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Abstract

Background: Breast cancer-related arm lymphedema is a serious complication that can
adversely affect quality of life. Identifying risk factors that contribute to the development of
lymphedema is vital for identifying avenues for prevention. The aim of this study was to examine
the association between the development of arm lymphedema and both treatment and personal
(e.g., obesity) risk factors.

Methods: Women diagnosed with breast cancer in lowa during 2004 and followed through 2010,
who met eligibility criteria, were asked to complete a short computer assisted telephone interview
about chronic conditions, arm activities, demographics, and lymphedema status. Lymphedema was
characterized by a reported physician-diagnosis, a difference between arms in the circumference
(> 2cm), or the presence of multiple self-reported arm symptoms (at least two of five major arm
symptoms, and at least four total arm symptoms). Relative risks (RR) were estimated using
logistic regression.

Results: Arm lymphedema was identified in 102 of 522 participants (19.5%). Participants treated
by both axillary dissection and radiation therapy were more likely to have arm lymphedema than
treated by either alone. Women with advanced cancer stage, positive nodes, and larger tumors
along with a body mass index > 40 were also more likely to develop lymphedema. Arm activity
level was not associated with lymphedema.
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Conclusions: Surgical methods, cancer characteristics and obesity were found to contribute to
the development of arm lymphedema. Vigorous arm activity post-surgery was not found to
increase the risk of arm lymphedema.
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Introduction

In the United States, breast cancer is the most common cancer excluding non-melanoma
skin cancers among women [1]. It is estimated that 266,120 women will be diagnosed with
breast cancer in 2018, 90% of whom will survive from breast cancer at least five years [2, 3].
Lymphedema of the arm (here forward referred to as lymphedema) is believed to be a
treatment complication that adversely affects breast cancer survivors. However, there is
conflicting information regarding which treatments are risk factors and limited research on
other risk factors for lymphedema. Lymphedema causes the accumulation of fluid (swelling)
in the arm and 15-20% of breast cancer survivors are expected to develop this condition in
their lifetimes [4]. Lymphedema is a progressive disease; if not treated and controlled, severe
pain and disability can result.

Lymphedema research evaluating treatment or personal risk factors has yielded conflicting
results. Guidelines that warned breast cancer survivors against vigorous or repetitive exercise
[5] are now being challenged by recent evidence disputing the previously reported harm of
vigorous arm activities [6-11].

This study looked at the association between the development of lymphedema and treatment
and personal (e.g. obesity, arm activity) risk factors among a cohort of women diagnosed
with breast cancer in lowa during 2004 and followed through 2010 for symptoms of
lymphedema. This study attempted to examine arm exercise in multiple ways.

Materials and Methods

Breast cancer cases were identified through the lowa Cancer Registry (ICR). The ICR is a
population-based registry that is part of the National Cancer Institute’s Surveillance
Epidemiology and End Results (SEER) program. A total of 2164 breast cancer cases were
diagnosed among lowa residents during 2004. Ineligible subjects included 9 males, 236
women over age 80 at breast cancer diagnosis, and 145 cases known to be deceased. We
excluded breast cancer cases who had a previous or subsequent cancer diagnosis (N=323), or
had more than one primary tumor at time of initial breast cancer diagnosis (N=174) except
for in-situ cervical cancer or non-melanoma skin cancer. Due to low 5-year survival, stage
IV breast cancer cases (N=76) were also excluded. A total of 1,201 met our inclusion
criteria. The interview was completed by 522 (43.5%) eligible women with a participation
rate among those we were able to contact of 50.6% (522/1,020). Participants that were
unstaged (N=17) were not included in the staging analysis as only stages I to 111 were
compared, but were included in analyses for treatment and socio-demographic factors. The
Institutional Review Board at the University of lowa has approved this study.
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Physicians of subjects were first contacted to see if there were any reasons why the woman
should not be approached for this study. Physician consent was assumed if the physician did
not contact the ICR within three weeks, per ICRs standard passive consent policy.
Thereafter, an invitation letter with elements of consent (as required by the Institutional
Review Board at the University of lowa) was sent to each woman. Two weeks after mailing
the letters, a trained interviewer called the subjects. Subjects received up to 10 call attempts
on different days of the week and at different times of the day. Subjects were traced for
addresses or phone numbers through internet sources as needed.

The ICR provided information for demographic, disease- and treatment-related factors.
These included date of birth, date of breast cancer diagnosis, laterality of cancer, tumor size,
cancer stage, number of lymph nodes examined, scope of lymph node dissection, number of
positive lymph nodes found, number of lymph nodes removed, date and type of first-course
therapy (surgery, chemotherapy, radiation and hormone therapy), and surgery type.

Participant interview

The interview was designed to collect information not available through the ICR records. We
used cognitive interviewing and piloting to develop the questionnaire. Rewording and
reformatting of questions were done to clarify and facilitate the interviewing process.
Computer-assisted telephone interviewing (CATI) was used to allow for data checks during
the interview to minimize data entry errors. The average time of interview was 17 minutes.
Demographic information collected included marital status, highest level of education, hand
dominance, and self-reported height and weight to calculate body mass index (BMI) at time
of diagnosis. Radiation therapy to the axilla was also self-reported.

Self-reported lymphedema was collected through the CATI in three different ways. First,
subjects were asked if they were ever diagnosed by a physician with lymphedema. If
diagnosed with lymphedema, they were also asked whether or not it had resolved. Second,
they were asked if they experienced 13 specific arm/hand symptoms within the last three
months (Table 1). Third, they were asked to measure the arm circumference of both arms at
two different locations (one hand width above and below the elbow crease). Subjects were
also asked if they used specific methods at least once a week to treat or prevent
lymphedema. Additional information was collected on arm infection, chronic conditions
diagnosed prior to breast cancer diagnosis/and or arm lymphedema diagnosis (e.g., high
blood pressure, high cholesterol, heart attack, coronary heart disease, stroke, congestive
heart failure, emphysema, chronic bronchitis, asthma, thyroid condition, liver condition,
kidney failure, osteoporosis, diabetes, and arthritis), airplane trips taken the year after breast
cancer diagnosis, lifting heavy objects, and physical therapy.

A portion of the interview focused on specific arm activities (swimming, playing tennis,
weightlifting, and gardening) and overall arm activity levels. Overall arm activities were
broken down into four combinations based on the positioning (above or below the shoulders)
and the intensity (vigorous or moderate) of the arm activity. Each subject was asked to
estimate the number of hours per week for each combination of arm activity during 1) the
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past year, 2) one year prior to breast cancer diagnosis, and 3) one year after the subject was
able to resume routine household activities. The frequency and the intensity of arm activities
were later combined into low, medium and high levels. High level was defined as doing
vigorous arm activities for more than two hours per week. Low level was defined as doing
vigorous arm activities for less than one hour per week and doing moderate arm activities for
two or less hours per week.

Lymphedema categorization

Lymphedema was characterized in 3 different ways; 1) physician-diagnosed, not resolved, 2)
the circumference of the affected arm was greater than 2cm larger than the other arm (either
above or below the elbow crease), or 3) the presence of multiple self-reported arm
symptoms. For arm symptoms, a woman must have reported at least two of five major arm
symptoms (shirt sleeve felt tight, arm felt swollen, heavy, tense or hard) and at least four
total arm symptoms (major symptoms plus arm felt numb, stiff, or painful, rash on arm,
other arm symptoms, cannot see knuckles or veins on hand, or rings felt tight). The arm
symptoms definition was determined based on the experience of our expert panel. In this
report a woman was considered to have lymphedema if she had a positive indication of
lymphedema based on any of the three assessment criteria. The distribution of lymphedema
status based on these 3 criteria is reported in Table 1.

Reliability and representativeness

We examined reliability of the telephone interview among 19 subjects with lymphedema and
20 subjects without lymphedema (based on the initial interview). The second interview was
approximately 6 weeks after the initial interview. Kappa coefficients ranged between 0.4-0.8
for most items, which indicated fair to good agreement.

No significant differences between participants and non-participants were found for disease
characteristics and breast cancer treatments, indicating that the study results may be
generalized to breast cancer cases diagnosed in lowa during 2004.

Statistical analysis

RESULTS

Univariate relative risk estimates (RRs) with 95% confidence intervals (95% CI) were
calculated using unconditional logistic regression. Potential confounders were identified
prior to analysis based on biologic plausibility. Estimates were adjusted for confounders that
conferred a 10% or greater change from the crude RR. For factors of interest in which less
than 20 subjects indicated they had the condition, confounders that presented a >20%
change from the crude RR were adjusted for in the final model.

Cumulative incidence of lymphedema

Arm lymphedema subsequent to breast cancer treatment was identified in 102 (19.5%)
participants. The time between initial breast cancer treatment and onset of arm symptoms or
physician-diagnosed lymphedema are graphed in Figure 1. The majority of lymphedema
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cases was persistent cases, and was diagnosed within two years after the initial breast cancer
treatment.

Participants’ characteristics

At the time of interview, the average age of participants was 63 years and the mean BMI was
28.8 kg/m?2. One-third (30.5%) of participants were college graduates and 70% were
married. Neither education level nor marital status was associated with lymphedema (Table
2). Subjects who were under 50 at the time of interview were more likely to develop
lymphedema than subjects aged 75+ years (RR=2.95, 95% ClI: 1.25, 6.98). Participants with
a BMI =30 (35.9%) were more likely to develop lymphedema (RR=2.15, 95% CI: 1.35,
3.42) than those with a BMI <30. An increasing trend in the RRs was observed as BMI
increased over 30 (Table 2).

Breast cancer disease and treatment

For cancer characteristics, 87% of participants were classified as having stage | or 11 breast
cancer and the mean tumor size was 19mm. In regards to breast cancer surgical treatments,
57% of women were treated with lumpectomy and 34% with sentinel node biopsy with an
average of 8 nodes removed. Only 30.5% were detected with positive nodes and no trend
was seen with increasing number of positive nodes (data not shown). Participants with > 10
lymph nodes removed were found to have an increased risk of developing lymphedema in
the presence of radiation therapy. However this effect was reduced after adjustment for
axillary dissection. Our results observed a trend of increasing risk as an increasing number
of nodes was removed. Radiation therapy was received by 63% of women, and among those
who received radiation, 30 stated that radiation was directed to the axillary area as well as
the breast. Over half of the participants had chemotherapy and/or hormonal therapy as part
of their breast cancer treatment.

Lymphedema was associated with stage 111 cancer (RR=2.23, 95% CI: 1.09, 4.55), tumors =
30mm (RR=2.76, 95% CI: 1.16, 6.58), and the presence of positive nodes (RR=1.88, 95%
Cl: 1.13, 3.13) (Table 3). Axillary dissection and radiation were found to interact (p=0.01).
The combination of both axillary dissection and radiation therapy showed a slightly stronger
association with lymphedema (RR=2.61, 95% CI: 1.27, 5.39) than either axillary dissection
(RR=2.21, 95% CI: 1.32, 3.68) or radiation alone (RR=1.29, 95% CI: 0.81, 2.04). Radiation
directed to the axillary area (RR=1.10, 95% CI: 0.62-1.93) and other treatment factors were
not associated with lymphedema (Table 3).

Chronic conditions

Lymphedema was associated with chronic bronchitis (RR=3.45, 95% ClI: 1.24, 9.63). A
borderline increased risk for developing lymphedema was seen among participants who
were diagnosed with osteoarthritis/ rheumatoid arthritis (RR=1.57, 95% CI: 0.93, 2.67)
and/or kidney failure (RR=4.70, 95% CI: 0.89, 24.85). No association was found with high
blood pressure, diabetes or other conditions reported after adjustment for age, BMI, and the
interaction of axillary dissection and radiation.
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Arm activity and other personal factors

No associations were found between lymphedema and specific arm activities including
swimming, playing tennis, weightlifting or gardening. When analyses were restricted to
participants who had the same level of arm activity before and after breast cancer diagnosis,
no association between lymphedema and arm activity level either above or below the
shoulders was found (Table 4). Surgery on dominant side (RR=1.49, 95% CI: 0.95-2.32),
and air travel (RR=0.98, 95% CI: 0.63-1.52) were not associated with lymphedema in this
study. An association was seen between infection and lymphedema (RR =8.51, 95% ClI:
3.07, 23.61). However, all but one participant developed arm infection after lymphedema
diagnosis.

Discussion

The prevalence of arm lymphedema in women diagnosed with breast cancer in lowa in 2004
was 19.5% five-years after diagnosis, similar to results reported from previous studies [4, 12,
13]. This study, similar to other studies [14-19], found that BMI was associated with the
development of lymphedema among these women. The association with increased BMI was
evident both for the study definition of lymphedema and when defined only as physician-
diagnosed cases. This suggests that the association seen was not an artifact of measurement
error in lymphedema. Obesity, because of larger tissue volume and higher fat content, may
have contributed to lymphedema development through increased difficulty of performing
surgery or required alternative treatment techniques [20, 21]. In addition, obesity may
increase lymphatic stress by exacerbating the inflammatory response or prolonging the
surgical healing time [22]. Moreover, the increased amount of adipose tissue may act as a
reservoir for lymphatic fluids [20]. Furthermore, one small study found that weight loss was
correlated with a significant reduction in arm volume [23]. Obesity is also linked to chronic
conditions such as high blood pressure and diabetes, which may further impair a lethargic
lymphatic system by disrupting fluid balance.

An increase in lymphedema risk was observed when both axillary dissection and radiation
therapy were performed. A number of studies [24-29] have suggested that the addition of
radiation therapy to axillary dissection increases the risk of lymphedema. Radiation after
axillary dissection may have induced additional fibrosis that could compress or block
lymphatic vessels. Participants in this study who had radiation and no axillary dissection
were generally diagnosed with early stage breast cancer (stage | or I1) and had less invasive
treatments. Conversely, women who receive both axillary dissection and radiation therapy
tended to be stage 111 and thus were treated more aggressively. This may further explain the
interaction observed between axillary dissection and radiation therapy.

Overall, published reports have both supported [16, 17, 29-32] and refuted [21, 33, 34] that
increasing number of nodes excised is linked to arm lymphedema risk. This study did not
find such an association after adjusting for axillary dissection. Axillary dissection was
identified as a confounder because it was speculated that the association with the
development of lymphedema may have been attributed to the intactness of the lymphatic
network in the axilla rather than how many nodes were removed [30]. Axillary dissection is
generally indicated in the presence of positive nodes and leads to an increased number of
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nodes excised. Axillary dissection, a procedure that disrupts the lymphatic network,
remained associated with lymphedema even after adjusting for the number of lymph nodes
removed.

While breast cancer treatments are major contributors to lymphedema, the association
between lymphedema and advance stages of cancer, positive nodes, or large tumors persisted
even after adjusting for axillary dissection. It is possible that advanced disease or larger
tumors may disrupt or damage regional lymphatics.

The presence of most chronic conditions did not influence the subsequent development of
lymphedema. While it was speculated that conditions such as high blood pressure and
diabetes may exacerbate a damaged lymphatic system due to increased hydrostatic pressure
[35], we did not find such an association in this study. Medications taken to control high
blood pressure [14], may have negated the effect of increased hydrostatic pressure. Both
chronic bronchitis and kidney conditions were linked to the development of lymphedema.
Kidney failure may be associated with fluid retention that may cause edema [35], thus
further complicating an already delicate lymphatic system. It is also possible that these
subjects may have a surveillance bias for physician-diagnosed lymphedema due to visiting
the doctor for these other conditions. This study’s findings are inconclusive since <20
subjects were diagnosed with these conditions. Arthritis and autoimmune diseases can
contribute to lymphedema through inflammation to the joints, blood or lymph vessels, which
may be reflected in the borderline association we saw.

While most of the previously published studies did not find an association between age and
lymphedema, we, similar to Geller et al.[14], found younger age was associated with
developing lymphedema. It has been suggested that younger women may have advanced
cancer which required more invasive treatments [36]. This study found that younger women
under the age of 50 were more likely to have positive nodes (41% versus 19%) or be
diagnosed at a higher stage after adjustment for confounders. They were also more likely to
have axillary dissection. Moreover, younger women are more active outside of the home and
may be more likely to notice the effects of mild lymphedema [37]. Also, older women tend
to have extensive co-morbidity and might pay less attention to arm symptoms. Hence, arm
symptoms related to lymphedema may have been under-reported by older women [37, 38].
While this study attempted to capture arm lymphedema in both an objective and subjective
way (based on arm symptoms experienced within the last three months), under-reporting of
arm symptoms (subjective method) is an issue because subclinical cases of lymphedema
may be missed.

Specific activities were not found to be associated with lymphedema. Among women who
weight lifted, an increased amount of time spent weightlifting above the heart was not found
to be associated with lymphedema. The results from this study were similar to another study
in that none of the specific activities or overall arm activity level showed increased risk for
lymphedema [39]. Arm lymphedema can lead to a reduction of arm activity level. In an
attempt to avoid this bias, only subjects that reported no change in arm activity level both
above and below the shoulders a year after resuming household activities (as compared to a
year before breast cancer diagnosis) were included in the overall arm activity level analysis.
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With this restriction, arm activity level was not associated with lymphedema. However
without this restriction, we found low level of arm activities below the shoulders was
associated with lymphedema (RR=2.40, 95% CI: 1.38, 4.20) (data not shown). We believe
that this may be a reflection of decreased level of arm activity due to the presence of
lymphedema. Overall, our findings on arm activity do not support an association with post-
operative arm exercise and arm lymphedema.

Although air travel (41.6% of our subjects) has been speculated by both clinicians and breast
cancer survivors to be a potential risk factor for lymphedema, such an association was not
observed in our study or the study by Kilbreath et al [40]. It is probable that having
lymphedema puts breast cancer survivors at risk for getting an arm infection due to
decreased lymphatic circulation.

This study was conducted using a population-based cohort of breast cancer survivors five to
six years after breast cancer diagnosis, thereby avoiding erroneous inclusion of acute
lymphedema cases. Participants reporting physician-diagnosed lymphedema were
additionally asked if their condition has since resolved to decrease misclassification.
Furthermore, objective and subjective assessments were applied to capture subclinical cases.
Thirty-two percent of subjects reporting resolved lymphedema were later identified to have
lymphedema through subclinical means. In addition, obtaining lymphedema status five or
more years after breast cancer diagnosis allowed us to observe the long-term risk from
treatments, as many studies have short follow-up times of 1-2 years after diagnosis or
treatments.

The biggest limitation was that all of our measures of lymphedema were self-reported. Due
to caller identification and increased usage of cell phones, we were unable to reach as many
subjects as we anticipated and 181 eligible women could not be traced from ICR
information.

Conclusion

Among this cohort of breast cancer survivors, we found lymphedema to have a prevalence of
19.5% five years after diagnosis, with most developing lymphedema within the first 2 years
after surgery. In particular, women with a high BMI were found to be at risk for developing
lymphedema, suggesting that obesity may further promote inflammation which can lead to
lymphatic impairment. Younger age was also associated with lymphedema development.
The combination of axillary dissection and radiation therapy doubled the risk of developing
lymphedema. Low level of arm activity was not found to be associated with lymphedema.
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Figure 1.
Cumulative Incidence of Arm Lymphedema diagnosed by a physician or by having 4 +

symptoms among breast cancer survivors in lowa, 2004
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Table 1.

Distribution of self-reported lymphedema assessments among study participants diagnosed with breast cancer
in lowa, 2004.

Participants %

N=522
Physician-diagnosed lymphedema
Unresolved 44 8.4
Resolved 28 5.4
Not diagnosed 450 86.2
Arm measurement
>2cm difference between arms 49 9.4
< 2 cm difference between arms 351 67.2
Missing 122 23.4
Arm symptoms”™
Subjective indication of arm lymphedema 45 8.6
No subjective indication of arm lymphedema 477 91.4
Arm lymphedema based on any of the above
Arm lymphedema 102 19.5
No arm lymphedema 420 80.5

*

Subjective indication is present if subject has at least 2 major symptoms (shirt sleeve felt tight, arm felt swollen, heavy, tense or hard) and at least
4 total symptoms (major arm symptoms plus arm felt numb, stiff, or painful, rash on arm, other arm symptoms, cannot see knuckles or veins on
hand, or rings felt tight)
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Table 2.

Relative risk of demographic factors and lymphedema among subjects diagnosed with breast cancer in lowa,
2004

Lymphedema Adjusted
Yes No RR (¢]]

Ageat interview
75-85 12(118) 86(20.5) Ref *

70-74 14(13.7) 56(13.3) 1.85 0.75,455
65-69 16 (15.7) 51(12.1) 177 0.72,4.34
60-64 13(12.8) 61(145) 129 052, 3.18
55-59 13 (12.8) 60 (14.3) 140 056,3.49
50-54 14 (13.7) 57(13.6) 161 0.66,3.94
25-49 20(19.6) 49 (11.7) 295 1.256.98
Trend RR comparing age 75-85 to 25-49 1.85 0.93,3.70
Education

< High school 45 (44.5) 192 (46.0) Ref

Some college 25(24.8) 98(23.5) 090 0.50,1.63

>College 31(30.7) 127(305) 0.94 053,165

Trend RR comparing = College to < High school 0.93 0.53,1.64
Married

No 33(330) 124(295) ¢

Yes 67 (67.0) 296(70.5) 0.76  0.46,1.23

BMI (kg/m?)
<185 0 4 (1.0) N/A
18.5-24.9 22(21.8) 138(33.1) Ref®
25-29.9 28(27.7) 140(336) 1.20 0.64,2.23
30-34.9 20(19.8) 83(19.9) 150 0.76,2.98
35-39.9 13(129) 35(8.4) 251 1.12,5.65
40+ 18(178) 17(41) 558 245127
Trend RR comparing 40+ to 18.5-24.9 7.43 3.03,18.2

RR= relative risk; CI = confidence interval; BMI= body mass index.

Note: Total number of subjects may not add up to 522 due to missing data

*

Adjusted for BMI, axillary dissection, number of lymph nodes removed, any radiation, and any radiation x axillary dissection
fAdjusted for BMI, age, axillary dissection, any radiation, and any radiation x axillary dissection

;tAdjusted for age, axillary dissection, any radiation, and any radiation x axillary dissection
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Table 3.

Relative Risk of Lymphedema by Breast Cancer Treatment and Disease Factors Among Subjects Diagnosed
with Breast Cancer in lowa, 2004
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Lymphedema Adjusted
Yes No RR Cl
Stage
Stage | 42 (42.0) 235(582) Ref *
Stage Il 38(38.0) 139(344) 113 0.66,1.92
Stage Il 20(20.0) 30(7.4) 223 1.09, 455
Trend RR comparing Stage |11 to Stage | 1.99 0.99, 3.98
Primary tumor size (mm)
0-9 15(158) 106(266) L o7
10-14 17 (17.9) 88(22.1) 126 057,275
15-29 39(41.1) 158(39.6) 160 0.78,3.34
30+ 24(253) 47(118) 276 1.16,6.58
Trend RR comparing 30+ to 0-9 265 1.14,6.13
Surgery
Lumpectomy 54 (52.9) 243 (58.1) Ref 7
Mastectomy 13 (12.8) 56 (13.4) 1.09  0.39, 3.04
Modified radical mastectomy 35 (34.3) 119(285) 153 0.75,3.15
# of lymph node removed
0-2 17(168) 126(304) Ref*
3-6 21(20.8) 108(26.0) 110 0.50,2.39
7-10 18(17.8) 57(13.73) 145 0.56,3.78
>10 45(446) 124(299) 160 0.66,3.84
Trend RR comparing >10 to 0-2 1.64 0.74,361
Positive nodes
No 54(52.9) 300(735) Ref*
Yes 48(47.1) 108(265) 1.88 1.13,3.13
Radiation to the axilla§
No 60(65.2) 272(61.8) Ref*
Yes 32(34.8) 107(28.2) 1.10 0.62,1.93
Chemotherapy
No 40(40.0) 208(49.9) Ref*
Yes 60(60.0) 209(50.1) 1.01 0.61,1.67
Hormones therapy
No 47(47.0) 183(446) Ref*
Yes 53(53.0) 227(55.4) 092 0.58,1.46

RR= relative risk; Cl = confidence interval; BMI= body mass index

Note: Total number of subjects may not add up to 522 due to missing data
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*

Adjusted for age, axillary dissection, any radiation, and any radiation x axillary dissection

fAdjusted for age, axillary dissection, chemotherapy, number of lymph nodes removed, any radiation, and any radiation x axillary dissection
17tAdjusted for age, any radiation to axilla, axillary dissection, any radiation, and any radiation x axillary dissection

§Am0ng subjects who received radiation therapy
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Table 4.

Relative Risk of Arm Activities and Lymphedema Among Subjects Diagnosed with Breast Cancer in lowa,
2004, Restricted to Women Who Reported no Change in Arm Activity Level Before and After Breast Cancer
Diagnosis

Lymphedema Crude Adjusted
Arm activities Yes No RR (¢]] RR Cl
Above the shoulders, *
High 9 (20) 35(13.3) Ref Ref 1t

Medium 14 (31.1) 113(43) 048 0.19,1.21 051 0.19,1.40
Low 22(48.9) 115(43.7) 0.74 031,176 0.78 0.29,2.07

Below the shoulders, *

High 18 (40) 126 (47.9) Ref ref

Medium 17 (37.8) 92(35) 129 063,265 138 063, 3.01
Low 10(222) 45(17.1) 156 067,362 159 0.60,4.24

RR= relative risk; Cl = confidence interval.

*
Only included subjects that reported no change in arm activity level from before breast cancer diagnosis to after resuming household activities
(N=308)

fAdjusted for BMI, age, axillary dissection, any radiation, and any radiation x axillary dissection
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