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Abstract \
Introduction: Patients with neuropathic pain (NP) report a higher impairment of quality of life and sleep than patients with chronic
pain without neuropathic characteristics. These include somatosensory peculiarities like allodynia, a surrogate marker for central
sensitization.

Objectives: This study aimed to investigate the relation between symptoms of central sensitization and sleep disturbances in
patients with NP.

Methods: Within this cross-sectional study, data sets of 3339 patients with chronic NP syndromes (painful diabetic polyneuropathy,
n = 543; postherpetic neuralgia, n = 1480) or complex regional pain syndromes (CRPS, n = 1316) were analyzed. Neuropathic pain
symptoms were assessed with the painDETECT questionnaire (PD-Q), depression with the Patient Health Questionnaire-9, and
sleep impairment with items of the Medical Outcomes Study Sleep Scale in 4 subscales. The association of demographic/clinical
data, somatosensory phenotype, depression, and pain intensity with sleep impairment was assessed by unadjusted Spearman
correlation analyses and multivariable regression analyses.

Results: Sleep impairment was observed in all pain aetiologies although with some significant differences in the single sleep items. The
intensity of the individual PD-Q items differed to some extent between the 3 pain entities, whereas the PD-Q sum score was similar.
Thermal hyperalgesia and burning assessed by the PD-Q were significantly associated with sleep disturbance, adequacy, and quantity
but not with sleep somnolence. Only depression and self-reported allodynia had a significant relation to all 4 sleep elements.
Conclusion: Beside depression, allodynia as a surrogate marker hints to a possible impact of central sensitization on the sleep
disruption of patients with NP.
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1. Introduction

Patients with neuropathic pain display a range of somatosensory ~ being painful (eg, spontaneous superficial burning pain or
abnormalities with gain and loss of function. These may vary from  electric-shock-like pain attacks). Central mechanisms are known
being troublesome (ie, paresthesias like ant crawling, prickling)to  to play an important role in the development and maintenance of
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neuropathic pain, including central disinhibition and central
sensitization.® The latter is defined as an increased responsive-
ness of nociceptive neurons in the central nervous system to their
normal or subthreshold afferent input,46 which is mirrored
clinically by evoked types of pain induced by certain stimuli
implicating hypersensitivity.> Animal research suggests that this
fundamental secondary modification is induced by a peripheral
nerve lesion.®'®2 Both dynamic mechanical allodynia and
mechanical hyperalgesia (punctate, deep somatic) are supposed
to be characteristic sensory features, ie, surrogate markers, of
central sensitization.>®“® Previous studies using quantitative
sensory testing (QST) found that these signs of central
sensitization are present in a relevant proportion of patients with
neuropathic pain, eg, in 23% of patients with polyneuropathy, in
44% of patients with postherpetic neuralgia (PHN), and in 38% of
patients with complex regional pain syndromes (CRPS).%°
However, it might not be sensory signs alone that are altered in
neuropathic pain conditions. Sleep disturbance is a highly
prevalent complaint of patients with chronic pain.®° Patients with
neuropathic pain report an even higher impairment of quality of life
and sleep than those without neuropathic characteristics.*'2:2°
Although a bidirectional and multidimensional relationship is
assumed, the exact origins of their mutual interference are still a
matter of ongoing debate®'° and the majority of neuropathic
pain studies so far have only assessed the impact of pain intensity
on sleep disturbances,?>®%%® whereas the entire range of
neuropathic somatosensory abnormalities has not been in-
vestigated yet in this regard. The mutual interference of vigilance
and sensory perception has been examined by Wang et al.**
through somatosensory evoked potentials in healthy volunteers,
where consciousness has been shown to have an effect on pain-
specific components of A-delta fibres. It is possible that this
physiological inhibition of pain signals during sleep will cease in
chronic pain conditions. In patients with migraine, for instance, it
has been shown that sleep interference increased with the
presence of mechanical allodynia,?® possibly pointing to an
association of altered endogeneous pain modulation and sleep
disturbances (Fig. 1A). In patients with neuropathic pain,
however, the association of slegp disturbances and central
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amplifying mechanisms of pain processing, ie, central sensitiza-

tion, is yet to be clarified (Fig. 1B).
This study therefore aimed to

(1) assess the co-occurrence of sensory signs and various
aspects of sleep quality;

(2) highlight hallmark symptoms of central sensitization such as
mechanical allodynia and hyperalgesia®®*® with sleep dis-
ruption in patients with neuropathic pain. Neuropathic pain
symptoms and sleep quality were examined with validated
patient-reported outcome measures (PROMs), given their
unparalleled strength of time and resource efficiency.

2. Methods
2.1. Study population

This was a cross-sectional study of patient data collected from
the painDETECT software as part of usual care (between 2006
and 2013). The painDETECT software is an open pain registry in
Germany originally developed to validate the painDETECT
questionnaire (PD-Q)."? The software contains validated ques-
tionnaires (eg, the PD-Q, the Funktionsfragebogen Hannover
(FFbH), the Patient Health Questionnaire [PHQ-9]) and is used in
outpatient primary care centres for the clinical and epidemiolog-
ical survey of patients with chronic pain. During regular
consultation hours, patients were asked to complete several
electronic questionnaires on a hand-held computer (personal
digital assistants, PDAs; Palm Tungsten E operating on the
platform OS 5.4). Questionnaire results are used in daily practice
for treatment purposes and, if the patient agrees, for research
purposes, ie, to gain knowledge about pain characteristics and
comorbidities in the German population. For the latter, PDAs were
collected at regular intervals, and data were transferred
anonymously and encrypted to a central database for analysis.
Each recruiting study site (general practitioners, rheumatologists,
orthopaedists, diabetologists, neurologists, and pain specialists
in Germany) was responsible for the correct implementation of
the study procedures and the correct pain diagnosis. To focus on
clinical relevance, we have chosen frequent neuropathic pain
conditions that are reported to be associated with sleep
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disturbances.'®?°27 Al data of patients with the diagnosis
“painful diabetic polyneuropathy” (PDNP; n = 1340), “posther-
petic neuralgia” (PHN, n = 2593), or “complex regional pain
syndrome” (CRPS; n = 1316) exported to the central database
between the implementation of the painDETECT software (April
2006) and July 2013 were analyzed. Even though recently
redefined as a nociplastic pain syndrome, CRPS type 1 was here
included as pain syndrome with neuropathic features because it
has been shown to display similar sensory signs and symptoms
like CRPS type 2.1°

The study was performed in accordance with the Declaration
of Helsinki and approved by the ethical committee of the
University of Dusseldorf. All subjects gave their written informed
consent for participating in the study.

2.2. Questionnaires

In addition to demographic (age, sex, and body mass index) and
clinical data (pain duration, pain medication [yes/no], pension
request, and hospitalization because of the pain disease),
validated questionnaires were used to assess the pain intensity,
pain quality (PD-Q'?), sleep quality (Medical Outcomes Study
[MOS] Sleep Scale'®*?), and co-morbidities.

2.2.1. Pain intensity

Pain intensity was rated on a visual analogue scale (VAS) ranging
from O (no pain) to 100 (Mmaximum imaginable pain). Patients were
asked to rate their average and maximum pain intensity during the
preceding 4 weeks.

2.2.2. painDETECT questionnaire

The PD-Q serves as a screening tool for the detection of patients
with neuropathic pain with a high sensitivity and specificity. 2 In a
previous study by Baron et al.,” different questionnaire descrip-
tors were shown to enable the identification and characterization
of neuropathic pain subgroups. Furthermore, although it has not
been specifically validated to evaluate central sensitization, it has
also been shown to actually be able to identify aspects of central
sensitization in selected patient cohorts'''*'® and to be
associated to the Central Sensitization Inventory (CSI) score.*’

The questionnaire consists of 3 components: general pain
intensity (current pain, average pain during the past 4 weeks, and
maximum pain during the past 4 weeks), pain course pattern, and
7 questions addressing typical neuropathic pain symptoms
(burning, prickling, dynamic mechanical allodynia, pain attacks,
“thermal hyperalgesia,” numbness, and pressure-evoked pain).
Thermal hyperalgesia is used in quotation marks throughout the
article as the corresponding symptom has been assessed
through the PD-Q. The latter are rated on a 6-point Likert scale
(0 = never, 5 = very strongly). The PD-Q total score is the sum of
the rating of the single questions ranging from —1 to 38. Total PD-
Q scores of =12 indicate that a neuropathic pain component is
unlikely (negative), scores of =19 mean that a neuropathic pain
component is likely (positive), and scores in between are
uncertain.

2.2.3. Patient Health Questionnaire-9

The PHQ-9 consists of 9 items and is an established question-
naire to discover the presence and to quantify the severity of
depression.?? The frequency of each item within the last 2 weeks
is rated on a scale of 0 to 3 (0, not at all; 1, several days; 2, more

www.painreportsonline.com 3

than half the days; 3, nearly every day). The degree of depression
can be interpreted by determining the total score of all items (0-4
minimal depression; 5-9 mild depression; 10-14 moderate
depression; 15-19 moderately severe depression; and 20-27
severe depression).

2.2.4. Medical Outcomes Study Sleep Scale

The MOS Sleep Scale is a self-report measure of sleep quality and
contains 12 items to assess 6 sleep scores describing the
dimension “sleep disturbance” (items: have trouble falling asleep,
how long to fall asleep, sleep was not quiet, awaken during your
sleep time, and have trouble falling asleep again), “somnolence”
(items: drowsy during day, have trouble staying awake during the
day, take naps), “sleep adequacy” (items: get enough sleep to feel
rested upon waking in the morning, get amount of sleep needed),
“snoring,” “sleep awakening short of breath or with headache,”
and “sleep quantity.”'® Each item refers to the previous 4 weeks
of assessment. Sleep quantity is the average sleep duration in
hours per night with optimal sleep duration defined as 7 to 8 hours
of sleep.*? For score of the other dimensions, a 0 to 100 scale is
used, with higher scores for sleep disturbance, somnolence,
snoring, and shortness of breath/headache and lower scores for
adequacy reflecting worse sleep.*? It is also possible to calculate
a sleep problems index summarizing information of 9 items of the
MOS-Sleep. It has earlier been shown that the MOS Sleep Scale
is a valid mean to investigate sleep and its numerous aspects.'®
For our analyses, we adhered to the MOS Sleep scores of the
single dimensions (sleep disturbance, somnolence, adequacy,
and quantity), which is similar to the assessment of sleep
disturbances during medical history retrieval. The single di-
mension sleep scores allow a more differentiated analysis of sleep
disorders or sleep disturbances.

2.3. Statistical analysis

Statistical analysis was performed only for cases including
complete data set on demographics, anamnesis, MOS Sleep
questionnaire, PHQ-9, and PD-Q values, leading to a total
number of 3339 patients (1293 male and 2046 female patients).
First, demographic and clinical data of the entire patient cohort
were analyzed using descriptive analysis (arithmetic mean + SD).
Differences in parameters concerning pain history (ongoing use of
analgesics, pain duration, pension request, and hospitalisations),
pain intensity (average and maximum pain assessed with the VAS),
PD-Q score, depression score (assessed with PHQ-9), and MOS
Sleep Score were calculated for the whole study cohort addressing
the 3 different pain entities (PDNP, PHN, and CRPS). Unadjusted
analyses of continuous variables for pain entities were realized
using ANOVA including post hoc analyses for pairwise compar-
isons of pain entities. P-values were adjusted for multiple testing
according to the Bonferroni test (factor 3 because of 3 pairwise
comparisons). Categorical variables were analyzed by X2 tests.
Second, the association of the somatosensory phenotype
(PD-Q), especially of symptoms reflecting central sensitization,
depression (PHQ-9), and pain intensity (VAS) with patterns of
sleep (MOS Sleep Scale), was investigated first without account-
ing for confounders by use of an unadjusted Spearman
rank—order correlation analysis, resulting in nonparametric
correlation coefficients. Because the aim of the study was to
analyze the relationship of the single sensory symptoms,
indicative of different pain mechanisms, to distinct patterns of
sleep, single PD-Q and MOS Sleep Scale dimensions were used
instead of sum scores. Unadjusted correlation analysis was
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performed in the entire neuropathic patient cohort and afterwards
in subgroups of diagnosis. P-values were adjusted for multiple
testing according to the Bonferroni principle (factor 49 because of
49 pairwise tests).

For each sleep subscale (sleep disturbance, sleep adequacy,
sleep somnolence, and sleep quantity), a multivariable regression
analysis was applied to investigate the parallel relationship of
various independent variables.

All the data collected (ie, all variables recorded, including pain
etiology, demographic and clinical variables, pain intensity, PD-Q
items, and PHQ-9 score) were defined as independent variables,
without a preselection and independent of the results of the
univariate analysis. (Adjusted) P-values were considered to be
statistically significant below 0.05.

Statistical analysis was performed with SAS 9.4 (SAS Institute
Inc, Cary, NC).

3. Results
3.1. Descriptive analysis of demographic and clinical data

In total, 3339 patients with chronic pain with neuropathic features
(PDNP, n = 543; PHN, n = 1480; CRPS, n = 1316) were included
in the analysis. Demographic and clinical data are shown in
Table 1. There were significant differences in age, sex distribution,
and pain duration between all investigated pain syndromes (P <
0.001). For example, patients with CRPS were significantly younger
than patients with PDNP and PHN (50.3 = 13.7 vs 62.6 = 12.1 vs
65.8 + 13.1 years). Patients with PDNP exhibited the longest pain
duration compared with patients with CRPS and PHN (2.9 + 2.0vs
1.2 £ 1.7vs 0.9 = 1.6 years). In contrast, there were no significant
differences in average and maximum pain intensity during the last 4
weeks between the investigated pain entities. In total, 72.9% of
patients with PDNP, 84.4% of patients with PHN, and 75.5% of
patients with CRPS were on pain medication.

The analysis of the PD-Q sum score revealed the presence of
neuropathic pain features in most of the patients, ie, only one
quarter within each pain etiology scored below 12. Comparison of
the single PD-Q items revealed some differences between the
pain entities. For example, patients with PHN exhibited the
highest score for allodynia compared with patients with PDNP
and CRPS (29 + 1.6vs 2.2 + 1.7 vs 2.5 = 1.6; P < 0.001),
whereas patients with CRPS showed the highest score for
pressure pain hyperalgesia (3.2 = 1.4vs 2.5+ 1.6vs2.8 = 1.6; P
< 0.001) and patients with PDNP the highest score for numbness
(29*=1.7vs1.5£1.6vs2.2*1.6; P <0.001)and prickling (3.1
+1.6vs2.5* 1.7vs2.5 + 1.6; P < 0.001). Depression scores
were similar between patients with PDNP, PHN, and CRPS, ie,
indicating mild-to-moderate depression (mean PHQ-9 score:
10.3 £5.8vs9.9 £5.6,10.1 £ 5.8, P = 0.307). The MOS Sleep
Questionnaire was applied to detect differences in sleep profiles
between the 3 different pain entities. Sleep impairment was
observed in all pain entities regardless of the investigated sleep
item (disturbance, adequacy, somnolence, and quantity), al-
though with slight differences between the single patient groups.
Sleep disturbance was significantly higher, and sleep adequacy
was significantly lower in patients with CRPS compared with
those with PHN (disturbance: 49.7 + 25.9vs 46.2 + 252, P <
0.001; adequacy: 43.2 £ 28.7 vs 48.7 £ 28.4, P < 0.001). Sleep
somnolence differed significantly between patients with CRPS
and PDNP (41.3 = 22.6vs 48.9 + 22.7, P < 0.001) and between
patients with CRPS and PHN (47.0 = 21.8, P < 0.001).
Concerning sleep quantity, each pain etiology reached a mean
of 6 to 7 hours of sleep per night.
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3.2. Relationship between pain intensity, neuropathic pain
symptoms, depression, and sleep impairment

The correlation analysis resulted in statistically significant pairwise
correlations of all single PD-Q symptoms, average/maximum
pain ratings (VAS), and PHQ-9 score with all patterns of sleep
assessed with MOS Sleep Scale for the entire patient cohort
(Fig. 2). The stronger the respective symptom, the more distinct
was the sleep impairment (greater sleep disturbance and
somnolence, less sleep adequacy and quantity). However, only
the depression score showed a moderate correlation of r > 0.5
with sleep disturbance, adequacy, and somnolence and of r >
0.3 with sleep quantity and average/maximum pain ratings.
Concerning the single PD-Q symptoms, correlation with patterns
of sleep was low overall. Stratification according to the single pain
syndromes (PDNP, PHN, and CRPS) led to similar results in each
pain condition, ie, only the PHQ-9 score showed a moderate
correlation with the sleep items. For some PD-Q symptoms,
patients with PDNP and CRPS had a slightly stronger correlation
with sleep items than patients with PHN (eg, allodynia showed a
correlation of r > 0.3 with sleep disturbance in PDNP and CRPS
vs r = 0.17 in PHN), nevertheless these were still lower than for
the depression score (see Supplement Tables 1-3, available at
http://links.lww.com/PR9/A205).

The multivariable analyses also revealed several significant
associations of the investigated variables (demographic param-
eters, pain history, and 7 PD-Q symptoms) with the 4 sleep items
of the MOS Sleep Scale (sleep disturbance, sleep adequacy,
somnolence, and sleep quantity; Table 2). Comparing men and
women revealed a 1.93 points higher sleep disturbance, a 2.46
points lower adequacy, and a 1.54 lower sleep somnolence for
female patients with pain. As it has already been shown in the
correlation analysis, depression assessed with the PHQ-9
showed the strongest significant relationship to all sleep items
(P < 0.001). An increase of depression of 1 point resulted in a
1.85-point higher sleep disturbance, a 2.11-point lower sleep
adequacy, a 1.76-point higher sleep somnolence, and a 4.2-
minute shortened sleep duration per night. Concerning the PD-Q
symptoms, allodynia was the only symptom with a significant
association with all sleep parameters, ie, a 0.99-point higher
sleep disturbance, a 0.98-point lower adequacy, a 0.88-point
higher somnolence, and a 4.8-minute shortened sleep duration
were found when allodynia was elevated by 1 point.

“Thermal hyperalgesia” and burning were significantly associ-
ated with sleep disturbance, adequacy, and quantity but not with
sleep somnolence. In contrast, pressure-evoked pain and
prickling showed no significant effect on any sleep parameter.

4. Discussion

The present study evaluated self-reported sensory symptoms
and sleep quality, especially focusing on whether markers of
central sensitization were related with sleep disturbances in
patients with neuropathic pain. For this purpose, sensory
abnormalities, the sleep profile, and depression score of patients
with chronic pain syndromes with neuropathic pain features
(PDNP, PHN and CRPS) were assessed through PROMs.
There was a significant correlation of the intensity of
neuropathic pain symptoms (assessed by the PD-Q: burning,
prickling, dynamic mechanical allodynia, pain attacks, “thermal
hyperalgesia,” numbness, and pressure-evoked pain) with
troubles in sleep behaviour (assessed by the MOS Sleep Scale:
sleep quantity, sleep adequacy, sleep disturbance, and somno-
lence). This is in line with previous studies reporting greater sleep
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Demographic and clinical data of patients with respect to the underlying pain syndrome.
PDNP PHN CRPS P
n =543 n = 1480 n = 1316
Male, n (%) 322 (59.3) 596 (40.3) 375 (28.5) <0.001*

Age, mean =+ SD (range)

62.6 = 12.1 (18-89)

65.8 = 13.1 (18-97)

50.3 = 13.7 (18-90)

<0.001*

BMI [kg/m?], mean =+ SD (range)

30.9 + 6.5 (16-64)

26.7 + 4.7 (14-62)

26.6 = 5.2. (15-61)

<0.001 PDNP vs CRPS
<0.001 PDNP vs PHN

Pain duration [y], mean = SD (range) 2.9 +2.0(0-8) 0.9 = 1.6 (0-6) 1.2 £ 1.7 (0-9) <0.001*
=3y, n (%) 266 (49.0) 1304 (88.1) 1102 (83.7)
>3y, n (%) 277 (561.0) 176 (11.9) 214 (16.3)
Pain medication, yes, n (%) 396 (72.9) 1248 (84.3) 993 (75.5) <0.001 PDNP vs PHN
<0.001 PHN vs CRPS
Pension request, yes, n (%) 356 (65.6) 931 (62.9) 422 (32.1) <<0.001 PDNP vs CRPS
<0.001 PHN vs CRPS
Hospitalisation, yes, n (%) 215 (39.6) 343 (23.2) 516 (39.2) <<0.001 PDNP vs PHN
<0.001 PHN vs CRPS
Average pain intensity, mean = SD (range) 6.1 = 2.1 (0-10) 6.0 = 2.1 (0-10) 59 = 2.0(0-10 n.s.
Maximum pain intensity, mean = SD (range) 7.8 = 2.0 (0-10) 7.7 = 2.0 (0-10) 7.8 = 2.0 (0-10) n.s.
PD-Q sum, mean + SD 189 +£78 176 £72 186 = 7.7
Negative, n (%) 127 (23.4) 373 (25.2) 309 (23.5)
Unclear, n (%) 128 (23.6) 435 (29.4) 306 (23.3)
Positive, n (%) 288 (53.0) 672 (45.4) 701 (53.3)
PD-Q items, mean = SD
Burning (0-5) 3017 3116 2617 <0.001 PDNP vs CRPS
<0.001 PHN vs CRPS
Prickling (0-5) 3116 2517 25+16 <0.001 PDNP vs CRPS
<0.001 PDNP vs PHN
Allodynia (0-5) 2217 2916 25+16 0.003 PDNP vs CRPS
<0.001 PHN vs CRPS
<0.001 PDNP vs PHN
Attacks (0-5) 26 1.8 25+18 27 17 n.s.
Thermal (0-5) 1716 1815 2217 <0.001 PDNP vs CRPS
<0.001 PHN vs CRPS
Numbness (0-5) 2917 15+16 22+16 <0.001*
Pressure (0-5) 2516 28 +16 32+14 <0.001*
PHQ-9 score (0-27), mean = SD 103 £58 99 =56 10.1 =58 n.s.
MOSS Scale mean = SD
Sleep disturbance (0-100) 49.3 * 26.7 46.2 = 25.2 49.7 = 259 <0.001 PHN vs CRPS
Sleep adequacy (0—100) 44.9 + 29.4 48.7 + 28.4 432 + 28.7 <0.001 PHN vs CRPS
0.028 PDNP vs PHN
Somnolence (0—100) 48.9 = 22.7 47.0 = 21.8 413 £ 226 <<0.001 PDNP vs CRPS
<0.001 PHN vs CRPS
Sleep quantity (0—12) 58 =17 6117 69 +16 0.013 PDNP vs PHN

* Significant differences between all 3 disease entities.

BMI, body mass index; average and maximum pain of the last 4 weeks assessed with VAS, numeric rating scale; CRPS, complex regional pain syndrome; MOSS Scale, Medical Outcome Study Sleep Scale; n.s., not significant;
PDNP, painful diabetic polyneuropathy; PD-Q, painDETECT questionnaire; PHN, postherpetic neuralgia; PHQ-9, Patient Health Questionnaire-9.

impairment for patients with neuropathic features compared with
those without neuropathic characteristics.*2° A study of Yamada
et al.*® even suggested a reciprocal effect: Sleep shortage was
associated with a higher risk to develop a neuropathic pain
syndrome (postherpetic neuralgia) mediated by hyperesthesia
and severe acute pain (although correlation coefficients of
neuropathic symptoms and sleep patterns were low overall).
Our data suggest that the different mechanisms of pain
processing, ie, deep sensitivity (pressure-evoked pain) and pain
because of stimuli that do not normally provoke pain (allody-
nia),®"*® affect sleep parameters distinctly. For instance, the
multivariable analysis revealed allodynia, a physiologically absent
sensory sign®® shown to be indicative of central sensitiza-
tion,%8%® to be the sole symptom in the entire patient cohort to
have a significant association to all 4 sleep items of the MOS
Sleep Scale. Pressure-evoked pain, however, another possible
sign for central sensitization (mechanical deep somatic

hyperalgesia), had no significant association for any sleep item.
So, while we can report a possible involvement of central
sensitization processes in sleep impairment, this seems to be
especially valid concerning the hypersensitivity of the skin as
mirrored by the aforementioned profound association of allodynia
with all MOS Sleep items.

“Bumning” and “thermal hyperalgesia” were further signs
associated with higher sleep disturbance, lower sleep adequacy,
and lower sleep quantity. This is coherent with frequent reports on
burning pain, typically described to be worse at night and sleep-
impairing in patients with polyneuropathy (“burning feet syn-
drome”).® A sharp burning pain is also described by patients with
postherpetic neuralgia, both in the primary affected area and in
the surrounding areas when stroking the skin with a nonpainful,
light stimulus (eg, a cotton swab).® These observations suggest a
close interaction of allodynia and evoked burning pain, possibly
explaining the present association of burning pain with sleep
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Heatmap of correlations of the somatosensory phenotype (PD-Q), depression (PHQ-9), and pain intensity (VAS) on patterns of sleep (MOS Sleep Scale)
in patients with neuropathic pain symptoms. The correlation analysis resulted in statistically significant correlations of all single PD-Q symptoms, average/
maximum pain ratings (VAS), and PHQ-9 score with all patterns of sleep (sleep disturbance, sleep adequacy, sleep somnolence, and sleep quantity) and PHQ-9
score for the entire patient cohort with neuropathic features (diabetic polyneuropathy, postherpetic neuralgia, complex regional pain syndrome). Only the
depression score (PHQ-9) showed a correlation coefficient of >0.5. MOS, Medical Outcomes Study; PD-Q, painDETECT questionnaire; PHQ-9, Patient Health

Questionnaire-9; VAS, visual analogue scale.

impairment. Sleep deprivation has been shown to decrease pain
thresholds.?® More specifically, a significant decrease in heat pain
thresholds and a tendency for a decrease in cold pain thresholds
was reported without an alteration for warmth and cold detection
thresholds.?* Again, this is in line with our findings concerning the
correlation of “thermal hyperalgesia” with lower sleep quality.
Unsurprisingly, the strongest association with sleep quality in
all analyses was detected for the item “depression” assessed
with the PHQ-9. On the one hand, there is an intrinsic correlation
with the MOS Sleep items (PHQ-9 item 3 asks about trouble
falling asleep, staying asleep or sleeping to much), which is why
this significance was to be expected. But on the other hand, we
must acknowledge “sleep disturbance” as a characteristic
clinical symptom within the DSM-V criteria of depressive
disorders.! According to the biopsychosocial approach to pain,
there is a multidimensional, dynamic integration between
psychological, physiological, and social factors that mutually
influence each other.®2 As a matter of fact, the bidirectional
influence of pain and mental iliness is suggested to be of similar
magni’[ude.9 As for neuropathic pain in specific, animal models
found a connection between neuropathic pain and mood
disorders*” and a high prevalence of depression and sleep
comorbidities for patients with diabetic polyneuropathy is
reported.3* Consequently, the association of depression and
chronic pain to sleep cannot be examined independently from
each other. Yet, our results did show that both depression and

allodynia have an independent, significant relationship to sleep
in each multivariable model.

The connection between allodynia and depression has been
well-investigated in patients with migraine. Here, allodynia was
associated with higher prevalence of depression,?® consistent
with repots about anxious and depressive symptoms in patients
with migraine with allodynia.3®

Our findings suggest that mechanisms of both peripheral and
central sensitization, shown here through self-reported surrogate
markers, have a negative impact on sleep quality. Because of the
strongest effect for “allodynia” (central sensitization) and “thermal
hyperalgesia”—which includes cold hyperalgesia as a surrogate
of both peripheral and central sensitization'®*°—we presume a
stronger role of central sensitization may be possible.

4.1. Limitations

Unfortunately, an influence of patient (pain and sleep) medication
on sleep quality and depression cannot be fully excluded as the
noninterventional painDETECT database of actual patient care did
not capture the exact drugs the patients were using, which is an
important limitation of the study. The observed significant pairwise
correlation of all pain parameters with patterns of sleep and
depression might partly be because of the high number of cases.
However, Spearman rank—order correlation analysis according to
single neuropathic pain entities, which are much smaller in number,
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Multivariable analysis (estimates and P-values in brackets) for the entire patient cohort.

Parameters of sleep

Sleep disturbance (R? = 0.29) Sleep adequacy (R = 0.29) Sleep somnolence (R = 0.32) Sleep quantity (R = 0.14) DF

Diagnosis
CRPS vs PHN 1.33(0.180) —0.69 (0.531) —3.45 (<0.001) —0.12 (0.084) 2
PDNP vs PHN 1.85 (0.150) —1.14 (0.426) 0.43 (0.695) —0.13 (0.150) 2
CRPS vs PDNP —0.52 (0.690) 0.45 (0.759) —3.88 (<0.001) 0.01 (0.914) 2
Demographic/clinical data
Sex (female vs male) 1.93 (0.017) —2.46 (0.006) —1.54 (0.024) —0.01 (0.867) 1
Age 10-y estimate —0.78 (0.027) 2.78 (<0.001) 1.29 (<0.001) —0.02 (0.389) 1
BMI 5-points estimate —0.28 (0.439) —0.53 (0.193) 1.67 (<0.001) —0.06 (0.023) 1
Pain medication (no vs yes) —0.21 (0.828) 1.69 (0.118) —2.48 (0.003) 0.05 (0.468) 1
Pain duration (=3 vs > 3y) —2.04 (0.050) 4.26 (<0.001) 0.22 (0.804) 0.24 (0.002) 1
Pension request (yes vs no) —0.69 (0.478) 1.97 (0.069) 1.87 (0.024) 0.16 (0.021) 1
Hospitalisation (no vs yes) —0.11 (0.901) 0.08 (0.932) —1.85 (0.013) —0.01 (0.911) 1
PD-Q symptoms
Burning 0.85 (0.003) —0.94 (0.003) —0.34 (0.157) —0.05 (0.019) 1
Prickling —0.13 (0.649) 0.30 (0.356) —0.33 (0.177) 0.03 (0.124) 1
Allodynia 0.99 (0.001) —0.98 (0.004) 0.88 (<0.001) —0.08 (<0.001) 1
Pain attacks 0.14 (0.569) —0.03 (0.928) 0.77 (<0.001) —0.01 (0.771) 1
Thermal hyperalgesia 0.66 (0.019) —0.76 (0.015) 0.23 (0.338) —0.06 (0.004) 1
Numbness 0.59 (0.023) —0.03 (0.912) 0.11 (0.630) —0.02 (0.376) 1
Pressure-evoked pain 0.52 (0.097) 0.60 (0.085) —0.12 (0.658) 0.03 (0.193) 1
VAS
Average pain 1.01 (<0.001) —1.08 (<0.001) —0.27 (0.267) —0.07 (<0.001) 1
Maximum pain 0.10 (0.740) —0.18 (0.581) 1.06 (<0.001) —0.02 (0.346) 1
PHQ-9
Depression 1.85 (<0.001) —2.11 (<0.001) 1.76 (<0.001) —0.07 (<0.001) 1

Pvalues in brackets. Significant values are shown as bold entries.
Parameters of sleep were assessed with Medical Outcome Study (MOS) Sleep Scale.

BMI, body mass index; average and maximum pain of the last 4 weeks assessed with VAS, visual analogue scale; CRPS, complex regional pain syndrome; PDNP, painful diabetic polyneuropathy; PD-Q, painDETECT

questionnaire; PHN, postherpetic neuralgia; PHQ-9, Patient Health Questionnaire-9.

revealed similar significant correlations (Supplement Tables 1-3,
available at http://links.lww.com/PR9/A205).

Furthermore, although signs of central sensitization as
assessed with QST were shown to be more likely in patients
with higher PD-Q scores,'® the PD-Q alone cannot entirely
provide the necessary findings to prove central sensitization.
Another limitation is that the question whether the pathophysi-
ological process of central sensitization has an impact on sleep
quality or whether sleep deprivation induces signs of central
sensitization cannot be answered. Hence, to investigate the
influence of central sensitization on sleep in patients with
neuropathic pain, further studies including questionnaires spe-
cifically validated to assess symptoms of central sensitization (eg,
the CSI®®), thorough sensory phenotyping through sensory
testing or specific electrophysiological paradigms,’” are needed.
In a study by Schuh-Hofer et al.,3" a single night of total sleep
deprivation induced signs of generalized hyperalgesia for thermal
(heat and cold) and mechanical stimuli. As proposed by the
authors, this could be a model for further examinations on the
mutual influence of pain and sleep.

5. Conclusion

According to our results, the self-reported surrogate markers
“allodynia” and partly “thermal hyperalgesia” hint to a possible
impact of central sensitization on the sleep disruption of patients
with neuropathic pain. Although no conclusion can be drawn
concerning the direction of the effects, our findings also support
the current state of knowledge suggesting a triangle of
components interplaying (ie, allodynia, depression, and sleep
disruption) with each other. Further studies with an extensive
diagnostic approach are necessary to clarify the mechanisms,
causal directions, and particularly the extent of this mutual

influence. The results of additional investigations might also have
an impact on pharmacotherapeutic choices.
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