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Abstract
Purpose Establishing accurate estimates of physical activity at baseline is essential for interventions assessing the potential 
benefits of exercise in adults with cancer. This study compares self-reported physical activity with independent data from 
activity trackers in women with early breast cancer (BC) recruited into a “walking” intervention during chemotherapy.
Methods Baseline (pre-intervention) questions inquired about self-reported physical activity—number of walking days/
week and minutes/day—in women who were initiating chemotherapy for Stage I–III BC. Activity trackers measured steps 
per day during the first full week of chemotherapy. Weighted Kappa statistic and Pearson correlation coefficients were used 
to evaluate agreement and association between self-reported and objectively tracked physical activity levels, respectively. 
Univariate analyses were conducted to identify variables that may influence congruence between the two measures.
Results In a sample of 161 women, 77% were white, with mean age 56 years. Agreement between self-reported and objec-
tively tracked physical activity was “fair” (kappa coefficient = 0.31), with most patients (59%) over-reporting their physical 
activity levels. There was weak correlation between the two measures (r = 0.24); however, correlation was strong in partici-
pants who were not married (r = 0.53) and/or living alone (r = 0.69).
Conclusions Objective methods for assessing physical activity (activity trackers, accelerometers) should be used as a com-
plement to self-reported measures to establish credible activity levels for intervention studies seeking to increase physical 
activity and/or measure the impact of increased physical activity in women with breast cancer.
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Introduction

The importance of physical activity and exercise promo-
tion within oncology has received increased attention over 
the past several decades. In 2010, the American College of 

Sports Medicine (ACSM) published exercise guidelines 
for cancer survivors recommending that patients aim for 
150 min of moderate physical activity or 75 min of vig-
orous physical activity per week [1]. For adults receiving 
primary cancer treatment (surgery, chemotherapy, radiation 
treatment), guidelines suggest that the minimum goal should 
be maintaining pre-treatment physical activity, focusing on 
individual patient preference and abilities [2].

Most exercise oncology studies to date have been con-
ducted in women diagnosed with breast cancer primarily in 
the post-treatment setting, producing efficacious outcomes 
pertaining to quality of life and cancer-related fatigue [3–5], 
as well as improved overall fitness and patient-reported out-
comes including increased physical fitness, less depression, 
and less anxiety [6–8]. Self-directed, home-based exercise 
programs have gained particular attention as an alternative 
to time and resource intensive on-site programs with trained 
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personnel, and show outcomes comparable to those of super-
vised programs [9].

Whether the exercise intervention is supervised or home-
based, it is important to establish baseline (pre-intervention) 
physical activity levels in order to properly evaluate the 
effectiveness of the exercise intervention itself. Without 
accurate determination of baseline physical activity levels, 
quantification of the true impact of an exercise intervention 
to increase physical activity is substantially hindered. With 
increased physical activity engagement being the primary 
endpoint of many exercise intervention studies, this issue 
warrants significant attention.

Baseline physical activity can be measured by self-report 
questionnaire or by an accelerometer (activity tracker) that is 
worn for at least a week; a common length of time that has 
been utilized in large-scale trials evaluating activity track-
ers [10]. Self-report questionnaires are quick and easy to 
administer, and require the patient to recall physical activity 
habits with regard to duration, type, intensity, and frequency 
of exercise, within the timeframe of the past 7 days. Well-
established studies such as the National Health and Nutri-
tion Survey (NHANES) have a long history of self-reported 
physical activity [11], but few studies have shown that self-
report can provide an accurate measure of physical activity 
when compared to accelerometers [12, 13]. On the other 
hand, when compared to accelerometers that provide an 
objective measure physical activity, subjective self-reports 
tend to over-report physical activity levels and under-report 
sedentary time as observed in non-cancer samples [14–19]. 
The question of self-reported compared to objectively meas-
ured baseline physical activity has not been well explored in 
exercise oncology despite a recent study reporting discrep-
ancies in a sample of mixed cancer diagnoses [20].

As an ancillary investigation to three larger studies per-
taining to the potential benefits of exercise during chemo-
therapy, we revisit the issue of self-report versus observed 
physical activity in a sample of women with early-stage 
breast cancer, using self-report questionnaires and activity 
tracker data collected in the first full week of chemotherapy. 
By comparing self-reported with objective measures, we 
hope to gain a better understanding of how to assess and 
interpret self-reported physical activity levels in both exer-
cise intervention research and clinical practice.

Methods

Study participants

The patient population for our study was drawn from par-
ticipants in two recently completed studies (NCT01789983, 
NCT02167932) and one on-going investigation 
(NCT02328313) of exercise during chemotherapy. Women 

aged 21 or older diagnosed with early breast cancer (Stage 
I–III) and scheduled to start chemotherapy were recruited 
for these studies. Details regarding the sample have been 
published elsewhere [21]. Patients were approached in clinic 
before starting chemotherapy and provided written informed 
consent to participate. Informed consent was obtained from 
all individual participants included in the study. The inter-
vention studies were approved by the Protocol Review Com-
mittee of the Lineberger Comprehensive Cancer Center and 
the Institutional Review Board of the University of North 
Carolina at Chapel Hill.

Physical activity measures

Self‑reported walking

Baseline (pre-chemotherapy initiation) self-reported physi-
cal activity was assessed through two questions: (1) “On 
average, how many days a week do you go for a walk for at 
least 10 min, for any reason, in and around your neighbor-
hood or elsewhere?” and (2) “On average, how much time 
do you usually spend per day when you go for a walk in and 
around your neighborhood or elsewhere?” Walking days and 
minutes were multiplied to compute total walking minutes/
week.

Behavioral risk factor surveillance system (BRFSS) health 
behavior questionnaire (HBQ)

Baseline self-reported vigorous physical activity was 
assessed using the BRFSS-HBQ [22]. This questionnaire 
focuses on engagement (frequency and duration) in vigor-
ous physical activity for at least 10 min that is accompanied 
by heavy sweating or significant increases in heart rate or 
breathing.

Accelerometer

At baseline, patients were equipped with a Fitbit (Fitbit 
Inc., San Francisco CA) or Garmin Vivo (Garmin Interna-
tional Inc., Olathe KS) activity tracker to provide an objec-
tive measure of step count. Activity tracker email accounts 
were set up for each patient, and data were uploaded into a 
research computer during regularly scheduled chemotherapy 
infusion visits. For the current study, activity tracker steps 
collected in the first full week of chemotherapy were used 
for analyses. Total step count for the week was divided by 
seven to calculate the average daily step count.

Categorizing activity levels

We have previously reported [21] that 6286 steps/day is an 
approximation of the number of steps required to achieve 
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the recommended amount of walking 150 min/week [2, 
23], walking at a moderate pace (60 steps/min). Accord-
ingly, self-reported walking less than 50 min/week calcu-
lated to less than 3000 steps/day, self-reported walking of 
50–100 min/week calculated to 3000–6000 steps/day, and 
self-reported walking of 100 min/week or more calculated 
to 6000 or more steps/day. For each of these three levels, 
the corresponding physical activity designation was “Very 
Low,” “Low,” and “Moderate,” respectively. Women who 
had “0” recorded steps/week or were averaging fewer than 
500 steps/day were excluded from analyses because there 
was a strong possibility that they were not wearing their 
activity tracker as directed from the moment they rose in 
the morning until they went to bed at night. Additionally, 
patients who did not provide self-reported baseline physical 
activity were also excluded from the analyses. A flowchart 
of patient exclusion criteria for the present study is provided 
in Fig. 1.

Demographic and clinical characteristics

Electronic medical records (Epic@UNC) were reviewed for 
information regarding breast cancer diagnosis and treatment, 
height, weight, and body mass index (BMI). Study partici-
pants provided demographic information via questionnaire 
pertaining to age, race, education, marital status, current liv-
ing situation, and employment status.

Statistical analysis

Descriptive statistics were used to characterize the 
sample. Pearson correlation coefficients and weighted 
Kappa statistics were used to evaluate the association 
and level of agreement between activity tracker physi-
cal activity and self-reported physical activity, respec-
tively [24]. A priori cut points for interpreting the Kappa 

coefficient were < 0.20 = poor agreement, 0.20–0.39 = fair, 
0.40–0.59 = moderate, 0.60–0.79 = good, 0.80–0.99 = very 
good, and 1 = perfect. A priori interpretation of the Pearson 
correlation coefficient was 0–0.1 none/very weak, 0.1–0.3 
weak, 0.4–0.5 moderate, and > 0.5 strong. Subgroup analy-
sis was conducted to identify factors (age, race, education, 
marital status, living alone, employment, BMI, tumor stage) 
that might influence the correlation between self-report and 
activity tracker estimates.

Results

Demographics

Baseline characteristics for the sample (N = 161) are pre-
sented in Table 1. Mean age was 56 (range 24–78), 23% 
were non-white, 14% had a high school education or less, 
41% were not married, 20% were living alone, and 63% were 
not employed more than 32 h per week. BMI was character-
ized as follows: 1% underweight, 26% normal weight, 38% 
overweight, and 35% obese.

Physical activity level: self‑report compared 
to activity tracker

The weighted Kappa statistics for self-reported and activ-
ity tracker agreement was 0.31, indicating “fair” agreement 
between the two measures. Percentages for each measure are 
illustrated in Fig. 2. 59% of study participants self-reported 
walking a “moderate” amount of 100 min/week at baseline, 
while activity tracker data for the first week showed that only 
33% of participants actually walked the equivalent in terms 
of step data. “Very low” levels of walking were self-reported 
by 23% of participants; however, activity tracker data placed 
33% of participants in this category.

Fig. 1  Study sample exclusion 
flowchart
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Overall, Pearson correlation between self-report physi-
cal activity levels and activity tracker-based physical activ-
ity was weak (r = 0.24). In Table 2, we present correla-
tion coefficients between the two measures separately for 
demographic subgroups. Only two demographic character-
istics showed large differences in the strength of correla-
tion between subgroups; patients who were not married 
and lived alone had much stronger correlation between 
self-reported walking and activity tracker steps compared 
to those in the other subgroups. No differences in correla-
tion were seen for other demographic subgroups (“Age,” 
“Race,” “Education,” “Employed more than 32 Hours/
Week,” “BMI,” and “Breast Cancer Stage”).

Discussion

To our knowledge, this is the first study in a large sample 
of women with early-stage breast cancer starting chemo-
therapy that compared self-reported with activity tracker 
data prior to the initiation of an exercise intervention. 
We found only modest kappa agreement between the two 
measures of physical activity when categorized into three 
levels (very low, low, and moderate) and low correlation 
between the two measures as continuous variables. Inter-
estingly, participants who were living alone and/or not 
married were the most accurate in self-reporting their 
physical activity levels.

Our findings are in line with the previous studies in the 
non-oncology setting suggesting that older adults, adoles-
cents, and certain clinical populations (COPD patients, 
gastric bypass patients, fibromyalgia patients) over-report 
their physical activity levels when compared to activity 
tracker-derived measures of physical activity [14, 17, 18, 
25, 26]. Our finding of over-reporting in self-reported data 
also concurs with findings in a study of adults with colon 
cancer [27], as well as a mixed sample of adults with can-
cer (~ 53% breast cancer) [20]. It should be noted that that 
the final sample in the present study includes patients that 
wore two different activity trackers (Fitbit Zip or Garmin 
Vivo) that, to our knowledge, have not been validated against 
each other. However, both brands have been validated with 
research-grade accelerometers (Actigraph) in their ability 
to track step count when worn on the wrist or hip [28, 29]. 
Further, we did not adjust our analysis for wear-time based 

Table 1  Study participant characteristics (N = 161)

Variable Mean (standard 
deviation) or number 
(percent)

Age 56.3 (12.1)
Race
 White 123 (77.4)
 African American or other 36 (22.6)

Education
 High school or less 22 (13.8)
 More than high school 137 (86.2)

Married
 No 65 (41.1)
 Yes 93 (58.9)

Living alone
 No 125 (80.1)
 Yes 31 (19.9)

Employed more than 32 h a week
 No 97 (63.4)
 Yes 56 (36.6)

Body mass index (BMI)
 Underweight 2 (1.3)
 Normal (18.5–25) 41 (25.8)
 Overweight (25–30) 60 (37.7)
 Obese I (30–35) 31 (19.5)
 Obese II (greater than 35) 25 (15.7)

Health behavior questionnaire (HBQ): 
vigorous minutes per week

22.9 (24.8)

Total self-reported walking minutes per 
week for exercise or pleasure

137 (125)

Average daily activity tracker steps 4777 (3119)
Breast cancer stage
 I 38 (24.4)
 II 78 (50.0)
 III 40 (25.6)

Fig. 2  Activity Tracker versus self-report physical activity levels. 
Activity tracker and self-reported physical activity were compared 
within three different categories. Patients were grouped based on the 
following activity tracker step criteria: Very Low ≤ 3000 steps/day; 
Low = 3000–6000 steps/day; Moderate ≥ 6000 steps/day. The same 
patients were then allocated to the different physical activity level 
groups based on their self-reported walking data: Very Low ≤ 50 min/
week; Low = 50–100 min/week; Moderate ≥ 100 min/week



399Breast Cancer Research and Treatment (2019) 176:395–400 

1 3

on hourly data, as our chosen activity trackers did not allow 
for this type of deeper analysis.

The seeming disconnect between self-reported and objec-
tively measured activity data is of concern for establishing 
a true baseline for assessing the effectiveness of exercise 
interventions. A common endpoint of exercise interventions 
in cancer populations is assessing whether physical activity 
increased or decreased in response to the intervention. Self-
reported physical activity assessments that do not mirror 
reality can result in imprecise characterizations of the sam-
ple population at baseline (e.g., over-estimation of baseline 
physical activity levels), lead to erroneous claims that the 
intervention actually “changed behavior” (e.g., increased 
the sample’s physical activity), and/or undermine conclu-
sions that the exercise intervention did or did not impact 
other study outcomes. It is also possible that individualized 
exercise programs prescribed based on self-reported physi-
cal activity could elicit inappropriate training volume, thus 
not allowing for proper progression of exercise throughout 
the intervention.

Although self-reported physical activity can provide valu-
able insights into what the study participants perceive as phys-
ical activity, our findings suggest that activity trackers that 
objectively assess physical activity should be used in conjunc-
tion for a more comprehensive characterization of physical 
activity in exercise oncology research. Commercially available 
activity trackers are now relatively inexpensive and allow for 
direct uploads of individual tracker data into research com-
puters. Certain activity trackers can also provide information 
regarding exercise intensity by measuring heart rate, which 
is often disregarded by physical activity questionnaires that 
simply provide information on frequency and duration of self-
perceived moderate intensity physical activity. For example, 
for two different patients who record similar step count aver-
ages, an activity tracker can provide useful information about 
the intensity of the activities that make-up the total step count 
(i.e., jogging vs. walking; running errands vs. lifting weights). 
This information can then be used to decipher the degree of 
physical activity (moderate to high physical activity) and who 
is sedentary prior to starting treatment. Self-reported physi-
cal activity remains an important and feasible source of data, 
especially for population-based studies; however, intervention 
studies testing the benefits of self-directed exercise require 
independent measures of physical activity to provide the best 
possible measure of intervention fidelity and, hence, impact 
on primary outcomes.
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