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Abstract
PURPOSE: Aging associated with progressive declines in physical function is well-known; however, little is
known about the trajectories of physical function before and after breast cancer diagnosis. The current
study examined the trajectories in objective measures of physical function over 20 years for women with
breast cancer and matched controls.   

METHODS: 2712 community-dwelling women (452 breast cancer cases and 1:5 matched cancer-free
controls) aged 65 years or older at baseline (1986-1988) within the Study of Osteoporotic Fractures were
followed for 20 years. Objective physical function was assessed up to 9 times, including hand-grip
strength, timed chair stand, gait speed and quadriceps strength. Linear mixed models were used to model
physical function changes in terms of secular time trend, group (cases or controls), period (pre-and post-
diagnosis status), and their interaction terms.

RESULTS: We observed all measures of physical function declined over time. While no differences in
trends between cases and controls during the pre-diagnosis period were observed, after cancer diagnosis,
grip strength and gait speed declined signi�cantly faster in cases than controls. Quadriceps strength
signi�cantly decreased ~7 pounds shortly after breast cancer diagnosis, and then improved over time.

CONCLUSION: Our prospective study revealed that older breast cancer survivors had signi�cantly worse
declines in grip strength and gait speed and a sharp, short-term drop followed by gradual improvement
over time in quadriceps strength, compared to women without cancer. These �ndings suggest exercise
training targeting muscle strength and mobility would be bene�cial among older breast cancer survivors.

Background
Breast cancer is the most common cancer among women in the US and worldwide [1]. With advances in
early detection and treatment, the 5-year survival rate for all stages combined has reached more than 90%
in the United States (US) [2]. As a result, there are more than 3.8 million breast cancer survivors in the US
with further increases projected due to an aging population. Despite improving survival, a growing body
of evidence suggests that breast cancer survivors are uniquely confronted with an array of physical and
psychosocial health problems after cancer treatment [3–8].

The contribution of cancer to objective physical function trajectory remains largely unknown. Several
studies reported that women diagnosed with breast cancer experience a signi�cant loss in physical
function beyond the age-related decline observed in women without cancer diagnosis [9–12]. Other
studies have indicated that the negative effects of breast cancer appeared to decrease with time [13–15].
However, the assessment of physical function in these studies employed self-report, known to be subject
to bias. Alternatively, objectively measured physical function may include more accurate indicators of
physical function better suited to re�ect changes in function before problems are reported by an
individual. Furthermore, objective measures of physical function can assess different components of
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status including gait speed and grip strength. To our knowledge, no prospective study has examined
objectively measured physical function changes among older breast cancer survivors.

Herein, secondary analyses were performed on the Study of Osteoporotic Fractures, a longitudinal
investigation with more than 20 years of follow-up and repeated measures of objectively measured
physical function to examine whether breast cancer occurrence contributes to a decline in physical
function. Cancer-free women were also included to account for the attendant effects of usual aging.
Given the accelerated aging may be attributed to the direct and indirect effects of cancer treatment, we
hypothesized that the trajectory of age-related physical function declines would be greater among breast
cancer survivors compared with women without cancer [16, 17]. Understanding the trajectory of breast
cancer on objectively measured physical function can inform supportive interventions to improve speci�c
components of health status among the growing population of older breast cancer survivors.

Methods

Study of Osteoporotic Fractures
The Study of Osteoporotic Fractures (SOF) is a prospective study of risk factors for fractures and other
health outcomes among community-dwelling older women. Details of the SOF cohort and study
procedures have been published elsewhere [18]. Brie�y, 9704 community-dwelling, ambulatory white
women aged 65 years or older were recruited between 1986 and 1988 from population-based lists in
Baltimore, Minneapolis, Pittsburgh and Portland. Those unable to walk without assistance or with
bilateral hip replacements were excluded. Examination, interviews and questionnaires were performed at
enrollment and at follow-up visits approximately every 2 years over 20 years of follow-up with a total of 9
measures. At each site, the institutional review boards approved the study, and all participants provided
written informed consent.

Study population
For the purposes of our analysis, we considered all 9704 women who were initially recruited between
1986 and 1988 to ensure enough repeated measures. We excluded 31 women who had a non-released
high value for age > 90 at baseline, 724 women who were lost to follow-up, 281 women who ever had a
stroke or prevalent cancer at baseline, and 158 women with missing covariates. Of the remaining 8510,
452 women were diagnosed with an incident, invasive breast cancer during follow-up, con�rmed through
physician review of medical records. Each breast cancer case was matched with �ve cancer-free controls
based on age at baseline and person-time of follow-up. Controls must have been followed at least as
long as the case to be considered as a match [19]. A total of 2712 nested case-control individuals (452
breast cancer cases and 2260 controls) were included for further analysis. For each control, we assigned
an index time as the date of breast cancer event for her matched case.

Objectively measured physical function
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Hand-grip strength, gait speed and timed chair stand were measured during every visit with 9 repeated
assessments. Grip strength was measured in both hands at each clinical site visit using a hand-held
isometric dynamometer (Sparks Instruments and Academics, Coralville, Iowa) and a standard protocol.
Both the max and the average of both hands (in kilograms) were used in the analysis. Timed chair stand
(in seconds) was measured as the time to rise from a 16-inch height chair and sit down as quickly as
possible �ve times without the use of arms according to a standard protocol. Gait speed (in meters per
second) and step length (in meters) were assessed by a timed 6-meter walk according to a standard
protocol. Participants were asked to walk at their usual pace and at their rapid pace, and the time and
number of steps for both of their usual pace and their rapid pace were recorded. Quadriceps strength was
measured at visit 2,3,4, 6 and 7, measured in pounds as the peak and the average force of the right and
left limbs (Body Masters; Lafayette Instruments, Lafayette, Ind).

All repeated measurements on physical function were used. For participants who were diagnosed with
breast cancer during follow-up, measures preceding the cancer diagnosis were de�ned as pre-diagnosis
measures, and measures following cancer diagnosis were de�ned as post-diagnosis measures. For the
matched controls, we de�ned the pre- and post- diagnosis measures in the same way as their
corresponding cases at their index date corresponding to cases.

In addition, we also identi�ed pre and post-diagnosis measures that were closest to the breast cancer
diagnosis date for each individual to assess short-term change associated with cancer diagnosis.

Covariates included age (in continuous years), education level (< 12 years, 12 years, 13–16 years, 17
years or more), physical activity (measured in total calories per week expended in past year), alcohol
consumption (measured in total number drinks over lifetime), smoking (measured in pack-years: never
smoke, < 10, 1–<30, 30-<50, >=50), history of hypertension (yes, no) and diabetes (yes, no). Age was
assessed at cancer diagnosis. Other covariates were self-reported at baseline. Time-varying body mass
index was measured by weight in kilograms divided by the square of height in meters. Waist
circumference was measured in centimeters at baseline.

Statistical Analysis
First, t tests and chi-square tests were used to test differences of baseline characteristics between
participants with and without breast cancer.

Second, the difference-in-difference method (DID) [20] was used to assess the short-term impact of breast
cancer diagnosis on physical function measures. Pre- and post- physical function assessments that were
closest to the cancer diagnosis for women with breast cancer and the comparison group were analyzed
using linear mixed models, with period (pre- or post-diagnosis), group (breast cancer or non-cancer
controls) and their interaction term as �xed factors and individuals as random factors in the model. The
mixed effects regression analysis takes account of the within-person correlation among the repeated
measurements of our outcomes. The interaction term in the model was used to address the main
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question of whether the two groups (cases and controls) changed the same amount and in the same
direction from pre to post-diagnosis of breast cancer.

Third, generalized DID models [20] were used to assess the long-term impact of breast cancer diagnosis
on physical function measures. All physical function measures were used in the model. In the models, a
Time variable (measured in years since the breast cancer diagnosis, the index date), and Time interacting
with other variables (pre-post diagnosis period, group and period*group) were added to the model to
assess the secular time trends of physical function; whether the time trends differed between the two
groups; and differed before and after breast cancer diagnosis using a formular as follows:

Y it = β0 + β1 ∗ Time + β2 ∗ Group + β3 ∗ Period + β4 ∗ Group ∗ Period

+β5 ∗ Group ∗ Time + β6 ∗ Period ∗ Time + β7 ∗ Group ∗ Period ∗ Time + ∈ it

Where Yit – physical function; Time: years since breast cancer diagnosis (the index date); Group (cases or
controls); Period (pre- or post- diagnosis period). β – coe�cient.

Statistical tests were evaluated at p < .05 for main effects and p < .10 for interactions.

Results
Table 1 presents the differences in basic characteristics between cases and matched controls. Compared
with controls, cases were slightly higher in body mass index and waist circumference, and more likely to
have higher education level and be never smokers. There were no signi�cant baseline differences
between cases and controls for other characteristics including age, total calories per week expended in
past year, total number of alcoholic drinks over lifetime, and history of hypertension or diabetes. There are
no signi�cant differences between cases and controls for physical function measured at baseline or visit
2. More than 93% of cases were in breast cancer stage I-III (Table 1).
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Table 1
Baseline characteristics between breast cancer cases and their matched cancer-free controls *

variable label Overall

N = 2712

Controls (N = 
2260)

Cases

(N = 452)

P-
value

Age at baseline 70.5 ± 4.4 70.5 ± 4.4 70.5 ± 4.4 1.0000

Body mass index (kg/m2) (mean, std) 26.5 ± 4.5 26.4 ± 4.4 27.1 ± 4.9 0.001

Waist circumference (cm) (mean, std) 83.3 ± 11.0 83.1 ± 11.0 84.5 ± 11.3 0.02

Education       0.01

<12 years 619 (22.8%) 524 (23.2%) 95 (21.0%)  

12 years 1133
(41.8%)

953 (42.2%) 180
(39.8%)

 

13–16 years 719 (26.5%) 600 (26.5%) 119
(26.3%)

 

17 or more 241 (8.9%) 183 (8.1%) 58 (12.8%)  

Smoke packyear       0.02

Never smoker 1620
(59.7%)

1327 (58.7%) 293
(64.8%)

 

<10 330 (12.2%) 285 (12.6%) 45 (10.0%)  

10-<30 351 (12.9%) 302 (13.4%) 49 (10.8%)  

30-<50 251 (9.3%) 203 (9.0%) 48 (10.6%)  

≥ 50 160 (5.9%) 143 (6.3%) 17 (3.8%)  

Total kcal/wk expended in past year 1645 ± 1645 1628 ± 1644 1729 ± 
1648

0.23

Total # alcoholic drinks over lifetime 5157 ± 
12472

5151 ± 12967 5187 ± 
9635

0.96

Hypertension       0.58

0 1751
(64.6%)

1454 (64.3%) 297
(65.7%)

 

1 961 (35.4%) 806 (35.7%) 155
(34.3%)

 

*: Values expressed as n (%), mean ± standard deviation. P-value comparisons across breast
categories are based on Chi-square test for categorical variables; T test for continuous variables.

** These physical functions were not measured at baseline. They were based on measurements at
visit 2.
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variable label Overall

N = 2712

Controls (N = 
2260)

Cases

(N = 452)

P-
value

Diabetes       0.66

0 2550
(94.0%)

2127 (94.1%) 423
(93.6%)

 

1 162 (6.0%) 133 (5.9%) 29 (6.4%)  

Objectively measured physical
function

       

Grip strength (kilograms)        

Average grip strength 21.3 ± 4.3 21.3 ± 4.4 21.5 ± 4.1 0.34

Max grip strength 22.6 ± 4.4 22.6 ± 4.4 22.8 ± 4.1 0.30

Timed chair stand (seconds) 12.1 ± 4.3 12.1 ± 4.4 12.0 ± 4.0 0.72

Gait speed/stride length        

Regular gait speed (meters per
second)

1.0 ± 0.2 1.0 ± 0.2 1.0 ± 0.2 0.17

Rapid gait speed (meters per second)
**

1.3 ± 0.3 1.3 ± 0.3 1.3 ± 0.3 0.21

Regular stride length (meters) 0.6 ± 0.1 0.6 ± 0.1 0.6 ± 0.1 0.10

Rapid stride length (meters) ** 0.6 ± 0.1 0.6 ± 0.1 0.6 ± 0.1 0.81

Quadriceps strength (pounds) **        

Average quadriceps strength 64.0 ± 27.0 63.7 ± 26.7 65.2 ± 28.1 0.33

Peak quadriceps strength 60.1 ± 25.8 59.9 ± 25.7 61.5 ± 26.5 0.27

Cancer stage        

I     290
(64.2%)

 

II     56 (12.4%)  

III     59 (13.1%)  

IV     17 (3.8%)  

*: Values expressed as n (%), mean ± standard deviation. P-value comparisons across breast
categories are based on Chi-square test for categorical variables; T test for continuous variables.

** These physical functions were not measured at baseline. They were based on measurements at
visit 2.
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variable label Overall

N = 2712

Controls (N = 
2260)

Cases

(N = 452)

P-
value

Unknown     30 (6.6%)  

*: Values expressed as n (%), mean ± standard deviation. P-value comparisons across breast
categories are based on Chi-square test for categorical variables; T test for continuous variables.

** These physical functions were not measured at baseline. They were based on measurements at
visit 2.

Table 2 shows the coe�cients of interest from the analysis for pre-and post- diagnosis (two time points
that were closest to breast cancer diagnosis) of physical function. The results indicate no signi�cant
difference for most of the pre-diagnosis measures between cases and controls (Group) except for relative
better gait speed in cases than controls. Physical function signi�cantly declined for all physical function
measures comparing post-diagnosis period to pre- diagnosis period except for rapid stride length in
controls (Period), and the declines were signi�cantly worse among breast cancer cases for gait speed and
quadriceps strength (Group*Period) (Table 2).
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Table 2
Coe�cients of the association between breast cancer diagnosis and changes in physical function

between pre- and post-diagnosis

  Group (cases vs
controls)

Period

(Post vs
Pre)

Group* Period

Objectively measured physical
Function

     

Grip strength (kilograms)      

Average grip strength 0.14 -1.43 *** -0.18

Max grip strength 0.008 -1.45 *** 0.02

Timed chair stand (seconds) 0.002 0.77 *** 0.35

Gait speed/stride length      

Regular gait speed (meters per second) 0.03** -0.06 *** -0.03 *

Rapid gait speed (meters per second) 0.04* -0.07 *** -0.05 *

Regular stride length (meters) 0.008 -0.02 *** -0.01

Rapid stride length (meters) 0.01 -0.007 -0.02

Quadriceps strength (pounds)      

Average quadriceps strength 2.43 -8.43 *** -3.18 *

Peak quadriceps strength 2.29 -8.44 *** -3.25 *

*: P value < 0.05; ** p value < 0.01; *** p value < 0.0001. All the models were adjusted for age at
diagnosis (in continuous years), education level (< 12 years, 12 years, 13–16 years, 17 years or more),
physical activity (measured in total calories per week expended in past year), alcohol consumption
(measured in total number drinks over lifetime), smoking (measured in pack-years: never smoke, < 10,
10–<30, 30-<50, >=50), history of hypertension (yes, no), diabetes (yes, no) and body mass index.

In the analysis �tting all the repeated measurements of physical function over 20 years of follow-up, we
did not observe signi�cantly different patterns between cases and controls for timed chair stand, gait
speed or stride length at regular pace. Rather, all the physical function components declined signi�cantly
over time in both case and control groups (Time). Table 3 only presents components that were
statistically different over time between cases and controls. For average grip strength and rapid gait
speed, there was no signi�cant difference between cases and controls (Group) and time trend before
cancer diagnosis (Group*Time). After cancer diagnosis, both grip strength and rapid gait speed among
breast cancer cases exhibited a signi�cantly greater decline compared to controls (Group*Period*Time).
Figure 1 (a) and (b) illustrates the grip strength and rapid walking speed changes over time in cases and
controls.
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Table 3
Coe�cients of physical function trajectories in relation to breast cancer diagnosis *

  Average grip strength
(kilograms)

Rapid gait speed
(meters per second)

Average quadriceps
strength (pounds)

  Estimate P-value Estimate P-value Estimate P-value

Group

(cases vs controls)

0.40 0.28 0.01 0.65 4.76 0.05

Period

(Post vs Pre)

-0.68 < 0.0001 -0.02 0.04 0.08 0.95

Group*Period -0.31 0.38 0.01 0.73 -6.90 0.04

Time (years) -0.39 < 0.0001 -0.02 < 0.0001 -1.62 < 0.0001

Group*Time 0.04 0.32 0.002 0.65 0.24 0.54

Period*

Time

0.06 0.04 -0.002 0.56 -1.44 < 0.0001

Group*Period*Time -0.11 0.09 -0.01 0.04 1.54 0.07

*All the models were adjusted for age at diagnosis (in continuous years), education level (< 12 years,
12 years, 13–16 years, 17 years or more), physical activity (measured in total calories per week
expended in past year), alcohol consumption (measured in total number drinks over lifetime),
smoking (measured in pack-years: never smoke, < 10, 10–<30, 30-<50, >=50), history of hypertension
(yes, no), diabetes (yes, no) and body mass index.

For average quadriceps strength, there was a slightly better initial measurement in cases than controls
(Period) but similar time trends during pre-diagnosis period (Group*Time) between cases and controls.
However, after cancer diagnosis, there was a signi�cant strength drop shortly after breast cancer
diagnosis in cases (around 7 pounds drop for Group*Period) and then the strength recovered over time
(coe�cient = 1.54 pounds per year for Group*Period*Time) (Table 3). In other words, there was a
precipitous drop around cancer diagnosis in cases, and then the slope continued to decline but less
steeply compared to the controls. The patterns for the quadricep strength trajectories by group and period
are illustrated in Fig. 1 (c). All the results remained similar after further adjusting for stage of breast
cancer.

Discussion
Our prospective study using objectively measured physical function with 20 years of follow-up data
revealed that breast cancer survivors aged 65 and over at baseline demonstrated worse decline in
physical function compared to women without cancer and such changes varied depending on the
physical function component examined. As expected, physical function signi�cantly declined over time
across all components measured for both cases and controls during the pre-diagnosis period. After
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cancer diagnosis, there was a signi�cantly greater decline for grip strength and rapid walking speed
among breast cancer survivors relative to cancer-free controls. For quadriceps strength, there was a
sharp, short-term loss after breast cancer diagnosis followed by a gradual improvement over time. We did
not observe signi�cant differences in the rate of change for other measures (including timed chair stand,
grip speed at regular pace or stride length) between cases and controls.

Our study is the �rst to prospectively examine the impact of breast cancer on objectively measured
physical function. When pre-/post- diagnosis measures from two time points closest to breast cancer
diagnosis were analyzed, declines were signi�cantly worse in breast cancer survivors than controls for
gait speed and quadriceps strength. While not measured in this study, the short-term physical function
declines between pre- and post-diagnosis may likely be due to the direct and indirect effects of cancer
treatment. Indeed, such changes can precipitate sedentary physical activity patterns that can exacerbate
mobility di�culties [21] and systemic deconditioning [22]. Moreover, breast cancer survivors are often
treated with multiple aggressive therapies that are known to contribute to functional declines in older
adults [23–26].

The short-term physical function decline we observed in older breast cancer survivors is consistent with
�ndings from some studies [11, 12, 26, 27], while other studies reported non-signi�cant differences in
older breast cancer survivors compared with their cancer-free peers [9, 28–30]. However, all the previous
studies were based on self-reported physical function and most did not include an appropriate cancer-
free control group to represent ‘usual aging,’ such that it is hard to determine whether physical function
changes are attributable to breast cancer and its treatments. This is especially problematic in studies of
older women, given the high prevalence of aging symptoms.

Among several studies that included pre-/post-breast cancer measures and cancer-free women, Satariano
et al. [30] found that at 3 months after diagnosis, cases were approximately twice as likely as age-
matched controls to report upper-body limitation, especially for women younger than 75 years. At one
year after diagnosis, younger breast cancer patients showed the greatest improvement [30]. Kroenke et al.
[9] reported a similar �nding in the Nurses’ Health Study: younger (< 65 years) but not older (65 or older)
breast cancer survivors experienced worse functional limitations compared with women without cancer.
However, both studies were based on assessments conducted at two points in time without examining
the long-term impacts of the disease on trajectories of functional aging. One longitudinal study based on
15 years of follow-up of self-reported physical function on both pre-/post-diagnosis measurements
observed that breast cancer survivors had dramatic physical function declines one-year post-diagnosis
and then began to return to levels of physical function similar to their pre- diagnosis status [31]. These
�ndings are consistent with the long-term trends we observed for quadriceps strength.

Although self-reported physical function has been used widely to monitor treatment-related symptoms
and physical function decrements in cancer survivors, it is subjective and may be prone to bias.
Furthermore, it cannot easily quantify and distinguish various physical components and thus it is hard to
evaluate which aspects of function may be most affected by the cancer diagnosis and therefore which
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components are targets for interventions. Using objective measurements of physical function can
overcome these limitations. However, we only identi�ed one small cross-sectional study that examined
objective measures of physical function in breast cancer survivors [32], and one cohort study based on
older adults with any cancer [33]. The small cross-section study with one-time measurement reported that
breast cancer survivors had signi�cantly lower short Physical Performance Battery score, longer chair
stand times, and lower handgrip strength than controls, but similar walk speed [32]. The cohort study
observed that a steeper decline in gait speed prior to a cancer diagnosis and an accelerated declines in
appendicular lean mass after a cancer diagnosis, compared with cancer-free controls [33].

Our study observed a worse decline in hand grip strength and rapid walking speed but not regular pace of
gait speed in breast cancer survivors. This suggests that the maximum gait speed (walk as fast as safely
possible) may be more sensitive to disease-related function decline than regular pace. Gait speed is a
well-known indicator of functional decline and predictor of mortality in older adults and is frequently used
in geriatric settings as a quick and reliable way of monitoring the functional capacity of older adults
including cognitive ability [34–36]. Gait speed depends on the function and coordination of the
musculoskeletal, visual, central nervous, and peripheral nervous systems [36]. It re�ects mobility and
dynamic balance, and quadriceps strength re�ects lower body muscle function. Lower-limb muscle
strength is linked to walking speed. Gait speed should be considered not only as a motor function but an
integrative measure of health. Our �ndings indicate that the impacts of breast cancer on physical
function may include both upper and lower body muscle function and mobility and dynamic balance. Our
�ndings suggest that interventions to build skeletal muscle strength may improve physical function
thereby positively affecting mobility among breast cancer survivors. Studies have suggested that
structured training programs for older adults including resistance exercise can increase muscle strength
and physical functioning [44]. Our study also highlights a need for routine assessment of physical
function including grip strength, gait speed and leg strength by primary care physicians to help monitor
and prevent physical function decline. As most individuals complete the intensive phase of cancer
treatment during the �rst year after diagnosis, interventions to help them return to their pre-cancer status
more quickly could be bene�cial.

Strengths of our study include use of age-matched cancer-free comparison groups, objective assessment
of physical function and using multiple assessments of physical function over time to assess long term
impact of breast cancer. Several limitations also deserve mention. First, we examined incident breast
cancer during the follow-up; thus, the length of measurement of physical function between pre and post-
diagnosis varied, which may affect assessment of physical function. Second, we were unable to adjust
for information on cancer treatment. Third, our sample includes only older, non-Hispanic white women
and thus may not generalize to other populations. Another limitation is there were no direct measures of
cardiorespiratory �tness which is known to be linked to mobility and physical activity.

In conclusion, our prospective study using objectively measured physical function with 20 years of
follow-up data revealed that older breast cancer survivors had signi�cantly worse declines in grip strength
and rapid walking speed and a sharp short-term drop followed by gradual improvement over time in
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quadriceps strength compared to women without cancer. Our �ndings suggest that targeted exercise
training among older breast cancer survivors focused on developing body muscle strength and mobility
would improve physical functioning and thereby improve the healthy life span of this growing population.
Further work is needed to understand how cancer treatments may impact the trajectories of speci�c
physical function components in this growing population.
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Physical function over time for cases and controls.


