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local dependency (item fit residuals: mean 0.050, SD 0.940; person fit residuals: mean 
-0.134, SD 1.068, item-trait interaction Chi-square p-value: 0.46, degrees of freedom (DF) 
60). Acceptable unidimensionality was obtained for the PART-Q30© using two subsets 
of items (4 most positively loaded versus 4 most negatively loaded items; independent 
t-tests between the two groups of items: 0.068 (95%-CI: 0.031-0.105)). The item “worried for 
walking up or down a ramp” was the easiest item to perform, while “worried for answering 
the telephone before it stops ringing” was the most difficult (Figure 1). Only four patients 
demonstrated floor effect; there was no ceiling effect.

Transforming the PDI and Norfolk-QOL-DN through Rasch analyses
Rasch-Transformation of the Norfolk (RT-Norfolk)
The 35-item Norfolk questionnaire was subjected to Rasch analyses and did not meet 
model’s expectations. In particular, item’s residual statistics deviated (mean -0.190, SD 
2.416). The person’s residual statistics were acceptable (mean -0.138, SD 1.239). The item-
trait interaction showed a significant Chi-square probability (p<0.00001), indicating no 
invariance. Disordered thresholds were seen in all except 3 items. 

Figure 1. Painful diabetes neuropathy Anxiety Rasch-Transformed 30-item scale (PART-Q30©)
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◀ Legend to Figure 1: Threshold map of the final 30 items as part of the PART-Q30©. The map shows 
the expected response for each item related to the ability of the patients. 

Description of items: fes15: How concerned are you that you will fall, while walking up or down a 
slope?; pass20: I find it hard to concentrate when I am in pain; tsk 9: I am afraid of injuring myself 
accidentally; tsk5: People are not taking my medical condition seriously enough; tsk11: I would not 
have this much pain if there was not something potentially dangerous going on in my body; pass16: 
I try to avoid activities that cause pain; tsk6: My pain has put my body at risk for the rest of my life; 
pass1: I think that if my pain gets too severe, it will never decrease; fes9: How concerned are you 
that you will fall, while reaching for something above your head or on the ground; pass14: When I 
hurt I think of the pain constantly; pass6: I will stop any activity as soon as I sense pain is coming; 
tsf3: My fatigue has put my body at risk for the rest of my life; pass5: I can’t think straight when I 
am in pain; pass 17: I find it difficult to calm my body down after periods of pain; ahv 1: How often 
have you have worried about not recognizing/realizing I am having a reaction because of low blood 
sugar; ahv17: How often have you worried about having a reaction while asleep because of low 
blood sugar; pass8: As soon as pain comes on I take medication to reduce it; pass19: When pain 
comes on strong I think that I might become paralyzed or more disabled; fes13: How concerned 
are you that you will fall, while walking in a place with crowds; bfn7: I am frequently afraid of other 
people noticing my shortcomings; pass2: When I feel pain I am afraid that something terrible will 
happen; fes2: How concerned are you that you will fall, while getting dressed or undressed; pass7: 
Pain seems to cause my heart to pound or race; pass9: When I feel pain I think I might be seriously 
ill; tsk2: If I were to try to overcome my pain, my symptoms would increase; fes6: How concerned 
are you that you will fall, while getting in or out of a chair; bfn8: I often worry that I will say or do 
the wrong things; ahv6: How often have you worried about appearing stupid or drunk because of 
low blood sugar; pass15: Pain makes me nauseous; fes10: How concerned are you that you will fall, 
while going to answer the telephone before it stops ringing. The item “worried for walking up or 
down a ramp” was the easiest item to perform, while “ worried for answering the telephone before 
it stops ringing” was the most difficult to accomplish.

The following steps were taken aiming to transform the ordinal-based Norfolk-QOL-DN to 
meet Rasch model’s expectations. No differential item bias was seen on person factors. 
First, all items were rescored based on the categories frequency distribution to three 
response options, hereby eliminating all disordered thresholds seen. Second, 9 items were 
deleted based on significant misfit statistics or fit residuals exceeding ± 2.5 (n = 26 items 
remaining). Third, 9 items were stepwise removed based on local dependency seen with 
corresponding residuals (n = 17 items remaining). The final 17-item RT-Norfolk fulfilled all 
Rasch model expectations (see Table 1; item fit residuals: mean -0.087, SD 1.071; person fit 
residuals: mean -0.203, SD 1.011; item-trait Chi-square probability: p=0.11, DF 34; PSI 0.85; 
acceptable unidimensionality: independent t-tests between the 4 most positively loaded 
and the 4 most negatively loaded items: 0.08 (95%-CI: 0.045-0.115)). The corresponding 
Logits for all patients on the final RT-Norfolk were extracted for correlation purposes with 
the fear scores obtained with the PART-Q30© (Table 1).
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Table 1: Rasch-Transformed 17-item Norfolk questionnaire (RT-Norfolk)

Item Location SE FitResid DF ChiSq

I0013 -1.373 0.165 -0.5 137.03 0.21

I0014 -1.203 0.162 -1.317 135.18 4.374

I0008 -1.133 0.155 1.158 137.96 8.728

I0007 -0.996 0.154 0.462 132.4 0.966

I0015 -0.804 0.151 -1.219 135.18 1.857

I0028 -0.789 0.163 -1.537 137.96 3.111

I0002 -0.782 0.232 -0.29 137.96 3.717

I0033 -0.281 0.155 -1.77 139.81 4.333

I0006 -0.06 0.181 -0.127 122.22 1.075

I0020 0.283 0.152 1.669 139.81 4.917

I0018 0.363 0.157 0.603 137.96 0.32

I0022 0.651 0.165 -1.158 137.03 2.415

I0021 0.81 0.17 0.485 137.96 2.628

I0004 0.881 0.187 1.681 114.81 1.443

I0026 1.205 0.178 -0.108 138.88 1.338

I0019 1.558 0.211 0.53 138.88 2.137

I0010 1.67 0.206 -0.048 137.96 0.934

Legend Table 1: Item 13: Have you felt unsteady on your feet when you walk?; Item 14: Have you 
had any problem getting out of a chair without pushing with your hands?; Item 8: Has pain kept 
you awake or woken you at night?; Item 7: Have you had any weakness in feet/legs/hands/arms/
none; Item 15: Have you had a problem walking down stairs?; Item 28: Have you accomplished less 
than you would like?; Item 2: Have you had the feeling of tingling, pins and needles in feet/legs/
hands/ arms/none; Item 33: To what extent has your physical health interfered with your normal 
social activities with family, friends, neighbours, or groups?; Item 6: Have you had deep pain in 
feet/legs/hands/arms/ none; Item 20: Have you had a problem with diarrhoea and/or loss of 
bowel control?; Item 18: Have you been unable to tell hot from cold water with your feet?; Item 
22: How much difficulty have you had with bathing/showering?; Item 21: Have you had a problem 
with fainting or dizziness when you stand?; Item 4: Have you had other unusual sensations in feet/
legs/hands/arms/none; Item 26: How much difficulty have you had using eating utensils?; Item 
19: Have you had a problem with vomiting, particularly after meals (but not due to flu or other 
illness)?; Item 10: Have you burned or injured yourself and been unable to feel it?. The final 17-
item RT-Norfolk fulfilled all Rasch model expectations ( item fit residuals: mean -0.087, SD 1.071; 
person fit residuals: mean -0.203, SD 1.011; item-trait Chi-square probability: p=0.11, DF 34; PSI 0.85; 
acceptable unidimensionality: independent t-tests between the 4 most positively loaded and the 
4 most negatively loaded items: 0.08 (95%-CI: 0.045-0.115)).
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Rasch-Transformation of the PDI (RT-PDI)
The same procedure was adopted aiming to transform the 7-item 11-response options 
PDI through Rasch analyses. The PDI did not meet model’s expectations. In particular the 
item fit residuals SD deviated significantly from model’s expectations (mean 0.339, SD 
3.057 (SD should be around 1)), while person fit residuals were acceptable (mean -0.321, 
SD 1.296). Four items demonstrated significant misfit statistics or fit residuals exceeding 
± 2.5 (see Figure 2). Five of the seven items demonstrated disordered thresholds. Three 
items demonstrated differential item functioning on person factor gender. Based on all 
these observations, we were unable to transform the PDI to meet model’s requirements. 
However, we have decided to use the obtained Logits for each patient from the initial Rasch 
analyses, hereby creating an interval measure (RT-PDI), although not perfect. Removing the 
items would ultimately lead to a scale of only two items that would not be representative.

Reliability and explanatory validity studies
The PSI of the PART-Q30© was good (0.90). Figure 3 shows the proportion of variances 
that were obtained from the regression studies for the PART-Q30© explaining RT-PDI, 
RT-PDI on RT-Norfolk, and the PART-Q30© combined with RT-PDI explaining RT-Norfolk. 
Approximately 1/3 (R2=0.36) of disability was explained by fear symptoms. Almost half of 
the experienced QoL reduction by the patients with PDN was explained by fear (R2=0.45). 
Fear combined with disability explained approximately 2/3 (R2=0.63) of QoL scores as 
assessed with the RT-Norfolk (Figure 3).
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Figure 2. Initial findings after subjecting the 7-item 11-response options PDI to Rasch analyses. PDI: 
pain disability index. The purple highlighted sections show significant misfit statistics for 3 items, 
the green highlighted sections show 2 items with fit residuals > +2.5, which deviates from model 
requirements. 

RT-Overall 
Anxiety (A) RT-PDI (B) RT-Norfolk (C)

36% B on A 52% C on B 

45% C on A 

63% C on A + B 

RT: Rasch-transformed

Figure 3. Regression studies linking anxiety, disability, and quality of life with each other in patients 
with PDN. PDN: painful diabetic neuropathy. RT: Rasch transformed, PDI: painful disability index. The 
RT-PDI and RT-Norfolk were the dependent variables. The proportion of variance was expressed 
in percentages. 

The full version of the Painful diabetic neuropathy Anxiety Rasch Transformed Questionnaire 
(PART-Q30©) is shown at the end of this chapter. In our study we used the Dutch versions 
of the questionnaires. The items in the PART-Q30© were derived from the original validated 
English questionnaires (11-18). 
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Discussion 

The current study presents the construction of an overall Painful Diabetic Neuropathy 
(PDN) Anxiety Rasch-Transformed 30-item questionnaire (PART-Q30©) that was derived 
from pooled and stacked items from seven generally applied fear outcome measures (11-
18). The PART-Q30© fulfilled all Rasch model expectations and explained approximately 1/3 
of disability and almost half of the QoL reduction as experienced by the patients with PDN. 

The newly constructed PART-Q30© questionnaire consists of three items of the HFS 
questionnaire, 13 items of the PASS-20, five items of the TSK, six of the FES-I, one of TSF and 
two from the BFNE questionnaire. Interestingly, the final items retained in the PART-Q30© 
cover almost all fears that were identified in our qualitative study (10). Only one item, the 
fear of loss of identity, dropped out of the analyses. In this study, we achieved to create 
an overall anxiety questionnaire for patients with PDN, hereby covering various domains 
of PDN related anxieties and fears, but still being unidimensional. The reduction of the 
items from 88 to 30 with a uniform response option will certainly reduce the burden in 
the assessment of patients and simplify anxiety assessment in PDN. 

This new questionnaire can be applied in clinical practice to identify the impact of specific 
disabling fears for the individual patients based on a relatively simple procedure existing 
of 30 items to evaluate. With this information, it will be possible to identify the most 
disabling fears for patients with PDN. This knowledge could result in targeting the most 
disabling fears per patient with an intervention such as graded exposure in vivo (29). 
Currently, no specific graded exposure treatment is available for PDN. Further research can 
lead to a treatment protocol including targets for both diabetes and pain related fears. 

The Pain Disability Index (PDI) and the Norfolk Quality of Life Questionnaire, Diabetic 
Neuropathy Version (Norfolk-QOL-DN) are both CTT-based scales with ordinal measures. 
In our analyses, we were unable to transform the PDI and Norfolk-QOL-DN to meet the 
model’s requirements. Removing the items would lead to a scale of too little items, which 
would not be representative. In order to overcome this problem, interval measures were 
created (RT-PDI and RT-Norfolk) using obtained Logits for each patient from the initial 
Rasch analyses. Interval measures have the advantage of having a fixed unit, enabling 
proper parametric analyses. 

This study has several limitations. Since the study was based on self-report by 
questionnaires, we also had to rely on self-report to set the diagnosis PDN. No actual 
physical measurements could be performed to confirm the diagnosis PDN. This study 
was performed in the Netherlands and cross-cultural validation should be performed 
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as cultural factors may influence anxiety in PDN. Only a small number of the invited 
patients (n=2142) filled in the questionnaire (n=183) and were eligible (n=151). It is not 
known whether anxious people are more likely to be willing to participate. We plan to 
examine the applicability and clinimetric properties of the newly constructed PART-Q30© 
in a larger cohort of patients with PDN to determine its applicability and examine the 
validity and reliability of items’ weight and patients’ location using the new three response 
options. Future longitudinal studies are needed to investigate the constructed measures of 
the PART-Q30© in patients with PDN, and to investigate the PART-Q30©’s responsiveness to 
detect changes in the level of fear in PDN undergoing e.g. a new therapeutic intervention. 
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Full version of the Painful diabetic neuropathy Anxiety Rasch Transformed Questionnaire 
(PART-Q30©).

Worries about low blood sugar
Please indicate how often you have worried about each item because of low blood sugar, in the 
past 4 weeks.

Never Always

1.	 Not recognizing/realizing I am having a reaction.
2.	 Appearing stupid or drunk.
3.	 Having a reaction while asleep.

1
1
1

2
2
2

3
3
3

Fears about pain and its consequences in daily life
Please indicate how often you experience the following thoughts about your pain. 

Never Always

4.	 I think that if my pain gets too severe, it will never decrease.
5.	 When I feel pain I am afraid that something terrible will 

happen.
6.	 I can’t think straight when I am in pain.
7.	 I will stop any activity as soon as I sense pain is coming.
8.	 Pain seems to cause my heart to pound or race.
9.	 As soon as pain comes on I take medication to reduce it.
10.	When I feel pain I think I might be seriously ill.
11.	When I hurt I think of the pain constantly.
12.	Pain makes me nauseous.
13.	I try to avoid activities that cause pain.
14.	I find it difficult to calm my body down after periods of 

pain.
15.	When pain comes on strong I think that I might become 

paralyzed or more disabled.
16.	I find it hard to concentrate when I am in pain.

1
1
1
1
1
1
1
1
1
1
1
1

1

2
2
2
2
2
2
2
2
2
2
2
2

2

3
3
3
3
3
3
3
3
3
3
3
3

3

Fears about your pain
Please indicate to what extend you agree or disagree with the following statement:

Disagree Agree

17.	 If I were to try to overcome my pain, my symptoms would 
increase.

18.	People are not taking my medical condition seriously 
enough.

19.	My pain has put my body at risk for the rest of my life.
20.	I am afraid of injuring myself accidentally
21.	I would not have this much pain if there was not something 

potentially dangerous going on in my body.

1
1
1
1
1

2
2
2
2
2

3
3
3
3
3
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Full version of the Painful diabetic neuropathy Anxiety Rasch Transformed Questionnaire 
(PART-Q30©).

Worries about falling
For each of the following activities, please indicate how concerned you are that you might fall if 
you do this activity.

Disagree Agree

22.	Getting dressed or undressed.
23.	Getting in or out of a chair.
24.	Reaching for something above your head or on the ground. 
25.	Going to answer the telephone before it stops ringing. 
26.	Walking in a place with crowds .
27.	Walking up or down a slope.

1
1
1
1
1
1

2
2
2
2
2
2

3
3
3
3
3
3

Worries about fatigue and negative evaluation
Please indicate to what extend you agree or disagree with the following statement:

Disagree Agree

28.	My fatigue has put my body at risk for the rest of my life.
29.	I am frequently afraid of other people noticing my 

shortcomings.
30.	I often worry that I will say or do the wrong things.

1
1
1

2
2
2

3
3
3
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Abstract

Background: Approximately 25% of patients with diabetes mellitus type 2 (DMII) develop 
painful diabetic neuropathy (PDN). PDN is known to affect both mental and physical wellbeing, 
resulting in anxiety, depression, low quality of life and physical disability. Pharmacological 
treatment of PDN aims at pain relief and is often ineffective and/or has many side effects. 
Rehabilitation treatment modalities that are designed to help the patient deal with PDN related 
complaints, are mostly focussed on either physical (e.g. exercise therapy) or psychological 
aspects (e.g. cognitive behavioural therapy, CBT). There is emerging evidence that PDN can be 
approached from a biopsychosocial perspective, in which physical and psychosocial aspects 
are integrated. From this biopsychosocial approach it is plausible that integrated treatment 
modalities such as acceptance commitment therapy (ACT) or exposure in vivo (EXP) could be 
effective in patients with PDN. 

Objective: To provide an overview of the current evidence on the effects of rehabilitation 
treatments that combine exercise therapies with psychological therapies in order to improve 
physical activity (PA) and quality of life (QoL) in patients with PDN. 

Methods: Systematic review of the current literature. EMBASE, MEDLINE, Medline In-Process 
citations & e-Pubs ahead-of-print, Pedro, Web of Science, PsycINFO, CENTRAL, PubMed and 
Google Scholar were searched. All studies on interventions combining exercise therapy with 
psychological interventions in patients with PDN, aged >18 years, were included. Outcome 
measures were PA, QoL. 

Results: The search resulted in 1603 records after removing duplicates. After screening on titles 
and abstracts, 100 records remained. From these, not one study reported on interventions that 
combined exercise therapy with psychological interventions. Through a secondary hand search, 
a total of 3 reviews were identified that described a total of 5 studies regarding either physical 
or psychological interventions in patients with PDN. These studies reported moderate effects 
of 1) mindfulness meditation on QoL, 2) CBT on pain severity, 3) mindfulness-based stress 
reduction intervention on function, health-related QoL, pain catastrophizing and depression, 
4) aerobic exercise on QoL and 5) Tai Chi on glucose control, balance, neuropathic symptoms, 
and some dimensions of QoL in patients with PDN. All studies were of a moderate quality, and 
results should be interpreted with caution. 

Conclusions: Based on increasing knowledge in the domain of chronic pain, it could be 
assumed that integrated rehabilitation treatments for patients with PDN are beneficial. There is 
no literature to support this and more research should be done on integrated biopsychosocial 
interventions in patients with PDN. 
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Implications: This empty review highlights the importance that more research should be done 
on integrated biopsychosocial interventions in patients with PDN. Currently, our research group 
is performing a study on the effects of EXP treatment in patients with PDN. 
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Introduction

Approximately 25% of patients with diabetes mellitus type 2 (DMII) develop painful diabetic 
neuropathy (PDN)(1), characterized by pain, paraesthesia and sensory loss (2-4). Currently, 
the treatment of PDN is mainly pharmacological (5). Side effects occur and/or the effects 
are often limited (6). 

PDN can have far-reaching consequences in daily life (7, 8). It can lead to sensory loss, 
the development of pressure ulcers (PU’s), balance impairments, an altered gait with 
potentially an increased risk of falling (9, 10). This leads to a more sedentary lifestyle 
(7) with impaired levels of physical activity (10-12), less engagement in social activities, 
dependency on others, social isolation, depression and as a result decreased quality of 
life (13-16). Depression in turn, can amplify diabetic complications related to suboptimal 
glycaemic control (17). Furthermore, patients with PDN can suffer from anxiety and fears, 
such as fear of pain, fear of falling, fear of disturbed glucose regulation, leading to 
persistence of the consequences of PDN (11, 18-20). It seems likely that the overall QoL of 
patients with PDN can be improved when comorbid anxiety and negative emotions are 
adequately screened, diagnosed and treated (11, 18, 19, 21). 

Increasing physical activity in patients with DM is known to have favourable effects on 
diabetes-related outcomes (22, 23), such as improved blood sugar control, decreased body 
fat, and an improved body reaction to insulin therapy (23, 24). Aerobic exercise has shown 
to improve the QoL in patients with PDN (25). Unfortunately, dropout rates in physical 
exercise programmes are high (up to 45%), due to the occurrence of PU’s, overuse injuries 
and lack of motivation (26, 27). Therefore, an interdisciplinary therapeutic approach that 
targets physical and emotional factors has been recommended (15, 16, 18, 28, 29). 

Since patients with PDN frequently share the comorbidities of depression and fear 
(and as a consequence disability) with other chronic pain populations (11, 21), it 
seems apparent to integrate the knowledge obtained in the treatment populations 
with other pain syndromes into the field of PDN. Within the Fear-Avoidance-Model 
(FAM) (30), chronic pain is approached from a biopsychosocial perspective. The model 
states that negative exaggerated or irrational thoughts (catastrophizing) and fears can 
give rise to avoidance behaviour, which can lead to significant health consequences 
such as disuse, disability and depression, further fuelling the vicious cycle of chronic 
disabling pain (31, 32). In line with the FAM model, one could hypothesize that a 
physical intervention or psychological treatment alone will not suffice to restore QoL 
and participation in daily life, as these treatment address only one (‘bio’ or ‘psycho’) 
component of the model. Research has shown that multidisciplinary rehabilitation 
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interventions that target factors from all biopsychosocial domains, administered by 
healthcare professionals from different backgrounds, are more effective than physical 
or psychological interventions alone (33). 

The aim of this study was to provide an up-to-date overview of the current evidence on the 
effects of rehabilitation interventions that combine exercise therapies with psychological 
therapies in order to improve physical activity (PA) and quality of life (QoL) in patients 
with PDN. 
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Methods

The review protocol was registered with PROSPERO (CRD42018081664). 

Eligibility criteria: Studies on interventions combining exercise therapies with psychological 
therapies in patients with a clear diagnosis of PDN (DM I & II), aged > 18 years were included 
in this systematic review. Primary outcome measures were physical activity and QoL.

Search: Ovid’s EMBASE, MEDLINE, Medline In-Process citations & e-Pubs ahead-of-print 
and PsycINFO and in Pedro, Web of Science, CENTRAL in Wiley and PubMed (for the newest 
publications), were searched. Google Scholar was searched for on-going research. A full 
overview of search terms in Embase is provided in Supplemental data 1. Subject headings 
and truncations were modified per database.

Selection of studies: Primarily, randomized controlled trials (RCT’s) were included. In 
case no RCT’s were available other study types were included, in order of preference: 
cohort studies, case control, cross over studies, observational studies, single case studies, 
cross-sectional study and experimental studies. Study selection was performed by two 
reviewers (CvL and SQ). First, both reviewers selected articles for relevance based on 
title and abstract. Of all articles that appeared to be relevant, the full text articles were 
retrieved. Of all duplicates, just one was included. The reference lists of all retrieved 
articles were hand searched for additional references. Consensus meetings were held to 
resolve disagreements. If disagreement persisted a third reviewer could be consulted (RS).

Quality assessment: The Cochrane Risk of Bias tool for randomized controlled trials and 
ROBINS-I for non-randomized studies and interventions was used (34).The individual 
results were compared by two reviewers (CvL and SQ) and disagreements were resolved 
through discussion when needed. A third reviewer (RS) was available if consensus could 
not be reached. Data extraction and reporting of data: Data extraction was performed 
by two reviewers (CvL and SQ) independently. Due to the expected heterogeneity of the 
concepts of PA and QoL, a narrative summary of all included studies was given. Information 
on study characteristics (number of participants, gender, age, type of DM, duration of PDN), 
descriptions of the intervention and control arm, duration of follow up and the data on 
the outcome measures PA and QoL was extracted from the selected articles. 
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Results

The search resulted in 1603 records after having removed 23 duplicates. After screening on 
title and abstract, 100 records remained for full text reading and 1503 articles were excluded. 
The reasons for exclusion were related to: wrong diagnosis (n=1029, e.g. chemotherapy 
induced peripheral neuropathy, non-specific chronic pain, diabetic neuropathy without 
pain), study design (n=223, e.g. descriptive reviews), type of intervention (n=180, e.g. 
pharmacological), different outcome measures (n=47, e.g. improvement of balance disorders 
and uncertain gait). From the 100 remaining potentially relevant studies, 96 full texts could 
be retrieved. After full text reading, additional articles were excluded because of not 
fulfilling the criteria as set on diagnosis (n=44), study design (n=28), type of intervention 
(n=24). By contacting the authors of the non-retrievable studies, we obtained 1 additional 
study, which was excluded since this article did not fulfil the criteria set for intervention. 
At the end of our study selection, not one study that answered our research question 
could be included. Therefore, no quality assessment was performed. Figure 1 illustrates 
the study selection.

Records identified 
through database 

searching
N = 1066

Additional records 
identified through 

other sources
N = 537

Records after 
duplicates removed

N = 1603

Records excluded 
on title and 

abstract, with 
reasons
N = 1503

Full-text articles 
assessed for eligibility

N = 100

Excluded:
Population N = 1029
Intervention N = 180

Outcome N = 47
Design N = 224
Duplicate N = 23

Full-text articles 
excluded, with 

reasons
N = 100

Excluded:
Population N = 44
Intervention N = 25

Design N = 28
Non-retrievable N = 3

Studies included in 
qualitative synthesis

N = 0

Figure 1: flowchart of study selection
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Through hand search of the 100 selected articles, we identified a total of 8 articles that 
reported on the effectiveness of either a physical or a psychological intervention in 
patients with PDN (5 RCT’s, 3 reviews). The full overview of these articles with its study 
characteristics and outcomes is presented in Supplemental data 2. 

In short, we identified two studies that investigated exercise based treatments for patients 
with PDN. A RCT by Dixit et al (2013) (25) showed the positive effects of aerobic exercise 
compared to usual care, with statistically significant improvement on the following domains 
of the Quality of Life in Neurological Disorders (NeuroQoL) scale: QoL total score, pain 
subscale, reduced feeling/sensation, sensory motor symptoms and restrictions in daily 
life activities subscales (25, 35). A pretest–posttest quasi-experimental design by Ahn et 
al (2012), reported the positive effect of Tai Chi on glucose control, balance, neuropathic 
symptoms, and the following dimensions of QoL (Short Form 36 Health Survey (SF36)): 
bodily pain subscale, physical functioning, role physical, role emotional, social function) in 
diabetic patients with neuropathy compared to no intervention (36). We identified 3 RCT’s 
that focused on psychologically based treatments. Teixeira (2010) et al., investigated the 
effect of mindfulness meditation on QoL in patients with PDN compared to care as usual and 
found no effects symptom related quality of life, measured with NeuroQol and Neuropathic 
pain scale (NPS) (37). Otis et al. (2013) reported that pain severity and pain interference, 
measured with the West Haven Yale Multidimensional Pain Inventory (WHYMPI) decreased 
in the CBT group compared to treatment as usual (38). Nathan et al. (2017) showed that a 
mindfulness-based stress reduction resulted in significant improvement in function, better 
health-related quality of life, and reduced pain catastrophizing, and depression compared 
to those receiving usual care (39). Results of all studies should be interpreted with caution, 
as they were of moderate quality. In 2015, a review was published by Davies et al (2015)(40), 
which described the studies by Ahn(36), Teixeira (37), Otis (38) and Dixit (25). Reviews by 
Rosenberg et al. (2015)(5) and Castelnuovo et al. (2016)(41), discussed the work of Otis(38). 
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Discussion

The aim of this systematic review was to provide an overview of the current literature 
regarding the effectiveness of treatments that combine exercise therapy with psychological 
therapy for the improvement of physical activity and QoL of patients with PDN. Although 
studies in the domain of chronic pain suggest that a multidisciplinary therapeutic approach 
based on the biopsychosocial model could be effective in improving physical activity and 
QoL in patients with PDN, this systematic review of the literature revealed no studies 
that described or tested treatments that combine exercise therapy with psychological 
treatment modalities. This so called empty review shows that the biopsychosocial approach 
in the treatment low levels of physical activity and QoL in patients with PDN is a rather 
unexplored topic and that studies on the effectiveness of multidisciplinary treatments 
are needed. 

Consequences of PDN can be physical (sensory loss, weakness, pain, physical restrictions), 
psychological (feelings of loss, feelings of depression, anger, sadness), and social (social 
withdrawal, isolation, work limitations, lower career opportunities) (12). PDN has shown 
to be associated with catastrophic thinking, increased disability, diminished quality of 
life, depression and anxiety (11, 21, 42, 43). A recent study by our group identified specific 
fears related to diabetes and pain that showed to be important predictors of physical 
and social activities; e.g. fear of hypoglycaemia, fear of (increased) pain, fear of total 
exhaustion, fear of physical injury, fear of falling, fear of loss of identity and fear of 
negative evaluation (11). Negative feelings can enhance pain experience and amplify the 
risk for diabetic complications, again leading to less physical activity and diminished 
health related quality of life (QoL), creating a vicious cycle (11, 16, 17, 44). Research has 
shown that multidisciplinary rehabilitation interventions that target all factors from the 
different biopsychosocial domains, administered by healthcare professionals from different 
backgrounds, are more effective than physical or psychological interventions alone (33). 

In this review, we identified 5 studies that reported on the effectiveness of treatments for 
PDN that are either psychological treatments or exercise interventions alone (25, 36-39). 
The results regarding the effectiveness of psychological treatments are not conclusive. A 
positive, however not statistically significant effect of mindfulness meditation on QoL was 
found in patients with PDN compared to care as usual (37). 

CBT seems to have positive effects on pain severity (38). A mindfulness-based stress 
reduction intervention showed improvement in function, better health-related QoL, and 
reduced pain catastrophizing and depression (39). We also found limited evidence for 
exercise-based treatments. Aerobic exercise showed to have positive effects on peripheral 
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neuropathy symptoms (25). Beneficial effects of Tai Chi on glucose control, balance, 
neuropathic symptoms, and some dimensions of QoL were found (36). However, none of 
these studies supports or rejects a multidisciplinary and/or biopsychosocial approach 
for PDN. 

A combined physical and cognitive behavioural treatment modality with a potential 
positive effect is exposure in vivo (EXP) (45-48). EXP aims to decrease pain-related 
disability by specifically targeting irrational thoughts and fears about pain and its 
consequences (30, 49, 50). EXP treatments have shown to be effective in reducing 
pain-related fear and the perceived harmfulness of physical activity in various chronic 
pain conditions, such as chronic low back pain (48, 51, 52) and complex regional pain 
syndrome type I (CRPS-I) (47, 51). Another combined physical and cognitive behavioural 
treatment modality is Acceptance and Commitment Therapy (ACT)(53). ACT includes 
a combination of acceptance and mindfulness methods along with activation and 
behaviour change methods. Multidisciplinary ACT has shown to be effective in reducing 
the burden of chronic pain in various pain conditions (53, 54). In this review, we have 
found no articles that discussed EXP or ACT. Currently, our group is conducting a 
clinical study in single-case-design to test the effectiveness of an EXP treatment 
that was specifically designed for the needs and risks of patients with PDN (ActiFeeT, 
NCT03066570). 

There are a few limitations of the current study that should be mentioned. For 
this systematic review, the search was focused on combined treatments (exercise 
and psychological). Within the set of articles retrieved, we identified 8 articles that 
discussed exercise or psychological therapies alone. It should be noted that this was 
not our primary research question and therefore the listing may not be complete. We 
evaluated the option of performing a new search with the or option, but decided not to 
do this, as this work has already been done by Davies et al. in 2015 (55). By performing 
a thorough hand search through all databases, we identified only 1 article that was 
published after the review of Davies et al. (Nathan, 2017 (39). We added this article to 
our results. Furthermore, we could not retrieve the full text of 3 remaining articles. 
Based on the abstracts, we did not expect any added value of these articles (wrong 
diagnosis and/or design).

In conclusion, PDN is a multifactorial disease in which pain, balance disorders, gait 
disturbance and fear/ avoidance behaviour can significantly limit daily life activities 
QoL. Current care, mostly based on pharmacotherapy, physical training and/or 
psychological support, seems insufficient to increase physical activity and regain 
normal daily functioning. Although studies suggest that a multidisciplinary therapeutic 
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approach could be effective in improving daily life functioning and QoL in patients with 
PDN, this systematic review of the literature revealed no studies that describe or test 
treatment modalities that combine exercise therapy with psychological treatment. This 
empty review highlights the need for studies on the effectiveness of multidisciplinary 
treatments such as EXP or ACT. 
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Supplemental data I: search strategy
Embase (Ovid)
1 exp Diabetes Mellitus/ (808315)
2 (T2dm or TiiDM or Tii-DM or “type 2 DM” or “type ii DM” or DM2 or DM-2 or T2-DM or NIDDM).

ti,ab,ot. (42064)
3 (T1dm or TiDM or Ti-DM or “type 1 DM” or “type i DM” or DM1 or DM-1 or T1-DM or IDDM).

ti,ab,ot. (20461)
4 (diabet$ or prediabet$ or pre-diabet$).ti,ab,ot. (777536)
5 or/1-4 (953889)
6 Neuralgia/ (7653)
7 Pain/ (273606)
8 Chronic Pain/ (48677)
9 (Neurodynia$ or neuralgi$ or (Nerve$ adj3 Pain$) or (chronic adj3 pain$)).ti,ab,ot. (93439)
10 or/6-9 (355944)
11 5 and 10 (12846)
12 exp diabetic neuropathies/ (21195)
13 (neuropath$ or polyneuropath$ or poly-neuropath$ or third nerve pals$ or mononeuropath$ 

or mono-neuropath$ or “mononeuritis multiplex”).ti,ab,ot. (172719)
14 (pain$ adj5 (diabet$ adj3 (amyotroph$ or radiculopath$ or Neuralgia$))).ti,ab,ot. (175)
15 (Distal symmetrical polyneuropath$ or DSPN).ti,ab,ot. (313)
16 (diabetic peripheral neuropath$ or DPN).ti,ab,ot. (4460)
17 or/12-16 (181145)
18 11 or 17 (189921)
19 exp kinesiotherapy/ (65978)
20 passive movement/ (3186)
21 resistance training/ (12124)
22 rehabilitation/ (72630)
23 hydrotherapy/ (3751)
24 physical medicine/ or physiotherapy/ (82650)
25 ((strength or weight bearing or resistance or aerobic) adj3 (training$ or exercise$)).ti,ab,ot. 

(32403)
26 (passive adj3 (movement$ or motion$)).ti,ab,ot. (6217)
27 ((exercis$ or motion or resistan$ or activity or aerobic) adj3 therap$).ti,ab,ot. (55340)
28 (hydrotherap$ or hydro-therap$ or ((kneipp or water immersion) adj3 (therap$ or 

treatment$))).ti,ab,ot. (1343)
29 (physical$ adj3 (therap$ or conditioning)).ti,ab,ot. (32378)
30 (physiotherap$ or physio-therap$ or physiatrics).ti,ab,ot. (36392)
31 or/19-30 (309856)
32 Behavior Therapy/ (41305)
33 exp exposure therapy/ (1171)
34 exp cognitive therapy/ (43221)
35 mindfulness/ (4060)



Exercise therapy combined with psychological therapy in PDN: A systematic review

127

6

Supplemental data I: Continued
Embase (Ovid)
36 Occupational Therapy/ (20132)
37 Relaxation Therapy/ (9864)
38 neurofeedback/ (1970)
39 exp Psychotherapy/ (232471)
40 “acceptance and commitment”.ti,ab,ot. (840)
41 (behavio?r$ adj3 (therap$ or treatment$ or training)).ti,ab,ot. (51529)
42 (Neurofeedback or Neuro-feedback).ti,ab,ot. (1591)
43 (Imaginal Flooding or desensitization or desensitisation).ti,ab,ot. (27339)
44 (occupational$ adj3 (therap$ or treatment$ or training)).ti,ab,ot. (19063)
45 (ergotherap$ or ergo-therap$).ti,ab,ot. (872)
46 (relaxation adj3 (therap$ or treatment$ or method$ or technique$ or technic$)).ti,ab,ot. 

(6113)
47 (cognitive adj3 (therap$ or treatment$)).ti,ab,ot. (33088)
48 (eeg adj3 (biofeedback or bio-feedback or neurofeedback or neuro-feedback)).ti,ab,ot. (465)
49 ((implosive or relaxation) adj3 (therap$ or treatment$)).ti,ab,ot. (2615)
50 or/32-49 (315965)
51 31 and 50 (25734)
52 (Exposure adj3 (therap$ or treatment$)).ti,ab,ot. or exposure therapy/ (13447)
53 “Exposure in vivo”.ti,ab,ot. (1016)
54 (graded adj3 (exposure or activity or exercis$)).ti,ab,ot. (4571)
55 or/52-54 (18810)
56 51 or 55 (44225)
57 18 and 56 (673)
58 animal/ or animal experiment/ (3960625)
59 (rat or rats or mouse or mice or murine or rodent or rodents or hamster or hamsters or pig 

or pigs or porcine or rabbit or rabbits or animal or animals or dogs or dog or cats or cow or 
bovine or sheep or ovine or monkey or monkeys).ti,ab,ot,hw. (6635551)

60 58 or 59 (6635551)
61 exp human/ or human experiment/ (19079358)

60 not (60 and 61) (5172695)
63 (letter or editorial).pt. (1544446)
64 57 not (62 or 63) (630)
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Supplemental data 2. Results of hand search. 

No Author Study design Participants Sample size Intervention Control arm Outcomes Results

1 Ahn et al. 
2012 

Quasi-experi-
mental 
controlled trial 
with pretest –
post test

Intervention: n=20, 
age 66.1 (6.4) years, 
12 male, all DM2
Control: n=19, 62.7 
(7.5) years, 8 male, 
all DM2

N=39 Exercise intervention.
12 weeks of Tai Chi 
2×1 hour per week, 40 
minutes Tai Chi + 15 
minutes Qigong.

Treatment as 
usual. 

SF36 Bodily pain subscale improvement: p = 0.009. 
Physical functioning improvement: P = 0.028. 
Role physical improvement: p = 0.006
Role emotional improvement: P = 0.002. 
Social function improvement: P = 0.001. 
All other SF36 subscales no difference: p>0.1.

2 Dixit et al. 
2013

RCT Intervention: n=40, 
age 54.4 (1.2) years, 
22 male, all DM2
Control: n=47, 59.4(1.2) 
years, 31 males, all 
DM2

N=87 Exercise intervention.
8 weeks aerobic 
treadmill exercise 
at 40-60% of HRR, 
5-6 days per week, 
150–360 exercise 
min/week. 

Education for 
foot care and 
diet, weekly 
physician 
appointment

NeuroQoL Quality of life total score improvement: p < 0.001.
Pain subscale improvement: p = 0.03. 
Reduced feeling/sensation improvement, sensory motor 
symptoms and restrictions in daily life activities subscales 
improvement: all p < 0.001

3 Otis et al. 
2013

 RCT Intervention: n=11, 62 
(11) years, all male, 
all DM2
Control: n=8, 63 (11.6) 
years, all male, all 
DM2

N=19 Psychological 
intervention.
11 sessions of 
individual CBT, 1-hour 
session.

Treatment as 
usual

WHYMPI Pain severity decreased in CBT group: mean 1.08 (0.79), control 
arm was unchanged, mean 0 (0.51), p < 0.1. Pain interference 
declined in CBT group: mean 1.35 (SD 1.22), while control arm 
increased mean 0.22 (SD 0.73), p < 0.5.

4 Teixeira et al. 
2010

RCT All participants n=20: 
74.6 (10.8) years, 5 
male, all DM2

N=20 Psychological 
intervention.
Mindfulness 
relaxation: 1 h 
session + audio CD 
for home practice.

Nutritional 
advice 1h + food 
diary for 4 weeks

NPS NeuroQoL No significant difference in overall, symptom related or pain 
quality of life.

5 Nathan et al. 
2017

RCT Intervention: n=30, 
59.7 (9.1) years, 15 
male, 24 DM2
Control: n=32, 58.9 
(8.7) years, 12 male, 
24 DM2

N=62 Psychological 
intervention. 
Community-based 
group intervention 
that was based on 
MSBR. 
9 sessions: 8 weekly 
2.5h sessions and 1 
6h session. 

Waiting list with 
treatment as 
usual

BPI
PHQ-9
PGIC
POMS-2A
PSS
PCS
SF-12
NeuroQoL
SDScA
BSRQ
HbA1C

MBSR showed statistically significant improvement in 
function, better health-related quality of life, and reduced 
pain catastrophizing, and depression compared to those 
receiving usual care. 
BPI interference score decreased: absolute difference 41.4%, 
P = 0.02. PGIC score improved: absolute difference 40.5%, 
P = 0.007. All secondary outcome measures, except SF-12 role 
emotion and HbA1C showed improvement 12 weeks after the 
course.

6 Davies et al. 
2015

Systematic
review

NA NA NA NA NA Systematic review with the objective to establish the 
effectiveness of physical activity and psychological coping 
strategies for PDN.
Discusses studies 1, 2, 3 and 4.
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Supplemental data 2. Results of hand search. 

No Author Study design Participants Sample size Intervention Control arm Outcomes Results

1 Ahn et al. 
2012 

Quasi-experi-
mental 
controlled trial 
with pretest –
post test

Intervention: n=20, 
age 66.1 (6.4) years, 
12 male, all DM2
Control: n=19, 62.7 
(7.5) years, 8 male, 
all DM2

N=39 Exercise intervention.
12 weeks of Tai Chi 
2×1 hour per week, 40 
minutes Tai Chi + 15 
minutes Qigong.

Treatment as 
usual. 

SF36 Bodily pain subscale improvement: p = 0.009. 
Physical functioning improvement: P = 0.028. 
Role physical improvement: p = 0.006
Role emotional improvement: P = 0.002. 
Social function improvement: P = 0.001. 
All other SF36 subscales no difference: p>0.1.

2 Dixit et al. 
2013

RCT Intervention: n=40, 
age 54.4 (1.2) years, 
22 male, all DM2
Control: n=47, 59.4(1.2) 
years, 31 males, all 
DM2

N=87 Exercise intervention.
8 weeks aerobic 
treadmill exercise 
at 40-60% of HRR, 
5-6 days per week, 
150–360 exercise 
min/week. 

Education for 
foot care and 
diet, weekly 
physician 
appointment

NeuroQoL Quality of life total score improvement: p < 0.001.
Pain subscale improvement: p = 0.03. 
Reduced feeling/sensation improvement, sensory motor 
symptoms and restrictions in daily life activities subscales 
improvement: all p < 0.001

3 Otis et al. 
2013

 RCT Intervention: n=11, 62 
(11) years, all male, 
all DM2
Control: n=8, 63 (11.6) 
years, all male, all 
DM2

N=19 Psychological 
intervention.
11 sessions of 
individual CBT, 1-hour 
session.

Treatment as 
usual

WHYMPI Pain severity decreased in CBT group: mean 1.08 (0.79), control 
arm was unchanged, mean 0 (0.51), p < 0.1. Pain interference 
declined in CBT group: mean 1.35 (SD 1.22), while control arm 
increased mean 0.22 (SD 0.73), p < 0.5.

4 Teixeira et al. 
2010

RCT All participants n=20: 
74.6 (10.8) years, 5 
male, all DM2

N=20 Psychological 
intervention.
Mindfulness 
relaxation: 1 h 
session + audio CD 
for home practice.

Nutritional 
advice 1h + food 
diary for 4 weeks

NPS NeuroQoL No significant difference in overall, symptom related or pain 
quality of life.

5 Nathan et al. 
2017

RCT Intervention: n=30, 
59.7 (9.1) years, 15 
male, 24 DM2
Control: n=32, 58.9 
(8.7) years, 12 male, 
24 DM2

N=62 Psychological 
intervention. 
Community-based 
group intervention 
that was based on 
MSBR. 
9 sessions: 8 weekly 
2.5h sessions and 1 
6h session. 

Waiting list with 
treatment as 
usual

BPI
PHQ-9
PGIC
POMS-2A
PSS
PCS
SF-12
NeuroQoL
SDScA
BSRQ
HbA1C

MBSR showed statistically significant improvement in 
function, better health-related quality of life, and reduced 
pain catastrophizing, and depression compared to those 
receiving usual care. 
BPI interference score decreased: absolute difference 41.4%, 
P = 0.02. PGIC score improved: absolute difference 40.5%, 
P = 0.007. All secondary outcome measures, except SF-12 role 
emotion and HbA1C showed improvement 12 weeks after the 
course.

6 Davies et al. 
2015

Systematic
review

NA NA NA NA NA Systematic review with the objective to establish the 
effectiveness of physical activity and psychological coping 
strategies for PDN.
Discusses studies 1, 2, 3 and 4.



Chapter 6

130

Supplemental data 2. Continued

No Author Study design Participants Sample size Intervention Control arm Outcomes Results

7 Rosenberg et 
al. 2015

Descriptive 
review

NA NA NA NA NA Descriptive review of the literature discussing treatment of 
painful diabetic peripheral neuropathy. Discusses study 3.

8 Castelnuovo 
et al. 
2016

Descriptive
review

NA NA NA NA NA Descriptive review with the aim to determine the 
psychological factors which are associated with or predictive 
of pain secondary to neurological conditions and to 
assess the influence of these aspects on the outcome of 
neurorehabilitation. Discusses study 3.

BPI; Brief Pain Inventory; BSRQ, Blood Sugar Reactions Questionnaire; CBT, Cognitive behavioural 
therapy; DM2, Diabetes mellitus type 2; HbA1c, Haemoglobin A1c; HRR, Heart rate reserve; MSBR, 
mindfulness-based stress reduction; NA, not applicable; NPS, Neuropathic pain scale; NTSS, 
Neuropathy total symptom score; NeuroQol, Quality of Life in Neurological Disorders; PCS, Pain 
Catastrophizing Scale; 

PDN, Painful diabetic neuropathy; PGIC, Patient Global Impression of Change; PHQ-9, Patient Health 
Questionnaire; POMS-2A, Profile of Mood States-2A RCT, randomized controlled trial; SD, Standard 
deviation; SDSCA, Summary of Diabetes Self-Care Activities; SF-36, Short Form- 36 Health Survey; SF-
12, Short Form-12 Health Survey version 2; WHYMPI, West Haven Yale Multidimensional Pain Inventory.
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Supplemental data 2. Continued

No Author Study design Participants Sample size Intervention Control arm Outcomes Results

7 Rosenberg et 
al. 2015

Descriptive 
review

NA NA NA NA NA Descriptive review of the literature discussing treatment of 
painful diabetic peripheral neuropathy. Discusses study 3.

8 Castelnuovo 
et al. 
2016

Descriptive
review

NA NA NA NA NA Descriptive review with the aim to determine the 
psychological factors which are associated with or predictive 
of pain secondary to neurological conditions and to 
assess the influence of these aspects on the outcome of 
neurorehabilitation. Discusses study 3.

BPI; Brief Pain Inventory; BSRQ, Blood Sugar Reactions Questionnaire; CBT, Cognitive behavioural 
therapy; DM2, Diabetes mellitus type 2; HbA1c, Haemoglobin A1c; HRR, Heart rate reserve; MSBR, 
mindfulness-based stress reduction; NA, not applicable; NPS, Neuropathic pain scale; NTSS, 
Neuropathy total symptom score; NeuroQol, Quality of Life in Neurological Disorders; PCS, Pain 
Catastrophizing Scale; 

PDN, Painful diabetic neuropathy; PGIC, Patient Global Impression of Change; PHQ-9, Patient Health 
Questionnaire; POMS-2A, Profile of Mood States-2A RCT, randomized controlled trial; SD, Standard 
deviation; SDSCA, Summary of Diabetes Self-Care Activities; SF-36, Short Form- 36 Health Survey; SF-
12, Short Form-12 Health Survey version 2; WHYMPI, West Haven Yale Multidimensional Pain Inventory.
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Abstract 

Introduction: Painful Diabetic Neuropathy (PDN) is known to be associated with low quality 
of life (QoL), depression and anxiety. Treatment modalities that help patients cope with 
their pain and pain-related disability, are needed. Exposure in vivo (EXP) has shown to 
be effective in increasing functional ability and QoL in patients with other chronic pain 
syndromes. 

Protocol: This 8 weeks EXP treatment protocol was specifically adapted to the needs 
and risks of patients with PDN who are limited in the performance of daily life activities 
due to PDN related fears. New screening tools were developed for patients with PDN. 
The Painful Diabetic Neuropathy Anxiety Rasch-Transformed Questionnaire (PART-Q30) 
identifies specific PDN related fears (e.g. fear of hypoglycaemia). A customized version of 
the Photograph-series Of Daily Activities (PHODA-PDN) detects PDN related fear-eliciting 
activities in each individual patient. During EXP, catastrophic interpretations regarding 
painful stimuli are challenged and corrected, hereby diminishing pain-related fear and 
enabling the patient to reengage in daily life activities. An interdisciplinary team provides 
EXP in 1-hour sessions twice a week. 

Discussion: To the best of our knowledge, this treatment protocol is the first EXP intervention 
that was specifically adapted to the needs and risks of patients with PDN. 
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Introduction 

The increasing incidence of diabetes mellitus represents a serious challenge for the 
medical profession all over the world. Diabetic neuropathy (DN) is present in up to 50% 
of all chronic diabetic patients and is a major cause of morbidity and mortality (1). In the 
United States alone, the total costs associated with DN are USD 10.9 billion a year (2). 

Up to 25% of the diabetic patients develop painful diabetic neuropathy (PDN), characterized 
by pain, paraesthesia and sensory loss (3). Sensory loss can lead to the development of 
pressure ulcers (PU’s), balance impairments, an altered gait with potentially an increased 
risk of falling (4) and impaired levels of physical activity (5). Reduced mobility can lead to 
restrictions in daily and social activities, dependency on others, depression and as a result 
decreased quality of life (QoL) (6). Depression in turn, can amplify diabetic complications 
related to suboptimal glycaemic control (7).

An increasing number of studies has shown that a substantial part of patients with 
diabetes with PDN suffer from anxiety and fears, such as fear of pain, fear of falling, fear 
of disturbed glucose regulation, thereby avoiding physical activity (8). Current care, mostly 
based on pharmacotherapy and physical training, seems to ignore the debilitating role of 
those fears in increasing physical activity and regaining normal daily functioning (9). It is 
well known that increasing physical activity in patients with DM has favourable effects on 
diabetes-related outcomes (10). However, dropout rates in physical exercise programmes 
are high, with rates up to 45% (11). An interdisciplinary therapeutic approach has therefore 
been recommended in order to improve daily life functioning (12). 

Since patients with PDN frequently share the comorbidities of depression and fear (and 
as a consequence disability) with other chronic pain populations (13), it seems apparent 
to integrate the knowledge obtained in populations with other pain syndromes into 
the field of PDN. An example of a cognitive behavioural treatment modality for patients 
with chronic pain is exposure in vivo (EXP), which is based on the principles of classical 
conditioning (14). EXP aims to decrease pain-related disability by specifically targeting 
irrational thoughts and fears about pain and its consequences (15). EXP has shown to be 
effective in improving functional ability and QoL, and to reduce pain-related fear and the 
perceived harmfulness of physical activity in patients with various chronic pain conditions 
(14, 16-18). EXP has also shown to be cost-effective (19, 20).

We have developed an 8 weeks EXP treatment that was specifically adjusted to the 
needs and risks of patients with PDN. It has a unique multidimensional approach on 
improving daily functioning and contains methods derived from research in psychology, 
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behavioural sciences, physical therapy, diabetes care and rehabilitation medicine. In 
this interdisciplinary rehabilitation treatment, physicians in rehabilitation medicine, 
physiotherapists, occupational therapists and psychologists are involved. In this paper 
we present the treatment protocol of this EXP treatment for patients with PDN. 
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Protocol 

Protocol development
At Adelante, location Maastricht University Medical Centre, EXP treatment is embedded 
in the usual care for patients with chronic pain syndromes such as CRPS-I and chronic 
low back pain who report substantial pain-related fear, and fear of movement/(re)injury 
in particular (14, 15). The EXP treatment is highly structured, protocolled, individually 
tailored, and aims to restore a normal pattern of daily functioning (15). The current EXP 
treatments are designed for chronic pain conditions that generally have no medical risks 
or restrictions regarding physical activity. PDN however, can present with potential risks 
for injury, PU’s and/or hypoglycaemia, which can make EXP unsuitable for patients with 
PDN. Also, the behavioural and psychosocial processes in patients with PDN could differ 
from the more unspecific chronic pain syndromes such as chronic low back pain. This 
paragraph presents the theoretical framework and procedures that were used to customize 
the already existing EXP treatment to the needs and risks of patients with PDN. 

In order to gain more insights into the perceptions, fears and consequences of PDN in 
daily life, the project started with a qualitative study (21). Three focus groups with each 
four patients with PDN were performed. Patients reported to suffer from substantial pain, 
disability, polyneuropathy and diminished QoL. The consequences of PDN showed to be 
physical (weakness, pain, physical restrictions), psychological (feelings of loss, feelings of 
depression, anger, sadness), and social (social withdrawal, isolation, work limitations, lower 
career opportunities). Furthermore, patients reported several fears related to diabetes and 
pain that could be important predictors of physical and social activities, such as fear of 
hypoglycaemia, fear of (increased) pain, fear of total exhaustion, fear of physical injury, 
fear of falling, fear of loss of identity and fear of negative evaluation. Fear seemed to be 
associated with different types of avoidance behaviour; patients avoided various activities, 
were less physically active and withdrew themselves from performing activities (21). A 
second study in a cross sectional design by our group showed that PDN was associated 
with catastrophic thinking, which in turn led to a perceived decline in physical activity, 
increased disability and less QoL (13). The identification of these fears enabled us to 
determine potential specific PDN-related targets for the behavioural intervention (5).

Treatment Protocol 
The 8 weeks treatment is specifically designed for persons with PDN, aged > 18 years, who 
experience PDN related fears and want to improve their level of activity and QoL. During 
the EXP treatment, patients with PDN are guided to learn and recognize which bodily 
sensations correspond to actual PDN related risks such as falling or current blood glucose 
levels. This is done by addressing thoughts and beliefs about the bodily sensations in 
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relation to actual measurements (e.g. clinimetric parameters, blood glucose levels pre- and 
post-treatment). Then, patients are encouraged to increase the level of physical activity 
and apply their recognition skills in novel situations. 

A treatment team consisting of a psychologist, occupational therapist, physiotherapist 
and a rehabilitation physician, all experienced in the cognitive-behavioural rehabilitation 
of patients with chronic pain, provides the EXP treatment. All team members should be 
trained on the risks and special needs of diabetic patients. For example, if a patient has 
a high risk of developing an episode of hypoglycaemia, blood glucose levels should be 
measured pre- and post-treatment. Furthermore, the physician and team members have 
to be aware of the risk of developing PU’s and should be able to identify PU’s timely. 

The EXP treatment protocol consists of three parts; 1) intake by rehabilitation physician, 
2) an extensive one-day screening and 3) the actual 8 weeks EXP treatment. The full 
treatment will be discussed in the following paragraph. Table 1 provides an overview of 
the treatment protocol.

Table 1. Schematic overview of the Exposure in vivo Treatment Protocol for patients with PDN.

Treatment  

Medical Consultation incl. Physical Examination Rehabilitation Physician

Screening
·	 Physical Examination
·	 Behavioural Analyses
·	 Goal Identification (COPM)
·	 Graded Hierarchies (PHODA-PDN)
·	 Medical education about PDN
·	 Education about chronic pain 

Physical Therapist 
Psychologist and Physical Therapist
Occupational Therapist
Psychologist Therapist
Rehabilitation Physician
Rehabilitation Physician, Psychologist and 
Physical Therapist

Treatment  
8 weeks; one hour sessions, twice a week

All members of treatment team

Team meetings  
In week 3 & 7

All members of treatment team

Final consultation Rehabilitation Physician

Aftercare 
After 6 weeks and 3 months

Rehabilitation Physician

PDN: Painful Diabetic Neuropathy; COPM: Canadian Occupational Performance Measure; PHODA-
PDN: Photograph-series Of Daily Activities-PDN. 
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Intake by rehabilitation physician
During the intake session, the rehabilitation physician takes a full medical history and 
assesses the current PDN related complaints, risks and medication. Topics such as 
hypoglycaemic episodes, (the risk for) PU’s and withdrawal/ reduction of pain medication 
are discussed. 

Physical examination: A thorough physical examination of the lower extremity is 
performed. Peripheral polyneuropathy is checked and classified based on a standardised 
clinical neurological examination (CNE) in which a CNE score > 5 indicates the presence 
of peripheral neuropathy and a score of > 15 is considered severe peripheral neuropathy 
(22). The CNE score is determined by examining the Achilles tendon reflex, vibration 
awareness, sharp–blunt discrimination, touch sense, position sense at the hallux and 
manual assessment of extensor muscle strength of the hallux and flexor muscle strength 
of the foot in which all items are scored as either normal, impaired or absent (0–2 points). 
In addition, the scoring of light touch sense is related to the anatomical level below which 
it is impaired (toe, mid-foot, ankle, mid-calf and knee) (0–5 points). Previous research has 
shown that EMG and CNE scores resulted in the same diagnosis of distal polyneuropathy 
in DMII patients (23, 24). All patients are screened on PU’s on their feet and on wearing 
adequate (orthopaedic) shoes. Also, walking abilities are tested. Based on the findings, 
the rehabilitation physician decides whether the patient can receive the treatment. If the 
risks of injury are considered too high, the patient will be excluded. 

Elaboration on PDN related fears: The rehabilitation physician screens for pain and diabetes 
related fears that may inhibit the patient in performing daily activities. The PARTQ-30 is 
used to determine and quantify the impact of these specific disabling fears. Based on the 
results of our qualitative studies, our group developed the Painful Diabetic Neuropathy 
Anxiety Rasch-Transformed Questionnaire (PART-Q30©)(25). This 30-item questionnaire 
can easily be applied in clinical practice and identifies the impact of specific disabling fears 
for the individual patient based on a relatively simple procedure (25). An elaboration of the 
current level of physical activities and participation in daily life is performed, according to 
the International Classification of Functioning (ICF) – model (26). 

Table 2. Eligibility criteria for exposure in vivo treatment

1.	 Patients experience PDN related fears that limit the patient in daily life activities.
2.	The patient has relevant treatment goals aimed on participation in daily life.
3.	The patient is committed and motivated to undergo the 8 week treatment programme.
4.	There are no medical or psychological restrictions to participate (e.g. pressure ulcers, high injury 

risks, comorbid severe depression).
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When PDN related fears are present and cause limitations in participation in daily life 
activities, the rehabilitation physician will provide more information on the EXP treatment. 
Then, a short elaboration on possible treatment goals is performed. The patient is eligible 
for EXP treatment when he/she meets all 4 eligibility criteria; 1) there are PDN related 
fears that limit the patient in daily life activities; 2) the patient can formulate relevant 
treatment goals aimed at participation in daily life; 3) the patient is committed and 
motivated to undergo the 8 weeks treatment programme; and 4) there are no medical 
or psychological restrictions to participate (e.g. PU’s, high injury risks, comorbid severe 
depression). Eligibility criteria are presented in Table 2. 

Screening
The screening consists of a behavioural analyses by the psychologist, an observation 
during activities and physical examination by the physical therapist, goal identification 
by the occupational therapist, a team meeting with the physician and all therapists, and 
a final educational session with all team members and the patient. 

Behavioural analysis:. The aim of this session by the psychologist is to complete a 
behavioural, cognitive and psycho-physiological analysis of the problems associated with 
PDN. The Hospital Anxiety and Depression Scale (HADS) (27) and Pain Catastrophizing 
Scale (PCS) (28) are administered. The psychologist focusses on the patient’s catastrophic 
interpretations and fears related to PDN. The assessment also includes information about 
any antecedents (situational or internal, episodes of hypoglycaemia, recurrent falls etc.) 
of pain-related fear and about direct and indirect consequences. The screening could also 
include other areas of life stress, as they might increase arousal levels and indirectly also 
fuel pain-related fear. 

Observation during activities: The intake session with the physical therapist comprises a 
physical examination and an observation of the specific body movements during various 
activities. During this observation there is also a special attention to behavioural responses 
to specific activities (e.g. fear or avoidance). Whenever there are physical complaints or 
restrictions, these will be noted in the medical file.

Goal identification: PDN can have profound effects on a patient’s life (5, 29) and the 
repeated interference with tasks that are essential to achieve various life goals and 
maintain a role in society, will impact on their sense of self, both their current self and 
perhaps more importantly their plans and ideas about who they might become (30). The 
occupational therapist emphasizes that EXP does not primarily aim at reducing pain, 
but at the restoration of functional abilities through which patients’ capacity to live 
according to their life values can be restored. The patient is invited to formulate his/her 
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own treatment goals together with the occupational therapist. The Canadian Occupational 
Performance Measure (COPM) is used by the occupational therapist to assess perceived 
limitations in activities and participation and to aid the goal formulation process. The 
patient and occupational therapist agree on one or more realistic and specific goals that 
are formulated in positive terms. Activities (e.g. walking on uneven ground) that are in line 
with these goals (e.g. running errands) will be included in EXP. 

PHODA-PDN: A listing of fear-eliciting activities is made using the Photograph-series Of 
Daily Activities (PHODA) (31, 32). This is a standardized method during which patients 
are requested to judge the perceived harmfulness of various physical daily life activities 
represented by photographs. Using a thermometer, the patient rates each picture between 
zero to 100 regarding harmfulness (zero represents the situation which is not harmful 
for the lower extremity; 100 represents the situation which is absolutely damaging the 
lower extremity). Based on the associations between activities and expected negative 
outcomes (amputation, exhaustion etc.), individually tailored behavioural experiments 
can be developed (31). For this treatment protocol, the PHODA for lower extremities was 
specifically adapted with additional photographs of PDN related fears, resulting in the 
PHODA-PDN. These fears included fear of hypoglycaemia, fear of falling, fear of amputation, 
fear of pain, fear of exhaustion, fear of injury, fear of social isolation and fear of loss of 
identity (13, 21). 

Within the theory of classical conditioning, conditioned responses (CR), for example fears, 
occur when an unconditioned stimulus (US) is paired to a conditioned stimulus (CS). In 
PDN, the feared catastrophic consequence can be considered the US, while the activity in 
which the fear occurs is the CS. E.g.: ‘If I walk up a flight of stairs (CS), I will fall and break 
my leg (US)’. EXP treatment will then target the CS, providing a new experience for the 
patient: no catastrophic consequence occurs. In the example, the patient will experience 
that he can walk up a flight of stairs (CS) without falling and breaking his leg (no US). This 
newly learned association (CS-no US) will then increase the likelihood that the patient 
will no longer avoid walking up a flight of stairs in future situations. The original PHODA is 
designed to represent activities (CS’s) that may be considered harmful (US’s). However, the 
fears that were identified in our previous studies (fear of falling, fear of hypoglycaemia etc.) 
are mostly feared consequences (USs), rather than specific activities (CSs). To overcome 
this issue, the PHODA-PDN is used in 2 phases. First, the patient identifies which PDN 
related feared consequences (US) were present (e.g. fear of hypoglycaemia or fear of 
amputation). After this, the pictures of PDN related fears is paired with pictures of activities 
from the original version of the PHODA (CSs). In this way, we could determine during which 
activity (CS) this PDN related fear (US) occurred (e.g. walking on uneven ground). 
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Team meeting: After these sessions, there is a meeting with the treatment team including 
the rehabilitation physician, without the patient. The team summarizes and elaborates 
on all the information that was obtained. In this meeting, the treatment team will make 
a final judgement as to whether the patient is eligible for EXP treatment. Directly after 
this, there is a final session with the patient, rehabilitation physician and physiotherapist 
during which the patient will be informed about the eligibility for EXP treatment. When 
the patient is eligible, the screening finishes with an educational session. 

Educational session: The patient receives an educational session with the rehabilitation 
physician, psychologist and physiotherapist. This educational session comprises a medical 
education on PDN and an explanation about the FAM and treatment rationale. 

Medical education: The rehabilitation physician elaborates on the aetiology of diabetes 
and PDN and the medical consequences and risks. He/she stresses the importance of 
adequate glycaemic control and physical activity. The aim of this educational session 
is to provide information and clarify any potential misconceptions regarding diabetes, 
pain and physical activity. Table 3 shows which topics should be addressed during this 
session. At the end of the session, the patient should be informed and aware of his/her 
medical condition on the one hand, and on the other hand, should realize that physical 
activity is important for good glycaemic control, and is not harmful when performed in 
the correct way. 

Education of FAM: Using their own individual symptoms, beliefs and behaviours in relation 
to their pain complaints, patients are given a careful explanation of the FAM (33) by the 
psychologist. Pain catastrophizing, pain related fears, diabetes related fears, avoidance 
and safety behaviours are discussed. The treatment team illustrates the paradoxical 
and dysfunctional effects of these coping strategies. In addition, the team stresses the 
risks of this behaviour, as it can lead to a higher risk of developing diabetes related 
complications in the long run. One of the major goals of the educational session is to help 
the patient understand that the consequences of PDN, in his/her case, are catastrophically 
overestimated and that physical activity is beneficial in the self-management of PDN and 
its complications. 
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Table 3. Topics that should be discussed during the medical education session 

Aetiology and consequences of diabetes, amongst which DN
-	 Aetiology of diabetes and its complications such as retinopathy, neuropathy, ulcers, risk for 

amputation.
-	 Discuss why adequate glycaemic control is so important. 
-	 Aetiology of DN: explain nerve damage and sensory loss; discuss the results of previously 

performed medical examinations (e.g. EMG). 

Pain in PDN
-	 Aetiology of PDN: nerve damage leads to continuous firing of pain signals. 
-	 Discuss acute vs. chronic pain; chronic pain in a damaged nerve is not necessarily a warning 

sign.
-	 Discuss pain medication: it is not always effective and can have many side effects. 

Physical activity
-	 Stress beneficial effects of physical activity on glycaemic control and the reduction of risks for 

development of secondary complications. 
-	 Elaborate on any potential misconceptions regarding limitations and/or risks of physical activity 

in PDN. 

DN: diabetic neuropathy; EMG: electromyography; PDN: Painful Diabetic Neuropathy.
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Treatment

After the screening, the actual rehabilitation treatment commences. In this 8 weeks 
programme, the patient receives one-hour sessions of EXP treatment, twice a week, with 
a total of 16 sessions. During these sessions, the patient is systematically exposed to the 
tailored and fear-provoking activities. These fears can be diabetes- or pain related and an 
elaboration will be done on the cognitions, fears and expectations of the patient regarding 
the feared activity. After this, the actual exposure to the feared activity will take place. For 
example, one activity that potentially induces both diabetes and pain related fears could 
be prolonged walking on uneven grounds. By performing this activity for a longer period 
of time, it may activate the fear that an episode of hypoglycaemia may set in. The fact 
that a patient is walking on uneven grounds can reinforce the fear of falling. During each 
exposure session patients are encouraged to engage in these fearful activities as much 
as possible until disconfirmation has occurred. 

A member of the treatment team checks every activity on safety for patients with PDN, 
e.g. wearing adequate shoes before walking on uneven ground. Before every session, the 
patient is asked about current PU’s. The treatment session can only start if the patient 
reports that the skin is in good condition. However, if the patient reports that PU’s are 
present, or he/she is in doubt about the current condition of the skin, the therapist 
will inspect the feet. In case there are current PU’s, the rehabilitation physician will be 
consulted and the EXP session will be seized. Because this treatment aims to decrease 
fears and increase self-management skills, we opted not to systematically screen the feet 
of all patients before and after every session, as we believe this will enhance hypervigilance 
and fear, rather than decrease it. In all patients who are insulin dependent, glucose levels 
are measured pre- and post-treatment. In case fear of hypoglycaemia was specified as 
a limiting factor for physical activity in non-insulin dependent patients, these additional 
measurements can also be done. In the last session, treatment effects are assessed and 
recorded using the PHODA-PDN, COPM and PART-Q30©. 

Team meetings and aftercare
During the EXP treatment, two team meetings take place (in week 3 and 7). During these 
meetings, the treatment team discusses the individual treatment goals and progression 
of the treatment. After each team meeting, the patient has an evaluation session with 
the physician to discuss progress and answer any questions where needed. After the 
last session, advices for future follow-up will be provided. Usually, aftercare consists of a 
meeting with the treatment team 6 weeks post treatment and a final check-up with the 
physician 3 months after completion of the treatment. 
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Discussion

This manuscript describes the treatment protocol of our 8 weeks EXP treatment that 
was specifically designed for patients with PDN that are limited in daily life activities 
by PDN related fears. To the best of our knowledge, this treatment protocol is the first 
rehabilitation intervention based on the principles of classical conditioning for patients 
with PDN. The EXP intervention aims to increase physical ability and QoL by establishing a 
new positive association between previously expected negative outcomes during a specific 
activity. This intervention distinguishes itself by the fact that it aims to change behavioural 
patterns through physical and cognitive exposure of underlying cognitions and fears in 
specific daily life situations. Furthermore, this treatment protocol is based on a theoretical 
framework that integrates knowledge from the fields of psychology, behavioural sciences, 
physical therapy, diabetes care and rehabilitation medicine. Based on this knowledge, 
customized screening tools were developed and used. The result is a treatment rationale 
that provides an integrated approach to the individual needs and treatment goals for 
every single patient. The effectiveness of the EXP treatment protocol for PDN patients has 
been tested in a repeated measures single case experimental design (SCED) with 6 months 
follow-up period (ActiFeet study, ClinicalTrials.gov Identifier: NCT03066570).

Clinical Messages 
-	 This innovative 8 weeks EXP treatment protocol has specifically been designed for the 

risks and needs of patients with PDN. 
-	 It aims to change behavioural patterns through physical and cognitive exposure of 

underlying cognitions and fears in specific daily life situations, hereby increasing levels 
of activity and QoL. 
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Abstract

Objective: to evaluate effectiveness of personalized exposure in vivo (EXP) on improving 
physical activity (PA) and quality of life (QoL) in patients with painful diabetic neuropathy 
(PDN). 

Design: randomized single-case ABC-design. 

Subjects: 12 PDN patients, age>18 years, diabetes mellitus type II, Clinical Neurological 
Examination score>5, Diabetic Neuropathy Symptom Score≥1 and Douleur Neuropathique 
4 Questions score≥3. 

Methods: The treatment consists of an intensive screening (A), followed by 8-week EXP 
in vivo (B) specifically adapted to needs/risks of PDN patients, and 6-months follow-up 
(C). Outcome measures included daily and non-daily measures of PA, QoL, metabolic 
parameters, disability, depression, general and PDN related anxiety, pain intensity and 
pain catastrophizing.

Results: Due to high drop-out rates (n=6 during screening, n=2 during EXP, n=1 after EXP), 
only 3 participants completed the study. Only slight, however non-significant, changes on 
PA and disability were seen. 

Conclusions: Analyses of the reasons for the high drop-out rate indicated that EXP may 
only have an added value for patients with PDN; 1) whose daily life functioning is mainly 
impaired by the PDN, 2) the PDN related fears are exaggerated and irrational, 3) specific 
activities evoke the PDN-related fears, 4) whose spouse and healthcare providers are 
involved in the treatment and 5) if he/she is willing to change daily behaviour.
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Introduction 

Diabetic neuropathy (DN) is present 50% of all chronic diabetic patients and is a major 
cause of morbidity and mortality (1). Up to 25% of the diabetic patients develops painful 
diabetic neuropathy (PDN), characterized by pain, paraesthesia and sensory loss (1). 

PDN is associated with a decrease in the level of physical activity (PA) (2). This is alarming, 
since reduced mobility can lead to dependence on others, restriction in daily and social 
activities, depression and decreased quality of life (QoL) (3). Depression on its turn is known 
to be related to poor glycaemic control and the development of pressure ulcers (PU’s) (4). 
Pain can be enhanced by negative feelings, again leading to less PA and diminished QoL, 
creating a vicious circle (5). Patients with PDN can suffer from anxiety and fears such as 
fear of pain, fear of falling and fear of hypoglycaemia, thereby avoiding PA (6, 7). Anxiety 
is common in patients with diabetes (20%-32%) (8, 9). Anxiety can also play an important 
role in the maintenance of the consequences of the PDN (5, 6). It seems plausible that the 
overall QoL of patients with PDN can only be successfully improved when comorbid anxiety 
and negative emotions are optimally screened, diagnosed and treated (5, 10). 

Current care, mostly based on pharmacotherapy and physical training, seems to be 
insufficient to increase PA and to regain normal daily functioning. Dropout rates in physical 
exercise programs are high; up to 45%, due to PU’s, overuse injuries and lack of motivation 
(11, 12). Fears may contribute to this dropout. An interdisciplinary therapeutic approach 
focusing on more than reduction of pain alone, is recommended (13, 14).

In order to restore QoL and improve daily life functioning, it seems beneficial to integrate 
the knowledge obtained in populations with other pain syndromes into the field of PDN, 
since patients with chronic pain frequently share the comorbidities depression and fear, 
and as a consequence disability. Research on the Fear-Avoidance Model (FAM) succeeded 
to identify the disabling role of specific fears such as fear of movement, fear of pain or fear 
of (re)injury. This pain related fear can lead to avoidance behaviour and hypervigilance 
to pain-related stimuli (15). Previous research has confirmed that the FAM may also be 
applicable in patients with PDN (5, 10, 16). Patients with PDN can suffer from several fears 
related to diabetes and pain (e.g. kinesiophobia, fear of falling), that might be important 
predictors of physical and social activities (16). Also, PDN has shown to be associated with 
catastrophic thinking, which in turn can lead to a perceived decline in physical activity, 
increased disability and less quality of life (5). Based on the FAM, a cognitive behavioural 
therapy, Exposure in Vivo treatment (EXP) was developed which appears to be successful 
in breaking the vicious circle (17). 
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In this pilot study, we aimed to investigate whether EXP could also be effective in patients 
with PDN. We hypothesized that, through targeting specific fears, a reduction in the 
perceived harmfulness of activities would occur, leading to higher level of PA and QoL in 
patients with PDN. 
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Methods 

Population and procedure
This research was performed at Adelante, location Maastricht University Medical Centre 
(MUMC+), the Netherlands, where a diversity of chronic pain patients are successfully treated 
with EXP (18). It was also embedded in the Diabetes Centre and movement laboratories of 
MUMC+. Here, patients were asked to participate. Furthermore, an invitational letter was 
sent to patients with PDN who had participated in our previous research (5, 10, 16, 19, 20). 
An online advertisement was posted on the website of the patient organization (Dutch 
Diabetes Foundation). The study was approved by the Medical Ethical Committee MUMC+ 
(reg. no. 163024) and registered in in clinicaltrials.gov (NCT03066570).

Inclusion criteria
Patients were included if they met the following inclusion criteria: age>18 years, diabetes 
mellitus type II, Diabetic Neuropathy Symptom Score (DNS) ≥1, Douleur Neuropathique 4 
Questions (DN4) ≥3, and standardised Clinical Neurological Examination (CNE) >5. Previous 
research has shown that EMG and CNE score resulted in the same diagnosis of PDN in DM 
II patients compared to using the abovementioned criteria (21). 

Exclusion criteria
Patients with lower limb morbidities other than PDN (e.g. peripheral arterial disease, severe 
osteoarthritis), other diseases causing pain in the feet and/or damage to the peripheral 
nervous system (e.g. ulcers), other disease that may cause limitations in PA (e.g. severe 
cardiopulmonary disease) and/or patients who received cognitive behavioural therapy 
within the last 6 months were excluded from this study. 

Design
A pilot study using a randomized replicated sequential single-case experimental ABC-
design (SCED) with multiple measurements was performed (22). T0 represents the first 
consultation by the rehabilitation physician in which rehabilitation goals were determined 
and inclusion criteria checked. After this, a baseline measurement period of at least 3 
weeks started (period A, T0-T1) in which patients underwent an extensive screening. Then, 
patients were randomly assigned to the 8-week treatment (period B, T1-T2). After 6-months, 
there was a follow-up period of 2 weeks (period C, T3-T4). Figure 1 illustrates the study 
design.
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Figure 1: Study Design

PARTQ-30, Painful Diabetic Neuropathy Anxiety Rasch-Transformed Questionnaire; HADS, Hospital 
Anxiety and Depression Scale; PAD, Perceived Activity Decline; PARS, Physical Activity Rating Scale; 
PDI, Pain Disability Index; PCS, Pain Catastrophizing Scale; Norfolk QOL-DN, Norfolk Quality of Life 
Questionnaire-Diabetic Neuropathy, COPM, Canadian Occupational and Performance Scale; PHODA-
PDN, Photograph-series Of Daily Activities – Painful Diabetic Neuropathy version.

In this SCED ABC-design, the sequencing of phases is fixed so the randomization cannot 
be applied to the treatment order. One feature that can be randomly determined without 
distorting the treatment order, is the moment of phase change, e.g. ABBBC, AABBBC, 
AAABBBC (23). Therefore, the starting point of the intervention (T1) was determined at 
random using the waiting list for regular treatments. Repeated measurements (diary 
and questionnaires) took place in each phase (A, B and C). No blinding was possible for 
participants or members of the rehabilitation team since all participants received the 
EXP treatment. Data-analysts were blinded, as they were not involved in the treatment. 
Subjects who withdrew from the study, received follow-up according to care as usual and 
were asked to fill in all the questionnaires on the remaining time-points. 

Intervention
The EXP in this study was specifically designed for patients with PDN who experienced PDN 
related fears and wanted to improve their level of activity and QoL. It was adapted to the 
needs and risks of patients with PDN (potential risks for injury, PU’s and/or hypoglycaemia 
etc.). The treatment was based on results of earlier qualitative and quantitative studies 
that we performed (5, 10, 16), and PDN specific screening tools, such as the Painful Diabetic 
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Neuropathy Anxiety Rasch-Transformed Questionnaire, PART-Q30© (19), and Photograph-
series of Daily Activities, PDN version (PHODA-PDN) were constructed. Furthermore, blood 
glucose levels were measured pre- and post-treatment in insulin dependent patients. 

The EXP treatment consisted of three parts; intake by rehabilitation physician, an extensive 
interdisciplinary one-day screening and the 8-week EXP treatment. During the intake 
session, the rehabilitation physician took a full medical history and assesses the current 
PDN related complaints, risks and medication. The interdisciplinary screening consisted of 
a behavioural analysis by the psychologist, an observation during activities and physical 
examination by the physical therapist, goal identification by the occupational therapist, 
a team meeting with the physician and all therapists, and a final educational session 
for the patient by all team members. The 8-week EXP-programme consisted of two one-
hour sessions of EXP per week in which thoughts and beliefs about the fears and bodily 
sensations were challenged. Then, patients were encouraged to increase the level of PA 
and apply their newly learned associations in new situations. The full protocol of this EXP 
treatment has been published elsewhere (20).

Data collection
Data on age, gender, duration of complaints, insulin treatment, use of pain medication, 
pain intensity, metabolic parameters, anxiety, depression, PA and disability were collected. 
To check whether EXP increased PA by decreasing PDN related fears, daily and non-daily 
measures (at T0-T4) were used. 

Non-daily measures
Primary outcome measures
PA and perceived activity decline (PAD). Self-reported PA was measured using the Physical 
Activity Rating Scale (PARS), consisting of 20 daily activities (24). On a 5-point Likert scale 
(0-4), patients scored how often they have performed these activities in the past two 
weeks. To estimate the PAD, patients indicated whether they would have performed each 
specific activity of the PARS more often (yes/no) if they would not experience PDN related 
pain. PAD has shown good internal consistency and reliability (25). 

QoL. QoL was measured using the 35-item Norfolk Quality of Life Questionnaire, Diabetic 
Neuropathy Version (Norfolk-QOL-DN), a self-administered questionnaire designed to 
capture and quantify the perceived impact of diabetic neuropathy on QoL. Low score 
indicates good QOL(26). Reliability has shown to be good for most domains (26). 
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Secondary outcome measures 
Metabolic parameters: blood samples were taken to assess insulin, glucose, HbA1c and 
HbA1c%.

Pain Intensity. Pain intensity was measured using a Visual Analogue Scale (VAS), ranging 
from 0-10.

Disability. The 7-item Pain Disability Index (PDI) investigated the magnitude of the self-
reported disability in different situations, e.g. work, leisure time, activities of daily living 
and sports (27). PDI has shown to be internally reliable (27).

Anxiety and Depression. These were measured using the Hospital Anxiety and Depression 
Scale (HADS), a self-report scale that consists of 7 items on depression symptoms (HADS-D) 
and 7 items on anxiety symptoms (HADS-A)(28). HADS has shown to have adequate 
reliability and validity (29).

Fear reduction. Overall PDN related fear was measured using Painful Diabetic Neuropathy 
Anxiety Rasch-Transformed 30-item questionnaire (PART-Q30©), which encompasses 
various domains of PDN related anxieties and fears. Higher scores indicate more presence 
of fears (19). The PART-Q30© has shown to explain approximately 1/3 of disability and 
almost half of QoL reduction as experienced by PDN patients. The personal separation 
index of the PART-Q30© has shown to be good (19).

Pain Catastrophizing: To measure negative thoughts and beliefs during actual or anticipated 
painful experiences, the Dutch version of the validated 13-item Pain Catastrophizing Scale 
(PCS) was used (30). Psychometric properties of the PCS have shown to be adequate (30, 31).

Identification of PDN specific fears and activities: A list of fear-eliciting activities was 
made using the PHODA-PDN version (20) with 8 additional photographs to assess the 
following PDN related fears; hypoglycaemia, falling, amputation, pain, exhaustion, injury, 
social isolation, and loss of identity (10, 16). The PHODA-PDN was used in 2 phases. First, 
the patient identified which PDN related fear he/she experienced, using the 8 additional 
pictures. Next, the identified pictures were paired to pictures of activities from the original 
PHODA (e.g. walking up a slope induces/activates fear of hypoglycaemia). In this way, the 
team could determine during which activity the PDN related fear occurred (e.g. walking on 
uneven ground elicited fear of falling). 
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Rehabilitation goals. The Canadian Occupational Performance Measure (COPM) was used 
to assess perceived limitations in personally relevant activities and participation, aiding 
the goal formulation process (32). 
A full description of the PHODA-PDN and COPM are published elsewhere (20). 

Daily measures
To check whether the intervention modified PDN related fear, pain catastrophizing and/
or pain experience, participants filled in 16 questions on an electronic diary. Participants 
received daily e-mails asking them to fill in the diary. It consisted of one question concerning 
pain intensity (VAS 1-10), 10 questions derived from the PART-Q30© questionnaire and two 
personalized questions based on the PHODA-PDN and COPM (highest scores taken at 
baseline). Here, participants scored how often they had performed the activity (PHODA-
PDN and COPM) and how satisfied they were about the way they could perform this activity 
(COPM). An example of the diary questions is provided in Table 1. 

Table 1. Diary questions

1.	 How much nerve pain in the feet do you experience at this moment? 1-10

2.	 I am afraid of injuring myself accidentally. 1 2 3

3.	 I would not have this much pain if there was not something potentially 
dangerous going on in my body.

1 2 3

4.	 I think that if my pain gets too severe, it will never decrease. 1 2 3

5.	 My fatigue has put my body at risk for the rest of my life. 1 2 3

6.	 How often have you have worried about not recognizing/realizing I am 
having a reaction because of low blood sugar?

1 2 3

7.	 I try to avoid activities that cause pain. 1 2 3

8.	 I will stop any activity as soon as I sense pain is coming. 1 2 3

9.	 As soon as pain increases, I take medication to reduce it. 1 2 3

10.	 How concerned are you that you will fall, while walking up or down a slope? 1 2 3

11.	 How concerned are you that you will fall, while reaching for something 
above your head or on the ground?

1 2 3

12.	 Today, how often have you performed activity X (fearful activity identified by 
PHODA-PDN)?

1-10

13.	 A. Today, how often have you performed activity Y (desired activity identified 
by COPM)?

1-10

B. 	 How satisfied are you about the execution of this activity Y (desired activity 
identified by COPM)?

1-10

COPM: Canadian Occupational and Performance Scale; PHODA-PDN: Photograph-series of Daily 
Activities – Painful Diabetic Neuropathy version.
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Statistical analyses
Baseline characteristics are presented in means (±standard deviation) or percentages. 
Results of questionnaires for PA, depression, fears and QoL on T0-T4 are displayed in 
tables. No statistical analyses could be performed on these data due to the small sample 
size. 

Daily measures were first presented graphically and next interpreted for trends, followed 
by a randomization test for SCEDs based on the random determination of the moments 
of phase change(23). In SCEDs, the single case experiments (SCEs) are replicated one 
after another, hereby demonstrating the external validity of the effects. These replicated 
SCEs may be considered as multiple studies that can be combined using meta-analytical 
procedures(33). The randomization tests in this study used the difference between means 
as test statistic. Because EXP (B) was expected to be superior to baseline (A), the null 
hypothesis that there was no differential effect for any of the measurement times was 
tested using a randomization test on the differences between B and A. The follow-up period 
(C) was expected to be superior to A and should not change in relation to B; therefore, 
differences between C and A were also tested. 

The outcome variables of the diaries were combined in themes of which means were 
calculated; pain intensity (item 1), fear of injury (FOI, items 2-4), fear of exhaustion/
hypoglycaemia (items 5,6), avoidance behaviour (items 7-9), fear of falling (items 10,11), 
PHODA (item 12), COPM (items 13A and 13B). Next, the themes were measured systematically 
over time in each phase (A-B and A-C). Because replicated SCEs in this study provided 
independent tests of the same null hypothesis, the directional p-values of these test 
were combined by calculating the sum of the p-values and comparing this sum with all 
other sums that arose under the general null hypothesis; if the null hypothesis is true, the 
p-value is a random draw from a uniform [0,1] distribution(23). The results of the diaries 
are visually presented in running medians (batch size 4, averaged by pairs). The analyses 
were performed using the online Shiny SCDA web app (https://tamalkd.shinyapps.io/scda) 
by Kumar De and Onghena, KU Leuven, Belgium. 
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Figure 2: Flow chart of inclusion procedure

Mailing
n= 91

 

Online advertising
n = 1

Interested in
participation

n = 31

Intake rehab 
physician 

n = 23

Exclusion:
- n = 3 already very active in daily life
- n = 2 travel distance 
- n = 1 no willingness to change daily life functioning
- n = 1 no diabetes
- n = 1 unavailable 

Screening with 
rehab team

n = 12

Exclusion:
- n = 7 no willingness to change daily life functioning
- n = 2 exclusion criteria 
- n = 2 comorbidity 
 

T0: Baseline
n = 6

Exclusion:
- n = 4 not experiencing the pain as main interference in daily life
- n = 1 no willingness to change daily life functioning
- n = 1 comorbidity 

T1: start EXP
n = 5
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- n = 1 pressure ulcer

T2: end EXP
n = 4

Exclusion:
- n = 1 back pain

T3: Follow-up
n = 3

Exclusion:
- n = 1 unavailable
 

Rehabilitation / Internal Medicine
n = 11

Recruitment
n = 103

Figure 2: Flow chart of inclusion procedure. EXP: exposure in vivo; T0, T1, T2, T3, T4: timepoints T0-T4.
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Results

A total of 103 potential participants were contacted to participate in this study, of which 
31 were interested. After an informative phone call by our research team, 23 participants 
who potentially fulfilled the inclusion criteria, were invited for the intake session with 
the rehabilitation physician in order to determine final inclusion. Here, exclusion of 11 
participants took place due to the unwillingness to change daily life functioning (n=7), 
exclusion criteria (n=2) and hindering comorbidity (n=2). A total of 12 participants were 
admitted to the interdisciplinary screening. The screening resulted in a further exclusion of 
6 participants due to not experiencing pain as the main interference in daily life functioning 
(n=4), no willingness to change daily life functioning (n=1) and comorbidity (n=1). A full 
overview of the inclusion procedure and reasons for exclusion is given in Figure 2. 

A total of 6 participants started the baseline period A; 5 started the treatment period B; 
4 completed the treatment and a final number of 3 participants completed the follow-up 
period C. The baseline characteristics of the 6 participants who started the treatment are 
illustrated in Table 2. 

In the next paragraphs, the data of participant 3 (P3), 4 (P4) and 5 (P5) is presented, 
as these are the only participants who completed the full treatment procedure and all 
measurements. Participant 1 and 2 dropped out after the intake session. Participant 6 
finished the treatment, but did not return questionnaires at T1-T3. Because of the small 
sample size, mostly descriptive data is presented. For the diaries, p-values are given for 
the combined items, as described earlier. 

Physical activity and QoL
For PA, PAD and QoL, all measures (PARS, PAD and Norfolk-QOL-DN) showed great variability 
amongst the 3 participants without clear trends. For these measures no cut-off values for 
a minimal clinically important change (MCIC) are available. All participants deteriorated 
on disability (PDI) between T0 and T1, followed by an improvement back to baseline after 
treatment (T2) and a deterioration at follow-up (T3). Here, MCIC (8.5-9.5) was reached in 
P3 at T2-T3, in P4 at T1-T2, and in P5 at T0-T1 and T1-T2 (34).
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Figure 3: Results of questionnaires Participant 3, 4 and 5. PDI, Pain Disability Index; PARS, Physical 
Activity Rating Scale; PAD, Perceived Activity Decline; Norfolk QOL-DN, Norfolk Quality of Life 
Questionnaire-Diabetic Neuropathy, HADS-A, Hospital Anxiety and Depression Scale –Anxiety 
Subscale; HADS-D, Hospital Anxiety and Depression Scale –Depression Subscale; PARTQ-30, Painful 
Diabetic Neuropathy Anxiety Rasch-Transformed Questionnaire; PCS, Pain Catastrophizing Scale.
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Table 2: Baseline characteristics.

Participant no. 1 2 3 4 5 6 Mean (±SD)

Age (years) 63.7 51.7 68.1 56.3 45.6 75.4 60.1 ± 11.0

Gender Male Female Male Male Male Female

Duration of neuropathic pain complaints (years) 5 - 3 5 5 5 4.6 ± 0.9

Intensity neuropathic pain  (min. – max. VAS) 4-8 4-8 2-7 4-7 7-7 3-7 3-8

Current Pain intensity (VAS) 6 2 3 7 7 1 4.3 ± 2.7

Medication use Pregabalin Pregabalin None None Amitriptylin Gabapentin -

Glucose (mmol/l) 4.7 13.3 9.1 9.2 10.1 8 9.1 ± 2.8

Insulin (mU/l) 90 152 104 280 152 107 147.5 ± 69.9

HbA1c (mmol/mol) 47 54 56 78 50 48 55.5 ± 11.5

HbA1c (%) 6.5 7.1 7.3 9.3 6.7 6.6 7.3 ± 1.1

PDI - 28 20 43 40 47 35.6 ± 11.2

PARS - 14 27 13 21 11 17.2 ± 6.6

PAD - 6 7 8 4 8 6.6 ± 1.7

HADS-A 11 13 1 6 10 17 10.3 ± 2.7

HADS-D 8 9 4 7 10 15 10.5 ± 1.4

PARTQ-30 47 64 32 43 49 67 50.3 ± 13.2

PCS 27 50 8 25 32 30 28.7 ± 13.5

Norfolk QOL-DN 57 64 18 71 68 87 60.8 ± 20.2

PDI, Pain Disability Index; PARS, Physical Activity Rating Scale; PAD, Perceived Activity Decline; 
HADS-A, Hospital Anxiety and Depression Scale –Anxiety Subscale; HADS-D, Hospital Anxiety and 
Depression Scale –Depression Subscale; 

PARTQ-30, PCS, Pain Catastrophizing Scale; Painful Diabetic Neuropathy Anxiety Rasch-Transformed 
Questionnaire; Norfolk QOL-DN, Norfolk Quality of Life Questionnaire-Diabetic Neuropathy.

Anxiety, depression and catastrophizing
P3 reported no signs of depression or anxiety on all time points (HADS-A and HADS-D <8). 
P4 only scored mild complaints on the HADS-A (8-10) at T3, and on the HADS-D on all time 
points (35). P5 scored mild complaints on HADS-A on T1-T2 that had improved on T3, while 
the mild complaints on HADS-D persisted on all time points. The PARTQ-30 questionnaire 
showed a great variability amongst all participants without clear trends. For PARTQ-30 
no cut-off values/MCIC are available. The presence of catastrophizing is defined as a 
PCS score of >30 (36). Such score was only observed in P4 on T3 (38) and in P5 on T0 (32). 
Also, no clear trend could be identified throughout T0-T3. All data of the questionnaires 
is presented in Figure 3.
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the mild complaints on HADS-D persisted on all time points. The PARTQ-30 questionnaire 
showed a great variability amongst all participants without clear trends. For PARTQ-30 
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PCS score of >30 (36). Such score was only observed in P4 on T3 (38) and in P5 on T0 (32). 
Also, no clear trend could be identified throughout T0-T3. All data of the questionnaires 
is presented in Figure 3.

Glucose regulation
For P3, the glucose and insulin levels were relatively similar in period A (T0-T1) and showed 
a decrease after the treatment (T2). In the follow-up period C (T3), the glucose levels 
increased compared to end of period B (T2), whereas the insulin levels remained stable. 
The HbA1c levels were stable throughout baseline and treatment, however showed an 
increase at the follow-up measurement. For P4, a different trend was observed. The glucose 
and insulin levels decreased in period A (T0-T1), and had increased after the treatment 
(period B, T2) and remained stable after the follow-up period C (T3). The HbA1c levels were 
stable across all time points. For P5, glucose, insulin levels and HbA1c levels at T1 were 
not available due to non-compliance. All values showed a decrease between T0 and T2 
and an increase in the follow-up period C (T3). The data of the metabolic parameters is 
presented in Figure 4. 
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Figure 4. Results of metabolic parameters. Missing values for T1 for participant 5 on all parameters.

Diaries
Visual analyses: Overall, no clear trends could be identified for the individual items in all 
3 participants. Only in P3, a decreasing trend was observed for question 1 (pain at this 
moment) in period A (8-4) and B (6-2), with a higher stable level in period C (4-6). P4 and 
P5 showed no changes in pain intensity over periods A and B, with scores fluctuating 
between 6-9 (P4) and stable scores around 7 (P5), respectively. P4 showed a decrease in 
pain in period C from 6-3, while P5 fluctuated between 5-6. The graphs for question 1 are 
shown in Figure 5.

For questions 2-11, large floor effects were observed in all participants, with little to no 
variation. For the personalized questions (questions 12, 13A and 13B), only some variation 
was observed in P3. Here for question 12, values between 4-8 in period A, 2-6 in period B 
and 2-8 in period C (PHODA-PDN; walk down the stairs) were observed. Questions 13A and 
13B (COPM performance and satisfaction; walk for 1 hour) showed large variability with 
a decrease during treatment phase (period B) and an increase in the follow-up period 
(period A 0-6; period B 2-6, period C 4-8 resp.). For the other participants, no variability 
could be observed in periods A, B and C for the personalized questions (data not shown). 

Statistical analyses of daily measures
The changes between baseline and treatment (A-B) and between baseline and follow-up 
(A-C) of the diary measures were not statistically significant on an individual bases, nor 
in the combined themes (Table 7). 
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Participant 3

Participant 4

Participant 5

Figure 5. Visual analyses of data on item “Pain at this moment” (VAS 1-10).



Chapter 8

170

Participant 3 Participant 4 Participant 5

Pain intensity

Baseline-EXP 0.194 0.945 0.949

Baseline-FU 0.403 0.787 0.795

FOI

Baseline-EXP 0.222 0.252 0.154

Baseline-FU 0.333 0.252 0.179

FOH/exhaustion

Baseline-EXP 0.056 1.000 0.333

Baseline-FU 0.056 1.000 0.372

Avoidance

Baseline-EXP 0.181 1.000 0.128

Baseline-FU 0.528 1.000 0.154

Fear of falling

Baseline-EXP 0.236 0.323 0.218

Baseline-FU 0.222 0.252 0.218

PHODA-PDN

Baseline-EXP 0.972 0.472 0.987

Baseline-FU 0.556 0.354 0.564

COPM

Baseline-EXP 0.662 0.299 0.218

Baseline-FU 0.225 0.441 0.218

Table 7: P-values for each participant on the diary data between baseline – exposure in vivo (EXP) 
and baseline – follow-up (FU) for the aggregated independent variables of pain intensity, fear of 
movement (FOI), fear of hypoglycaemia (FOH) /exhaustion, avoidance, fear of falling, Photograph-
series Of Daily Activities – Painful Diabetic Neuropathy version (PHODA-PND) and Canadian 
Occupational Performance Measure (COPM), respectively. 
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Discussion 

In this pilot study, we hypothesized that EXP treatment, through targeting specific fears, 
would lead to a reduction in the perceived harmfulness of activities, leading to higher 
level of PA and QoL in patients with PDN. This study describes the results of 3 participants 
who completed the full study procedure. The results are heterogeneous on most study 
outcomes such as PA, depression, fears, QoL and metabolic parameters and due to the 
small sample, it is difficult to determine the effectiveness of EXP treatment. Nonetheless, 
some valuable lessons can be learned from the findings and drop-out rates in this study. 

Our study was designed around the hypothesis that the FAM is also applicable to a 
subgroup of patients with PDN, as was supported by the results of our previous studies in 
which we identified PDN related fears that could be challenged with EXP (5, 10, 16, 19, 20). 
However, during the study we encountered some unexpected, yet significant, differences 
compared to experiences of EXP in other pain conditions. These differences can be related 
to the aetiology and multimodality of the underlying disease (DM) in which many different 
healthcare providers are involved, the aetiology of the pain itself (neuropathic versus 
musculoskeletal) and/or the possible underlying cognitive processes in coping with the 
pain. In the next paragraphs we will elaborate on these topics. 

DM is a common multidimensional condition and daily management is burdensome and 
long-term complications occur frequently. Up to 25% of patients with DM develops PDN, 
which itself is known for its debilitating effects on daily life, both physical and mental (3, 
5). Despite the high prevalence of patients with PDN with anxiety related complaints, we 
experienced difficulties in recruiting candidates for the study and also observed a large 
number of drop-outs. The most important reason for dropping out after the screening by 
the physician or treatment team, was unwillingness to change daily life functioning (38%) 
or not experiencing pain as main interference in daily life (19%). This was unexpected, as 
the participants were specifically recruited based on their experienced burden of the pain. 
There seems to be a discrepancy in how one perceives his/her pain and disability (high 
burden), versus the willingness/readiness to participate in a rehabilitation programme 
that addresses these problems. A reason could be that the DM related comorbidity is 
so predominant, that patients do not allocate PDN first priority, or patients may simply 
not believe/realize that their perception and burden of the complaints can be altered. 
Also, other internal or external personal factors (e.g. personality traits, role of health care 
providers, spouse) may play a role in this. Based on our experiences, we believe that more 
research should be done on the hierarchical experienced burden of all aspects of DM and 
its comorbidities (“what is the most important DM-related problem that limits your daily 
life functioning at this moment?”). Ideally, this information should be paired to (qualitative) 
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data from DM patients on 1) which of these experienced burdens they want to learn to 
cope with (willingness to change), 2) what they are now lacking in order to be able to tackle 
these problems (readiness to change/empowerment), c) and in which way or form they 
feel healthcare could meet their needs in order to achieve their goals. 

EXP aims to increase physical ability and QoL by establishing a new, positive association 
between previously expected negative irrational outcomes during a specific activity. EXP 
is most powerful when the discrepancy between the real-life situation and the irrational 
feared consequences is large (15). The difficulty with PDN related fears is that the evaluation 
of a fear is not always irrational and some level of concern can be considered appropriate 
and adaptive; e.g. being afraid of falling when having balance impairments, or being (hyper)
vigilant to develop PU’s when having little to no sensation in the feet and being told to 
check for PU’s etc. (5, 16). At this time point, no tool is available that can help clinicians to 
identify the difference between a rational and irrational fear. We also believe that EXP can 
only be effective when the fears are the foremost reason for the experienced disability in 
daily life. If there are other reasons such as significantly debilitating (co-)morbidity, EXP 
alone may not succeed to improve physical functioning. In our study, there were five drop-
outs due to comorbidity (back pain, cardiopulmonary problems, pressure ulcer). 

Furthermore, it is known that DM is a complex condition that requires attention to many more 
aspects of one’s health than pain alone. The patient is encountering many health care providers 
over short periods of time and almost all of them have a mainly somatic (bio) approach to the 
various DM related issues. There is a continuous focus on glucose regulation, skin care, dietary 
restrictions, and prevention/treatment of hypertension and/or dyslipidaemia. When multiple 
health care providers are involved, this could result in non-compatible or even contradicting 
advices regarding PA, glucose management and/or the management of skin problems. EXP 
can only be powerful and successful at diminishing pain related fears, if the patient can be 
convinced that PA is not harmful. Adequate medical counselling about individual possibilities 
regarding PA is essential to create this awareness. As soon as other healthcare providers, 
spouses, friends or relatives advise adversely, uncertainty may (re-)occur and the effect of EXP 
can be diminished. This mechanism could be an explanation for the discrepancies in improved 
PA levels combined with higher PAD scores during treatment, and the worsening of almost all 
outcome variables in in the follow-up period in P4. 

Next, there seems to be a difference in how patients cope with chronic musculoskeletal 
pain compared to neuropathic pain. Studies in various chronic musculoskeletal pain 
conditions have shown that factors such as psychological flexibility (PF) can play an 
important role in relation to well-being and daily-functioning (37, 38). In PDN however, 
only low correlations between PF and functional impairment, depression severity and 
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depression impact were seen, whereas relatively higher correlations between the pain 
itself and functional impairment were found(39). Pain severity generally appeared to play 
a more important role in relation to daily functioning in PDN, than psychological factors 
did (39). These findings confirm our previous work in which pain severity showed to be 
the main predictor for disability and QoL, rather than various fears (5), and could also be 
an explanation for the discrepancies found in this study regarding how one perceives the 
pain and its disability, versus the willingness/readiness to do something about it. Another 
study demonstrated that, while the neuropathic pain in PDN did contribute to depression, 
unsteadiness was the symptom with the strongest, cumulative effect on depression. The 
patients’ perception of their unsteadiness appeared to be an adequate indicator of the 
actual balance impairment (14). Future interventions that aim to improve PA in PDN, should 
take balance impairments and the patients perception of their unsteadiness into account, 
in addition to the above mentioned bio-psychological factors. 

An issue of this study that should be addressed, is the fact that the PHODA-PDN is different 
from the PHODA. The original PHODA is designed to identify activities that evoke fear of 
(additional) injury. In EXP, these activities are challenged and the fears will be diminished 
when the patient experiences that he/she can perform the activity without the occurrence 
of the feared consequence. However, in our previous qualitative studies, we discovered 
that the most frequent PDN related fears (fear of falling, fear of hypoglycaemia etc.) were 
not associated with specific activities. To overcome this issue, we altered the procedure by 
using the PHODA-PDN in 2 phases (step 1: identification of type of fear; step 2: pairing this 
fear to a specific situation or activity). This adaptation of the PHODA may have affected 
the effectiveness of EXP, as EXP was originally designed to challenge feared activities, 
rather than fears itself. Therefore, more research on the PHODA-PDN is needed. Another 
limitation was the way patients were recruited, as most participants were approached by 
their own physician and did not apply for the study themselves.

In summary, the effectiveness of EXP for restoring QoL and physical wellbeing in patients 
with PDN was not confirmed by this study. Despite the overlap of concepts within the FAM 
that were well-established in a variety of other chronic pain conditions, this study revealed 
that there seem to be some other significant factors involved in patients with PDN. Given 
the lessons learned, we believe that EXP may only have a potential added value for patients 
with PDN if; a) daily life functioning is mostly impaired by PDN, and not by other (co-)
morbidity, b) the PDN related fears (feared consequences) that cause these impairments 
are exaggerated and irrational, c) specific activities can be identified that evoke the PDN 
related fears and d) spouses and other healthcare providers are involved in the treatment 
and e) there is a willingness to participate in a rehabilitation programme that addresses 
PDN related fears in daily life situations. Further research is needed to confirm this. 
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General Discussion 

This chapter presents a reflection on our main findings and discussion on potential 
implications for clinical practice, methodological considerations and directions for future 
research.

Fear avoidance model in patients with PDN 
In Part I we hypothesized that the fear avoidance model (FAM (1)) is applicable to patients 
with PDN. Findings of the first three studies confirmed the great burden of PDN on daily 
functioning. The consequences of PDN showed to be physical (weakness, pain, physical 
restrictions), psychological (feelings of loss, feelings of depression, anger, sadness), and 
social (social withdrawal, isolation, work limitations, lower career opportunities). Patients 
reported several fears that were associated with different types of avoidance behaviour. Also, 
the association between pain catastrophizing with lower quality of life (QoL) and a perceived 
decline in physical activity (rather than an actual decline in physical activity) was established. 

Disuse
Depression

Anxiety

Pain 
experience

Pain 
catastrophizing

Pain-related 
fear

Avoidance
Hypervigilance

Injury

Confrontation

No fear

Recovery

FAM (Vlaeyen 2000) 

Based on these results, we designed a new exposure in vivo treatment (EXP) that was adapted 
to the needs and risks of patients with PDN, including PDN specific screening tools, such as 
the Painful Diabetic Neuropathy Anxiety Rasch-Transformed Questionnaire, PART-Q30©(2), 
and Photograph-series of Daily Activities, PDN version (PHODA-PDN) (3-7) (Part II).
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The EXP intervention was designed around the hypothesis that the FAM is applicable to 
a subgroup of patients with PDN who report diabetes mellitus (DM) or pain related fear. 
However, during the study we encountered some unexpected, yet significant, differences 
compared to experiences of EXP in other pain conditions. These differences seemed to be 
related to the assessment of fear in PDN, the possible underlying cognitive processes in 
coping with the pain and the aetiology and multimodality of the underlying disease (DM). 
This will be discussed more thoroughly in the next paragraphs. 

Assessment of PDN related fear (methodological considerations)
PHODA-PDN
For our study, the PHODA-PDN was adapted from the original PHODA. The PHODA is a tool 
that identifies activities that evoke fear of (additional) injury (7). In EXP, these activities 
are challenged and fears will be diminished when the patient experiences that he/she 
can perform the activity without the occurrence of the feared consequence dysfunctional 
cognitions are challenged and rejected (8, 9). In our qualitative studies, we discovered that 
the most frequent PDN related fears (fear of falling, fear of hypoglycaemia etc.) were not 
associated with specific activities. To overcome this issue, we altered the procedure by 
using the PHODA-PDN in 2 phases (step 1: identification of type of fear; step 2: pairing this 
fear to a specific situation or activity). It is not clear whether this adaptation of the PHODA 
may have affected the effectiveness of EXP, as EXP was originally designed to challenge 
feared activities, rather than fears itself. More research on the validity of the PHODA-PDN 
and its applicability in clinical practice is needed. 

PART-Q30©
In our study, data obtained from seven generally applied fear scales were stacked (n=88 items) 
and integrated in Rasch analyses (pre-PART-Q88) to create the 30-item PDN overall Anxiety 
Questionnaire (PART-Q30©) (10). The development of the questionnaire is an important 
advance for clinical practice, as it enables the clinician to identify the impact of specific 
disabling fears for the individual patients based on a relatively simple procedure existing of 
30 items to evaluate on an ordinal scale. The actual applicability and clinimetric properties 
of the PART-Q30© in a larger cohort of patients with PDN still needs to be determined. An 
important step in doing so, is to examine the validity and reliability of the items’ weight 
and patients’ ranking using the new three response options. Future longitudinal studies are 
needed to investigate the constructed measures of the PART-Q30© in patients with PDN.

PDN related fears; adaptive or maladaptive? 
Within the FAM, the main assumption is that pain catastrophizing and fear fuel the vicious 
circle leading to avoidance, disuse and depression (1). The question arises, whether fears 
are always dysfunctional in patients who suffer from pain following an underlying medical 
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disease (secondary chronic pain), such as PDN. In other words, can a certain level of 
consciousness or fear be helpful and protective in dealing with the risks in diabetes and 
the prevention of complications? And from this, should all fears be challenged and/or 
treated? And if yes, to what extent and in what way?

In the case of PDN, being afraid of developing pressure ulcers, falls, or experiencing a period 
hypoglycaemia during physical activity, could be considered an adequate and adaptive 
coping mechanism, as having no fear at all will result in increased risks of developing 
these complications. On the other hand, research has also shown that too much fear of 
falling can lead to dysfunctional gait with an even higher risk of falling (11, 12), while low, 
compared to high levels of fear of falling was protective for falling, and that this was even 
irrespective of the presence of balance impairments (11). In the same way, the evaluation 
of fear of hypoglycaemia has shown that it is not always irrational and that some level of 
concern is considered appropriate and adaptive (13).

So, when can fear be considered irrational or exaggerated in persons with PDN? Should 
there be a defined cut-off point at which a fear itself is considered to lead to additional 
increased limitations in daily life functioning? On the other hand, can there be individual 
differences in levels of fear and/or the way in which one copes with his/her complaints, 
possibly related to the stage or severity of the underlying disease and complications? In 
other words, can the same level of fear be protective and adaptive for one individual, 
while it may be hindering in another person? On the contrary, can it be harmful for a 
patient when there is no fear at all regarding diabetes related risks? Up to now, there is 
no tool available that can determine the difference between functional and dysfunctional 
(exaggerated) fear in patients with PDN (or other forms of secondary chronic pain), nor 
to detect individual differences in the significance of these fears with regard to daily life 
functioning and QoL. Further elaboration on this topic is needed. 

A diagnostic tool should aim to unravel individual differences that can help the clinician to 
stratify which patients could benefit from which treatment. This tool however, can merely 
give an indication whether fear is dysfunctional, which can then serve as a starting-point 
for the interdisciplinary assessment, in which structured interviews create the basis to a 
patient centred problem analysis and shared decision-making processes.

It should be mentioned that a thorough elaboration of an individuals’ pain problem is 
an interdisciplinary effort, that requires the skills, experience and craftsmanship of all 
clinicians of the rehabilitation team (physiatrist, physiotherapist, occupational therapist, 
psychologist), in order to unravel all biopsychosocial factors related to disability in PDN. 
The interpretation whether fear is dysfunctional in patients with secondary chronic pain 
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is also dependent on the individual medical (co)morbidities, which makes it essential that 
a physician (usually a physiatrist) trained in de the underlying disease and chronic pain 
problems is involved in the treatment of these patients. 

Coping with PDN
Feeling no need to change and having no request for help; less willingness or ability to 
change daily life behaviour?
In our intervention study (EXP), the most important reason for dropping out after the 
screening by the physician or treatment team, was that participants felt no need to change 
daily life functioning or that they did not experience pain as the main interference in 
daily life. In other words, there was no request for help for dealing with the pain. This was 
unexpected, as the participants were specifically recruited based on their experienced 
burden of the pain and our thorough analyses of the pain problem showed that many 
aspects of the FAM were present in these patients. However, when they were offered 
a treatment that could help them challenge the fears and achieve a higher level of 
functioning despite the pain, the majority declined. Therefore, there seemed to be a 
discrepancy in how one perceives his/her pain and disability (high burden), versus the 
willingness/readiness to participate in a rehabilitation programme that aims to improve 
daily life functioning. It is not clear what caused this discrepancy. One possible explanation 
could be the fact that up to now, it is difficult to determine whether a present fear is helpful 
or dysfunctional. Another explanation could be that patients may simply not believe or 
realize that their perception of the complaints and the level of activity in daily life can be 
improved. This could be even more true when patients already had an inactive lifestyle 
before PDN occurred and/or when cognitive impairments are present. In this context, it 
would be of interest to investigate the treatment credibility and expectancy in patients 
with PDN, with and without cognitive impairments (14). 

Our EXP treatment mainly focussed on pain and disability, and to lesser extent on DM 
as a whole. To determine potential help requests and treatment targets, more research 
should be done on the hierarchical contribution of all aspects of DM and its comorbidities 
on the experienced burden; “What is the most important DM-related problem that limits 
your daily life functioning at this moment?” Ideally, this information should be paired to 
(qualitative) data from DM patients on 1) which of these experienced burdens they want 
to learn to cope with (is there a request for help and willingness to change?), 2) what they 
are now lacking in order to be able to tackle these problems (ability and readiness to 
change/empowerment), and 3) and in which way or form they feel healthcare could meet 
their needs in order to achieve their goals. 
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Self-efficacy and psychological flexibility
Successful management of chronic illnesses like diabetes and rheumatoid arthritis relies 
on the individual being able to carry out tasks designed to control symptoms and avoid 
acute, as well as chronic, complications. Successful management of chronic illnesses 
like diabetes and rheumatoid arthritis relies on the individual being able to carry out 
tasks designed to control symptoms and avoid acute, as well as chronic, complications. 
Successful management of chronic illnesses like dia betes and rheumatoid arthritis relies 
on the individual being able to carry out tasks designed to control symptoms and avoid 
acute, as well as chronic, complications. Successful management of chronic illnesses 
like diabetes and rheumatoid arthritis relies on the individual being able to carry out 
tasks designed to control symptoms and avoid acute, as well as chronic, complications. 
Successful management of chronic illnesses like DM relies on the individuals’ ability 
to carry out tasks designed to control symptoms and avoid acute, as well as chronic 
complications (15). Self-efficacy is defined as the perceived confidence in performing 
behaviours and overcoming barriers related to e.g., pain, and it represents an important 
mediator in pain-related disability (16). In diabetes research, numerous studies have shown 
that higher self- efficacy is associated with better diabetes self-management behaviours 
such as glycaemic control and medication adherence (17-21). Self-efficacy has also shown 
to play a mediating role in the association between diabetes distress and self-management 
behaviours (22). Also, self-efficacy is a common facilitator of physical activity. In adults 
with diabetes, cross-sectional studies support the association between self-efficacy for 
physical activity and higher physical activity (23, 24). The influence of diabetes management 
self-efficacy (i.e., confidence in one’s ability to engage in behaviours such as managing 
diet, checking blood glucose and physical activity) on engagement in physical activity is 
less clear (25). In pain research, self-efficacy has repeatedly shown to be important in 
explaining coping styles as well as linking pain to decreased functioning and psychological 
comorbidity (16, 26). There is no literature regarding the role of self-efficacy in PDN, and it 
was also not included in our studies. Further research is needed on self-efficacy in PDN, 
as PDN is a disease that requires self-management skills regarding DM, while also having 
to cope with chronic neuropathic pain. 

Psychological flexibility is defined as the ability to contact the present moment more fully 
as a conscious human being, and to change or persist in behaviour that serves valued ends 
(27). On the contrary, psychological inflexibility is defined as the inability to act effectively 
in accordance with a valued life in the presence of unpleasant thoughts, emotions or 
bodily symptoms (28). Studies in various chronic musculoskeletal pain conditions have 
shown that psychological flexibility can play an important role in relation to well-being 
and daily life functioning (29, 30). On the other hand, psychological inflexibility has shown 
to strongly contribute to disability (31). Self-efficacy and psychological flexibility appear 
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to be somewhat related, in the way that both constructs involve the perceived ability to 
perform relevant activities in the presence of interfering private experiences such as pain 
or distress (31). 

There is only scarce literature on psychological flexibility in patients with PDN. Only one 
study has confirmed the presence of low psychological flexibility in patients with PDN (32). 
Interestingly however, only low positive correlations between psychological flexibility and 
functional impairment, depression severity and depression impact were found, while the 
correlations between the pain itself and functional impairment were relatively higher (32). 
Our research has also shown that pain severity was the main predictor for disability and 
QoL, rather than various fears (4). These findings could indicate that pain severity in PDN 
seems to be the main driver of limitations in daily life, rather than the known psychological 
aspects from the FAM such as depression, fear, pain catastrophizing and avoidance 
behaviour (4, 32). We can ask ourselves; are there differences in the way neuropathic pain 
is experienced in PDN, compared to the way pain is experienced in chronic musculoskeletal 
pain? In other words; can neuropathic pain in PDN be so predominant, unexpected and 
overwhelming that psychological processes and coping strategies become less relevant 
in understanding and treating the consequences of the pain?

Neuropathic pain: expect the unexpected 
Research on the differences in functioning and responses to pain between people with 
neuropathic (post-herpetic neuralgia) and nociceptive pain (low back pain) has suggested 
that the differences between the two groups were not on the major variables of pain, 
mood, cognition and physical function, but on the factors that increase pain, people’s 
responses to pain, their beliefs about diagnosis and the cause of pain and the problems 
they reported as a result of experiencing pain (33). The regular pain treatment was being 
considered less appropriate for patients with neuropathic pain because these patients 
associated increases in pain with touch or air movement (allodynia), rather than physical 
activity (leading to less avoidance compared to patients with low back pain) and because 
they experienced paroxysmal pain (33). The paroxysmal nature of neuropathic pain could 
explain why patients with neuropathic pain struggle with pacing daily life activities, as pain 
grabs attention and interferes with cognitive processes and activity (34). This grabbing of 
attention may be more urgent and unexpected in paroxysmal neuropathic pain, giving 
people no other option but to stop activities.

More research should be done on the responses to neuropathic pain and pain increase 
with regards to physical activity, QoL and daily life functioning in patients with PDN. 
Also, the role of psychological variables such as psychological flexibility and self-efficacy 
should be investigated with regard to the paroxysmal nature of neuropathic pain. From 
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this, rehabilitation treatments for neuropathic pain conditions could include training of 
patients on how to deal with the fact that neuropathic pain can increase irrespective of 
daily life activities and/or physical activity. In other words; how to expect the unexpected 
and deal with it?

Cognitive impairments
DM is associated with decrements of attention and executive functioning, learning 
and memory deficits, neural slowing (mental and motor), increased cortical atrophy, 
microstructural abnormalities in white matter tracts and changes in concentrations 
of brain neuro-metabolites (35). The extent of cognitive dysfunction has shown to be 
associated most strongly with long disease duration and poor metabolic control (36, 37). 
Neural slowing on recordings of sensory-evoked potentials, has shown to occur soon 
after diagnosis and is significantly worse in patients with overt peripheral neuropathy 
(38, 39). Diminished central nervous system responses have been observed during motor 
and motor imagery tasks in DM patients with peripheral neuropathy, compared with DM 
patients without neuropathy (40). Also, verbal, visuospatial, and multitasking measures 
of executive function can be impaired in adults with peripheral diabetic neuropathy (41). 
The association between peripheral neuropathy and cognitive impairments has also been 
established in patients with type I DM (42), and patients with diabetic foot ulcers (43). 

Depression, anxiety and mild cognitive impairments in DM seem to be interrelated (44). 
Especially in elderly patients with DM there is high prevalence of combined depressive 
symptoms and cognitive impairment, which has shown to be associated with worse self-
care behaviours, particularly in the areas of diet and exercise (45).

There is no literature on whether and how cognitive impairments play a role in coping 
with chronic pain. It seems apparent to integrate factors of cognitive impairment in future 
research regarding daily life functioning in patients with PDN, as it may affect willingness 
and ability to change, as well as adherence to treatment (46). 

Balance impairments
It is known that the ability to maintain balance is a complex skill that requires the 
integration of multiple sensorimotor and cognitive processes. Emerging evidence suggests 
that diabetes-related subtle declines in sensory functions (somatosensory, visual and 
vestibular), metabolic muscle function and executive functions may also contribute to 
increased risk of falls in older adults with type 2 DM (47). Sensory deficits, muscle weakness 
and atrophy can all have implications for motor controlled physical activity (48-50), as it 
can impact the patient’s ability to detect and respond appropriately to ground contact 
and balance disturbances during walking and other everyday ambulatory activities (25). 
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Also, cognitive impairments in patients with DM have shown to exacerbate the risk of falls 
in people with peripheral neuropathy (51). The neuropathic symptoms of pain, combined 
with unsteadiness and reduced feeling in the feet symptoms, have been associated with 
depressive symptoms (52). Research has shown that the patients’ own perception of their 
unsteadiness appeared to be an adequate indicator of the actual balance impairment (52). 
Our studies did not include indices of balance impairment or subjective unsteadiness. 
Future research on therapeutic interventions that aim to improve physical activity in PDN, 
should take these factors into account as they should be treated and/or controlled for. 

Diabetes and Chronic Pain; bridging the gap 
Research and treatment of chronic pain are generally focussed on patients with chronic 
pain syndromes who have no additional medical risks, hereby concentrating mainly on 
psychological factors that influence pain and daily life behaviours. Treatment of secondary 
chronic pain (pain secondary do a medical underlying disease) is slowly emerging and 
faces some significant challenges as the medical aspects cannot be ignored (53). On the 
contrary, the approach to treatment and counselling of DM is often very medically oriented, 
with a lesser focus on psychological aspects. For PDN, it is time to bridge the gap.

Biopsychosocial approach and personalized medicine
The management of PDN asks for an integrated and personalized approach, in which there 
should be a shift from focussing solely on pain and pain-related factors, towards a focus 
on DM including all of its comorbid problems, of which neuropathic pain is just one. Next, 
in order to achieve a true holistic perspective on the daily consequences and burden 
that are caused by PDN, the disease DM – and not PDN only – needs to be analysed from 
a biopsychosocial perspective. This requires a trained interdisciplinary team consisting 
of at least a physician (e.g., physiatrist), physiotherapist and/or occupational therapist 
and a behavioural therapist/ psychologist. Although the biopsychosocial concept has 
been well-established in the field of rehabilitation medicine and chronic pain, there are 
no screening tools or treatments available for patients with PDN that address all three 
domains (54). 

Assessment of the bio component should not only focus on neuropathic pain and its 
treatment, but should encompass all biomedical aspects concerning diabetes (sensory 
deficits, pressure ulcers, retinopathy, nephropathy, occurrence of hypo-/hyperglycaemic 
episodes, other hindering comorbid cardiovascular problems, medication etc.) and 
pain (type of pain, previous pharmacological and interventional treatments such as 
transcutaneous electrical stimulation (55) or epidural spinal electrical stimulation 
(56, 57) etc.). A thorough medical history should be taken, together with a physical 
examination. Glycaemic control should be optimised and controlled by the general 
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practitioner or a specialist in internal medicine. Peripheral polyneuropathy should be 
checked and classified based on a standardised clinical neurological examination (CNE) 
(58). The CNE score is determined by examining the Achilles tendon reflex, vibration 
awareness, sharp–blunt discrimination, touch sense, position sense at the hallux 
and manual assessment of extensor muscle strength of the hallux and flexor muscle 
strength of the foot in which all items are scored as either normal, impaired or absent 
(0–2 points). In addition, the scoring of light touch sense is related to the anatomical 
level below which it is impaired (toe, mid-foot, ankle, mid-calf and knee) (0–5 points). 
The diagnoses of peripheral neuropathy can be confirmed by electromyography 
(EMG), although research has shown that EMG and CNE scores resulted in the same 
diagnosis of distal polyneuropathy in DM patients (59-61). All patients should be 
screened for pressure ulcers on their feet and on whether they are wearing adequate 
(orthopaedic) shoes. The physiotherapist assesses balance impairments and walking 
abilities, combined with an observation of the specific body movements during various 
activities. During this observation special attention should be paid to behavioural 
responses to specific activities (e.g., fear or avoidance). 

The psycho component should focus on all psychological issues that are known to be 
associated with DM, its management and all its potential complications, including pain; 
e.g., general depression and anxiety, coping styles, personality traits, DM related fears, 
pain related fears, cognitive impairments, psychological flexibility and self-efficacy. The 
30-item PDN overall Anxiety Questionnaire (PART-Q30©) can be used to identify PDN 
related fears (10). The aim is to complete a behavioural, cognitive and psycho-physiological 
analysis of the problems associated with DM and PDN. This personalized assessment also 
includes information about any DM or PDN-related antecedents (situational or internal, 
episodes of hypoglycaemia, recurrent falls etc.) and its direct and indirect consequences. 
The psychological analyses should also include other areas of life stress, as they might 
increase arousal levels and indirectly also fuel diabetes distress.

Within the social component, the team should make an overview of all persons that 
influence the daily lives of patients, including all healthcare providers that are involved 
in the treatment of these patients. When a patient is encountering many health care 
providers over short periods of time, it is essential that all of them speak the same language 
regarding the individual physical capabilities. Non-compatible or even contradicting 
advices regarding physical activity, glucose management and/or the management of skin 
problems can result in feelings of uncertainty and non-adherence to medical treatments 
and advice. Any physical intervention that aims to improve daily life functioning, can only 
be powerful and successful when the patient is convinced that the specific activity is not 
harmful. Adequate medical counselling about individual possibilities regarding physical 
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activity is essential to create this awareness. Also, communication and collaboration 
between treatment team members and other involved health care-providers is crucial 
to create a common approach to DM and pain management and one should be active 
despite pain. 

The assessment should also include the role of spouses and other significant family members 
and/or friends. It is known that DM care needs effective self-management education and 
support for both patients and family members. Overall, family support has shown to have a 
positive impact on healthy diet, increased perceived support, higher self-efficacy, improved 
psychological well-being and better glycaemic control (62). Also in the field of chronic pain 
management, studies have shown that relationship variables, such as marital satisfaction 
and spousal support, are associated with pain severity, physical disability, and depression 
in individuals with chronic pain (63). For this reason, spouses and other significant family 
members or friends should be educated and engaged in the treatment, so that they can 
learn to recognize and help patients cope actively with their pain and/or underlying disease 
(64). An example of a biopsychosocial analyses is given in the figure below. 

Coping styles
Cognitive impairments
Anxiety / Depression
DM related fears/emotions
Pain related fears/emotions
Psychological flexibility
Self-efficacy

Healthcare providers
Spouses, Family
Relatives, Friends 
Work / Hobby’s 
Other personal factors
Other external factors

Glucose regulation
Cardiovascular 
complications
Microvascular complications
Neuropathy
Neuropathic pain
Skin care
Balance impairmentsBio

SocialPsycho

DM
Disability

Biopsychosocial model for DM related disability
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ICF Model
Rehabilitation medicine aims to enable people with health conditions experiencing 
disability to achieve and maintain optimal functioning in interaction with the environment. 
This is achieved by applying and integrating approaches to optimize a person’s capacity, 
approaches which build on and strengthen the resources of the person, which provide 
a facilitating environment, and which develop performance in the interaction with the 
environment (65). From the rehabilitation perspective, patients’ functioning and health 
are associated with, but not merely a consequence of, a condition or disease (66). 
Furthermore, functioning and health are not only seen in association with a condition but 
also in association with personal and environmental factors (66). The WHO International 
Classification of Functioning (ICF) offers a method to systematically describe human 
functioning from a biological, individual and social perspective.

ICF model

The ICF model can be used as a framework for measuring health and disability at both 
individual and population levels (67). The ICF model can also be used to establish a 
personalized holistic analysis of the DM and PDN related disability, which then facilitates 
the development of a personalized rehabilitation treatment plan, as is shown in the figure 
below. 
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Me and my Health

This is me My physical & mental condition What I (can) do What I want 

Personal factors

Environmental factors

Health condition

Body function & structures

Activities

Participation

Request for help

Willingness to change

Treatment goals

Example of personalized patient centred overview of DM disability based on ICF domains

Acceptance and commitment therapy (ACT): the way to go? 
Acceptance and commitment therapy (ACT) is a third-wave cognitive behavioural therapy 
(CBT) that focusses on identifying thoughts, feelings and behaviours that may drive and 
maintain presenting psychological difficulties (68-70). From an ACT perspective, people’s 
difficulties to persist with, or change, behaviours in order to serve long term values 
(i.e., psychological inflexibility), strongly contribute to disability. In short, ACT includes a 
combination of acceptance and mindfulness methods along with activation and behaviour 
change methods to support individuals to develop psychological flexibility; an individual’s 
ability to respond to changing demands and alterations in emotions (70-72). Within the 
theory of ACT, psychological flexibility (PF) includes six processes: acceptance, cognitive 
defusion, awareness of the present moment, self-as-context, committed action, and values-
based actions (27). Strategies are focused on learning to live effectively and alongside an 
unpleasant experience, such as pain, through identifying value-led behaviour change and 
mindful approaches (70). Therefore, ACT is explicitly not aimed at reducing pain or distress, 
or at changing the frequency or content of thoughts. Instead, it promotes greater acceptance 
of negative private experiences in order to increase psychological flexibility (31). 

Multidisciplinary treatment based on ACT has shown to be effective in reducing the 
burden of chronic pain in various chronic pain conditions (73, 74). From this, ACT may 
also be a good fit to address the multiple impacts of pain and the range of physical and 
psychosocial comorbidities that people with PDN experience (32). A recent Iranian study 
in 25 patients with PDN has shown that ACT can be beneficial to improve pain acceptance, 
pain perception, depression severity and overall sleep quality (75, 76). Another study that 
investigated an online ACT treatment for patients with PDN, showed clinically meaningful 
effects on pain intensity and pain distress, depressive symptoms, functional impairment, 
cognitive fusion, committed action, self-as-context, and pain acceptance (32). It should be 
noted that this study had a high drop-out rate; only 12 out of 30 participants completed 
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the study, and it was therefore considered non-feasible. More research should be done on 
the effects of ACT on improving daily life functioning in patients with PDN. It should also 
be noted that it is unclear if and how cognitive impairments affected the effectiveness of 
ACT for patients with PDN.

It seems plausible that ACT may also be useful to help patients cope with DM in general. In 
adults with type 2 DM, only two studies have examined the effectiveness of ACT, relative to a 
control group, for improving diabetes self-management behaviours and glycaemic control. 
In the first study, DM patients who had received ACT were more likely to use ACT-based 
coping strategies, reported better diabetes self-care (including exercise, diet, and glucose 
monitoring), and showed a greater mean decrease in glycated haemoglobin (HbA1c) (77). 
The second study, showed greater improvements in HbA1c and diabetes self-care activities 
(including exercise, diet, glucose monitoring, medication adherence, cigarette smoking, 
and foot care) relative to those in the control condition (78). Both studies however, did 
not address pain. More research is needed to develop treatment modalities that primarily 
capture all DM and PDN related factors that cause disability and diminished QoL, and from 
which a personalized value-led selection of treatment goals can be made. 
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Impact Paragraph

Besides a contribution to scientific knowledge, the results of this dissertation can have 
a broader societal impact. This impact paragraph aims to describe the societal impact of 
the scientific results on the application and implementation in healthcare, to whom our 
findings are relevant, and it proposes addresses activities for knowledge transfer.

Relevance
DM and its complications, is a burdensome disease that has a huge impact on daily lives 
and on society. In 2016, there were an estimated 1.1 million DM patients in the Netherlands 
and the estimated total economic burden of DM was € 6.79 billion (1). On top of this, 
approximately 25-50% of the patients with DM experiences neuropathic pain (2-4), leading 
to even more disability and therefore costs for society (5, 6). 

When treatment of the underlying disease fails, it is important that healthcare providers 
help the patient to deal with his/her complaints, to promote physical fitness and to 
stimulate participation in daily life activities in order to improve QoL, to prevent further 
complications, and from this, to minimise further societal and healthcare costs. This is 
also acknowledged by the Dutch Association of Medical Specialists (FMS), who published 
a vision document for 2025 in which four main priorities are formulated: 1) optimising QoL, 
2) patient centred health care, 3) disease prevention & functional maintenance of disease, 
and,4) self-management, e-health, wearables & big data (7). 

This dissertation highlights the high daily life burden for patients with PDN. In line with the 
modern approach to complex diseases as defined by the FMS, it focusses on improving QoL 
and daily life functioning in patients with PDN, hereby presenting a holistic personalized 
interdisciplinary biopsychosocial analyses of PDN-related problems and providing directions 
for future treatments that aim to help patients cope with PDN-related complaints. 

Network medicine
DM is a common multidimensional condition and daily management is burdensome and 
long-term complications occur frequently. It is known that adequate management of 
DM and prevention of complications requires attention to many more aspects of one’s 
health than glucose regulation alone. In DM, the patient is encountering many health 
care providers over short periods of time and there is a continuous focus on glucose 
regulation, skin care, dietary restrictions, and prevention/treatment of hypertension and/
or dyslipidaemia. When PDN is also present, pain specialists and other medical specialist 
or therapists may get involved. In order to prevent non-compatible or even contradicting 
advices regarding DM management, pain and being physically active despite pain, it is 
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essential that healthcare providers work together and speak the same language. For 
example, all healthcare providers should be aware of the patient’s medical concerns 
regarding DM and PDN. At the same time, these risks should not be magnified and/or 
exaggerated as this can potentially induce fear of avoidance behaviour. From this point 
of view, all healthcare providers should also know the actual physical capabilities of the 
patient, so that good self-care and physical activity can be promoted within the boundaries 
of what is possible and safe for this individual. This dissertation adds knowledge about 
how to approach PDN from an interdisciplinary perspective.

The discussion section Diabetes and Chronic Pain; bridging the gap provides the outlines 
of an ICF-based biopsychosocial framework that can be used for the problem analysis 
and treatment of patients with PDN. Within the field of rehabilitation medicine, this way 
of thinking and working is already quite common; the physiatrist plays an important role 
within the rehabilitation team, coordinating the medical and paramedical care around one 
patient, and seeking help from other healthcare providers where needed. However, in order 
to achieve true holistic patient centred care, it is important to implement and integrate a 
biopsychosocial way of thinking in the daily working routines of all health care providers. 
For this, network medicine is key; healthcare providers need to start reaching out to one 
another, within and beyond the walls of healthcare institutions. 

This paradigm shift requires the education and training of medical specialists, paramedics, 
general practitioners, psychologists and all other involved healthcare givers. Also, 
healthcare institutions should facilitate network medicine by supporting multidisciplinary 
team meetings, within and beyond the walls of their own institutions. In addition, electronic 
patient files should be redesigned to support network medicine, in the way that relevant 
patient data should be accessible to all involved healthcare providers, while also being 
adequately protected to ensure data security. 

Research should be done on the role of health insurance companies with regard to 
the reimbursement of network medicine. In the field of rehabilitation medicine in the 
Netherlands, the current healthcare financing reimburses direct patient contact, while 
indirect patient related time, such as multidisciplinary consultations, is, with a few 
exceptions, not reimbursed. This means that it can be more feasible for healthcare 
providers to treat patients individually, instead of working together with other healthcare 
providers. It is recommended that the government investigates opportunities on how 
financial structures can be redesigned so that preventive medicine and network medicine 
can be facilitated, as increasing evidence shows that personalized medicine that aims 
to improve QoL and daily life participation results in the prevention of complications of 
chronic diseases, which may lead to lower health care costs in the long run (8). 
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E-health 
Individuals with DM experience a high burden of disease and they frequently have to 
consult healthcare providers for glycaemic control, diabetic foot care, medication switches, 
blood check-ups etc. A pain rehabilitation programme addressing the biopsychosocial 
components of pain in order to improve daily-life functioning, usually involves multiple 
weekly sessions with the therapist team for a period of several weeks, causing an additional 
burden for patients. E-health may be a way to decrease this burden as patients don’t need 
to travel to see a doctor and/or other healthcare provider. 

There are different types of e-health. A real-life consultation with a healthcare provider can be 
replaced by a phone or video call (telemedicine). Mobile telephones with camera technology 
allow to share images such as photographs of pressure ulcers. In addition, electronic health 
record systems can be used for electronic administration of measures which can be stored in 
databases (9). Occasionally, aspects of the physical examination may be undertaken virtually, 
such as the demonstration of certain movements, which may allow an initial treatment 
plan to be started (10). E-health can also refer to online treatment modalities, such as 
diabetes self-care programs or pain rehabilitation programs. In the case of diabetes and 
diabetic foot management, several digital and online treatment options are available (11, 
12). For PDN, an online ACT therapy was developed, which showed to not be feasible in 
the current form as completion rates did not achieve the pre-specified feasibility target 
(13). In the field of pain rehabilitation, telemedicine and e-health approaches are gradually 
being developed and tested, with many studies focusing on lessons learned and barriers 
to using e-health solutions (10). The COVID-19 pandemic accelerated the development of 
these e-heath solutions, as treating and supporting people with non-urgent and long-term 
conditions at a distance from healthcare providers became imperative (10). 

Currently, the COVID-19 pandemic has been around for a year, and we have learned that 
e-health can provide us with more opportunities than we may have imagined before. 
More specifically, in the field of pain rehabilitation, our team has experienced that it was 
feasible to provide (parts of) a pain rehabilitation treatments via videoconferencing during 
the COVID-19 pandemic (14). It is not yet known whether these treatments were equally 
effective, and more research should be done on this. Given the high burden of medical 
visits for PDN patients, it seems apparent to further investigate e-health methods for this 
group of patients. 

Knowledge transfer 
This dissertation illustrates how complex and multidimensional PDN can be, both physically 
and mentally, and it underpins the need for a personalized biopsychosocial approach. 
Especially our lessoned learned are valuable for researchers and clinicians, as they offer 
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a new starting point for further development of treatments for patients with PDN. New 
studies using a single-case or randomized controlled trial design, are advised to further 
investigate and confirm clinical effectiveness of a multidisciplinary rehabilitation treatment 
for diabetes related disability and/or PDN. In case of proven effectiveness, this treatment 
can be included in Dutch and international guidelines. To disseminate the scientific results 
of this dissertation, presentations on national and international conferences were and 
will be given for researchers and healthcare professionals. The results from all our studies 
have already been published in international scientific journals. 



Impact paragraph

207

10

References

1.	 Peters ML, Huisman EL, Schoonen M, Wolffenbuttel BHR. The current total economic burden of 
diabetes mellitus in the Netherlands. Neth J Med. 2017;75(7):281-97.

2.	 Daousi C, MacFarlane IA, Woodward A, Nurmikko TJ, Bundred PE, Benbow SJ. Chronic painful 
peripheral neuropathy in an urban community: a controlled comparison of people with and 
without diabetes. Diabet Med. 2004;21(9):976-82.

3.	 Davies M, Brophy S, Williams R, Taylor A. The prevalence, severity, and impact of painful diabetic 
peripheral neuropathy in type 2 diabetes. Diabetes Care. 2006;29(7):1518-22.

4.	 Abbott CA, Malik RA, van Ross ER, Kulkarni J, Boulton AJ. Prevalence and characteristics of painful 
diabetic neuropathy in a large community-based diabetic population in the UK. Diabetes Care. 
2011;34(10):2220-4.

5.	 Schmader KE. Epidemiology and impact on quality of life of postherpetic neuralgia and painful 
diabetic neuropathy. Clin J Pain. 2002;18(6):350-4.

6.	 Peltier A, Goutman SA, Callaghan BC. Painful diabetic neuropathy. BMJ. 2014;348:g1799.
7.	 Vision Document 2025. Utrecht: Dutch Association of Medical Specialists (FMS); 2017.
8.	 DiBonaventura MD, Cappelleri JC, Joshi AV. Association between pain severity and health care 

resource use, health status, productivity and related costs in painful diabetic peripheral 
neuropathy patients. Pain Med. 2011;12(5):799-807.

9.	 Köke AJ, Smeets RJ, Schreurs KM, van Baalen B, de Haan P, Remerie SC, et al. Dutch Dataset Pain 
Rehabilitation in daily practice: Content, patient characteristics and reference data. Eur J Pain. 
2017;21(3):434-44.

10.	 Eccleston C, Blyth FM, Dear BF, Fisher EA, Keefe FJ, Lynch ME, et al. Managing patients with 
chronic pain during the COVID-19 outbreak: considerations for the rapid introduction of remotely 
supported (eHealth) pain management services. Pain. 2020;161(5):889-93.

11.	 Hazenberg C, Aan de Stegge WB, Van Baal SG, Moll FL, Bus SA. Telehealth and telemedicine 
applications for the diabetic foot: A systematic review. Diabetes Metab Res Rev. 2020;36(3):e3247.

12.	 Celik A, Forde R, Sturt J. The impact of online self-management interventions on midlife adults 
with type 2 diabetes: a systematic review. British journal of nursing (Mark Allen Publishing). 
2020;29(5):266-72.

13.	 Kioskli K, Scott W, Winkley K, Godfrey E, McCracken LM. Online Acceptance and Commitment 
Therapy for People with Painful Diabetic Neuropathy in the United Kingdom: A Single-Arm 
Feasibility Trial. Pain Med. 2020;21(11):2777-88.

14.	 Baadjou VA, den Hollander M, van Meulenbroek T, Verbunt JA, Timmers I. Clinicians’ initial 
experiences of transition to online interdisciplinary pain rehabilitation during the COVID-19 
pandemic. JRM-CC. 2020;3:1000036.





Summary
Samenvatting
Dankwoord
About the author
Publications

Appendix





Summary

211

A1

Summary

The main aim of this dissertation was to gain more knowledge and understanding in the 
underlying biopsychosocial processes that are involved in coping with PDN (Part I), and 
from this, to design and evaluate a rehabilitation treatment that was specifically adapted 
to the identified fears, risks and needs of patients with PDN (Part II). 

In Part I of this dissertation, we investigated whether the known principles of the fear 
avoidance model (FAM) as described in the general chronic musculoskeletal pain population 
are applicable in patients with PDN. In order to gain more insights into the perceptions, 
fears and consequences of PDN in daily life, our project started with a qualitative study in 
which three focus groups with each four patients with PDN were performed (Chapter 2). 
This study showed that patients with PDN can suffer from substantial pain, disability, 
polyneuropathy and diminished quality of life (QoL). The consequences of PDN showed to 
be physical (weakness, pain, physical restrictions), psychological (feelings of loss, feelings 
of depression, anger, sadness), and social (social withdrawal, isolation, work limitations, 
lower career opportunities). Furthermore, patients reported several fears related to 
diabetes and pain that could be important predictors of physical and social activities, such 
as fear of hypoglycaemia, fear of (increased) pain, fear of total exhaustion, fear of physical 
injury, fear of falling, fear of loss of identity and fear of negative evaluation. Fear seemed 
to be associated with different types of avoidance behaviour such as the avoidance of or 
withdrawal from various activities and being less physically active. 

To further quantify these fears, we identified available validated questionnaires that 
matched the earlier mentioned self-reported fears, each measuring one specific element 
of diabetes related fear or pain related fear. These studies included 154 patients with PDN 
(62% male).

In the first study, linear regression analyses were performed to assess the association of 
pain catastrophizing with disability and QoL. Furthermore, we investigated the mediating 
roles of actual physical activity and a perceived decline in physical activity in these 
associations. The results showed that PDN was associated with catastrophic thinking, 
which in turn led to a perceived decline in physical activity (rather than an actual decline 
in physical activity), increased disability and less QoL (Chapter 3). This study emphasized 
the role of catastrophic thinking about pain and the experienced loss in daily activities 
due to PDN. 
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In the same cohort, we illustrated that patients with PDN can suffer from various fears, 
such as fear of hypoglycemia, kinesiophobia, fear of pain, fear of negative evaluation, 
fear of falling and fear of fatigue, and that some of these fears are associated with 
less QoL and increased disability in patients with PDN (Chapter 4). Univariate analyses 
showed that all fears were significantly and negatively associated with QoL and were 
positively associated with disability. More specifically, multivariate analyses showed 
that fear of falling, duration of complaints and pain intensity were the most important 
factors being negatively associated with QoL, while fear of falling, male gender and pain 
intensity were significantly associated with disability in patients with PDN. Both studies 
highlighted the great burden of PDN in daily life. Furthermore, the identification of 
catastrophic thinking and specific fears enabled us to determine potential specific PDN-
related psychological targets for the development of a biopsychosocial intervention 
that aims to improve psychosocial well-being in patients with PDN. 

From the data of our quantitative studies, the first interval outcome measure on 
overall PDN anxiety was developed; the Painful diabetic neuropathy Anxiety Rasch 
Transformed Questionnaire (PART-Q30©) (Chapter 5). After completion by a cohort 
of 151 patients with PDN, data obtained from seven generally applied anxiety scales 
were stacked (n=88 items) and subjected to Rasch analyses. The final PART-Q30© 
questionnaire consists of three items on hypoglycaemia, thirteen items on anxiety, five 
items on kinesiophobia, six on the fear of falling, one on fear of fatigue and two on the 
fear of negative evaluation by others. In this way, the PART-Q30© questionnaire covers 
various domains of PDN related anxieties and fears, while still being unidimensional. 
Also, the PARTQ-30 showed to have an acceptable internal reliability, and it explained 
36% if disability and 63% QoL. The reduction of the items from 88 to 30 with a uniform 
response option reduces the burden in the assessment of patients and can simplify 
anxiety assessment in PDN. 

Part II of this dissertation focusses on rehabilitation treatment modalities that may 
help patients with PDN cope with their pain and/or restore physicial activity levels and 
QoL. A systematic review was performed to provide an overview of the current evidence 
on the effects of biopsychosocial rehabilitation treatments that combine exercise 
therapies with psychological therapies (Chapter 6). Although studies in the domain 
of chronic pain have shown that a multidisciplinary therapeutic approach based on 
the biopsychosocial model may be effective in improving physical activity and QoL in 
patients with PDN, this systematic review of the literature revealed no studies that 
described or tested treatments that combined exercise therapy with psychological 
treatment modalities in patients with PDN. Through a secondary hand search, a total of 
3 reviews were identified that described a total of 5 studies regarding either physical or 



Summary

213

A1

psychological interventions in patients with PDN. This so-called empty review showed 
that the biopsychosocial approach in the treatment low levels of physical activity and 
QoL in patients with PDN is a rather unexplored topic.

Based on the results of the studies that are described in Part I, we designed a new, 
customised exposure in vivo treatment (EXP) for patients with PDN (Chapter 7). During 
EXP, misinterpretations regarding painful stimuli are challenged and corrected, hereby 
lowering pain-related fear and enabling the patient to reengage in daily life activities. An 
interdisciplinary team provided EXP in 1-hour sessions twice a week, during 8 weeks in 
total. The EXP treatment protocol in this dissertation was specifically adapted to the needs 
and risks of patients with PDN who are limited in the performance of daily life activities due 
to PDN. The PART-Q30© is used to identiy PDN specific fears. Furthermore, a customized 
version of the Photograph-series Of Daily Activities (PHODA-PDN) was developed to detect 
PDN related fear-eliciting activities in each individual patient. 

In Chapter 8, we elaborated on the effectiveness of the newly developed EXP treatment 
for PDN patients (ActiFeeT study). In this pilot study in a randomized single-case ABC-
design, 12 PDN patients were included. The study consisted of an intensive screening 
period (A), followed by 8-week EXP treatment (B) that was specifically adapted to needs/
risks of PDN patients, and 6-months follow-up period (C). Outcome measures included 
daily and non-daily measures of physical activity, QoL, metabolic parameters, disability, 
depression, general and PDN related anxiety, pain intensity and pain catastrophizing. In 
this pilot study, we hypothesized that EXP treatment, through targeting specific fears, 
would lead to a reduction in the perceived harmfulness of activities, leading to higher 
level of physical activity and QoL in patients with PDN. Due to high drop-out rates, only 3 
participants completed the full study procedure. From these, the results are heterogeneous 
on most study outcomes such as physical activity, depression, fears, QoL and metabolic 
parameters. Therefore, the effectiveness of EXP for restoring QoL and physical wellbeing 
in patients with PDN was not confirmed by this study. However, the reasons for drop-
out gave us some valuable information for future studies. Given the lessons learned, we 
believe that EXP may only have a potential added value for patients with PDN if; a) daily 
life functioning is mostly impaired by PDN, and not by other (co-)morbidity, b) the PDN 
related fears (feared consequences) that cause these impairments are exaggerated and 
irrational, c) specific activities can be identified that evoke the PDN related fears and d) 
spouses and other healthcare providers are involved in the treatment and e) there is a 
willingness to participate in a rehabilitation programme that addresses PDN related fears 
in daily life situations. Further research is needed to confirm this.
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Samenvatting

Suikerziekte (diabetes mellitus, DM) is een stofwisselingsziekte waarbij het lichaam geen 
of onvoldoende insuline aanmaakt. Insuline is nodig om suikers (glucose) te kunnen 
verwerken en op te nemen in de cellen. Wanneer dit onvoldoende gebeurt, dan stapelt 
glucose zich op in het bloed (hyperglykemie). Hyperglykemie kan voor veel medische 
problemen zorgen in verschillende delen van het lichaam zoals de bloedvaten, het brein, 
de perifere zenuwen, de ogen, de nieren en de huid (1). Pijnlijke diabetische neuropathie 
(PDN) is een vorm van zenuwpijn die ontstaat door schade aan de perifere zenuwen bij DM. 
Voor dit proefschrift is onderzoek gedaan naar de gevolgen van PDN in het dagelijks leven.

DM is een veelvoorkomende aandoening: in 2016 waren er naar schatting in Nederland 1,1 
miljoen mensen met deze ziekte (2). Bij ongeveer de helft van de mensen met DM ontstaat 
schade aan de perifere zenuwen, waardoor ze minder voelen, balansproblemen ervaren, 
het gevoel hebben op watten te lopen en een verhoogd risico hebben op het ontstaan van 
wondjes aan de voeten (3). Ongeveer 25-50% van de mensen met DM ontwikkelt daarbij 
ook zenuwpijn (PDN) (4-6). Zenuwpijn is stekend en prikkend van aard en is niet altijd 
gerelateerd aan een bepaalde activiteit (7). De pijn kan een grote weerslag hebben op de 
kwaliteit van leven van mensen, doordat mensen minder actief en angstig of depressief 
kunnen worden (8, 9). Helaas is PDN moeilijk te behandelen. Er zijn verschillende soorten 
medicatie beschikbaar, maar deze werken onvoldoende en/of hebben veel bijwerkingen 
(10). 

Wanneer de pijnbehandelingen falen, dan is het belangrijk dat mensen met PDN worden 
begeleid in het omgaan met hun pijnklachten (11, 12). Binnen de revalidatiegeneeskunde 
zijn verschillende behandelingen beschikbaar die mensen leren omgaan met chronische 
pijnklachten. Deze behandelingen zijn gebaseerd op een biopsychosociale benadering. 
Uitgangspunt van deze benadering is dat de ervaren beperkingen niet alleen worden 
veroorzaakt door de onderliggende pathologie, maar ook door cognitieve (bijv. het 
uitvergroten van de klachten; catastroferen), gedragsmatige (bijv. vermijden van 
activiteiten), emotionele (bijv. somberheid) en sociale factoren (bijv. bepaalde opvattingen 
over de onderliggende ziekte) (13, 14). Bij deze cognitief-gedragsmatige aanpak wordt stil 
gestaan bij angsten en niet-helpende (dysfunctionele) gedachten over het bewegen met 
pijn, zodat deze vervolgens kunnen worden bijgestuurd en/of uitgedaagd. Het doel van de 
behandeling is dat mensen meer actief worden in het dagelijks leven, ondanks de pijn (13, 
14). Deze biopsychosociale principes zijn goed bekend voor verschillende aandoeningen 
die geen medische risico’s met zich mee brengen, zoals chronische lage rugpijn, werk-
gerelateerde pijn aan de armen en handen, en chronisch regionaal pijnsyndroom type I 
(15-19). Deze principes waren echter nog niet onderzocht bij mensen bij PDN. 
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Het doel van dit proefschrift was om meer inzicht te krijgen in de onderliggende 
biopsychosociale processen bij PDN en de impact hiervan in dagelijks leven (Deel I), 
en om van hieruit een nieuwe revalidatiebehandeling te ontwikkelen die specifiek is 
aangepast aan de angsten, risico’s en medische aandachtspunten bij mensen met PDN 
(Deel II). 

In Deel I van dit proefschrift hebben wij onderzocht of de bekende principes van het 
vrees-vermijdingsmodel zoals we dat kennen bij mensen met chronische pijn aan 
gewrichten en botten (musculoskeletale pijn), ook toepasbaar zijn bij op mensen 
met PDN. Dit project startte met een kwalitatieve studie waarbij drie groepen van vier 
patiënten werden geïnterviewd om meer inzicht te krijgen in de angsten en percepties 
over PDN en welke consequenties dit kan hebben in het dagelijks leven (Hoofdstuk 2). 
Deze studie toonde aan dat mensen met PDN gebukt kunnen gaan onder aanzienlijke 
pijnklachten, beperkingen in het dagelijks leven en een verminderde kwaliteit van 
leven. De consequenties hiervan waren zowel fysiek (algehele zwakte, lichamelijke 
beperkingen), psychologisch (verlieservaringen, depressie, boosheid, verdriet) en sociaal 
van aard (isolatie, vermijden van sociale activiteiten, beperkingen in het uitvoeren van 
werk, verminderde carrièremogelijkheden). 

Daarnaast rapporteerden mensen met PDN verschillende angsten, gerelateerd aan DM en/
of neuropathische pijn, die mogelijk belangrijke negatieve voorspellers zouden kunnen 
zijn voor het uitvoeren van dagelijkse fysieke en/of sociale activiteiten. Voorbeelden van 
deze angsten zijn; angst voor een periode van hypoglykemie (lage bloedsuiker), angst 
voor (meer) pijn, angst voor uitputting, angst voor letsel, valangst, angst voor verlies van 
identiteit en angst voor een negatieve benadering door andere mensen. Deze angsten 
bleken ook gerelateerd te zijn aan verschillende vormen van vermijdingsgedrag, zoals 
het vermijden van dagelijkse activiteiten of sociale contacten. 

In de volgende stap van het onderzoek werden reeds bestaande vragenlijsten gebruikt 
om de bovengenoemde angsten op een gevalideerde wijze in kaart te brengen 
(Hoofdstuk 3). Deze vragenlijsten hadden betrekking op DM-gerelateerde angsten of 
pijn-gerelateerde angsten. In het eerste vragenlijstonderzoek werd onderzocht wat de 
relatie was tussen het catastroferen over pijn (uitvergroten en negatief denken over de 
pijn) en beperkingen in het dagelijks leven en de kwaliteit van leven. Daarnaast werd 
de rol van het daadwerkelijke niveau en het ervaren niveau van lichamelijke activiteit in 
deze relatie onderzocht. De resultaten lieten zien dat mensen met PDN inderdaad kunnen 
catastroferen over hun pijnklachten. Hoe meer ze dit deden, hoe meer ze hierdoor het 
gevoel hadden dat ze minder lichamelijk actief waren in het dagelijks leven. Interessant 
was dat het daadwerkelijke niveau van lichamelijke activiteit gelijk was aan het niveau 
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bij mensen die niet of minder catastrofeerden over de pijnklachten. Mensen voelden zich 
dus vooral meer beperkt in het dagelijks leven wanneer er sprake was van catastroferen 
over de pijn en ervaarden hierdoor ook een verminderde kwaliteit van leven. Deze studie 
benadrukt de beperkende rol van catastroferen over pijn bij mensen met PDN. 

In hetzelfde cohort werd bevestigd dat mensen met PDN last kunnen hebben van verschillende 
angsten zoals angst voor een periode van hypoglykemie, angst om te bewegen (kinesiofobie), 
angst voor pijn, angst voor een negatieve benadering door andere mensen en angst voor 
uitputting, en dat sommige van deze angsten ook geassocieerd zijn met een afgenomen 
kwaliteit van leven en meer beperkingen in het dagelijks leven (Hoofdstuk 4). Univariate 
analyses lieten zien dat alle angsten afzonderlijk significant en negatief geassocieerd waren 
met kwaliteit van leven en positief geassocieerd waren met beperkingen. Multivariate 
analyses lieten zien dat valangst, de duur van de klachten en pijnintensiteit de belangrijkste 
voorspellers waren voor een verminderde kwaliteit van leven. Valangst, mannelijk geslacht 
en pijnintensiteit waren de belangrijkste voorspellers voor beperkingen in het dagelijks 
leven bij mensen met PDN. Beide studies benadrukken de grote last van PDN in het dagelijks 
leven. Op basis van deze resultaten werd een nieuwe behandelvorm ontwikkeld, die erop 
gericht is om mensen met PDN te leren omgaan met hun klachten, waardoor mogelijk het 
activiteitenniveau en de kwaliteit van leven kunnen verbeteren. 

Vanuit de data uit de hoofdstukken 3 en 4, werd een nieuwe, compactere vragenlijst 
ontwikkeld; de Painful diabetic neuropathy Anxiety Rasch Transformed Questionnaire 
(PART-Q30©) (Hoofdstuk 5). Deze nieuwe vragenlijst is een samenvoeging van 7 ordinale 
angstvragenlijsten. In totaal vulden 151 mensen met PDN alle vragenlijsten in (in totaal 
88 items). Op deze data werd een Rasch-analyse uitgevoerd, hetgeen uiteindelijk 
resulteerde in 30 items. Deze items werden getoetst op verschillende statistische waardes, 
unidimensionaliteit, geordende antwoordopties, het ontbreken van item bias en of er geen 
items waren die aan elkaar gerelateerd zijn, resulterend in de PART-Q30©. De vragenlijst 
bevat drie items over angst voor hypoglykemie, vijf items over bewegingsangst, zes over 
valangst, één over angst voor uitputting en twee items over de angst voor negatieve 
evaluatie door andere mensen. Hierdoor dekt de PART-Q30© alle bekende domeinen van 
PDN-gerelateerde angsten. Daarnaast werd de impact van de PART-Q30© op beperkingen 
en kwaliteit van leven onderzocht, waarbij een acceptabele interne betrouwbaarheid werd 
gevonden. Het reduceren van de lijst van 88 naar 30 items maakt dat deze vragenlijst 
gemakkelijk kan worden toegepast in de klinische praktijk. 

Deel II van dit proefschrift gaat over het ontwikkelen van een revalidatiebehandeling 
die mensen met PDN zou kunnen helpen om beter met hun klachten om te gaan, om zo 
een hoger niveau van functioneren en kwaliteit van leven te kunnen bereiken. Middels 
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een systematisch literatuuronderzoek werd geprobeerd om een overzicht te krijgen van 
de publicaties op het gebied van revalidatiebehandelingen met een biopsychosociale 
benadering die erop gericht zijn om mensen met PDN beter te laten functioneren in het 
dagelijks leven (Hoofdstuk 6). Terwijl vanuit het werkveld van de chronische pijn al veel 
bekend is over de effectiviteit van dergelijke biopsychosociale revalidatiebehandelingen, 
bleek bij dit literatuuronderzoek dat er geen enkele studie beschikbaar was die een 
biopsychosociale benadering beschreef voor mensen met PDN. Middels een tweede 
handmatige selectie in de gevonden artikelen, werden 3 reviews geïdentificeerd die in 
totaal 5 revalidatiebehandelingen beschreven die enkel fysiek (bio) óf psychologisch 
(psycho) ingestoken waren. Dit literatuuronderzoek laat zien dat de biopsychosociale 
benadering voor mensen met PDN nog erg onderbelicht is. 

Op basis van de resultaten uit Deel I, werd een speciale revalidatiebehandeling ontworpen 
voor mensen met PDN, gebaseerd op de principes van exposure (Hoofdstuk 7). Tijdens 
een exposurebehandeling worden verkeerde aannames (misinterpretaties) over pijnlijke 
stimuli uitgedaagd en gecorrigeerd, waardoor pijn-gerelateerde angst afneemt, met als 
gevolg dat mensen in staat worden gesteld om weer meer actief te worden in het dagelijks 
leven. Een interdisciplinair revalidatieteam bestaande uit revalidatiearts, fysiotherapeut of 
ergotherapeut en gedragstherapeut (psycholoog), voert deze behandeling uit. 

Het protocol voor de exposurebehandeling voor mensen met PDN in dit proefschrift 
bestond uit twee sessies van 1 uur per week, gedurende in totaal 8 weken. Het protocol 
bevatte speciale aandacht voor de PDN-gerelateerde angsten die zijn gevonden in de 
eerdere studies. Ook werd de behandeling zodanig aangepast dat deze geen additionele 
risico’s vormde voor mensen met een diabetische neuropathie, zoals het risico op het 
oplopen van drukplekken of het ontwikkelen van een lage bloedsuiker. De PART-Q30© 
werd gebruikt voor het in kaart brengen van de PDN-gerelateerde angsten. Tevens werd 
gebruik gemaakt van een aangepaste versie van de Photograph-series Of Daily Activities 
(PHODA-PDN). Dit is een gestructureerde methode van uitvragen van PDN-gerelateerde 
angsten aan de hand van foto’s van activiteiten. 

De effectiviteit van de nieuwe exposurebehandeling werd getest in een pilotstudie in 
single-case-ABC-design (ActiFeeT studie) (Hoofdstuk 8). In deze studie werden 12 mensen 
met PDN geïncludeerd. De studie bestond uit drie fases; intensieve screeningfase (A), 8 
weken behandelfase (B), 2 weken follow-up na 6 maanden (C). De uitkomstmaten waren 
dagelijkse en periodieke metingen over fysieke activiteit, kwaliteit van leven, metabole 
parameters, beperkingen in het dagelijks functioneren, depressie, pijn-gerelateerde 
angsten, PDN-gerelateerde angsten, pijnintensiteit en mate van catastroferen. De 
voornaamste hypothese in deze studie was dat de exposurebehandeling, door middel van 
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het gericht adresseren van specifieke angsten, zou leiden tot een afname van de ervaren 
dreiging van activiteiten, hetgeen dan zou leiden tot een hoger niveau van lichamelijke 
activiteit en kwaliteit van leven bij mensen met PDN. 

Door de hoge mate van uitval in de studie, hebben slechts drie deelnemers de gehele 
studieprocedure doorlopen. Deze drie deelnemers lieten zeer wisselende resultaten zien 
op de meeste uitkomstmaten zoals fysieke activiteit, depressie, angsten, kwaliteit van leven 
en metabole parameters. Om deze reden kon er geen uitspraak worden gedaan over de 
mogelijke effectiviteit van deze exposurebehandeling. 

De analyse van de redenen waarom mensen zijn uitgevallen, heeft wel belangrijke informatie 
opgeleverd. Op basis van deze analyse zijn wij van mening dat exposurebehandeling bij 
mensen met PDN alleen effectief kan zijn onder een aantal voorwaarden: a) de beperkingen 
in het dagelijks functioneren worden vooral veroorzaakt door de PDN en niet door andere 
(co-)morbiditeit, b) de PDN-gerelateerde angsten (en daarmee gevreesde consequenties) 
die deze beperkingen veroorzaken zijn uitvergroot en irrationeel, c) specifieke activiteiten 
kunnen worden geïdentificeerd waarbij deze angsten optreden, d) partners en andere 
zorgverleners worden betrokken bij de behandeling, en e) de hulpvraag ligt op het gebied 
van het verbeteren van het functioneren, met daarbij aanwezige veranderbereidheid en 
veranderbaarheid. Toekomstig onderzoek zal moeten uitwijzen of deze aannames kloppen. 

Het proefschrift wordt afgesloten met een algemene discussie, met daarin een reflectie 
op de belangrijkste resultaten uit dit proefschrift en wat deze kunnen betekenen voor de 
klinische praktijk en toekomstig onderzoek (Hoofdstuk 9). Als eerste wordt een beschouwing 
gegeven op de toepasbaarheid van de meetinstrumenten PARTQ-30© en PHODA-PDN. Daarna 
wordt dieper in gegaan op de cognitieve processen bij mensen met PDN, waarbij met name 
specifiek aandacht is voor de (on)mogelijkheden om verschil te maken tussen een helpende 
rationele angst versus een uitvergrote dysfunctionele angst, het belang van een hulpvraag 
bij veranderbaarheid/veranderbereidheid, de rol van zelfeffectiviteit en psychologische 
flexibiliteit, en uiteindelijk de mogelijke beperkingen veroorzaakt door eventuele cognitieve 
tekorten bij PDN. Ook de fysieke aandachtspunten zoals balansproblemen komen aan de orde. 

Het hoofdstuk eindigt met een voorstel voor een biopsychosociale benadering van 
diabetes-gerelateerde beperkingen, die nog verder gaat dan enkel de focus op PDN-
gerelateerde angsten en beperkingen. Er wordt een model aangereikt waarmee de patiënt 
in kaart kan worden gebracht en kan worden behandeld vanuit het bredere perspectief 
van DM-gerelateerde beperkingen. Als laatste wordt de mogelijke meerwaarde van een 
behandeling volgens de principes van de ‘acceptance and commitment therapy’ (ACT) 
toegelicht. Vervolgstudies zijn nodig om de bruikbaarheid van dit nieuwe model te toetsen. 
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