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Abstract

Background—Risk factors for lymphedema and related arm symptoms in breast cancer (BC)
survivors have not been examined using a large prospective population-based cohort.

Methods—The lowa Women’s Health Study (IWHS) collected self-reported data for diagnosed
lymphedema in 2004, and data for cancer diagnosis, treatment, behavioral and health
characteristics between 1986-2003. We studied 1,287 women, ages 55-69 at baseline, who
developed unilateral BC: n=104 (8%) with diagnosed lymphedema, n=475 (37%) with arm
symptoms but without diagnosed lymphedema, and n=708 without lymphedema. Age- and
multivariate-adjusted logistic regression models examined risk factors for lymphedema and related
arm symptoms (OR [95% confidence interval]).

Results—The mean time between BC and the 2004 survey was 8.1+5.0 (mean+SD) years. After
multivariate adjustment (not including time since BC diagnosis), the following cancer
characteristics were positively associated with lymphedema: tumor stage (regional vs. in situ:
3.92[1.61-9.54]), number of excised nodes (highest vs. lowest quintile: 3.52[1.32-9.34],
Pirend=0.003), tumor-positive nodes (yes vs. no 2.12 [1.19, 3.79]) and adjuvant chemotherapy (yes
vs. no: 3.05[1.75-5.30]). Several health characteristics were positively associated with
lymphedema: baseline body mass index (highest vs. lowest tertile: 3.24[1.70-6.21]), waist and hip
circumference, and general health (fair/poor vs. excellent: 3.44[1.30-9.06]). Positive associations
with arm symptoms were: number of excised nodes (highest vs. lowest quintile: 2.38[1.41-4.03],
Pireng=0.007), axillary radiation (yes vs. no: 1.72 [1.15-2.57]) and baseline general health (fair/
poor vs. excellent: 4.27 [2.60-7.00]).

Conclusions—In the IWHS, obesity, poorer general health, and markers of more advanced
cancer were risk factors for lymphedema and related arm symptoms in BC survivors.

Corresponding Author: Rehana L Ahmed, MD, PhD, University of Minnesota Department of Dermatology, Mayo Mail Code 98, 420
Delaware Street SE, Minneapolis, MN 55455-0392.
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INTRODUCTION

Lymphedema, a late-effect of several cancers and their treatment, poses health risks, alters
medical care costs [1], and impacts quality of life for cancer survivors [2]. Although up to
70% of women who develop lymphedema do so within 1-2 years post-treatment [3, 4],
lymphedema may develop at any time from initial treatment to twenty years or more later
[3]. Definitions of upper-extremity lymphedema vary depending on the thresholds chosen
for limb swelling, clinical signs and symptoms [5, 6]. Variability in measurement thresholds
and methodology, as well as length of follow-up time explains the broad range of estimates
for the prevalence of lymphedema in breast cancer (BC) survivors (0-56%) [7]. Up to 50%
of BC survivors report symptoms consistent with lymphedema, with or without a clinical
diagnosis [3]. While lymphedema may be managed, there are no definitive cures.

Lymphedema arises from physical disruption or compression of axillary lymphatic channels
from tumor invasion, surgery, or radiation therapy; a synergistic effect of axillary dissection
and radiation therapy on lymphedema risk has been reported [5-6, 8-9]. BC treatment
targeted at the axilla [5-6, 9] is hypothesized to induce damage interrupting lymph transport
such that lymph volume exceeds transport capabilities [6], eventually leading to abnormal
accumulation of tissue protein, edema, and chronic inflammation within the arm [10]. One-
third of BC patients receive axillary lymph node dissection at initial treatment [11]. Further,
a large percentage of women who initially receive sentinel lymph node biopsy go on to have
further axillary dissection [12]. Thus, a large percentage of BC survivors are at risk of
developing lymphedema related to axillary node dissection. Other factors may play a role in
lymphedema development, given that sentinel node biopsy alone is associated with up to 7%
risk [13]. The variation in time to onset of lymphedema after cancer therapy implies there
may be a window during which modifiable risk factors alter the course to lymphedema. It is
unknown whether or not risk factors differentially affect lymphedema severity.

Several case-series and cohorts of BC survivors have been assembled to examine risk factors
for lymphedema, with mixed conclusions [e.g. 3, 13-15, 20-36]. Patients in many of these
studies have been assembled from a single or multiple BC treatment centers, with patient
and treatment characteristics gathered either at the time of BC diagnosis or retrospectively.
We aimed to examine associations of BC characteristics and treatment, and patient pre-
diagnostic health characteristics with lymphedema or arm symptoms. We used data from a
large population-based prospective cohort study, the lowa Women’s Health Study (IWHS),
to examine these associations in BC survivors with a history of diagnosed lymphedema, or
related arm symptoms without diagnosed lymphedema, versus those with neither arm
symptoms nor lymphedema.

MATERIALS AND METHODS

Population

Methods for the IWHS have been described [16]. Briefly, primary aims of the IWHS in
1984 were to determine if the distribution of body fat (waist/hip) and other lifestyle factors
predict the incidence and prognosis of chronic diseases [16]. The baseline age-range
included post-menopausal women, an age-group at increased risk for chronic disease [16].
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In January 1986, a dietary and lifestyle questionnaire was mailed to 99,826 randomly-
selected women aged 55-69 years with valid lowa driver’s licenses in 1985. The 41,836
women who completed questionnaires (42%) constituted the cohort. Five follow-up
questionnaires updated vital status, residence, and exposure information; response rates were
91% in 1987, 90% in 1989, 83% in 1992, 79% in 1997, and 70% in 2004. The vital status of
non-responders was determined through the National Death Index. The IWHS was approved
by the University of Minnesota’s Institutional Review Board.

Incident BC cases diagnosed within lowa were ascertained between 1986 through December
2003 by linkage to the State Health Registry of lowa, which participates in the National
Cancer Institute’s Surveillance, Epidemiology and End-Results (SEER) program. Migration
from lowa was <1% annually, allowing nearly complete follow-up of cancer incidence [17].
BC comprised International Classification of Diseases of Oncology, Third Edition, codes
C50.0-C50.9. After excluding 1,383 women with BC at baseline, 40,453 women were
followed. From 1986-2003, 2,816 developed incident BC: 2,657 unilateral and 159 bilateral
cases. Of the 2,657 women with unilateral BC, 718 had died by 2004, leaving 1,939
unilateral cases. Of these, 1,287 women with unilateral BC(48%) completed the 2004
follow-up questionnaire and comprise the sample used for analysis; of the remainder, 565
did not respond and 87 failed to complete the lymphedema questions [2].

Measurements

Breast Cancer and Treatment—Diagnosis date, histology, stage, estrogen and
progesterone receptor status, tumor size, surgery type (first surgery following diagnosis),
number of lymph nodes excised and presence of metastasis were obtained from SEER.
SEER data include first-course treatment only. For women with >1 tumor in the same breast
(n=16), we assigned the largest tumor size, most advanced stage, and most radical surgery
completed; for these participants, the total number of lymph nodes examined and the
number positive were determined. On the IWHS 2004 follow-up survey, patients selected
whether they had ever received any of the following adjuvant BC treatments: radiation to the
breast or axilla, chemotherapy, or tamoxifen. If an option was left blank, the participant was
coded as having “no/unknown” history of that treatment. These data were not validated.

Health and Lifestyle—The baseline questionnaire in 1986 collected self-reported
demographic (race, occupation, education, marital status), general health, and behavioral
characteristics (smoking, alcohol, exercise) [16]. At baseline and follow-ups, women self-
reported medical history, including interim cancer, diabetes, hypertension, and heart disease
diagnoses. “Comorbidity index” was the sum of self-reported illnesses --- diabetes, heart
disease, and hypertension --- and was modeled categorically (0, 1, 2-3).

Participants self-reported height at baseline and weight at baseline and follow-ups. Body
mass index (BMI) was calculated as weight (kilograms) divided by baseline height (meters)
squared; categories were defined as underweight <18.5, normal 18.5-24.9, overweight 25.0—
29.9, and obese >30.0 kg/m?2. Waist (1 inch above the umbilicus) and hip (maximal
protrusion) circumferences were measured at baseline by a friend or spouse; waist/hip
(WHR) was calculated [18].
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Lymphedema—The 2004 follow-up questionnaire included a self-report measure of
lymphedema diagnosis, arm symptoms, and treatment, validated in another sample, and with
a specificity of 0.90 and sensitivity of 0.86-0.92 for diagnosing lymphedema compared to
clinical assessment [19]. This questionnaire was administered to women with BC in the
overall cohort. Questions included whether or not over the prior three months the participant
noticed her upper extremity ipsilateral to the cancer was larger, or she experienced
symptoms such as altered function, puffiness, swelling, and/or pain, compared to the
contralateral side [19].

Analysis and Statistical Methods

Based on the lymphedema survey responses, three groups of BC survivors (n=1287) were
defined for analysis: 1) having lymphedema, if participants reported ever receiving a
diagnosis of lymphedema (n=104); 2) having arm symptoms without diagnosed
lymphedema, if participants answered “yes” to any of the questions about arm symptoms
and did not have diagnosed lymphedema (n=475); and 3) without lymphedema or arm
symptoms, if participants answered “no” to all questions (n=708).

SAS software (v8.02, SAS Institute Inc., Cary, NC) was used. P-values were 2-sided. For
analysis of BC surgery, a history of “no surgery” was combined with “lumpectomy”, as only
1 participant in the lymphedema group and 4 participants in each of the other groups had a
history of “no surgery”. When >10% of data were unknown for a given variable, a separate
“unknown” category was created for analysis. Age- and multivariate-adjusted logistic
regression models were used to examine risk factors for lymphedema or for arm symptoms
without lymphedema (OR [95% confidence interval]). Potential risk factors were selected a
priori for evaluation based on the literature and our hypotheses. Individual risk factors,
adjusted for relevant covariates, were examined in separate logistic regression models for
risk of lymphedema compared to no lymphedema/arm symptoms (one set of models) and
risk of arm symptoms compared to no lymphedema/arm symptoms (another set of models).
Tests for linear trend across categories of exposure were obtained by modeling categories as
ordinal variables. Potential confounders were evaluated separately for each model, and
retained if they were associated with lymphedema/arm symptoms and/or changed age-
adjusted parameter estimates by 210%. Final models are noted in the tables. Variables
evaluated as potential covariates, but not added to final models because they did not meet
criteria, included: time since BC diagnosis, education, marital status, alcohol consumption,
baseline physical activity, tumor estrogen/progesterone receptor status, surgical history,
number of excised lymph nodes, or tamoxifen use.

In exploratory analyses, we evaluated effect modification by modeling a set of cross-product
terms for categorical risk factors. Given published observations of synergistic associations
between axillary dissection and adjuvant cancer therapy on lymphedema development [20-
22], we examined effect modification between nodal dissection or tumor-positive lymph
nodes with radiation therapy or chemotherapy. Sensitivity analyses were performed to
include participants with missing data for tumor lymph node status first in the group with
negative nodes and separately in the group with positive nodes.
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The mean time between BC diagnosis and the 2004 follow-up lymphedema survey was
8.1+5.0 (mean£SD) years. Participants were 99.8% White. Comparisons between non-
respondents (n=1,283) and respondents (n=1,287) to the 2004 follow-up survey have been
published [2]. Briefly, compared to respondents, non-respondents were more likely to be
>62 years of age at baseline (59.5% vs. 45.1%), to have a baseline BMI >30 (28.7% vs.
24.1%), regional (22.9% vs. 13.7%) or distant (5.7% vs. 0.2%) disease at BC diagnosis, and
positive lymph nodes at diagnosis (25.8% vs. 15.5%) [2]. Six non-responders were
underweight (BM1<18.5kg/m?2), similar to responders (discussed below).

Table 1 presents data for baseline and 2004 demographic, health and lifestyle characteristics.
Participants with diagnosed lymphedema or arm symptoms without diagnosed lymphedema
were more likely to have comorbidity than women without lymphedema or arm symptoms.
Compared with other participants, women with diagnosed lymphedema had higher BMI at
baseline and in 2004, poorer baseline general health, a positive history of tobacco and
ethanol use. Seven participants were underweight (BM1<18.5kg/m?) and were included in
the group of BMI<24.9 kg/m?; excluding their data did not alter results. BC and treatment
characteristics are in Table 2. Compared with other participants, women with diagnosed
lymphedema were more likely to have had more advanced BC at diagnosis (distant
metastases, larger tumor size, more lymph nodes excised, and tumor-positive nodes), and to
have undergone adjuvant therapy (radiation and chemotherapy). There was no variation by
tumor estrogen/progesterone receptor status (data not shown).

Odds ratios comparing cancer and treatment characteristics of respondents with self-reported
lymphedema or arm symptoms to those without lymphedema or arm symptoms are
presented in Table 2. In age- and multivariate-adjusted models, the following cancer
characteristics were positively associated with lymphedema (OR[95% CI]): tumor stage
(regional vs. in situ: 3.92[1.61-9.54]), number of excised nodes (highest vs. lowest quintile:
3.52[1.32-9.34], Plinear treng=0.003), tumor-positive lymph nodes (yes vs. no: 2.12[1.19—
3.79]), and adjuvant chemotherapy (yes vs. no: 3.05[1.75-5.30]). A borderline association
was identified for tamoxifen. Associations did not reach statistical significance for: tumor
size, extent of surgery, a history of radiation to the breast or axilla, or tumor hormone
receptor status. Cancer characteristics associated with arm symptoms (without diagnosed
lymphedema) were identified for: number of excised nodes (highest vs. lowest quintile:
2.38[1.41-4.03Y], Pjinear treng=0.007), tumor-positive nodes (yes vs. no: 1.44[1.08-2.19]), and
axillary radiation (yes vs. no: 1.72[1.15-2.57]).

After age and multivariate adjustment, the following behavioral and health characteristics
were positively associated with lymphedema (Table 3): baseline BMI (highest vs. lowest
tertile: 3.24[1.70-6.21]), waist circumference (highest vs. lowest tertile: 1.99[1.10-3.60]),
hip circumference (highest vs. lowest tertile: 2.43[1.30-2.55]), and baseline general health
(fair/poor vs. excellent: 3.44[1.30-9.06]). Lymphedema was not associated with
hypertension, heart disease, diabetes, history of alcohol use, baseline physical activity, or
occupation. After multivariate adjustment, baseline general health (fair/poor vs. excellent:
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4.27[2.60-7.00]) was associated with arm symptoms. Positive unadjusted associations for
comorbidity index, BMI, and waist circumference were attenuated with multivariable
adjustment. Physical activity, occupation, or smoking were not associated with arm
symptoms.

After multivariate adjustment, tumor-positive lymph nodes modified the association of
radiation to the axilla or breast with lymphedema (Table 4), and the association of radiation
to the breast with arm symptoms, such that those with tumor-positive nodes who also had
radiation had a higher than expected risk of lymphedema (7.1[1.77-28.58]) or arm
symptoms (5.16[1.85-14.39]). Sensitivity analyses did not alter interpretation of the
associations observed. There was no effect modification between tumor-positive nodes and
chemotherapy or between the number of lymph nodes removed (<4 vs. >4) and radiation or
chemotherapy with either lymphedema or arm symptoms (data not shown).

DISCUSSION

In this prospective population-based cohort we observed that in addition to markers of more
advanced BC (advanced stage and lymph node metastasis) and its treatment (more lymph
nodes removed and chemotherapy), there are potentially modifiable behavioral
characteristics associated with greater risk of lymphedema and related arm symptoms. In
particular, obesity and poorer general health were associated with greater risk of
lymphedema and related arm symptoms.

The IWHS represents one of the first prospective population-based cohort to examine risk
factors for lymphedema in BC survivors and for those with arm symptoms without
diagnosed lymphedema. Women with arm symptoms without a diagnosis of lymphedema
may have subclinical lymphedema or they may have one of a multitude of possible other
arm morbidities common after breast cancer (such as limited range of motion or muscular
injury). We previously reported that a low percentage of women in this group had
knowledge of lymphedema [2], which may have lead to a misclassification error whereby
some of these women might meet diagnostic criteria for lymphedema. Several case series,
cohorts, randomized trials, and case-control studies of BC survivors have examined risk
factors for lymphedema. The majority of these studied patients recruited from cancer
treatment centers. By contrast, one recent study identified 1,338 participants from Medicare
data [13], and another identified 997 participants from the Kaiser Permanente Northern
California medical care program [14]. Methodology across studies has varied in terms of
study design, size, patient characteristics, measurements that focused on treatment-related
factors or included patient health and behavioral characteristics, and timing of follow-up. A
meta-analysis that examined BC and treatment-related characteristics as risk factors for
lymphedema reported that of the 98 studies, only ten had used multivariable-adjusted
analyses [23]. Differences in methodology may contribute to the mixed outcomes across
studies.

While findings have varied, more advanced cancer and treatment-related outcomes have
consistently been associated with lymphedema and arm morbidity. In the meta-analysis
noted above [23], the authors identified positive associations (RR [95% CI]) of arm
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lymphedema with axillary lymph node dissection (axillary dissection vs. no dissection: 3.47
[2.34-5.15] and axillary dissection vs. sentinel lymph node biopsy: 3.07 [2.20-4.29]),
findings similar to IWHS. The authors also reported associations between lymphedema and
positive lymph nodes, more extensive surgery, radiation therapy to any site or to the axilla,
and no association with tumor stage or chemotherapy [23]. Three recent studies add to these
data. In a study by Paskett et al (2007) of 622 premenopausal BC survivors, having a greater
number of lymph nodes removed was associated with developing and persistent swelling
(self-reported of the hand or arm) and chemotherapy was associated with developing
swelling; by contrast, tumor-positive lymph nodes, type of surgery (including
reconstructive), and radiation therapy were not associated with swelling [15]. In Norman et
al (2010), axillary dissection and chemotherapy were associated with lymphedema in 631
BC survivors, and axillary dissection modified the effect of chemotherapy on lymphedema;
by contrast, neither sentinel node biopsy nor radiation therapy to any site were associated
with lymphedema [22]. In Kwan et al (2010), the authors reported a 4.1% increased risk of
transient or persistent lymphedema with each lymph node removed; additionally, they
reported an association between chemotherapy and persistent lymphedema, a non-significant
association between radiation therapy and lymphedema, and no association between
adjuvant hormonal therapy and lymphedema [14]. In the IWHS, chemotherapy was
positively associated with lymphedema, and axillary radiation therapy was positively
associated with arm symptoms, but not diagnosed lymphedema. Axillary radiation therapy
was positively associated with arm symptoms without diagnosed lymphedema; additionally,
radiation therapy modified the effect of tumor-positive lymph nodes to increase
lymphedema and arm symptom occurrences. In two other reports, axillary dissection
modified the effect of radiation therapy on lymphedema [20-21], which was not observed in
IWHS. In addition to the studies noted above, three additional studies are relevant (two of
these were included in the meta-analysis). There was a positive association between
anthracyclin-based chemotherapy and lymphedema in 300 women [24]. There was an
association between chemotherapy and lymphedema in 494 women in unadjusted but not
multivariable-adjusted analysis, and no association with tamoxifen [4]. By contrast, in 990
BC survivors followed for five years, there was no association with either chemotherapy or
tamoxifen and “arm problems” [25].

Several health and behavioral characteristics were associated with lymphedema or arm
symptoms in IWHS. In larger series of BC survivors, obesity has been associated with
increased risk of lymphedema, including obesity at cancer diagnosis and weight gain
following treatment in many [3-4, 14-15, 22, 25-26] but not all studies [27-28]. Obesity
may alter risk of lymphedema via increased stress to the lymphatics, enhanced
inflammation, increased trauma, or prolonged healing from surgery (via longer surgical
procedures, longer healing times, and seroma formation). We hypothesized that diseases
affecting the circulation (coronary artery disease, hypertension, or diabetes mellitus) may
increase lymphedema or arm symptoms. However, after adjustment for obesity, there were
no associations with these comorbidities, individually or collectively. By contrast, other
studies reported positive associations between comorbidity (coronary artery disease or
diabetes mellitus) and “arm problems” [25] and between comorbidity (diabetes mellitus,
hypertension, chronic renal failure, congestive heart failure, myxedema) and lymphedema
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[24], with multivariate-adjustment. An association between hypertension and lymphedema
was reported [4], as well as a negative association between anti-hypertensive medication use
and lymphedema after age- but not multivariable-adjustment [27]. Other studies have not
observed associations between lymphedema and hypertension or diabetes mellitus [21, 29].
Self-reported general health was associated with lymphedema and to a greater degree with
arm symptoms in IWHS. In IWHS, better general health has been associated with lower
mortality and comorbidity.

Age at IWHS baseline or at cancer diagnosis was not associated with lymphedema or arm
symptoms, although age in IWHS has a limited range. Overall, findings regarding an
association between age and lymphedema have been mixed, as authors have reported an
association between lymphedema and greater age [30-31], younger age [4, 27, 32], or no
association [20-21, 33-34]. In a cohort of 494 women, younger women (< 50 years of age)
had a higher risk of developing lymphedema than older women (OR per year of age = 0.96
[95% CI: 0.93-0.99]); younger compared to older women were more likely to have received
chemotherapy (50% vs. 25%), which was also associated with lymphedema [4].

The medical community has debated the safety of physical activity for BC survivors in
terms of lymphedema risk. Similar to other authors [3—4, 14-15], we did not identify
associations of physical activity or occupation with lymphedema or arm symptoms after
multivariable-adjustment. Geller et al (2003) reported work outside the home increased
lymphedema, though not after adjustment for axillary dissection [27]. Engel et al (2003)
reported an increased risk of arm symptoms with non-office work occupations [25]. Quick
bursts of or strenuous activity may increase injury, particularly in an unconditioned limb.
Indeed, infection or injury to the limb post-operatively or after cancer treatment have been
associated with lymphedema [3, 26, 30, 35-36]. A recent review of clinical trial data
concluded that carefully controlled physical activity does not alter risk of lymphedema
occurrence or worsening of lymphedema symptoms and may be a means to modify obesity
and improve overall health and quality of life in BC survivors [37].

Strengths of our study include the large population-based cohort with the ability to study
several potential risk factors. IWHS self-reported anthropometric and SEER measurements
were validated and taken prior to BC, treatment and lymphedema or arm symptom
assessment. Comprehensive data on cancer diagnosis and primary treatment are available
through SEER. Limitations require discussion. Data on adjuvant therapies (chemotherapy,
radiation therapy and tamoxifen) were self-reported and were not validated. Other
limitations include that the cohort comprises a predominantly white population,
lymphedema and arm symptoms data were self-reported, and there were missing data for
tumor size and lymph node status. We did not have data on the date of lymphedema
diagnosis, history of arm infection, injury, the use of lymphedema therapies, reconstructive
surgery, or BC recurrence, factors which may impact lymphedema. Given when these
participants were diagnosed with BC, our sample includes fewer with sentinel lymph node
biopsy than would be likely in a cohort recruited today. Both response and survivors biases
are possible given the number of non-responders and women who died between the
diagnosis of BC and the 2004 survey.

Breast Cancer Res Treat. Author manuscript; available in PMC 2014 July 10.
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summary, obesity, worse general health, and markers of more advanced cancer were

associated with lymphedema and related arm symptoms in BC survivors. Obesity and
general health are potentially modifiable. Given the time-lag between BC, its treatment, and
onset of lymphedema for some survivors, there may be a window of opportunity in which to
intervene to modify risk. Improvements in lymphedema symptoms have been reported from
weight loss through diet [38] and exercise [39-40]. Further clinical trials will determine if
interventions targeted toward modifiable risk factors, particularly obesity, will prevent
lymphedema in BC survivors.
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Prevalence or Mean + SE of selected baseline and 2004 characteristics in participants who developed
unilateral breast cancer from 1986—-2004 and responded to the 2004 follow-up questionnaire, lowa Women’s

Health Study

Characteristic

Without lymphedema or

Diagnosed lymphedema (n

Arm symptoms without

arm symptoms (n = 708) =104) lymphedema (n = 475)

Age at baseline (y) 61.0+0.2 60.5+04 61.1+0.2
Age at breast cancer diagnosis (y) 71.0+0.2 70.8+0.5 71.05+0.3
Time since breast cancer diagnosis (y) 8.1+0.2 7.8+0.5 8.2+0.2
BMI baseline, > 25kg/m? (%) 60.3 78.9 65.9
BMI 2004, = 25kg/m? (%) 59.1 80.4 64.5
> High school education (%) 87.4 91.3 82.3
Currently married, baseline (%) 79.4 79.6 80.7
Occupation, baseline (%)

Homemaker/never worked 16.0 19.2 20.7

Professional/clerical work 45.0 51.0 39.0

Farm/craftwork 39.0 29.8 40.3
Smoking at baseline (%)

Never 69.6 57.3 69.6

Past 19.5 30.1 19.6

Current 10.9 12.6 10.8
Pack-years at baseline 72+0.6 96+15 7.7+0.8
Ethanol consumption at baseline, g/day 34+03 48+1.0 35+04
Any regular physical activity, baseline (%) 424 42.2 41.1
Estrogen replacement at baseline (%)

Current/former 413 39.4 47.1

Never 58.7 60.6 52.4
Comorbidity Index, (% positive) 55.1 60.6 59.6

History of hypertension 49.0 50.0 53.3

History of diabetes 8.2 6.7 11.8

History of heart disease 13.6 19.2 19.4
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Table 4

Odds ratios for developing lymphedema or arm symptoms according to presence of tumor positive lymph
nodes at diagnosis by any history of radiation treatment (no/unknown vs. yes)

Variable Lymphedema®¢

Negative nodes Positive nodes

Arm symptoms®:¢

Negative nodes Positive nodes

Radiation axilla

No/unknown 1.0 (referent) 1.0 (referent)
n=62 Ld n=111L
n=435 NLf n=67 NL
Yes 0.55(0.15,1.96)  7.1(1.77, 28.58)
n=3L n=9 L
n=36 NL n=11 NL

Pinteraction = 0.01

Radiation breast

No/unknown 1.0 (referent) 1.0 (referent)
n=46 L n=8 L
n=320 NL n=59 NL
Yes 0.85 (0.45,1.56)  4.90 (1.43, 16.81)
n=19L n=12 L
n=151 NL n=19 NL

Pinleraclion =0.04

1.0 (referent) 1.0 (referent)

n=286 AS® n=55AS
n=435 NL n=67NL
1.53(0.89, 2.60)  5.16 (1.85, 14.39)
n=31 AS n=21AS
n=36 NL n=11NL

Pinteraction = 0.21

1.0 (referent) 1.0 (referent)

n=222 AS n=45 AS
n=320 NL n=59 NL
1.01(0.73,1.41) 4.29(1.81, 10.16)
n=95 AS n=31 AS
n=151 NL n=19 NL

Pimeraction =0.02

aComparing participants with lymphedema to participants without lymphedema or symptoms.

bComparing participants with arm symptoms without diagnosed lymphedema to participants without lymphedema or symptoms.

CAdjusted for baseline age, BMI (categories), history of smoking (categories and pack-years, continuous), occupational history (categories),
general health at baseline (categories), tumor stage (categories), tumor size (categories), and history of chemotherapy (yes/no).

dL = BrCa survivors with lymphedema.

eAS = BrCa survivors with arm symptoms without a history of lymphedema.

f . .
NL = BrCa survivors without lymphedema or arm symptoms.
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