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Abstract
Background and Purpose  Fatigue affects patients across a variety of neurological diseases, including chronic pain syndromes 
such as complex regional pain syndrome (CRPS). In CRPS, fatigue is often underestimated, as the focus lies in the assess-
ment and managing of pain and sensorimotor deficits. This study aimed to investigate the prevalence, characteristics, and 
influence of fatigue on CRPS severity and quality of life in these patients. Such insights could enhance the clinical manage-
ment of this challenging condition.
Methods  In this prospective study, 181 CRPS patients and 141 age and gender-matched individuals with injury but with-
out chronic pain were interviewed using the Fatigue Scale for Motor and Cognitive Function to assess fatigue. Depressive 
symptoms and quality of life (QoL) were also evaluated as additional outcome measures. Statistical analysis was performed 
to examine differences in fatigue prevalence between the groups, as well as associations with CRPS severity, pain levels, and 
clinical phenotype. In addition, best subsets regression was used to identify the primary factors influencing QoL. Fatigue 
was tested in a mediation analysis as a mediator between pain and depression.
Results  CRPS patients showed significantly higher fatigue levels compared to controls (CRPS: 75 [IQR: 57–85] vs. con-
trols: 39 [IQR: 25–57]). Based on the FSMC, 44.2% in the control group experienced fatigue, while 85% of patients with 
CRPS experienced fatigue (p < 0.001), of which 6% were mild, 15% moderate, and 67% severe. In CRPS severe fatigue was 
associated with higher pain intensities compared to no fatigue (pain at rest: p = 0.003; pain during movement: p = 0.007) or 
moderate fatigue (pain during movement: p = 0.03). QoL in our cohort was mainly influenced by pain (pain during move-
ment: adj.R2 = 0.38; p < 0.001, pain at rest: Δadj.R2 = 0.02, p = 0.007) and depressive symptoms (Δadj.R2 = 0.12, p < 0.001). 
Subsequent analyses indicated that pain and depressive symptoms primarily impact QoL in CPRS whereas fatigue may exert 
an indirect influence by mediating the connection between pain and depression (p < 0.001).
Conclusions  This pioneering study investigates the prevalence of fatigue in CRPS patients and its relation to disease charac-
teristics. Our results indicate a high prevalence of severe fatigue, strongly correlated with pain intensity, and its importance 
in the interaction between pain and depression in CRPS. These findings underscore the significant role of fatigue as a disease 
factor in CRPS. Therefore, the evaluation of CRPS-related disability should include a standardized assessment of fatigue for 
comprehensive clinical management.
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Introduction

Chronic fatigue is a typical symptom of several neuro-
logical diseases, e. g. multiple sclerosis, postpoliomyelitis, 
chronic inflammatory demyelinating polyneuropathy and 
after stroke [1–3]. However, fatigue seems to be highly 
prevalent also in chronic pain conditions like headache 
disorders, fibromyalgia and chronic low back pain [4, 5]. 
Fatigue has been reported to follow pain onset [6–8] and 
to decrease after improvement in pain [9]. Finally, pain 
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experience and the level of fatigue seem to be associated 
indicating a possible etiological relationship [5]. The 
ongoing inflammation and autonomic dysfunction as well 
as mechanisms of central sensitization have been discussed 
as relevant pathophysiological aspects in the development 
of fatigue [10–12].

Fatigue acts as a mediator in the relationship between 
pain and depression [13] and has a considerable direct and 
indirect impact on the reduced quality of life in patients 
[14]. Consequently, addressing fatigue is often difficult 
in clinical practice [15] and has notable implications for 
healthcare costs [16].

Complex regional pain syndrome (CRPS) is a chal-
lenging chronic pain condition that is often caused by an 
injury of the limb, including strong pain disproportion-
ate to the inciting event, alterations of sensory percep-
tions and disturbed motor function [17]. In addition to 
regional symptoms, 65% of CRPS patients present with 
neuropsychological symptoms, such as deficits in memory 
and concentration or “neglect-like” symptoms, despite the 
absence of any brain lesion [18–20]. Further, patients with 
chronic CRPS frequently report general symptoms such as 
lethargy, tiredness, and weakness, all of which are facets of 
fatigue [21]. Surprisingly, data on the prevalence of motor 
and cognitive fatigue and their associations to clinical fea-
tures of CRPS are scarce but of high clinical relevance, as 
fatigue often interferes with patients’ activities of daily 
living and has a remarkable negative impact on quality of 
life in pain patients in general [22].

Thus, we conducted a cross-sectional survey using a 
multidimensional assessment approach within a national 
German cohort comprising 200 individuals diagnosed with 
Complex Regional Pain Syndrome (CRPS) alongside a 
control group of patients with a history of limb injury but 
without chronic pain. This assessment included the screen-
ing for fatigue utilizing an established rating instrument, 
evaluation of CRPS phenotype and severity, and applica-
tion of other patient-reported outcomes including quality 
of life, depressive and anxiety symptoms.

We hypothesized that patients with CRPS have a higher 
prevalence and severity of overall fatigue compared to 
those without chronic pain (H1). Furthermore, we expected 
a high rate of severe fatigue in CRPS patients (H2), and a 
direct correlation between fatigue severity, pain intensity, 
and the severity of CRPS symptoms (H3). We assumed 
a stronger correlation between motor fatigue and levels 
of movement-related pain due to greater involvement of 
the motor system (H3.1). We furthermore expected more 
pronounced fatigue in patients demonstrating a predomi-
nant central CRPS phenotype [12] (H4). Additionally, we 
examined the association between fatigue and quality of 
life (H5) [14] as well as depressive symptoms (H6) [13].

Methods

Study design and patient recruitment

Patients suffering from CRPS were prospectively recruited 
for a cross-sectional survey through specialized pain cent-
ers and by making contact via patient support groups 
between 03/2020–09/2021. The diagnosis had to be 
either confirmed by the treating pain center, or patients 
recruited through support groups had to specify the place 
and date of diagnosis, as well as the triggering event. Fur-
ther, the International Association for the Study of Pain 
(IASP) diagnostic criteria for CRPS were also assessed in 
the medical history and reviewed before study inclusion 
[23]. Further inclusion criteria was age between 18 and 
70 years. Given the exploratory nature of the study, all 
individuals meeting these criteria were initially included in 
the analysis. However, participants with incomplete infor-
mation regarding CRPS and fatigue severity were subse-
quently excluded from the final analysis. This approach 
ensured that only datasets containing comprehensive infor-
mation were considered for the study’s objectives.

As a control group, we recruited subjects from the local 
trauma centers between 01/2023 and 03/2023 who suf-
fered an injury to the upper or lower extremities in the past 
but did not subsequently develop CRPS. Inclusion criteria 
were fracture or invasive intervention of the lower or upper 
limbs and age between 18 and 70 years.

After handing out 250 questionnaires each, we received 
200 questionnaires from CRPS patients (n = 102 from 
support groups, n = 98 from specialized pain centers) 
and 162 from patients with injury of a limb who did not 
develop CRPS, which were screened for completeness of 
the data and inclusion criteria. (Fig. 1). (for more details 
on patient’s characteristics, as well as the structure and 
content of the questionnaire see) [24].

The study was approved by the ethics committee of 
the University of Greifswald, Germany (BB176/20) and 
the local ethics committee of the participating special-
ized pain center in Bochum (reg. nr. 21-7165). The study 
was prospectively registered in the German Clinical Trials 
Register (DRKS00022961).

Assessment of demographic characteristics 
and patient‑reported outcome measurements

All included patients received a standardized questionnaire 
to assess their sociodemographic characteristics.

To record relevant comorbidities such as depres-
sion, anxiety, and quality of life, the Hospital Anxiety 
and Depression Scale (HADS) [25] and the EuroQol 
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five-dimension five-level (EQ-5D-5L) [26, 27] were part 
of the questionnaire.

The HADS [25] was used to self-report and rate the sever-
ity of depressive (HADS-D subscale) and anxiety (HADS-A 
subscale) symptoms during the past week. Each subscale 
consists of seven questions with a four-point Likert scale, 
total scores per subscale range from 0 to 21 with higher 
scores indicating more severe depression and anxiety.

The EQ-5D-5L measures five dimensions mobility, self-
care, usual activities, pain/discomfort and anxiety/depres-
sion at levels of having no, slight, moderate, severe prob-
lems, or being unable to do a task and ranges from 1 (full 
health) to -0.27 (worse than death) [26].

Assessment of the primary endpoint—Fatigue

All participants were investigated using the Fatigue Scale 
for Motor and Cognitive Function (FSMC): The 20-item 
comprehensive, self-report questionnaire was developed by 
Penner et al. in 2009 [28] and assesses cognitive and physi-
cal fatigue with two subscales (range per subscale: 10–50). 
Patients can select one of five options (“Strongly disagree” 
to “Strongly agree”). For the subscale of cognitive and phys-
ical fatigue, scores above 22 were defined as “mild”, above 
28 as “moderate”, and above 34 as “severe” fatigue.

CRPS‑specific assessments

Typical CRPS symptoms and medical history, disease onset, 
as well as the place of diagnosis were surveyed. Clinical 
characteristics of CRPS were captured according to the 

new IASP diagnostic criteria and were used to enhance 
the reliability of diagnosing CRPS [23]. A visual analogue 
scale (VAS, 10 cm) assessed current pain during movement 
(movement pain) and pain at rest. The severity of the disease 
(including questions on sensory, vaso/sudomotor, motor and 
trophic dysfunction) was evaluated using an adaptation (only 
self-reported symptoms) of the validated CRPS severity 
score (CSS) [29]. Classification of CRPS patients in clinical 
phenotypes (“peripheral”, “mixed”, and “central”) was car-
ried out based on the reported diagnostic criteria referring to 
a recently proposed algorithm [30]. In this algorithm minor 
injury eliciting CRPS, motor signs, allodynia, and glove/
stocking-like sensory deficits reflecting the central pheno-
type whereas symptoms like edema, skin color changes, skin 
temperature changes, sweating, and trophic changes, pre-
dominantly represent the peripheral phenotype [30].

Statistics

The descriptive data reported here are part of a more exten-
sive investigation of comorbidities in patients with CRPS. 
Therefore, there was no à priori sample size calculation 
for the possible association of fatigue and CRPS (for more 
details see [31]).

All analyses were done using R, version 4.2.2. Corre-
lations were calculated using the Pearson product-moment 
correlation coefficient. To test differences of means between 
groups, one-way analysis of variance (ANOVA) and Tuk-
ey’s post-hoc test. Independent variable in the ANOVA 
model was fatigue severity. When prerequisites for an 
ANOVA were not met (i.e. heteroscedasticity, non-normal 
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Fig. 1   Flowchart of study inclusion and final group size
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distribution), we used a Kruskal–Wallis rank sum test with 
a post-hoc Dunn’s test and Holm correction instead. When 
comparing the means of the two groups, we used Stu-
dent’s t test or Wilcoxon rank sum test depending on the 
distribution. For categorical data and frequencies, we used 
the Chi-squared test or Fisher’s exact test if fewer than 5 
observations per cell existed. If indicated, group mean with 
95%-confidence interval (CI) is given for the parametric 
test and a median with interquartile range (IQR) for non-
parametric tests. As a robust method for linear regression, 
we utilized MM-type estimators with bi-square redescending 
score function [32, 33].

Multiple regression was used to measure the various fac-
tors influencing QoL. To avoid overfitting, variables were 
first selected using a best-subset regression. In the best sub-
set regression, all variables are tested in all combinations 
as predictive of the dependent variable. Adjusted R2 (adj. 
R2), Bayesian information criterion (BIC), and Mallow’s Cp 
are calculated for each combination. Models were sorted 
by highest adj. R2, lowest BIC, and the lowest difference 
between Mallow’s Cp and a number of the regressor. Model 
selection was based on BIC and Mallow’s Cp with adj. R2 
as a subsequent criterion. Dependent variables included for 
best subset regression were CRPS duration, sex, movement 
pain, pain at rest, CSS, HADS depression score, HADS 
anxiety score, and severity of fatigue. To evaluate the effect 
of fatigue on the development of depression in the context to 
chronic pain mediation analyses were performed using the 
mediation package [34]. Here ordinary least squares regres-
sion, with z-standardized (β) and unstandardized path coef-
ficients (B) for all effects (total, direct, and indirect) were 
used. Age, sex, and month since CRPS onset were added as 
control variables. Non-parametric bias-corrected and accel-
erated bootstrapping with 10,000 samples was employed to 
compute the confidence intervals [35, 36].

Results

The total study population included in the statistical anal-
ysis consisted of 328 participants (228 female, mean age 
47.1 ± 12.0 years). There was no significant difference in 
age (p = 0.60) or sex (p = 0.38) between the CRPS (n = 181) 
and control group (n = 147). There were no significant dif-
ferences in CRPS characteristics between patients recruited 
from support groups and patients recruited from specialized 
pain centers. Twenty-five patients (14%) showed predomi-
nantly peripheral symptoms and could therefore be classified 
as peripheral phenotypes, whereas 67 patients (37%) had 
mainly symptoms presumably related to central reorgani-
zation. 89 patients (49%) could be categorized as “mixed” 
phenotype.

Fatigue comparison between trauma patients 
with and without CRPS and fatigue characteristics 
in CPRS patients (H1 & H2)

CRPS patients reported a median of 75 [IQR: 57–85] points 
on the FSMC scale, while the control group reported a 
median of 39 [IQR: 25–57] points. This difference was sig-
nificant (W181,141 = 21,676, p-value < 0.001). Based on the 
FMSC, 85.1% of patients with CRPS and 44.2% of people 
with injury only reported fatigue (chi-squared (1) = 59.23, 
p < 0.001). Among CRPS patients, the most common fatigue 
level was severe (67.4%), followed by no fatigue (14.9%), 
moderate fatigue (12.7%), and mild fatigue (5.0%). The 
HADS depression scores (F(3, 177) = 24.20, p < 0.001) and 
anxiety scores (F(3, 177) = 23.16, p < 0.001), as well as 
pain scores, varied with the severity of fatigue, with higher 
scores corresponding to more severe fatigue. There were 
also group differences for QoL (F(3, 167) = 11.09, p < 0.001) 
and the Healthscale (F(3, 175) = 15.51, p < 0.001), with 
CRPS patients experiencing higher fatigue reporting lower 
scores. See Table 1 for further details on the differences 
between fatigue levels. An MM-type estimator linear regres-
sion model with all gathered treatments (see Table 1 below 
for a list) showed only a significantly higher FSMC sum 
score if a spinal cord stimulator was present (11.46 ± 4.23, t 
(174) = 2.68, p = 0.008) (Fig. 2).

Relationship of fatigue and CRPS severity and pain 
levels (H3)

CRPS severity score

Kruskal–Wallis test showed no significant difference 
between groups (chi-squared (3) = 3.98, p = 0.26; Fig. 3).

Pain intensities

Rating of movement pain and pain at rest differed between 
the groups (movement pain: chi-squared (3) = 14.6, 
p = 0.002; pain at rest F (3,176) = 4.21, p = 0.007). Post hoc 
statistics revealed that patients with severe fatigue reported 
significantly higher pain levels at rest (5.22 [CI 4.80–5.63] 
vs. 3.56 [CI 2.66—4.46], p = 0.006) and on movement (7.00 
[IQR: 5.88–8.00] vs. 7.50 [IQR 6.00–8.50], p = 0.015) com-
pared to patients without. Results are summarized in Fig. 4.

The motor fatigue subscale best reveals difference 
in movement pain. (H3.1)

When evaluating the association between the severity of 
motor fatigue and movement pain the Kruskal–Wallis test 
revealed a significant association (chi-squared (3) = 21.26, 
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p < 0.001). Post-hoc analysis revealed significant differences 
between no motor fatigue (p = 0.028) and moderate motor 
fatigue (p = 0.002) compared to the severe fatigue group 
(Fig. 5).

When calculating the effect of fatigue on movement pain 
using the FSMC sum (η2

H = 0.07, p = 0.002) as well as the 
cognitive (η2

H = 0.06, p = 0.005) and motor domain only 
(η2

H = 0.10, p < 0.001), the motor domain alone yielded 
highest Eta[H]2, indicating the best fit to explain the vari-
ance of movement pain.

Association of fatigue and CRPS phenotype (H4).

Chi-squared test revealed no significant differences in the 
severity of fatigue and phenotype of CRPS (chi-squared 
(6) = 5.27, p = 0.51).

Impact of fatigue on patients’ quality of life (H5)

FSMC score and QoL were significantly correlated 
(r =  – 0.47, p < 0.001).

Table 1   Overview of patients’ characteristics sorted according to fatigue severity measured with the FSMC, p indicates differences between 
fatigue groups using ANOVA for continuous data and Fisher’s exact test for categorical data

† Kruskal–Wallis test was performed n number, SD standard deviation, IQR interquartile range, HADS Hospital anxiety and depression scale, 
QoL Quality of life, CSS CRPS severity score, NSAID Nonsteroidal anti-inflammatory drug, AED Antiepileptic drug, PT Physical therapy, OT 
occupational therapy, SCS Spinal cord stimulator

Overall No Fatigue Mild fatigue Moderate fatigue Severe fatigue p

n (%) 181 (100) 27 (14.9) 9 (5.0) 23 (12.7) 122 (67.4)
Age (mean (SD)) 46.80 (12.06) 44.81 (12.98) 48.33 (17.04) 44.00 (13.26) 47.66 (11.21) 0.438
Sex = female (%) 129 (72.9) 16 (61.5) 7 (77.8) 16 (76.2) 90 (74.4) 0.561
Month since CRPS 

onset (median 
(IQR))

36.00 [12.00, 90.00] 24.00 [12.00, 36.00] 48.00 [12.00, 72.00] 36.00 [12.00, 66.00] 36.00 [24.00, 96.00] 0.016†

Limb n, (%) 0.397
Upper 110 (60.8) 20 (74.1) 8 (88.9) 13 (56.5) 69 (56.6)
Lower 63 (34.8) 6 (22.2) 1 (11.1) 9 (39.1) 47 (38.5)
Both 8 ( 4.4) 1 ( 3.7) 0 ( 0.0) 1 ( 4.3) 6 ( 4.9)
Phenotype n, (%) 0.505
Peripheral 25 (13.8) 4 (14.8) 1 (11.1) 5 (21.7) 15 (12.3)
Mixed 89 (49.2) 14 (51.9) 2 (22.2) 11 (47.8) 62 (50.8)
Central 67 (37.0) 9 (33.3) 6 (66.7) 7 (30.4) 45 (36.9)
Pain at rest (mean 

(± SD))
4.82 (2.39) 3.56 (3.03) 4.11 (1.67) 4.46 (2.19) 4.82 (2.39) 0.007

Movement pain 
(median (IQR))

7.00 [5.88, 8.00] 6.00 [4.25, 7.00] 6.50 [5.50, 7.50] 6.00 [4.00, 7.50] 7.50 [6.00, 8.50] 0.002†

HADS depression 
score (mean (± SD))

8.90 (4.87) 3.70 (2.63) 4.44 (3.13) 8.13 (3.88) 10.52 (4.49)  < 0.001

HADS anxiety score 
(mean (± SD))

8.69 (4.51) 4.37 (3.16) 4.67 (2.45) 6.87 (3.97) 10.28 (4.04)  < 0.001

QoL (mean (± SD)) 0.45 (0.31) 0.67 (0.30) 0.69 (0.29) 0.54 (0.26) 0.36 (0.28)  < 0.001
Healthscale (mean 

(SD))
47.15 (20.56) 65.65 (18.89) 58.78 (17.17) 54.04 (17.40) 41.00 (18.59)  < 0.001

CSS (median [IQR]) 7.00 [6.00, 8.00] 6.00 [4.50, 7.00] 7.00 [6.00, 7.00] 7.00 [6.00, 8.00] 7.00 [6.00, 8.00] 0.263†
Any treatment n, (%) 156 (86.2) 22 (81.5) 9 (100.0) 21 (91.3) 104 (85.2) 0.589
Any medication n, (%) 138 (76.2) 18 (66.7) 9 (100.0) 14 (60.9) 97 (79.5) 0.046
NSAID n, (%) 74 (40.9) 11 (40.7) 4 ( 44.4) 7 (30.4) 52 (42.6) 0.757
Opiod n, (%) 106 (58.6) 11 (40.7) 7 ( 77.8) 11 (47.8) 77 (63.1) 0.076
AED n, (%) 112 (61.9) 13 (48.1) 8 ( 88.9) 12 (52.2) 79 (64.8) 0.103
Any non-medication 

intervention n, (%)
130 (71.8) 19 (70.4) 7 ( 77.8) 17 (73.9) 87 (71.3) 1.000

PT / OT n, (%) 117 (64.6) 18 (66.7) 7 ( 77.8) 15 (65.2) 77 (63.1) 0.882
SCS n, (%) 22 (12.2) 2 ( 7.4) 0 ( 0.0) 1 ( 4.3) 19 (15.6) 0.320
Acupuncture n, (%) 19 (10.5) 2 ( 7.4) 1 ( 11.1) 3 (13.0) 13 (10.7) 0.916
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In linear regression, a significant effect of fatigue sever-
ity on quality of life was only found for severe fatigue 
(β =  – 0. 30, p < 0.001) compared with no fatigue.

The best subsets regression identified the multiple 
variable model best predicting QoL in CRPS patients. 
Using the adj. R2-value criterion a model consisting of 
6 predictors would be preferred (movement pain, HADS 
depression score, pain at rest, severe fatigue, HADS anxi-
ety score, CRPS duration). When using Mallows’ Cp-
statistics, a model with four predictors (movement pain, 
HADS depression score, pain at rest, severe fatigue) and 
using BIC, a model with three predictors (movement pain, 
HADS Depression Score, pain at rest) is preferred.

Fig. 2   Group difference between CRPS patients and patients with 
injury of a limb only. Illustrated as box plots with the upper and lower 
quartile (black square), group median (bold black line), and mean 
(red dot). ***indicates a significance level of p < 0.001

Fig. 3   Relationship of fatigue severity and CRPS severity score illus-
trated as box plots with the upper and lower quartile (black square), 
group median (bold black line), and mean (red dot). NS not significant

Fig. 4   Differences of movement (a) and pain at rest (b) at different 
fatigue levels in CRPS patients illustrated as box plots with the upper 
and lower quartile (black square), group median (bold black line), and 
mean (red dot). *indicates a significance level of p < 0.05; **indicates 
a significance level p < 0.01

Fig. 5   Relationship of motor fatigue severity and movement pain in 
CRPS patients illustrated as box plots with the upper and lower quar-
tile (black square), group median (bold black line), and mean (red 
dot). *indicates a significance level p < 0.05
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The best six predictor model and four predictor model 
regression analysis showed only marginal higher adjusted 
R2-value compared to the three predictor model (0.522 
vs. 0.521 vs. 0.519) and did not show a significant differ-
ence (F(5) = 1.18, p = 0.32 and F(3) = 1.22, p = 0.30). It is 
therefore not justified using the larger six or four-predictor 
model over the simpler, smaller three-predictor model with 
movement pain, HADS Depression Score, and pain at rest 
(Table 2).

Model parameters of the final model determined by the 
best subset regression. For standardized coefficients, the 
predictors have been scaled to account for different range, 
of scales.

Impact of pain on depression through fatigue 
as mediator (H6)

In the mediation analysis, a total effect of pain on depres-
sion was observed, (βc = 0.31 [CI 0.16–0.44], Bc = 0.64, 
p < 0.001). After entering fatigue as the mediator into the 
model, movement pain predicted the mediator significantly 
(βa = 0.34 [CI 0.20–0.47], Ba = 2.98, p < 0.001), which 
in turn predicted depression significantly (βb = 0.54 [CI 
0.41–0.63], Bb = 0.13, p < 0.001). The direct effect of pain on 
depression within the mediation was not significant (direct 
effect βc’ = 0.12 [CI  – 0.01 to 0.25], Bc’ = 0.26, p = 0.074), 
while the relationship between movement pain and depres-
sion was mediated by fatigue significantly (indirect effect 
βab = 0.18 [CI 0.10–0.28], Bab = 0.39, p < 0.001). For a 
graphical representation of the results, see Fig. 6. None of 
the included control variables (age, sex, month since CRPS 
onset) showed a significant influence in any path.

Discussion

Our survey included a large national cohort of trauma 
patients with CRPS and without CRPS. We investigated the 
prevalence of fatigue, its relationship to CRPS severity as 
well as the impact on patients’ quality of life for the first 
time systematically.

Although fatigue also was present in individuals who had 
experienced injury of a limb but did not develop CRPS, our 
findings indicated a notably higher prevalence and severity 
of fatigue among CRPS patients. They exhibited a consist-
ently high prevalence of severe fatigue, which was strongly 
correlated with the intensity of perceived pain. Furthermore, 
fatigue significantly mediated the relationship between pain 
and depression. Remarkably, this fatigue seemed unrelated 
to the specific CRPS phenotype. Finally, we here propose the 
FSMC as a valid fatigue screening tool in CRPS that might 
be easily applicable in clinical routine and scientific context 
to assess both cognitive and physical aspects of fatigue.

Implications of the association of fatigue and CRPS 
for shared mechanisms

CRPS is a disease that is accompanied by persistent, often 
severe pain in the affected limbs. The high prevalence of 
fatigue in patients with CRPS confirms previous data of co-
occurrence of pain and fatigue in the general population [37] 
as well as in patients with fibromyalgia [38] and multiple 
sclerosis [39]. It also indicates potential overlapping patho-
genic mechanisms between chronic pain and fatigue [40]. 
The finding of higher pain levels associated with greater 
fatigue in our cohort of patients with CRPS has also been 

Table 2   Linear regression with 
QoL as dependent variable

Adjusted R2 = 0.52, p < 0.001

Influence on quality of life

Standardized 
coefficient

Std. error Coefficient Std. error p-value

(Intercept) 0.4533 0.0161 1.101 0.054  < 0.001***
Movement pain  –  0.1130 0.0262 – 0.048 0.011  < 0.001***
HADS depression score – 0.1042 0.0175 – 0.021 0.004  < 0.001***
Pain at rest – 0.0719 0.0261 – 0.030 0.011  < 0.01**

Fig. 6   Mediation pathways and coefficients. Difference between the 
total effect and the sum of direct and indirect effect is due to rounding 
error. All variables have been z-standardized to account for different 
ranges of scales; ***indicates a significance level p < 0.001
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described in various diseases accompanied by pain (review 
[5]:) corroborating the presumption of a direct etiological 
relationship between pain and fatigue.

In detail, inflammatory processes have been discussed 
to be the pathophysiological link between fatigue and pain. 
Complex interactions between increased levels of pro-
inflammatory cytokines, alterations in peripheral (periph-
eral sensitization) and central nervous system (central sen-
sitization) as well as dysregulation of the endocrine system 
(hypothalamic–pituitary–adrenal axis, resistance to gluco-
corticoids) have been described in fatigue but also in CRPS 
[40–45]. Interestingly, the role of dysregulated pro-inflam-
matory cytokines like interleukin-6 in long-term fatigue is 
highly topical and of interest since it has been discussed 
to be a potential link between COVID-19 infection and the 
resulting high rate of long-term neuropsychiatric symptoms 
such as fatigue, sleeping difficulties, depression, and anxi-
ety [46].

Central sensitization is discussed as a key mechanism 
in the pathophysiology of chronic CRPS, especially in the 
predominant central phenotype (according to the algorithm 
proposed by Dimova et al. 2020 [30]). There is increasing 
evidence that central sensitization is also an important factor 
in the development and maintenance of fatigue independ-
ent of pain [12, 47]. Nevertheless, there was no association 
between fatigue and CRPS phenotype in our questionnaire-
based study. Future studies are needed to systematically 
assess the CRPS phenotype using clinical and neurophysi-
ological methods, particularly in the context of comorbidi-
ties, to further evaluate this aspect.

Interaction of fatigue on quality of life, pain, 
and depression in CRPS

The Quality of life in our cohort of CRPS patients is mainly 
driven by pain intensity, in particular movement pain, and 
depressive symptoms. Fatigue and duration of CRPS as 
independent factors may only play an additional subordi-
nate role. Pain and affective disorders are of high interest in 
patients with CRPS since they are highly prevalent and are 
directly associated with patient’s disease burden [48]. Our 
results corroborate this clinical relevance and are well in line 
with existing literature on various pain conditions [49, 50].

Although fatigue exhibits a moderate correlation with 
Quality of Life (QoL) independently, this correlation dimin-
ishes when incorporating the impact of pain and depression 
on QoL as a subsidiary factor [51]. This contradicts find-
ings in other pain conditions, potentially stemming from the 
inclusion of depression as an additional predictor. However, 
the results presented here show for the first time that fatigue 
acts as a mediator in the relationship between chronic pain 
and depression in CRPS, and are consistent with existing 
literature, including studies on multiple sclerosis sclerosis 

[13]. Therefore, the clinical relevance of fatigue may go 
underrecognized when assessed along with pain and depres-
sive symptoms.

However, fatigue is often difficult to treat and is barely 
an objective in CRPS therapy concepts. Specific therapy 
approaches for fatigue can include cognitive behavioral 
therapy and graded exercise therapy [52, 53]. At present, 
there are no pharmaceutical interventions recommended 
for the treatment of fatigue in CRPS, primarily due to the 
absence of clinical trial investigations. However, insights 
from patients with multiple sclerosis indicate that addressing 
depression through treatment may lead to a decrease in the 
severity of fatigue [54]. Further investigations on the treat-
ment of fatigue in patients with CRPS are needed to evalu-
ate the effectiveness of different therapy strategies and their 
impact on the quality of life in these chronic pain condition.

Limitations

While only half of our patients were recruited from spe-
cialized pain centers, there were no discernible differences 
in relevant clinical data between these patients and those 
recruited via patient support groups. Nevertheless, uncer-
tainties persist regarding the diagnosis of CRPS, as well 
as in assessing disease severity and clinical phenotype, 
particularly given the importance of thorough clinical 
examination in this context. Moreover, we were not able 
to capture all medications and their exact dosage that sub-
jects may have been taking. This could be of interest since 
it is suggested that centrally acting medications generally 
may have a negative influence on cognitive fatigue levels 
of individuals with multiple sclerosis [55], whereas anti-
depressants are discussed to have a positive effect on the 
individual and thereby have the potential to reduce fatigue 
[56]. In our cohort. CRPS patients treated with an SCS for 
pain reported even higher fatigue. It should be kept in mind 
though that SCS is often used in severe cases of CRPS when 
other options are not sufficient, and therefore the fact that 
this is a severely affected patient group could be the reason 
for this correlation. Future studies should investigate the 
relationship between fatigue and class of medication, dos-
age, and duration of intake as well as non-medical treatment 
more systematically.

Caution is warranted when inferring causal relationships 
through mediation analysis. The cross-sectional design of 
this study precludes the establishment of temporal preempts 
among variables, limiting our ability to discern the direction-
ality of effects. It is important to acknowledge the potential 
bidirectional nature of the relationship between depression 
and fatigue, wherein each may exacerbate the other over 
time. A longitudinal study is needed to better distinguish 
between cause and effect and the potential magnitude of 
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bidirectionality. Additionally, our mediation analysis solely 
focused on movement pain, overlooking the potential influ-
ence of other variables on the proposed mediation pathways. 
Consequently, while our findings provide valuable insights, 
they should be interpreted within the confines of these meth-
odological limitations.

Only a few participants showed mild to moderate fatigue 
symptoms which statistically underpowers those groups and 
increases the chance for error. For future sample designs, it 
should be taken into account that a majority of CRPS patients 
may already have severe fatigue symptoms.

Finally, caution is required when interpreting the results, 
since questionnaire studies are subject to sampling and 
assessment biases, as well as recall and volunteer bias. Fur-
ther longitudinal studies with thorough clinical examinations, 
standardized symptom assessment such as e.g., quantitative 
sensory testing, neurophysiological measurements and neu-
ropsychological assessment as well as assessment of fatigabil-
ity are needed to clarify both shared pathophysiology aspects 
and associations of disease progression and development of 
fatigue [57].

Conclusions

Severe fatigue is a prevalent symptom in patients with CRPS 
and is associated with pain intensity. Hence clinical assess-
ment of fatigue in addition to the Budapest criteria should be 
included as a standard examination for CRPS. We propose the 
use of the FSMC enabling to describe cognitive and physical 
aspects of fatigue separately.

Acknowledgements  EEK holds an endowed professorship funded by 
the German Social Accident Insurance (DGUV) for the period of 6 
years (since 2020) and has received a grant from the Georg Agricola 
Ruhr Foundation. The present research did not receive any specific 
grant from funding agencies in the public, commercial, or not-for-profit 
sectors.

Author contributions  Conception and design of the study: SS. Review 
of methods: MG, EEK, RF. Clinical data acquisition: LB, NZ. Sta-
tistical analysis: MW, SS. Interpretation of results: SS, MG, MW, 
LB. Drafting the manuscript: SS, MW, LB. All authors reviewed and 
approved the final version of the manuscript.

Funding  Open Access funding enabled and organized by Projekt 
DEAL.

Availability of data and materials  The datasets used and/or analyzed 
during the current study are available from the corresponding author 
upon reasonable request.

Declarations 

Conflicts of interest  None.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 

as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

	 1.	 Mork H, Motte J, Fisse AL et al (2022) Prevalence and deter-
minants of pain in chronic inflammatory demyelinating poly-
neuropathy: results from the German INHIBIT registry. Eur J 
Neurol 29:2109–2120

	 2.	 Chaudhuri A, Behan PO (2004) Fatigue in neurological disor-
ders. Lancet 363:978–988

	 3.	 Rottoli M, La Gioia S, Frigeni B, Barcella V (2017) Patho-
physiology, assessment and management of multiple sclerosis 
fatigue: an update. Expert Rev Neurother 17:373–379

	 4.	 Covington EC (1991) Depression and chronic fatigue in the 
patient with chronic pain. Prim Care 18:341–358

	 5.	 Fishbain DA, Cole B, Cutler RB, Lewis J, Rosomoff HL, Foso-
moff RS (2003) Is pain fatiguing? A structured evidence-based 
review. Pain Med 4:51–62

	 6.	 Bansevicius D, Westgaard RH, Sjaastad OM (1999) Tension-
type headache: pain, fatigue, tension, and EMG responses to 
mental activation. Headache 39:417–425

	 7.	 Crosby LJ (1991) Factors which contribute to fatigue associated 
with rheumatoid arthritis. J Adv Nurs 16:974–981

	 8.	 Feuerstein M, Carter RL, Papciak AS (1987) A prospective 
analysis of stress and fatigue in recurrent low back pain. Pain 
31:333–344

	 9.	 Peters ML, Sorbi MJ, Kruise DA, Kerssens JJ, Verhaak PF, 
Bensing JM (2000) Electronic diary assessment of pain, disabil-
ity and psychological adaptation in patients differing in duration 
of pain. Pain 84:181–192

	10.	 Shoenfeld Y, Ryabkova VA, Scheibenbogen C et al (2020) Com-
plex syndromes of chronic pain, fatigue and cognitive impair-
ment linked to autoimmune dysautonomia and small fiber neu-
ropathy. Clin Immunol 214:108384

	11.	 Groven N, Fors EA, Reitan SK (2019) Patients with fibromy-
algia and Chronic Fatigue syndrome show increased hsCRP 
compared to healthy controls. Brain Behav Immun 81:172–177

	12.	 Druce KL, McBeth J (2019) Central sensitization predicts 
greater fatigue independently of musculoskeletal pain. Rheu-
matology (Oxford) 58:1923–1927

	13.	 Amtmann D, Askew RL, Kim J et al (2015) Pain affects depres-
sion through anxiety, fatigue, and sleep in multiple sclerosis. 
Rehabil Psychol 60:81–90

	14.	 Zonneveld LN, Sprangers MA, Kooiman CG, Spijker A, Bussch-
bach JJ (2013) Patients with unexplained physical symptoms 
have poorer quality of life and higher costs than other patient 
groups: a cross-sectional study on burden. BMC Health Serv 
Res 13:520

	15.	 Eccles JA, Davies KA (2021) The challenges of chronic pain and 
fatigue. Clin Med (Lond) 21:19–27

	16.	 Collin SM, Bakken IJ, Nazareth I, Crawley E, White PD (2017) 
Health care resource use by patients before and after a diagno-
sis of chronic fatigue syndrome (CFS/ME): a clinical practice 
research datalink study. BMC Fam Pract 18:60

	17.	 Birklein F, Dimova V (2017) Complex regional pain syndrome-
up-to-date. Pain Rep 2:e624

http://creativecommons.org/licenses/by/4.0/


	 Journal of Neurology

	18.	 Libon DJ, Schwartzman RJ, Eppig J et al (2010) Neuropsychologi-
cal deficits associated with complex regional pain syndrome. J Int 
Neuropsychol Soc 16:566–573

	19.	 Halicka M, Vittersø AD, Proulx MJ, Bultitude JH (2020) Neu-
ropsychological changes in Complex Regional Pain Syndrome 
(CRPS). Behav Neurol 2020:4561831

	20.	 Eldufani J, Elahmer N, Blaise G (2020) A medical mystery of 
complex regional pain syndrome. Heliyon 6:e03329

	21.	 Chang C, McDonnell P, Gershwin ME (2021) Complex regional 
pain syndrome - Autoimmune or functional neurologic syndrome. 
J Transl Autoimmun 4:100080

	22.	 Penner IK, Paul F (2017) Fatigue as a symptom or comorbidity of 
neurological diseases. Nat Rev Neurol 13:662–675

	23.	 Goebel A, Birklein F, Brunner F et al (2021) The Valencia consen-
sus-based adaptation of the IASP complex regional pain syndrome 
diagnostic criteria. Pain 162:2346–2348

	24.	 Wiemann M, Zimowski N, Blendow SL et al (2024) Evidence for 
converging pathophysiology in complex regional pain-syndrome 
and primary headache disorders: results from a case-control study. 
J Neurol 271:1850–1860

	25.	 Zigmond AS, Snaith RP (1983) The hospital anxiety and depres-
sion scale. Acta Psychiatr Scand 67:361–370

	26.	 Herdman M, Gudex C, Lloyd A et al (2011) Development and 
preliminary testing of the new five-level version of EQ-5D (EQ-
5D-5L). Qual Life Res 20:1727–1736

	27.	 Brooks R (1996) EuroQol: the current state of play. Health Policy 
37:53–72

	28.	 Penner IK, Raselli C, Stöcklin M, Opwis K, Kappos L, Calabrese 
P (2009) The Fatigue Scale for Motor and Cognitive Functions 
(FSMC): validation of a new instrument to assess multiple scle-
rosis-related fatigue. Mult Scler 15:1509–1517

	29.	 Harden RN, Maihofner C, Abousaad E et al (2017) A prospective, 
multisite, international validation of the Complex Regional Pain 
Syndrome Severity Score. Pain 158:1430–1436

	30.	 Dimova V, Herrnberger MS, Escolano-Lozano F et al (2020) Clin-
ical phenotypes and classification algorithm for complex regional 
pain syndrome. Neurology 94:e357–e367

	31.	 Wiemann M, Zimowski N, Blendow S-L et al (2024) Evidence for 
converging pathophysiology in complex regional pain-syndrome 
and primary headache disorders: results from a case–control study. 
J Neurol 271(4):1850–1860

	32.	 Koller M, Stahel WA (2013) Sharpening Wald-type inference in 
robust regression for small samples. Qual Control Appl Statist 
58(1):49–50

	33.	 Yohai VJ (1987) High breakdown-point and high efficiency robust 
estimates for regression. Ann Stat 15(642–656):615

	34.	 Tingley D, Yamamoto T, Hirose K, Keele L, Imai K (2014) Medi-
ation: R package for causal mediation analysis

	35.	 DiCiccio TJ, Efron B (1996) Bootstrap confidence intervals. Stat 
Sci 11(189–228):140

	36.	 Preacher KJ, Hayes AF (2008) Asymptotic and resampling strat-
egies for assessing and comparing indirect effects in multiple 
mediator models. Behav Res Methods 40(3):879–891

	37.	 Creavin ST, Dunn KM, Mallen CD, Nijrolder I, van der Windt 
DA (2010) Co-occurrence and associations of pain and fatigue in 
a community sample of Dutch adults. Eur J Pain 14:327–334

	38.	 Bartley EJ, Robinson ME, Staud R (2018) Pain and fatigue vari-
ability patterns distinguish subgroups of fibromyalgia patients. J 
Pain 19:372–381

	39.	 O’Connor AB, Schwid SR, Herrmann DN, Markman JD, Dwor-
kin RH (2008) Pain associated with multiple sclerosis: systematic 
review and proposed classification. Pain 137:96–111

	40.	 Clauw DJ, Chrousos GP (1997) Chronic pain and fatigue syn-
dromes: overlapping clinical and neuroendocrine features and 
potential pathogenic mechanisms. NeuroImmunomodulation 
4:134–153

	41.	 Patejdl R, Penner IK, Noack TK, Zettl UK (2016) Multiple scle-
rosis and fatigue: a review on the contribution of inflammation 
and immune-mediated neurodegeneration. Autoimmun Rev 
15:210–220

	42.	 Louati K, Berenbaum F (2015) Fatigue in chronic inflammation - a 
link to pain pathways. Arthritis Res Ther 17:254

	43.	 Dantzer R, Heijnen CJ, Kavelaars A, Laye S, Capuron L (2014) 
The neuroimmune basis of fatigue. Trends Neurosci 37:39–46

	44.	 Tachibana A, Noah JA, Bronner S et al (2012) Activation of dor-
solateral prefrontal cortex in a dual neuropsychological screening 
test: an fMRI approach. Behav Brain Funct 8:26

	45.	 Filippi M, Rocca MA, Colombo B et al (2002) Functional mag-
netic resonance imaging correlates of fatigue in multiple sclerosis. 
Neuroimage 15:559–567

	46.	 Kappelmann N, Dantzer R, Khandaker GM (2021) Interleukin-6 
as potential mediator of long-term neuropsychiatric symptoms of 
COVID-19. Psychoneuroendocrinology 131:105295

	47.	 Meeus M, Nijs J (2007) Central sensitization: a biopsychosocial 
explanation for chronic widespread pain in patients with fibromy-
algia and chronic fatigue syndrome. Clin Rheumatol 26:465–473

	48.	 Bean DJ, Johnson MH, Kydd RR (2014) Relationships between 
psychological factors, pain, and disability in complex regional 
pain syndrome and low back pain. Clin J Pain 30:647–653

	49.	 van Velzen GAJ, Perez R, van Gestel MA et al (2014) Health-
related quality of life in 975 patients with complex regional pain 
syndrome type 1. Pain 155:629–634

	50.	 Galer BS, Henderson J, Perander J, Jensen MP (2000) Course 
of symptoms and quality of life measurement in Complex 
Regional Pain Syndrome: a pilot survey. J Pain Symptom Man-
age 20:286–292

	51.	 Dias LH, Miyamoto ST, Giovelli RA, de Magalhães CIM, Valim 
V (2021) Pain and fatigue are predictors of quality of life in pri-
mary Sjögren’s syndrome. Adv Rheumatol 61:28

	52.	 Whiting P, Bagnall AM, Sowden AJ, Cornell JE, Mulrow CD, 
Ramírez G (2001) Interventions for the treatment and manage-
ment of chronic fatigue syndrome: a systematic review. JAMA 
286:1360–1368

	53.	 Collatz A, Johnston SC, Staines DR, Marshall-Gradisnik SM 
(2016) A systematic review of drug therapies for chronic fatigue 
syndrome/myalgic encephalomyelitis. Clin Ther 38:1263-1271.
e1269

	54.	 Mohr DC, Hart SL, Goldberg A (2003) Effects of treatment for 
depression on fatigue in multiple sclerosis. Psychosom Med 
65:542–547

	55.	 Oken BS, Flegal K, Zajdel D, Kishiyama SS, Lovera J (2006) 
Cognition and fatigue in multiple sclerosis: potential effects of 
medications. J Rehabil Res Dev 43:83–90

	56.	 Lee AKY, Miller WC, Townson AF, Anton HA (2010) Medication 
use is associated with fatigue in a sample of community-living 
individuals who have a spinal cord injury: a chart review. Spinal 
Cord 48(5):429–43

	57.	 Holmqvist A, Berginström N, Löfgren M, Stålnacke BM, Möller 
MC (2024) Fatigue and cognitive fatigability in patients with 
chronic pain. Scand J Pain 24:20230085


	The role of fatigue in patients with complex regional pain syndrome
	Abstract
	Background and Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Study design and patient recruitment
	Assessment of demographic characteristics and patient-reported outcome measurements
	Assessment of the primary endpoint—Fatigue
	CRPS-specific assessments
	Statistics

	Results
	Fatigue comparison between trauma patients with and without CRPS and fatigue characteristics in CPRS patients (H1 & H2)
	Relationship of fatigue and CRPS severity and pain levels (H3)
	CRPS severity score
	Pain intensities
	The motor fatigue subscale best reveals difference in movement pain. (H3.1)
	Association of fatigue and CRPS phenotype (H4).
	Impact of fatigue on patients’ quality of life (H5)
	Impact of pain on depression through fatigue as mediator (H6)

	Discussion
	Implications of the association of fatigue and CRPS for shared mechanisms
	Interaction of fatigue on quality of life, pain, and depression in CRPS

	Limitations
	Conclusions
	Acknowledgements 
	References


