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Abstract
Purpose  Newly diagnosed breast cancer patients face substantial stress and uncertainty that may undermine their quality of 
life (QoL). The purpose of the present study was to examine the associations between health-related fitness (HRF) and QoL 
in newly diagnosed breast cancer patients from the Alberta Moving Beyond Breast Cancer Study.
Methods  Newly diagnosed breast cancer patients with early-stage disease (n = 1458) were recruited between 2012 and 
2019 in Edmonton and Calgary, Canada to complete baseline HRF and QoL assessments within 90 days of diagnosis. HRF 
assessments included cardiorespiratory fitness (VO2peak treadmill test), muscular fitness (upper and lower body strength and 
endurance tests), and body composition (dual x-ray absorptiometry). QoL was assessed by the Medical Outcomes Study 
Short Form 36 (SF-36) version 2. We used logistic regression analyses to examine the associations between quartiles of HRF 
and poor/fair QoL (bottom 20%) after adjusting for key covariates.
Results  In multivariable analysis, the least fit groups compared to the most fit groups for relative upper body strength 
(OR = 3.19; 95% CI = 1.98–5.14), lean mass percentage (OR = 2.31; 95% CI = 1.37–3.89), and relative VO2peak (OR = 2.08; 
95% CI = 1.21–3.57) were independently at a significantly higher risk of poor/fair physical QoL. No meaningful associations 
were found for mental QoL.
Conclusions  The three main components of HRF (muscular fitness, cardiorespiratory fitness, and body composition) were 
independently associated with physical QoL in newly diagnosed breast cancer patients. Exercise interventions designed 
to improve these components of HRF may optimize physical QoL and help newly diagnosed breast cancer patients better 
prepare for treatments and recovery.
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Introduction

In Canada and the United States, there are over 300,000 
combined new breast cancer diagnoses every year [1, 2]. 
Newly diagnosed breast cancer patients face substantial 
stress and uncertainty related to their diagnosis, prognosis, 
and treatment decisions that can undermine quality of life 
(QoL) and potentially affect treatment-related outcomes 
and survival [3–5]. Understanding the determinants of 
QoL in newly diagnosed breast cancer patients may help 
to identify early intervention targets to improve QoL and 
better prepare patients for treatments and recovery.

Health-related fitness (HRF) refers to the components 
of physical fitness that exhibit a strong relationship with 
health status and generally includes cardiorespiratory (aer-
obic) fitness, muscular fitness (strength and endurance), 
body composition, and flexibility [6]. HRF is emerging 
as an important consideration in clinical oncology, how-
ever, current research is limited. Specifically, few stud-
ies have provided a comprehensive assessment of HRF 
[7] and most studies have relied on easily administered 
measures of HRF such as body mass index (BMI) [8], 
handgrip strength [9], and submaximal tests of cardio-
vascular fitness [10]. Furthermore, most studies have had 
small sample sizes and/or included mixed cancer patient 
groups during and after treatments [7, 9]. Small sample 
sizes and limited assessments of HRF have made it dif-
ficult to directly compare the relative importance of dif-
ferent components of HRF and inform clinical exercise 
prescriptions for improving QoL. Moreover, no study to 
date has focused on the setting of newly diagnosed breast 
cancer patients.

The purpose of the present study was to examine the asso-
ciations between a comprehensive set of high quality HRF 
measures and QoL in a large sample of newly diagnosed 
breast cancer patients from the Alberta Moving Beyond 
Breast Cancer (AMBER) Cohort Study [11–13]. Given the 
distinct fitness dimensions represented by the different com-
ponents of HRF, we hypothesized that all three main com-
ponents of HRF (cardiorespiratory fitness, muscular fitness, 
and body composition) would be independently associated 
with QoL. Moreover, given the physical basis of HRF com-
ponents, we hypothesized that HRF would be more strongly 
associated with physical QoL than mental QoL.

Methods

Ethical approval was obtained through the Health Research 
Ethics Board of Alberta: Cancer Committee (HREBA.
CC-17-0576) and each participant completed a signed 

consent form. We have previously described the AMBER 
study design and methods [11] as well as the baseline char-
acteristics of the full cohort [13].

Study design, participants, and procedures

AMBER is a prospective cohort study examining the role of 
physical activity, sedentary behavior, and HRF in breast can-
cer treatment, recovery, and survivorship [11, 12]. Assess-
ments are performed at baseline (within 90 days of diagno-
sis) and at 1, 3, and 5-years postdiagnosis. Participants were 
recruited between July 2012 and July 2019 in Edmonton 
and Calgary, Alberta, Canada. Women with newly diagnosed 
breast cancer were eligible if they had histologically con-
firmed stage I (≥ T1c) to stage IIIc breast cancer, were 18 to 
80 years old, proficient in English, and not pregnant.

Timing and order of baseline assessments

Our goal was to complete baseline assessments within 
90 days of surgery and/or prior to initiating neoadjuvant 
or adjuvant therapy, however, participants were allowed 
to complete baseline assessments until the third cycle of 
chemotherapy or tenth fraction of radiation therapy. Base-
line testing generally occurred over two separate days about 
1 week apart. On Day 1, participants completed a fasted 
blood draw followed by body composition assessments 
(dual x-ray absorptiometry, height, weight, and waist and 
hip circumference), lymphedema and range of motion test-
ing, muscular fitness and flexibility testing (partial curl-ups, 
sit-and-reach, and handgrip strength), and cardiorespiratory 
fitness testing (graded exercise treadmill test). At the end of 
Day 1, we gave participants questionnaires (including the 
QoL measures) and accelerometers to return the following 
week at Day 2 testing. Day 2 testing included the upper and 
lower body muscular strength and endurance tests with a 
10-min rest between tests. If two separate days were not 
feasible for participants, we conducted single day testing 
with appropriate rest between cardiorespiratory fitness test-
ing and strength testing.

Health‑related fitness measures

Certified exercise physiologists conducted HRF assessments 
using standardized testing protocols and the same equip-
ment at both sites as described previously [11]. Cardiores-
piratory fitness was assessed by a graded treadmill exercise 
test using the modified Bruce protocol with gas exchange 
measurements to determine the peak volume of oxygen 
consumed (VO2peak) in absolute (L/min) and relative (mL/
kg/min) terms based on meeting at least two of the follow-
ing criteria: (a) respiratory exchange ratio > 1.05, (b) heart 
rate within 5 beats/minute of age-predicted maximum, (c) 
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rating of perceived exertion ≥ 7 on the 10 point scale, and 
(d) plateau in VO2 (defined as < 0.150 L/min over the final 
minute of exercise) [11]. Muscular fitness was assessed by 
combined right and left handgrip strength using a dynamom-
eter, abdominal endurance (number of consecutive partial 
curl-ups), and upper and lower body (chest press and leg 
press) muscular strength and endurance tests [11]. Maximal 
strength was assessed by an 8–10 repetition maximum test 
used to predict one repetition maximum (1-RM). Muscular 
endurance was assessed as a multiple repetition maximum 
based on 50% of predicted 1-RM for the chest press and 
70% of predicted 1-RM for the leg press, and calculated as 
the number of repetitions x weight lifted. Muscular strength 
and endurance were expressed in absolute (kg lifted) and 
relative (kg lifted/kg body weight) terms. Body composi-
tion was assessed by dual x-ray absorptiometry (DXA) and 
expressed as fat mass, lean mass, body fat percentage, lean 
mass percentage, and lean mass/fat mass ratio. Height and 
weight were used to calculate body mass index (BMI). Flex-
ibility was assessed by the sit-and-reach test.

Quality of life measure

Quality of life was measured using the SF-36 Version 2 
(SF-36v2) [14, 15] which is a 36-item generic measure of 
health status used extensively in both healthy and clinical 
populations. The measure yields eight health domain scales 
that can be aggregated into two distinct summary measures: 
physical component summary (PCS) and mental component 
summary (MCS). The PCS and MCS were scored using a 
T-score metric standardized to a population mean of 50 and a 
standard deviation of 10 based on 2009 United States norms. 
A single item from the SF-36v2, asking about general health 
with response options of poor, fair, good, very good, and 
excellent, was also used as a separate QoL indicator.

Patient characteristics

Participants self-reported sociodemographic characteristics 
and lifestyle behaviors such as smoking, alcohol consump-
tion, and dietary intake using the Canadian Diet History 
Questionnaire-II [16]. Clinical information about their can-
cer and treatments was extracted from medical charts.

Statistical analyses

We used logistic regression to examine the associations 
between quartiles of HRF and binary QoL outcomes. For 
the PCS and MCS, we used the bottom 20% of the distri-
bution as an indicator of poor/fair QoL given there is no 
clinical threshold for this measure. For the single gen-
eral health item, we compared poor/fair versus good/very 
good/excellent. For HRF variables with < 5% missing data 

(handgrip strength, partial curl-ups, sit-and-reach, and 
body composition), we replaced the missing data with 
multivariable imputations through chained equations using 
all correlated baseline variables before computing quar-
tiles [17]. Two HRF tests incurred substantial missing data 
of approximately 25% because of safety reasons or physi-
cal limitations [13]: cardiorespiratory fitness (absolute 
and relative VO2peak) and upper and lower body strength 
(absolute and relative maximal strength and endurance). 
For these HRF variables, we used the inability to complete 
VO2peak or maximal strength testing as an indicator of the 
worst fitness category (quartile). We then computed ter-
tiles for the remaining approximately 75% that achieved 
VO2peak or maximal strength, which resulted in roughly 
four equal quartiles of HRF.

Our primary reason for categorizing our exposures and 
outcomes was to generate more clinically interpretable 
results for patients and clinicians (both oncologists and exer-
cise physiologists) using odds ratios rather than correlations 
or regression coefficients. A second reason for categorizing 
our exposures and outcomes was the substantial missing 
data (about 25%) for the VO2peak test and maximal muscular 
strength test. We would have had to exclude these patients 
from any analysis of continuous data but we were able 
include them as their own category in our logistic regres-
sion analysis (i.e., unable to perform test). Finally, we did 
examine the associations of continuous HRF variables (per 
a given measurement unit) with binary QoL for participants 
without missing data.

We compared baseline characteristics across quartiles of 
relative VO2peak (our primary exposure) using analyses of 
variance. We examined multivariable associations between 
each HRF variable and each QoL indicator adjusting for age, 
education, comorbidity, family history, disease stage, surgery 
type, kilocalorie intake, location, and smoking as described 
in a previous publication [18]. We conducted an additional 
sensitivity analysis that also adjusted for whether HRF test-
ing occurred (a) before or after surgery and (b) before/no 
chemotherapy or after starting chemotherapy. Adjusting for 
the timing of surgery and chemotherapy in relation to HRF 
testing did not materially change the statistical significance 
or magnitude of our results, therefore, we have reported our 
original adjusted analysis. HRF variables that were statisti-
cally significant in the multivariable adjusted analyses were 
further evaluated in a multivariable model where the covari-
ates above were forced into the model followed by stepwise 
forward consideration of all statistically significant HRF 
exposures. We chose stepwise forward consideration over 
forced entry for the statistically significant HRF exposures 
because of the high multi-collinearity among the HRF vari-
ables. In addition to statistical significance, we interpreted 
odds ratios (ORs) of < 0.50 or > 2.0 as clinically significant 
and meaningful [19].
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Results

Flow of participants through the baseline assessment has 
been reported elsewhere [13]. Of 3673 eligible patients, 
1528 (42%) were recruited. For the present analysis, 70 
participants were excluded because of missing QoL data. 
Of the 1458 participants analyzed in the present report, 
110 (7.5%) were scheduled for neoadjuvant chemotherapy. 
Across all participants, Day 1 and Day 2 HRF assessments 
were completed a median of 88 (IQR = 73—106) and 96 
(IQR = 80—115) days postdiagnosis, respectively. For par-
ticipants who received surgery first (n = 1338), the Day 1 
and Day 2 HRF assessments were completed a median of 
50 (IQR = 41–63) and 57 (IQR = 48–72) days postsurgery, 
respectively. For participants scheduled to receive adjuvant/
neoadjuvant chemotherapy (n = 833), 260 (31.2%) and 458 
(55.0%) completed Day 1 and Day 2 HRF assessments after 
starting chemotherapy, respectively.

Baseline patient characteristics

Table 1 reports the descriptive information for sociodemo-
graphic, clinical, and QoL variables, overall and by relative 
VO2peak quartile. Relative VO2peak was significantly associ-
ated with most demographic, behavioral, and QoL variables. 
Table 2 presents descriptive information for the HRF vari-
ables, overall and by quartiles.

Multivariable adjusted associations 
between physical fitness and QoL

Statistically significant associations were found between 
all physical fitness variables and the PCS (Table 3). The 
strongest associations were with the relative upper body 
muscular fitness measures (i.e., relative upper body muscu-
lar strength, relative upper body muscular endurance, and 
relative handgrip strength). For example, for relative upper 
body strength (p for trend < 0.001), breast cancer patients 
who were unable to achieve a maximal strength score were 
almost five times more likely to report poor/fair physical 
QoL than breast cancer patients in the highest relative upper 
body strength group (OR = 4.88; 95% CI = 3.12–7.64). For 
the 1107 (75.9%) breast cancer patients who were able to 
achieve a maximal upper body strength score, the OR for 
having poor/fair physical QoL per 0.1 kg/kg increase in rela-
tive upper body strength was 0.60 (95% CI = 0.51–0.70).

Relative VO2peak was also strongly associated with physical 
QoL (p for trend < 0.001). Specifically, breast cancer patients 
who were unable to attempt or reach VO2peak were over four 
times more likely to report poor/fair physical QoL than the 
high fit group (OR = 4.46; 95% CI = 2.81–7.09). For the 1119 

(76.7%) breast cancer patients who were able to complete 
the VO2peak test, the OR for having poor/fair physical QoL 
per 1 ml/kg/min increase in relative VO2peak was 0.88 (95% 
CI = 0.85–0.91).

For the MCS, there were no statistically significant multi-
variable associations with any physical fitness variables. For 
the single general health item, there were statistically signifi-
cant multivariable adjusted associations between relative hand-
grip strength (p < 0.001), relative VO2peak (p = 0.013), abso-
lute VO2peak (p = 0.021), and relative upper body endurance 
(p = 0.05) with poor/fair QoL (Table 3).

Multivariable adjusted associations between body 
composition and QoL

Statistically significant associations were found between 
all body composition variables and the PCS except for total 
lean mass (Table 4). The strongest association was with lean 
mass percentage (p for trend < 0.001) where breast cancer 
patients with the lowest lean mass percentage were over 
four times more likely to report poor/fair physical QoL than 
patients with the highest lean mass percentage (OR = 4.13; 
95% CI = 2.69–6.35). The OR for having poor/fair physical 
QoL per 1% increase in lean mass percentage was 0.92 (95% 
CI = 0.90–0.94).

For the MCS, the only statistically significant association 
between body composition and poor/fair mental QoL was for 
lean/fat ratio (p = 0.027), however, the pattern was not clear. 
For the single general health item, there were statistically sig-
nificant adjusted associations between body fat percentage 
(p = 0.005), lean/fat ratio (p = 0.009), lean mass percentage 
(p = 0.011), and BMI (p = 0.029) with poor/fair QoL.

Multivariable associations between significant HRF 
variables and QoL

For the PCS, relative upper body strength, lean mass percent-
age, and relative VO2peak entered the model and independently 
demonstrated dose–response associations culminating in the 
least fit groups being 2–3 times more likely to report poor/fair 
physical QoL compared to the high fit groups (Fig. 1). For the 
MCS, only lean/fat ratio entered the model and, therefore, it 
demonstrated the same nonlinear and modest association as 
in the original multivariable analysis (see Table 4). For the 
general health item, only relative handgrip strength entered the 
model, and it exhibited the same dose–response association as 
in the original multivariable analysis (see Table 3).
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Table 1   Baseline characteristics of 1458 newly diagnosed breast cancer patients in the AMBER cohort study, overall and by relative VO2peak 
(2012–2019)

a At time of baseline fitness testing. PCS physical component summary; MCS mental component summary

Overall (N = 1458) High fit (n = 374) Mid fit (n = 380) Low fit (n = 365) No VO2 peak (n = 339) p value

Age at diagnosis (year) 55.5 ± 10.7 49.8 ± 9.4 53.9 ± 9.1 58.6 ± 10.4 60.5 ± 10.9  < 0.001
Race
 White 1279 (87.7) 347 (92.8) 336 (88.4) 314 (86) 282 (83.2)  < 0.001
 Non-white 179 (12.3) 27 (7.2) 44 (11.6) 51 (14) 57 (16.8)

Education
 High school/below/college 794 (54.5) 155 (41.4) 206 (54.2) 225 (61.6) 208 (61.4)  < 0.001
 University/graduate school 664 (45.5) 219 (58.6) 174 (45.8) 140 (38.4) 131 (38.6)

Marital status
 Married/common-law 1091 (74.8) 287 (76.7) 295 (77.6) 278 (76.2) 231 (68.1) 0.013
 Not married/common-law 367 (25.2) 87 (23.3) 85 (22.4) 87 (23.8) 108 (31.9)

Income
 < 100 K 699 (47.9) 126 (33.7) 153 (40.3) 205 (56.2) 215 (63.4)  < 0.001
  ≥ 100 K 759 (52.1) 248 (66.3) 227 (59.7) 160 (43.8) 124 (36.6)

Location
 Calgary 831 (57.0) 205 (54.8) 202 (53.2) 211 (57.8) 213 (62.8) 0.050
 Edmonton 627 (43.0) 169 (45.2) 178 (46.8) 154 (42.2) 126 (37.2)

Smoking status
 Never/past 1361 (93.3) 360 (96.3) 356 (93.7) 334 (91.5) 311 (91.7) 0.036
 Current 97 (6.7) 14 (3.7) 24 (6.3) 31 (8.5) 28 (8.3)
 Alcohol consumed (g/day) 7.1 ± 16.2 8.8 ± 14.9 7.8 ± 13.7 5.2 ± 13.4 6.7 ± 21.8 0.015

Kilocalorie intake (kcal/day) 1716 ± 745 1777 ± 682 1734 ± 734 1678 ± 750 1667 ± 814 0.16
Weight (kg) 73.7 ± 15.8 63.3 ± 9.2 71.4 ± 11.9 83.8 ± 17.0 76.9 ± 16.3  < 0.001
Body mass index (kg/m2) 27.5 ± 5.6 23.3 ± 2.9 26.4 ± 3.9 31.4 ± 5.6 29.1 ± 6.0  < 0.001
  < 25 550 (37.7) 276 (73.8) 145 (38.2) 42 (11.5) 87 (25.7)
  ≥ 25 908 (62.3) 98 (26.2) 235 (61.8) 323 (88.5) 252 (74.3)

Disease stage
 I 657 (45.1) 171 (45.7) 164 (43.2) 158 (43.3) 164 (48.4) 0.64
 II 675 (46.3) 176 (47.1) 183 (48.2) 172 (47.1) 144 (42.5)
 III 126 (8.6) 27 (7.2) 33 (8.7) 35 (9.6) 31 (9.1)

Tumor grade
 1 186 (12.8) 46 (12.3) 54 (14.2) 53 (14.5) 33 (9.7) 0.044
 2 625 (42.9) 163 (43.6) 146 (38.4) 146 (40.0) 170 (50.1)
 3 647 (44.4) 165 (44.1) 180 (47.4) 166 (45.5) 136 (40.1)

Surgery statusa

 Presurgery 120 (8.2) 35 (9.4) 34 (8.9) 31 (8.5) 20 (5.9) 0.36
 Lumpectomy 818 (56.1) 198 (52.9) 210 (55.3) 217 (59.5) 193 (56.9)
 Mastectomy 520 (35.7) 141 (37.7) 136 (35.8) 117 (32.1) 126 (37.2)

Chemotherapy statusa

None/before 1198 (82.2) 314 (84.0) 304 (80.0) 303 (83.0) 277 (81.7) 0.52
After 1 or 2 cycles 260 (17.8) 60 (16.0) 76 (20.0) 62 (17.0) 62 (18.3)
PCS 49.2 ± 7.5 51.9 ± 6.4 49.8 ± 6.9 48.0 ± 7.5 47.0 ± 8.3  < 0.001
 Bottom 20% 292 (20) 51 (13.6) 61 (16.3) 79 (21.3) 101 (29.8)  < 0.001

MCS 47.8 ± 10.0 47.9 ± 9.7 46.7 ± 9.9 48.6 ± 9.8 48.2 ± 10.8 0.06
 Bottom 20% 292 (20) 75 (20.1) 81 (21.7) 69 (18.6) 67 (19.8) 0.78

General Health 2.3 ± 0.8 2.0 ± 0.7 2.3 ± 0.8 2.5 ± 0.8 2.6 ± 0.8  < 0.001
 Poor/fair % 96 (6.6) 12 (3.2) 25 (6.7) 26 (7.0) 33 (9.7) 0.006
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Discussion

Our results suggest that inferior HRF was significantly and 
meaningfully associated with a higher risk of poor/fair phys-
ical QoL in newly diagnosed breast cancer patients. Moreo-
ver, the three primary HRF components of cardiorespiratory 
fitness (relative VO2peak), muscular fitness (relative upper 
body strength), and body composition (lean mass percent-
age) were all independently associated with physical QoL 
in multivariable analysis that considered all other significant 
HRF exposures. Conversely, no HRF variables were sig-
nificantly and meaningfully associated with mental QoL. 
Finally, worse scores on most HRF variables were associated 
with a higher risk of poor/fair general health in multivari-
able analyses, however, only relative handgrip strength was 
independently associated with general health.

One novel finding of our study was that measures of all 
three main components of HRF—muscular fitness, body 

composition, and cardiorespiratory fitness—were indepen-
dently associated with physical QoL in newly diagnosed 
breast cancer patients. To our knowledge, no previous obser-
vational study or randomized controlled trial has demon-
strated this important finding in any cancer patient group at 
any phase of the cancer trajectory. Moreover, the three inde-
pendent associations all demonstrated dose–response pat-
terns and remained clinically meaningful (ORs > 2.0) even 
after adjusting for each other. This finding has important 
implications for the exercise prescription that may optimize 
physical QoL in newly diagnosed breast cancer patients. 
Specifically, exercise interventions that increase relative 
VO2peak, relative upper body strength, and lean mass per-
centage may maximize improvements in physical QoL.

Another novel finding from our study was that the strong-
est associations between HRF and physical QoL were for 
measures of relative upper body muscular fitness (i.e., 
relative upper body muscular strength, relative upper body 

Table 2   Baseline descriptive statistics for health-related fitness of 1458 newly diagnosed breast cancer patients in the AMBER cohort study, 
overall and by fitness quartiles (2012–2019)

a Quartile 4 provides the mean (SD) for fitness measures with complete data or n (%) for measures with missing data
b Body mass index quartiles are < 25, 25–29.9, 30–34.9, and ≥ 35

Health related fitness measures Overall Quartile 1 Quartile 2 Quartile 3 Quartile 4a

Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD n (%)

Aerobic fitness
 Relative VO2peak (mL/kg/min) 26.6 ± 6.0 33.3 ± 4.0 26.1 ± 1.5 20.4 ± 2.3 339 (23.3)
 Absolute VO2peak (L/min) 1.89 ± 0.37 2.30 ± 0.22 1.86 ± 0.09 1.50 ± 0.16 339 (23.3)

Muscular strength
 Upper body strength (kg) 36.7 ± 9.8 47.6 ± 6.9 35.8 ± 2.2 26.6 ± 3.6 351 (24.1)
 Relative upper body strength (kg/kg) 0.51 ± 0.14 0.66 ± 0.10 0.49 ± 0.03 0.37 ± 0.05 351 (24.1)
 Lower body strength (kg) 98.9 ± 31.4 130.7 ± 24.6 92.4 ± 6.3 67.0 ± 11.4 358 (24.6)
 Relative lower body strength (kg/kg) 1.39 ± 0.41 1.85 ± 0.29 1.34 ± 0.09 0.97 ± 0.16 358 (24.6)
 Handgrip Strength (kg) 55.2 ± 12.1 70.6 ± 7.0 58.5 ± 2.3 50.7 ± 2.3 39.8 ± 5.5
 Relative handgrip strength (kg/kg) 0.77 ± 0.21 1.05 ± 0.11 0.83 ± 0.04 0.69 ± 0.04 0.52 ± 0.08

Muscular endurance
 Upper body endurance (kg) 490 ± 211 721 ± 179 453 ± 46 291 ± 63 387 (26.5)
 Relative upper body endurance(kg/kg) 6.8 ± 3.1 10.2 ± 2.8 6.2 ± 0.7 4.0 ± 0.8 387 (26.5)
 Lower body endurance (kg) 1271 ± 776 2085 ± 783 1118 ± 145 603 ± 180 393 (27.0)
 Relative lower body endurance(kg/kg) 17.8 ± 10.7 29.0 ± 10.9 15.6 ± 2.0 8.8 ± 2.6 393 (27.0)
 Curl ups (reps) 28 ± 28 64 ± 31 31 ± 4 16 ± 5 0.1 ± 0.6

Flexibility
 Sit and reach (cm) 27.4 ± 9.8 40.0 ± 3.9 31.0 ± 2.0 24.1 ± 2.0 14.5 ± 4.3

Body Composition
 Body weight (kg) 73.7 ± 15.8 56.4 ± 4.6 66.6 ± 2.5 76.5 ± 3.3 95.1 ± 11.7
 Body mass index (kg/m2)b 27.5 ± 5.6 22.3 ± 1.8 27.4 ± 1.4 32.0 ± 1.4 38.9 ± 3.4
 Total lean mass (kg) 37.7 ± 5.4 44.9 ± 3.6 39.0 ± 1.0 35.6 ± 0.9 31.4 ± 2.1
 Total fat mass (kg) 31.6 ± 11.5 18.6 ± 3.1 26.8 ± 2.1 34.0 ± 2.3 47.2 ± 8.2
 Lean mass percentage (%) 52.2 ± 6.4 60.9 ± 3.8 53.6 ± 1.3 49.6 ± 1.1 44.6 ± 2.3
 Body fat percentage (%) 43.0 ± 7.2 33.3 ± 3.9 41.2 ± 1.4 45.9 ± 1.3 51.6 ± 2.5
 Lean/fat ratio 1.32 ± 0.45 1.95 ± 0.43 1.35 ± 0.08 1.11 ± 0.06 0.89 ± 0.08
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Table 3   Multivariable 
associations between physical 
fitness and poor/fair quality of 
life in 1458 newly diagnosed 
breast cancer patients in 
the AMBER cohort study 
(2012–2019)

Poor/fair PCS (bottom 
20%) OR (95% CI)

Poor/fair MCS (bottom 
20%) OR (95% CI)

Poor/fair general health (bot-
tom 6.6%) OR (95% CI)

Relative VO2peak
 High fit 1.0 1.0 1.0
 Mid fit 1.91 (1.21–3.03) 1.42 (0.98–2.06) 1.45 (0.68–3.10)
 Low fit 4.04 (2.58–6.34) 1.45 (0.97–2.15) 2.74 (1.34–5.61)
 No VO2peak 4.46 (2.81–7.09) 1.53 (1.01–2.32) 2.62 (1.24–5.50)
 P for trend  < 0.001 0.15 0.013
 OR per 1 ml/kg/min 0.88 (0.85–0.91) 0.98 (0.95–1.01) 0.92 (0.87–0.97)

Absolute VO2peak
 High fit 1.0 1.0 1.0
 Mid fit 1.29 (0.85–1.95) 1.39 (0.96–2.01) 2.23 (1.08–4.60)
 Low fit 1.80 (1.18–2.75) 1.39 (0.94–2.07) 2.68 (1.27–5.65)
 No VO2peak 2.63 (1.72–4.01) 1.49 (0.99–2.25) 2.88 (1.37–6.06)
 P for trend  < 0.001 0.20 0.021
 OR per 1 L/min 0.49 (0.30–0.82) 0.74 (0.47–1.16) 0.38 (0.16–0.90)

Upper body strength
 High fit 1.0 1.0 1.0
 Mid fit 1.32 (0.87–2.01) 0.91 (0.63–1.32) 1.35 (0.72–2.56)
 Low fit 1.40 (0.92–2.14) 0.90 (0.61–1.32) 0.85 (0.42–1.74)
 No RM 2.76 (1.87–4.08) 1.06 (0.72–1.55) 1.79 (0.97–3.30)
 P for trend  < 0.001 0.82 0.08
 OR per 1 kg 0.89 (0.74–1.07) 1.08 (0.92–1.27) 0.93 (0.69–1.24)

Relative upper body strength
 High fit 1.0 1.0 1.0
 Mid fit 2.25 (1.41–3.60) 0.81 (0.56–1.18) 0.92 (0.46–1.86)
 Low fit 3.54 (2.22–5.65) 0.94 (0.63–1.38) 1.43 (0.74–2.78)
 No RM 4.88 (3.12–7.64) 1.03 (0.71–1.51) 1.91 (1.01–3.59)
 P for trend  < 0.001 0.61 0.08
 P per 0.1 kg/kg 0.60 (0.51–0.70) 1.02 (0.91–1.15) 0.83 (0.66–1.03)

Lower body strength
 High fit 1.0 1.0 1.0
 Mid fit 1.25 (0.84–1.88) 0.88 (0.60–1.27) 1.11 (0.57–2.15)
 Low fit 1.57 (1.06–2.35) 1.08 (0.74–1.56) 1.41 (0.75–2.68)
 No RM 2.25 (1.53–3.32) 1.12 (0.77–1.64) 1.63 (0.89–3.00)
 P for trend  < 0.001 0.63 0.38
 OR per 1 kg 0.95 (0.90–1.01) 1.01 (0.96–1.06) 0.99 (0.90–1.07)

Relative lower body strength
 High fit 1.0 1.0 1.0
 Mid fit 1.66 (1.07–2.56) 1.07 (0.74–1.56) 1.33 (0.64–2.75)
 Low fit 2.46 (1.60–3.77) 1.06 (0.72–1.56) 2.22 (1.12–4.40)
 No RM 3.07 (2.00–4.71) 1.19 (0.81–1.77) 2.17 (1.10–4.30)
 P for trend  < 0.001 0.84 0.50
 P per 0.1 kg/kg 0.89 (0.85–0.94) 1.00 (0.96–1.04) 0.94 (0.88–1.01)

Upper body endurance
 High fit 1.0 1.0 1.0
 Mid fit 1.68 (1.08–2.60) 1.12 (0.76–1.64) 0.91 (0.46–1.80)
 Low fit 1.74 (1.13–2.68) 1.18 (0.80–1.73) 1.14 (0.59–2.19)
 No max reps 3.06 (2.04–4.58) 1.26 (0.87–1.84) 1.66 (0.91–3.04)
 P for trend  < 0.001 0.67 0.20
 OR per 100 kgs 0.89 (0.81–0.97) 0.96 (0.89–1.04) 0.875 (0.75–1.02)

Relative upper body endurance
 High fit 1.0 1.0 1.0
 Mid fit 2.34 (1.44–3.79) 1.05 (0.71–1.54) 1.20 (0.58–2.49)
 Low fit 3.29 (2.05–5.28) 1.35 (0.92–2.00) 1.85 (0.93–3.68)
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All analyses adjusted for age, education, comorbidity, family history, disease stage, surgery, kilocalorie 
intake, location, and smoking
PCS physical component summary; MCS mental component summary; OR odds ratio; CI confidence inter-
val

Table 3   (continued) Poor/fair PCS (bottom 
20%) OR (95% CI)

Poor/fair MCS (bottom 
20%) OR (95% CI)

Poor/fair general health (bot-
tom 6.6%) OR (95% CI)

 No max reps 4.59 (2.91–7.26) 1.30 (0.89–1.92) 2.23 (1.14–4.34)
 P for trend  < 0.001 0.32 0.05
 P per 1 kg/kg 0.83 (0.77–0.89) 0.97 (0.92–1.02) 0.88 (0.78–0.98)

Lower body endurance
 High fit 1.0 1.0 1.0
 Mid fit 1.22 (0.81–1.85) 0.89 (0.61–1.31) 1.07 (0.55–2.09)
 Low fit 1.20 (0.79–1.82) 1.01 (0.69–1.48) 1.19 (0.61–2.32)
 No max reps 1.95 (1.31–2.89) 1.08 (0.74–1.58) 1.41 (0.76–2.62)
 P for trend 0.004 0.82 0.71
 OR per 100 kgs 0.99 (0.97–1.01) 0.99 (0.97–1.01) 0.98 (0.94–1.02)

Relative lower body endurance
 High fit 1.0 1.0 1.0
 Mid fit 1.23 (0.79–1.89) 1.13 (0.77–1.64) 1.33 (0.67–2.64)
 Low fit 1.75 (1.16–2.66) 1.01 (0.68–1.50) 1.48 (0.74–2.94)
 No max reps 2.28 (1.52–3.42) 1.16 (0.79–1.71) 1.65 (0.86–3.17)
 P for trend  < 0.001 0.82 0.49
 P per 1 kg/kg 0.98 (0.96–1.00) 0.99 (0.98–1.01) 0.98 (0.95–1.01)

Handgrip strength
 Highest 25% 1.0 1.0 1.0
 50–75% 1.06 (0.72–1.58) 1.15 (0.80–1.66) 1.16 (0.60–2.28)
 25–50% 1.36 (0.92–2.02) 0.93 (0.63–1.37) 1.52 (0.78–2.94)
 Lowest 25% 1.82 (1.21–2.73) 1.30 (0.87–1.95) 2.24 (1.15–4.36)
 P for trend 0.016 0.35 0.08
 OR per 1 kg 0.98 (0.97–0.99) 0.99 (0.98–1.01) 0.97 (0.95–0.99)

Relative handgrip strength
 Highest 25% 1.0 1.0 1.0
 50–75% 2.07 (1.32–3.25) 1.30 (0.90–1.88) 1.12 (0.51–2.46)
 25–50% 2.90 (1.86–4.54) 1.11 (0.75–1.63) 1.76 (0.85–3.64)
 Lowest 25% 4.88 (3.13–7.62) 1.18 (0.79–1.77) 3.67 (1.85–7.28)
 P for trend  < 0.001 0.57  < 0.001
 P per 0.1 kg/kg 0.75 (0.70–0.81) 0.95 (0.89–1.02) 0.78 (0.69–0.88)

Curl up
 Highest 25% 1.0 1.0 1.0
 50–75% 1.22 (0.81–1.83) 0.88 (0.61–1.28) 0.93 (0.48–1.83)
 25–50% 1.87 (1.27–2.76) 1.05 (0.72–1.52) 1.79 (0.97–3.29)
 Lowest 25% 1.54 (1.02–2.33) 1.08 (0.72–1.60) 1.24 (0.64–2.42)
 P for trend 0.010 0.75 0.13
 OR per 1 rep 0.99 (0.99–1.00) 1.00 (0.99–1.00) 0.99 (0.98–1.00)

Sit and reach
 Highest 25% 1.0 1.0 1.0
 50–75% 1.25 (0.83–1.89) 0.71 (0.48–1.04) 0.79 (0.40–1.57)
 25–50% 1.75 (1.18–2.60) 0.97 (0.67–1.40) 1.35 (0.74–2.47)
 Lowest 25% 1.77 (1.19–2.64) 1.19 (0.82–1.72) 1.40 (0.76–2.59)
 P for trend 0.009 0.07 0.24
 OR per 1 cm 0.98 (0.97–0.99) 0.99 (0.98–1.01) 0.98 (0.96–1.00)
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Table 4   Multivariable 
associations between body 
composition and poor/fair 
quality of life in 1458 newly 
diagnosed breast cancer patients 
in the AMBER cohort study 
(2012–2019)

All analyses adjusted for age, education, comorbidity, family history, stage, surgery, kilocalorie intake, 
location, and smoking
PCS physical component summary; MCS mental component summary; OR odds ratio; CI confidence inter-
val

Poor/fair PCS (bottom 20%) 
OR (95% CI)

Poor/fair MCS (bottom 
20%) OR (95% CI)

Poor/fair general health (bot-
tom 6.6%) OR (95% CI)

Body weight
 Lowest 25% 1.0 1.0 1.0
 25–50% 1.83 (1.20–2.80) 0.96 (0.66–1.40) 0.92 (0.45–1.88)
 50–75% 2.24 (1.47–3.40) 0.95 (0.65–1.39) 1.33 (0.69–2.56)
 Highest 25% 2.71 (1.80–4.09) 0.97 (0.67–1.41) 1.82 (0.99–3.37)
 P for trend  < 0.001 0.99 0.10
 OR per 1 kg 1.02 (1.02–1.03) 1.00 (0.99–1.01) 1.02 (1.00–1.03)

Body mass index
  < 25 1.0 1.0 1.0
 25–29.9 1.92 (1.36–2.70) 0.84 (0.61–1.16) 1.44 (0.81–2.55)
 30–34.9 2.05 (1.36–3.09) 0.97 (0.65–1.45) 1.92 (1.01–3.66)
  ≥ 35 3.96 (2.56–6.11) 1.05 (0.68–1.65) 2.63 (1.36–5.10)
 P for trend  < 0.001 0.66 0.029
 OR per 1 kg/m2 1.07 (1.05–1.10) 1.01 (0.98–1.03) 1.05 (1.02–1.09)

Total lean mass
 Highest 25% 1.0 1.0 1.0
 50–75% 0.76 (0.53–1.11) 0.97 (0.67–1.41) 1.18 (0.66–2.11)
 25–50% 0.76 (0.52–1.11) 1.10 (0.76–1.61) 1.22 (0.67–2.20)
 Lowest 25% 0.72 (0.49–1.05) 1.17 (0.80–1.71) 0.86 (0.45–1.64)
 P for trend 0.30 0.76 0.69
 OR per 1 kg 1.03 (1.01–1.06) 0.99 (0.97–1.02) 1.01 (0.98–1.05)

Total fat mass
 Lowest 25% 1.0 1.0 1.0
 25–50% 2.10 (1.36–3.26) 1.28 (0.88–1.85) 0.96 (0.47–1.95)
 50–75% 2.35 (1.52–3.65) 1.03 (0.70–1.53) 1.49 (0.78–2.87)
 Highest 25% 3.76 (2.46–5.76) 1.14 (0.77–1.67) 1.83 (0.98–3.44)
 P for trend  < 0.001 0.57 0.11
 OR per 1 kg 1.04 (1.03–1.05) 1.00 (0.99–1.02) 1.03 (1.01–1.04)

Lean mass percentage
 Highest 25% 1.0 1.0 1.0
 50–75% 1.57 (1.00–2.47) 1.44 (0.99–2.08) 1.14 (0.56–2.33)
 25–50% 2.54 (1.65–3.92) 1.07 (0.72–1.59) 1.33 (0.66–2.68)
 Lowest 25% 4.13 (2.69–6.35) 1.37 (0.92–2.03) 2.49 (1.30–4.78)
 P for trend  < 0.001 0.17 0.011
 OR per 1% 0.92 (0.90–0.94) 0.99 (0.97–1.01) 0.94 (0.91–0.98)

Body fat percentage
 Lowest 25% 1.0 1.0 1.01
 25–50% 1.53 (0.98–2.38) 1.52 (1.05–2.20) 0.66 (0.31–1.38)
 50–75% 2.15 (1.40–3.32) 1.07 (0.72–1.59) 1.35 (0.71–2.58)
 Highest 25% 3.85 (2.53–5.87) 1.28 (0.86–1.90) 2.01 (1.08–3.72)
 P for trend  < 0.001 0.11 0.005
 OR per 1% 1.08 (1.06–1.11) 1.01 (0.99–1.03) 1.05 (1.02–1.09)

Lean/fat ratio
 Highest 25% 1.0 1.0 1.0
 50–75% 1.58 (1.01–2.46) 1.68 (1.16–2.43) 0.71 (0.34–1.47)
 25–50% 2.27 (1.47–3.50) 1.08 (0.72–1.61) 1.29 (0.67–2.48)
 Lowest 25% 3.95 (2.58–6.03) 1.32 (0.89–1.97) 1.99 (1.07–3.69)
 P for trend  < 0.001 0.027 0.009
 OR per 1 unit 0.87 (0.83–0.90) 0.98 (0.95–1.01) 0.94 (0.88–1.00)
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muscular endurance, and relative handgrip strength) which 
demonstrated steep dose–response associations and ORs 
exceeding of 3.0 and 4.0. Most previous studies examin-
ing the associations between muscular fitness and QoL in 
cancer survivorship have relied on handgrip strength alone 
[9]. A recent systematic review and meta-analysis [9] sum-
marized the association between relative handgrip strength 
and QoL from five studies involving 587 breast cancer sur-
vivors and reported significant positive correlations with 
total QoL, physical/functional QoL, and emotional QoL; 
however, no associations were reported for social QoL or 
mental QoL. Only one small study (n = 93) focused on newly 
diagnosed postsurgical breast cancer patients and it showed 
positive associations between relative handgrip strength and 
physical/functional QoL but not mental QoL [20]. Our study 
demonstrates that relative upper body strength is superior 
to handgrip strength for predicting physical QoL but not 
general health.

Another important finding from our study was that car-
diorespiratory fitness was significantly and meaningfully 
associated with physical QoL and general health but not 
mental QoL. Few studies have examined the association 
between cardiorespiratory fitness and QoL in breast cancer 
patients [10, 21–23] and have been limited by very small 
sample sizes of < 100 [10, 21–23] and the use of submaximal 
measures of VO2peak [10, 22]. Additionally, only one study 
focused on newly diagnosed breast cancer patients [10]. The 
findings overall have been mixed, perhaps because of small 
sample sizes, suboptimal measures of cardiorespiratory, and 
different phases of the cancer continuum.

Another main finding from our study was that almost all 
body composition variables were associated with physi-
cal QoL and general health but not mental QoL. The most 
commonly used body composition measures in the cancer 
survivorship literature are BMI [8] and skeletal muscle 
mass assessed by computed tomography [7]. Smits et al. 

[8] conducted a systematic review and meta-analysis of the 
association between BMI and QoL in four studies of 1362 
endometrial cancer survivors and found that obese survivors 
had significantly poorer physical functioning, social func-
tioning, and role functioning, but not emotional functioning 
or cognitive functioning. Hanna et al. [7] conducted a sys-
tematic review and meta-analysis summarizing the associa-
tion between skeletal muscle mass and QoL from 14 stud-
ies involving 2776 cancer survivors and reported that low 
muscle mass was significantly associated with poorer global 
QoL and poorer physical functioning; but not social, role, 
emotional, or cognitive functioning. Only one small study 
focused on newly diagnosed breast cancer patients [24] and 
it involved 99 early-stage breast cancer patients scheduled 
for adjuvant chemotherapy. That study showed that lower 
skeletal muscle index was significantly associated with bet-
ter general QoL and physical QoL whereas lower BMI was 
borderline significantly associated with better physical QoL. 
Our study demonstrates that body composition, especially 
the relative amount of lean mass, is more important than 
BMI for physical QoL.

HRF may be associated with better physical QoL and 
general health in newly diagnosed breast cancer patients for 
several reasons. First, greater relative upper body muscular 
fitness may be an indicator of fewer surgical complications 
and/or a better recovery from surgery although we adjusted 
for timing and type of surgery in the analysis. Second, 
greater relative upper body muscular fitness may improve 
performance of activities of daily living and recreational 
activities that require upper body strength such as shoveling 
snow, mowing the lawn, vacuuming, gardening, grocery 
shopping, bowling, curling, golfing, and yoga. Third, greater 
relative cardiovascular fitness and relative muscle mass may 
be associated with fewer comorbidities although we adjusted 
for comorbidities in our analyses. Finally, greater relative 
cardiorespiratory fitness and relative muscle mass may 

Fig. 1   Health-related fitness 
variables independently associ-
ated with poor/fair physical 
quality of life in newly diag-
nosed breast cancer patients. 
*significantly different from 
reference group
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be associated with better physical QoL because they may 
provide greater capacity to perform physically demanding 
activities of daily living and recreational activities with less 
perceived effort, dyspnea, and fatigue.

Interestingly, no HRF variables were significantly and 
meaningfully associated with mental QoL in our study, 
which is consistent with the general literature [7–9]. These 
data suggest that HRF does not buffer breast cancer patients 
against the mental distress of a new cancer diagnosis, surgi-
cal recovery, and pending/initiating treatments. These results 
should not be construed, however, to suggest that exercise 
does not improve mental QoL in breast cancer patients. 
Exercise may improve mental QoL in newly diagnosed 
breast cancer patients [25] but not through mechanisms 
related to HRF [26, 27]. Mental QoL improvements from 
exercise are more likely due to biological and psychosocial 
mechanisms such as chemical changes in the brain, pleasant 
outdoor environments, social interactions, distraction from 
daily stressors, enjoyment, a sense of accomplishment, and 
improved self-esteem [28].

Our study has important strengths and limitations. The 
key strengths of our study include the understudied cancer 
phase, the large sample size, the comprehensive assessment 
of HRF using high quality measures, and the validated 
measure of QoL assessing both physical and mental QoL. 
Some key limitations of our study include the cross-sectional 
design, the failure to assess all participants after surgery and 
before adjuvant treatments, the inability of almost 25% of 
participants to complete VO2peak or maximal strength test-
ing, and a healthier sample which limits the generalizability 
of our findings.

In conclusion, we reported the largest and most com-
prehensive assessment of the associations between HRF 
and QoL in any cancer patient group. Our results suggest 
that HRF is strongly associated with physical QoL, but not 
mental QoL, in newly diagnosed breast cancer patients. Our 
study is the first to show that the three primary components 
of HRF—muscular fitness, body composition, and cardiores-
piratory fitness—are independently associated with physical 
QoL in newly diagnosed breast cancer patients. These find-
ings highlight the value of a comprehensive assessment of 
HRF in breast cancer patients and the potential for a more 
evidence-based exercise prescription to maximize physical 
QoL [29, 30]. Moreover, our results also demonstrated that 
relative HRF (i.e., relative to body weight) is more impor-
tant than absolute HRF for physical QoL. This finding is 
encouraging because it suggests that exercise interventions 
may improve physical QoL in breast cancer patients regard-
less of body size.
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