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Abstract
Purpose Chemotherapy-induced peripheral neurotoxicity (CIPN) is a common dose-limiting toxicity of cancer treatment causing
functional impairment and impacting quality of life. Effective prevention and treatment of CIPN are lacking, and CIPN risk
factors remain ill-defined. Metabolic syndrome and associated conditions have emerged as potential risk factors, due to their high
prevalence and independent association with nerve dysfunction. This systematic review aimed to investigate the association
between these common metabolic-lifestyle factors and CIPN.
Methods Searches were undertaken using Medline, Embase, CINAHL, Scopus, and Web of Science databases, with additional
studies identified from bibliographic references cited by original and review articles. Articles that analyzed metabolic-lifestyle
risk factors associated with CIPN for patients treated with platinum- or taxane-based chemotherapy were included.
Results Searches identified 6897 titles; 44 articles had full text review, with 26 studies included. Overall incidence of neuropathy
ranged from 16.9 to 89.4%. Obesity had the most consistent patient-oriented evidence as a risk factor for CIPN, with moderate
evidence suggesting diabetes did not increase CIPN incidence or severity. A limited number of studies supported an association
with low physical activity and greater CIPN risk.
Conclusions Comorbidities and lifestyle factors, particularly obesity and low physical activity, may contribute to the develop-
ment of CIPN. The implementation of sensitive outcome measures in large-scale clinical trials is required to further elucidate
CIPN risk factors and evaluate if changes in lifestyle would improve long-term CIPN outcomes for cancer survivors.
Implications for Cancer Survivors Better understanding of CIPN risk profiles may inform personalized medicine strategies and
help elucidate pathophysiological mechanisms which could be targeted for neuroprotection.
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Introduction

Chemotherapy-induced peripheral neurotoxicity (CIPN) is a
frequently encountered dose-limiting toxicity of commonly
used cancer treatments [1]. CIPN can be debilitating and irre-
versible, impacting long-term quality of life [2, 3]. CIPN’s
effective prevention and treatment are lacking [4], with dose
modification being the only strategy to mitigate neuropathy
progression. However, dose modification may attenuate treat-
ment efficacy, potentially affecting clinical and survival out-
comes [5, 6]. As such, identifying at-risk patients may assist
with personalizing cancer treatment and reducing neuropathy
burden [7]. Though identified CIPN risk factors remain ill-
defined, increasing comorbidities and lifestyle factors have
been identified as potentially contributing to an individual’s
vulnerability to developing CIPN. In particular, the metabolic
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syndrome and associated conditions have emerged as poten-
tial risk factors, especially as they can also produce peripheral
neuropathy [8].

Type 2 diabetes mellitus is the world’s fastest growing
chronic condition [9], with diabetic neuropathy being the most
frequent complication. As such, diabetic neuropathy is the
most common cause of chronic neuropathy worldwide [10].
Similarly, the prevalence of obesity has reached pandemic
levels [11], with 39% of adults being overweight or obese
globally [12]. Though obesity is an established risk factor
for type 2 diabetes [11], animal models have demonstrated
obesity-induced microvascular injury and peripheral nerve
dysfunction independent of glycemic status [13]. Similarly, a
higher prevalence of neuropathy has been reported for obese
participants, even in the absence of diabetes or prediabetes
[14]. A sedentary lifestyle is linked to increased prevalence
of obesity and type 2 diabetes, with regular physical activity
encouraged to prevent and mitigate both conditions and their
associated complications [12, 15].

Given the high prevalence of metabolic disorders and as-
sociated risk factors and the link of these disorders to neurop-
athy, it is important to clarify the relationship between meta-
bolic factors and both CIPN incidence and severity. Therefore,
this systematic review aimed to evaluate the association be-
tween these common metabolic-lifestyle factors and
chemotherapy-induced neuropathy.

Methods

Search strategy and quality grading

In accordance with the PRISMA statement [16], original re-
search articles were identified by searches of Medline,
Embase, CINAHL, Scopus, and Web of Science databases
in October 2019. Monthly automated searches were reviewed
to ensure results were reflective of current literature up to
August 2020. The search strategy (Supplementary Table 1)
was tailored to find articles focusing on metabolic-lifestyle
risk factors associated with the incidence or severity of neu-
ropathy due to neurotoxic chemotherapies. In addition to be-
ing conducted in humans, published from 1980, and in
English, searches were specified for obesity, diabetes, and
physical activity and limited to title, abstract, or keywords
fields. Initial screening was restricted to papers focusing on
platinum- or taxane-based cancer treatment. The strength of
evidence of the summarized research was graded via the
Strength of Recommendation Taxonomy (SORT) algorithm
by two reviewers (HT and DM), with level A evidence being
of good-quality and patient-oriented, level B evidence com-
prising inconsistent or limited-quality patient-oriented evi-
dence, and level C evidence comprising recommendation
based on disease-oriented evidence, case studies, consensus,

usual practice, or opinion [17]. Human studies analyzing
metabolic-lifestyle risk factors associated with CIPN for pa-
tients treated with platinum- or taxane-based cancer treatment,
satisfying level A or B evidence strength, were selected for
inclusion. Information was extracted from articles meeting
these criteria regarding study design, sample type and size,
setting, method of CIPN assessment, overall neuropathy rate,
method of measuring of obesity, diabetes and physical activ-
ity, and the association with CIPN severity or incidence.

Results

Initially, searches identified 6897 initial articles, which were
reduced to 4200 records after duplicates were removed
(Fig.1). Additional searches of review articles were undertak-
en to ensure coverage, with a further 12 records being identi-
fied. Screening eliminated 4168 records, resulting in 44 re-
cords that were selected for full-text review (Fig.1).

Twenty-six studies met the criteria to be included, with a
total of 21,832 participants. Most included studies were con-
ducted in taxane-treated survivors of breast cancer (11 studies;
14,164 patients; 64.9% of total), with eight studies conducted
in oxaliplatin-treated colorectal cancer or esophago-gastric
cancer (3910 patients; 17.9% of total) patients. Seven studies
were conducted in patients with multiple cancer types treated
with platinum or taxanes (3758 patients; 17.2% of total).

Effect size comparison was not possible due to the large
variation in included patient populations, treatment type, dose
and regimen, and other clinical discrepancies. Inconsistency
in the measurement and definition of CIPN and risk factors
also limited the pooling of the data. Moreover, CIPN was
collected as a secondary measure or evaluated as a secondary
analysis in many included studies.

Overall incidence of CIPN

The overall incidence of CIPN was reported in 22 studies
and ranged from 16.9 to 89.4%. CIPN was most commonly
assessed using clinician-based grading scales (National
Cancer Institute Common Terminology Criteria for
Adverse Events, NCI-CTCAE, n = 12) [4, 7, 18–28] or
validated CIPN patient-reported outcomes (PROs, n = 7),
including the Functional Assessment of Cancer Therapy/
Gynecologic Oncology Group-Neurotoxicity question-
naire (FACT-GOG-Ntx) [8, 29–32] and the European
Organization for Research and Treatment of Cancer
Quality of Life Questionnaire (EORTC QLQ CIPN20)
[33, 34]. Five studies used combined clinical examination
and patient symptom report [5, 35–38], with two of these
studies also including objective neurophysiological mea-
sures [5, 38]. Secondary, indirect outcomes to quantify
CIPN were used in two studies, including prescriptions of
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pharmacological treatment [39] and CIPN-related dose re-
duction as a secondary outcome for identifying CIPN [40].

Overall level of evidence for metabolic and lifestyle
risk factors on CIPN incidence or severity

Moderate to good-quality and patient-oriented evidence (A/B)
was most consistently available for an association between
obesity and greater CIPN severity or incidence. No associa-
tion between the severity or incidence of CIPN and the pres-
ence of diabetes was supported by moderate-level patient-ori-
ented evidence (B). Similarly, moderate-quality evidence (B)
supported an association between physical activity and better
CIPN outcomes; however, the number of studies supporting
this association was limited (Table 1). It is acknowledged that
there is a lack of specific randomized clinical trials focused on
metabolic and lifestyle risk factors for CIPN and that the ma-
jority of evidence is from observational studies or secondary
analyses.

Effect of obesity on CIPN incidence or severity

In this review, 16 studies were identified relating to CIPN and
obesity (Table 2), with 12/16 identifying an association be-
tween obesity and greater CIPN severity or incidence and 4/16
finding no association (Table 1). The majority of studies (n =
13) included BMI as a metric of obesity, with this being the
sole marker in eight studies. Seven studies supported an

association between CIPN and BMI [8, 18, 21, 30, 37–39],
with six suggesting no association. However, of the six that
found no association with BMI [5, 19, 20, 22, 23, 33], three
supported an association with another measure of obesity
(body surface area [BSA] = 2, sarcopenic obesity = 1) [5, 22,
23]. BSA was associated with CIPN severity or incidence in
an additional 3 studies [35, 36, 38], with one study demon-
strating no association with body weight alone [29].

Taxanes

Nine studies examined the risk of taxane-induced neuropathy
in obese breast cancer patients. Of these, five identified a link
between CIPN and obesity, with four finding no association in
taxane-treated patients.

In two studies using the NCI-CTCAE, obese taxane-treated
patients were more likely to experience CIPN of any severity
[18, 19]. While there was no significant link between obesity
and clinician-graded CIPN in a third analysis of taxane-treated
patients, the definition of CIPN was more conservative, with
only those experiencing grades 2–4 being classified as having
neuropathy [20].

Three studies utilized PROs validated for the assessment of
CIPN [8, 29, 33]. Simon et al. found no associations between
BMI and CIPN in women evaluated using the EORTC QLQ
CIPN20 following taxane treatment [33]. Similarly, pre-
treatment body weight was not a significant risk factor for
patient-reported CIPN (FACT-GOG-Ntx) [29]. However, in
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another prospective study utilizing the FACT-GOG-Ntx,
obese patients demonstrated a 2-fold increased CIPN risk after
24 months compared to patients with a normal-range BMI [8].

Obesity was associated with worse CIPN assessed using
objective neurological grading (Total Neuropathy Score re-
duced version, TNSr©, Johns Hopkins University) in two
studies [5, 38]. Worsening symptomatic and objective CIPN
(increased TNSr) was significantly associated with higher
BSA in breast cancer patients evaluated from the beginning
of their paclitaxel treatment [5]. Similarly, Ghoresishi et al.
found increased CIPN severity was associated with both
higher BSA and BMI in another prospective study utilizing
the TNSr [38].

Song et al. defined the presence of CIPN via pharmacolog-
ical prescription of pain medications [39], with patients re-
ceiving treatment for CIPN being more likely to be over-
weight (BMI > 25 kg/m2) compared to non-treated patients
[39].

Oxaliplatin

Oxaliplatin-induced neuropathy and obesity were assessed
in five studies [21–23, 35, 36], with four studies conduct-
ed in colorectal cancer patients [21, 23, 35, 36] and one in
advanced esophago-gastric cancer patients [22]. All five
studies supported a link between increased severity or
incidence of oxaliplatin-induced neuropathy and markers
of obesity.

Dijksterhuis et al. [22] did not find any association
between BMI and NCI-CTCAE ≥ grade 2 CIPN in ad-
vanced esophago-gastric cancer patients, evaluated after
three cycles of oxaliplatin [22]. However, pre-treatment
sarcopenic obesity (sarcopenia + BMI > 25 kg/m2), con-
firmed by computed tomography (CT) scans, was an in-
dependent risk factor for CIPN incidence in this study
[22]. Similarly, a retrospective analysis of clinical records
revealed no association between BMI and clinician-
documented incidence of persistent (≥ 14 days) CIPN,
though BSA > 2 was found to be an independent predictor
[23]. Conversely, prospectively collected data by Ottaiano

et al., revealed a significant association between BMI and
the occurrence of NCI-CTCAE ≥ grade 2 CIPN up to
46 months post-oxaliplatin treatment [21]. However, dis-
crepancies between these studies may be related to wheth-
er CIPN assessment took place during or post oxaliplatin
treatment.

Griffith et al. [35] evaluated oxaliplatin-induced CIPN via
PRO and clinical examination. BSA was significantly higher
in patients with the most severe signs and symptoms com-
pared to those with the least deficits [35]. Similarly, Hsu
et al found that higher BSA was a significant predictor of
patient-reported neuropathy severity in another cohort of co-
lorectal cancer patients [36]. However, clinical examination
consisting of vibration sensibility and manual muscle testing
and balance was not specifically correlated to obesity [36].

Multiple cancer types treated with platinum or taxanes

Two studies examined the association between obesity and
patient-reported CIPN severity and incidence in cohorts with
multiple cancer types. Among a cohort comprising mainly
breast cancer survivors, patients reporting CIPN symptoms
in the lower limbs were significantly more likely to be obese
compared to asymptomatic patients [30]. Similarly,
Petrovchich et al. found that overweight/obese survivors re-
ported worse pain and balance problems than those classified
as normal weight [37]. Additionally, these patients had re-
duced pain sensation in lower limbs, but no other abnormali-
ties based on quantitative sensory testing [37].

Effect of diabetes on CIPN incidence or severity

Thirteen studies were identified relating to CIPN risk and
diabetes (Table 3). Diabetic status, typically confirmed by
medical records, had a reported incidence between 8.5 and
26%. Greater CIPN severity or incidence was associated with
diabetic status in 4/13 studies, with no association being iden-
tified in 9/13 studies (Table 1).

Table 1 Number of studies and overall quality of evidence supporting the association between risk factor and CIPN

Risk factor

Obesity Diabetes Low physical activity

N Ref N Ref N Ref

Studies supporting an association 12 [5, 8, 18, 21–23, 30, 35–39] 4 [7, 21, 28, 31] 4 [8, 30, 32, 34]

Studies showing no association 4 [19, 20, 29, 33] 9 [5, 23–27, 30, 33, 40] 1 [31]

Level of evidence A/B B B

Evidence was graded via the Strength of Recommendation Taxonomy (SORT) algorithm, with only studies meeting level A or B being included. Level
A evidence comprised consistent and good-quality patient-oriented evidence; level B comprised inconsistent or limited-quality patient-oriented evidence
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Taxanes

Four studies examined the risk of taxane-induced neuropathy
and diabetes [5, 7, 33, 40], conducted mostly in breast cancer
patients. Of these studies, only one identified a link between
diabetes and taxane-induced neuropathy graded via NCI-
CTCAE [7].

In a large-scale analysis of clinical trial data utilizing
clinician-based grading (NCI-CTCAE), patients with diabetes
were more likely to have CIPN following taxane treatment,
with those experiencing complications from their diabetes at
even greater risk [7]. However, the evaluated cohort consisted
of cancer patients ≥ 65 years old [7], with a high incidence of
diabetes with or without complications (26%), with a further
8% having confirmed complications. Though this incidence
of diabetes may be consistent for this age group, with diabetes
estimated to affect up to 26.8% of Americans ≥ 65 years old
[41], it may be less representative of some taxane-treated on-
cological populations. Bhatnagar et al. used recorded dose
reduction to identify patients with CIPN. In this study, diabe-
tes was not identified as a significant risk factor for CIPN-
associated dose reductions [40]. However, this conservative
method of identifying CIPN may not have identified all pa-
tients with CIPN. In addition, several other studies have not
found any association between diabetic status and CIPN inci-
dence. Simon et al. also found no association between diabe-
tes and the incidence of CIPN based on validated PROs [33].
Similarly, Roberston et al. [5] utilized patient report and ob-
jective examination to assess CIPN severity (TNSr) in com-
parison to baseline HbA1c levels. Abnormal HbA1c status
was not associated with increased CIPN severity following
taxane treatment, though only seven patients were identified
with abnormal HbA1c [5].

Oxaliplatin

Five studies evaluated diabetes in oxaliplatin-treated colorec-
tal cancer patients [21, 23–26] using clinician-based grading
to evaluate CIPN, with only one study demonstrating a signif-
icant association between diabetes and CIPN incidence.
Ottaiano et al. found a significant association between diabe-
tes and the incidence of NCI-CTCEA ≥ grade 2 CIPN up to
46 months post-oxaliplatin treatment [21], despite exclusion
of those with diabetic neuropathy. However, this was not the
case in a large trial evaluating CIPN 6 years post-oxaliplatin
treatment, with no difference in rates of ≥ grade 2 CIPN being
found for diabetics compared to their normoglycemic coun-
terparts [24]. Likewise, Uwah et al. found no difference in
CIPN incidence or severity graded throughout oxaliplatin
treatment between diabetics and non-diabetics [25].
However, diabetic patients in this study did develop CIPN at
a lower cumulative dose [25]. In another large study based on
pooled clinical trial data, incidence of all-grade CIPN did not

differ for diabetics [26], but contrary to Uwah et al., this study
did not find earlier onset of CIPN during oxaliplatin treatment
in diabetic patients [26]. Persistent clinician-graded CIPN was
also not associated with diabetic status; however, the preva-
lence of diabetic patients was low in this cohort (n = 6) [23].

Multiple cancer types treated with platinum or taxanes

Four studies evaluated mixed cohorts of patients receiving
platinum-, taxane-, or combination-based therapy [27, 28,
30, 31]. The incidence of ≥ grade 1 CIPN was significantly
greater for diabetics after completing combination platinum/
taxane treatment compared to non-diabetic patients [28].
However, this was not the case for patients receiving taxane-
only treatment, with the incidence of CIPN being comparable
between diabetic and non-diabetic patients [28]. Similarly,
Molassiotis et al found no association between diabetic status
and any-grade sensory CIPN in patients receiving platinum or
taxane treatment, though they highlighted a trend toward sig-
nificance (p = 0.09) [27]. Thomaier et al. investigated gyneco-
logic cancer survivors treated with neurotoxic chemotherapy.
Patients reporting greater CIPN symptom severity at 6 months
post-treatment were more likely to have diabetes, compared to
those who reported less severe symptoms [31]. However, in
another cohort consisting mostly of breast cancer patients,
there was no difference in incidence of diabetes for those
reporting lower limb CIPN symptoms compared to asymp-
tomatic patients [30].

Effect of physical activity on CIPN incidence or
severity

Five articles were identified investigating the impact of phys-
ical activity on CIPN, which mostly included breast, colorec-
tal, ovarian, and mixed cancer types (Table 4). One study
investigated physical activity levels during treatment, three
post-treatment, and one across both phases. Four studies
found an association between higher self-reported physical
activity and lower CIPN symptoms, while one study found
no association (Table 2). All studies utilized a validated
CIPN PRO. A variety of different physical activity measures
were used, with three studies using physical activity guide-
lines to dichotomize participants as active or inactive.

In the Greenlee et al. prospective cohort study, breast can-
cer survivors who received taxanes participating in > 5 h/week
of moderate-to-vigorous-intensity physical activity within
2 months of diagnosis were 44% less likely at 6 months
post-treatment and 57% less likely at 24 months post-
treatment to have increased CIPN symptoms (FACT-GOG-
Ntx) compared to those who participated in < 2.5 h/week [8].
Stevinson et al. found that ovarian cancer survivors during and
post treatment (mean 73 months post-diagnosis) who met the
150–300 min/week physical activity guidelines had less CIPN
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symptoms (FACT-GOG-Ntx) [32]. However, there was no
dose-response relationship between physical activity levels
in excess of the guidelines and reduced CIPN symptoms
[32]. Regarding studies reporting on post-treatment physical
activity levels, participants who received neurotoxic chemo-
therapy 6 years prior (mostly breast cancer) in the Winters-
Stone et al. study who experienced CIPN symptoms reported
lower total and moderate-to-vigorous physical activity com-
pared with those without any CIPN symptoms, as well as
reduced physical function, slower gait, increased disability,
and increased fall risk [30]. In the Mols et al. study, colorectal
cancer survivors on average 5.6 years post-diagnosis who did
not achieve 150 min/week of moderate-to-vigorous-intensity
physical activity had more severe CIPN (EORTC-QLQ-
CIPN20), as well as worse quality of life across almost all
domains [34]. Conversely, in the Thomaier et al. prospective
study, there was no difference in the proportion of gynecolog-
ical cancer survivors, mostly 1–5 years post-diagnosis, who
achieved 150 min/week physical activity among patients with
low and high CIPN symptom levels (FACT-GOG-Ntx; 60.9%
vs 59.1%) [31].

Discussion

CIPN displays a spectrum of symptom onset and severity,
suggesting a role for individual risk factors. Identification of
these risk factors may assist with personalizing cancer treat-
ment and meditating CIPN burden [7]. Accordingly, this sys-
tematic review evaluated the relationships between common
metabolic-lifestyle factors and chemotherapy-induced neu-
ropathy associated with taxane and oxaliplatin treatment.
Twenty-six studies evaluating the role of metabolic-lifestyle
risk factors associated with CIPN met the criteria to be includ-
ed. Based on these studies, obesity as a risk factor for CIPN
had the most consistent patient-oriented evidence, with mod-
erate evidence suggesting diabetes did not increase CIPN in-
cidence or severity and only a limited number of studies eval-
uating the role of physical activity and CIPN outcomes.

A broad range of CIPN incidence was identified in this
review (16.9–89.4%). This large variation represents hetero-
geneous patient populations; variability in the duration of fol-
low-up, method, and timing of the CIPN assessment; and
inconsistencies in when risk factors were measured [42, 43].
Though the majority of studies included in this review utilized
clinician-graded scales to quantify CIPN, the NCI-CTCAE is
generally criticized due to a lack of inter-rater relatability and
sensitivity to change [44, 45]. Patient-reported outcomes were
used in 7 of the reviewed studies and are generally considered
to better capture the impact of CIPN and demonstrate greater
sensitivity to change compared to clinician-graded scales [46].
However, inconsistencies between the patients’ interpretation
of questions and severity and the influence of other

psychological factors may pose potential limitations [47,
48]. Accordingly, objective techniques in addition to PROs
may provide a more thorough insight into CIPN. Only five
studies in this review included clinical examination, with only
two of these adding an objective neurophysiological measure.
Similarly, objective assessment of diabetic status and physical
activity was limited, with most patients identified via medical
records or patient report. Moreover, information about the
duration and persistence of these factors was not always avail-
able. Importantly, this means that it is not always possible to
examine risk factors in the context of the natural history of
CIPN progression and recovery, which may limit the interpre-
tation of findings. As such, evaluating CIPN risk factors and
pooling data across studies remains a challenge due to the
diversity of CIPN assessment tools.

Obesity

In this review, good-to-moderate patient-centered evidence
was found supporting an association between obesity and in-
creased severity or incidence of CIPN. An identical number of
studies supported an association in taxane- and platinum-
treated cohorts (n = 5). However, four studies conducted in
taxane-treated patients demonstrating no association between
CIPN and obesity were also identified.

Obesity is a common comorbidity of diabetes; however, in
the current review, many of the studies assessing obesity and
CIPN excluded patients with diabetes, suggesting a more
obesity-specific mechanism contributing to nerve dysfunction
[38]. Notably, only one of the reviewed studies objectively
measured HbA1c [5] to confirm glycemic status; consequent-
ly, individuals with unconfirmed diabetes or prediabetes may
have gone unrecognized. However, there is a growing body of
evidence, including objective assessment, that supports
obesity-related neuropathy among normoglycemic obese in-
dividuals without cancer [14, 49, 50]. Specifically,
normoglycemic obese participants with neuropathy had larger
waist circumference measurements, compared with individ-
uals without neuropathy, despite being comparable in BMI
and other anthropometric measures. These findings suggest
that the distribution of fat may be important in mediating
nerve injury [50] and that central obesity more so than general
obesity may be a risk factor for the development of neuropa-
thy [50]. Accordingly, as BMI and to an extent BSA are met-
rics of generalized obesity, the lack of detailed anthropometric
measurements in the studies under reviewmay limit the ability
to provide mechanistic insights into CIPN risk.

Being overweight can have deleterious effects on sensation
and function in the extremities, resulting from increased me-
chanical force on the weight-bearing joints, which may affect
patient perception of symptoms [37]. However, among the 12
studies finding an association between obesity and CIPN, only
2 relied solely on patient symptom report with the remaining
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10 employing other measures to define CIPN. Additionally,
no association between CIPN symptoms and obesity was
found in a further two studies using only PROs, suggesting
that differences in symptom perception between obese and
non-obese patients may not be solely driving the differences.

Similarly, the type ofmetric used to classify obesity may be
important in assessing toxicity risk. BMI was the most fre-
quently utilized metric to classify obesity (n = 13) mostly in
taxane-treated cohorts, with 5 of these studies also including
another metric of obesity (BSA = 4, sarcopenic obesity = 1).
Consequently, among oxaliplatin-treated cohorts, an associa-
tion with CIPN and BMI was found in only one study, where
BMI was the sole marker of obesity [21]. The remaining four
studies focusing on oxaliplatin demonstrated an association
with larger BSA [23, 36, 44] or more specific composite body
measures such as sarcopenic obesity [22]. BMI is a crude
metric of body composition, which may provide an inaccurate
estimate muscle mass and adipose tissue [51, 52].
Consequently, despite being correlated with BMI, BSA is
employed in the oncology setting as it mitigates the variability
of patient size and abnormal adiposity that can affect BMI to a
greater extent [53]. However, BSA still does not comprehen-
sively reflect body composition and may result in greater tox-
icity for individuals with larger BSA and unfavorable body
compositions [5, 38]. Specifically, reduced muscle mass and
increased body fat can impact the pharmacokinetics of a large
number of anti-cancer treatments depending on lipo- or hydro-
solubility [52]. Paclitaxel and oxaliplatin are lipophilic agents
that subsequently accumulate in adipose tissue and may be re-
released [52, 54]. Consequently, individuals with higher body
fat percentage may have longer exposure to neurotoxic agents
and possibly greater CIPN risk [22]. Similarly, lower lean
body mass (LBM), a more common occurrence in women,
may be associated with dose-limiting CIPN, as patients with
low LBM relative to their BSA may effectively receive a
higher dose of neurotoxic treatment [55]. As such, more ac-
curate evaluation of body composition and subsequent nor-
malization of dosing could assist in reducing toxicity [55].

Diabetes

Articles included in this review provided moderate patient-
oriented evidence suggesting diabetes was not associated with
increased CIPN incidence or severity. Diabetic peripheral
neuropathy is the primary complication in patients with dia-
betes and the most common etiology of neuropathy globally
[56]. Consequently, many oncology trials including neurotox-
ic agents typically exclude patients with diabetes [7]. Five of
the reviewed studies specifically excluded diabetics [20, 29,
35, 36, 38], with the majority of the remaining studies without
specific analyses of diabetic patients providing no details sur-
rounding the inclusion or exclusion of diabetic individuals.
Among studies evaluating the relationship between diabetes

and CIPN, only one objectively confirmed diabetic status [5].
Subsequently, the prevalence of patients with diabetes or pre-
diabetes in these cohorts may be underestimated. Moreover,
there is a lack of characterization of included diabetic patients
and their neuropathy status. It may be that only a subset of
diabetic patients face additional risk when exposed to neuro-
toxic agents, with time of diagnosis, extent of diabetic control,
or presence of diabetic neuropathy being more informative
than status alone. Specifically, of the studies focusing on
taxane-treated cohorts, only one identified an increased risk
of CIPN for patients with diabetes. This cohort focused on an
older survivor population (≥ 65 years) with the highest rate of
diabetes of all the evaluated studies, which also included pa-
tients with diabetic complications. Though less representative
of some clinical populations of taxane-treated patients, results
may indicate that diabetes duration and complications contrib-
ute to an individual’s vulnerability for developing CIPN.

Among platinum-treated patients, one study demonstrated
a significant association between diabetes and the incidence of
chronic CIPN, despite excluding diabetic neuropathy. Other
reviewed studies utilizing the same CIPN assessment (NCI-
CTCAE), with similar rates of diabetes, found no association,
possibly reflecting differences in sample size and time of as-
sessment. Though most of the reviewed studies did not sup-
port an association between diabetes and CIPN incidence or
severity, Uwah et al. demonstrated a difference in onset, with
diabetics developing CIPN at a significantly lower cumulative
dose of oxaliplatin [25]. Though this study did not specifically
report the rate of dose modification, this finding may suggest
that diabetics receiving oxaliplatin are more vulnerable to de-
velop CIPN earlier in the treatment course, potentially affect-
ing treatment tolerability.

Physical activity

Only five studies focusing on self-reported physical activity
levels as a risk factor for CIPN met the criteria to be included
in this review. Four studies supported the association between
low physical activity and greater CIPN incidence or severity,
with majority of studies displaying moderate levels of evi-
dence. Physical activity outcomes were solely self-reported,
and results are likely less accurate than studies using objective
measures such as accelerometers [57]. Consequently, only
tentative conclusions can be drawn from the current literature,
which mostly investigated post-treatment physical activity.
The only study investigating physical activity during treat-
ment found higher physical activity during treatment associ-
ated with lower CIPN severity 6 and 24 months later [8].
Potential reasons linking higher baseline physical activity
levels to reduced CIPN risk include physical activity partici-
pation protecting against physical function impairments relat-
ed to CIPN [58]. Further, the accumulation of CIPN symp-
toms may reduce the ability to participate in physical activity
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over time and even years after treatment, which may explain
the relationship we identified in three post-treatment studies
[30, 32, 34]. Accordingly, there is a growing body of literature
investigating whether exercise interventions are beneficial for
patients with CIPN, with results demonstrating improvements
in both symptomatic and functional CIPN outcomes with par-
ticipation [58–61]. Benefits in CIPN symptoms due to increas-
ing physical activity levels have been identified to be more
prominent among older patients, with these benefits theorized
to be related to exercise dose, while reduced chronic inflam-
mation has been implicated as a contributing factor to the
etiology of CIPN across all age groups [8, 60]. Higher phys-
ical activity levels before diagnosis and during and after treat-
ment may facilitate improved cardio-metabolic health and re-
duce the likelihood of developing diabetes and obesity [62],
potentially playing a secondary role in mediating known
CIPN risk factors [30]. Finally, general health benefits due
to physical activity participation including improved balance,
cardiorespiratory fitness, and muscle strength may contribute
to improved physical function and quality of life [63], both of
which may be diminished with severe CIPN.

Interactions between metabolic and lifestyle risk
factors

Though some evidence exists for the independent role of obe-
sity, diabetes, and low physical activity in neuropathy risk,
there exists a high degree of comorbidity. Obesity is an
established risk factor for type 2 diabetes [11], with physical
activity indicated as a mediating factor in both conditions [12,
15]. In addition to potentially contributing to the etiology,
shared mechanisms may exist that mediate CIPN develop-
ment. Diabetes and obesity have both been likened to in-
creased chronic systemic inflammation [64, 65]. Likewise,
the benefits of physical activity have been in part attributed
to mitigating inflammatory processes [66]. However, the role
of inflammation in the etiology of CIPN needs to be further
elucidated. Nevertheless, there may be complex interactions
between risk factors that contribute to an individual’s overall
vulnerability for developing CIPN.

Conclusions

Identifying risk factors for the development and severity of
CIPN is valuable for informing treatment decisions and med-
itating CIPN burden. Comorbidities and lifestyle factors, par-
ticularly obesity and low physical activity, may contribute to
an individual’s vulnerability to developing CIPN. However,
the implementation of sensitive outcome measures in large-
scale clinical trials is required to further elucidate the patient-
specific and treatment-related determinants of CIPN risk and
to provide more definitive, high-level evidence [67].

Additionally, given the obesity pandemic and the increasing
incidence of diabetes and other associated metabolic comor-
bidities, specific investigations are required to ascertain
whether the implementation of supportive services and chang-
es in lifestyle during or post treatment to improve metabolic
health and subsequently impact long-term CIPN outcomes for
cancer survivors. Better understanding of individual risk pro-
files may inform personalized medicine strategies and poten-
tially elucidate pathophysiological mechanisms that could be
targeted for neuroprotection.
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