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Abstract
Background: Despite the high prevalence of depression and anxiety in chronic 
pain conditions, current knowledge concerning emotional distress among pain-
ful diabetic polyneuropathy (pDSPN) and other diabetes mellitus (DM) sufferers 
is limited.
Methods: This observational multicentre cohort study employed the Hospital 
Anxiety and Depression Scale, the Beck Depression Inventory II and the State- 
Trait Anxiety Inventory to assess symptoms of depression and anxiety in several 
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1 |  INTRODUCTION

A  large  body  of  evidence  indicates  that  anxiety  and  de-
pression are much more frequent in patients with chronic 
neuropathic  pain.  Multiple  studies  performed  in  a  variety 
of  settings  (community- based  and  treatment- seeking)  and 
employing different approaches to the assessment of mood 
disorders in a range of chronic pain syndromes, support this 
(Rosemann  et  al.,  2007;  Tsai,  2005).  Furthermore,  among 
those who suffer from pain, there exists a more close associ-
ation between emotional distress and the pain experienced 
in  women  than  in  men,  in  younger  individuals  of  lower 
socio- economic  status,  people  of  higher  body  mass  index 
(BMI) and those experiencing greater pain intensity, longer 
duration and greater disability status (Ohayon, 2007). Illness 
beliefs  and  pain- coping  mechanisms  also  have  significant 
influences on the relationship between pain and emotional 
distress (McCracken et al., 2004).

The psychological aspects of what has become known 
as  ‘painful  diabetic  distal  symmetrical  sensory- motor 

polyneuropathy’ (pDSPN) have been studied extensively, 
but  current  knowledge  of  exactly  what  contributes  to 
emotional distress in pDSPN is very limited in the context 
of diabetes mellitus (Selvarajah et al., 2014). To date, fac-
tors reported as associated with emotional distress include 
those related to diabetes itself (poor control of glycaemia, 
longer duration of the disorder and the presence of com-
plications including DSPN) (Collins et al., 2009; de Groot 
et al., 2001; Lustman et al., 2000). A few reports have con-
sidered the relationship between the combination of dia-
betes and pDSPN and emotional distress. However, these 
have, in the main, reported on pain descriptors and the im-
pact of pDSPN on quality of life (Aslam et al., 2014; Davies 
et al., 2006; Galer et al., 2000). A study of 121 pDSPN pa-
tients disclosed a high prevalence of emotional distress and 
highlighted a range of independent contributors to symp-
toms of anxiety and depression arising out of  individual 
circumstances and experiences (Selvarajah et al., 2014). A 
study of 332 type 1 diabetes mellitus (T1DM) patients re-
ported that neuropathy had the greatest association with 

groups with diabetes, as well as  in a control group. The study cohort  included 
347 pDSPN patients aged 63.4 years  (median), 55.9% males; 311 pain- free dia-
betic polyneuropathy (nDSPN) patients aged 63.7 years, 57.9% males; 50 diabetes 
mellitus  (DM)  patients  without  polyneuropathy  aged  61.5  years,  44.0%  males; 
and 71 healthy controls (HC) aged 63.0 years, 42.3% males. The roles played in 
emotional distress were explored in terms of the biological, the clinical (diabetes-
 ,  neuropathy-   and  pain- related),  the  socio- economic  and  the  cognitive  factors 
(catastrophizing).
Results: The study disclosed a significantly higher prevalence of the symptoms 
of depression and anxiety not only in pDSPN (46.7% and 60.7%, respectively), but 
also in patients with nDSPN (24.4% and 44.4%) and DM without polyneuropathy 
(22.0% and 30.0%) compared with HCs (7.0% and 14.1%, p < 0.001). Multiple re-
gression analysis demonstrated the severity of pain and neuropathy, catastrophic 
thinking, type 2 DM, lower age and female sex as  independent contributors to 
depression and anxiety.
Conclusions: In addition to the severity of neuropathic pain and its cognitive 
processing, the severity of diabetic polyneuropathy and demographic factors are 
key independent contributors to emotional distress in diabetic individuals.
Significance: In large cohorts of well- defined painless and painful diabetic pol-
yneuropathy patients and diabetic  subjects without polyneuropathy, we  found 
a high prevalence of  the symptoms of depression and anxiety, mainly  in pain-
ful individuals. We have confirmed neuropathic pain, its severity and cognitive 
processing  (pain  catastrophizing)  as  dominant  risk  factors  for  depression  and 
anxiety. Furthermore, some demographic factors (lower age, female sex), type 2 
diabetes mellitus and severity of diabetic polyneuropathy were newly identified 
as important contributors to emotional distress independent of pain.
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distress  and  depression  independent  of  pain  (Bai  et  al., 
2017).

To  date,  studies  evaluating  emotional  distress  and 
other psychological disturbances in diabetic patients have 
focused largely upon painful diabetic polyneuropathy and 
the influence of chronic pain. Correct identification of the 
key  contributors  to  the  psychological  profile  of  diabetic 
patients may play an important role in predicting disabil-
ity and in planning and analysing psychological interven-
tions that may improve the quality of life in these patients. 
This study was therefore performed in well- defined sub-
groups  of  diabetic  patients  and  healthy  controls,  suffi-
ciently large and varied to study the effects of these factors 
upon  emotional  distress  as  expressed  by  depression  and 
anxiety.  Several  alternative  indicators  of  emotional  dis-
tress  were  employed  to  describe  its  prevalence,  together 
with  a  comprehensive  analysis  that  included  biological 
(demographic), clinical (diabetes- , neuropathy-  and pain- 
related),  socio- economic  (educational  level, work status) 
and cognitive factors (pain catastrophizing) in an explora-
tion of their contributions to psychological profiles, either 
independently  or  through  their  modification  of  neuro-
pathic pain.

2 |  METHODS

2.1 | Study design and patients

The  design  approach  was  that  of  a  multicentre,  cross- 
sectional  observational  cohort  study.  Patients  with  dia-
betic  distal  symmetrical  sensory- motor  polyneuropathy 
(DSPN) attending the out- patients’ clinic of a major multi-
disciplinary university hospital for diabetes mellitus were 
recruited consecutively, together with those from a num-
ber of other collaborating centres  in  the Czech Republic 
and Slovakia. Detailed clinical assessments of them were 
carried out. In addition to DSPN patients, smaller control 
groups  of  diabetic  patients  without  polyneuropathy  and 
non- diabetic healthy volunteers were evaluated. The study 
was designed as a secondary analysis of data gathered in 
the course of a wider international grant project supported 
by  the  European  Commission  (602133- ncRNAPain).  It 
was  approved  by  the  respective  local  health  authorities: 
the  Ethical  Committees  of  the  University  Hospital  Brno 
(No.602133),  and  of  the  Rhineland- Palatinate  Medical 
Association (9142- F), registered with the German Clinical 
Trials Register; https://www.germa nctr.de/ (Registration 
Number  DRKS00008964).  Some  data  from  a  portion  of 
the patients with DSPN and healthy controls have already 
been included in a published study that centres upon sen-
sory phenotypes and risk factors for painful diabetic neu-
ropathy (Raputova et al., 2017).

Patients  with  diabetes  mellitus  type  1  or  2,  over  the 
age  of  18  years,  with  already- diagnosed  DSPN,  or  with 
symptoms  and  signs  suggestive  of  DSPN,  were  consecu-
tively recruited from eight diabetes centres (all providing 
the  routine  care  for  the  general  diabetic  population  ac-
cording to the national standards) in the Czech Republic 
and Slovakia between January 2014 and December 2019. 
Logistics and methodology were co- ordinated by research-
ers from the University Hospital Brno, who also recruited 
diabetic patients without polyneuropathy and a group of 
non- diabetic healthy controls among employees, relatives 
and volunteers. Both control groups were recruited with 
regard to the age distribution of the neuropathy group to 
form the age- adjusted groups. All participants signed writ-
ten informed consent before inclusion.

All neuropathy patients first underwent an evaluation 
to confirm or exclude a diagnosis of DSPN and therefore 
their eligibility for the study. Patients reported their med-
ical  history  and  drug  prescription  medication  in  detail. 
Their  ages,  ethnicities,  levels  of  education,  employment 
status, date of diabetes diagnosis,  its  type and  treatment 
were also recorded. Alcohol consumption was quantified 
using standard units with a cut- off of 3/2 standard drinks/
day in men/women (Saunders et al., 1993). Basic clinical 
parameters  were  recorded  for  each  participant  (height, 
weight, BMI and blood pressure). Routine blood analysis 
was performed to exclude other causes of polyneuropathy 
(vitamin B12 and folate levels, thyroid hormones, serum 
protein  electrophoresis,  blood  count,  serum  creatinine, 
bilirubin  and  transaminases),  glycosylated  haemoglobin 
(HbA1C) and serum lipid spectrum. A structured neuro-
logical examination was conducted  to assess  the clinical 
signs and symptoms of DSPN. Nerve conduction studies 
(NCS) were conducted to confirm the diagnosis of DSPN. 
In patients with clinical symptoms and signs of neuropa-
thy, who did not comply with NCS criteria for DSPN (19 
cases), skin biopsy with an evaluation of intra- epidermal 
nerve fibre density and thermal quantitative sensory test-
ing  (QST)  were  also  performed  to  disclose  small  fibre 
neuropathy  (Rolke  et  al.,  2006;  Tesfaye  et  al.,  2010).  If 
confirmed  (i.e.  both  tests  were  abnormal),  the  patients 
were  considered  as  having  confirmed  DSPN  (Tesfaye 
et al., 2010). All the diagnostic tests performed (structured 
neurological  examination,  QST,  skin  biopsy,  particular 
questionnaires) are described in detail  in the Supporting 
Information.

Exclusion criteria were as follows:

1.  Neuropathic  pain  condition  attributable  to  a  cause 
other  than  pDSPN

2.  Central  nervous  system  lesions  (detection  based  on 
history, clinical examination and imaging of the brain 
and/or spinal cord, as necessary)

https://www.germanctr.de/
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3.  History  or  presence  of  laboratory  abnormalities  indi-
cating a disease, condition or treatment that might con-
stitute a cause of polyneuropathy other  than diabetes 
(including excess alcohol consumption >3/2 standard 
drinks/day in men/women respectively).

Included  into  the  DSPN  group  were  patients  with  a 
combination  of  symptoms  (decreased  sensation,  posi-
tive  sensory  symptoms,  such  as  burning  or  aching  pain, 
mainly  in  the  toes,  feet  or  legs)  or  signs  (decreased  dis-
tal  sensation,  decreased  or  absent  ankle  reflexes)  of  dis-
tal  symmetrical  sensory- motor  diabetic  neuropathy  and 
abnormalities  in  NCS,  all  otherwise  complying  with  the 
criteria  for definite DSPN (European Medicines Agency, 
2007; Tesfaye et al., 2010).

Two  control  groups  were  included  in  addition  to  the 
DSPN subgroups: a group of patients with diabetes mellitus 
type 1 or 2 (DM group) and a group of non- diabetic healthy 
volunteers (HC group), both having no other known risk 
factors for polyneuropathy in present or past (with the ex-
ception of diabetes mellitus  in DM group), exhibiting no 
clinical symptoms or signs of polyneuropathy and having 
normal NCS findings and normal cold and warm sensory 
thresholds in thermal QST. The diagnosis of diabetes melli-
tus type 1 (T1DM) or type 2 (T2DM) was based on interna-
tional criteria (American Diabetes Association, 2013).

Subjects  meeting  study- group  inclusion  and  exclu-
sion criteria then underwent pain assessment and the se-
verity  of  neuropathy  was  evaluated,  while  psychological 
scores were established and questionnaires administered. 
Recruitment of study participants and the criteria used to 
subdivide  the  participants  into  the  subgroups  appear  in 
the flow diagram (Figure 1).

2.2 | Assessment of pain and 
sensory function

Assessment  of  any  existing  pain  was  performed  in  the 
course of neurological examination. This  included  its de-
scriptors, distribution, duration, intensity, course over time, 
factors  alleviating  or  exacerbating/evoking  pain  and  any 
analgesic  treatment. Based on clinical evaluation and  the 
results of additional tests (NCS; QST and skin biopsy per-
formed mainly in patients with normal NCS findings), the 
pain in every patient was classified as neuropathic (NeuP) 
or non- neuropathic using the International Association for 
the Study of Pain (IASP)/Neuropathic Pain Special Interest 
Group (NeuPSIG) definition (Treede et al., 2008). The se-
verity of NeuP was quantified in terms of an 11- step scale 
(Numerical Rating Scale; NRS). The assessment  included 
current  pain  intensity,  as  well  as  mean,  minimum  and 
maximum  pain  intensity  during  the  preceding  week  and 

before  analgesic  therapy.  Ongoing  analgesic  therapy  was 
not  withheld  before  the  assessment.  Patients  with  DSPN 
were  further  classified  as  pain- suffering  group  (pDSPN; 
mean  pain  intensity  of ≥4  in  the  NRS  scale  in  the  week 
immediately  preceding  clinical  examination  or  in  pre- 
treatment period in the patients already receiving analge-
sic  therapy  (N = 208) who had  the effect documented  in 
their clinical files) or pain- free DSPN (nDSPN; mean NRS 
≤3) (European Medicines Agency, 2007). To be classified as 
pDSPN, participants had to exhibit chronic (i.e. >3 months) 
peripheral NeuP at the time of the clinical assessment and 
to meet the criteria for probable or definite NeuP provided 
by the updated IASP grading system (Finnerup et al., 2016). 
Classification of the 208 pDSPN patients with histories of 
analgesic therapy into responders and non- responders pro-
ceeded after (Raputova et al., 2017). For certain analyses, 
the pDSPN group was further divided into moderate (NRS 
4– 6) and severe pain (NRS 7– 10), while the nDSPN group 
contained patients at NRS 0 and those with mild pain (NRS 
1– 3). In addition, pain and its impact on everyday life were 
quantified  and  characterized  using  the  Graded  Chronic 
Pain Scale (GCPS; Von Korff et al., 1992). The Neuropathic 
Pain Symptom Inventory (NPSI; Bouhassira et al., 2004) a 
self- administered questionnaire, was employed to evaluate 
NeuP  symptoms.  A  Czech  validated  version  of  the  NPSI 
was used for this (Srotova et al., 2015).

2.3 | Neuropathy severity and disability

The  modified  Toronto  Clinical  Neuropathy  Score 
(mTCNS) was applied to quantify severity of DSPN (Bril 
et  al.,  2009).  The  INCAT  Overall  Disability  Sum  Score 
(ODSS) was used to quantify disability in DSPN (Merkies 
et al., 2002). All the scales and questionnaires used to de-
scribe pain or neuropathy severity and disability are de-
scribed in Supporting Information in more detail.

2.4 | Psychological scores and 
questionnaires

2.4.1  |  Cognitive assessment: Pain 
catastrophizing

The Pain Catastrophizing Scale (PCS) was used to assess 
negative cognitions and subjective appraisals of pain. PCS 
assesses  a  patient's  propensity  to  develop  catastrophic 
thinking  (Sullivan  et  al.,  1995)  and  it  is  a  well- known 
predictor  of  the  consequences  of  pain  including  affec-
tive  disorders  and  disability.  Three  domains  of  catastro-
phizing  were  evaluated  (rumination,  magnification  and 
helplessness).
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2.4.2  |  Symptoms of affective distress: 
Depression and anxiety

Symptoms  of  depression  and  anxiety  were  evaluated 
by  means  of  the  Hospital  Anxiety  and  Depression  Scale 
(HADS),  the  Beck  Depression  Inventory  II  (BDI  II)  and 
the State- Trait Anxiety Inventory Form Y (STAI- Y).

Hospital Anxiety and Depression Scale comprises two 
subscales that evaluate dimensions of anxiety (HADS- A) 
and depression (HADS- D, Herrmann, 1997). It focuses on 
the cognitive aspects of affective distress, deliberately not 
covering somatic symptoms in order to increase the likeli-
hood that HADS is measuring degree of affective disorder 

rather than symptoms of pain, other illness or medication 
side effects. Scores range from 0 to 21 for each subscale.

The updated versions of the Beck Depression Inventory 
(BDI- II,  Beck  et  al.,  1996)  has  been  demonstrated  as  an 
appropriate psychometric tool, capable of quantifying the 
severity of depression, and, to a lesser degree, discriminat-
ing between depressed and non- depressed subjects (Wang 
& Gorenstein, 2013). It comprises 21 questions related to 
the  affective,  cognitive,  motivational  and  physiological 
symptoms of depression.

The  updated  version  of  the  State- Trait  Anxiety 
Inventory, STAI- Y 1 and 2 (Spielberger et al., 1983) com-
prises  separate  self- reported  scales  for  measuring  state 

F I G U R E  1  Flow diagram of recruitment of diabetic patients with painful and painless diabetic polyneuropathy
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and  trait  anxiety.  The  S- Anxiety  scale  (STAI,  Form  Y- 1) 
consists of 20 statements that investigate how respondents 
feel ‘right now, at this moment’. The T- Anxiety scale (STAI, 
Form Y- 2) consists of 20 statements that assess how sub-
jects feel in general. Trait anxiety refers to relatively stable 
individual differences in vulnerability to anxiety, that is to 
differences between people in terms of their tendencies to 
perceive  stressful  situation  as  dangerous  or  threatening 
and  to  respond  to  such  situations with elevations  in  the 
intensity of their state anxiety reactions.

Copyrighted  Czech  versions  of  all  the  psychological 
tests  undertaken  were  obtained  from  the  institutions  of 
the  authors  (PCS),  from  Mind  Garden,  Inc.  (STAI- Y),  or 
from  Czech  translations  of  the  original  tests,  (forward- 
backward translation methodology), approved by the au-
thors and validated and approved by the Czech- Moravian 
Psychological Society (BDI II, HADS).

2.5 | Statistical evaluation

Standard  summary  statistics  were  applied  to  describe 
primary  data:  Continuous  parameters  were  summarized 
as  median  (minimum- maximum).  Categorical  param-
eters  are  expressed  as  absolute  and  relative  frequencies. 
All  continuous  variables  were  tested  for  normality  with 
the  Kolmogorov– Smirnov  test  and  by  visualization  of 
N- P plots. Study questionnaires were scored by means of 
standard  scoring  conventions.  Missing  data  for  continu-
ous/ordinal  and  categorical  independent  variables  were 
replaced by  the overall mean or nearest median  for  that 
variable  respectively.  Four  categories  of  independent 
variables were defined:  (1) biological: age,  sex and BMI; 
(2) clinical (diabetes- , neuropathy-  and pain- related), (3) 
socio- economical (educational level, work status) and (4) 
cognitive  factors  (catastrophic  thinking,  response  to  an-
algesic  therapy).  Spearman  correlation  coefficients  were 
used  to  assess  the  relationships  of  dependent  variables 
(HADS- D, HADS- A, BDI- II, STAI- Y1, 2 scores) with con-
tinuous  variables.  Chí  square  tests  (for  categorical  vari-
ables)  and  Mann– Whitney  or  Kruskal– Wallis  tests  (for 
continuous variables) with post hoc tests were employed 
to examine differences between groups (HC, DM, nDSPN 
and pDSPN) and other categorical variables.

Statistical  significance  for  multiple  comparisons  was 
established  using  Bonferroni's  correction.  A  propensity 
score approach was used to form matched groups of HC, 
DM,  nDSPN  and  pDSPN  subjects  with  reduced  equal 
numbers  of  participants  (4  ×  50  subjects)  with  age  and 
sex  as  predefined  confounders.  Univariate  correlations 
of  continuous  variables  and  comparisons  of  categorical 
variables  in  the  pooled  200  subjects  in  relation  to  psy-
chological  outcomes  were  performed  using  Spearman's 

correlations,  Mann– Whitney  or  Kruskal– Wallis  tests. 
Variables  associated  with  symptoms  of  depression  and 
anxiety at p < 0.1 in univariate analyses were entered into 
a multiple regression models to establish contributors to 
the  development  of  abnormalities  of  outcome  measures 
expressing degree of depression and anxiety. In the event 
of close inter- correlation of parameters (r > 0.7) the more 
clinically appropriate parameter was included. Backward 
stepwise removal of factors served to obtain a parsimoni-
ous model. Any variable with its highest p- value insignifi-
cant at a level of 0.05 level was excluded at each step. The 
variance inflation factor was calculated to ensure that the 
independent  variables  were  not  closely  correlated  with 
one  another,  with  scores  above  5  suggesting  a  problem 
with  the  regression  model.  An  additional  multiple  re-
gression model was also calculated for three diabetic sub-
groups (i.e. DM, nDSPN and pDSPN). All analyses were 
conducted using the Statistical Package for Social Sciences 
for Windows, version 25 or 27 (SPSS Inc.).

3 |  RESULTS

3.1 | Study participants

Of 713 DM1 or DM2 patients with suspected or diagnosed 
DSPN, a total of 658 met the study eligibility criteria. Of 
the remainder, 22 did not meet the criteria for DSPN and 
33  encountered  exclusion  criteria  (Figure  1).  According 
to  the  predefined  cut- off  for  pre- treatment  pain  inten-
sity  (NRS ≥4) and other criteria  for chronic neuropathic 
pain, 347 patients complied with the definition of pDSPN 
(177 of  these exhibited severe pain, at NRS 7– 10), while 
311 patients were included into the nDSPN group (53 of 
these, however, suffered from mild pain. at NRS 1– 3). In 
the  59  patients  included  into  the  pDSPN  group  on  the 
grounds  of  the  pre- treatment  pain  intensity,  those  who 
had responded to analgesic therapy, the mean NRS in the 
preceding week was below 4. Already included into a pre-
vious  study  (investigating  a  different  matter)  (Raputova 
et al., 2017) and included into the work herein were 158 
pDSPN  and  74  nDSPN  patients.  A  smaller  group  of  pa-
tients with diabetes without polyneuropathy (DM group, 
N = 50) and non- diabetic healthy volunteers (HC group, 
N = 71), both age- adjusted to the DSPN subgroups, were 
also recruited and assessed.

Groups did not differ in age (p = 0.680; Kruskal– Wallis 
test),  but  healthy  controls  and  DM  patients  had  a  lower 
proportion of males (42% and 44% respectively) compared 
to nDSPN and pDSPN groups (58% and 56% respectively; 
p  =  0.022,  Chi2  test).  In  response  to  the  disproportion 
of  the  sexes  and  the  sizes  of  the  groups  evaluated,  only 
differences  in demographic,  socio- economic and clinical 
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parameters  between  the  two  largest  and  age-   and  sex- 
adjusted subgroups of patients with DSPN were  initially 
calculated;  results  appear  in  Table  1.  Furthermore,  cor-
rected  age-   and  sex- matched  subgroups  of  HC,  DM, 
nDSPN and pDSPN subjects were defined  for additional 
analyses, each with a reduced and equal number of sub-
jects (n = 50) in all groups.

3.2 | Characteristics of pain- 
suffering and pain- free diabetic 
polyneuropathy groups

Comparison of variables between the nDSPN and pDSPN 
subgroups  showed  that  they  differed  in  the  proportions 
of subjects with a tertiary university education, regularly 
working  participants,  together  with  those  with  a  ‘stand-
ard’ pathway of employment (in regular work or retired), 
all of these being lower in pDSPN patients than in those 
with  nDSPN.  The  proportion  of  participants  who  had 
retired  in  response  to pain conditions was higher  in  the 
pDSPN group. Furthermore, pDSPN patients exhibited a 
higher BMIs, a  lower proportion of  type 1 DM, a higher 
prevalence  of  arterial  hypertension  and  more  severe  de-
grees of polyneuropathy and disability (expressed as sub-
scores and summed scores of mTCNS and ODSS tests) in 
pDSPN compared with nDSPN patients (Table 1).

3.3 | Pain severity and response to 
analgesic therapy

Comparison of DSPN patients with any neuropathic pain 
related  to  polyneuropathy  graded  according  to  severity 
as mild (NRS 1– 3), moderate (NRS 4– 6) and severe (NRS 
7– 10)  revealed  that  they  did  not  differ  in  terms  of  basic 
demographics  and  diabetes- related  characteristics,  with 
the exception of age (significantly lower age in the severe 
pain group than in the moderate pain groups; Table S1). 
Not surprisingly, these groups also differed in pain- related 
characteristics and disability graded with NPSI and GCPS 
with the highest values appearing in the severe pain group 
(Table S1).

There  was  a  higher  prevalence  of  catastrophic  think-
ing in the pDSPN group compared with the nDSPN group: 
mean  score  16.6  vs.  11.7,  p  <  0.001;  percentage  of  ab-
normal  score  31.4%  versus  8.3%  (Table  1).  Similarly,  the 
scores in all three PCS domains were significantly higher 
in pDSPN than in nDSPN.

No  differences  in  basic  demographic  and  diabetes- 
related characteristics were disclosed between those who 
responded  to  analgesic  therapy  and  those  who  did  not 
(Table S2).

3.4 | Depression and anxiety

The scores of all questionnaires reflecting symptoms of de-
pression and anxiety and proportions of abnormal scores 
in all the groups assessed are summarized in Tables 2 and 
3.  The  proportions  of  abnormal  values  were  calculated 
using both 90th and 95th percentiles of the values found in 
the HC group as cut- offs for determination of abnormality 
(these were  in accord with generally  recommended cut- 
offs; Beck et al., 1996; Herrmann, 1997; Spielberger et al., 
1983; Sullivan et al., 1995; Wang & Gorenstein, 2013).

In  uncorrected  groups,  the  percentages  of  abnormal 
scores  in  pDSPN  deploying  the  90th  percentile  cut- off 
exceeded  30%  using  all  questionnaires  were  as  follows: 
37.5%  (STAI- Y2),  37.2%  (HADS- A),  36.3%  (HADS- D), 
35.7% (BDI- II) and 31.7% (STAI- Y1) (Table 2). Abnormal 
HADS- D and/or HADS- A  scores were present  in 52.7% 
of  pDSPN  patients.  Abnormal  HADS- D  and/or  BDI- II 
scores  reflecting  symptoms  of  depression  were  pre-
sented in 46.7% of pDSPN patients. Abnormal scores in 
any  of  the  questionnaires  reflecting  symptoms  of  anx-
iety  (STAI- Y1,  Y2  and  HADS- A)  were  present  in  60.5% 
of pDSPN patients. Abnormal scores in any of question-
naires  (STAI- Y1,  Y2,  HADS- A,  HADS- D,  BDI- II)  were 
present in 64.8% of pDSPN patients. In response to both 
the  disproportionate  numbers  of  participants  and  the 
proportion of the sexes in HC and DM compared to the 
nDSPN and pDSPN groups, statistical comparisons were 
first  made  between  the  nDSPN  and  pDSPN  subgroups 
without  significant  difference  in  age  and  sex  (Table  2). 
The  scores  and  proportions  of  abnormal  findings  from 
all  the questionnaires administered and  their  combina-
tions were significantly higher in pDSPN than in nDSPN 
(p < 0.001; Table 2). In nDSPN patients, the prevalence of 
depression (24.4%) and anxiety (44.4%) was  lower com-
pared with pDSPN (p < 0.001), but still higher compared 
with  HC  (7.0%  and  14.1%;  p  =  0.012  and  p  <  0.001). 
Similarly,  in DM patients,  the prevalence of depression 
and anxiety was lower than in pDSPN patients (p = 0.001 
and p < 0.001), but still higher than to HC (p = 0.017 and 
p = 0.033).

The  results  of  the  additional  analysis  of  psycholog-
ical  tests  in corrected age-   and sex- matched subgroups 
with  reduced  and  equal  number  of  participants  are 
summarized  in Table 3 and expressed  in Figure 2. The 
median values of all depression and anxiety  tests were 
significantly higher in pDSPN compared with all other 
groups  (with  the  exception  of  STAI- Y1  and  HADS- D 
values, which were significantly higher than in DM and 
HC, but not in the nDSPN group) and further increased 
with the pain severity being significantly higher  in pa-
tients  with  severe  pain  comparing  to  mild  and  moder-
ate pain subgroups in all the tests with the exception of 



   | 377KEC et al.

T
A

B
L

E
 1

 
C

ha
ra

ct
er

is
tic

s o
f t

he
 st

ud
y 

po
pu

la
tio

n

V
ar

ia
bl

es
 e

xp
re

ss
ed

 a
s 

m
ed

ia
n 

(m
in

– m
ax

.)
 o

r 
n 

(%
)

St
ud

y 
po

pu
la

ti
on

s
C

om
pa

ri
so

n 
of

 n
D

SP
N

 a
nd

 
pD

SP
N

 g
ro

up
s 

(p
)a

H
C

 g
ro

up
 (n

 =
71

)
D

M
 g

ro
up

 (n
 =

 5
0)

nD
SP

N
 (n

 =
 3

11
)

pD
SP

N
 (n

 =
 3

47
)

Bi
ol

og
ic

al

A
ge

 (y
ea

rs
)

63
.0

 (2
4.

0;
 6

.1
)

61
.5

 (2
2.

4;
 8

5.
9)

63
.7

 (1
7.

3;
 8

6.
8)

63
.4

 (2
3.

9;
 8

6.
2)

0.
95

9

Se
x 

(m
al

e)
30

 (4
2.

3)
22

 (4
4.

0)
17

6 
(5

7.
9)

19
4 

(5
5.

9)
0.

61
0

Et
hn

ic
ity

 (C
au

ca
si

an
)

71
 (1

00
.0

)
50

 (1
00

.0
)

31
1 

(1
00

.0
)

34
7 

(1
00

.0
)

1.
00

0

BM
I (

kg
/m

2 )
25

.4
 (1

7.
2;

 4
1.

1)
28

.1
 (1

7.
7;

 4
2.

0)
29

.0
 (1

7.
9;

 4
6.

9)
30

.2
 (1

6.
9;

 4
9.

9)
0.

00
2

So
ci

o-
 ec

on
om

ic

Ed
uc

at
io

n

Pr
im

ar
y

1 
(1

.4
)

0 
(0

.0
)

5 
(1

.5
)

10
 (3

.0
)

0.
00

1

Lo
w

er
 se

co
nd

ar
y

16
 (2

2.
5)

10
 (2

0.
0)

72
 (2

4.
1)

98
 (2

7.
8)

H
ig

he
r s

ec
on

da
ry

36
 (5

0.
7)

28
 (5

6.
0)

15
2 

(4
8.

5)
19

0 
(5

6.
3)

Te
rt

ia
ry

—
 U

ni
ve

rs
ity

18
 (2

5.
3)

12
 (2

4.
0)

82
 (2

5.
9)

b
49

 (1
2.

9)
b

Em
pl

oy
m

en
t

In
 re

gu
la

r w
or

k
37

 (5
2.

1)
38

 (7
6.

0)
11

9 
(3

8.
3)

b
92

 (2
6.

5)
b

0.
00

1

Si
ck

- le
av

e
2 

(2
.8

)
0 

(0
.0

)
1 

(0
.3

)
5 

(1
.4

)

Si
ck

- le
av

e 
fo

r p
ai

n 
co

nd
iti

on
0 

(0
.0

)
0 

(0
.0

)
0 

(0
.0

)
3 

(0
.9

)

R
et

ir
ed

32
 (4

5.
1)

12
 (2

4.
0)

18
7 

(6
0.

1)
22

8 
(6

5.
7)

R
et

ir
ed

 fo
r p

ai
n 

co
nd

iti
on

0 
(0

.0
)

0 
(0

.0
)

0 
(0

.0
)b

17
 (4

.9
)b

H
om

e-
 ca

re
, s

tu
de

nt
2 

(0
.6

)
0 

(0
.0

)

U
ne

m
pl

oy
ed

2 
(0

.6
)

2 
(0

.6
)

In
 re

gu
la

r w
or

k 
or

 re
tir

ed
69

 (9
7.

2)
50

 (1
00

.0
)

30
2 

(9
7.

1)
32

0 
(9

2.
2)

0.
00

6

C
lin

ic
al

D
ia

be
te

s t
yp

e 
I

N
A

14
 (2

8.
0)

87
 (2

8.
0)

56
 (1

6.
1)

<
0.

00
1

H
bA

1c
 (%

)
N

A
7.

0 
(5

.3
; 1

0.
8)

7.
3 

(5
.1

; 1
3.

0)
7.

3 
(5

.0
; 1

3.
2)

0.
20

0

D
ia

be
te

s d
ur

at
io

n 
(y

ea
rs

)
N

A
9.

1 
(0

.9
; 3

3.
3)

14
.0

 (0
.5

; 5
8.

3)
12

.4
 (0

.6
; 6

2.
4)

0.
66

2

U
nc

on
tr

ol
le

d 
di

ab
et

es
 (H

bA
1c

 ≥
7)

N
A

26
 (5

2.
0)

18
0 

(5
7.

9)
19

7 
(5

6.
8)

0.
77

5

C
om

pl
ic

at
io

ns
, m

ic
ro

va
sc

ul
ar

N
ep

hr
op

at
hy

N
A

4 
(8

.0
)

44
 (1

4.
2)

59
 (1

7.
0)

0.
31

4

R
et

in
op

at
hy

N
A

2 
(4

.0
)

39
 (1

2.
5)

39
 (1

1.
2)

0.
60

6

A
ny

 m
ic

ro
va

sc
ul

ar
 c

om
pl

ic
at

io
n

N
A

6 
(1

2.
0)

70
 (2

2.
5)

82
 (2

3.
6)

0.
73

2

 



378 |   KEC et al.

V
ar

ia
bl

es
 e

xp
re

ss
ed

 a
s 

m
ed

ia
n 

(m
in

– m
ax

.)
 o

r 
n 

(%
)

St
ud

y 
po

pu
la

ti
on

s
C

om
pa

ri
so

n 
of

 n
D

SP
N

 a
nd

 
pD

SP
N

 g
ro

up
s 

(p
)a

H
C

 g
ro

up
 (n

 =
71

)
D

M
 g

ro
up

 (n
 =

 5
0)

nD
SP

N
 (n

 =
 3

11
)

pD
SP

N
 (n

 =
 3

47
)

C
om

pl
ic

at
io

ns
, m

ac
ro

va
sc

ul
ar

Pe
ri

ph
er

al
 v

as
cu

la
r d

is
ea

se
N

A
2 

(4
.0

)
19

 (6
.1

)
24

 (6
.9

)
0.

67
6

Is
ch

em
ic

 h
ea

rt
 d

is
ea

se
N

A
6 

(1
2.

0)
69

 (2
2.

2)
86

 (2
4.

8)
0.

43
3

C
er

eb
ro

va
sc

ul
ar

 d
is

ea
se

N
A

2 
(4

.0
)

16
 (5

.1
)

22
 (6

.3
)

0.
51

2

A
ny

 m
ac

ro
va

sc
ul

ar
 c

om
pl

ic
at

io
n

N
A

10
 (2

0.
0)

91
 (2

9.
3)

11
8 

(3
4.

0)
0.

19
2

C
om

or
bi

di
tie

s

A
rt

er
ia

l h
yp

er
te

ns
io

n
N

A
16

 (3
2.

0)
21

9 
(7

0.
4)

29
4 

(8
4.

7)
<

0.
00

1

D
ys

lip
id

em
ia

N
A

20
 (4

0.
0)

19
7 

(6
3.

3)
22

9 
(6

6.
0)

0.
47

7

m
TC

N
S

Sy
m

pt
om

 sc
or

e
N

A
N

A
0.

0 
(0

.0
; 9

.0
)

6.
0 

(0
.0

; 1
8.

0)
<

<
0.

00
1

Se
ns

or
y 

te
st

 sc
or

e
N

A
N

A
3.

0 
(0

.0
; 1

5.
0)

7.
0 

(0
.0

; 1
5.

0)
<

<
0.

00
1

Su
m

 m
TC

N
S 

sc
or

e
N

A
N

A
4.

0 
(0

.0
; 2

1.
0)

14
.0

 (1
.0

; 3
3.

0)
<

<
0.

00
1

O
D

SS A
rm

 d
is

ab
ili

ty
 sc

al
e

N
A

N
A

0.
0 

(0
.0

; 3
.0

)
0.

0 
(0

.0
; 3

.0
)

<
<

0.
00

1

Le
g 

di
sa

bi
lit

y 
sc

al
e

N
A

N
A

0.
0 

(0
.0

; 7
.0

)
1.

0 
(0

.0
; 6

.0
)

<
<

0.
00

1

O
ve

ra
ll 

di
sa

bi
lit

y 
su

m
 sc

or
e

N
A

N
A

0.
0 

(0
.0

; 7
.0

)
1.

0 
(0

.0
; 8

.0
)

<
<

0.
00

1

A
ny

 p
ar

es
is

 (M
R

C
 ≤

4 
in

 a
ny

 m
us

cl
e 

gr
ou

p)
0 

(0
.0

)
0 

(0
.0

)
20

 (6
.4

)
74

 (2
1.

3)
<

0.
00

1

M
od

er
at

e 
to

 se
ve

re
 p

ar
es

is
 (M

R
C
≤3

 in
 ≥

2 
m

us
cl

e 
gr

ou
ps

)
0 

(0
.0

)
0 

(0
.0

)
2 

(0
.6

)
16

 (4
.6

)
0.

00
2

N
PS

I (
pr

ev
io

us
 2

4 
h)

Bu
rn

in
g 

sc
or

e
N

A
0.

0 
(0

.0
; 0

.0
)

0.
0 

(0
.0

; 3
.0

)
3.

0 
(0

.0
; 1

0.
0)

<
<

0.
00

1

D
ee

p 
pa

in
 sc

or
e

N
A

0.
0 

(0
.0

; 0
.0

)
0.

0 
(0

.0
; 2

.0
)

2.
0 

(0
.0

; 1
0.

0)
<

<
0.

00
1

Pa
ro

xy
sm

al
 p

ai
n 

sc
or

e
N

A
0.

0 
(0

.0
; 0

.0
)

0.
0 

(0
.0

; 3
.0

)
1.

0 
(0

.0
; 1

0.
0)

<
<

0.
00

1

Ev
ok

ed
 p

ai
n 

sc
or

e
N

A
0.

0 
(0

.0
; 0

.0
)

0.
0 

(0
.0

; 2
.0

)
0.

0 
(0

.0
; 1

0.
0)

<
<

0.
00

1

Pa
re

st
he

si
a/

dy
se

st
he

si
a

N
A

0.
0 

(0
.0

; 0
.0

)
0.

0 
(0

.0
; 3

.0
)

4.
0 

(0
.0

; 1
0.

0)
<

<
0.

00
1

To
ta

l s
co

re
N

A
0.

0 
(0

.0
; 0

.0
)

0.
0 

(0
.0

; 1
6.

0)
20

.0
 (4

.0
; 8

0.
0)

<
<

0.
00

1

G
C

PS
 (p

re
vi

ou
s 6

 m
on

th
s)

C
ha

ra
ct

er
is

tic
 p

ai
n 

in
te

ns
ity

N
A

0.
0 

(0
.0

; 0
.0

)
0.

0 
(0

.0
; 3

6.
0)

49
.0

 (2
5.

0;
 9

6.
7)

<
<

0.
00

1

G
C

PS
 d

is
ab

ili
ty

 sc
or

e
N

A
0.

0 
(0

.0
; 0

.0
)

0.
0 

(0
.0

; 2
6.

7)
10

.0
 (0

.0
; 1

00
.0

)
<

<
0.

00
1

G
C

PS
 c

la
ss

ifi
ca

tio
n 

(0
– 4

)
N

A
0.

0 
(0

.0
; 0

.0
)

0.
0 

(0
.0

; 1
.0

)
1.

0 
(0

.0
; 4

.0
)

<
<

0.
00

1

T
A

B
L

E
 1

 
(C

on
tin

ue
d)

(C
on

tin
ue

s)



   | 379KEC et al.

V
ar

ia
bl

es
 e

xp
re

ss
ed

 a
s 

m
ed

ia
n 

(m
in

– m
ax

.)
 o

r 
n 

(%
)

St
ud

y 
po

pu
la

ti
on

s
C

om
pa

ri
so

n 
of

 n
D

SP
N

 a
nd

 
pD

SP
N

 g
ro

up
s 

(p
)a

H
C

 g
ro

up
 (n

 =
71

)
D

M
 g

ro
up

 (n
 =

 5
0)

nD
SP

N
 (n

 =
 3

11
)

pD
SP

N
 (n

 =
 3

47
)

Q
ST

: R
aw

 d
at

ac

C
D

T 
(℃

)
−

3.
7 

(−
9.

3;
−

1.
0)

−
3.

1 
(−

9.
9;

 −
1.

0)
−

6.
3 

(−
32

.0
;−

1.
2)

−
9.

6 
(−

32
.0

;−
1.

3)
<

0.
00

1

W
D

T 
(℃

)
8.

7 
(2

.0
; 1

6.
5)

6.
5 

(1
.7

; 1
3.

0)
10

.2
 (2

.0
; 1

8.
9)

13
.6

 (2
.6

; 1
8.

5)
<

<
0.

00
1

Q
ST

: Z
- s

co
re

sc

C
D

T 
(Z

- s
co

re
)

−
0.

4 
(−

1.
9;

 1
.9

)
−

0.
1 

(−
2.

0;
 1

.5
)

−
1.

1 
(−

3.
9;

 1
.4

)
−

1.
6 

(−
4.

3;
 1

.2
)

<
0.

00
1

W
D

T 
(Z

- s
co

re
)

−
0.

6 
(−

2.
5;

 1
.5

)
−

0.
5 

(−
1.

9;
 1

.8
)

−
1.

2 
(−

2.
9;

 1
.5

)
−

1.
7 

(−
2.

8;
 1

.6
)

<
<

0.
00

1

PC
S

7.
0 

(0
.0

; 3
1.

0)
7.

0 
(0

.0
; 3

2.
0)

11
.0

 (0
.0

; 4
1.

0)
16

.0
 (0

.0
; 5

1.
0)

<
0.

00
1

PC
S 

R
um

in
at

io
n

2.
0 

(0
.0

; 1
0.

0)
2.

0 
(0

.0
;1

0.
0)

4.
0 

(0
.0

; 1
6.

0)
5.

0 
(0

.0
; 1

6.
0)

<
0.

00
1

PC
S 

M
ag

ni
fic

at
io

n
2.

0 
(0

.0
; 7

.0
)

2.
0 

(0
.0

; 7
.0

)
3.

0 
(0

.0
; 8

.0
)

3.
0 

(0
.0

; 1
2.

0)
0.

00
2

PC
S 

H
el

pl
es

sn
es

s
2.

0 
(0

.0
; 1

4.
0)

3.
0 

(0
.0

; 1
6.

0)
5.

0 
(0

.0
; 1

9.
0)

7.
0 

(0
.0

; 2
3.

0)
<

0.
00

1

N
ot

e:
 D

es
cr

ip
tiv

e 
st

at
is

tic
s: 

m
ed

ia
n 

(m
in

im
um

; m
ax

im
um

 v
al

ue
s)

 fo
r c

on
tin

uo
us

 v
ar

ia
bl

es
, a

bs
ol

ut
e 

an
d 

re
la

tiv
e 

fr
eq

ue
nc

ie
s f

or
 c

at
eg

or
ic

al
 v

ar
ia

bl
es

.
A

bb
re

vi
at

io
ns

: B
M

I, 
bo

dy
 m

as
s i

nd
ex

; D
M

, p
at

ie
nt

s w
ith

 d
ia

be
te

s w
ith

ou
t p

ol
yn

eu
ro

pa
th

y;
 G

C
PS

, G
ra

de
d 

C
hr

on
ic

 P
ai

n 
Sc

al
e;

 H
bA

1c
, G

ly
co

sy
la

te
d 

ha
em

og
lo

bi
n;

 H
C

, n
on

- d
ia

be
tic

 h
ea

lth
y 

co
nt

ro
ls

; M
R

C
, 

M
ed

ic
al

 R
es

ea
rc

h 
C

ou
nc

il 
sc

al
e 

(r
an

ge
 0

– 5
 in

 e
ve

ry
 m

us
cl

e 
gr

ou
p 

te
st

ed
); 

m
TC

N
S,

 m
od

ifi
ed

 T
or

on
to

 C
lin

ic
al

 N
eu

ro
pa

th
y 

Sc
or

e;
 N

A
, n

ot
 a

ttr
ib

ut
ab

le
; n

D
SP

N
, P

ai
n-

 fr
ee

 D
ia

be
tic

 d
is

ta
l S

ym
m

et
ri

ca
l s

en
so

ry
- 

m
ot

or
 P

ol
yn

eu
ro

pa
th

y 
(N

R
S 

0–
 3)

; N
PS

I, 
N

eu
ro

pa
th

ic
 P

ai
n 

Sy
m

pt
om

 In
ve

nt
or

y;
 O

D
SS

, O
ve

ra
ll 

D
is

ab
ili

ty
 S

um
 S

co
re

; P
C

S,
 P

ai
n 

C
at

as
tr

op
hi

zi
ng

 S
ca

le
; p

D
SP

N
, P

ai
nf

ul
 D

ia
be

tic
 d

is
ta

l S
ym

m
et

ri
ca

l s
en

so
ry

- m
ot

or
 

Po
ly

ne
ur

op
at

hy
 (N

R
S 
≥4

); 
Q

ST
, Q

ua
nt

ita
tiv

e 
Se

ns
or

y 
Te

st
in

g 
of

 th
er

m
al

 m
od

al
iti

es
 p

er
fo

rm
ed

 o
n 

th
e 

do
rs

um
 o

f t
he

 fo
ot

.
a p-

 va
lu

e 
of

 n
on

- p
ar

am
et

ri
c 

M
an

n–
 W

hi
tn

ey
 te

st
 fo

r c
on

tin
uo

us
 v

ar
ia

bl
es

, p
- v

al
ue

 o
f C

hi
- s

qu
ar

e 
te

st
 fo

r c
at

eg
or

ic
al

 v
ar

ia
bl

es
 (o

nl
y 

nD
SP

N
 a

nd
 p

D
SP

N
 a

re
 c

om
pa

re
d 

in
 b

ot
h 

ca
se

s)
; s

ig
ni

fic
an

t p
- v

al
ue

s a
pp

ea
r i

n 
bo

ld
 

ty
pe

.
b Si

gn
ifi

ca
nt

 d
iff

er
en

ce
 in

 p
os

t h
oc

 te
st

s a
fte

r B
on

fe
rr

on
i‘s

 c
or

re
ct

io
n 

fo
r m

ul
tip

le
 c

om
pa

ri
so

ns
 <

<
0.

00
1 

=
 <

10
– 6

.
c Q

ST
 te

st
in

g 
fo

r t
he

rm
al

 th
re

sh
ol

ds
 is

 a
va

ila
bl

e 
fr

om
 6

6.
5%

 o
f i

nd
iv

id
ua

ls
 in

cl
ud

ed
 in

 th
is

 st
ud

y.
 B

es
id

es
 b

as
ic

 th
re

sh
ol

d 
va

lu
es

 (i
n 
℃

), 
th

e 
Q

ST
 d

at
a 

ar
e 

al
so

 e
xp

re
ss

ed
 a

s t
he

 Z
- s

co
re

s s
ho

w
in

g 
ho

w
 m

an
y 

st
an

da
rd

 
de

vi
at

io
ns

 b
el

ow
 o

r a
bo

ve
 th

e 
po

pu
la

tio
n 

m
ea

n 
a 

ra
w

 sc
or

e 
is

, w
he

n 
us

in
g 

th
e 

no
rm

al
 v

al
ue

s p
ub

lis
he

d 
by

 M
ag

er
l e

t a
l. 

(2
01

0)
.

T
A

B
L

E
 1

 
(C

on
tin

ue
d)



380 |   KEC et al.

T
A

B
L

E
 2

 
Su

m
m

ar
y 

st
at

is
tic

s o
f p

sy
ch

ol
og

ic
al

 te
st

s f
or

 sy
m

pt
om

s o
f d

ep
re

ss
io

n 
an

d 
an

xi
et

y

Ps
yc

ho
lo

gi
ca

l t
es

ts

St
ud

y 
po

pu
la

ti
on

s
C

om
pa

ri
so

n 
of

 
nD

SP
N

 a
nd

 p
D

SP
N

 
gr

ou
ps

 (p
)a

H
C

 (n
 =

 7
1)

D
M

 (n
 =

 5
0)

nD
SP

N
 (n

 =
 3

11
)

pD
SP

N
 (n

 =
 3

47
)

BD
I I

I: 
m

ed
ia

n 
(m

in
– m

ax
); 

5t
h;

 9
0t

h;
 9

5t
h 

pe
rc

en
til

es
5.

0 
(0

.0
– 2

4.
0)

; 0
.0

; 1
4.

0;
 

17
.0

8.
0 

(0
.0

– 2
0.

0)
; 1

.0
; 1

5.
0;

 
20

.0
8.

0 
(0

.0
– 3

6.
0)

; 0
.0

; 1
7.

0;
 

21
.0

11
.0

 (0
.0

– 4
2–

 0)
; 2

.0
; 

25
.0

; 3
0.

0
<

<
0.

00
1

A
bn

or
m

al
ity

 (>
14

): 
n 

(%
)

5 
(7

.0
)

6 
(1

2.
0)

49
 (1

5.
7)

12
4 

(3
5.

7)
<

<
0.

00
1

A
bn

or
m

al
ity

 (>
17

): 
n 

(%
)

2 
(2

.8
)

4 
(8

.0
)

27
 (8

.7
)

90
 (2

5.
9)

<
<

0.
00

1
ST

A
I-

 Y1
: m

ed
ia

n 
(m

in
– m

ax
); 

5t
h;

 9
0t

h;
 9

5t
h 

pe
rc

en
til

es
35

.0
 (2

0.
0–

 54
.0

); 
23

.0
; 4

3.
0;

 
46

.0
35

.0
 (2

4.
0–

 54
.0

); 
26

.0
; 4

7.
0;

 
50

.0
35

.0
 (2

0.
0–

 66
.0

); 
22

.0
; 4

8.
0;

 
53

.0
39

.0
 (2

0.
0–

 72
.0

); 
23

.0
; 

52
.0

; 5
8.

0
<

0.
00

1

A
bn

or
m

al
ity

 (>
43

): 
(%

)
7 

(9
.9

)
7 

(1
.0

)
63

 (2
0.

3)
11

0 
(3

1.
7)

<
0.

00
1

A
bn

or
m

al
ity

 (>
46

): 
(%

)
2 

(2
.8

)
5 

(1
0.

0)
46

 (1
4.

8)
73

 (2
1.

0)
0.

03
8

ST
A

I-
 Y2

: m
ed

ia
n 

(m
in

– m
ax

); 
5t

h;
 9

0t
h;

 9
5t

h 
pe

rc
en

til
es

33
.0

 (2
0.

0–
 50

.0
); 

23
.0

; 4
2.

0;
 

46
.0

35
.0

 (2
5.

0–
 60

.0
); 

26
.0

; 4
7.

0;
 

53
.0

36
.0

 (2
0.

0–
 66

.0
); 

22
.0

; 5
0.

0;
 

55
.0

40
.0

 (2
0.

0–
 70

.0
); 

23
.0

; 
55

.0
; 5

8.
0

<
0.

00
1

A
bn

or
m

al
ity

 (>
43

): 
(%

)
7 

(9
.9

)
9 

(1
8.

0)
75

 (2
4.

1)
11

0 
(3

7.
5)

0.
03

1
A

bn
or

m
al

ity
 (>

46
): 

(%
)

2 
(2

.8
)

5 
(1

0.
0)

52
 (1

6.
7)

96
 (2

7.
7)

<
0.

00
1

H
A

D
S-

 A
: m

ed
ia

n 
(m

in
– m

ax
); 

5t
h;

 9
0t

h;
 9

5t
h 

pe
rc

en
til

es
2.

0 
(0

.0
– 9

.0
); 

0.
0;

 7
.0

; 7
.0

4.
0 

(1
.0

– 1
0.

0)
; 1

.0
; 8

.5
; 9

.0
5.

0 
(0

.0
– 1

6.
0)

; 0
.0

; 1
2.

0;
 

14
.0

6.
05

 (0
.0

– 1
6.

0)
; 0

.0
; 1

2.
5;

 
14

.0
0.

00
9

A
bn

or
m

al
ity

 (>
7)

: n
 (%

)
1 

(1
.4

)
7 

(1
4.

0)
78

 (2
5.

1)
12

9 
(3

7.
2)

<
0.

00
1

A
bn

or
m

al
ity

 (>
8)

: n
 (%

)
1 

(1
.4

)
5 

(1
0.

0)
55

 (1
7.

7)
10

7 
(3

0.
8)

<
0.

00
1

H
A

D
S–

 D
: m

ed
ia

n 
(m

in
.–

 m
ax

.);
 5

th
; 9

0t
h;

 9
5t

h 
pe

rc
en

til
es

1.
0 

(0
.0

– 9
.0

); 
0.

0;
 7

.0
; 7

.0
2.

0 
(1

.0
– 1

0.
0)

; 1
.0

; 8
.0

; 8
.0

4.
0 

(0
.0

– 1
6.

0)
; 0

.0
; 9

.0
; 1

4.
0

6.
0 

(0
.0

– 1
7.

0)
; 1

.0
; 1

1.
5;

 
15

.0
0.

00
4

A
bn

or
m

al
ity

 (>
7)

: n
 (%

)
1 

(1
.4

)
7 

(1
4.

0)
53

 (1
7.

0)
12

6 
(3

6.
3)

<
<

0.
00

1
A

bn
or

m
al

ity
 (>

8)
: n

 (%
)

1 
(1

.4
)

2 
(4

.0
)

33
 (1

0.
6)

98
 (2

8.
2)

<
<

0.
00

1
A

bn
or

m
al

b  H
A

D
S-

 A
/H

A
D

S-
 D

: n
 (%

):
Ei

th
er

/o
r:

1 
(1

.4
)

10
 (2

0.
0)

98
 (3

1.
5)

18
3 

(5
2.

7)
<

<
0.

00
1

Bo
th

:
0 

(0
.0

)
4 

(8
.0

)
33

 (1
0.

6)
73

 (2
1.

0)
<

<
<

0.
00

1
A

bn
or

m
al

b  B
D

I I
I/

 H
A

D
S-

 D
: n

 (%
):

Ei
th

er
/o

r:
5 

(7
.0

)
11

 (2
2.

0)
76

 (2
4.

4)
16

2 
(4

6.
7)

<
<

<
0.

00
1

Bo
th

:
0 

(0
.0

)
2 

(4
.0

)
25

 (8
.0

)
73

 (2
1.

0)
<

<
<

0.
00

1
A

bn
or

m
al

b  S
TA

I-
 Y1

/ Y
2/

H
A

D
S-

 A
: n

 (%
):

A
ny

:
10

 (1
4.

1)
15

 (3
0.

0)
13

8 
(4

4.
4)

21
0 

(6
0.

5)
<

0.
00

1
A

ll:
0 

(0
.0

)
0 

(0
.0

)
31

 (1
0.

0)
63

 (1
8.

2)
0.

00
3

A
bn

or
m

al
b  S

TA
IY

1/
Y2

/H
A

D
S-

 D
/H

A
D

S–
 A

/B
D

I–
 II

: n
 (%

):
A

ny
:

11
 (1

5.
5)

17
 (3

4.
0)

17
0 

(5
4.

7)
22

5 
(6

4.
8)

0.
00

8
A

ll:
0 

(0
.0

)
0 

(0
.0

)
29

 (9
.3

)
55

 (1
5.

9)
0.

01

N
ot

e:
 A

bb
re

vi
at

io
n:

 B
D

I-
 II

, B
ec

k 
D

ep
re

ss
io

n 
In

ve
nt

or
y—

 II
; D

M
, p

at
ie

nt
s w

ith
 d

ia
be

te
s w

ith
ou

t p
ol

yn
eu

ro
pa

th
y;

 H
A

D
S-

 A
, H

os
pi

ta
l A

nx
ie

ty
 a

nd
 D

ep
re

ss
io

n 
Sc

al
e—

 A
nx

ie
ty

; H
A

D
S-

 D
, H

os
pi

ta
l A

nx
ie

ty
 a

nd
 

D
ep

re
ss

io
n 

Sc
al

e—
 D

ep
re

ss
io

n;
 H

C
, n

on
- d

ia
be

tic
 h

ea
lth

y 
co

nt
ro

ls
; n

D
SP

N
, P

ai
n-

 fr
ee

 D
ia

be
tic

 d
is

ta
l S

ym
m

et
ri

ca
l s

en
so

ry
- m

ot
or

 P
ol

yn
eu

ro
pa

th
y 

(N
R

S 
0–

 3)
; p

D
SP

N
, P

ai
nf

ul
 D

ia
be

tic
 d

is
ta

l S
ym

m
et

ri
ca

l s
en

so
ry

- m
ot

or
 

Po
ly

ne
ur

op
at

hy
 (N

R
S 
≥4

); 
ST

A
I-

 Y1
, S

ta
te

- T
ra

it 
A

nx
ie

ty
 In

ve
nt

or
y—

 St
at

e;
 S

TA
I-

 Y2
, S

ta
te

- T
ra

it 
A

nx
ie

ty
 In

ve
nt

or
y—

 Tr
ai

t.
a p-

 va
lu

e 
of

 n
on

- p
ar

am
et

ric
 M

an
n–

 W
hi

tn
ey

 te
st

 fo
r c

on
tin

uo
us

 v
ar

ia
bl

es
, p

- v
al

ue
 o

f C
hi

- s
qu

ar
e 

te
st

 fo
r c

at
eg

or
ic

al
 v

ar
ia

bl
es

 (o
nl

y 
nD

SP
N

 a
nd

 p
D

SP
N

 a
re

 c
om

pa
re

d 
in

 b
ot

h 
ca

se
s)

; s
ig

ni
fic

an
t p

- v
al

ue
s a

pp
ea

r i
n 

bo
ld

 ty
pe

.
b A

bn
or

m
al

 v
al

ue
s w

er
e 

de
fin

ed
 u

si
ng

 th
e 

90
th

 p
er

ce
nt

ile
 e

st
ab

lis
he

d 
in

 h
ea

lth
y 

in
di

vi
du

al
s a

s c
ut

- o
ff 

va
lu

es
 <

<
0.

00
1 

=
 <

10
– 6

; <
<

<
0.

00
1 

=
 <

10
– 3

0



   | 381KEC et al.

T A B L E  3  Demographics and summary statistics of psychological tests for symptoms of depression and anxiety in age-  and sex- matched 
groups

Demographics

Study populations
Comparison of all 
groups (p)†HC (n = 50) DM (n = 50) nDSPN (n = 50) pDSPN (n = 50)

Age (years): median (min– max) 60.8 (26.3– 86.0) 61.5 (22.4– 85.9) 61.9 (21.4– 86.7) 61.0 (23.9– 85.6) 0.7578

Sex (male): n (%) 22 (44.0) 22 (44.0) 22 (44.0) 22 (44.0) 1.000

BMI: median (min– max) 24.7 
(17.5– 36.5)a

28.1 (17.7– 42.0)b 28.7 (20.6– 46.1)b 29.3 (18.6– 49.9)b <0.001

Psychological tests

BDI II: median (min– max); 5th; 
90th; 95th percentiles

5.0 (0.0– 24.0); 
0.0; 14.0; 17.0a

8.0 (0.0– 20.0); 
1.0; 15.0; 20.0a

8.0 (0.0– 36.0); 
0.0; 15.0; 21.0a

12.0 (2.0– 33.0); 
4.0; 24.0; 27.0b

<0.001

Abnormality (>14): n (%) 3 (6.0)a 6 (12.0)a 6 (12.0)a 16 (32.0)b 0.002

Abnormality (>17): n (%) 2 (4.0)a 4 (8.0)a 4 (8.0)a 12 (24.0)b 0.007

STAI- Y1: median (min– max); 
5th; 90th; 95th percentiles

36.0 (20.0– 
54.0); 23.0; 
44.0; 46.0a

35.0 (24.0– 54.0); 
26.0; 47.0; 50.0a

36.0 (22.0– 63.0); 
24.0; 49.5; 53.0ab

41.0 (23.0– 60.0); 
27.0; 50.5; 57.0b

0.006

Abnormality (>43): (%) 5 (10.0)a 7 (14.0)a 11 (22.0)a 20 (40.0)b 0.001

Abnormality (>46): (%) 1 (2.0)a 5 (10.0)b 8 (16.0)b 14 (28.0)c 0.002

STAI- Y2: median (min– max); 
5th; 90th; 95th percentiles

33.0 (23.0– 
53.0); 24.0; 
41.0; 46.0a

35.0 (25.0– 60.0); 
26.0; 47.0; 53.0a

37.5 (23.0– 63.0); 
25.0; 50.0; 51.0a

43.0 (27.0– 61.0); 
28.0; 54.5; 58.0b

<0.001

Abnormality (>43): (%) 4 (8.0)a 9 (18.0)b 13 (26.0)b 23 (46.0)c <0.001

Abnormality (>46): (%) 2 (4.0)a 5 (10.0)a 7 (14.0)a 15 (30.0)b 0.002

HADS- A: median (min– max); 
5th; 90th; 95th percentiles

2.0 (0.0– 7.0); 
1.0; 7.0; 7.0a

4.0 (1.0– 10.0); 
1.0; 8.5; 9.0b

4.0 (0.0– 14.0); 
0.0; 8.0; 13.0ab

6.5 (0.0– 16.0); 
0.0; 13.0; 14.0c

<0.001

Abnormality (>7): n (%) 0 (0.0)a 7 (14.0)b 6 (12.0)b 19 (38.0)c <0.001

Abnormality (>8): n (%) 0 (0.0)a 5 (10.0)b 4 (8.0)b 18 (36.0)c <0.001

HADS- D: median (min– max); 
5th; 90th; 95th percentiles

1.0 (0.0– 7.0); 
0.0; 7.0; 7.0a

2.0 (1.0– 10.0); 
1.0; 8.0; 8.0b

4.0 (0.0– 14.0); 
1.0; 8.0; 8.0bc

6.0 (0.0– 17.0); 
0.0; 14.0; 17.0c

<0.001

Abnormality (>7): n (%) 0 (0.0)a 7 (14.0)b 7 (14.0)b 20 (40.0)c <0.001

Abnormality (>8): n (%) 0 (0.0)a 2 (4.0)b 2 (4.0)b 16 (32.0)c <<0.001

Abnormal HADS- A (>7)/HADS- D (>7): n (%):

Either/or: 0 (0.0)a 10 (20.0)b 10 (20.0)b 27 (54.0)c <<0.001

Both: 0 (0.0)a 4 (8.0)a 3 (6.0)a 12 (24.0)b <0.001

Abnormal HADS- A (>8)/HADS- D (>8): n (%):

Either/or: 0 (0.0)a 7 (14.0)b 5 (10.0)b 23 (46.0)c <<0.001

Both: 0 (0.0)a 0 (0.0)a 1 (2.0)a 11 (22.0)b <0.001

Abnormal BDI- II (>14)/HADS- D (>7): n (%):

Either/or: 3 (6.0)a 11 (22.0)b 10 (20.0)b 25 (50.0)c <0.001

Both: 0 (0.0)a 2 (4.0)a 3 (6.0)a 11 (22.0)b <0.001

Abnormal BDI- II (>17) HADS- D (>8): n (%):

Either/or: 2 (4.0)a 6 (12.0)a 6 (12.0)a 20 (40.0)b <0.001

Both: 0 (0.0)a 0 (0.0)a 0 (0.0)a 8 (16.0)b <0.001

Abnormal STAI- Y1 (>43)/Y2 (>43)/HADS- A (>7): n (%):

Any: 7 (14.0)a 15 (30.0)b 21 (42.0)b 33 (66.0)c <0.001

All: 0 (0.0)a 0 (0.0)a 2 (4.0)a 11 (22.0)b <0.001

Abnormal STAI- Y1 (>46)/Y2 (>46)/HADS- A (>8): n (%):
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STAI- Y2  (Table  S1).  The  values  of  HADS- D  in  nDSPN 
and  HADS- A  in  DM  were  significantly  higher  than 
those for HC (Table 3; Figure 2).

In terms of the proportion of any abnormality in any test 
reflecting  symptoms  of  depression  (HADS- D  or  BDI- II), 
anxiety symptoms (STAI- Y1 or STAI- Y2 or HADS- A), or any 
symptoms  of  depression  or  anxiety,  a  significantly  higher 
proportion of abnormal values appeared in pDSPN than in 
all other groups. Similarly,  the nDSPN and DM group ex-
hibited a significantly higher proportion of abnormal values 
than HC (Table 3) when combinations of any anxiety, any 
depression or any anxiety/depression tests were undertaken.

3.5 | Relationships between 
symptoms of anxiety and depression (as 
outcomes) and independent variables in 
pDSPN patients

The  results  obtained  in  the  uncorrected  pDSPN  group 
(n  =  347)  are  summarized  in  Table  S3a  (for  continuous 
variables)  and  3b  (for  categorical  variables).  HADS- D, 
BDI- II, HADS- A and STAI- Y2 correlated negatively with 
age at a significant level (Table S3a). Higher values from 
all  the  psychological  tests  were  significantly  associated 
with female sex. STAI- Y2 values were weakly associated 
with education level, with higher values for the secondary 
education level and lower at the primary education level 
(p = 0.04; Table S3b). Several other parameters reflecting 
neuropathy severity and disability, pain intensity and its 
characteristics correlated significantly with at least some 
of  scores  reflecting  depressive  and  anxiety  symptoms 

(Table S3a,b). Most of  these correlations, however, were 
only were only weak, although significant.

3.6 | Multiple regression analysis

Multiple  regression  analyses  were  subsequently  per-
formed  to examine  the  functional  relationships between 
emotional  distress  and  independent  variables  based  on 
the  data  from  corrected  age-   and  sex- adjusted  groups. 
Variables  associated  with  symptoms  of  depression  and 
anxiety at p < 0.1 were obtained by univariate analyses in 
the pDSPN group (Table S3a,b) and in the pooled 200 sub-
jects made up of 50 age-  and sex- adjusted individuals from 
each  study  subgroup  (summarized  results  of  univariate 
analyses  in  pooled  200  subjects  appear  in  Table  S4a,b) 
were included into multiple regression statistical models 
for  anxiety  (HADS- A,  STAI- Y1  and  Y2)  and  depression 
(BDI- II and HADS- D) (Tables 4– 6).

In  the  depression  models,  the  final  regression  re-
vealed  that  30.4%  (R2)  of  the  variance  in  HADS- D  score 
could be accounted for by mean pain intensity (β = 0.145; 
p = 0.032), diabetes type 2 (β = 0.294; p < 0.001) and PCS 
magnification score (β = 0.282; p < 0.001). Similarly, 27.9% 
of the variance in BDI- II could be accounted for by mean 
pain intensity (β = 0.287; p < 0.001), female sex (β = 0.191; 
p = 0.009), age (β = −0.144; p = 0.046) and PCS magnifica-
tion score (β = 0.291; p < 0.001; Table 4). Alternative mod-
els for both depression tests could be created with mean 
pain intensity replaced by mTCNS summed score, result-
ing  in  similar  R2  values  for  HADS- D  (0.304)  and  BDI- II 
(0.289; Table 5).

Demographics

Study populations
Comparison of all 
groups (p)†HC (n = 50) DM (n = 50) nDSPN (n = 50) pDSPN (n = 50)

Any: 2 (4.0)a 11 (22.0)b 13 (26.0)b 23 (46.0)c <0.001

All: 0 (0.0)a 0 (0.0)a 1 (2.0)a 9 (18.0)b <0.001

Abnormal STAI- Y1 (>43)/Y2 (>43)/HADS- D (>7)/HADS- A (>7)/BDI- II (>14): n (%):

Any: 8 (16.0)a 17 (34.0)b 24 (48.0)b 38 (76.0)c <<0.001

All: 0 (0.0)a 0 (0.0)a 2 (4.0)a 5 (10.0)a 0.02

Abnormal STAI- Y1 (>46)/ 2 (>46)/HADS- D (>8)/HADS- A (>8)/BDI- II (>17): n (%):

Any: 3 (6.0)a 11 (22.0)b 14 (28.0)b 27 (54.0)c <0.001

All: 0 (0.0)a 0 (0.0)a 0 (0.0)a 4 (8.0)b 0.007

Note: Post hoc tests: a, b, c; (the same letters mark values of categories within a given row denoting groups that do not differ significantly) <<0.001 = <10– 6.
Abbreviations: BDI- II, Beck Depression Inventory- II; BMI, BMI, body mass index; DM group, Patients with diabetes without polyneuropathy; HADS- A, 
Hospital Anxiety and Depression Scale- Anxiety; HADS- D, Hospital Anxiety and Depression Scale- Depression; HC group, non- diabetic healthy controls; 
nDSPN, Pain- free Diabetic distal Symmetrical sensory- motor Polyneuropathy (NRS = 0); pDSPN, Painful Diabetic distal Symmetrical sensory- motor 
Polyneuropathy (NRS ≥4); STAI- Y1, State- Trait Anxiety Inventory— State; STAI- Y2, State- Trait Anxiety Inventory— Trait.
†p- value represents the comparison of all groups (Kruskal– Wallis test for continuous variables and chí- square test for categorical variables); significant p- 
values appear in bold type.

T A B L E  3  (Continued)
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The  final  regression  for  anxiety  models  revealed  that 
20%  of  the  variance  in  the  HADS- A  score  could  be  ac-
counted for by mean pain intensity (β = 0.243; p = 0.001), 
T2DM (β = 0.160; p = 0.021) and PCS magnification score 
(β = 0.197; p = 0.005). Similarly, 12.2% of the variance in 
STAI- Y1  could  be  accounted  for  by  mean  pain  intensity 
(β = 0.168; p = 0.029), female sex (β = 0.129; p = 0.057) and 
any  clinical  sensory  disturbance  (β  =  0.216;  p  =  0.006). 
Finally,  21%  of  the  variance  in  STAI- Y2  could  be  ac-
counted for by mean pain intensity (β = 0.249; p < 0.001), 
female sex (β = 0.182; p = 0.005), PCS magnification score 
(β = 0.185; p = 0.008) and BMI (β = 0.165; p = 0.013; Table 
6).

The same multiple  regression analyses based on data 
from uncorrected groups of study subjects showed similar, 
but less significant and conclusive results (not shown).

Furthermore,  we  performed  the  same  multiple  re-
gression  analysis  in  three  age-   and  sex- adjusted  diabetic 
subgroups (50 patients each), that is without non- diabetic 
controls  (two  alternative  models  for  depression— Tables 
S5a,b, and one for anxiety— Table S5c). The results were 
very similar to those obtained with non- diabetic controls 
included, with some minor differences. In contrast to the 
original  multiple  regression  analysis,  in  this  alternative 
model, both microvascular complications and mMRC had 
a significant impact on HADS- D, while age no longer con-
tributed significantly to the depression.

4 |  DISCUSSION

In contrast to most previous studies, which included only 
pain- suffering DSPN patients, largely with moderate- to se-
vere pain, this study evaluated the prevalence and risk fac-
tors for depression and anxiety in a large and well- defined 
group of pDSPN patients, including those with mild pain 
and  in  direct  comparison  with  diabetic  patients  with 
nDSPN,  without  DSPN  and  healthy  controls.  The  study 
disclosed a high prevalence of the symptoms of depression 
and anxiety  in diabetic patients, predominantly  in  those 
with painful polyneuropathy. Severity of pain and its cog-
nitive  processing  (catastrophic  thinking),  together  with 
lower age, female sex, the presence of T2DM and the se-
verity of polyneuropathy were demonstrated herein as the 
most important factors contributing to emotional distress 
in diabetic patients and non- diabetic healthy controls.

4.1 | Prevalence of 
depression and anxiety

The  prevalence  of  affective  distress  estimated  in  neuro-
pathic pain conditions by previous studies stands at around 

F I G U R E  2  Violin plots of scores for symptoms of depression 
and anxiety in the groups of healthy volunteers and diabetic 
patients. Violin plots of scores for symptoms of depression and 
anxiety with internal boxplots expressing median, quartiles, 5th 
and 95th percentiles and minimum- maximum values in groups 
of healthy volunteers and diabetic patients. The p- value of the 
comparison between all the groups (Kruskal– Wallis test) reached 
<0.001 for all tests with the exception of STAI- Y1 (p = 0.006). 
Differences between individual groups were calculated using post 
hoc tests and are expressed as the letters a, b, c; the same letters 
mark values of categories within a given row, denoting groups that 
are not mutually statistically different. HC group, Non- diabetic 
healthy controls; DM group, Patients with diabetes without PNP; 
nDSPN, Pain- free diabetic distal symmetrical polyneuropathy; 
pDSPN, Painful diabetic distal symmetrical polyneuropathy; 
BDI- II, Beck Depression Inventory -  II; HADS- A, Hospital Anxiety 
and Depression Scale -  Anxiety; HADS- D, Hospital Anxiety and 
Depression Scale -  Depression; STAI- Y1, State- Trait Anxiety 
Inventory -  State; STAI- Y2, State- Trait Anxiety Inventory -  Trait



384 |   KEC et al.

40%– 50% for depression (Gureje et al., 1998) and 25%– 29% 
for anxiety (Turk et al., 2010). Selvarajah et al., (2014) in a 
cohort of 142 patients with pDSPN disclosed significantly 
higher  prevalence  of  affective  distress  (51.4%,  Selvarajah 
et  al.,  2014)  than  the  contemporaneous  reported  preva-
lence of mood disorders and affective distress  in patients 

with  diabetes  including  painful  neuropathy  individuals 
(32.0%  for  anxiety;  22.4%  for  depression;  Collins  et  al., 
2009)  and  reported  a  frequent  coexistence  of  symptoms 
of depression and anxiety (Selvarajah et al., 2014). The re-
sults herein are quite closely comparable with both these 
studies. The use of a wider battery of questionnaires in the 

HADS- D BDI II

R square (R2) 0.288 (0.537) 0.279 (0.528)

ANOVA (whole model 
significance)

<0.001 <0.001

F 26.2 13.6

Beta p VIF Beta p VIF

Constant (intercept) 0.905 0.052 4.965 0.041

Age – 0.144 0.046 1.009

Female sex 0.191 0.009 1.008

Diabetes type II 0.294 <0.001 1.154

Mean pain intensity 
(previous week)

0.145 0.032 1.230 0.287 <0.001 1.146

PCS magnification 0.282 <0.001 1.174 0.291 <0.001 1.148

Note: Abbreviations: ANOVA, analysis of variance; BDI- II, Beck Depression Inventory— II; beta, 
standardized beta coefficients (regression weights); F, overall significance of the regression model; 
HADS- D, Hospital Anxiety and Depression Scale— Depression; mTCNS, modified Toronto Clinical 
Neuropathy Score; PCS, Pain Catastrophizing Scale; R squared, coefficient of determination (the 
proportion of the variance in the dependent variable that is predictable from independent variable(s); 
VIF, variance inflation factor.
aMultiple regression analysis of particular tests reflecting depression or anxiety (dependent variables) and 
selected categorical and continuous independent variables in age-  and sex- matched groups of patients/
controls (50 individuals each).

T A B L E  4  Multiple regression 
analysis of depression testsa

HADS– D BDI II

R square (R2) 0.304 (0.551) 0.289 (0.538)

ANOVA (whole model 
significance)

<0.001 <0.001

F 28.4 14.4

Beta p VIF Beta p VIF

Constant (intercept) 1.015 0.029 5.331 0.027

Age – 0.147 0.042 1.009

Female sex 0.200 0.006 1.009

Diabetes type II 0.287 <0.001 1.132

mTCNS symptoms (sum 
score)

0.205 0.003 1.270 0.316 <0.001 1.209

PCS magnification 0.252 <0.001 1.232 0.263 0.001 1.208

Note: Abbreviations: ANOVA, analysis of variance; BDI- II, Beck Depression Inventory— II; beta, 
standardized beta coefficients (regression weights); F, overall significance of the regression model; 
HADS- D, Hospital Anxiety and Depression Scale— Depression; mTCNS, modified Toronto Clinical 
Neuropathy Score; PCS, Pain Catastrophizing Scale; R squared, coefficient of determination (the 
proportion of the variance in the dependent variable that is predictable from independent variable(s); 
VIF, variance inflation factor.
aMultiple regression analysis of particular tests reflecting depression or anxiety (dependent variables) and 
selected categorical and continuous independent variables in age-  and sex- matched groups of patients/
controls (50 individuals each).

T A B L E  5  Multiple regression 
analysis of depression tests— alternative 
modela
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study herein even increased the proportion of pDSPN pa-
tients with signs of depression (to 46.7%) and anxiety (to 
60.5%) and signs of any emotional distress  to 64.8%. The 
proportion  of  nDSPN  and  DM  patients  with  symptoms 
of  anxiety  reported  herein  (44.4%  and  30.0%)  or  depres-
sion (24.4% and 22.0%) was significantly lower than those 
of  pDSPN  patients,  but  higher  compared  with  healthy 
controls  (14.1%  and  7.0%).  The  presence  of  symptoms  of 
anxiety or depression even in some healthy controls is not 
surprising considering the inclusion/exclusion criteria: for 
our study the controls and patients from all study groups 
were recruited regardless their previous contacts with psy-
chiatry or psychology and/or current or previous presence 
of some depressive or anxiety symptoms. The prevalence of 
patients reporting some depression or anxiety symptoms in 
our settings is fully in line with previously reported positiv-
ity of particular questionnaires observed in general popula-
tion (Ptáček et al., 2016; Stein et al., 2017).

4.2 | Risk factors for 
anxiety and depression

Previous  studies  of  chronic  pain  have  reported  an  asso-
ciation  between  emotional  distress  and  several  risk  fac-
tors  such  as  female  sex,  lower  age,  pre- existing  mood 
disorders, lower socio- economic status, fewer social con-
tacts,  longer duration of pain, greater pain  intensity and 

disability status, the influence of illness beliefs and pain- 
coping  mechanisms  (McCracken  et  al.,  2004;  Ohayon  & 
Schatzberg,  2010).  Unfortunately,  some  of  these  factors 
have  also  been  described  as  risk  factors  for  anxiety  and 
depression beyond any chronic neuropathic pain context, 
so interpretation of causality is difficult (Raputova et al., 
2017; Spallone & Greco, 2013). Current published knowl-
edge of what contributes to emotional distress in pDSPN 
thus remains very limited (Selvarajah et al., 2014). To date, 
diabetes factors reported to be associated with emotional 
distress  include  the  following:  poor  glycaemia  control, 
duration  of  diabetes  and  the  presence  of  diabetes  com-
plications  (de  Groot  et  al.,  2001).  Only  few  reports  have 
considered  the combined  influence of both diabetes and 
pDSPN  on  emotional  distress  (Davies  et  al.,  2006;  Galer 
et al., 2000) as appears herein. This contribution confirms 
the importance of certain previously reported risk factors 
in emotional distress— female sex,  lower age,  severity of 
pain,  severity  of  neuropathy  and  disability,  catastrophic 
thinking  and  level  of  education.  Some  of  these  factors, 
however,  contribute  more  to  pain  than  to  depression 
and  anxiety;  the  exact  mechanism  of  emotional  distress 
is  probably  complex  and  certainly  not  fully  understood. 
Chronic neuropathic pain in diabetic patients proved to be 
the predominant factor contributing to emotional distress.

Socioeconomic factors have been reported as contrib-
uting significantly to emotional distress in pain- suffering 
diabetic  neuropathy  patients  (Selvarajah  et  al.,  2014), 

T A B L E  6  Multiple regression analysis of anxiety testsa

HADS- A STAI- Y1 STAI- Y2

R square (R2) 0.200 (0.447) 0.122 (0.349) 0.210 (0.458)

ANOVA (whole model 
significance)

<0.001 <0.001 <0.001

F 16.2 9.0 12.9

Beta p VIF Beta p VIF Beta p VIF

Constant (intercept) 2.406 <0.001 37.839 <0.001 31.7 <0.001

Female sex 0.129 0.057 1.005 0.182 0.005 1.006

Diabetes type II 0.160 0.021 1.154

Mean pain intensity 
(previous week)

0.243 0.001 1.230 0.168 0.029 1.309 0.249 <0.001 1.151

PCS magnification 0.197 0.005 1.174 0.185 0.008 1.172

BMI 0.165 0.013 1.047

Any clinical sensory 
disturbance

0.216 0.006 1.314

Note: Abbreviations: ANOVA, analysis of variance; BDI- II, Beck Depression Inventory— II; beta, standardized beta coefficients (regression weights); BMI, 
body mass index; F, overall significance of the regression model; HADS- A, Hospital Anxiety and Depression Scale— Anxiety; HADS- D, Hospital Anxiety and 
Depression Scale— Depression; mTCNS, modified Toronto Clinical Neuropathy Score; PCS, Pain Catastrophizing Scale; R squared, coefficient of determination 
(the proportion of the variance in the dependent variable that is predictable from independent variable(s)); STAI- Y1, State- Trait Anxiety Inventory— State; 
STAI- Y2, State- Trait Anxiety Inventory— Trait; VIF, variance inflation factor.
aMultiple regression analysis of particular tests reflecting depression or anxiety (dependent variables) and selected categorical and continuous independent 
variables in age-  and sex- matched groups of patients/controls (50 individuals each).
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but  the  current  study  revealed  only  a  weak  association 
between education and anxiety in this subset of diabetic 
patients.  This  discrepancy  may  reflect  the  low  transfer-
ability  of  these  effects  among  different  socioeconomic 
backgrounds.

Also confirmed herein is the influence of diabetes upon 
emotional distress in diabetic patients independent of pain, 
in  the  form of  the presence of  type 2 DM, but  the mech-
anism remains unclear. The presence of diabetes mellitus 
irrespective of type in the analysis that included age-  and 
sex- adjusted  non- diabetic  controls  has  not  been  found  as 
an  independent  significant  contributor  to  depression  or 
anxiety. This study was unable to confirm any association 
between certain  factors  related  to diabetes  (such as dura-
tion, degree of control, presence of micro-  and macrovas-
cular complications, comorbidities) and emotional distress, 
either in pain- suffering polyneuropathy patients or diabetic 
patients in general, which have been reported in some pre-
vious  studies  (with  the  only  exception  of  microvascular 
complications related to HADS- D score— Table S5a).

Severity of neuropathy has recently been described as 
closely associated with the presence and severity of pain 
in  pDSPN  (Raputova  et  al.,  2017;  Themistocleous  et  al., 
2016), but the current study showed that it may contribute 
especially to symptoms of depression independent of pain 
in DSPN patients.

4.3 | Depression versus anxiety

Despite  a  wide  overlap  in  the  symptoms  of  depression 
and anxiety in painful diabetic neuropathy and in diabetic 
patients in general, partly different mechanisms and risk 
factors have been subject of speculation. Selvarajah et al. 
found that being single, unemployed or early retired, with 
shorter duration of diabetes and fewer diabetic microvas-
cular complications were associated with greater anxiety 
symptom scores but not scores quantifying symptoms of 
depression. Furthermore, greater self- reported pain inten-
sity was more strongly associated with anxiety symptoms 
than with scores for symptom of depression. Conversely, 
more  severe  greater  quality- of- life  impairment  was  as-
sociated with higher  scores  for  symptoms of depression. 
The design of Selvarajah's study, performed only in pain- 
suffering  DSPN  patients,  however,  has  not  enabled  de-
termination  of  whether  these  factors  contribute  directly 
to  emotional  distress  or  primarily  to  neuropathic  pain 
(Selvarajah  et  al.,  2014).  In  the  current  study,  some  dif-
ferences  emerged  between  the  proportion  of  abnormali-
ties reflecting symptoms of depression and anxiety (with 
a higher proportion for anxiety (60.5% vs. 46.7%), but with 
a wide overlap. There were also differences between the 
presence and degree of correlation between contributing 

factors  and  the  depression  and  anxiety  scores  assessed, 
but it is not possible to come to any conclusion regarding 
different mechanisms of development for anxiety and de-
pression in painful diabetic neuropathy in the light of the 
findings herein.

4.4 | Affective state versus cognitive- 
interpretative process

The  reciprocal  relationship  between  affective  state  and 
cognitive– interpretive  processes  resulting  in  respondent 
conditioning is widely described in the chronic pain litera-
ture (Vlaeyen et al., 1995). Pain catastrophizing is generally 
viewed as an important cognitive factor that develops with 
chronic pain (Muris et al., 2007), and pain catastrophizing 
and emotional distress may act as prognostic indicators for 
pain  and  disability  (Bergbom  et  al.,  2011).  Research  into 
how  these  variables  interact  within  individuals  and  over 
time is at an early stage (Bergbom et al., 2011). There are 
reports that an inverse relationship exists between positive 
personality  traits  and  protection  against  pain  perception 
and  pain  catastrophizing  (Pulvers  &  Hood,  2013),  while 
other  authors  differentiate  between  personality  and  tem-
perament correlates of pain catastrophizing (Muris et al., 
2007), or distinguish state and trait characteristics of PCS 
(Dumenci et al., 2020) in similar fashion to STAI- Y focused 
on anxiety. It is confirmed herein that catastrophic think-
ing as evaluated by PCS, is a powerful contributor to emo-
tional distress not only in pain- suffering diabetic patients, 
but at least partly independently of the presence and sever-
ity of pain in diabetic patients as well. It may be posited that 
the trait or personality components of catastrophic think-
ing play a role in development of symptoms of depression 
and anxiety in individuals with non- pain conditions or vice 
versa, but this requires further research.

4.5 | Responses to treatment

According to the literature, treating pain aggressively is a 
possible means of alleviating mood disorders  in patients 
with pDSPN (Fishbain et al., 2010). This contradicts other 
findings  that  suggest  that  this  simple  approach  is  com-
plicated  by  other  factors  that  contribute  independently 
to emotional distress  in pDSPN (Selvarajah et al., 2014). 
Restricting the focus to pharmacological  treatments  that 
are often  ineffective can prove harmful, especially when 
this approach occludes other potential goals. The current 
study was unable to confirm, that patients, responding well 
to analgesic therapy displayed any different frequency or 
severity of emotional distress from those with inadequate 
response to therapy. Such findings favour the hypothesis 
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that at least some factors contributing to the development 
and  severity  of  anxiety  and  depression  could  have  inde-
pendent  influence  upon  emotional  distress  in  patients 
with painful diabetic polyneuropathy.

5 |  LIMITATIONS

Limitations  of  this  study  include  the  inadequate  sample 
size of the DM group, which did not allow us to examine 
in detail  the  independent  influence upon emotional dis-
tress of different aspects of diabetes mellitus.

The  comparability  of  studies  based  on  psychological 
questionnaires is debateable, since these tests are prone to 
several biases. The results are dependent on the method of 
administration and/or the criteria that define ‘abnormal-
ity’  (Fried, 2017). We are aware  that using more  tests  to 
reflect symptoms of depression and anxiety increases the 
sensitivity of this battery but decreases specificity for the 
detection of emotional distress.

6 |  CONCLUSION

This  study  draws  attention  to  a  very  high  prevalence  of 
symptoms of depression and anxiety symptoms not only 
in patients with painful diabetic polyneuropathy, but also 
in  diabetic  patients  without  pain.  In  addition  to  the  se-
verity of neuropathic pain and its cognitive processing, it 
disclosed demographic factors (lower age, female sex), the 
presence of type 2 diabetes mellitus and the severity of dia-
betic polyneuropathy as contributors to emotional distress 
independent of pain in diabetic patients and age-  and sex- 
adjusted non- diabetic healthy controls.
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