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Research in the last decades’ haven driven a paradigm shift in the approach to physical activity and exercise
prescription in breast cancer survivors. Clinical guidelines have moved from bedrest dogma and avoiding
strenuous activity in the upper limb to recommending resistance exercise (RE). In recent years, scientific evi-
dence has shown that RE in the upper extremities can even have a preventive effect on breast cancer-related
lymphedema (BCRL). This knowledge was achieved thanks to systematic reviews with meta-analyses analyzing

variables related to RE programs on lymphatic response and volumetry. However, other variables related, such as
inflammation or acute responses, have been less addressed. The hypothesis presented in this paper is that there
are both acute and chronic inflammatory and lymphatic response to exercise, systemic effects such as arm
volume and body composition changes and unknown physiologic mechanics which contribute to BCRL

prevention.

An approach to physiologic effects of resistance exercise on
breast cancer-related lymphedema

Background to hypothesis

A few decades ago, breast cancer (BC) patients were advised to avoid
physical activity and keep at rest. However, it was not until 1989 that
the first randomized controlled trial (RCT) reporting the benefits of
supervised exercise on body composition in BC patients was published
[1]. Since then, research has presented exercise as a supportive care
strategy, contradicting prior bedrest dogma. So much so that in 2001,
another RCT showed that supervised exercise improved physical func-
tion and reduced body weight in women with stages I and II BC [2].
Almost simultaneously, in 1998, the first dragon boating team for breast
cancer survivors (BCS) was developed to study the safety of strenuous
activity evolving the upper limb in the recovery of BC [3]. This publi-
cation stood up for using the affected arm, given the myth that using the
affected arm will increase the chance of breast cancer-related lymphe-
dema (BCRL) developing or will exacerbate it [4-6]. In 2010, the
American College of Sports Medicine (ACSM) recommended resistance

exercises (RE) in cancer survivors, including BC patients [7]. The
growing interest in lifting weights in BCRL has lead to several systematic
reviews [8-11] to guarantee the safety of RE, including upper limbs in
this population. Finally, recent ACSM guidelines (2019) indicated that
supervised and progressive RE prevents BCRL [12].Fig. 1

Despite knowing the safety, efficacy, and need for upper limb RE in
this population, little is known about its physiological effects on BCRL.
On the one hand, systematic reviews have studied changes in variables
related to lymphatic response, such as bioimpedance spectroscopy (BIS),
X-ray absorptiometry (DXA), as perometry or water displacement
[8-11] after an RE completion. That is to say; they are focused on the
chronic lymphatic response and the chronic effect on arm volume. On
the other hand, RCT included in systematic reviews compare an RE
intervention with control (usual care or no intervention), so there is less
information on the effects of RE depending on its intensity.

Hypothesis. The hypothesis presented in this paper is that there are
both acute and chronic inflammatory and lymphatic response to exer-
cise, systemic effects such as arm volume and body composition changes
and unknown physiologic mechanics which contribute to BCRL
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Fig. 1. Overview of exercise recommendations in BC population in the last decades.

prevention. In this manuscript, results of the current literature are pre-
sented, and current findings are discussed with theoretical knowledge
about how RE can influence lymphedema.

Acute and chronic responses of resistance exercise
Inflammatory response: Blood sample

The anti-inflammatory effect of exercise is of great interest on BCS
due to its effects on recurrence and survival [13,14]. Therefore, the vast
majority of research focuses on the chronic and systemic anti-
inflammatory effect of exercise in this population. In the following
lines, both the chronic and acute effect of RE modality is presented.

Chronic inflammatory effect

None of the studies that have looked at the chronic effect of RE in the
inflammatory response has explicitly focused on women with BCRL.
Some systematic reviews have included other exercise modalities [14]
or diet interventions [13]. A systematic review that focused on the
chronic effects of RE, including blood biomarkers, did not report any
result in this outcome [15]. A RCT with a partial crossover design
comparing immediate (at baseline) and delayed (at six months) RE
intervention found a significant decrease in insulin-like growth factor
(IGF) II (-6.23 versus 28.28 ng/mL, P = 0.02) in favour of the immediate
intervention group. However, no significant differences were seen in
other biomarkers analyzed, such as IGF-I or IGF-binding proteins [16].
The program comprised 9 common exercises using resistance machines
and free weights, including chest, back, shoulders and arms muscles.
Patients started with no weight or 0.5 Ib wrist weights for the upper
body and progressed as symptoms allowed to avoid the onset or wors-
ening of lymphedema symptoms. However, only 14 out of 85 partici-
pants had a BCRL diagnosis [16].

Acute inflammatory response

Cormie et al. studied the acute inflammatory response of RE at
different intensity loads in 21 BCS who had established lymphedema.
Venous blood samples were collected 24 h following the exercise ses-
sions. Findings showed that moderate (10-12 RM) and high-load (6-8
RM) SE did not induce a greater level of muscle damage or inflammation
compared with low-load (15-20 RM) SE in terms of creatine kinase and
inflammatory biomarkers such as interleukin-6, tumour necrosis factor
a, and C-reactive protein [17].

Lymphatic response: Extracellular fluid

BIS was used to assess lymphatic response to obtain a Dex 1-Score.
This score allows measuring changes in units, although the criteria to
establish lymphedema diagnoses varies among studies, as there is no
gold standard for assessment [18,19]. While some studies established a
threshold of 3.0 -Dex units on change scores as clinically relevant [20],
other studies reporting normative data provide an 1-Dex scores range
that may fluctuate between 9 and 11 units [21].

Lymphatic response: Extracellular fluid
Studies reporting acute lymphatic response to resistance exercise
have not found differences between different weight loads. Bloomquist

et al. studied the acute lymphatic response to low-load compared with
heavy-load resistance exercise in 21 BCS at risk of BCRL development
receiving adjuvant taxane-based chemotherapy. Findings showed that
acute changes in the extracellular fluid were similar irrespective of
whether the load was performed 24 and 72 h post-exercise ses-
sions—individual responses to resistance exercise sessions varied, with
no apparent group trend observed [20]. The study of Cormie et al. [17]
also analyzed the acute lymphatic response to SE under three load
conditions: low (15-20 RM), moderate (10-12 RM) and high (6-8 RM).
No significant increases were observed at any time point during the 3
exercise conditions 24 h post-intervention [17]. When comparing high
(6-8 RM) and low (15-20 RM) load SE in women with mild to severe
BCRL, neither changes between both groups were found in 1-Dex score
immediately post-exercise, 24 h post-exercise, and 72 h post-exercise
[22].

Chronic lymphatic response

Bloomquist et al. studied the lymphatic response after 12 weeks of
intervention and including a 39-week follow-up. A high-intensity
intervention including endurance (85-95 % maximal heart rate) and
SE (till 80-90 % of 1-RM) was compared to an individualized, home-
based walking program supported by a pedometer and on one consul-
tation in inactive breast cancer survivors [23]. L-Dex measures were
included after commencement of the study, with data from 40 subjects
approximately on each group. As a result, both groups showed a similar
response in extracellular fluid, while the high-intensity group signifi-
cantly improved upper-extremity strength [23]. The study of Comie
et al. included 62 women with clinical diagnoses of BCRL who were
allocated to 3 groups: control, high load (75-85 % of 1RM) and low load
(55-65 % of 1RM), targeting major upper body muscle groups. As a
result, there was no difference between groups in r-Dex measures after
three months of intervention [24].

Arm volume

Arm volume is the outcome most frequently studied and included by
several of the studies included in this review, measured by DXA or arm
circumferences (cm). Regarding DXA, two studies analyzing acute
lymphatic response did not find significant differences immediately
post-exercise, 24 h post-exercise, and 72 h post-exercise [22], and after
three months [24] of high or load RE intervention in women with BCRL.
Bloomquist et al. also reported no changes in DXA measures when
comparing low and high load SE. Individual responses to RE sessions
varied, with no apparent group trend observed [20]. The study from
Bloomquist et al. comparing high-intensity intervention with individu-
alized, home-based walking programs reported a reduction in arm vol-
ume favorable to a high-intensity intervention (including endurance and
RE) [23]. When measuring arm circumferences, the study from Cormie
et al. comparing three load intensities (low, moderate and high) did not
report increases observed in interlimb circumference difference at any
time point during the 3 exercise conditions [17]. However, a recent
systematic review reports that the effects of RE on arm volume are un-
known due to heterogeneous assessment techniques in the current
literature [9].
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Fig. 2. Physiological effects of RE on BCRL.

Body composition

Research analyzing the effects of exercise in body composition aims
to target weight control, as obesity increases the risk of recurrence and
death in BCS [25]. A systematic review analyzing the chronic effect of
RE in BCS [15] reported that only 1 out of 10 studies included found a
significant change in body composition regarding an increase in lean
body mass and decrease in body fat [16]. Therefore, the authors could
not confirm that RE would induce a relevant reduction in body fat in BCS
[15]. However, less is known about body composition changes located
in the affected upper extremity. Bot et al. [26] reported changes in
muscle thickness measured with a sonographer in 32 patients diagnosed
with BCRL compared to a group that only received decongestive phys-
iotherapy. The 8-week program consisted of six analytics upper-limbs
resistance exercises performed with a 0.5 kg dumbbell. As a result, the
intervention group significantly increased muscle thickness and signif-
icantly decreased the thickness of subcutaneous tissue in the forearm of
the affected limb [26]. It should be noteworthy that, despite promising
results, this study employed a pre-established weight for all participants
(a 0.5 kg dumbbell) and analytical exercise, while current guidelines
recommend SE comprising great muscle groups at 60-70 % of 1-RM to
prevent BCRL [12]. Therefore, although the loads and intensity pre-
scription of RE in BCS to obtain changes in body composition such as an
increase in muscle mass remains to be elucidated, the study of Bot et al.
[26] showed that even non-tailored loads and possibly well below the
minimum intensities recommend for the prevention of BCRL appear to
be sufficient to produce a reversal of body composition on the affected
side. However, this is the only study to date that has studied the located
effect of RE in the body composition of the affected side, and none have
measured it at higher intensities. Nevertheless, Bo’s findings show that
previous studies focused on measuring volume fall short if they do not
look at body composition.

Unknown physiological mechanism

Several physiological mechanisms would explain the possible bene-
ficial effect of RE on the lymphatic system. However, these mechanisms
are hypothesized since many of them are only known theoretically or
have only been tested in healthy subjects, and very few studies have
been carried out in patients with BCRL. These are summarized in the
Fig. 2 and presented below.

Lymph formation and transport are given by both extrinsic (passive)
and intrinsic (active) mechanisms to produce propulsive and centripetal
movement of lymph, as the lymphatic system lacks an organ like the
heart in the cardiovascular system to act like a pump [27,28]. Among
extrinsic mechanisms, active movements of extremities and an increase

of the pulse of nearby arteries during RE would benefit lymph transport.
In addition, lymph clearance could be improved by a higher capillary
density as a consequence of exercise adaptation, as seen in isometric and
dynamic contraction in the lower limbs in healthy trained men [29,30].
Higher rates of lymph clearance could also be achieved by lym-
phangiogenesis and angiogenesis. However, the development of new
lymphatic or vascular vessels and lymphatic density has only been
studied as the chronic effect in endurance exercise [31,32]. In BCS,
lymphoscintigraphy studies have shown that both extrinsic and intrinsic
mechanisms are reinforced during exercise, facilitating increasing the
propulsion of lymph through the lymphatic vessels. For example, two
minutes of exercise [33] and 60 min of an ergometry-based arm
cranking protocol [34] accelerates lymph drainage. However, any of
these studies included a RE protocol. As systemic effects, it is known that
exercise increases arterial blood pressure and cardiac output, which may
facilitate capillary filtration [27,28].

Current knowledge and future directions

As outlined before, these local and systemic mechanisms are mainly
theorized after few studies in healthy subjects, and those in BCS popu-
lation included protocols of endurance exercise or a single bouts of ex-
ercise. Therefore, physiological findings may not be extrapolated to RE
in patients with BCRL. In addition, many factors related to the lymphatic
system in these patients have yet to be determined. On the one hand,
several studies show that women who develop BCRL may have
lymphatic-related predisposing factors [35], such as higher pumping
pressures and lymph transport before cancer treatment [36]. On the
other hand, local compensatory changes in the affected side may appear
after lymphedema develops. For example, mastectomized women with
BCRL have shown an enhanced cutaneous lymphatic network compared
to those without BCRL [37]. For all these reasons, each patient’s
response is individualized, and the interventions should also be tailored
[12].

Although the literature supports the safety of RE in these patients,
and there are even prescription doses for the prevention of BCRL, studies
with lymphoscintigraphy are very scarce to understand the short- and
long-term effects of RE in this population. While inflammation-related
biomarkers, lymphatic response, volume, and body composition are
measurable outcomes in BCS, they contained a relatively small sample
size, and physiological effects remain unknown. Future studies should
include a broader sample and variables related to lymphatic response at
current recommended RE intensities for BC patients suffering from
BCRL.
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