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Abstract
Aims/hypothesis  While the risk factors for diabetic peripheral neuropathy (DPN) are now well recognised, the risk factors 
for painful DPN remain unknown. We performed analysis of the EURODIAB Prospective Complications Study data to 
elucidate the incidence and risk factors of painful DPN.
Methods  The EURODIAB Prospective Complications Study recruited 3250 participants with type 1 diabetes who were 
followed up for 7.3±0.6 (mean ± SD) years. To evaluate DPN, a standardised protocol was used, including clinical assess-
ment, quantitative sensory testing and autonomic function tests. Painful DPN (defined as painful neuropathic symptoms in 
the legs in participants with confirmed DPN) was assessed at baseline and follow-up.
Results  At baseline, 234 (25.2%) out of 927 participants with DPN had painful DPN. At follow-up, incident DPN developed 
in 276 (23.5%) of 1172 participants. Of these, 41 (14.9%) had incident painful DPN. Most of the participants who developed 
incident painful DPN were female (73% vs 48% painless DPN p=0.003) and this remained significant after adjustment for 
duration of diabetes and HbA1c (OR 2.69 [95% CI 1.41, 6.23], p=0.004). The proportion of participants with macro- or 
microalbuminuria was lower in those with painful DPN compared with painless DPN (15% vs 34%, p=0.02), and this asso-
ciation remained after adjusting for HbA1c, diabetes duration and sex (p=0.03).
Conclusions/interpretation  In this first prospective study to investigate the risk factors for painful DPN, we definitively 
demonstrate that female sex is a risk factor for painful DPN. Additionally, there is less evidence of diabetic nephropathy in 
incident painful, compared with painless, DPN. Thus, painful DPN is not driven by cardiometabolic factors traditionally asso-
ciated with microvascular disease. Sex differences may therefore play an important role in the pathophysiology of neuropathic 
pain in diabetes. Future studies need to look at psychosocial, genetic and other factors in the development of painful DPN.

Keywords  Diabetic peripheral neuropathy · Epidemiology · Neuropathic pain · Painful diabetic neuropathy · Painful 
neuropathy · Type 1 diabetes mellitus
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Abbreviations
CAN	� Cardiac autonomic neuropathy
DPN	� Diabetic peripheral neuropathy
VPT	� Vibration perception threshold

Introduction

Painful diabetic peripheral neuropathy (painful DPN) affects 
up to 25% of individuals with diabetes and is a leading fac-
tor that prompts those with DPN to seek medical advice 
[1, 2]. Painful DPN presents with a range of neuropathic 
symptoms, including burning, deep aching, pins and needles 
and electric shock like pains, resulting in moderate to severe 
unremitting lower-limb pain in over 70% of cases [3, 4]. 
These unpleasant symptoms have a profound effect on suf-
ferers’ lives, leading to insomnia [4], poor quality of life [4, 
5], unemployment [6] and depression [6, 7]. Unfortunately, 
current treatments for painful DPN are only partially effec-
tive at best, providing 50% pain relief in less than 50% of 
affected individuals [8]. Moreover, individuals with painful 
DPN have significant healthcare resource utilisation costs 
[9]. A recent study from the USA found that annual direct 
medical costs for painful DPN were over double those for 
painless DPN, and over four times those for diabetes alone 
[9]. There is therefore a good rationale for a better under-
standing of the risk factors for this disease as it might give 
insight into new treatment and prevention strategies.

The risk factors for DPN have been extensively studied in 
high-quality prospective studies [10, 11]. In the EURODIAB 
study that followed 1172 participants with type 1 diabetes 
who did not have DPN at baseline, the incidence of DPN 
was found to be 23.5% over 7.3±0.6 years [11]. The risk fac-
tors for incident DPN included duration of diabetes, elevated 
HbA1c, obesity, smoking, elevated triglycerides, elevated 
urinary AER and hypertension. Conversely, there is no con-
sensus on the risk factors of painful DPN, although a number 
of factors have been proposed, including age, obesity, dura-
tion of diabetes and female sex [3, 5, 12–22]. However, all 
the studies investigating the risk factors for painful DPN are 
cross-sectional and therefore not as robust as those examin-
ing the risk factors for DPN. The EURODIAB Prospective 
Diabetes Complications Cohort thus represents a unique 
opportunity to investigate the risk factors for painful DPN 
in a prospective study.

Methods

Participants and baseline investigations  The EURODIAB 
Prospective Complications Study recruited 3250 patients 
(1668 men and 1582 women; sex was determined by partici-
pant self-report; no-one reported a different sex from those 
assigned at birth) with type 1 diabetes from 31 clinics across 
Europe; the study was therefore representative of the local 
European population of type 1 diabetes patients. Participant 
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selection and the EURODIAB Prospective Complications 
Study methodology have been described in detail previously 
[11, 23]. In brief, participants were selected at random from 
lists stratified by 5 year age groups and sex; therefore, there 
was adequate age and sex representation. Physicians were 
trained in all standardised procedures and baseline exami-
nations were conducted from 1989 to 1991. A subsequent 
follow-up visit occurred between 1997 and 1999, with a 
mean ± SD follow-up period of 7.3±0.6 years. Clinical his-
tory (including medication history, past medical history and 
alcohol intake) and examination, participant morphometric 
and biochemical data were collected at baseline. Baseline 
biochemical blood tests (HbA1c, von Willebrand factor, 
fibrinogen, lipids, vitamin B12, folate, thyroid function, liver 
function tests) and urine sampling (24 h urinary excretion 
rate from a single 24 h urine collection) were performed 
as previously described [11]. The study received approval 
from ethics committees at each centre and written informed 
consent was gained from all participants.

Assessment of nephropathy and retinopathy  Microalbu-
minuria was defined as a urinary AER of 20–200 μg/min 
and macroalbuminuria was defined as a rate greater than  
200 μg/min. The presence and severity of diabetic retin-
opathy was determined from centrally graded retinal pho-
tographs taken with a wide-angle camera (two fields per 
eye) [24]. Diabetic retinopathy was classified as either back-
ground/non-proliferative or proliferative. Cardiac autonomic 
neuropathy (CAN) was assessed by the change in systolic 
BP and the electrocardiographic RR ratio on standing after 
participants had rested for 5 min in a supine position [11]. 
The presence of CAN was defined as a loss of heart rate vari-
ability, RR ratio <1.04 of the longest RR interval between 
28th and 32nd beats after standing and the shortest interval 
between the 13th and 17th beats [11].

Assessment and definition of DPN  Physicians underwent 
central training in London and all clinical examinations and 
investigations (including autonomic function and vibration 
perception threshold [VPT] tests) were standardised. Par-
ticipants with history, examination or biochemical features 
suggesting other forms of diabetic neuropathy (e.g. diabetic 
amyotrophy) or polyneuropathy (e.g. vitamin B12 deficiency 
or chemotherapy induced) due to causes other than diabetes 
were excluded. Assessment of VPT was measured by cen-
trally calibrated biothesiometers (Bio-medical Instrument 
Company, Newbury, OH, USA). Three readings on the right 
big toe and right medial malleolus were obtained and aver-
aged. Results were classified according to age-related cri-
teria [25].

DPN was defined as the presence of two or more of the 
following criteria [11]: the presence of one or more neu-
ropathic symptoms (defined as any of the following in the 

preceding 6 months: ‘asleep’ numbness or ‘dead feeling’ 
in the feet; a ‘prickling’ sensation in the feet; deep aching 
pains in the legs and/or feet; burning pains in the legs and/
or feet; unusual difficulty in climbing stairs; difficulty with 
bladder control, and nocturnal diarrhoea); the absence of 
two or more reflexes of the ankle or knee tendons (with rein-
forcement if necessary); an abnormal VPT; and the presence 
of CAN. In those participants with incident DPN, the pres-
ence of painful DPN was assessed. Painful DPN was deemed 
present if a participant had evidence of distal symmetrical 
polyneuropathy (according to the protocol) with painful neu-
ropathic symptoms (deep aching or burning pains) in the 
distribution of the peripheral neuropathy.

Statistical analysis  Data were analysed using the statisti-
cal package SAS 9.2 (SAS Institute, NC, USA). Measured 
baseline risk factors were compared between people with 
incident painless and painful DPN at follow-up. For data 
that were parametric, group means were compared using 
the Student’s t test. For non-parametric data, medians were 
compared using the Mann–Whitney U test. The χ2 test was 
used to assess differences between group percentages. Mul-
tiple logistic regression was used to adjust for confounding 
factors (HbA1c and duration of diabetes) and to calculate 
standardised ORs. For continuous risk factors, this is the 
change in odds associated with an increase of 1 SD in that 
risk factor and for dichotomous variables the standardised 
OR has as a reference group those participants without the 
respective risk factor. A p value lower than 0.05 was consid-
ered statistically significant.

Results

Incidence of painful DPN  As previously described, 3250 
individuals were examined at baseline; 3193 were assessed 
for neuropathy, of which 927 were diagnosed as having DPN 
[11]. The prevalence of painful DPN at baseline in those 
with DPN was 25.2% (234/927). At follow-up, 1172 par-
ticipants without DPN at baseline were reassessed (Fig. 1). 
DPN had developed in 276 participants, giving an incidence 
of 23.5% [11]. Incident painful DPN was reported in 41 out 
of these 276 patients (14.9%).

Risk factors of painful DPN  The baseline characteristics of 
the participants who went on to develop painful and painless 
DPN are presented in Table 1. Comparing the participants 
with painless and painful DPN, there were no significant 
differences in clinical and demographic variables, including 
age, BMI, HbA1c, lipid profile and BP. However, the propor-
tion of female participants was significantly higher in the 
incident painful DPN (73%) compared with painless DPN 
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group (48%, p=0.003). Height was lower in the painful DPN 
group, which could be accounted for by the higher propor-
tion of female participants. In those that developed painful 
DPN, the degree of nephropathy at baseline was less, with 
lower rates of micro- or macroalbuminuria (p=0.02). How-
ever, there was no difference in the severity of peripheral 
neuropathy between the two groups, as measured by VPT, 
CAN or number of abnormal criteria used to define DPN.

To further explore the risk factors for incident painful 
DPN, ORs were calculated. As higher HbA1c levels and dura-
tion of diabetes are known to increase the incidence of DPN 
[11] and thus act as confounders, they were adjusted for in this 
analysis (Table 2). A lower proportion of participants with 
incident painful DPN had micro- or macroalbuminuria. The 
participants with painful DPN also had a lower calculated 
AER. In addition, those with painful DPN had lower WHR, 
were shorter and, most striking of all, were 2.7 times more 
likely to be female. As lower height and smaller WHR are 
associated with female sex, the ORs were calculated adjusting 

for sex, as well as HbA1c and duration of diabetes (Table 2). 
Neither height nor WHR were statistically significant in par-
ticipants with painful DPN in this analysis. However, the 
proportion of individuals displaying micro- or macroalbu-
minuria remained significantly lower and the AER remained 
significantly lower. To examine whether this association is a 
risk factor for incident painful neuropathy in both men and 
women, a sex-stratified analysis was carried out (Table 3). The 
AER was still significantly lower in female participants with 
incident painful DPN, but not in male participants.

Discussion

Chronic painful DPN can be extremely distressing and is 
a leading cause of morbidity and healthcare utilisation [1, 
3–7, 9]. Furthermore, its pathophysiology remains undeter-
mined and current treatments provide sub-optimal pain relief 
[8, 26]. Therefore, there is a clear rationale for identifying 

Fig. 1   Participants examined 
for progression to painful 
neuropathy in the EURODIAB 
study [11]
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Table 1   Baseline characteristics 
of 276 participants according 
to the incidence of painful or 
painless diabetic neuropathy

Data are presented as percentages or means ± SD or, for non-normal distribution, as medians (5th percen-
tile, 95th percentile)
a The BP data exclude participants who were undergoing antihypertensive therapy
* p<0.05, **p<0.01

Variable Painless DPN
(n=235)

Painful DPN
(n=41)

p value

Age, years 33.4±9.9 35.0±10.1 0.3
Duration of diabetes, years 14.9±8.9 15.0±9.0 0.9
Sex, % female 48 73 0.003**
History of smoking, % 52 63 0.2
Height, cm 169±9.1 166±9.0 0.04*
Weight, kg 69.1±11.3 67.4±10.2 0.4
BMI, kg/m2 24.1±3.0 24.5±3.2 0.5
WHR 0.84±0.11 0.81±0.11 0.07
HbA1c, mmol/mol 68±15.4 69±13.0 0.7
HbA1c, % 8.4±1.9 8.5±1.6
Insulin, U/kg body weight 0.67±0.20 0.69±0.22 0.5
Total cholesterol, mmol/l 5.43±1.16 5.56±0.90 0.4
LDL-cholesterol, mmol/l 3.44±1.00 3.48±0.93 0.8
HDL-cholesterol, mmol/l 1.47±0.43 1.50±0.36 0.7
Triglyceride, mmol/l 0.93 (0.54, 3.10) 1.14 (0.57, 2.51) 0.1
Fibrinogen, g/l 3.16±0.85 3.21±1.14 0.7
von Willebrand factor, U/ml 1.20 (0.63, 2.28) 1.23 (0.53, 1.91) 0.9
Systolic BP, mmHga 119 (97, 154) 115 (78,152) 0.2
Diastolic BP, mmHga 75 (57, 89) 76 (48,95) 0.9
Hypertension, % 26 20 0.4
History of CVD, % 12 17 0.4
AER, μg/min 11.9 (3.8, 464.0) 9.9 (3.1, 155.7) 0.1
Macroalbuminuria, % 8.3 2.7 0.2
Micro- or macroalbuminuria, % 34 15 0.02*
Any retinopathy, % 52 48 0.5
Proliferative retinopathy, % 8 7 0.8
CAN, % 26 29 0.6

Table 2   Risk factors for painful 
neuropathy after adjustment for 
HbA1c and duration of diabetes 
and for HbA1c, duration of 
diabetes and sex

Standardised ORs are expressed per SD increase in each continuous risk factor
ORs for dichotomous variables have as a reference group those participants without the respective risk factor
a Log transformation was used

Variable OR (95% CI) p value

Adjustment for HbA1c and duration of diabetes
  Female sex 2.69 (1.41, 6.23) 0.004
  Height, cm 0.70 (0.49, 0.99) 0.04
  WHR 0.69 (0.46, 1.03) 0.07
  AER, μg/mina 0.59 (0.30, 0.95) 0.03
  Micro- or macroalbuminuria, % 0.34 (0.13, 0.88) 0.03
Adjustment for HbA1c, duration of diabetes and sex
  Height, cm 0.98 (0.61, 1.56) 0.9
  WHR 0.91 (0.62, 1.34) 0.6
  AER, μg/mina 0.60 (0.36, 1.00) 0.05
  Micro- or macroalbuminuria, % 0.35 (0.13, 0.91) 0.03
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risk factors for painful DPN. Despite this, few well-designed 
studies have looked at the incidence and risk factors for pain-
ful DPN and in particular there have been no prospective 
studies. Thus, the EURODIAB Prospective Diabetes Com-
plication Study, one of the largest multi-centre prospective 
diabetes studies, provides a unique opportunity. The preva-
lence of painful DPN in a cohort of 3250 individuals (mean 
age 30.7 years) at baseline was 7.2%. After excluding par-
ticipants with DPN at baseline, 276 (23.5%) developed DPN 
after 7.3 years, and of these 14.9% had incident painful DPN. 
In this European study, there was a striking preponderance 
for the development of painful DPN in female participants, 
providing the strongest evidence so far for female sex being 
a major risk factor for painful DPN. Furthermore, there was 
less evidence of nephropathy at baseline, measured by albu-
minuria, in participants with incident painful compared with 
painless DPN. This suggests that the development of painful 
DPN may not be driven by simple cardiometabolic factors 
but may be influenced by psychological, social, cultural, 
genetic and other factors [2, 7, 22]. Although there have 
been cross-sectional studies this is the first prospective study 
to show that female sex is a risk factor for painful DPN.

Key risk factors for DPN, including poor glycaemic con-
trol and markers of large vessel disease, such as hyperten-
sion, smoking, increased triglycerides, obesity and raised 
cholesterol have already been reported in the same cohort 
of participants [11]. Similar findings have since been con-
firmed more recently [10] in type 2 diabetes. In contrast, 
the risk factors for painful DPN are less well known [2]. 
However, a number of cross-sectional studies have found 
increasing age [12, 14, 15, 19], duration of diabetes [12, 15, 
19, 27], obesity [12–14, 16, 27] and severity of neuropathy 
[5, 16–18] to be risk factors for painful DPN. Female sex has 
also been highlighted as a potential risk factor for painful 

DPN in recent studies [3, 15, 17, 19–21, 27, 28]. Neverthe-
less, it has been highlighted that prospective epidemiological 
studies are needed to confirm that female sex is a risk factor 
for painful DPN [29]. Our study meets this need and proves 
the findings from cross-sectional studies, including a large 
cohort study in England (N=15,692) that found women had a 
50% increased adjusted risk for painful DPN compared with 
men [3]. More recently, Truini et al consecutively enrolled 
816 diabetes patients and found that 13% had painful DPN, 
with female sex as the only identifiable risk factor (p=0.03 
vs painless DPN) [20]. Another recent study also demon-
strated that female participants with diabetes reported a 
higher frequency and intensity of pain despite milder nerve 
injury [29]; however, other studies [3, 19] that assessed pain 
severity did not find a significant relationship with female 
sex. It is noteworthy that all these previous studies were 
cross-sectional and that our large and well-conducted Euro-
pean study definitively demonstrates a causal link between 
female sex and painful DPN.

There is now a considerable body of literature that 
suggests there is a difference between men and women 
in the prevalence of chronic pain [30]. Population-based 
research has consistently demonstrated a greater preva-
lence of chronic pain conditions, including neuropathic 
pain, among women relative to men [31–33]. However, 
the mechanisms underlying sex differences in chronic pain 
are incompletely understood. Sex hormones are known to 
contribute to sexual differentiation of the nervous system 
and are hypothesised to be involved in pain modulation 
[34]. Fluctuations in oestrogen levels may contribute to 
increased pain sensitivity in women whereas testosterone 
in men may promote pain relief. Sex hormones also appear 
to interact with the neuroimmune system to alter sensory 
neuron activity. Recent animal model data indicate dif-
ferent innate and adaptive immune system responses to 
neuropathic pain models between males and females [35]. 
The involvement of microglia and T cells in mediating 
pain hypersensitivity appears to be sexually dimorphic, 
whereas macrophages, primary sensory neurons and spi-
nal dorsal horn neurons are involved in a sex-independent 
manner [35]. A recent review concluded that the use of 
transcriptomic analysis for studying neuropathic pain 
could be an unbiased, effective strategy to identify molec-
ular mechanisms and better therapeutic targets in men and 
women [35]. Moreover, significant sex-specific cerebral 
differences have been demonstrated not only in neuro-
pathic pain but also in chronic pain. In women, key regions 
of the brain responsible for detection and processing of 
nociception (e.g. primary somatosensory cortex, insular 
cortex, anterior cingulate cortex and thalamus) have been 
found to have altered structure and function, and response 
to experimental pain [36]. Furthermore, it is possible that 
sex differences in pain are not entirely of a biological basis 

Table 3   Risk factors for painful neuropathy after adjustment for 
HbA1c and diabetes duration by sex

Standardised ORs are expressed per SD increase in each continuous 
risk factor. ORs for dichotomous variables have as a reference group 
those participants without the respective risk factor
a Log transformation was used

Variable OR (95% CI) p value

Men
  Height, cm 0.99 (0.51, 1.90) 0.9
  WHR 0.70 (0.31, 1.56) 0.4
  AER, μg/mina 0.87 (0.39, 1.94) 0.7
  Micro- or macroalbuminuria, % 0.22 (0.03, 1.87) 0.2
Women
  Height, cm 0.96 (0.63, 1.46) 0.9
  WHR 0.98 (0.65, 1.49) 0.9
  AER, μg/mina 0.53 (0.30, 0.93) 0.03
  Micro- or macroalbuminuria, % 0.39 (0.13, 1.17) 0.09
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as several psychosocial and cultural factors have also been 
proposed, including sociocultural differences in gender 
roles, higher levels of catastrophising and altered coping 
strategies [30, 33]. Clearly the pathophysiological basis 
of sex differences in pain requires urgent attention, as this 
could have a considerable impact upon the prevention 
and treatment of neuropathic pain in women. Moreover, 
although several studies have demonstrated a higher preva-
lence of painful DPN in women, it is not known whether 
there are specific sex differences in the pathophysiology 
of painful DPN [37]. Clearly, well-designed mechanistic 
research in well-characterised (phenotyped) individuals is 
required to investigate this further.

In this study, incident painful DPN was not related to clini-
cal or metabolic factors but it was associated with a lower 
baseline prevalence of diabetic nephropathy [11]. We know 
that DPN (painless) is driven by glycaemic control and tradi-
tional risk factors for CVD [11]. We also know that the devel-
opment of nephropathy is similarly driven by cardiometabolic 
factors [38], hence the increased baseline prevalence of albu-
minuria in those that develop painless DPN. The lack of rela-
tionship between cardiometabolic factors and the incidence 
of painful DPN suggests that the development of neuropathic 
pain appears to be more complex and may not be entirely 
explained by cardiometabolic factors. After all, pain is well 
recognised to be influenced by cultural, environmental and 
psychosocial factors in addition to potential factors including 
peripheral structural/molecular biomarkers [37], central nerv-
ous system pain processing [37], genetics [22] and sex [20].

Our study provides the only prospective incidence data 
for painful DPN. In this cohort of young individuals with 
type 1 diabetes (mean age 30.7 years), we found the inci-
dence of painful DPN to be 14.9% in those with confirmed 
DPN after 7 years of follow-up. Additionally, the baseline 
prevalence of painful DPN in our study was 25.2%. This 
is relatively similar to the prevalence reported by studies 
conducted in individuals with type 1 diabetes and type 2 dia-
betes [3], and type 2 diabetes [1, 5]. However, the reported 
prevalence rates for painful DPN varies greatly among stud-
ies (5.8–54.8%) [1, 3, 5, 12, 13]. The predominant reason for 
this is the differences in case definition and diagnostic tech-
niques used among studies, although population differences 
may also contribute. A strength of our study is the robust 
detection of painful DPN, using the presence of common 
neuropathic pain symptoms in the presence of confirmed 
DPN using neurophysiological tests [39]. We therefore 
believe that our incidence and prevalence data are valid.

The great strengths of this study are that it is a large, 
prospective study with several years of follow-up and that 
participants underwent comprehensive neuropathy and dia-
betes evaluation. Moreover, the study was performed in par-
ticipants with type 1 diabetes, who were younger with poten-
tially fewer confounding factors than people with type 2 

diabetes. However, it may have some limitations. This study 
is an analysis of the EURODIAB cohort, with the participant 
follow-up completed in 1999. Since then, there have been 
improvements in neurological and pain phenotyping (e.g. 
calf skin biopsy [intra-epidermal nerve fibre density] and 
modern detailed quantitative sensory testing) that were not 
available when the study was designed. Additionally, partici-
pants unrepresentative of local European ethnic groups were 
not recruited into the study, which may have an impact on 
generalisability of the study findings. Moreover, neuropathic 
pain severity was not assessed in this epidemiological study. 
However, we believe the results are valid, due to the study 
being well-designed and representing the only prospective 
study to identify risk factors of painful DPN.

In conclusion, this largest-ever prospective study of pain-
ful DPN in type 1 diabetes, including over 1100 individuals 
followed for 7 years, has shown the strongest evidence that 
women are more at risk of developing painful DPN. Incident 
painful DPN was not related to metabolic variables (glycae-
mic control, hyperlipidaemia, etc.) or advanced microvas-
cular disease but was associated with lower incidence of 
albuminuria. The findings of this study will provide greater 
awareness that female patients are at risk of developing pain-
ful DPN in clinical practice.
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