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A B S T R A C T   

Lipedema (LI) is a common yet misdiagnosed condition, often misconstrued with obesity. LI affects women 
almost exclusively, and its painful and life-changing symptoms have long been thought to be resistant to the 
lifestyle interventions such as diet and exercise. In this paper, we discuss possible mechanisms by which patients 
adopting a ketogenic diet (KD) can alleviate many of the unwanted clinical features of LI. This paper is also an 
effort to provide evidence for the hypothesis of the potency of this dietary intervention for addressing the 
symptoms of LI. Specifically, we examine the scientific evidence of effectiveness of adopting a KD by patients to 
alleviate clinical features associated with LI, including excessive and disproportionate lower body adipose tissue 
(AT) deposition, pain, and reduction in quality of life (QoL). We also explore several clinical features of LI 
currently under debate, including the potential existence and nature of edema, metabolic and hormonal 
dysfunction, inflammation, and fibrosis. The effectiveness of a KD on addressing clinical features of LI has been 
demonstrated in human studies, and shows promise as an intervention for LI. We hope this paper leads to an 
improved understanding of optimal nutritional management for patients with LI and stimulates future research in 
this area of study.   

Introduction 

The disease entity lipedema (LI) was first clinically recognized in 
1940 at the Mayo Clinic in the United States [1,2]. According to a 
monograph published by Dayan and colleagues, “the diagnosis of LI is 
made clinically and is typically defined by the disproportionate and 
symmetrical accumulation of adipose tissue (AT) in the lower extrem
ities accompanied by complaints of orthostatic edema” [3]. LI is further 
distinguished by lower body hypersensitivity and pain, bruising with 
minimal trauma, firm nodules in subcutaneous fat, and apparent resis
tance to traditional diet and exercise regimens [4]. 

Although LI was initially identified in 1940, to date, little is known 
about its clinical features, natural history, causes, and therapies. This 
paper is divided into two parts. In the first part, we summarize what is 
known about the epidemiology, diagnosis, clinical manifestations, and 
conventional treatment for LI. In the second part, we hypothesize how 
patients adopting a ketogenic diet (KD) could directly and positively 
impact the clinical course of their LI and propose mechanisms for these 
effects. 

Abbreviations: AA, African American; AT, adipose tissue; BHB, beta hydroxybutyrate; BMI, body mass index; CHO, carbohydrate; hsCRP, C-reactive protein; K+, 
potassium; KD/KDs, ketogenic diet(s); LAT, lipedema adipose tissue; LC, low carbohydrate; LE, lymphedema; LF, low fat; LI, lipedema; NAFLD, nonalcoholic fatty 
liver disease; NLRP3, nucleotide-binding domain-like receptor protein 3; NO, nitrous oxide; QoL, quality of life; ROS, reactive oxygen species; rT3, reverse T3; T3, 
liothyronine; T4, free levothyroxine; TSH, thyroid stimulating hormone. 
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Epidemiology 

LI is an underdiagnosed AT disorder that is thought to be relatively 
common, especially in women [5,6]. Currently, it is estimated that LI 
impacts approximately 11% of women, occurring only rarely in men 
with hormonal dysfunction [3,7], and has a profoundly negative impact 
on quality of life (QoL) [8]. Of patients with LI, more than 50% are 
obese, with secondary lymphedema (LE) often being the direct conse
quence of obesity, rather than the LI [9]. Additional research studies 
have shown obesity to co-occur with LI in 85% to 88% of the sample 
studied [10,11], which demonstrates the necessity for an effective 
intervention that will address both conditions. Recent literature also 
suggests LI has genetic underpinnings [11,12] with hormonal changes, 
stress and/or surgery playing important roles in its onset [13]. 

Stigma and lack of awareness 

Most medical professionals are unaware of LI, often misdiagnosing LI 
as obesity because signs and symptoms of LI are not recognized [6,14]. 
Culturally, LI is caught in the same social stigmatization as obesity “even 
to the point of abhorrence” [15]. While weight stigma influences many 
aspects of the lives of people with obesity and LI, it is most impactful in 
the area of healthcare, where understanding, acceptance, and support 
are critical for accurate diagnosis, effective treatment, and ongoing 
health maintenance [16]. 

Diagnosis 

Though the diagnosis of LI is generally done in the clinical setting, 
there is no formal medical training on how to diagnose LI. There are also 
few resources to guide clinicians with respect to LI, and no standard-of- 
care for LI treatment. In fact, the term lipedema is often confused with the 
terms lipidemia or lipemia which apply to alterations of serum lipid 
levels, adding further confusion during patients’ attempts to attain a 
diagnosis of an AT disorder [4]. 

LI is first suspected by the clinical observation of unusual AT distri
bution, generally with disproportionate AT below the waist. Often, it is 
understood by the patient as a family trait. Since neither the public nor 
most professionals recognize this as a diagnosis distinct from obesity, 
both patients and providers assume it to be a normal variant of obesity. 
LI is classified into five types based on the distribution of AT [14] (see 
Fig. 1). 

In addition to being classified by type, diagnosis of LI also includes 
staging. As seen in Fig. 2 [3], early LI usually consists of an unusual but 
unremarkable distribution of AT in the legs. Left untreated, the disease 
progresses through four stages where AT is increased in the legs, largely 
sparing the feet and hands unless LE develops. The dramatic increase in 
AT in the legs in later stages can be both physically and emotionally 
debilitating. 

Differential diagnosis 
The triad of the diagnoses LI, obesity, and LE occurring together is a 

dominating factor that challenges the identification and treatment of LI. 
Table 1 compares and contrasts diagnostic features of these three con
ditions. The salient features of LE that distinguish it from LI include limb 
asymmetry and pitting edema with a positive Stemmer sign, while LI 
will typically display limb symmetry and non-pitting edema with a 
negative Stemmer sign. 

Clinical manifestations 

Clinical manifestations of LI most salient to this paper are discussed 
below. First, we discuss the most widely accepted features of LI of 
abnormal AT deposition, pain and compromised QoL. This is followed 
by a description of several disputed characteristics including the exis
tence and nature of metabolic and hormonal dysfunction, edema, 
inflammation, and fibrosis in LI. 

Abnormal adipose tissue deposition 
As stated above, the classic presentation of LI is an idiopathic 

excessive and disproportionate gynoid distribution of AT to the hips, 
buttocks, thighs, and lower legs. Suga et al. [17] saw histological 
changes in lipedema adipose tissue (LAT) not unlike those found in 
subjects with obesity, including macrophage infiltration encircling 
dying adipocytes and a significant buildup of adipose-derived stem cells. 
However, more recent research has shown decreased differentiation 
potential in stem cells in LI compared to obesity [18,19]. Excessive 
expansion of AT in the lower body may have genetic [11] and/or female 
sex hormone influences [13]. Although the gynoid distribution of AT 
seems to be metabolically protective due to its negative correlation with 
cardiovascular risk factors [20], the pathophysiology of AT likely has 
metabolic underpinnings [21]. 

Pain 
LI has been described in medical literature as a “painful fat disorder” 

[22]. A recent study of the signs and symptoms of patients with LI found 
that 89.7% reported daily pain in LAT [23]. LI-associated pain can be 
severe, and a factor in worsening QoL and loss of mobility [24]. In an 
internet survey of 120 women with LI, all but seven reported that pain 
was a daily concern, and 66% described their pain as moderate or severe 
[8]. Further, women with LI may have a high incidence of joint pain in 
part due to co-occurring gait issues and osteoarthritis in addition to pain 
in regions of LAT [25,26]. 

The mechanism behind pain in LI is unclear, making it difficult to 
treat and control. Heightened sensitivity to palpation may be labeled 
nociceptive pain, neuropathic pain, or central sensitization [27]. Pain 
associated with LI may be caused by increased inflammation and/or 
compression of peripheral nerves from AT and fluid accumulation in the 
affected tissue [28,29]. 

Fig. 1. Types of lipedema (LI). The five types of LI differentiated by distribution of adipose tissue.  
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Quality of life and psychological functioning 
Survey results and clinical experience show that LI is often associated 

with lower QoL and impaired psychological functioning [8,30,31]. This 
may take the form of low self-esteem, feelings of hopelessness and self- 
blame, depression, anxiety, eating disorders, social isolation, poor body 
image, and appearance-related distress. In an online survey of 411 
women with LI, less than 10% had difficulty with washing or dressing, 
while 42% reported they suffered from anxiety or depression [32]. The 
stress of repeated attempts to lose weight, particularly with very low 
calorie diets, may also result in “diet depression,” a cluster of symptoms 
including anxiety, restlessness, irritability, and nervousness [33]. Many 
women with LI may also have lowered QoL due to the cultural stigma 
attached to obesity and suffer from ridicule, bias, and discrimination 
[34]. 

Metabolic and hormonal dysfunction 
As reviewed by Szèl et al. [13], the onset of LI is associated with 

changes in reproductive hormonal milieu: puberty, pregnancy, and 
perimenopause. Even as estrogen has been implicated in the etiology of 
LI [11], one aspect of the onset of LI remains perplexing: it may occur as 
estrogen rises during puberty as well as when estrogen declines in 
menopause. Still, LI is thought to be associated with reproductive hor
mones, especially estrogen. Although a hormonal etiology of LI has not 
been firmly established, it remains a promising avenue for intervention, 
and possibly prevention, of LI [13]. 

Estrogens promote fuel storage in part by increasing insulin secretion 

and sensitivity of target tissues and perhaps in part by impeding fatty 
acid oxidation [35,36]. Insulin, in addition to its other complex effects in 
the body, promotes storage of metabolic fuels and inhibits breakdown of 
stored triglyceride. The perception of energy deficit may lead to 
increased hunger and food intake. In this way, elevated insulin action 
can ultimately lead to weight gain [37]. 

Estradiol treatment of rats increases circulating insulin relative to 
glucagon and reduces the circulating fuels of glucose and free fatty acid 
[38]. In humans, estradiol increases sensitivity of AT to insulin, so less 
insulin is required to suppress release of free fatty acids [39]. AT from 
the hip and thigh region, sites of excessive AT deposition in LI, is 
particularly sensitive to estrogen action [40]. The high sensitivity of hip 
and thigh AT to estrogen suggests that variations in these pathways may 
prove important in LI. 

An examination of thyroid hormones in women with LI may prove 
illuminating with respect to metabolism as well as the AT resistance to 
diet and exercise heretofore so universally observed. Very little data 
exist regarding thyroid functioning and LI. In Wold and colleagues’ 
classic paper [2] based on a case series of patients who were the cohort 
used to essentially identify LI, metabolism was decreased in patients 
compared to normal subjects. As was typical of the era, the sample size 
in the study was small, and the methods were not presented, so it is 
difficult to evaluate the results. In a study of patients with LI conducted 
in Germany, Foeldi [41] found the prevalence of hypothyroidism in 
Stage I patients (n = 65) to be 38% and in Stage II patients (n = 96) to be 
43% compared to only 2% in the general German population. In a list of 

Fig. 2. Stages of lipedema (LI). Examples of the four stages of LI as the disease progresses.  

Table 1 
Comparison of features important to the diagnosis of lipedema, lymphedema and obesity.  

Feature Lipedema Lymphedema Obesity 

Gender Almost exclusively female Female and male Female and male 
Onset Menarche, pregnancy, menopause Primary: Birth, puberty, pregnancy, menopause 

Secondary: Immediately or delayed after inciting 
event 

Genetic factors or acquired 
No age of onset, can occur at any 
time over life span 

Development Affects lower body from waist down bilaterally, involvement is 
gradual without foot involvement 

Usually starts distal and progresses toward 
proximal 

Gradually affects entire body, but 
may be limited to trunk in some 
cases 

Extent From the iliac crest to the ankle; no involvement of the dorsum 
of the feet 

Can affect only a portion of the extremity and does 
not need to be most dependent area 

Whole body 

Stemmer’s Sign Negative May be positive Negative 
Distribution Symmetric distribution of adipose tissue from the hips and 

ankles; disproportionate distribution between upper and lower 
body 

Unilateral or bilateral distribution; if bilateral, 
usually asymmetric 

Usually symmetric 

Pain/ 
Hypersensitivity 

Yes No No 

Bruising Yes, commonly No No 
Edema Minimal or no pitting edema of the lower legs; pitting only seen 

after prolonged orthostasis 
Pitting in earlier stages; later, fibrosclerosis No pitting 

Hyperkeratosis No Yes, in severe cases No 
Cellulitis No Yes, commonly No 

Note: adapted with permission from Dayan et al, 2017. 
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diagnostic criteria for LI, Buck and Herbst [14] added hypothermia of 
the skin, which may indicate hypothyroidism. 

Patients with LI misdiagnosed with simple obesity typically engage 
in calorie-restricted diets that may lead to the famine response, further 
impeding weight loss efforts. The famine response, including decreased 
metabolism as well as increased hunger and interest in food, occurs in 
most of the general population during weight loss attempts [42]. Un
fortunately, current evaluation of thyroid using thyroid stimulating 
hormone (TSH) has not detected the decreased thyroid function present 
in famine response hypothyroidism in subjects with LI, so this is likely 
not an avenue for intervention [43]. 

Edema 
Edema is defined as an excess of water that has accumulated in body 

cavities or tissues. The clinical presentation of LI included edema when 
first described by Wold and Hines [2]. This was most recently empha
sized by Ma and colleagues [44] identifying a biomarker (Platelet Factor 
4) for lymphatic vasculature dysfunction that is elevated in women with 
LI. Although the notion of any type of edema associated with LI has 
lately been disputed [10], the literature generally characterizes edema 
associated with LI to be non-pitting and orthostatic in earlier stages of 
the disease and progressing to LE in later stages [45]. Imaging studies 
demonstrating abnormal lymphatic function in women with LI may 
indicate a failure point of the lymphatics in LI preventing the evacuation 
of excess interstitial fluid in LAT [46–48]. 

However, there is emerging evidence of the existence of increased 
water content in skin, muscle and AT of women with LI [49]. This 
increased fluid flux is influenced by increased blood capillary perme
ability and loose connective tissue [50] as well as elevated sodium 
content in LAT (see Fig. 3) [49]. AT compliance allows an increase of 
fluid volume without an increase in interstitial fluid pressure, which 
may be protective by preventing an increase in blood volume and 
resultant hypertension [51]. The increased tissue water content may 
account for the commonly described “boggy” feel to LAT. The accu
mulation of fluid in LAT is depicted in Fig. 3. 

Inflammation 
LI, and its common comorbidity obesity, are considered by some 

researchers to be inflammatory diseases because both cause an ongoing 

unresolved immune response to dysfunctional adipocytes and AT [28]. 
LI and obesity exhibit numerous similarities, but significant differences 
exist between LI and obesity in the pathological decline of adipocytes 
and tissue [17,28]. Al-Ghadban et al. [28] state inflammation in LI oc
curs independently from the inflammation caused by obesity. 

Repetitious exposure to endogenous sterile stressors causes an 
excessive immune response in AT, resulting in ongoing low-grade, 
chronic inflammation and AT remodeling as shown in Fig. 4 [17,52]. 
The nucleotide-binding domain-like receptor protein 3 (NLRP3) 
inflammasome is an innate sensor involved in initiating inflammation in 
dysfunctional adipocytes and AT [53]. Several studies demonstrate the 
mechanism for NLRP3 activation to be from numerous stimuli (see 
Fig. 3) [53-57]. However, Muñoz-Planillo and colleagues [58] state that 
cell potassium (K+) efflux is the only independent agonist in NLRP3 
activation. Additionally, pyroptosis, an inflammatory form of cell death 
that results in the dispersal of highly inflammatory intracellular con
tents, is regulated by the NLRP3 inflammasome and may serve a key role 
in chronic inflammation and AT remodeling exhibited in LI [55,59–61]. 

In LI, neutrophils become prolific in their attempt to remove the 
inflammatory instigator [62]. This causes tissue damage and macro
phages to infiltrate in unusually high numbers and surround the 
necrotizing adipocytes, forming crown-like structures and giant multi
nucleated cells (see Fig. 4). This inflammatory process is also seen in 
obesity; however, in LI, the cell sizes become significantly irregular [17]. 

Fibrosis 
Although not universally accepted, we suggest that chronic inflam

mation of LAT may progress to fibrosis when left untreated as described 
in a review by Wynn [63]. Fibrosis is the pathological consequence of AT 
hypertrophy-induced hypoxia [64] and subsequent chronic inflamma
tion, whereby cells and tissue damaged by an unresolved inflammatory 
response undergo ongoing, excessive repair mechanisms [63]. An 
example of known profibrogenic contributors relevant to LI are exces
sive production of reactive oxygen species (ROS) and disrupted hor
mones such as low levels of adiponectin and high levels of leptin [65]. 

The full extent of unresolved fibrosis in LI is unknown and warrants 
further study. LI fibrosis may even be a factor in lymphatic drainage 
impairment when adiposopathy is present [66]. Fibrosis can also inhibit 
adipocyte expansion [64]. Fibrosis in LI is thought to be a significant 

Fig. 3. Edema in lipedema adipose tissue (LAT). Elevated sodium and water content in LAT, increased blood capillary permeability, reduced lymph transport ca
pacity contribute to edema in LAT. 

L. Keith et al.                                                                                                                                                                                                                                    



Medical Hypotheses xxx (xxxx) xxx

5

factor in the progression to lipolymphedema [67]. 

Conventional treatment for lipedema 

The most common conventional treatments for LI may be classified 
as a set of non-invasive and invasive approaches which can be com
bined. Non-invasive approaches include complete decongestive therapy 
(CDT) and lifestyle changes to diet and exercise, while an invasive 
approach involves surgery [68]. CDT consists of manual lymph 
drainage, compression therapy, skin care and exercise, and represents 
the most widely used conservative treatment for LI [69]. Because there is 
no cure for LI, conservative treatment must focus on symptom relief, 
complication prevention, and slowing disease progression [46]. Surgical 
intervention for LI has some power in decreasing pain [70], but it is not a 
cure for LI, nor is it without risks of complications. As surgical options 
for LI are starting to be used more frequently, conservative treatment is 
used as an adjunct in both pre- and post-operative care [3]. 

Diet and exercise changes are used to address LI symptoms. Dietary 
treatment approaches may focus on reducing inflammatory foods and/ 
or on herbal supplementation [71]; however, LI has been shown to be 
highly resistant to conventional diet and exercise interventions. Low 
calorie diets and intense physical exercise designed to change energy 
balance and induce weight loss have been frustratingly ineffective in 
patients with LI [3]. Any weight loss in patients with LI resulting from 
conventional diet and exercise approaches will inevitably occur only on 
the upper body, resulting in increased asymmetry, and further body 
dysmorphia [66]. 

Adopting a ketogenic diet as therapy for LI 

Ketogenic diets (KDs) have been used since the 1920s as an effective 
therapy for managing intractable epilepsy [72]. KDs restrict carbohy
drate (CHO) intake to less than 20 g/day [73,74]. CHO restriction results 
in an absence of glucose for fuel, inducing fat-burning to produce ketosis 
[73,74]. This state is generally considered to occur when blood beta- 
hydroxybutyrate (BHB) is above 0.5 mmol/L [73]. 

The last ten years have seen an increase in studies on a potential 
therapeutic role for KDs in a host of metabolic issues including obesity, 
type 2 diabetes, Alzheimer’s disease, multiple sclerosis and cancer 
[75,76]. KDs were shown to be safe and sustainable long-term in a recent 
two-year study [77]. Many of the studies found KDs effective. Diet 
protocols and reasons for efficacy tended to be disease-specific, but most 
proponents credit the metabolic processes of gluconeogenesis and 
ketogenesis for positive therapeutic effect [78]. For a more general ef
fect, it is observed that the AT hormone leptin signals satiety, but in 

obesity, the brain becomes insensitive to leptin [79]. As KDs improve the 
brain’s sensitivity to leptin, satiety increases which could be helpful for 
patients with both obesity and LI [80]. 

Considering the evidence that adopting a KD is likely to improve 
symptoms in patients with LI, in 2016, we (all authors exclusive of Wahi 
and Gower) began working with individuals with LI willing to adopt a 
KD to see if their symptoms improved. We modified a ketogenic diet to 
be more suited for LI including but not limited to elimination of artificial 
sweeteners, partially hydrogenated seed oils, and nut flours as well as 
accommodations for individual preferences and food intolerances. From 
anecdotal experiences with these patients with LI, as well as reports from 
hundreds of others who participate in our online meetings and support 
groups, we came to believe that adopting a KD reduces LI symptoms for 
most patients. This paper presents our hypothesized mechanisms behind 
these observed effects. 

Hypothesis 

We hypothesize that a KD modified specifically to treat LI can reduce 
symptoms, providing both symptom relief as well as a substantial 
reduction in AT. There is strong evidence that a KD will impact three 
generally recognized symptoms of LI: (1) reduction of weight and 
excessive AT deposition, (2) pain reduction, and (3) QoL improvement. 
We also present the evidence for the effectiveness of a KD in four 
additional less acknowledged symptoms of LI as promising and worth 
investigating further: (1) alterations in metabolism and hormonal 
function, (2) edema or tissue water content reduction, (3) inflammation 
reduction, and (4) fibrosis prevention and reduction. Anecdotally, we 
have observed all these effects in patients adopting a KD adapted for LI. 
In this paper, we present our proposed mechanisms behind these seven 
observed effects. 

Reduction of weight and excessive AT deposition 

As noted above, KDs have long been effective at producing rapid 
adipose loss. From the first known book on diet published in 1869, Letter 
on Corpulence [81], to modern iterations of the Atkins diet [82], CHO 
restriction has been shown to be a potent tool for weight loss. KDs are 
effective for weight loss primarily due to its ability to decrease insulin 
and the increased satiety experienced with a high fat intake [83]. This 
shift in cellular energy metabolism from ‘glucocentric’ to ‘adipocentric’ 
(deriving most energy from fatty acids and ketones) sets up the perfect 
sustainable lipolytic environment without the risk of sarcopenia that 
occurs with calorie restricted diets [84]. 

Several possible explanations exist for why KDs appear to permit AT 

Fig. 4. Lipedema adipose tissue (LAT) remodeling, 
inflammation and fibrosis. Endogenous stressors 
include excess glucose intake, ion flux (potassium 
[K+] and chlorine [Cl-] efflux, calcium [Ca+] and 
sodium [Na+]), mitochondrial release of reactive 
oxygen species (ROS) and oxidized mitochondrial 
deoxyribonucleic acid (DNA), excess extracellular 
adenosine triphosphate (ATP), oxidized low density 
lipoprotein (LDL), cholesterol and monosodium urate 
crystals, hyaluronic acid, adipose hypertrophy, hyp
oxia, necrosis, estrogen dysregulation. Multifactorial 
endogenous stressors trigger NLRP3 inflammasome 
activation that leads to pyroptosis in LAT. The 
release of inflammatory contents into LAT produces a 
chronic immune response that remains unresolved. 
The excessive release of neutrophils and macro
phages produces irregularly sized multinucleated 
crown-like structures that contribute to chronic LAT 
remodeling, inflammation, and fibrosis.   
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loss in LI while conventional diets do not. LI adipocytes may require 
much lower levels of insulin than other adipose cells for lipolysis to 
occur, have impaired glucagon sensitivity, and/or be insulin resistant 
despite the presence of systemic insulin sensitivity. This third possibility 
is perhaps the most promising, since the onset of LI occurs during times 
of systemic insulin resistance [85], and hypertrophied adipocytes are 
linked to insulin resistance [86]. 

Adipocyte size, plasma insulin levels, and leptin levels decrease with 
KDs [87]. As higher insulin levels promote lipogenesis and adipocyte 
hypertrophy, a diet low in CHO results in lower and more stable blood 
glucose and insulin [88]. These effects are important considerations for 
treating LI. We suggest the metabolic changes induced by nutritional 
ketosis may have far-reaching implications for managing the dramatic 
proliferation of adipocytes and the hyper-inflammatory response found 
in LI in three distinct ways: (1) by reducing overall adiposity through 
energy demand driven lipolysis, (2) by driving insulin low enough to 
allow lipolysis of LI adipocytes while simultaneously suppressing 
appetite through an influx in glucagon, and (3) by preventing any 
further progression of the disease, previously considered to be 
impossible. 

Glucagon, as the primary catabolic hormone, works in opposition to 
insulin, which functions as an anabolic, or storage, hormone. Previously 
thought to only be involved in prevention of hypoglycemia by increasing 
the glucose output from the liver, glucagon is now known to also be 
involved in energy homeostasis and lipid and amino acid metabolism, 
and also serves as a key stress hormone [89,90]. Energy regulation is 
sustained by glucagon through an increase in satiety which in turn re
duces food intake while simultaneously increasing energy expenditure 
and creating heat [90]. 

Glucagon resistance may result in hypoglycemia and/or hyper
triglyceridemia [91]. At least one study found that women with LI ten
ded to have higher serum cholesterol and triglycerides compared to 
controls [5], although this is contradicted in more recent research [4]. 
Impaired glucagon sensitivity may contribute to excessive AT deposi
tion, reduced tissue temperature, and poor satiety found in patients with 
LI, despite there being a low prevalence of insulin resistance and type 2 
diabetes among patients with LI. If glucagon resistance is found to be 
associated with LI, this may contribute to excess adiposity and difficulty 
losing weight. Because ketosis has been found to normalize insulin and 
glucose secretions, a KD may be beneficial in reversing glucagon resis
tance [92]. 

Reducing pain 

Researchers have suggested that due to shared mechanisms of sei
zures, neuropathic pain, and inflammation, the effects of therapeutic 
ketosis induced by a KD may also reduce pain and support the man
agement of chronic pain [75]. Several animal studies have shown a 
reduction in sensitivity to thermal pain, mechanical pain, and/or neu
ropathy after several weeks of a KD [93–95]. Masino and Ruskin [75] 
hypothesize that CHO restriction decreases the excitability of neurons, 
which can suppress the perception of pain, block glycolysis, reduce 
inflammation, and boost levels of adenosine, a natural analgesic. 

In a randomized controlled trial of older adults with osteoarthritic 
knee pain comparing a low fat diet (LF) with a low CHO diet (LC), the LC 
group had significantly greater reductions in pain with a similar amount 
of weight loss [96]. The authors postulate that oxidative stress from CHO 
consumption in the LF group resulted in higher pain and inflammation 
from elevated levels of ROS, while the LC group enjoyed decreases in all 
these measures [96]. The finding was similar in a previous study of 
overweight adults by Yancy et al. [97] in which the LC KD group had 
superior results in all health related QoL measures, including pain, 
compared to a LF group. 

The effect of CHO restriction on pain was also observed in a clinical 
trial of women with LI after seven weeks of a KD [98]. Pain was 
significantly reduced at week seven but returned to previous levels after 

six weeks of a diet of standard Norwegian fare, despite maintenance of 
weight loss. We have found the same profound reduction of LI pain with 
as little as two weeks of CHO restriction within various online support 
groups and through clinical treatment. Consistent with Shin and col
leagues [29], we hypothesize that pain in LI is largely due to inflam
mation, which is curtailed under a KD and may be completely 
independent of any weight lost. 

Improving quality of life and psychological functioning 

Recent research demonstrates that symptom severity may be an 
important predictor of QoL in LI [8,30]. Since a well-formulated KD has 
been shown to be effective in reducing weight and pain, the severity of 
other symptoms associated with LI may also be affected. As has been 
shown in weight reduction in individuals with obesity, losing weight 
will likely lead indirectly to improvement in QoL for those with LI [99]. 
Additionally, reduction in weight and size, particularly in body areas 
most affected, decreases appearance-related distress and depression, 
which are important aspects of psychological functioning [30]. 

Conversely, diets high in CHO (defined as greater than 45% of cal
ories) [18] have been shown to be associated with a higher incidence of 
depressive, anxiety, and somatoform disorders in several large epide
miologic cohort studies [100–103]. Although these findings are not 
specific to patients with LI, the unhealthy interaction between eating 
disorders, CHO cravings, and mood dysregulation seen in the general 
population as well as in patients with LI [104] may be successfully 
disrupted by the CHO restriction found in KDs. 

Also outside of patients with LI, research in both animals and humans 
has shown that adopting a KD improves mood, attention, and social 
interactions, and also reduces depression through possible underlying 
mechanisms affecting brain function [105,106]. These mechanisms may 
include diet-induced changes in energy consumption or neurotrans
mitter usage (GABAergic/glutamatergic transmission and monoamine 
modulation) and by altering biological mediators present in mood dis
orders that can then reduce depression [107]. KDs increase neuro
trophin BDNF [108], improve oxidative imbalances [109,110] and 
reduce systemic inflammation common in people with mood disorders 
[111,112]. However, due to limited generalizability of animal models to 
analogous conditions in humans, and due to the lack of research spe
cifically directed at patients with LI, further research is needed into how 
adopting a KD may improve QoL in LI [113]. 

Thyroid function 

Thyroid function decreases in hypocaloric conditions to defend 
against weight loss during famine. We call this condition “famine 
response hypothyroidism.” This phenomenon involves a resetting of the 
hypothalamic thermostat downward to maintain a decreased meta
bolism by defending the active thyroid hormone liothyronine (T3) at the 
low end of normal [114]. Levothyroxine (T4), the main circulating 
thyroid hormone, is inactive and is converted to both T3 and reverse T3 
(rT3), a form of the hormone which may inhibit metabolism (see Fig. 5). 
Famine response hypothyroidism may occur with either low levels of T3 
or somewhat low levels of T3 coupled with high levels of rT3. The effect 
of KDs on thyroid function is less clear than that of hypocaloric diets. 

Thyroid function in KDs has been studied in adults with obesity and 
children with epilepsy. In weight loss attempts with human subjects 
using KDs, aspects of famine response hypothyroidism occur [115–117]: 
KDs decrease the active hormone free T3 [115] and total T3 (TT3) [116], 
and increase rT3 [117]. As is typical in famine response, FT4 and total T4 
(TT4) remain stable with similar dietary interventions in humans [115]. 
In famine response in humans, these changes in thyroid are regulated by 
leptin [118]. In weight-stable patients, Volek et al. [119] found an in
crease in TT4 and no change in T3 uptake (measure of degree of satu
ration of the thyroid binding globulin with thyroxine in the blood rather 
than an assessment of T3). In a study of a diet designed for weight 
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maintenance, average T3 levels were in the lowest quartile of the 
reference range both before and after treatment [120]. A decrease 
during treatment was not significant, but the small sample size (n = 4 
each group) precludes ruling out an effect. None of these studies 
examined thyroid symptoms. Without information on symptoms, we 
cannot determine whether famine response hypothyroidism is occurring 
in KD, but the results are suggestive. 

These hormonal results lead us to hypothesize that part of the 
extreme resistance to weight loss in patients with LI may be related to 
famine response hypothyroidism, undetected by standard measurement 
of TSH. Despite the fact that low metabolism was identified as one of the 
characteristics of LI in the original work [2], evaluation and treatment 
strategies have not been pursued for this population. As described by 
Rowsemitt and Najarian [43], we believe that by assessing hypothyroid 
symptoms, FT3, rT3, and FT3/rT3 ratio, famine response hypothyroidism 
will be revealed in many individuals with LI. 

Although there are no studies of thyroid function on KDs in LI, we 
have seen numerous patients with LI who are symptomatic of low thy
roid on KD. To date, we have measured ratios of FT3/rT3 in nine such 
patients. Low ratios (<0.20) were found in 8/9 patients with the 
remaining patient having FT3 < mid-range. Thus, all of them qualified 
as famine response hypothyroidism. Three had uncommonly low ratios 
(0.06–0.08). The two with the highest ratios (0.41 and 0.17) were on 
some thyroid treatment including both T3 and T4. The only other 
treated patient was on T4 only and had a ratio of 0.13. Median ratio was 
0.13. (Rowsemitt, clinical observation). Treating this condition with 
straight T3 for those with a low ratio may prove to be an important factor 
in helping many people with LI lose weight as well as improve other 
symptoms of hypothyroidism, such as fatigue, depression and hair loss. 
We believe that medical management of famine response hypothyroid
ism will enhance the response to a ketogenic diet modified for LI and 
potentially strengthen positive outcomes. 

Estrogen/insulin connection and weight loss 

Substantial differences occur regarding the estrogen-insulin 
connection between populations. Compared to Caucasian women, 
African-American (AA) women have greater obesity prevalence [121], 
higher circulating estradiol [122,123], and dramatically higher circu
lating insulin when given a glucose challenge [124]. Thus, AA women’s 
endocrinology is optimized for fuel storage, as appears to be also true in 
LI. In AA adult women, greater insulin sensitivity at baseline was asso
ciated with greater weight (adipose) gain over a year but not in 
Caucasian women [125]. The effect of insulin sensitivity was 

exaggerated in women who consumed a high glycemic diet, which 
promotes insulin secretion. In prospective interventional research, a low 
glycemic diet, in contrast to a low fat diet, was more effective at pro
moting adipose loss in AA vs Caucasian participants [126]. These studies 
suggest that naturally occurring variation in concentrations and/or ac
tions of estrogen and insulin can facilitate the accumulation of AT. 
However, a low CHO diet is a possible solution to estrogen/insulin- 
driven obesity. Studies of the estrogen-insulin relationship should be 
explored in LI, particularly regarding the questions of onset at both 
puberty and menopause. 

Reducing edema 

Edema results from a fluid imbalance due to lymphatic system 
dysfunction, either through fluid overload or impaired fluid transport. 
Assuming edema co-occurs with LI, both causes may be present, but with 
respect to KDs, we would like to focus on the potential cause of fluid 
overload in body regions affected by LI possibly influenced by capillary 
permeability and elevated sodium content (as shown in Fig. 3). We 
postulate that the CHO restriction paired with fat consumption pro
moted as part of a well-formulated KD can reduce the excess tissue water 
content found in LI. In fact, this dietary intervention was found to be 
successful in a pilot study of 12 adults with obesity and LE [127]. Par
ticipants who adopted a KD were able to achieve greater reduction in 
lymphedematous limb volume. However, no studies have been per
formed to assess the effect of a KD on edema or tissue water content in LI. 

A high CHO diet composed of >45% of total daily calories [18] has 
been found to cause water retention that ultimately contributes to 
overwhelming lymphatic load. Additionally, glycogen storage requires a 
minimum 1:3–4 ratio with water, and can be as high as 1:17 in certain 
conditions, leading to fluid retention to accommodate glycogen storage 
[128]. This excess fluid needed for glycogen storage accounts for the 
large immediate weight loss that frequently occurs with the onset of 
either caloric or CHO restriction in the general population [129]. For 
this reason, we hypothesize the CHO restriction in KD may reduce the 
fluid burden on the lymphatic system, thus reducing tissue water con
tent in women with LI. 

Further, in LI a KD may increase lymphatic transport due to 
decreased lymphatic endothelial cell permeability. Lymph capillary 
endothelial integrity is impaired with insulin resistance, type 2 diabetes 
[130,131] and metabolic syndrome [132], all conditions that are asso
ciated with high CHO intake. Therefore, a KD may lessen fluid load due 
to a reduced assault on lymph capillary endothelium. Scallan et al. [131] 
found reduced lymph vessel permeability in the presence of increased 
nitric oxide (NO) action in transgenic mice. NO bioavailability is 
enhanced by L-arginine, an essential amino acid amply provided by KDs. 
Additionally, higher levels of the AT-derived hormone adiponectin, are 
associated with lymph vessel formation and improved vessel integrity 
[133]. Increased levels of adiponectin occur with high fat consumption, 
ketosis, and KDs [134,135]. 

Decreasing inflammation 

Although historically non-pharmacologic interventions were 
thought to be ineffective against inflammation, several studies utilizing 
a form of KD consistently show reduced inflammatory markers 
[77,135,136]. However, studies have not been done to assess inflam
matory biomarkers for LI, so here we look to the effect of KDs on 
inflammation in other conditions. Observations of the anti- 
inflammatory effect of KDs in other patient groups can suggest 
possible mechanisms for this effect in LI. 

High-sensitivity C-reactive protein (hsCRP) is a common measure of 
generalized inflammation and cardiovascular risk. In studies examining 
cardiovascular disease, a KD was associated with statistically significant 
hsCRP reduction [77,136]. Santos et al. [137] had a similar finding in a 
meta-analysis of 23 controlled clinical trials of low CHO diets. In a pre- 

Fig. 5. Main thyroid hormone pathways. The prohormone levothyroxine (T4), 
the main circulating form, is inactive and is converted to both liothyronine (T3) 
and reverse T3 (rT3). rT3 is a form of the hormone which may inhibit meta
bolism. The amounts and ratio of conversions to T3 and rT3 are important in 
famine response hypothyroidism. 
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bariatric surgery study of 22 patients with obesity, those on a KD had a 
statistically significant 46% increase in adiponectin, an anti- 
inflammatory adipokine, compared to those not on a KD [138]. 

Ketone bodies play a key role in modulating inflammation and 
reducing oxidative stress [139]. The ketone BHB has been proposed as a 
potential clinical therapeutic intervention for suppressing NLRP3- 
mediated pro-inflammatory diseases in animal studies [57] (see 
Fig. 6). KDs are associated with improved mitochondrial respiration and 
inhibition of NLRP3 activation. This is accomplished by halting K+
efflux from the cell [57] and decreasing both oxidative stress [110] and 
extracellular adenosine 5′-triphosphate (eATP) [57,140] as depicted in 
Fig. 6. 

Results from a randomized controlled trial of overweight men and 
women with dyslipidemia [141] comparing a KD to a low-fat diet sug
gest that it is the macronutrient composition, and not caloric restriction 
or weight loss alone, that produces greater anti-inflammatory effects. 
With respect to patients with LI, it is also important to note that diets 
targeting reduction of inflammation have been highly recommended by 
leading LI clinicians and researchers, albeit based on their own expert 
opinion, anecdotal evidence, and experience [28,142]. 

Preventing and decreasing fibrosis 

While little is known about the natural history of fibrosis in LI, it has 
been shown that anti-inflammatory KDs are associated with decreased 
fibrosis in non-alcoholic fatty liver disease (NAFLD). A small pilot study 
(n = 5) in 2007 demonstrated a reduction in inflammation and fibrosis in 
NAFLD patients who undertook a 6-month KD [143]. Peng et al. [144] 
and Glass et al. [145] also observed reductions in hepatic fibrosis using a 
KD to treat NAFLD. 

KDs increase adiponectin levels, which may contribute to inhibiting 
fibrogenesis. Profibrogenic factors such as ROS and leptin are decreased 
with KDs [110,138,146]. We speculate that a KD may prevent and/or 
reverse fibrosis in LI, but formal studies are needed to evaluate this 
prospect. 

Conclusion 

In conclusion, we present our hypothesis, which is that adopting a 
KD in patients with LI could directly positively impact the clinical course 
of their disease, and we describe the proposed mechanisms behind these 
effects. Studies of these mechanisms need to be done directly on patients 
with LI (both with and without obesity) who agree to undergo a 

therapeutic KD. Research should focus on the seven LI impacts described 
in this paper, and how these are influenced by applying a KD in patients 
with LI. 

In actuality, cross-sectional and observational longitudinal studies of 
patients with LI, regardless of the type of interventions participants may 
be using, should seek to gather measurements of all of these seven topics 
in as optimal a way as possible, and if the research is longitudinal, these 
measurements should be tracked over time. That way, researchers will 
have a better understanding of these features of patients with LI in many 
different life circumstances and undergoing different therapeutic plans, 
in order to reasonably estimate the actual impact on these factors when 
applying a KD to this patient population. 

Applying KDs in patients with LI can be done in the context of 
research, but studies must be designed carefully. Clinical trials of diets 
cannot be blinded, and many patients with obesity and LI have a history 
of serial dieting. Although diet studies have generally seen low adher
ence, our experience with our cohort of patients with LI has been the 
diametric opposite, in that they have been very engaged and adherent. 
Nevertheless, the research context portends challenges in defining the 
sample homogenously through inclusion and exclusion criteria (and still 
recruiting a large enough sample), having accurate and appropriate 
measurements for all the factors, and, if conducting a clinical trial, 
having an effective randomization scheme that creates an adequate 
comparison group representing the counterfactual. One solution to this 
could be a cross-over design, where diets A and B are studied, and each 
patient with LI is randomized to either participate in A for a period of 
time then cross over to B, or vice versa. In a cross-over design, each 
patient serves as their own control, but time trends can complicate 
establishing a true counterfactual. What the true counterfactual should 
be can be debated: is it traditional dieting, since there is no “usual care” 
for patients with LI? 

The purpose of this paper is to encourage research into patients with 
LI in these seven areas, and to specifically encourage research that ex
amines the potential therapeutic impacts of adopting a KD in this patient 
population. Although a vast amount of research is needed, not all studies 
need to be extensive. Small scale researchers with access to patients with 
LI could lead laboratory studies so that biomarker levels of these patients 
are better known (especially with respect to thyroid biomarkers). Clin
ical researchers treating patients with LI could work to design validated 
instruments to measure LI-related pain or QoL. Due to the large gap in 
the scientific literature about patients with LI, high quality studies are 
welcome that help elucidate the topics and mechanisms discussed in this 
paper to contribute to knowledge about LI in general. Because we feel 

Fig. 6. How a ketogenic diet improves adipose tissue 
(AT) function. BHB = beta hydroxybutyrate. 
Stressors reduced include low or zero glucose intake, 
decreased adipocyte hypertrophy/hyperplasia/hyp
oxia/necrosis, inhibition of potassium (K+) efflux 
and reduced ion flux, reduced reactive oxygen spe
cies (ROS) and oxidized low density lipoprotein 
(LDL) improved resistance to oxidative stress and 
mitochondrial deoxyribonucleic acid (DNA) damage, 
and improved hormonal regulation. Ketones, such as 
BHB, are produced, and endogenous stressors are 
reduced with a ketogenic diet. BHB interrupts NLRP3 
inflammasome activation and improves mitochon
drial respiration leading to improved AT function.   
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that currently the most promising treatment for LI appears to be appli
cation of a KD, we would specifically recommend that this research in
cludes testing the efficacy of applying a KD. Gathering evidence around 
the use of KDs in patients with LI can generate further elucidation so that 
the impacts of this diet are better understood. 
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