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Abstract

PURPOSE—Over half of all cancer patients receiving taxane-, platinum-, or vinca alkaloid-based 

chemotherapy experience chemotherapy-induced peripheral neuropathy (CIPN), which includes 

numbness, tingling, pain, cold sensitivity, and motor impairment in the hands and feet. CIPN is a 

dose-limiting toxicity, potentially increasing mortality. There are no FDA-approved drugs to treat 

CIPN, and behavioral interventions such as exercise are promising yet understudied. This 

secondary analysis of our nationwide phase III randomized controlled trial of exercise for fatigue 

examines (1) effects of exercise on CIPN symptoms, (2) factors that predict CIPN symptoms, and 

(3) factors that moderate effects of exercise on CIPN symptoms.

METHODS—Cancer patients (N=355, 56±11 years, 93% female, 79% breast cancer) receiving 

taxane-, platinum-, or vinca alkaloid-based chemotherapy were randomized to chemotherapy or 

chemotherapy plus Exercise for Cancer Patients (EXCAP©®). EXCAP is a standardized, 

individualized, moderate-intensity, home-based, six-week progressive walking and resistance 

exercise program. Patients reported CIPN symptoms of numbness and tingling and hot/coldness in 

hands/feet (0–10 scales) pre- and post-intervention. We explored baseline neuropathy, sex, age, 

body mass index, cancer stage, and cancer type as possible factors associated with CIPN 

symptoms and exercise effectiveness.
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RESULTS—Exercise reduced CIPN symptoms of hot/coldness in hands/feet (−0.46 units, 

p=0.045) and numbness and tingling (−0.42 units, p=0.061) compared to the control. Exercise 

reduced CIPN symptoms more for patients who were older (p=0.086), male (p=0.028), or had 

breast cancer (p=0.076).

CONCLUSIONS—Exercise appears to reduce CIPN symptoms in patients receiving taxane-, 

platinum-, or vinca alkaloid-based chemotherapy. Clinicians should consider prescribing exercise 

for these patients.
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Introduction

Over half of all cancer patients receiving chemotherapy regimens that include taxanes, 

platinum-based agents, vinca alkaloids, thalidomide, or bortezomib experience 

chemotherapy-induced peripheral neuropathy (CIPN) [1]. CIPN typically affects the hands 

and feet and involves sensory symptoms such as numbness, tingling, and pain, including 

neuropathic pain from cold stimulation (e.g., feelings of hot/coldness); motor symptoms like 

cramping, difficulty handling small objects, and issues with gait and balance; and autonomic 
symptoms related to orthostatic hypotension [1–3]. CIPN is a dose-limiting toxicity, 

potentially increasing mortality [4]. It also interferes with daily activities such as buttoning 

clothes, writing, and typing, and it reduces quality of life [5]. Half of all CIPN patients do 

not recover six months after completing chemotherapy [1], and many require years to 

recover, if they recover at all [6].

The etiology of CIPN is not entirely clear [7] but appears to involve inflammation [8, 9] and 

damage to mitochondria in peripheral sensory neurons [10]. The neuropathic pain 

component of CIPN appears to involve changes in sensory pathways of the spinal cord, 

thalamus, and regions of the cortex such as the somatosensory cortex and the insula [11]. 

These changes in the central nervous system might exacerbate symptoms of peripheral nerve 

damage [12].

Treatments for CIPN are extremely limited and require further study [3, 13]. A systematic 

review of 48 randomized controlled trials (RCTs) testing drugs to prevent or treat CIPN 

concluded that none of the eleven drugs prevented CIPN, and, of the seven drugs tested to 

treat CIPN, only duloxetine could be recommended [14]. However, duloxetine has not been 

shown to reduce numbness or completely eliminate CIPN pain [15], and it causes dry mouth, 

constipation, diarrhea, and dizziness [16]. Nutritional and complementary interventions for 

CIPN have yielded inconsistent results, likely due to small sample sizes [17].

Fortunately, exercise may treat or prevent CIPN, as suggested by cross-sectional [18, 19] and 

randomized [20–22] studies in humans. One secondary analysis of an RCT in 301 breast 

cancer patients during chemotherapy compared three doses of exercise—without a standard 

care control group—for treatment of patient-reported CIPN symptoms [20]. Their results 

suggest that more severe CIPN symptoms tend to occur in patients who are older, less 
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aerobically fit, and overweight or obese. Moreover, for patients who are younger, fitter, and 

leaner, CIPN symptoms may be treated more effectively using a larger dose of exercise (180 

min/week of aerobic exercise instead of 90 min/week). Exercise may treat CIPN through 

changes in inflammation [23] and sensory pathways in the brain [24].

Several barriers limit our understanding of using exercise to treat CIPN. Prior studies of 

exercise and CIPN used supervised exercise in a gym or clinic, which can pose as a barrier 

for patients who have limited time or difficulty obtaining transportation [25]. The use of 

unsupervised interventions, such as at-home exercise, as part of self-management is 

important to complement and improve adherence to basic cancer rehabilitation interventions 

(e.g., information, medical exercise, psycho-oncology, dietetics) [26]. Additionally, there is 

limited information on which patients benefit most from exercise in terms of CIPN 

symptoms (only one study [20]).

The primary aim of this secondary analysis was to examine the effects of a six-week, at-

home, unsupervised exercise program conducted during chemotherapy on patient-reported 

CIPN symptoms compared to standard care for chemotherapy. The secondary aims were to 

explore factors that predict CIPN symptoms and the effectiveness of exercise by assessing 

demographics, physical fitness, and cancer characteristics. Specifically, we explored whether 

the effects of exercise on CIPN symptoms were moderated by three established risk factors 

for CIPN: (1) baseline neuropathy [1], (2) age [20], and (3) body mass index (BMI) [20], 

and three exploratory variables: (1) sex, (2) cancer stage, and (3) cancer type. We used data 

from our phase-III nationwide RCT designed to study fatigue in response to six weeks of 

either exercise during chemotherapy or standard care for chemotherapy. We identified 355 

cancer patients in this sample receiving neurotoxic chemotherapy regimens (i.e., containing 

taxane-, platinum-, or vinca alkaloid-based drugs). We hypothesized that exercise during 

chemotherapy would reduce CIPN symptoms compared to standard care for chemotherapy.

Patients and Methods

Study design

This was a secondary analysis of an RCT (ClinicalTrials.gov NCT00924651) designed to 

assess the effects of exercise on fatigue. Briefly, the trial was conducted and analyzed 

through the University of Rochester Cancer Center (URCC) National Cancer Institute (NCI) 

Community Oncology Research Program (NCORP) Research Base across 20 community 

oncology practices in the United States from 2009–2016. Participants were randomly 

assigned to receive six weeks of (1) standard care for chemotherapy or (2) standard care for 

chemotherapy plus exercise. Allocation was concealed from coordinators until after 

participant registration, and concealed from participants until baseline assessments were 

complete. It was not possible to blind participants or researchers due to the nature of the 

intervention. Each institutional review board approved the study before participants were 

enrolled. All participants provided written informed consent. As part of the pre- and post-

intervention assessments, participants completed questionnaires, daily diaries, and wore a 

pedometer (Walk 4 Life Classic; Oswego, IL).
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Study participants

To be eligible for the parent RCT, patients must have (1) been ≥21 years, (2) had a primary 

diagnosis of cancer other than leukemia, without distant metastasis, (3) been chemotherapy 

naïve, (4) started chemotherapy after enrollment and been scheduled for at least six weeks of 

chemotherapy with treatment cycles of either two, three, or four weeks; (5) had a Karnofsky 

Performance Status ≥70, (6) been able to read English, (7) not received concurrent radiation 

therapy, (8) not had physical limitations that contraindicate participation in a low- to 

moderate-intensity home-based walking and progressive resistance program as determined 

by the patient’s oncologist, who had full knowledge of the provided exercise program, and 

(9) not been identified as in the active or maintenance stage of exercise behavior as assessed 

by the Exercise Stages of Change [27]. This secondary analysis was restricted to patients 

receiving neurotoxic chemotherapy (taxane-, platinum-, or vinca alkaloid-based drugs).

Exercise intervention

Exercise for Cancer Patients (EXCAP©®) was designed by American College of Sports 

Medicine (ACSM)-certified exercise scientists at the University of Rochester Medical 

Center. The intervention consisted of an EXCAP kit, which includes a manual, pedometer, 

and three resistance bands. The intervention was delivered via one 60-minute session by an 

NCORP clinical research associate in the oncology clinic on the first day of chemotherapy. 

Clinical research associates, with no professional exercise qualifications, received brief 

training in the delivery of EXCAP by ACSM-certified exercise professionals. EXCAP 

conformed with ACSM guidelines for exercise prescription [28].

The first component of EXCAP was a walking prescription intended to provide low to 

moderately intense aerobic exercise (60–85% of heart rate reserve) daily for the 6-week 

intervention. Before randomization, patients wore pedometers and recorded steps for four 

consecutive days. Patients received an individually tailored, progressive walking prescription 

for the next six weeks based on their baseline average daily steps and were encouraged to 

increase the total number of steps walked daily by 5–20% each week.

The second part of the exercise program was a therapeutic band prescription designed to 

provide low to moderately intense resistance exercise (3–5 rated perceived exertion (RPE) 

scale [28]) daily for the 6-week intervention. Patients were given three color-coded bands 

with varying levels of resistance (red=medium, green=heavy, blue=extra heavy) and a list of 

ten band exercises (squat, side bend, leg extension, leg curl, chest press, row, calf raise, 

overhead press, biceps curl, triceps extension) and four optional band exercises (front raise, 

lateral raise, internal rotation, external rotation). Patients received an individually tailored, 

progressive therapeutic band prescription for six weeks based on their optimal baseline band 

color, number of sets, and number of repetitions; the prescription included instruction on 

proper band use, safety, and exercise mechanics. Patients were encouraged to progressively 

increase the total number of sets and repetitions (maximum of 4 sets of 15 repetitions) as 

well as band resistance each week.
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Standard care control condition

Control participants completed all study assessments and were followed by study staff in the 

exact same manner as the exercise participants. Control participants were offered the 

exercise intervention after all assessments were complete.

Measures

Clinical and demographic information were collected from medical records and study-

specific forms. Exercise adherence was reported daily using (1) steps from a pedometer, (2) 

minutes of resistance exercise, and (3) RPE where 1=no exertion and 10=maximal exertion 

[28]. Patients reported their CIPN symptoms: (1) numbness and tingling and (2) hot/

coldness in hands/feet, both rated on a 0–10 scale, where 0=not present and 10=as bad as 

you can imagine, during the last seven days. Validity and reliability have been demonstrated 

for similar scales of numbness and tingling for cancer patients [29, 30]. At the end of the 

study, participants completed a feedback survey.

Adverse events

Adverse events were monitored by the URCC Data Safety Monitoring Committee. All 

unexpected, serious, life-threatening, and fatal adverse events were reported.

Statistical analyses

All analyses used the intention-to-treat approach. Analyses were performed using R [31], 

SAS Studio v.3.6, and JMP v.13 (SAS Institute Inc.; Cary, NC, USA). All outcomes were 

examined with two-tailed tests at α=0.05. Due to the exploratory nature of this work, we did 

not adjust for multiple comparisons and we highlighted any trend-level effects (p<0.1). To 

test demographic factors and CIPN symptom change scores, we used t-tests and χ2-tests for 

continuous and nominal characteristics, respectively. We used linear regression to model 

post-intervention CIPN symptoms using study arm and hypothetical risk factors: baseline 

neuropathy, age, BMI, sex, cancer stage (I, II, or III; nominal), and cancer type (breast or 

other; nominal). To assess moderation, we estimated the interaction between each 

hypothetical risk factor and study arm.

Results

Participant flow (Figure 1)

This secondary analysis included all 456 patients receiving neurotoxic chemotherapy 

regimens (taxane-, platinum-, or vinca alkaloid-based chemotherapy) from our parent RCT. 

From the 420 patients who completed baseline assessments, 355 patients (85%) also 

completed post-intervention assessments (170 exercisers, 185 controls). The most common 

reasons for incomplete data were because participants were overwhelmed, had some type of 

medical issue, or offered no reason. Patients were more likely to drop out of the study— 

completing only baseline assessments—if they were in the exercise arm (p=0.010), were 

older (p=0.014), reported greater fatigue at baseline (p=0.019), or had limited education (no 

high school/GED; p=0.0003) while controlling for gender, BMI, race, marital status, cancer 

site, cancer stage, chemotherapy type, Karnofsky Performance Status, and other patient 
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reported symptoms (numbness/tingling, hot/coldness in hands/feet, distress, pain, quality of 

life; all rated 0–10).

Baseline characteristics (Table 1)

The study participants were primarily middle-aged, overweight, married women with at least 

some college education and employed outside of the house. Most patients had early-stage 

breast cancer, received taxane chemotherapy, and reported mild neuropathy at baseline. 

There were no significant baseline differences between patients in the exercise and control 

conditions.

Intervention adherence

At baseline, there were no significant differences between exercise and control conditions in 

terms of daily steps (exercisers 4,171 steps/day, controls 4,413 steps/day; p=0.444) or 

minutes of resistance band exercise (both groups reported none). After the intervention, 

exercisers increased their average daily steps by 649 (approximately 0.32 miles) and walked 

significantly more steps than control participants (4,820 vs. 4,285, respectively; p=0.019, 

who decreased their average daily steps by 129 (approximately 0.06 miles). Thus, exercisers 

walked approximately 0.27 miles per day more than controls while receiving chemotherapy 

at post-intervention. For resistance exercise, 77% of exercise participants reported 

performing at least some resistance exercise during the study. These sessions were on 

average 28.4 min long with an RPE of 4.0 and were performed 3.5 days/week. Exercise 

contamination was minimal in control participants. Specifically, only 7% of controls 

reported any resistance exercise during the study, and, on average, these participants 

exercised only 3 times during the 6-week study. Thus, exercisers performed significantly 

more days of resistance band exercise than controls (average of 3.5 days/week vs. 0.5; 

p<0.001).

Effects of exercise on CIPN symptoms (Table 2, Figure 2)

At baseline, patients in both conditions reported mild neuropathy. Collapsing across 

conditions, the average numbness and tingling was 0.90 (95% CI=0.71, 1.09) and the 

average hot/coldness in hands/feet was 0.83 (CI=0.63, 1.03). In terms of prevalence, 29.6% 

of patients reported any numbness and tingling (i.e., >0) and 25.4% reported any hot/

coldness in hands/feet.

At post-intervention, patients in each condition reported more severe CIPN symptoms, as 

expected after six weeks of neurotoxic chemotherapy. For numbness and tingling, the 

change for exercisers was 0.38 (CI=0.04, 0.71, p=0.027) with 36.5% of patients reporting 

any CIPN post-intervention. The change for controls was greater: 0.58 (CI=0.20, 0.95, 

p=0.003) with 49.2% of patients reporting any CIPN post-intervention (Table 2). For hot/

coldness, the change for exercisers was 0.38 (CI=0.06, 0.70, p=0.022) with 33.5% of 

patients reporting any CIPN post-intervention, and the change for controls was greater: 0.77 

(CI=0.42, 1.13, p<0.0001) with 45.4% of patients reporting any CIPN post-intervention 

(Table 2). At post-intervention, participants in the exercise condition reported less severe 

CIPN symptoms than participants in the control condition by nearly 0.5 units on the 0–10 

scales, as assessed by numbness and tingling (coefficient=−0.42, CI=−0.85, 0.02, p=0.061; a 
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trend-level effect) and hot/coldness in hands/feet (coefficient=−0.46, CI=−0.01, −0.91, 

p=0.045; Table 2; Figure 2).

Factors that predict post-intervention CIPN symptoms (Table 3)

Exploratory analyses revealed several factors that predicted greater increases in CIPN 

symptoms: baseline neuropathy, female sex, and non-breast cancer (all based on both CIPN 

scales). Two factors exhibited trend-level effects (p<0.1) in the prediction of post-

intervention CIPN symptoms: advanced stage cancer (stage II vs. stage I for numbness and 

tingling, and stage III vs. stage II for hot/coldness in hands/feet) and higher BMI (based on 

hot/coldness in hands/feet).

Factors that moderate the effect of exercise on CIPN symptoms (Table 3)

For numbness and tingling, there was a trend-level effect that older patients benefitted more 

from exercise than younger patients (p=0.086; Figure 3). For hot/coldness in hands/feet, 

male patients exhibited a better response from exercise than female patients (p=0.028), and 

patients with breast cancer exhibited a trend for a better response from exercise compared to 

patients with other cancer types (p=0.076).

Adverse events

During the study, five participants had grade 3–5 adverse events (3 non-serious, 2 serious), 

including lymphopenia, neutropenia, and multi-organ failure. All adverse events were 

unrelated to the exercise intervention.

Participant feedback

After completion of this study, patients reported very positive experiences of exercising 

during chemotherapy. Specifically, 72% of exercisers reported that this study changed their 

opinions of regular exercise during chemotherapy, with 92% of those patients indicating a 

more positive view of exercise during chemotherapy. Additionally, 94% of exercisers said 

they would recommend EXCAP to other patients receiving chemotherapy.

Discussion

Our results suggest that six weeks of exercise during chemotherapy—compared to 

chemotherapy without exercise—reduced the prevalence and severity of CIPN symptoms, as 

assessed by patient reports of numbness and tingling and hot/coldness in hands/feet. All 

patients reported worse CIPN after six weeks of neurotoxic chemotherapy, as expected, but 

patients randomized to the exercise group showed significantly smaller increases in CIPN 

prevalence and severity. The effects of exercise on CIPN symptoms were small to modest, 

but likely clinically significant, as evidenced by a reduction of 0.5 units on a 0–10 symptoms 

severity scale, considered noticeable and meaningful to patients, and by a reduction of 

prevalence from approximately half of patients in the control group to approximately one 

third of patients in the exercise group. Exploratory analyses implicated several variables that 

may predict the severity of CIPN symptoms and the effectiveness of exercise: baseline 

neuropathy, sex, cancer stage, cancer type, BMI, and age. Our attrition of 15% is consistent 
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with other large Phase-III nationwide RCTs in cancer patients (e.g., [32]) and superior to 

other supportive oncology clinical trials (18-study-average attrition of 26% [33]).

This study confirms and extends prior work on the effects of exercise on CIPN. Our results 

are consistent with cross-sectional evidence that more physical activity [18, 19] and larger 

muscle volume [34] is associated with less severe CIPN symptoms. Moreover, our results 

extend prior RCTs of exercise for CIPN [20–22] by using a home-based exercise 

intervention, comparing chemotherapy with vs. without exercise, and utilizing a larger 

sample size than prior RCTs of exercise for CIPN (N=355 here vs. N=301 [20], N=61 [21], 

and N=30 [22]). Our results suggesting that exercise treats CIPN better for older patients are 

consistent with results that older patients require less exercise to treat CIPN [20]. Indeed, 

perhaps the exercise dose delivered here was sufficient for older patients but not younger 

patients.

Several possible mechanisms may underlie the beneficial effects of exercise on CIPN 

symptoms. First, exercise reduces chronic inflammation [23], and inflammation appears to 

play a role in the etiology and treatment of CIPN [8, 9]. Second, exercise changes how 

sensations from the hands, feet, and rest of the body are processed by the brain [24], 

specifically by the thalamus, sensorimotor cortex, and insula, which are all part of 

interoceptive brain circuitry [35]. Exercise-induced changes in the brain might counteract 

central sensitization associated with neuropathic pain [11], a feature of CIPN [1, 2], and thus 

may alleviate CIPN symptoms independent of the peripheral causes of CIPN [12]. These 

ideas can also explain our observation that exercise may treat CIPN symptoms better in 

older patients. Specifically, normal aging impairs the function [36, 37] and structure [38, 39] 

of interoceptive brain circuitry, thus potentially making the brain more vulnerable to the 

effects of chemotherapy, thereby exacerbating symptoms of CIPN. Moreover, exercise 

protects interoceptive brain circuitry from normal age-related declines [40], thus potentially 

protecting older brains from the effects of chemotherapy, thereby mitigating symptoms of 

CIPN.

This study has several noteworthy strengths. First, our large sample (N=355) drawn from 

multiple locations across the United States enhances the precision and generalizability of our 

results. Second, whereas most clinical trials are performed at academic medical centers, our 

study suggests that exercise is effective in community oncology clinics, where the majority 

of cancer patients are treated [41]. In addition, this home-based, unsupervised exercise 

intervention complements traditional face-to-face exercise interventions because it can save 

time and does not require transportation to a gym. Finally, our use of a standard care control 

group helps inform clinical recommendations and adds scientific rigor in studies of the 

exercise and CIPN.

This study also has a few limitations. First, because this study was not designed to assess 

CIPN symptoms, we only had access to relatively simple patient-reported measures of CIPN 

symptoms instead of a comprehensive questionnaire or clinical assessment [42]. However, 

our measure of CIPN symptoms has been used successfully in other studies (e.g., [29, 30]) 

and its simple nature makes it more feasible to collect in a busy clinical setting. Second, we 

lacked information on chemotherapy dose, which might have confounded our observations, 

Kleckner et al. Page 8

Support Care Cancer. Author manuscript; available in PMC 2019 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



for example that exercise is more effective for CIPN symptoms in older patients if older 

patients received a different (e.g., lower) chemotherapy dose than younger patients and 

chemotherapy dose was related to exercise effectiveness. Next, we do not know how our 

results generalize to more severe cases of CIPN, long-term symptom severity, other types or 

doses of exercise, and other patient populations. Patient dropout preferentially excluded 

patients who were more fatigued, older, less-well educated, and randomized to exercise—

these factors have been previously identified in studies of clinical trial dropout [33, 43]. 

Fortunately, our relatively low 15% attrition mitigates concerns of bias compared to other 

clinical trials in supportive care oncology [33]. Finally, this was a secondary data analysis 

and the probability of Type-I error was inflated due to the exploratory nature of our work.

Exercise shows promise in the treatment of CIPN and so this research should be continued, 

especially given the dearth of available treatments for CIPN. We need to learn more about 

the optimal dose of exercise (type, duration, and intensity) [20], including conducting 

studies with longer interventions and longer-term follow-up assessments, and we need to use 

a precision medicine approach to make exercise more effective by considering age, sex, race, 

chemotherapy type and dose, baseline fitness, etc. Second, we need a better understanding of 

the mechanisms of CIPN and its treatment by obtaining richer data on CIPN including 

patient reports, clinical assessments, physiological measures, central neural measures, and 

intracellular measures [7] using rigorous and proven study designs [44]. By understanding 

how CIPN occurs, we may be able to prevent or treat CIPN by targeting specific pathways 

using new or existing drugs or behavioral interventions.

In conclusion, our results suggest that home-based walking and resistance exercise during 

chemotherapy can reduce the severity and prevalence of CIPN symptoms, especially in older 

patients. Effective cancer care requires synergism between supervised and self-management 

interventions, and EXCAP®© (i.e., unsupervised moderate-intensity walking and resistance 

exercise) is a promising tool that clinicians should consider prescribing for patients receiving 

taxane-, platinum-, and vinca alkaloid-based drugs, especially for their geriatric patients.

Supplementary Material
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Figure 1. 
CONSORT diagram of study participants.
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Figure 2. 
Exercise reduces the severity of CIPN symptoms per patient-reported numbness and tingling 

(left; trend-level effect) and hot/coldness in hands/feet (right). Error bars show 95% 

confidence intervals from 170 exercise patients and 185 control patients. The p-values 

correspond to differences in exercise and control conditions from regression (Table 2).
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Figure 3. 
Exercise works particularly well in reducing CIPN symptoms for older patients. CIPN 

symptoms were assessed using patient-reported numbness and tingling (top) and hot/

coldness in hands/feet (bottom). Error bars show 95% confidence intervals from 108 patients 

in the youngest tertile (59 exercisers, 49 controls) and 109 patients in the oldest tertile (53 

exercisers, 56 controls).
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