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Abstract
Neuropathic pain highly affects quality of life, well-being, and function. It has recently been shown based on cluster analysis studies
thatmost patients with neuropathic painmay be categorized into 1 of 3 sensory phenotypes: sensory loss,mechanical hyperalgesia,
and thermal hyperalgesia. If these phenotypes reflect underlying pathophysiological mechanisms, they may be more relevant for
patientmanagement than underlying neurological diagnosis or pain intensity. The aim of this studywas thus to examine the impact of
these sensory phenotypes on mental health, functionality, and quality of life. Data of 433 patients from the IMI/EuroPain network
database were analyzed, and results of HADS-D/A, Pain Catastrophizing Scale, Euro Quality of Life 5D/-VAS, Brief Pain Inventory,
and Graded Chronic Pain Scale between the sensory phenotypes were compared using multiple regression analysis. There was no
difference in chronic pain grade, pain intensity, depression, or anxiety scores between phenotypes. Pain interference (Brief Pain
Inventory) was higher (P5 0.002); self-reported health state lower (Euro Quality of Life 5D VAS, P5 0.02); and problems regarding
mobility (P5 0.008), usual activities (P5 0.004), and self-care (P5 0.039) more prominent (EQ5-D) in the sensory loss compared
with the thermal hyperalgesia phenotype. Patients with sensory loss also showed higher pain catastrophizing scores (P5 0.006 and
0.022, respectively) compared with the 2 other groups. Sensory phenotype is associated with the impact of neuropathic pain
conditions onwell-being, daily functionality, and quality of life but is less associatedwith pain intensity. These results suggest that the
somatosensory phenotype should be considered for personalized pain management.
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1. Introduction

Neuropathic pain syndromes develop as a result of an injury or
disease in the somatosensory system and are accompanied by both
positive and negative sensory signs and symptoms.18 It is assumed
that biomarkers based on these sensory signs and symptoms may
represent different underlying pathophysiological mechanisms, eg,

deafferentation, peripheral and central sensitization, or dysfunction of

endogenous pain modulation. Precision (personalized) management

of neuropathic pain based on mechanisms revealed by sensory

clinical biomarker signs is an increasingly promising approach.13

The German Research Network on Neuropathic Pain (DFNS)
has developed a standardized quantitative sensory testing (QST)
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protocol and normative data as an instrument to robustly assess
sensory signs in patients with neuropathic pain.36 This clinical test
battery assesses 13 parameters including thermal and mechan-
ical detection, pain thresholds, vibration threshold, dynamic
mechanical allodynia, wind-up ratio, and pressure pain threshold
for the assessment of peripheral small and large fibers or their
central pathways. By comparing z-transformed patient values
with a database of healthy controls, positive (gain of function) and
negative (loss of function) sensory signs can be evaluated.28

Furthermore, Baron et al. have found that patients with
neuropathic pain can be allocated to distinct sensory phenotypes
based on their somatosensory profiles: sensory loss, mechanical
hyperalgesia, and thermal hyperalgesia.44

Previous studies have shown that the prevalence of depression
and anxiety is increased among patients suffering from neuro-
pathic pain compared with healthy subjects and patients with
non-neuropathic pain.2,14,20,29,37 Quality of life is negatively
affected, especially by pain interference.7,11,21,22,30,33,41 In
addition, subjective disability is affected by psychological
variables such as coping strategies and catastrophizing.25

No study has compared the role of sensory phenotype on
disability, well-being, and quality of life. All previous studies
focused on pain intensity or on underlying neurological diseases.

If the sensory phenotypes, ie, sensory loss, mechanical
hyperalgesia, and thermal hyperalgesia, reflect underlying path-
ophysiological mechanisms, they may be more relevant for future
patient stratification and thereby contribute to our knowledge on
future treatments than underlying neurological diagnosis or pain
intensity. The aim of this study was thus to examine the impact of
these sensory sign phenotypes on quality of life, functionality, and
emotional well-being in patients with neuropathic pain.

2. Methods

2.1. Patients

A total of 433 patient records from the database of the European
consortia InnovativeMedicines Initiative EUROPAIN andNEURO-
PAIN with a diagnosis of a painful neuropathy of different
etiologies were included in this study. The NEUROPAIN project
is an investigator-initiated European multicenter study with Prof.
Dr. Ralf Baron as a principle investigator and 10 coinvestigator
sites. Data were collected at 13 European sites and imported
monthly into the central database between 2010 and 2014. The
study was performed in accordance with the Declaration of
Helsinki and approved by the respective ethics committee of
each participating site. Written informed consent was obtained
from all patients before inclusion to the study. All centers
underwent strict quality control45 and have been shown to have
largely homogenous results.43

Diagnosis, inclusion, and examination of the patients were
made in the different centers specialized in diagnosis and
treatment of neuropathic pain (authors). Painful conditions were
based on the patients’ self-report with a pain intensity rating of$
2 for the past 4 weeks and a current pain intensity of $ 2 on a
numerical rating scale (NRS [0-10, 0 5 no pain and 10 5 worst
imaginable pain]) as assessed by theBrief Pain Inventory (BPI, see
below), ie, patients with current or average pain intensity of 1 on
the 0 to 10 NRS scale were not included. In addition, all patients
enrolled in the study had to fulfill the following criteria: age $18
years; sufficient language skills; no pain at another localization
needing treatment with opioids, antidepressants, or anticonvul-
sants; no treatment with anticonvulsants or antidepressants with
known efficacy on neuropathic pain for other reasons; no severe

focal or systemic neurological diseases or diagnosed major
cognitive or psychiatric disorders; and no spinal stenosis or
peripheral vascular disease (Fontaine stage II or higher).

2.2. Quantitative sensory testing and phenotype allocation

All patients were examined in the painful body area and the
corresponding contralateral side using the QST test battery
according to the protocol of the German Research Network on
Neuropathic pain (DFNS). This includes assessment of warm
detection threshold (WDT) and cold detection threshold, paradox-
ical heat sensation, alternating warm and cold stimuli (TSL), heat
pain threshold and cold pain threshold, mechanical detection
threshold, mechanical pain sensitivity (MPS), mechanical pain
threshold, pressure pain threshold, vibration detection threshold,
dynamic mechanical allodynia, and wind-up ratio. Testing was
performedasdescribedpreviously.36 Individual patient’s datawere
z-transformed using reference data of age-matched and sex-
matched healthy controls.28,32 The allocation to 1 of 3 distinct
sensory phenotypes (sensory loss, mechanical hyperalgesia, and
thermal hyperalgesia) was performed using an algorithm published
previously.44 Figure 1 shows a projection of the 11-dimensional
cluster analysis space onto 2 dimensions:WDT andMPS. Sensory
loss andmechanical hyperalgesia clusters are separated along the
MPS axis by about 2.3 z, whereas a thermal hyperalgesia cluster is
separated from the other 2 along theWDTaxis by 1.7 to 1.9 z.With
the total n 5 433, these differences are highly significant.

2.3. Questionnaires

Patients were asked to fill in several questionnaires, including BPI,
Graded Chronic Pain Scale (GCPS), Hospital Anxiety and

Figure 1. Cluster separation projected onto 2-dimensional space. Scatter plot
of the 2 quantitative sensory testing (QST) parameters that gave the best
cluster separation: mechanical pain sensitivity (MPS) plotted against warm
detection threshold (WDT). Blue dots: cluster 1 “sensory loss” (n 5 193); red
dots: cluster 2 “thermal hyperalgesia” (n 5 103); and yellow dots: cluster 3
“mechanical hyperalgesia” (n 5 137). Circles indicate centroids of each
cluster.
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Depression Scale (HADS-A/-D), Euro Quality Of Life 5D (EQ-5D),
and Pain Catastrophizing Scale (PCS).

2.3.1. Brief Pain Inventory

The BPI was initially developed to assess different aspects of pain in
patientswith tumor but hasbeen shown tobeequally appropriate for
other pain conditions.9 It is a self-report questionnaire including 4
items to assess pain severity and 7 items to assess pain interference
in 2 subscores. In assessing pain intensity, patients were asked
about pain at its “worst,” “least,” “average,” and “now” (current pain)
level on a 0 to 10 scale with 0 5 no pain to 10 5 worst imaginable
pain within the past 4 weeks. A mean severity score of the 4 pain
items was used to assess pain severity as recommended by the
developers of the BPI.8

The pain interference score was calculated as the mean of the
7 pain interference items assessing to what extent the patient has
been impaired over the past 24 hours regarding general activity,
walking, work, mood, enjoyment of life, relations with others, and
sleep on a 0 to 10 scale with 0 5 “does not interfere” to 10 5
“interferes completely.”9 The BPI has proven to be a reliable and
valid instrument in other pain studies and is recommended also
for the assessment of neuropathic pain.3,20

2.3.2. Graded Chronic Pain Scale

The GCPS is a tool to measure pain intensity and pain-related
disability to code chronic pain severity as a 4-level categorical
variable. The scale includes 3 pain intensity items and 4 disability
items. Pain intensity is calculated using the mean of questions 1
to 3 (pain right now, worst pain, and average pain) on a 0 to 10
scale (ranging from 0 5 no pain to 10 5 worst imaginable pain)
multiplied by 10.

The disability score is derived from questions 5 to 7 as the
mean interference value on a 0 to 10 scale (daily activities, social
activities, and work activities) multiplied by 10 and translated into
0 to 3 disability points using a provided table. The number of days
in the past 6 months the patient had been kept from usual

activities (question 4) is as well translated into disability points and
added to the previous disability points. Chronic pain grade is then
defined as 1 or 2 in patients scoring less than 3 disability points
(grade 1: pain intensity,50, ie, represents low pain intensity and
minor impairment and grade 2: pain intensity$50, ie, represents
high pain intensity and minor impairment). Patients scoring 3 to 4
disability points are rated grade 3 (high pain-related impairment
that is moderately limiting) while patients scoring 5 to 6 disability
points are rated grade 4 regardless of pain intensity, ie, high pain-
related impairment that is strongly limiting.24

2.3.3. Hospital Anxiety and Depression Scale

The HADS is a self-rating questionnaire developed for screening
and assessment of depression and anxiety in patients with
physical health issues. The HAD Scale contains 2 subscales with
7 items each for anxiety and depression, assessing symptoms
within the past 14 days. Each item presents a statement (eg, “I
feel tense orwound up”) and provides 4 possible answers specific
for each statement (scored from 0 to 3 on a Likert scale). Thus, for
each subscale the maximum score is 21.46 A cutoff score of 8
points is regarded as “suspected depressed or anxious mood,”
giving a specificity of 0.78 and a sensitivity of 0.9 for anxiety and a
specificity of 0.79 and a sensitivity of 0.83 for depression.5 Values
above the cutoff are considered “abnormal.”

2.3.4. Euro Quality of Life 5D-3L and EQ-VAS

Euro Quality of Life 5D and EQ-VAS are standardized self-rating
measures of health status and are 2 of the most widely used
instruments for measuring health-related quality of life. The EQ-
5D-3L comprises 5 dimensions, each representing different
aspects of health: mobility, self-care, usual activities, pain or
discomfort, and anxiety or depression. For each dimension there
are 3 levels: “no problems,” “some problems,” and “extreme
problems” (coded 1-3). Patients are asked to select the most
appropriate level in each dimension. In this study, we only used
the items formobility, self-care, and usual activities becausemore

Table 1

Patients’ characteristics.

Diagnosis [n] (%) All (n 5 433) Sensory loss
(n 5 193)

Thermal hyperalgesia
(n 5 103)

Mechanical hyperalgesia
(n 5 137)

P

CPSP

PHN

PNI

PNP

RL

SCI

Syr

TN

25 (5.77%)

24 (5.54%)

89 (20.55%)

180 (41.57%)

61 (14.09%)

8 (1.85%)

37 (8.55%)

9 (2.08%)

10 (5.18%)

3 (1.55%)

28 (14.51%)

100 (51.81%)

29 (1.55%)

3 (9.84%)

19 (9.84%)

1 (0.52%)

4 (3.88%)

9 (8.74%)

26 (25,.4%)

32 (31.07%)

16 (15.53%)

1 (0.97%)

10 (9.71%)

5 (4.85%)

11 (8.03%)

12 (8.76%)

35 (25.55%)

48 (35.04%)

16 (11.68%)

4 (2.92%)

8 (5.84%)

3 (2.19%)

P < 0.01 (sensory loss vs thermal
hyperalgesia; sensory loss vs mechanical

hyperalgesia)

Gender (f/m) [%] 52.42%/47.58% 48.19%/51.81% 57.28%/42.72% 54.74%/45.26% n.s.

Age [mean 6 SD]

(range)

57.23 6 14.80 (21-

90)

58.93 6 14.38 (21-

90)

53.546 14.34 (21-87) 57.60 6 15.24 (22-89) P 5 0.008 (sensory loss vs thermal
hyperalgesia)

GCPS grade [n 5 400]

(%)

Grade 1 14.96% 12.85% 16.84% 16.54% n.s.

Grade 2 40.90% 37.99% 44.21% 42.52%

Grade 3 26.18% 29.61% 23.16% 23.62%

Grade 4 17.96% 19.55% 15.79% 17.32%

CPSP, central poststroke pain; GCPS, Graded Chronic Pain Scale where grade 1: low pain intensity and minor impairment, grade 2: high pain intensity and minor impairment, grade 3: high pain-related impairment that is

moderately limiting, and grade 4: high pain-related impairment that is strongly limiting; PHN, postherpetic neuralgia; PNI, peripheral nerve injury; PNP, painful polyneuropathy; RL, radiculopathy; SCI, spinal cord injury; Syr,

syringomyelia; TN, trigeminal neuralgia.
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appropriate instruments to measure pain or discomfort and
anxiety or depression were available within other questionnaires.

The EQ-VAS is a 100-step visual analogue scale recording the
patients’ current self-rated overall health status (0 5 worst
possible health and 100 5 perfect health).6,35

2.3.5. Pain Catastrophizing Scale

Pain catastrophizing is commonly defined as an exaggerated
negative mental mindset during actual or anticipated painful
experiences, comprising 3 dimensions: rumination, magnifica-
tion, and helplessness. The PCS is a well-validated questionnaire
used for assessing catastrophizing, especially in the context of
different types of chronic pain.38–40 Participants are asked to
indicate the degree of which they experienced given thoughts or
feelings during past painful events on a 5-point scale (ranging
from 05 “not at all” to 45 “all the time”) in 13 different items. The
PCS total score is determined by summing responses to all 13
items (0-52 points), whereas subscales can be computed by
summing only the corresponding items for rumination, magnifi-
cation, or helplessness. A total score of 30 is considered a
relevant level of catastrophizing, representing the 75th percentile
of PCS scores in clinic samples of patients with chronic pain.

2.4. Statistical analysis

Statistical analysis of collected data was performed using IBM
SPSS statistics forWindows (version 23.0, NY). Because age and
diagnoses were not distributed equally in the different pheno-
types and patients with certain diagnoses (eg, painful polyneur-
opathy [PNP] or spinal cord injury) or older patients might bemore
likely to have a lower quality of life and more severe limitations
than others, these factors were taken into account for analysis. As
these covariates were not distributed homogenously, multiple
logistic regression analyses were performed with cluster, age,
and disease as independent variables. The x2 test was used for
comparison of chronic pain grade. For normally distributed
variables, as assessed by the Shapiro–Wilk test, the Pearson
correlation coefficient was used to calculate correlations,
whereas for not normally distributed variables, the Spearman
correlation coefficient was used. P , 0.05 was considered
significant.

3. Results

3.1. Patients

Patients’ characteristics are presentend in Table 1. The most
frequent diagnosis among patients was PNP (n 5 180) including
diabetic and nondiabetic polyneuropathies ([ICD-11 code]:
8C0Z), followed by peripheral nerve injury (PNI; n 5 89,
[ND56.4]), radiculopathy (RL; n 5 61, [8B93.Y]), syringomyelia
(Syr; n 5 37, [8D66.Z]), central poststroke pain (CPSP; n 5 25,
[MG30.50]), postherpetic neuralgia (PHN; n 5 24, [1E91.5]),
trigeminal neuralgia (TN; n 5 9, [8B82.0]), and spinal cord injury
(SCI; n 5 8, [ND51.2]).

The underlying neurological diseases differed between sensory
phenotypes because the sensory loss phenotype included a high
percentage of patients suffering frompolyneuropathy (Table 1). In
addition, patients in the “sensory loss” phenotype were older
compared with those in the “thermal hyperalgesia” phenotype,
but not to the “mechanical hyperalgesia” phenotype (Table 1).
There was no gender difference between the 3 sensory
phenotypes.

Most of the patients were classified with chronic pain grade 2
(ie, high pain intensity with minor impairment): This was also the
most frequent grade within each phenotype followed by grade 3
(ie, high pain-related impairment that is moderately limiting).
Overall, chronic pain grades were similarly distributed across all
phenotypes (Table 1).

3.2. Multiple logistic regression analyses

Multiple logistic regression analyses were performed with cluster,
age, and disease as independent variables and the following
dependent variables: pain, emotional well-being, quality of life,
functionality, and pain catastrophizing. Sensory phenotype
clusters were stronger predictors than underlying disease and
age, as described below in detail.

3.3. Questionnaires

3.3.1. Pain

Pain intensity showed a trend towards lower values in the
thermal hyperalgesia compared with the sensory loss pheno-
type, but these results were not consistent across question-
naires addressing pain intensities (GCPS, BPI, and subscores
[Tables 1–3]) and can therefore be explained by the lower
amount of patients with CPSP in the thermal hyperalgesia
phenotype (Table 3).

The “sensory loss” phenotype showed the highest BPI pain
interference score. This score was higher than the score in the
“thermal hyperalgesia” but not the “mechanical hyperalgesia”
phenotype (P 5 0.002, Fig. 2 and Tables 2 and 3). Both pain

Figure 2. Box plot showing the BPI interference scores of all 3 phenotypes.
Differences were significant between “sensory loss” and “thermal hyper-
algesia.” **P5 0.002 (logistic regression analysis). BPI was completed by n5
404 participants. BPI, Brief Pain Inventory.
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intensity and pain interference showed a mild negative correlation
with self-reportedQoL (EQ5-VAS, r520.3 (pain intensity); r520.33
(pain interference); P , 0.001). BPI pain interference showed a
moderate positive correlation with depression (r5 0.53, P, 0.001)
and anxiety (r5 0.47, P, 0.001) scores.

3.3.2. Anxiety and depression

High scores for depression (HADS-D) and anxiety (HADS-A)
being slightly below or above the suggested cutoff of $ 8 were
found across all 3 phenotypes (Table 2). For depression scores,
there were neither differences between clusters nor the number
of patients with clinically relevant scores (Table 2). Although
anxiety scores did not differ between phenotypes, the “sensory
loss” phenotype was associated with the highest proportion of
patients with “abnormal” results, which was higher compared
with the thermal hyperalgesia phenotype (Table 4). However, age
was lower in the thermal hyperalgesia phenotype which could
additionally have influenced the result (Table 4). Both anxiety and

depression scores showed a mild negative correlation with self-
reported QoL (EQ5-VAS, r 5 20.27 (anxiety score); r 5 20.25
(depression score); P , 0.001).

3.3.3. Quality of life

The EQ-5D was only completed by n 5 225 participants (59%).
However, the proportion of patients who completed the EQ5 did
not differ between phenotypes (sensory loss 101/193 (52.3%),
thermal hyperalgesia 46/103 (44.6%), and mechanical hyper-
algesia: 78/137 (56.9%); P 5 0.168). When comparing EQ5
responders vs nonresponders, responders of EQ5 were younger
(P 5 0.004) and had lower values on HADS-D (P 5 0.001) than
nonresponderswhile no differenceswere observed in the number
of patients with abnormal values on HADS-D. No other
differences, eg, phenotype, age, sex, pain interference, and
PCS total score, could be observed.

We examined 3 of the 5 dimensions of the EQ-5D
questionnaire: mobility, self-care, and usual activities. Because

Table 2

Results of questionnaires.

All Sensory loss Thermal
hyperalgesia

Mechanical
hyperalgesia

P

BPI pain severity, [mean 6 SD] (range) 5.37 6 1.95 (0-

10)

5.52 6 1.89 (0-

9.75)

4.99 6 1.86 (1-9) 5.43 6 2.07 (0-10) n.s.

BPI interference score [mean 6 SD]

(range)

4.60 6 2.29 (0-

9.86)

4.99 6 2.22 (0-

9.86)

4.08 6 2.11 (0-

9.29)

4.44 6 2.43 (0-9.29) 0.002 (thermal hyperalgesia vs sensory
loss)

HADS-A score (n5 410) [mean6 SD]

(range)

7.88 6 4.41 (0-

20)

8.09 6 4.39 (0-

19)

7.56 6 4.19 (0-18) 7.83 6 4.61 (0-20) n.s.

HADS-A abnormal [n] (%) 212 (51.8%) 102 (56.1%) 45 (46.9%) 65 (49.2%) 0.047 (thermal hyperalgesia vs sensory
loss)

HADS-D score (n5 410) [mean6 SD]

(range)

7.43 6 4.52 (0-

21)

7.91 6 4.40 (0-

21)

7.24 6 4.60 (0-18) 6.92 6 4.61 (0-20) n.s.

HADS-D abnormal [n] (%) 205 (50.0%) 97 (53.3%) 46 (47.9%) 62 (47.0%) n.s.

EQ5 mobility abnormal (n 5 225) [n]

(%)

132 (58.7%) 70 (53.3%) 18 (13.6%) 44 (33.3%) 0.008 (thermal hyperalgesia vs sensory
loss)

EQ5 usual activity abnormal (n 5 225)

[n] (%)

156 (69.3%) 75 (48.1%) 26 (16.7%) 55 (35.3%) 0.004 (thermal hyperalgesia vs sensory
loss)

EQ5 self-care (n5 5 25) [n] (%) 52 (23.1%) 29 (28.7%) 7 (15.2%) 16 (20.5%) 0.039 (thermal hyperalgesia vs sensory
loss)

EQ5-VAS [mean 6 SD] (range) 55.6 6 21.2 (4-

96)

52.236 18.63 (8-

95)

61.61 6 21.97 (10-

96)

56.37 6 23.20 (4-95) 0.02 (thermal hyperalgesia vs sensory
loss)

PCS total score [mean 6 SD] (range) 23.636 12.30 (0-

52)

25.766 11.46 (0-

52)

21.73 6 11.78 (0-

52)

22.11 6 13.38 (0-52) 0.006 (thermal hyperalgesia vs sensory
loss)

0.022 (mechanical hyperalgesia vs
sensory loss)

PCS rumination [mean 6 SD] (range) 8.07 6 4.51 (0-

16)

8.59 6 4.25 (0-

16)

7.65 6 4.27 (0-16) 7.67 6 4.96 (0-16) n.s.

PCS magnification [mean6 SD] (range) 4.55 6 3.07 (0-

12)

5.17 6 3.02 (0-

12)

3.89 6 2.92 (0-12) 4.20 6 3.10 (0-12) 0.001 (thermal hyperalgesia vs sensory
loss)

0.036 (mechanical hyperalgesia vs
sensory loss)

PCS helplessness [mean6 SD] (range) 11.01 6 5.84 (0-

24)

11.99 6 5.46 (0-

24)

10.206 5.70 (0-24) 10.24 6 6.27 (0-24) 0.007 (thermal hyperalgesia vs sensory
loss)

0.014 (mechanical hyperalgesia vs
sensory loss)

BPI, Brief Pain Inventory; HADS, Hospital Anxiety and depression Scale with A 5 Anxiety and D 5 depression parts; n.s., not significant.

P values refer to the results of logistic regression analysis (refer to Table 3).
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a low number of participants (n5 29, 12.9% of the total sample)
reported “extreme problems” in these dimensions, we pooled
together the variables “extreme problems” and “some prob-
lems” making it a dichotomous variable (“problems” and “no
problems”). The “sensory loss” phenotype was associated with
the highest frequency of patients reporting problems with
mobility (n 5 70, 69.3%): this proportion was higher than in the
“thermal hyperalgesia” phenotype (P 5 0.008; Fig. 3A and
Tables 2 and 4). Similarly, the “sensory loss” phenotype
showed the highest percentage of patients stating problems
with usual activities (n5 75, 74.3%), which was higher than that
in the thermal hyperalgesia phenotype (P 5 0.004, Fig. 3B and
Tables 2 and 4), but patients in the sensory loss phenotype
were also older (Table 4). Interestingly, most patients (n5 173,
76.9%) reported no problems regarding self-care (Fig. 3C,
Table 2). Nevertheless, self-care was reduced in the sensory
loss phenotype compared with the thermal hyperalgesia
phenotype (P 5 0.039, Fig. 3C and Tables 2 and 4).

Overall health state measured on the EQ-VAS was rated
lower in the “sensory loss” phenotype than that in the “thermal
hyperalgesia” phenotype but did not differ from the “mechan-
ical hyperalgesia” phenotype (P 5 0.02; Fig. 3D and Tables 2
and 3).

3.3.4. Pain catastrophizing

Themean scores of pain catastrophizing on the PCSwere below the
cutoff, representing a clinically relevant level of catastrophizing in all 3
phenotypes (Table 2). The frequency of values above the cutoff did
not differ across phenotypes. However, PCS total scores as well as
subscores for magnification and helplessness were higher in the
“sensory loss” phenotype compared with the “thermal hyperalgesia”
phenotype (Fig. 4,Tables 2 and 3). Therewas amoderately negative
correlation between PCS total score and self-rated health state on
EQ-VAS (r 5 20.33, P , 0.005) and a positive correlation between
PCS total score and anxiety score (r5 0.54, P, 0.001), depression
score (r50.51,P,0.001), BPI pain interference (r50.5,P,0.001),
and BPI pain severity (r5 0.37, P, 0.001).

4. Discussion

The objective of this study was to examine different variables of
mental health and functionality in association to the sensory
phenotype. The results show that the sensory phenotype has a
relevant impact on well-being, daily functionality, and QoL, which
are mainly independent from age or underlying neurological
diagnoses. Interestingly, the sensory phenotype (including tests
of evoked pain) does not seem to be associated with ongoing
pain intensity itself but rather other dimensions associated with
chronic neuropathic pain conditions such as pain interference,
impaired mobility, QoL, and catastrophizing. These aspects are
important constituents of the clinical severity of chronic pain
conditions and may be independent of reported ongoing pain
intensity. Patients with prevailing loss of somatosensory func-
tions, represented by the “sensory loss” phenotype, reported the
highest interference score on the BPI. Consistently, “sensory
loss” reveals a high proportion of patients having problems with
mobility, usual activities, and self-care. Furthermore, overall
health was rated the lowest in the “sensory loss” phenotype
while pain catastrophizing was highest in this group. The
presence of depressive and anxiety symptoms was high across
all phenotypes, suggesting that these dimensions are less
affected by the sensory phenotype than by pain intensity itself,
which was generally similar between phenotypes. This is
consistent with previous reports showing the association of
painful conditions and depressive symptoms.2,23,27,31,37

The finding that the “sensory loss” phenotype was rated as the
most impaired and showed the highest scores in pain catastroph-
izing might be a possible explanation for the subjective lower
heath state and higher pain interference observed in this
phenotype. Recent studies have shown that catastrophic
thinking is associated with decreased QoL and high levels of
pain interference.15,17 Furthermore, it has been shown that pain
catastrophizing predicted pain outcomes (pain intensity and pain
interference) negatively in longitudinal treatment studies.10,34

Interestingly, physical activity was found to be a mediator in the
relationship between pain catastrophizing and QoL in patients
with painful diabetic neuropathy.17 This is consistent with our

Table 3

Results of multiple logistic regression analysis.

Regression coefficient B Standard error P 95% confidence interval

BPI pain severity

Cluster 2 (thermal hyperalgesia) 20.517 0.257 0.045 21.023 to 0.011

Chronic poststroke pain 1.083 0.444 0.015 0.211 to 1.955

BPI interference score

Cluster 2 (thermal hyperalgesia) 20.896 0.294 0.002 21.475 to 0.318

Life quality

EQ5-D-VAS

Cluster 2 (thermal hyperalgesia) 8.850 3.767 0.02 1.424 to 16.276

Trigeminal neuralgia 23.877 8.048 0.003 8.013 to 39.740

Pain Catastrophizing Scale

Total score

Cluster 2 (thermal hyperalgesia) 24.410 1.603 0.006 27.561 to 1.259

Cluster 3 (mechanical hyperalgesia) 23.324 1.446 0.022 26.167 to 0.482

PCS magnification

Cluster 2 (thermal hyperalgesia) 21.273 0.393 0.001 22.046 to 0.499

Cluster 3 (mechanical hyperalgesia) 20.746 0.355 0.036 21.444 to 0.049

PCS helplessness

Cluster 2 (thermal hyperalgesia) 22.072 0.762 0.007 23.569 to 0.574

Cluster 3 (mechanical hyperalgesia) 21.703 0.687 0.014 23.054 to 0.352

Reference group is cluster 1 (sensory loss). For a better overview, only significant parameters are shown.

BPI, Brief Pain Inventory; PCD, Pain Catastrophizing Scale.
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data, showing a moderate negative correlation between overall
health state (QoL) and pain catastrophizing. Similarly, it has been
shown that participation in social activities is a major mediator for

QoL in patients with spinal cord injuries.30 Two-thirds of patients
with the “sensory loss” phenotype reported problems with
mobility and usual activities, which might contribute to their

Table 4

Results of logistic regression analysis.

ExpB (odds ratio) P 95% confidence interval

HADS-A

Cluster 2 (thermal hyperalgesia) 0.582 0.047 0.341-0.994

Age 0.984 0.044 0.969-1.0

Restless leg syndrome 2.653 0.002 1.410-4.992

EQ5 mobility

Cluster 2 (thermal hyperalgesia) 0.344 0.008 0.157-0.754

Postherpetic neuralgia 0.262 0.027 0.080-0.861

EQ5 usual activity

Cluster 2 (thermal hyperalgesia) 0.268 0.004 0.110-0.653

Age 0.955 0.001 0.931-0.980

EQ5 self-care

Cluster 2 (thermal hyperalgesia) 0.350 0.039 0.129-0.948

Reference group is cluster 1 (sensory loss). For a better overview, only significant parameters are shown.

Figure 3. EQ-5D/-VAS was completed by n5 225 participants. Bar chart showing the distribution of patients with and without problems regarding mobility (A),
usual activities (B), and self-care (C) according to EQ-5D. “Some problems” and “extreme problems” were subsumed to solely “problems.” *P, 0.05, **P, 0.01
for logistic regression analysis. (D) Box plot showing the results of the EQ-VAS (visual analogue scale) representing the overall health state. * P, 0.05. EQ-5D, Euro
Quality of Life 5D.
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reduced QoL. The impact of sensory loss on mobility and usual
activities is illustrated by findings that both the loss of sensory
function and proprioception are major predictors for decreased
postural stability,1,12,26 thus affecting the ability to walk.
Consistent with this finding, half of the patients in the “sensory
loss” phenotypewere suffering fromPNP, which has been shown
to be interrelated with impaired QoL and daily functionality,
including sleep, enjoyment of life, normal work, as well as general
and social activities.4,16,20

In addition, lower ratings in QoL within the “sensory loss”
phenotype could possibly be related to the limited treatment
options for symptoms of somatosensory loss. Although there are
several therapeutic options available for the treatment of positive
sensory symptoms (ie, hyperalgesia),27 there is a lack of
mechanism-based treatment options for patients with negative
symptoms.18 Because perceived helplessness is 1 of the 3
dimensions included in catastrophizing,38 the deficiency of
options for symptom relief might also contribute to higher ratings
in pain catastrophizing in the “sensory loss” phenotype. However,
catastrophizing scores in our study were below the cutoff for
clinically relevant symptoms, which suggests that the overall
impact of catastrophizing is minor on our results.

Our findings are well in line with our previous study in patients
suffering from chronic low back pain, showing that symptom
intensity, impairment of QoL, and functionality are all important
therapeutic outcome parameters but not necessarily reported in
combination with one another; some patients might be highly

impaired in QoL or functionality with low pain intensity ratings,
whereas others report higher pain intensity but are less impaired
in QoL and functionality.19 Similarly, our results show that not only
ongoing pain intensity but also, more importantly, the presence of
certain sensory symptoms, ie, loss of somatosensory function,
hyperalgesia, or allodynia (ie, including evoked pain), affects QoL
and functionality. Because controlling these somatosensory
symptoms might be important for the success of pain manage-
ment in regard to the overall well-being of a patient with pain, the
somatosensory phenotype should be evaluated as part of the
treatment regimen.

Some limitations of the study should be acknowledged. Not all
participants filled out the complete range of patient-reported
outcome measures, particularly the EQ-5D. Although EQ-5D
noncompleters were older and had higher depression scores
than completers, the number of patients above the cutoff values
for suspected depression did not differ between groups. Because
age only influenced EQ-5D usual activities, and not other
dimensions, such as mobility or self-care, we believe that this
had a minor impact on our results.

Another potential limitation is that we generally did not
document the exact causes of PNP in patients within the sensory
loss phenotype, in particular we could not differentiate diabetic
from nondiabetic polyneuropathies. Hence, we cannot exclude
that some results obtained in patients with polyneuropathy were
related to the presence of physical comorbidities, particularly in
patients with diabetes or chemotherapy-induced neuropathy.
Furthermore, patients with polyneuropathy, especially, may have
been inhomogeneous according to parameters such as pro-
prioceptive or motor deficits. Thus, we cannot claim causality for
the sensory profiles from data on association.

5. Conclusion

We found that the sensory phenotype has an important impact on
emotional well-being and daily functionality in patients with
neuropathic pain, but interestingly, it does not seem to be
associated with reported pain intensity. Therefore, not only pain
intensity but also quality of life, pain-related psychological factors,
and daily functionality should be considered as valuable outcome
parameters for the evaluation of pain management, particularly in
patients presenting with negative sensory signs. According to
these findings, patients with neuropathic pain and the sensory
loss profile may benefit particularly from enhanced physiotherapy
and education on self-care. However, this should be verified by
prospective studies.

Furthermore, because pain catastrophizing was a predictor for
pain outcomes, it should be addressed in patients with
neuropathic pain. Further studies are needed to collect more
detailed and differentiated data on specific areas of patients’ daily
life to identify factors responsible for the impairment of QoL and
functionality in a more accurate way. Future work should also
examine the impact of therapeutic success, patient’s compli-
ance, impairment due to the underlying disease, and the
presence of comorbidities on QoL and daily functionality.
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