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Abstract
Background:  Peripheral neuropathy (PN) is a debilitating 
complication among colorectal cancer (CRC) survivors that 
can become chronic. No large-scale study has yet analyzed 
correlates in multivariable models. We did multivariable 
analyses to find correlates of PN.   Methods:  In 1,516 all-stage 
Dutch CRC survivors, cross-sectional data were collected on 
sensory, motor, autonomic, and total PN, sociodemographic 
(age, sex, education, employment, partner), clinical (time 
since diagnosis, tumor location, stage, chemotherapy, radio-
therapy, comorbidities), lifestyle (alcohol, smoking, physical 
activity, body mass index), psychological factors (anxiety, 
depression, personality), and health-related quality of life 
(HRQoL). After multiple imputations, correlates were ana-
lyzed with linear regressions and eliminated with backward 
selection.   Results:  CRC survivors (69 years; 42% female) 
were on average 5 years post-diagnosis, and 28%–65% re-
ported PN. PN was associated with older age, being male 
(sensory) or female (motor), shorter time since diagnosis, 

chemotherapy, comorbidities, anxiety, depression, and 
worse scores on HRQoL domains, and pain, nausea, vomit-
ing, insomnia, constipation, and financial problems.   Con-
clusions:  In multivariable analyses, PN is affected by receiv-
ing chemotherapy, aging, sex, comorbidities, stress-related 
factors, and HRQoL in CRC survivors. Future PN-related stud-
ies can include these factors, and they can be examined in 
longitudinal studies to gain more knowledge about chronic-
ity and severity of PN. © 2022 The Author(s).

Published by S. Karger AG, Basel

Introduction

The number of colorectal cancer (CRC) survivors is 
increasing [1]. As a result, more CRC survivors are con-
cerned not only about how long but also how well they 
survive. Peripheral neuropathy (PN) is a painful periph-
eral nerve injury that is common and persisting among 
CRC survivors [2]. Symptoms are either sensory (e.g., tin-
gling, numbness, and aching or burning pain in the ex-
tremities), motor (e.g., weakness and cramps), or auto-
nomic (e.g., dizziness after standing up and blurry vision) 
[3]. While PN symptoms reverse or improve in the major-

This article is licensed under the Creative Commons Attribution 4.0 
International License (CC BY) (http://www.karger.com/Services/
OpenAccessLicense). Usage, derivative works and distribution are 
permitted provided that proper credit is given to the author and the 
original publisher.
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ity of patients after cancer treatment, a proportion of pa-
tients experiences chronic PN [2, 3]. Due to the high prev-
alence of CRC combined with the lack of a well-accepted 
treatment or preventive strategy against PN [4], it re-
mains a major cancer survivorship issue.

Generally, among CRC patients PN is mostly caused 
by the administration of chemotherapeutic agents, such 
as oxaliplatin [4, 5]. Whereas mostly sensory PN has been 
associated with the type and duration of chemotherapeu-
tic drug used, the motor and autonomic subscales may 
possibly be more influenced by aging [6]. The severity of 
PN symptoms varies greatly among patients and not ev-
eryone who received chemotherapy experiences these 
complaints [4]. Apart from chemotherapeutic agents, 
studies have shown that demographic factors [7], higher 
body mass index (BMI), and less physical activity [8], 
more comorbidities and worse functional status [9], more 
anxiety and depressive symptoms [10, 11], and lower 
health-related quality of life (HRQoL) [12] were separate-
ly associated with PN symptoms in patients with various 
cancer types. However, to our knowledge, none of the 
earlier studies have investigated the association of such 
factors to PN altogether in large multivariable models, 
thereby showing the independency of the associations.

Our aim was to investigate sociodemographic, clinical, 
lifestyle, and psychological factors among CRC survivors 
in multivariable models to describe their cross-sectional 
associations with sensory, motor, and autonomic PN sub-
scales and to the PN sum score. We used this holistic ap-
proach to determine the factors that were independently 
associated with the PN scores, both in patients that re-
ceived or did not receive chemotherapy.

Materials and Methods

Setting and Participants
CRC survivors diagnosed between 2000 and 2009 in the south-

ern part of the Netherlands were recruited in the Patient Reported 
Outcomes Following Initial Treatment and Long-Term Evalua-
tion of Survivorship registry, as described earlier [6, 13, 14]. The 
data presented in this article are based on the second wave (De-
cember 2011), in which a questionnaire on PN was included. The 
Medical Ethics Committee approved this study, and all partici-
pants gave written informed consent.

Peripheral Neuropathy
PN was assessed with the European Organization for Research 

and Treatment of Cancer (EORTC) Quality of Life Questionnaire 
(QLQ) Chemotherapy-Induced PN20 [15]. This questionnaire 
contains three subscales assessing sensory, motor, and autonomic 
symptoms. Respondents are asked how often they had experienced 
a symptom in the past week. Items are answered on a four-point 
Likert scale ranging from (1) not at all to (4) very much. Scores 
were linearly transformed to a 0–100 scale, with higher scores in-
dicating more complaints.

In addition, we scored the EORTC QLQ-Chemotherapy-In-
duced PN20 as a simple additive checklist yielding a single mean 
sum score, as described before [16, 17]. The sum score was derived 
according to the standard EORTC scoring procedures for symp-
tom scales, with a higher score indicating higher levels of symptom 
burden. Outcomes were included in the analyses as continuous 
scores, and also dichotomized based on mean scores in the gen-
eral population, in order to filter out a certain level of PN that can 
already be present in individuals without cancer [16]: presence of 
PN was defined as >3.2 for the sensory subscale, >3.8 for the motor 
subscale, >4.4 for the autonomic subscale, and >3.6 for the total PN 
score.

Correlates
Sociodemographic correlates included age, sex, educational 

level, current marital status, and current employment status were 
collected with questionnaires. PN-related comorbidities were as-
sessed with the adjusted Self-Administered Comorbidity Ques-
tionnaire (i.e., diabetes, rheumatoid arthritis, osteoarthritis) [18]. 
Clinical data related to the patient’s history of CRC (i.e., years since 
diagnosis, tumor site [colon or rectum], tumor stage, primary 
treatment) were collected within the Netherlands Cancer Registry.

Self-reported data on alcohol consumption (drinks/week) and 
smoking status (never/former/current) were collected. Physical 
activity was assessed with the European Prospective Investigation 
into Cancer Physical Activity Questionnaire [19]. Total time spent 
in moderate-to-vigorous intensity physical activity (hours/week) 
was subtracted [20, 21]. BMI was calculated from self-reported 
height and weight (kg/m2).

Anxiety and depressive symptom scores were calculated from 
the Hospital Anxiety and Depression Scale, which consists of sev-
en items for anxiety and seven items for depression (range 0–21 
points), with higher scores indicating more symptoms [22]. A cut-
off value of 8 for each subscale was used to identify a clinical level 
of anxiety or depressive symptoms [23].

Type D personality was measured with the Dutch 14-item Type 
D Personality Scale (DS14) [24], including seven items in the sub-
scales for negative affectivity (i.e., tendency to experience negative 
emotions) and seven items for social inhibition (i.e., tendency to 
inhibit expression of emotions in social interaction) [25]. The 14 
items of this scale are answered on a 5-point response scale ranging 
from (0) false to (4) true, and therefore, the two subscales range 
from 0 to 28.

HRQoL was assessed with the EORTC QLQ-C30 (Version 3.0) 
[26]. HRQoL domains were global quality of life and cognitive, 
emotional, physical, role, and social functioning. Symptom scales 
included fatigue, pain, and nausea/vomiting, and single items were 
constipation, diarrhea, dyspnea, insomnia, appetite loss, and fi-
nancial problems. According to the EORTC guidelines, a sum 
score was calculated for every domain and symptom scale (0–100 
points). A higher score on the domains means better functioning, 
whereas a higher score on the symptom scales and single items 
means more complaints [26].

Statistical Analyses
All variables were described as percentages or means and stan-

dard deviations. For non-normally distributed factors the median 
and range were calculated, or the interquartile range for continu-
ous variables with a fixed range. Sample characteristics of survivors 
with or without PN were compared using χ2 tests for categorical 
variables, independent sample t tests for normally distributed con-
tinuous variables, and Mann-Whitney U tests for non-normally 
distributed continuous variables.
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Table 1. Sample characteristics of survivors with or without PN, based on the total PN sum score (>3.6 for the total PN score) in non-imputed 
dataset

N All survivors
(N = 1,516)

No PN 
(N = 536)

PN 
(N = 980)

p values

Outcomes, median (IQR)
Sensory PN score 1,516 3.7 (11) 0 (0) 7.4 (14) <0.001
Motor PN score 1,516 4.8 (14) 0 (0) 9.5 (14) <0.001
Autonomic PN score 1,516 0 (17) 0 (0) 0 (17) <0.001
Total PN sum score 1,516 5.6 (9) 0 (2) 9.3 (11) <0.001
Sociodemographic factors, N (%)

Age, years, mean (SD) 1,516 69.1 (9.4) 67.2 (9.2) 70.1 (9.4) <0.001
Female sex 1,516 634 (41.8) 189 (35.3) 445 (45.4) <0.001
Educational level

High 1,504 359 (23.7) 144 (27.0) 215 (22.1) 0.03
Middle 944 (62.3) 331 (62.1) 613 (63.1)
Low 201 (13.3) 58 (10.9) 143 (14.7)

Employed 1,487 283 (18.7) 129 (24.4) 154 (16.1) <0.001
Partner 1,505 1,186 (78.2) 422 (79.6) 764 (78.4) 0.57

Clinical characteristics, N (%)
Years since diagnosis, years, md (range) 1,516 5.2 (2–12) 6.0 (2–12) 4.8 (2–12) <0.001
Tumor location (colon vs. rectum) 1,516 896 (59.1) 307 (57.3) 589 (60.1) 0.29
TNM stage

I 1,478 453 (29.9) 183 (35.1) 270 (28.2) 0.009
II 540 (35.6) 189 (36.3) 351 (36.7)
III 435 (28.7) 138 (26.5) 297 (31.0)
IV 50 (3.3) 11 (2.1) 39 (4.1)

Chemotherapy 1,516 457 (30.1) 141 (26.3) 316 (32.2) 0.02
Radiotherapy 1,516 493 (32.5) 183 (34.1) 310 (31.6) 0.32
Diabetes mellitus 1,516 202 (13.3) 63 (11.8) 139 (14.2) 0.18
Osteoarthritis 1,516 365 (24.1) 68 (12.7) 297 (30.3) <0.001
Rheumatoid arthritis 1,516 76 (5.0) 10 (1.9) 66 (6.7) <0.001

Lifestyle factors
Alcohol, drinks/week, md (range) 1,501 4.0 (0–100) 5.0 (0–50) 4.0 (0–100) 0.006

Smoking, N (%)
Nonsmoker 1,508 468 (30.9) 172 (32.1) 296 (30.5) 0.80
Former smoker 882 (58.2) 308 (57.5) 574 (59.1)
Current smoker 158 (10.4) 56 (10.4) 102 (10.5)

Physical activity, h/wk, md (range) 1,438 10.0 (0–50) 11.0 (0–47) 9.5 (0–50) <0.001
BMI, kg/m2, mean (SD) 1,508 26.8 (4.5) 26.5 (4.2) 27.0 (4.6) 0.03
Psychological factors, median (IQR)
Anxiety, N (%) 1,512 293 (19.3) 40 (7.5) 253 (25.9) <0.001
Depression, N (%) 1,513 262 (17.3) 36 (6.7) 226 (23.1) <0.001

Negative affectivity score 1,497 6 (9) 3 (9) 7 (10) <0.001
Social inhibition score 1,503 7 (10) 6 (9) 8 (10) <0.001
HRQoL domains and single-item scores

Global quality of life 1,512 83 (25) 83 (17) 75 (17) <0.001
Cognitive functioning 1,512 100 (17) 100 (17) 83 (33) <0.001
Emotional functioning 1,509 100 (17) 100 (8) 92 (25) <0.001
Physical functioning 1,512 87 (27) 93 (13) 83 (27) <0.001
Role functioning 1,508 100 (33) 100 (0) 83 (33) <0.001
Social functioning 1,510 100 (17) 100 (0) 100 (33) <0.001
Fatigue 1,508 11 (33) 0 (22) 22 (22) <0.001
Nausea/vomiting 1,512 0 (0) 0 (0) 0 (0) <0.001
Pain 1,513 0 (33) 0 (0) 17 (33) <0.001
Dyspnea 1,500 0 (33) 0 (0) 0 (33) <0.001
Insomnia 1,507 0 (33) 0 (33) 0 (33) <0.001
Appetite loss 1,508 0 (0) 0 (0) 0 (0) <0.001
Constipation 1,499 0 (0) 0 (0) 0 (0) <0.001
Diarrhea 1,498 0 (33) 0 (0) 0 (33) <0.001
Financial problems 1,510 0 (0) 0 (0) 0 (0) <0.001

Means and SDs, and numbers and percentages, are shown for normally distributed variables, and medians and ranges or interquartile 
ranges for non-normally distributed variables. Ranges are given for variables that do not have a fixed range (such as questionnaires). IQR, 
interquartile range; SD, standard deviation.
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Prior to data analyses, incomplete correlates were imputed with 
15 multiple imputations using the Markov chain Monte Carlo 
method. Missing values on correlates were imputed by using in-
formation from variables available for all survivors, including the 
outcomes. Results from the analyses of the 15 separate datasets 
were pooled, correcting the standard errors of the regression coef-
ficients for within-imputation and between-imputation variabili-
ty.

Linear regression models were used to estimate the association 
among sociodemographic, lifestyle, clinical, and psychological 
correlates and the four outcomes: (1) Sensory PN, (2) Motor PN, 
(3) Autonomic PN, and (4) Total PN score. For each outcome, all 
factors were included in a multivariable model, and a parsimoni-
ous model was created with backward selection. Factors with the 
highest p values were removed one-by-one until the remaining 

variables all had a p value <0.05. With the correlates from the par-
simonious models, multivariable logistic regressions were per-
formed with the four dichotomized PN scores as the outcomes. For 
a few correlates, quartiles were created in order to visualize their 
relationship with the PN scores.

Lastly, sensitivity and subgroup analyses were performed to 
check the robustness of the findings. First, the backward selection 
procedures were performed in the subset of survivors that received 
chemotherapy treatment. Second, the same procedure was done 
while excluding survivors who had comorbid diabetes mellitus, 
rheumatoid arthritis, or osteoarthritis, in order to determine 
whether PN that may have partly been present due to these dis-
eases differs from PN that is present in CRC survivors. Third, the 
analyses were repeated in the non-imputed dataset, in order to in-
vestigate whether multiple imputations could have altered the 
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Fig. 1. Distributions, medians (IQR), and means (SD) are shown of sensory (left upper), motor (right upper), 
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findings. All analyses were conducted using SPSS statistical soft-
ware (IBM SPSS Statistics for Windows, Version 24.0; IBM Corps, 
Armonk, NY, USA).

Results

Of the 1,643 respondents at the second wave, survivors 
with complete data on all PN subscales were included (N 
= 1,516). Of these, 65% (N = 980) reported PN symptoms, 
based on the dichotomized total PN score (Table 1). Of 
the total group of CRC survivors, 226 survivors had miss-
ing data on correlates.

The median was 3.7 for sensory PN (range: 0–93), 4.8 
for motor PN (range: 0–100), 0 for autonomic PN (range: 
0–100), and 5.6 for the total PN score (range 0–89). The 
PN subscales were strongly intercorrelated (ρ = 0.37–
0.66). After the PN scores were dichotomized, 959 CRC 
survivors (63%) had sensory PN scores > 3.2, 901 survi-
vors (59%) had motor PN scores > 3.8, 430 survivors 
(28%) had autonomic PN scores > 4.4, and 980 (65%) had 
a total PN sum score above 3.6. The distributions of the 
PN scores are shown in Figure 1, including the summary 
statistics for both survivors that did not receive chemo-
therapy as the survivors that did.

The 40 correlates were entered into univariate (online 
suppl. Table 1; for all online suppl. material, see www.
karger.com/doi/10.1159/000524037), and multivariable 
models (Table 2) for PN as an outcome. In the multivari-
able models, higher sensory PN was associated with being 
male, shorter time after diagnosis, receiving chemother-
apy but no radiotherapy, having comorbid rheumatoid 
arthritis, worse cognitive, physical, and role functioning 
but better social functioning, more nausea/vomiting, 
pain, insomnia, constipation, and financial problems. 
These factors together explained 25% of the variance (ad-
justed R2) in sensory PN severity. Higher motor PN was 
associated with older age, female gender, no radiothera-
py, having comorbid rheumatoid arthritis and osteoar-
thritis, more anxiety and depressive symptoms, lower 
cognitive, physical, and role functioning, and more nau-
sea/vomiting, pain, and financial problems (adjusted R2 
= 46%). Higher autonomic PN was higher with older age, 
worse cognitive and emotional functioning, fatigue, pain, 
and constipation (adjusted R2 = 29%). Lastly, a higher to-
tal PN sum score was associated with older age, fewer 
years since diagnosis, receiving chemo- but no radiother-
apy, comorbid rheumatoid arthritis, higher anxiety symp-
toms, higher social functioning, worse cognitive, physi-
cal, and role functioning, and more fatigue, nausea/vom-
iting, pain, constipation, and financial problems (adjusted 
R2 = 43%).

Next, the analyses were repeated with the dichoto-
mized PN outcomes (Table 3). From each domain, we 

selected few correlates that were associated with multiple 
PN outcomes and visualized them in Figure 2 as quartiles 
or tertiles (x-axis) versus the continuous PN scores (y-
axis) with which they were associated. PN was higher in 
the highest age quartile (>76 years), in the first years after 
diagnosis, and clear dose-response relationships were 
visible for anxiety, pain, cognitive, and physical func-
tioning.

Subgroup analyses in the sample that received chemo-
therapy (N = 457) showed that results were mostly con-
sistent, but due to the smaller sample sizes there were 
slightly less variables in the models (data not shown). In 
the models of motor PN, we saw lifestyle factors that were 
associated with higher motor PN: smoking, physical ac-
tivity, and higher BMI. This was also the case for auto-
nomic PN and total PN scores: smoking was still signifi-
cantly associated with higher scores. The associations 
found for the rest of the PN subscales were relatively con-
sistent. The findings were also consistent in the group 
that excluded the three PN-related comorbidities (N = 
975) or when the non-imputed datasets were used (data 
not shown).

Discussion

To our knowledge, this is the first large holistic study 
that entered a wide range of correlates into multivariable 
models to determine their independent relations with 
sensory, motor, autonomic, and total PN in CRC survi-
vors 2–12 years post-diagnosis. Whereas the current 
study aimed to assess cross-sectional correlates of PN, 
previous studies have mostly focused on risk factors for 
the development or chronicity of PN, such as oxaliplatin 
and other chemotherapeutic drugs, cumulative dose, ge-
netic factors, preexisting neuropathy, and age [7]. In our 
study, receiving chemotherapy was related to PN as ex-
pected, and radiotherapy showed a negative association, 
although this finding should be interpreted with caution, 
as it most likely reflects differences between colon and 
rectum cancer patients, their treatment regimen, and dis-
ease stage. Other studies reported that age ≥60 years and 
initial PN can influence the duration of PN [27], and that 
female sex, functioning level, BMI, and baseline opioid 
use were associated with higher severity of oxaliplatin-
induced PN [28]. Other studies have described the sepa-
rate relations between PN and HRQoL, depression, per-
ceived stress, and sleep disturbances in CRC survivors [6, 
7, 12, 29, 30]. Even though these studies looked at various 
aspects, most studies only did univariate analyses, and 
thereby, do not take into account the combination of cor-
relates. Moreover, the studies that did perform multivari-
able analyses, included sociodemographic, lifestyle, and 
psychological factors as confounding variables and only 
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reported the effects of clinical characteristics while not 
reporting the effects of the other factors.

Within our study, lifestyle factors were related to PN 
only in the univariate analyses, such as alcohol, physical 
activity, and BMI, but none of them remained in the mul-
tivariable models after backward elimination. This was in 

contrast with another study that found in multivariable 
analyses that women with breast cancer with higher BMI 
or lower physical activity levels developed more severe 
PN [8]. The latter study looked specifically after taxane 
treatment, whereas we did not distinguish between thera-
pies. When we selected only the survivors who received 

Fig. 2. Some correlates are shown as quartiles (or tertiles for pain 
and cognitive functioning) on the x-axis versus sensory, motor, 
autonomic and total PN on the y-axis, and corrected for all other 
correlates in the models (as shown in Tables 2, 3). Significant dif-
ferences are marked with an asterisk. In the age quartiles, Q4 was 
significantly higher than all other quartiles in motor and autonom-
ic PN, but none were significant for total PN. For time since diag-
nosis, Q4 was significantly lower versus all quartiles in sensory and 
total PN. For anxiety, Q4 was significantly higher than the other 

quartiles in sensory and total PN. For pain, T1 was significantly 
lower than other tertiles in autonomic PN and significantly lower 
than T3 in total PN, but none were significant for sensory and mo-
tor PN. Cognitive functioning T3 was significantly lower than all 
other tertiles in sensory, motor, and autonomic PN, and all tertiles 
were different for total PN score. For physical functioning, Q1 was 
significantly higher than all other quartiles in sensory, motor, and 
autonomic PN.
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chemotherapy, we found that smoking, physical activity, 
and BMI were related to motor PN, and smoking was re-
lated to autonomic and total PN scores too. One explana-
tion for this difference between the main analyses and the 
one with only survivors after chemotherapy is that survi-
vors could potentially have a different lifestyle after treat-
ment. However, survivors in our study who received che-
motherapy did not differ in lifestyle patterns from the 
survivors without chemotherapy, except that their BMI 
was slightly higher. Higher motor PN levels may be re-
lated to increases in body fat and less physical fitness. An-
other potential explanation for the observation that these 
lifestyle factors did not remain in our multivariable mod-
els is the presence of psychological and HRQoL correlates 
that are related to both PN and to the lifestyle factors 
themselves.

Overall, in our multivariable models, many of the in-
cluded correlates were in the psychological and HRQoL 
domains. Other studies have more often focused on clin-
ical characteristics as causal factors, or psychological and 
HRQoL items that are impacted by or a consequence of 
PN. In the same dataset, we have recently published that 
depression and anxiety were related to PN and that this 
association was mediating the link between PN and fa-
tigue [11]. These associations may be bidirectional. Psy-
chological factors such as anxiety have also been reported 
to be present before PN symptoms arise [10]. One expla-
nation is that persons with anxiety symptoms report 
more PN due to increased alertness to bodily symptoms 
and pain catastrophizing [31]. Another explanation may 
be that increased pro-inflammatory cytokine production 
is present in the anxious state, and interferes with the re-
generation of nerve damage in PN [10].

Some limitations of the current study are its cross-sec-
tional nature. Also, we did not have any information on 
preexisting PN, nor the type and dose of received chemo-
therapy, as oxaliplatin has a large effect on PN. Neverthe-
less, in analyses with only chemotherapy-treated survi-
vors, we had largely consistent results. Therefore, we want 
to emphasize that the goal of the current paper was not to 
focus on risk factors or predictors of PN, but on the cross-
sectional correlates. Another limitation may have been the 
multiple testing with 40 potential correlates in the models, 
and the resulting collinearity that can occur. It is impor-
tant to take into account that various psychological and 
HRQoL factors were strongly correlated (up to ρ = 0.7), 
but the domains and symptoms still measure separate fac-
ets of a large complex construct of the survivor’s well-be-
ing. We show both univariate analyses (online suppl. Ta-
ble S1) and the multivariable models, and with the back-
ward elimination procedure, we aimed to keep the most 
significantly related correlates in the models.

The strengths of this study are that it is a population-
based cohort study with large sample size and high re-

sponse rates, thereby making it a representative study 
population with a wide variety of available correlates. 
Moreover, the multiple imputation methods that we ap-
plied increased the statistical power. However, there is a 
risk of bias in longitudinal studies, especially when miss-
ing values are not random. Although the latter assump-
tion is untestable, multiple imputations are currently the 
recommended strategy for imputing missing data with 
the least risk of bias [32]. Also, the measurement of PN 
symptoms was done by a well-validated questionnaire 
[15] that performs just as good as physician-reported PN-
measures [33] and is recommended in the American So-
ciety of Clinical Oncology Clinical Practice Guidelines 
[34]. Furthermore, this Patient Reported Outcomes Fol-
lowing Initial Treatment and Long-Term Evaluation of 
Survivorship cohort included both short- and long-term 
CRC survivors ranging from 2 to 12 years post-diagnosis, 
thereby shedding more light on the chronicity of PN. The 
fact that 65% of the current sample showed PN (based on 
the sum score) even after a median of 5-year post-diagno-
sis emphasizes the importance of PN in CRC survivors.

Significant factors found in our study, even though it 
was cross-sectional, maybe giving clues of which persons 
develop PN, and in whom it gets more severe or chronic. 
Future research should focus on measuring PN longitu-
dinally, starting preferably before treatments in order to 
disentangle the effects of cancer treatment and preexist-
ing conditions. A longitudinal design with repeated mea-
surements can also enable analyses of changes over time 
in both PN (i.e., improving over time or chronic) and its 
correlates.

Conclusions

Apart from receiving chemotherapy, older age, sex, 
shorter time since diagnosis, PN-related comorbidities, 
more anxiety, and depressive symptoms, and worse 
HRQoL scores remained in the models after backward 
selection. With this multivariable approach, we found 
that several sociodemographic, clinical, and psychologi-
cal factors were independently associated with the sever-
ity of PN. Overall, even though we included many corre-
lates, our models explained 25%–46% of the variances in 
PN. These findings firstly emphasize that there are more 
unmeasured factors that explain whether a person devel-
ops PN. Second, future studies can take these factors into 
account when investigating survivors that experience PN, 
or in whom the various subtypes of neuropathy occur. 
Overall, PN can be affected by aging, sex, and stress-relat-
ed factors in CRC survivors.
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