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Lymphedema and Obesity: Is There a Link?
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Summary

Lymphedema is a chronic disorder that, in developed countries, occurs most commonly after
lymph node dissection for cancer treatment. Although the pathophysiology of lymphedema is
unknown, the disease is characterized histologically by fibrosis and abnormal adipose deposition.
Clinical studies have provided evidence that obesity and postoperative weight gain are significant
risk factors for the development of lymphedema. In fact, recent studies have shown that extreme
obesity can result in markedly impaired lymphatic function and primary lymphedema. The aim of
this Special Topic article is to review evidence linking obesity and lymphedema. In addition, the
authors review recent studies that have analyzed the cellular mechanisms that may be responsible
for this relationship, with a goal of highlighting areas of research that may have significant
translational potential.

Lymphedema is a chronic, incurable condition caused by the anomalous development of the
lymphatic system (primary lymphedema) or injury to the lymphatic vasculature (secondary
lymphedema). It is estimated that nearly 5 million Americans suffer from lymphedema of
the extremities or genitalia.l In these cases, chronic interstitial fluid accumulation leads to
fibrosis, persistent inflammation, and adipose deposition, often resulting in massive
hypertrophy of the affected area. Adipose deposition in late-stage lymphedema decreases the
potential for response to mechanical treatments such as manual lymphatic massage or
compressive garments and is associated with severe infections, functional disability, skin
changes, psychosocial morbidity, and malignant transformation (Fig. 1).2

Lymphedema and its management are of significant interest to plastic surgeons. This is
because the majority of patients in the United States who suffer from lymphedema are breast
cancer survivors, many of whom have, at some point, undergone breast reconstruction. In
addition, liposuction performed by plastic surgeons has been used extensively as a means of
debulking lymphedematous limbs because the end stage of the disease is characterized by
abnormal adipose tissue deposition.3 More recently, interest in micro-surgical reconstruction
of lymphedema, either by lymphovenous bypass procedures or microvascular lymph node
transplantation, has gained favor and has been the subject of intense study. This interest is
reflected by the publication of nearly 40 articles in Plastic and Reconstructive Surgery on
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this topic in the past 5 years. With this interest in mind, the purpose of this review is to
summarize recent advances in understanding the link between lymphedema and its major
risk factor, obesity.

In this Special Topic article, we have reviewed the existing clinical and basic science
literature on the effect of obesity on lymphatic function and lymphedema. Specifically, we
performed a review of the literature on the clinical association of obesity and lymphedema
by searching the English literature for articles identifying risk factors for lymphedema in
general, and articles analyzing the effects of interventions such as weight loss or
modifications of diet on existing lymphedema. We also sought to identify clinical studies
that analyzed the effects of obesity on lymphatic transport function. Similarly, to develop
hypotheses designed to explain the clinical association between obesity and lymphedema,
we reviewed the scientific literature on this topic, searching for articles analyzing the effects
of dietary changes on the lymphatic system and the effects of genetic models of lymphatic
insufficiency on obesity. Although this was not a systematic review, our article highlights
the important clinical studies relating obesity and lymphedema and the effects of dietary or
exercise interventions. We have highlighted these studies with a few patient samples from
our own clinical practice and provide a comprehensive model of the clinical and pathologic
features of lymphedema and adipose deposition.

CLINICAL EVIDENCE LINKING LYMPHEDEMA AND OBESITY

Obesity Is a Major Risk Factor for Developing Secondary Lymphedema

Several studies have shown that obesity can increase the risk of secondary lymphedema
following damage to the lymphatic vasculature. As early as 1957, it was noted that the
greater the weight of the patient, the more likely the individual was to develop lymphedema
following breast cancer treatment.# In a prospective level Il study of 137 patients with breast
cancer, individuals with a body mass index greater than 30 had three times the risk of
developing upper extremity lymphedema compared with patients with a body mass index
less than 25.° Similarly, in another level 11 prospective clinical trial with 936 patients,
McLaughlin et al. found that patients who developed lymphedema had a higher baseline and
current body mass index compared with those who did not.6 Another level 11 investigation
of 282 patients found that body mass index was the variable most closely associated with
arm lymphedema after breast cancer treatment, and that the greater the body mass index, the
higher the frequency of lymphedema.” The 5-year incidence of lymphedema in women with
breast cancer with a body mass index greater than 29 was 36 percent, compared with 12
percent for patients with lower body mass indexes. Although the majority of studies linking
elevated body mass index with an increased risk of developing secondary lymphedema have
involved the upper extremity following breast cancer treatment, these findings likely are
translatable to patients at risk for lower extremity lymphedema following inguinal
lymphadenectomy.

Body mass index at the time of breast cancer diagnosis appears to be a stronger risk factor
for developing lymphedema than weight gain following treatment. For example, in a
prospective level 11 study of 138 patients, Ridner et al. reported that patients with a body
mass index greater than 30 at the time of management were 3.6 times more likely to develop
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upper extremity lymphedema within 30 months of surgery compared with women with a
body mass index less than 30.8 In contrast, patients whose body mass index increased to
greater than 30 during the period after treatment did not have an increased risk of developing
lymphedema. However, these results should be viewed with caution and require further
study because the follow-up time after weight gain in this study was limited and because
these findings contradict other studies demonstrating a link between postoperative weight
changes and lymphedema. This concept is best supported by a level I, randomized clinical
trial demonstrating significant reductions in upper extremity lymphedema and arm volumes
in patients who lost weight by dieting for 12 weeks (reduction of body mass index of 1.3 +
1.1 kg/m?2) compared with a matched control group that did not lose weight.® More recently,
a number of additional level I studies have shown that monitored exercise programs can also
decrease the severity of lymphedema (reviewed by Kwan et al.), suggesting that changes in
body composition can influence adipose deposition and limb volumes in these patients.10
These findings are critical because they represent the only effective noncompressive
treatment of lymphedema that has been reported to date. In addition, when considered
together, these findings suggest that lymphedema is a form of regional obesity or
lipodystrophy of the affected extremity that may be modulated by changes in diet and body

type.

Extreme Obesity Can Cause Lymphedema Independently of Surgery

Not only does obesity increase the risk of lymphedema in patients with lymphatic injury,
recent studies have shown that superobese individuals can develop lymphedema even
without antecedent surgery or injury. One retrospective level IV study of patients presenting
to an obesity clinicl9 found that approximately one-third of patients had abnormalities on
lymphoscintigraphy, a technique that is 100 percent specific and 92 percent sensitive for
lymphedema.l! These findings were supported by Arngrim et al., who reported decreased
adipose tissue clearance of macromolecules in obese patients compared with lean controls in
a prospective level 11 study.12 Another retrospective case series (level 1V) showed that a
body mass index threshold appears to exist at which point lower extremity lymphedema
occurs (Fig. 2).13 In this study, the lymphatic function of 15 obese patients referred to a
lymphedema center with lower extremity “lymphedema” was assessed using
lymphoscintigraphy. None of the patients in the cohort had any risk factors for lymphedema
(e.g., inguinal irradiation, lymphadenectomy, penetrating trauma, primary lymphedema). All
10 patients with a body mass index between 30 and 53 had normal lower extremity
lymphatic function, whereas the five patients with a body mass index greater than 59 had
abnormal lymphatic drainage consistent with lymphedema.13 Consequently, a body mass
index threshold appears to exist between 53 and 59 at which point lower extremity
lymphatic dysfunction occurs. This threshold may be higher for the upper extremity because
obesity-induced lymphedema was confirmed in only a single massively obese individual
(body mass index of 105) but not in patients with a body mass index less than 90. Although
the causes of this observation remain unknown, this finding may be related to a variety of
differences between the upper and lower extremities, including (1) preferential adipose
deposition in the lower extremities compared with the upper extremities and (2) dependent
positioning of the lower extremity with resultant impaired lymphatic transport against
gravity.
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The link between superobesity and lymphedema is clinically significant because both of
these conditions are prevalent. Currently, one-third of the U.S. population is obese (body
mass index >30), 6 percent is superobese (body mass index >40), and the proportion of the
population that is obese is increasing between 2.1 and 4.7 percent every 10 years.14
Lymphedema affects approximately one in 1000 Americans and as many as 200 million
people worldwide.1:15 Consequently, the relationship between obesity and lymphedema has
major implications on public health and health care expenditures and may result in
significantly increased rates of primary lymphedema.

CELLULAR MECHANISMS LINKING OBESITY AND LYMPHEDEMA

Although it is clear that obesity and lymphedema are related in patients who have undergone
surgery, the cellular mechanisms that regulate this effect remain largely unknown. For
example, we currently do not know whether obesity increases the risk of lymphedema as a
result of increased production of lymph from an enlarging limb that overwhelms the
capacity of the lymphatic system, as a consequence of external compression of lymphatics
by adipose tissues, or even as a result of direct injury to the lymphatic endothelium by
changes in body weight or diet. This gap in our knowledge is important because it precludes
development of novel preventative or treatment options. Therefore, mechanistic studies
aiming to understand how obesity and lymphedema are related are important.

Obesity and Lymphedema Have a Reciprocal Relationship

Recent studies suggest that the interaction between obesity and lymphedema is reciprocal.
That is, not only is it now clear that obesity can lead to impaired lymphatic function, it is
also evident that impaired lymphatic function can lead to adipose deposition and obesity.
For example, histologic studies on clinical samples and animal models of lymphedema have
shown that adipose deposition in the lymphedematous tissues is, in many ways, identical to
fat depots in obese patients.18 Similar to obesity, lymphedema-associated fat deposition
results from both proliferation and hypertrophy of local adipocytes, and the resulting adipose
depots are chronically inflamed and infiltrated by macrophages and lymphocytes.16 In
addition, lymphedema tissues exhibit evidence of adipocyte death and phagocytosis by
macrophages, resulting in the appearance of so-called “crown-like structures.” This is
important because production of inflammatory cytokines by these structures is associated
with both an increased risk and a more aggressive behavior of a variety of malignancies in
obese patients.1’

Using a mouse model of lymphedema, Aschen et al. have shown that impaired lymphatic
flow results in inflammation and massive up-regulation of adipocyte differentiation genes
such as peroxisome proliferator-activated receptor gamma (PPAR-y) and CCAAT/enhancer-
binding protein alpha (CEPB-a), and increased expression of adipokines (hormones
produced by adipose tissues).1® This finding is important because it suggests that
accumulation of interstitial fluid can lead to activation of adipocyte differentiation and
proliferation, thus providing a mechanism for local adipose deposition that is noted in
patients with lymphedema. Activation of these genes even occurs with mild disturbances in
lymphatic function, such as after axillary lymph node dissection, and is maintained
chronically even 6 weeks after the operation when all visible evidence of swelling has
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resolved. Thus, impaired lymphatic function in patients who have undergone lymph node
dissection or in those with abnormal lymphatic development may sensitize and promote
adipose deposition in the subcutaneous space by increasing activation of adipose
differentiation genes.

Further evidence linking lymphatic dysfunction and obesity can be derived from transgenic
mice with a variety of mutations in their lymphatic system. For example, mice with
spontaneous inactivating heterozygous mutations of the Fms-related tyrosine kinase 4 (FLT4
or otherwise known as vascular endothelial growth factor receptor 3) gene, a model of
primary (Millroy) lymphedema, exhibit abnormal subcutaneous fat deposition.1? Similarly,
mice that harbor a heterozygote mutation of the Prospero homeobox protein 1 (PROX1)
gene, a transcription factor that is critical for lymphatic endothelial cell differentiation and
patterning, not only have impaired lymphatic development and function in their skin/
subcutaneous tissues but also exhibit adult-onset obesity compared with wild-type
littermates fed an identical diet.20 More recent studies have shown that the lymphatics play a
critical role in transport and metabolism of cholesterol from the peripheral tissues to the
plasma and that impaired lymphatic function leads to tissue accumulation of cholesterol.21

Obesity Independently Decreases Lymphatic Function

Recent studies have provided evidence that obesity and dietary changes can profoundly
change lymphatic function. For example, mice that harbor defects in the apolipoprotein E
(APOE) gene have abnormally high levels of circulating cholesterol and develop defects in
their lymphatic system, including decreased interstitial fluid transport capacity, abnormal
lymphatic valves, and impaired trafficking of immune cells.22 Similarly, our group has
recently shown that wild-type mice fed a high-fat diet for 8 weeks become modestly obese
and have significantly decreased lymphatic transport as assessed by lymphoscintigraphy,
reduced lymph node uptake of interstitial fluid, and abnormal lymph node architecture.23
Interestingly, we found that obese mice had smaller lymph node size, loss of follicular
patterning, and changes in resident lymph node inflammatory cell populations. In addition,
obese mice had severely impaired dendritic cell migration to local lymph nodes, suggesting
that antigen presentation from the periphery and responses to tissue inflammatory reactions
are abnormal in obese mice. We found that at least some of these defects are dependent on
obesity induced T- and B-cell inflammatory responses because mice genetically deficient in
these cells had decreased interstitial fluid flow but maintained nearly normal rates of
dendritic cell migration. In addition, preliminary studies have shown that at least some of
these changes are reversible because calorie restriction in obese mice resulted in
normalization of lymph node size and function (unpublished observations). This finding is
important and is consistent with reports of improved lymphedema symptoms in patients
after weight loss. Thus, weight management programs including nutritional counseling and
surgical weight loss options may be potential means of decreasing the rates or severity of
lymphedema in at-risk patients. These approaches may translate to improved lymphatic
function and increased clearance of interstitial fluid.

Obesity may also impair lymphatic function as a result of changes in lymphangiogenesis.
Although this hypothesis is preliminary, it is supported by studies demonstrating that obese
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mice have decreased numbers of capillary lymphatics in their lymph nodes. The lymphatic
vessels that are present are abnormally dilated compared with lean mice.23 These findings
are supported by studies by Lim et al., who found that apolipoprotein E-deficient mice also
develop leaky lymphatic vessels as adults.22 Thus, the negative effects of obesity on
lymphatic function may be multifactorial and dependent on changes in the extracellular
matrix, inflammatory reactions, and direct injury to lymphatic endothelial cells. Obese
patients may therefore be at risk for lymphedema because they have compromised lymphatic
function at baseline, have abnormal inflammatory responses that can negatively impact the
lymphatic system, and have impaired ability to regenerate damaged lymphatics after injury.

CONCLUSIONS

The link between obesity and lymphedema continues to be elucidated. Increasing evidence
supports the concept that this relationship is reciprocal such that obesity impairs lymphatic
transport capacity and impaired lymphatic function promotes adipose deposition. This
association provides a mechanism for the development of primary lymphedema in
superobese individuals and the increased risk of lymphedema in obese patients. Based on the
studies reviewed in this article, we have provided a hypothetical model for the pathologic
process of lymphedema (Fig. 3). In this model, lymphatic injury starts the cycle of lymphatic
dysfunction, which leads to accumulation of interstitial fluid. Impaired lymphatic clearance
results in inflammation and promotes fibroadipose deposition. In turn, fibrosis and adipose
deposition further impair lymphatic function, resulting in a feedforward loop. We
hypothesize that obese patients are at higher risk for lymphedema because they have
baseline impaired lymphatic function. Based on clinical and laboratory studies
demonstrating that the pathologic changes in the lymphatic system resulting from obesity
are at least partially reversible with weight loss, we hypothesize that efforts be aimed at
weight loss/management in patients who are at risk for developing primary or secondary
lymphedema.
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Fig. 1.

Er?d-stage lymphedema is associated with subcutaneous adipose deposition and “regional”
obesity. (Left) Bilateral magnetic resonance imaging scan of a patient with severe left leg
lymphedema after groin lymph node dissection for melanoma 15 years previously. Note
significant adipose deposition in the subcutaneous compartment of the affected leg (blue
brackets) compared with the normal limb. (Right) Photograph of a young patient with grade
Il lymphedema of the left leg 2 years after treatment for cervical cancer. Note adipose
deposition in the entire left leg.
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Obesity-induced lower extremity lymphedema. A body mass index threshold appears to
exist between 53 and 59 when lymphatic dysfunction occurs. (Above, left) A woman with a
body mass index of 53.3. (Above, right) A woman with a body mass index of 78.3. (Below,
left) Lymphoscintigram from the patient shown above, left with a body mass index of 53.3.
Note normal transit of technetium to inguinal nodes 20 minutes after injection. Arrows
indicate inguinal nodes, black arrowheads show tortuous lymphatic channels and dermal
backflow, and white arrowheads mark the feet where the radiolabeled tracer was injected.
(Below, right). Lymphoscintigram from the superobese patient shown above, right (body
mass index of 78.3). Note the delayed transit of tracer to inguinal nodes 3 hours after
injection, tortuous collateral lymphatic channels, and dermal backflow consistent with
lymphedema.
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Hypothetical model of adipose deposition and effect of obesity on lymphedema.
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