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Abstract

Background: Lifestyle factors may be associated with chemotherapy-induced peripheral neuropathy (CIPN). We examined as-
sociations between body mass index (BMI) and lifestyle factors with CIPN in the Pathways Study, a prospective cohort of
women with invasive breast cancer.
Methods: Analyses included 1237 women who received taxane treatment and provided data on neurotoxicity symptoms.
Baseline interviews assessed BMI (normal: <25 kg/m2; overweight: 25–29.9 kg/m2; obese: �30 kg/m2), moderate-to-vigorous
physical activity (MVPA) (low: <2.5; medium: 2.5–5; high: >5 hours/week) and fruit/vegetable intake (low: <35 servings/week;
high: �35 servings/week). Baseline and six-month interviews assessed antioxidant supplement use (nonuser, discontinued,
continued user, initiator). CIPN was assessed at baseline, six months, and 24 months using the Functional Assessment of
Cancer Therapy–Taxane Neurotoxicity (FACT-NTX); a 10% decrease was considered clinically meaningful.
Results: At baseline, 65.6% of patients in the sample were overweight or obese, 29.9% had low MVPA, 57.5% had low fruit/
vegetable intake, and 9.5% reported antioxidant supplement use during treatment. In multivariable analyses, increased CIPN
was more likely to occur in overweight (odds ratio [OR] ¼ 2.37, 95% confidence interval [CI] ¼ 1.19 to 4.88) and obese patients
(OR¼3.21, 95% CI¼1.52 to 7.02) compared with normal weight patients at 24 months and less likely to occur in patients with
high MVPA compared with those with low MVPA at six (OR¼0.56, 95% CI¼0.34 to 0.94) and 24 months (OR¼0.43, 95%
CI¼0.21 to 0.87). Compared with nonusers, patients who initiated antioxidant use during treatment were more likely to
report increased CIPN at six months (OR¼3.81, 95% CI¼1.82 to 8.04).
Conclusions: Obesity and low MVPA were associated with CIPN in breast cancer patients who received taxane treatment.

Taxane-based chemotherapy causes chemotherapy-induced pe-
ripheral neuropathy (CIPN) (1,2), which can limit chemotherapy
dose, decrease quality of life, and cause long-term side effects.
Grade 2–3 CIPN occurs in 15% to 23% of breast cancer patients who
receive taxanes (3), and an estimated 67% of patients have persis-
tent symptoms up to 12 months after chemotherapy (3). Currently
no effective methods prevent CIPN, and duloxetine is the only
agent showing any benefit in reducing painful neuropathy (2).
CIPN symptoms are associated with drug type, dose received, age,
comorbidities, and genetic factors (4–7), but many factors associ-
ated with CIPN onset and persistence are understudied (2).

A growing body of literature suggests that lifestyle factors,
such as body mass index (BMI) (8–10), physical activity (11,12),
and use of dietary supplements (13–15), may affect the onset
and severity of CIPN in a variety of cancer patient populations.
Physical activity (11,16,17) and diet (18–20) have been associated
with diabetic neuropathy, increasing the plausibility that life-
style factors may be associated with CIPN. To date, the effects of
multiple lifestyle factors have not been simultaneously exam-
ined in a prospective cohort of breast cancer patients.

The Pathways Study is a prospective cohort study of 4505
women with a first diagnosis of invasive breast cancer recruited
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from Kaiser Permanente Northern California (KPNC) (21). We
used data from Pathways Study participants who received tax-
ane treatment to prospectively assess associations of baseline
BMI, physical activity, fruit/vegetable intake, and antioxidant
supplement use during chemotherapy with CIPN symptoms.

Methods

Study Design and Population

Pathways Study subjects were recruited from KPNC between
January 2006 and April 2013. Women were eligible if they were
age 21 years or older; current KPNC members; recently diag-
nosed with invasive breast cancer; had no prior history of ma-
lignant cancer; spoke English, Spanish, Cantonese, or Mandarin;
and lived within a 65-mile radius of a field interviewer. To enroll
women prior to adjuvant therapy initiation, the KPNC electronic
health record (EHR) was used to rapidly ascertain all new pa-
tients diagnosed with malignant breast cancer. Breast cancer di-
agnosis and patient notification of diagnosis were manually
verified through electronic record review. Patients were con-
tacted for recruitment with passive physician consent and pro-
vided written consent at the baseline interview. All study
procedures were approved by the institutional review boards at
Columbia University, KPNC, University of California-San
Francisco and Roswell Park Cancer Institute.

Data Collection

Baseline sociodemographics, diet, physical activity, smoking,
established breast cancer risk factors, health history, and use of
vitamin/mineral supplements were assessed via interviewer
and self-administered questionnaires at enrollment, an average
of two months postdiagnosis. Baseline anthropometric mea-
sures were obtained from the EHR and questionnaires. At six
and 24 months, follow-up materials soliciting the same infor-
mation collected at baseline were mailed to participants, with
interviewer assistance offered if needed. Clinical and tumor
characteristics were obtained from the KPNC Cancer Registry
approximately four months postdiagnosis.

BMI

Baseline BMI was calculated using weight and height data ob-
tained from the EHR in the six months prior to and two months
following breast cancer diagnosis. Baseline self-reported weight
and height were used to calculate BMI for participants who did
not have EHR data (n¼ 28). BMI was categorized as normal
(<25 kg/m2), overweight (25–29.9 kg/m2), and obese (�30 kg/m2)
(22).

Physical Activity

Baseline physical activity data were collected using the Arizona
Activity Frequency Questionnaire (23), which assesses fre-
quency and duration of daily household, recreational, transpor-
tation, and sedentary activities. Each activity is assigned a
standard metabolic equivalent value (MET) (24). Moderate-to-
vigorous physical activity (MVPA) was defined as activities of
three or more METs (25). MVPA was categorized as low
(<2.5 hours/week), medium (2.5–5 hours/week), and high
(>5 hours/week) (26).

Fruit and Vegetable Intake

A modified version of the Block 2005 food frequency question-
naire (FFQ; NutritionQuest, Berkeley, CA) assessed baseline diet
via 139 food items with foods representative of Hispanic and
Asian diets. Fruit and vegetable (F/V) intake was dichotomized
as low (<35 servings/week) and high (�35 servings/week) (27).

Antioxidant Dietary Supplement Use

Antioxidant dietary supplement use and dose were ascertained
via self-report on baseline and six-month questionnaires, in-
cluding beta-carotene, selenium, vitamin C, vitamin E, and zinc.
Participants who reported use of any of the above antioxidants
at six months and reported use during chemotherapy treatment
were coded as "yes" for antioxidant use during chemotherapy.

A variable was created to indicate whether a participant’s
use of antioxidants changed from the time prior to breast can-
cer diagnosis to the time of chemotherapy. Using baseline and
six-month data, participants were categorized as initiators (any
antioxidant use during chemotherapy but not prior to diagno-
sis), discontinuers (antioxidant use before diagnosis but not
during chemotherapy), continuous users (any antioxidant be-
fore diagnosis and during chemotherapy), and nonusers of
antioxidants.

Chemotherapy-Induced Peripheral Neuropathy

At baseline, six months, and 24 months, the 11-item neurotoxic-
ity component of the Functional Assessment of Cancer
Therapy-Taxane (FACT-NTX) scale assessed CIPN symptoms
(28,29). For each item, self-reported symptoms were assessed in
the prior seven days using a 0–4 scale (0 ¼ very much; 1 ¼ quite
a bit; 2 ¼ somewhat; 3 ¼ a little bit; 4 ¼ not at all). The total
FACT-NTX score sums responses for each item (range ¼ 0–44),
with lower scores indicating worse neuropathy. A 10% or greater
decrease in the FACT-NTX score was considered a clinically
meaningful increase in CIPN (14,30). As taxanes primarily affect
the sensory component of patient-reported neuropathy (29),
self-reported sensory neuropathy was assessed using the four-
item sensory subscale of the FACT-NTX, which assesses numb-
ness, tingling, and discomfort in hands and feet (range ¼ 0–16).

Covariates and Potential Confounders

Sociodemographic, clinical, and behavioral characteristics were
examined as potential confounders. Sociodemographic charac-
teristics included age, race, education, and household income.
Breast cancer and other clinical characteristics included family
history of breast cancer, American Joint Committee on Cancer
(AJCC) stage (31,32), number of positive lymph nodes, tumor es-
trogen/progesterone receptor (ER/PR) positivity, human epider-
mal growth factor-receptor 2 (HER2) positivity, taxane drug,
taxane schedule, breast cancer surgery type, other treatments
received (ie, chemotherapy, hormonal therapy, radiation ther-
apy), and Charlson comorbidity score (33). Behavioral character-
istics included self-reported smoking history.

Statistical Methods

The primary analytic outcomes were between group differences
in mean and clinically meaningful changes in FACT-NTX scores
from baseline to six and 24 months. Secondary analyses examined
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between-group differences in the FACT-NTX sensory neuropathy
subscale. Unadjusted and adjusted linear regression models tested
differences between groups in absolute change from baseline.
Fisher’s exact test and multivariable logistic regression evaluated
associations between BMI, MVPA, F/V intake, and antioxidant sup-
plement use with a 10% or greater increase in CIPN at six and 24
months. Covariates identified as a priori potential confounders to
include in multivariable models were baseline FACT-NTX, age,
race, and smoking. Additional covariates were selected if they
were associated with the exposure or outcome, or if they modified
the unadjusted associations by more than 10%. The final model
included baseline FACT-NTX, age, race, education, income, tumor
stage, number of positive nodes, taxane drug, taxane schedule,
prior taxane treatment, and number of comorbidities.

Sensitivity analyses examined whether study findings held
when participants were limited to women who did not initiate
taxane prior to baseline.

All tests were two-sided with a value at .05. All analyses
were conducted utilizing R statistical software (version 3.2.2,
https://cran.r-project.org/).

Results

Cohort Characteristics

A total of 4505 women enrolled in the Pathways Study cohort.
Nearly one-third (n¼ 1237) received taxane chemotherapy and
provided FACT-NTX baseline data. For the 1237 participants in-
cluded in these analyses, the mean (SD) age at diagnosis was 54
(610.6) years, and the mean (SD) time from diagnosis to enroll-
ment was 2.2 (60.7) months (range ¼ 0.8–5.4). A large majority of
the women (78.2%) initiated taxane chemotherapy following the
baseline interview. Table 1 summarizes participant characteris-
tics. At baseline, 65.6% of patients were overweight or obese,
29.9% had low MVPA, 57.5% had low F/V intake, 31.8% reported us-
ing antioxidants prior to breast cancer diagnosis, and 9.5% specifi-
cally reported concurrent antioxidant use during chemotherapy.
Among the 1237 participants, 63.3% were nonusers of antioxi-
dants, 27.2% were discontinuers, 5.2% were continuous users, and
4.3% were initiators. The most commonly used antioxidant sup-
plement during chemotherapy was vitamin C (6.8%), followed by
vitamin E (2.4%), zinc (2.7%), selenium (0.8%), and beta-carotene
(0.5%; data not shown). Age and race were the demographic fac-
tors with the strongest associations with behavioral factors
(Supplementary Table 1, available online). A total of 771 (62.3%)
women completed the FACT-NTX questionnaire at six months,
and 544 (44.8%) at 24 months. Compared with those who provided
data at six and 24 months, women who did not provide data were
more likely to be younger, to be African American, to have lower
education attainment, to be obese, to eat fewer fruit/vegetables, to
spend less time in MVPA, and to be nonusers of antioxidants
(Supplementary Table 2, available online).

Mean Change in FACT-NTX from Baseline by BMI and
Lifestyle Factors

The large majority of patients reported increases in CIPN symp-
toms at six and 24 months compared with baseline as assessed
by the full FACT-NTX scale and the sensory neuropathy sub-
scale (Table 1). The decline in FACT-NTX (increased CIPN) was
greater in participants who were older, who were African
American or Asian, who were obese, who reported lower levels
of MVPA, and who had more comorbidities (Table 1). In

multivariable linear regression analyses of between-group
differences in change in FACT-NTX, the decrease in FACT-NTX
was statistically significantly greater in obese patients
compared with normal-weight patients at 24 months
(difference ¼ -2.5, 95% CI¼ -4.0 to -0.9, P ¼ .001) and was statisti-
cally significantly lower in patients with high MVPA compared
with those with low MVPA at six months (difference ¼ 1.5, 95%
CI¼ 0.2 to 2.9, P ¼ .03) (Figure 1A). There was no difference in
FACT-NTX based on F/V intake. Unexpectedly, initiators of
antioxidant supplements had a greater decrease in FACT-NTX
compared with nonusers at six months (difference ¼ -2.6, 95%
CI¼ -4.8 to -0.3, P ¼ .03) and discontinuers had a greater de-
crease in FACT-NTX compared with nonusers at 24 months
(difference ¼ -1.5, 95% CI¼ -2.9 to -0.1, P ¼ .03). Results were
very similar when analyses were restricted to the sensory
neuropathy subscale (Figure 1B).

Associations of BMI and Lifestyle Factors with Clinically
Meaningful Increase in CIPN

In multivariable logistic regression analyses, an increase in
CIPN of 10% or greater as assessed by FACT-NTX was more
likely to occur in overweight and obese patients compared with
normal-weight patients at 24 months (overweight vs normal
weight: OR¼ 2.37, 95% CI¼ 1.19 to 4.88, P ¼ .02; obese vs normal
weight: OR¼ 3.21, 95% CI¼ 1.52 to 7.02, P ¼ .003) and was less
likely to occur in patients with high MVPA compared with those
with low MVPA at six months (OR¼ 0.56, 95% CI¼ 0.34 to 0.94,
P ¼ .03) and 24 months (OR¼ 0.43, 95% CI¼ 0.21 to 0.87, P ¼ .02)
(Table 2). There was no statistically significant association be-
tween F/V intake and increased CIPN. Patients who initiated an-
tioxidant use during treatment were more likely to have a 10%
or greater increase in CIPN compared with nonusers at six
months (OR¼ 3.81, 95% CI¼ 1.82 to 8.04, P < .001) (Table 2).
When analyses were restricted to the sensory neuropathy sub-
scale, a 10% or greater worsening of symptoms was only
observed at 24 months among overweight compared with nor-
mal-weight patients (OR ¼ 2.49, 95% CI¼ 1.43 to 4.39, P ¼ .001)
(data not shown).

Exploratory analyses of associations of vitamin C, vitamin E,
and selenium with CIPN as assessed by FACT-TAX showed sim-
ilar findings as with general use of antioxidants
(Supplementary Table 3, available online).

Sensitivity Analyses

Analyses restricting the population to women who did not initi-
ate taxane chemotherapy before baseline showed similar asso-
ciations compared with the primary analyses (Supplementary
Table 4, available online).

Discussion

In a large prospective cohort of women with newly diagnosed
invasive breast cancer who received taxane chemotherapy
treatment, we identified lifestyle factors strongly associated
with the development and persistence of CIPN symptoms. After
adjusting for clinical and demographic factors, at 24 months,
obese patients had a more than two-fold increased risk of in-
creased CIPN compared with normal-weight patients, patients
who spent more than five hours/week on moderate-to-vigorous
MVPA were 60% less likely to have increased CIPN, and women
who changed their use of antioxidant dietary supplements near
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Table 1. Mean change in FACT-NTX score by demographic, clinical, and behavioral characteristics

FACT-NTX and sensory subscale scores/Characteristics Baseline (N¼ 1237) 6 mo (n¼ 771) 24 mo (n¼ 544)

FACT-NTX score (11-item)
Mean (SD) 39.5 (5.2) 33.8 (8.3) 35.5 (7.7)
Mean absolute change (SD) – -6.1 (8.0) -4.7 (6.9)
Mean percent change (SD) – -14.9 (21.6) -11.4 (18.3)
Participants who reported any increase in CIPN

symptoms, no. (%)
– 573 (74.3) 397 (73.0)

Participants who reported �10% increase in CIPN
symptoms, no. (%)

– 217 (28.1) 111 (20.4)

FACT-NTX sensory subscale (4-item)
Mean (SD) 14.5 (2.6) 10.7 (4.8) 11.9 (4.3)
Mean absolute change (SD) – -4.0 (4.8) -3.0 (4.1)
Mean percent change (SD) – -26.1 (36.4) -19.7 (29.6)
Participants who reported any increase in sensory

neuropathy symptoms, no. (%)
– 555 (72.0) 349 (64.2)

Participants who reported �10% increase in sensory
neuropathy symptoms, no. (%)

– 492 (63.8) 300 (55.1)

Absolute change in 11-item FACT-NTX scores from baseline
No. (%) Mean P* Mean P*

Demographic characteristics
Age, y
<50 435 (35.2) �5.1 Ref �3.1 Ref
50–59 411 (33.2) �6.8 .02 �5.5 .002
60þ 391 (31.6) �6.4 .07 �5.1 .007

Race
Non-Hispanic white 705 (58.8) �5.7 Ref �4.8 Ref
African American 123 (10.3) �8.9 .007 �7.5 .05
Asian 201 (16.8) �7.6 .02 �3.2 .05
Hispanic 170 (14.2) �5.6 .95 �4.6 .79

Education
High school or less 178 (14.4) �5.5 Ref �5.2 Ref
Some college 381 (30.8) �5.2 .77 �3.8 .17
College graduate 382 (30.9) �6.6 .26 �4.5 .47
Postgraduate 296 (23.9) �6.9 .15 �5.6 .67

Annual household Income
�$25 000 80 (7.2) �4.8 Ref �3.9 Ref
$25 000-49 999 201 (18.1) �5.3 .74 �5.0 .44
$50 000-89 999 368 (33.1) �6.3 .25 �4.2 .81
$90 000þ 464 (41.7) �6.7 .12 �5.2 .31

Clinical characteristics
Stage at diagnosis

I 299 (24.8) �4.6 Ref �3.6 Ref
II 649 (53.8) �6.6 .004 �4.7 .12
III 258 (21.4) �6.9 .006 �6.1 .004

No. of positive nodes
None 505 (40.8) �5.4 Ref �3.7 Ref
1–3 435 (35.2) �6.3 .17 �5.4 .01
�4 297 (24.0) �7.3 .007 �5.5 .02

Taxane drug
Docetaxel 567 (45.8) �4.2 Ref �3.4 Ref
Paclitaxel 670 (54.2) �7.7 <.001 �5.8 <.001

Taxane schedule
Every 1 wk 366 (30.4) �8.3 Ref �7.0 Ref
Every 2 wks 713 (59.3) �5.1 <.001 �3.8 <.001
Every 3þwks 124 (10.3) �6.2 .047 �3.3 .001

Started taxane before baseline
No 967 (78.2) �7.0 Ref �5.3 Ref
Yes 270 (21.8) �2.6 <.001 �2.2 <.001

Charlson comorbidity index

(continued)
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the time of receiving chemotherapy experienced a two- to
three-fold increased risk of increased CIPN. These findings sug-
gest that modifiable lifestyle factors may lead to differences in
CIPN symptoms for breast cancer patients undergoing taxane
treatment.

Previous studies showed smaller and statistically insignifi-
cant protective effects of low BMI on CIPN. In a cohort study
(n¼ 4554) of clinical outcomes associated with CIPN in breast
cancer patients, obese patients who received weekly paclitaxel
were 23% more likely to develop grade 2–4 neuropathy com-
pared with nonobese patients, although the association did not
reach statistical significance (8). Similarly, in a study of chemo-
therapy treatment modification attributed to CIPN (n¼ 488),
obese patients had a higher likelihood of having modified che-
motherapy treatment because of CIPN than nonobese patients
(OR¼ 1.17, 95% CI¼ 0.59 to 2.35) (10). However, a retrospective
cohort study (n¼ 229) of breast cancer patients showed no asso-
ciation between BMI and the development or severity of CIPN
(9). The difference in CIPN assessment (clinically diagnosed vs
self-reported) and the difference in BMI categorization (obese/
nonobese vs obese/overweight/normal weight) may explain
some of the differences between our findings and previous
findings.

For the association between MVPA and CIPN, our results
were more consistent with previous findings. In a Dutch
population-based cohort study of colorectal cancer survivors,
patients who were treated with chemotherapy (n¼ 506) and
who spent less than 2.5 hours/week in MVPA reported more
severe aching/burning pain in toes or feet, trouble handling
small objects, and worse sensory and motor scores (12). A
randomized controlled trial (n¼ 61) evaluating the effective-
ness of an exercise intervention among lymphoma patients

undergoing chemotherapy showed that twice weekly senso-
rimotor, endurance, and strength training was associated
with statistically significant improvements in CIPN (11).
Similar results have been reported in diabetic patient popula-
tions (11,16,17).

We did not observe an association between F/V intake and
CIPN, and we identified no other studies on diet and CIPN with
which to compare our results. We unexpectedly observed that a
change in antioxidant supplement use near the time of chemo-
therapy initiation was associated with worse CIPN symptoms at
24 months. The use of vitamin and mineral supplements, in-
cluding antioxidant supplements, following a cancer diagnosis
is often high (34) and has been shown to increase following a
breast cancer diagnosis in particular (35). Our findings are par-
ticularly provocative because they support the findings of a
large multisite randomized controlled trial (n¼ 409) conducted
by our group testing the use of an antioxidant dietary supple-
ment, acetyl-L-carnitine, to prevent CIPN (36). Acetyl-L-carnitine
has previously been shown to treat/prevent neuropathy in pa-
tients with diabetes and HIV and in patients receiving CIPN-
inducing chemotherapy (13,37–39). We hypothesized that
acetyl-L-carnitine would prevent CIPN. However, our results
showed the exact opposite. Patients randomly assigned to the
acetyl-L-carnitine group reported more CIPN symptoms and
were more likely to have increased CIPN as measured by FACT-
NTX at 24 weeks of follow-up, strongly suggesting that acetyl-
L-carnitine should not be used for CIPN prevention. A
large-scale trial (n¼ 207) of vitamin E for CIPN prevention was
also ineffective (15).

The mechanisms by which obesity, low MVPA, and antioxi-
dant supplements may interact with taxane chemotherapy to
increase CIPN are poorly understood. CIPN occurs primarily as a

Table 1. (continued)

FACT-NTX and sensory subscale scores/Characteristics Baseline (N¼ 1237) 6 mo (n¼ 771) 24 mo (n¼ 544)

0 1114 (90.1) �6.1 Ref �4.5 Ref
1 57 (4.6) �7.9 .19 �8.8 .006
2þ 66 (5.3) �5.1 .45 �5.5 .46

Behavioral characteristics
Body mass index
<25 kg/m2 (normal) 417 (33.7) �5.6 Ref �3.2 Ref
25–29.9 kg/m2 (overweight) 395 (31.9) �6.8 .09 �5.0 .01
�30 kg/m2 (obese) 425 (34.4) �6.2 .41 �6.2 <.001

Moderate-to-vigorous physical activity
<2.5 h/wk 369 (29.9) �7.2 Ref �5.6 Ref
2.5–5 h/wk 275 (22.3) �6.3 .29 �4.3 .13
>5 h/wk 591 (47.9) �5.5 .02 �4.4 .10

Fruit and vegetable intake
<35 servings/wk 574 (57.5) �6.2 Ref �4.6 Ref
�35 servings/wk 425 (42.5) �6.2 .99 �4.6 .99

Antioxidant use during chemotherapy†
Nonuser 783 (63.3) �5.9 Ref �4.4 Ref
Discontinued 337 (27.2) �6.3 .64 �5.7 .06
Continuous 64 (5.2) �6.6 .54 �3.3 .30
Initiator 53 (4.3) �6.9 .39 �4.6 .90

*Linear regression was used to test the null hypothesis that the change in Functional Assessment of Cancer Therapy–Taxane Neurotoxicity scores did not differ by de-

mographic and clinical characteristics. All statistical tests were two-sided. FACT-NTX ¼ Functional Assessment of Cancer Therapy–Taxane Neurotoxicity.

†Antioxidant use groups: nonuser ¼ women who reported no antioxidant use at baseline or six months; discontinuous user ¼ women who reported antioxidant use at

baseline but not at six months; continuous user ¼ women who reported antioxidant use at baseline and six months; initiator ¼ women who reported no antioxidant

use at baseline but reported use at six months.
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result of damages to the terminal branches of peripheral nerves
by neurotoxic chemotherapeutic agents, such as taxanes. This
damage affects fibers responsible for translating pain and tem-
perature, and fibers related to reflexes and muscle function (40).
Studies of diabetic neuropathy suggest that exercise, especially
strength and endurance training, may reduce diabetic neuropa-
thy by improving glycemic control, insulin sensitivity, and lipid
abnormality, which are the primary drivers of diabetic neuropa-
thy (11). Exercise may also improve nerve perfusion and func-
tion (41), as well as improve supraspinal reorganization and
regeneration of neuromuscular structures after neuropathic in-
jury (11). Antioxidants have been hypothesized to be protective
against CIPN by multiple mechanisms, including the oxidative
breakdown of cellular DNA and cell membranes (42) and regula-
tion of manganese superoxide dismutase (43).

The primary strengths of this analysis include comprehen-
sive measurement of lifestyle factors at baseline, objective as-
sessment of BMI, and use of patient-reported outcomes to
prospectively assess CIPN symptoms. Receipt of taxane therapy
is based on systematic EHR abstraction, therefore reducing the
likelihood of misclassification. We used novel methods to dis-
tinguish antioxidant supplement user groups, which allowed us
to observe differences in associations between groups.
Continuous and dichotomous outcomes were used to examine
associations between behaviors and CIPN; findings were largely
consistent using the two outcome definitions, suggesting the

observed associations are robust to how the outcome was
defined.

Limitations include the potential response bias because par-
ticipants who provided data at 24 months were relatively more
health conscious. The use of self-reported lifestyle factors is
subject to misclassification and recall bias. As change in antiox-
idant use was determined based on baseline and six-month
data, we cannot conclude if change in antioxidant use is a cause
or a result of CIPN. Furthermore, interpretations of our findings
regarding antioxidant use are limited by the small sample size
for continuous users and initiators of antioxidant supplements.
In addition, we do not have information on clinician recom-
mendations for lifestyle modification during treatment. Many
clinicians and institutions dissuade patients from using supple-
ments during treatment, but this is not systematic and many
patients do not adhere to recommendations. These findings are
hypothesis generating and can set a future research agenda for
a side effect that is poorly understood.

In summary, in a prospective observational cohort among
women who received taxane chemotherapy treatment, we ob-
served that obesity, low MVPA, and change in use of antioxidant
dietary supplements, including both initiation and discontinua-
tion, were associated with more severe and sustained CIPN
symptoms. Our results suggest that there are modifiable risk
factors for CIPN among breast cancer patients who receive tax-
ane treatment. Currently, management of CIPN is symptom

Figure 1. Multivariable-adjusted differences in changes in Functional Assessment of Cancer Therapy–Taxane Neurotoxicity (FACT-NTX) scores from baseline to six

and 24 months by baseline body mass index, moderate-to-vigorous physical activity, fruit/vegetable intake, and antioxidant use. A) Results are shown for the 11-item

FACT-NTX scale (0–44) and for B) the four-item sensory neuropathy subscale (0–16). A larger decrease in FACT-NTX means a greater increase in chemotherapy-induced

peripheral neuropathy symptoms. We tested the differences in changes in FACT-NTX using linear regression models adjusted for baseline score, age, race, smoking

status, tumor stage, number of positive nodes, estrogen receptor/progesterone receptor, human epidermal growth factor receptor 2, taxane drug, taxane schedule, and

prior taxane use. All P values were two-sided. BMI ¼ body mass index; FACT-NTX ¼ Functional Assessment of Cancer Therapy–Taxane Neurotoxicity.
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oriented and relies largely on prescribed medications. There are
no lifestyle recommendations for CIPN prevention, and patients
are not counseled on the benefits and hazards associated with
weight management, exercise, and dietary supplement before
and during taxane treatment. Future studies should examine
how obesity, exercise, and dietary supplements affect CIPN and
provide effective lifestyle recommendations for breast cancer
patients who receive taxanes and are at high risk of developing
CIPN.
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