
P¼0.10

Albumin III 37.4±6.2 38.1±6.1 34.0±5.6 H(2,32)¼3.79
P¼0.15

Total chol. I Reference range: 3.6–5.2 (mmol l�1) 3.98±0.79c 3.31±0.88 3.07±0.77a H(2,41)¼6.28
P¼0.04

Total chol. II 4.72±1.10 3.99±1.51 3.55±0.94 H(2,35)¼5.51
P¼0.06

Total chol. III 4.35±0.80 3.85±0.79 4.26±1.04 H(2,32)¼2.31
P¼0.31

LDL chol. I Reference range: 0–3.4 (mmol l�1) 2.06±0.72 2.04±0.97 1.99±0.80 H(2,25)¼0.05
P¼0.97

LDL chol. II 3.07±1.12 2.92±0.93 2.42±0.60 H(2,28)¼2.30
P¼0.32

LDL chol. III 2.69±0.80 2.38±0.79 2.57±0.87 H(2,31)¼0.90
P¼0.64

HDL chol. I Reference range: 1.4–3.2 (mmol l�1) 1.56±0.38b,c 1.14±0.27a 1.31±0.37a H(2,24)¼5.83
P¼0.05

HDL chol. II 0.99±0.18 0.98±0.18 0.88±0.54 H(2,28)¼3.07
P¼0.22

HDL chol. III 0.93±0.30 1.05±0.22 0.86±0.35 H(2,29)¼2.81
P¼0.25

Triglycerides I Reference range: 0.45–1.81 (mmol l�1) 1.26±0.59 1.01±0.61 0.86±0.61 H(2,42)¼4.09
P¼0.13

Triglycerides II 1.29±0.73 1.55±0.57 1.79±1.23 H(2,35)¼1.75
P¼0.42

Triglycerides III 1.33±0.29 1.58±0.77 1.98±1.30 H(2,32)¼2.83
P¼0.24

Glycemia I Reference range: 3.5–6 (mmol l�1) 8.72±2.10 7.69±2.22 10.28±9.05 H(2,42)¼2.19
P¼0.33

Glycemia II 5.28±0.71c 5.32±0.90c 7.01±1.69a,b H(2,35)¼10.74
P¼0.005

Glycemia III 5.33±1.08 5.88±0.96 5.75±0.96 H(2,30)¼2.09
P¼0.35

C reactive protein I Reference range: 0–10 (mg l�1) 34.0±34.2 32.1±49.8 110.1±118.9 H(2,42)¼4.54
P¼0.10

C reactive protein II 56.2±90.2c 41.0±57.5c 128.0±113.2a,b H(2,33)¼7.00
P¼0.03

C reactive protein III 36.4±68.5 33.3±55.1 45.7±55.9 H(2,32)¼2.99
P¼0.22

Blood test reference ranges are shown in the first column.

I: at admission to hospital; II: at a check-up two weeks later; III: before discharge from hospital. The groups were compared by means of the non-parametric

Mann–Whitney U-test when Kruskal–Wallis test was statistically significant (bold).

Significantly different from aParaplegia, bTetraplegia, cPolytrauma.
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Craniocerebral trauma. The patients who were unconscious

after injury had lower total cholesterol levels than patients

who did not lose consciousness (3.2 mmol l�1 vs

3.9 mmol l�1, F(1,32)¼ 4.8, P¼0.04), lower albumin levels

(33 g l�1 vs 37 g l�1, F(1,28)¼6.0, P¼0.02), higher levels of

triglycerides (1.76 mmol l�1 vs 1.25 mmol l�1, F(1,33)¼4.74,

P¼0.04), and higher CRP (130 mg l�1 vs 50 mg l�1,

F(1,31)¼10.95, P¼0.002). There were no significant differ-

ences found in other values.

In patients who were unconscious on admission to hospital,

the first data concerning pain intensity are, of course, missing.

Further comparisons did not show any connection between

unconsciousness and the intensity of pain.

Hemorrhage. Patients with hemorrhages had lower albumin

levels at admission than patients without hemorrhages

(35.8±5.9 g l�1 vs 41.7±6.2 g l�1, H(1,42)¼7.92, P¼0.005)

and the situation remained unchanged over the following 14

days (H(1,35)¼3.32, P¼0.06).

Patients with bleeding did not differ with regard to

pain intensity at admission (35.5±13.7 vs 32.4±15.6,

H(1,29)¼0.75, P¼0.4) or at discharge from hospital (19.2±

9.7 vs 17.2±10.6, H(1,30)¼0.07, P¼ 0.8).

Psychological and other factors influencing biochemical values

Measure of liability for injury. The persons who were liable for

their own injury (that is, the injury was their own fault) had

lower HDL cholesterol levels directly after injury compared

with those who were not responsible for their injuries (1.2±

0.29 mmol l�1 vs 2.1±0.13 mmol l�1, H(1,24)¼4.6, P¼0.03).

Patients who were responsible for their own injuries also

reported lower pain intensity immediately after the injury

compared with those who were not responsible for their

injuries (32.2±14.0 vs 54.0±4.2, H(1,29)¼4.3, P¼0.04).

Causes of accidents. When comparing age and weight of

patients, there were no differences between those whose

injuries were caused by jumps into water, jumps from high

places, car accidents or biking accidents (age: KW(3,42)¼ 2.88,

P¼0.41; weight: KW(3,36)¼2.07, P¼0.5).

Compared with other causes of injuries, we observed an

increase in CRP in injuries caused by car accidents (14 days
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Figure 1 Changes in HDL cholesterol levels in diagnostic groups.
Compared with normal (physiological) values, HDL cholesterol, as a
whole, was lower. In all groups, the highest levels were observed
immediately after injury and then declined gradually. *Po0.05.
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period. The diagnoses did not differ with regard to intensity of pain
and its dynamics during hospitalization.
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after the accident F(1,29)¼5.67, P¼0.02) and an increase in

triglycerides before discharge (F(1,28)¼7.92, P¼0.009).

After transport to hospital, car accident patients had the

lowest cholesterol levels compared with other groups

(F(1,37)¼5.24, P¼0.03).

There were no differences, with regard to pain intensity,

between the different causes of injuries.

Pre-injury cholesterol levels. As levels of total cholesterol

before injury might have significantly influenced other values

in the lipid spectrum, we evaluated the measured data in light

of this fact. Patients with higher pre-injury total cholesterol

also had a higher value immediately after injury compared

to persons with normal pre-injury cholesterol (4.05±

1.21mmol l�1 vs 3.24±0.72 mmol l�1, H(1,41)¼4.8, P¼0.02).

Patients with higher pre-injury levels of cholesterol were

older (58.6±16.5 years vs 33.2±13.8 years, H(1,42)¼11.1,

P¼0.0009) and had a higher body weight (90.0±11.8 kg vs

74.5±15.6 kg, H(1,36)¼4.8, P¼0.02).

Correlation of pain intensity with biochemical values

The intensity of pain at admission correlated only with the

level of HDL cholesterol (r¼0.48, P¼0.04) (Figure 4). In

addition, pain correlated positively with body weight

(r¼0.43, P¼0.024) and less significantly with LDL choles-

terol level (r¼0.4027, P¼0.087). The higher the levels of

HDL and LDL cholesterol and body weight the patients had,

the more pain they perceived. At discharge, the intensity of

pain correlated positively with blood glucose (r¼0.67,

P¼0.0002) (Figure 5).

Discussion

Most studies dealing with biochemical and hormonal

changes following spinal cord trauma evaluate the period

from several months to several years after the trauma.8–10 In

our study, however, we concentrated on the hospitalization

period immediately following injury.

Our study confirmed findings that as a consequence of

severe spinal cord trauma, levels of plasma lipids decrease

immediately after injury undergoing significant dynamic

changes during a relatively short period of time. Low levels

of plasma lipids, in particular cholesterol, have been

described in severe trauma, burns and serious infections.

Hypocholesterolemia in these patients may be considered a

significant prognostic marker of mortality.11 The causes of

hypocholesterolemia may be explained by a lower produc-

tion of cholesterol precursors in the liver, by faster

catabolism or faster utilization by damaged tissues during

regeneration but not caused by simple hemodilution.12,13

Elevation in lipid levels during hospitalization can be

explained by reduced mobility, or a radically changed

lifestyle and quality of life. Chronically elevated lipid levels

represent a significant risk factor for development of

cardiovascular diseases in patients with spinal cord inju-

ries.14 Some studies point out that patients undergoing

physiotherapy have, during hospitalization, a better course

with regard to levels of HDL cholesterol, which increased in

these patients.15 On the other hand long-term immobiliza-

tion (longer than 15 years) lowers the levels of HDL

cholesterol.16

In our study, pain intensity did not differ between patients

with different lesion levels or in patients who suffered a

craniocerebral injury as a consequence of their accident. The

best predictor of pain intensity at the time of admission to

hospital proved to be HDL and LDL cholesterol levels, which

correlated positively with the intensity of pain. HDL and

LDL cholesterol proved to be positively correlated with levels

of adrenalin and noradrenalin.9 This means that activity of

the sympathetic nervous system is reflected in the levels of

plasma lipids. Our results showed that pain intensity

immediately after injury was related to HDL cholesterol

levels, which might have been influenced by the sympa-

thetic nervous system being activated by injury-associated

stress. The decrease in HDL cholesterol over the course of

hospitalization can perhaps be explained by the lower levels

of catecholamines brought on by interruption of the spinal

cord. Studies have shown that tetraplegics have lower
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adrenalin and noradrenalin levels, whereas low-lesion para-

plegics have higher adrenalin and noradrenalin levels than

high-lesion paraplegics or control subjects.9

At the time of discharge from hospital, pain intensity was

correlated with blood glucose levels. Experiments with

animals have shown that glycemia is a good indicator of

stress intensity.17 In our study, the degree of glycemia

apparently reflected not only pain intensity, but also the

level of long-term stress brought about by the injury.

On the day of injury, the most severe pain was felt by

patients who were not responsible for their injuries. On the

other hand, patients who were, at least in part, responsible

for their injury due to hazardous behavior, suffered less.

However, there is a parallel with experimentally induced

pain. If nociceptive stimuli are applied by another person,

pain thresholds are lower than when the stimuli are applied

by the experimental subject themselves.18 Also, preparedness

for pain may have a role. Such preparedness might have been

present in patients who suffered their injury while engaging

in a risky activity.

Our study raises several questions, which need further

study: (1) Whether low cholesterol levels increase hazardous

behaviors in general; (2) Whether low cholesterol levels are a

cause or a consequence of hazardous behavior, or perhaps

both? (3) If we consider the association between pain

intensity and HDL cholesterol, we cannot rule out the effect

of treatment or acute stress. There is evidence that one of the

mechanisms which participates in the rise of cholesterol

levels during stress is the opioid system.19 Blockade of the

opioid system by naltrexone, before stress, suppresses an

increase in cholesterol levels, whereas administration of

morphine will, by itself, increase the level of cholesterol in

the absence of stress.20

Conclusions

Our results suggest that total cholesterol levels reflect the

severity of the trauma. On the other hand, the severity of the

trauma was not associated with pain intensity. We did not

find a direct connection between pain intensity and total

cholesterol levels. Immediately after injury pain intensity

correlated positively with HDL cholesterol levels and at

discharge from hospital with glycemia. Besides the men-

tioned markers, we found that the intensity of experienced

pain was also influenced by psychological factors, that is,

persons responsible for their injuries experienced less

intensive pain on the day of injury.
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