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Chapter 15

Medical Nutrition Therapy in Lipedema 
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Abstract

Lipedema is a chronic adipose tissue disorder that mostly affects women, 
including changes in adipose tissue and vascularity anomalies, although its 
pathology is not known exactly. Lipedema adipose tissue (LAT) leads to 
chronic systemic inflammation in the body. Since there is no clear proven 
cure, the main goal is to alleviate the symptoms associated with the disease. 
Traditional dietary approaches are ineffective on LAT, but dietary models 
in which carbohydrate intake is restricted and antioxidant-containing food 
intake is increased can be a therapeutic approach in reducing inflammation and 
symptoms caused by lipedema. The ketogenic diet, with its low carbohydrate 
content, is the most frequently studied dietary approach in lipedema and is 
thought to be the most appropriate for patients. By improving blood glucose 
profile and insulin resistance, it prevents hyperglycemia induced inflammation 
supported by lipedema. It also suppresses pain caused by inflammation by 
causing a decrease in C-reactive protein (CRP) level. The Mediterranean diet, 
which is high in antioxidants, is another nutritional model that has been 
reported to have positive effects on lipedema. It is stated that it can be applied 
to patients with lipedema because of the abundance of anti-inflammatory 
foods in the diet and the minimum level of components that can lead to pro-
inflammatory cytokine production in the body. On the other hand, vitamins 
and minerals, which have important roles in ensuring the physiological 
functioning of the body, should be considered as supplementation according 
to their levels in the body in order not to worsen the negative clinical 
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picture caused by LAT. In conclusion, there is still a need for more studies 
to understand the mechanism of lipedema and to provide the treatment 
methods it requires. The aim of this chapter is to provide information to the 
readers about the medical nutrition therapy that can be applied in lipedema 
according to the current literature.

Introduction

Lipedema is a painful adipose tissue disorder that usually occurs in the 
extremities and is characterized by abnormal subcutaneous fat accumulation 
(Crescenzi et al., 2018). It is frequently seen in women (it is thought to be 
11-19% of the female population, with the possibility of being even more) 
due to hormonal changes with the increase in the expression of estrogen, 
which plays a role in lipid metabolism, with puberty, and it has a genetic 
predisposition (Buso et al., 2019; Herbst et al., 2021). Since estrogen may 
be associated with subcutaneous adipose tissue accumulation in the gluteal 
and femoral regions, it has been stated that adipose tissue dysfunction due to 
the change in estrogen receptor alpha (Erα) and estrogen receptor beta (Erβ) 
ratios in areas of involvement may be a possible mechanism responsible for 
lipedema (Krotkiewski et al., 1983; Kruppa, 2020; Katzer et al., 2021). In 
addition, although its pathophysiology is not fully known, it has been noted 
that it may also result from microangiopathy of blood and lymphatic vessels 
and microvascular dysfunction (Al-Ghadban et al., 2019a). On the other 
hand, lipedema causes angiogenesis and increased capillary permeability as 
a result of hypoxia caused by unregulated adipogenesis. It is examined in 5 
different types (Figure 1) according to its anatomical location and in 4 stages 
(Figure 2) according to its severity (Herbst, 2012).

Figure 1. Lipedema types (Keith et al., 2021)
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Figure 2. Lipedema stages (Keith et al., 2021)

Unlike lymphedema, there is bruising, severe pain, non-pitting edema, 
and hypersensitivity to pressure in the lower extremity areas where the 
involvement is present (Buso et al., 2019). In advanced levels, it can lead to 
deterioration in the lymphatic system and cause lipolymphedema (Herbst, 
2012; Gould et al., 2020). Crescenzi et al. (2018) revealed that even women 
with less severe lipedema have high sodium accumulation in muscle, skin, 
and subcutaneous adipose tissue (SAT). This suggests that the disease may 
adversely affect lymphatic capillary drainage even at mild levels. Lipedema 
patients are often misdiagnosed for obesity in the diagnosis because 
they appear to be overweight, but the localization of fat accumulation, 
hormonal changes thought to be the main trigger of the disease, the affected 
population, and the time of onset of the disease constitute characteristic 
features for the diagnosis of lipedema (Forner-Cordero et al., 2012; Kruppa 
et al., 2020). The diagnosis is made by family history, clinical observation 
and physical examination, and the main criterion is bilateral fat involvement 
extending from the hip to the ankle (Wold et al., 1951). In the treatment, 
it is aimed to reduce the inflammation caused by lipedema adipose tissue 
by increasing the level of physical activity and to alleviate symptoms such 
as severe pain, which is thought to be caused by inflammation (Crescenzi 
et al., 2018; Al-Ghadban et al., 2019a). In addition, it is aimed to prevent 
the worsening of other pathological conditions such as obesity, lymphedema 
and venous insufficiency in the prognosis of this disease (van la Parra et 
al., 2023). Current treatment options include conservative decongestive 
therapy, physical rehabilitation, liposuction, and certain dietary approaches 
whose effectiveness has been frequently studied in recent years.
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1. Medical Nutritional Treatment of Lipedema

Patients with lipedema have a different adipose tissue distribution and 
content than obese individuals without lipedema. Lipedema adipose tissue 
is resistant to exercise, traditional calorie-restricted diets, and weight loss 
with bariatric surgery in the treatment of obesity (Crescenzi et al., 2018; 
Herbst et al., 2021). On the other hand, this tissue causes low-level chronic 
inflammation in the body. Although it is known that most of the patients 
with lipedema have obesity, which is also a chronic inflammation condition, 
it has been stated that the inflammation in these individuals is independent 
of obesity (Okhovat and Alavi, 2015; Al-Ghadban et al., 2019a). This 
reveals that the inflammation caused by lipedema adipose tissue cannot be 
alleviated by approaches in the treatment of obesity. Since the symptoms seen 
in patients are thought to be caused by the systemic inflammation caused by 
LAT, the main goal for treatment is to eliminate this condition (Suga et 
al., 2009; Al Ghadban et al., 2019a). For this reason, it has been revealed 
that some diet types with high antioxidant and anti-inflammatory content, 
especially the ketogenic diet, can have a positive effect on the clinical picture 
of the disease by reducing the current inflammatory status and preventing 
the possible increase in LAT induced inflammation (Masino and Ruskin, 
2013; Roberto and Cione, 2020; Di Renzo et al., 2021). 

The aim of the present review is to provide readers with information 
about medical nutrition therapy and various dietary approaches in patients 
with lipedema.

1.1. Low-Carb Ketogenic Diet

The ketogenic diet (KD) is a diet approach with very low carbohydrate 
(<50 g/day), very high fat and sufficient protein content (Ułamek Kozioł 
et al., 2019). There are 4 main types: classic long chain triglyceride (LCT) 
KD, medium chain triglyceride (MCT) KD, modified Atkins diet (MAD) 
and low glycemic index diet. Among these, the most commonly applied 
is the 4:1 LCT type, which defines 1 gram of protein and carbohydrate 
against 4 grams of fat (Paoli, 2014; Kossoff et al., 2018). The main target 
is the formation of ketosis in the body by the production of ketone bodies 
(acetone, acetoacetate, β hydroxybutyrate), which is confirmed by a beta-
hydroxybutyrate (BHB) value of ≥0.5 mmol/L in the blood (McKenzie 
et al., 2017). In ketosis, fatty acid oxidation is provided and ketone bodies 
are used as the body’s main energy source instead of glucose (Valenzuela 
et al., 2021). Due to the effects of ketogenic diet such as reconstruction 
of damaged myelin sheaths, improvement of impaired metabolic events of 
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neurons, suppression of reactive oxygen species (ROS) production, and thus 
prevention of neuronal inflammation, this diet is used in the clinic, especially 
in the management of epilepsy that does not respond to antiepileptic drugs 
and in the nutritional treatment of various other neurological diseases 
(Ułamek Kozioł et al., 2019; Dyńka et al., 2022). 

Ketone bodies formed in the body with KD may be effective in the 
nutritional treatment of lipedema by having anti-inflammatory properties 
and reducing oxidative stress (Dupuis et al., 2015; Puchalska and Crawford, 
2017; Di Renzo et al., 2021). Even though the exact mechanism is not 
known, it has been stated that the pain caused by lipedema is alleviated by 
this antioxidative and anti-inflammatory effect of KD (Suga et al., 2009). 
Cannataro et al. (2021) revealed that, in addition to a weight loss of 41 kg 
in the lipedema patient on a ketogenic diet, a decrease in CRP (C-reactive 
protein) level compared to baseline, a decrease in general pain complaints 
and an improvement in other biochemical parameters. Similarly, Sørlie et 
al. (2022) noted a significant reduction in both weight loss and chronic 
pain in women with lipedema following a 7-week ketogenic diet. At the 
end of the KD diet, the women who consuming the Scandinavian diet for 
the following 6 weeks continued to lose weight while their chronic pain 
returned. This result reveals that the ketogenic diet can reduce pain with 
its anti-inflammatory effect independent of weight loss (Suga et al., 2009; 
Strath et al., 2020). 

High carbohydrate consumption (more than 45% of total energy) and 
proinflammatory effects of postprandial hyperglycemia are considered as 
possible causes for the development of lipedema (Gregersen et al., 2012; 
Nankam et al., 2022). Conversely, the ketogenic diet has a very low 
carbohydrate content and therefore lowers the level of oxidative stress, 
leading to a reduction in inflammation. In addition, it induces an increase in 
the amount of adenosine, a natural analgesic, which is a possible mechanism 
that suppresses pain sensation in lipedema (Masino and Ruskin, 2013; 
Lusardi et al., 2015; Strath et al., 2020). In addition, although lipedema 
does not reduce adipose tissue, its coordinated application with exercises 
such as swimming, yoga and pilates that can help lymphatic drainage can 
improve the pain caused by these, as a result of eliminating edema, hypoxia 
and inflammation in patients (Al-Ghadban et al., 2019b). In a study 
examining the effectiveness of two diets with different carbohydrate and fat 
contents in patients with lipedema, a high antioxidant and low carbohydrate 
high fat (LCHF) diet was found to be more effective in reducing lipedema 
induced pain and swelling compared to a medium carbohydrate medium 
fat diet consisting of low glycemic index foods. It has been shown to be 
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more effective in reducing weight and correcting impaired body proportion 
(Jeziorek et al., 2022) (Figure 3 and 4).

Figure 3. Pre-treatment (1A and 2A) and post-treatment (1B and 2B) body views of 
patients following a low carbohydrate high fat (LCHF) diet (Jeziorek et al., 2022)

Figure 4. Pre-treatment (4A and 5A) and post-treatment (4B and 5B) body appearances 
of patients following a diet with moderate carbohydrate moderate fat (MCMF) content 

(Jeziorek et al., 2022)
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The glycogen stores in the body also require water retention (Lorenzo et 
al., 2019). Since increased glycogen stored with diet applications with high 
carbohydrate content will lead to more fluid retention, this can be considered 
as a possible cause of edema and increased tissue fluid in lipedema, apart 
from all the other mechanisms described so far (Gould et al., 2020). For 
this reason, it has been stated that KD application may contribute to both 
the destruction of storage glycogen and the alleviation of edema caused 
by excessive fluid accumulation due to excess amount of storage glycogen 
(Keith et al., 2021). 

It has been shown that lipedema adipose tissue may be closely related to 
insulin resistance due to its hypertrophic adipocyte structure (Gustafson et 
al., 2015; Faerber, 2018). Insulin resistance and high insulin levels promote 
lipogenesis and are among the main causes of systemic chronic inflammation 
(Bertsch et al., 2020). For this reason, diets with low carbohydrate content 
are important in patients with lipedema to prevent hyperinsulinemia and 
provide glycemic control (Goss et al., 2020; Michalczyk et al., 2020; 
Rasmussen et al., 2020). In a study, in type 2 diabetes patients using insulin 
and other antidiabetic drugs, although the drug doses used by some patients 
were halved, the application of a low carbohydrate ketogenic diet (LCKD) 
for 24 weeks reduced blood glucose and glycosylated hemoglobin (HbA1c) 
to normal levels and was more effective than low-calorie diet. (Hussain 
et al., 2012). In another study, it was revealed that the low-carbohydrate 
Atkins diet applied for 2 years in diabetes patients decreased the blood 
insulin value and caused a significant decrease in HbA1c and CRP levels 
(Shai et al., 2008). In a recent study, it was stated that feeding with a low 
carbohydrate high fat (LCHF) diet caused a decrease in fasting insulin level 
and triglyceride concentration, and this diet may be a suitable nutritional 
approach for patients with lipedema (Jeziorek et al., 2023). On the other 
hand, in addition to low carbohydrate content, a low glycemic index diet 
prevents insulin levels from increasing by balancing blood glucose (Reich-
Schupke et al., 2017; Buso et al., 2019; Jeziorek et al., 2022). Westman 
et al. (2008) compared the effects of LCKD and low glycemic index diet 
(LGID) in type 2 diabetes patients, and stated that although they noted 
improvements in HbA1c, blood glucose and blood insulin levels in both 
groups, the effectiveness of LCKD was more dominant than LGID. This 
suggests that the low carbohydrate content of the ketogenic diet is a more 
important factor in inhibiting the formation of high insulin levels that cause 
lipogenesis stimulation. In addition, due to its low carbohydrate content, 
it may be a more effective option in suppressing lipedema adipose tissue 
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increase in terms of blood glucose, insulin level and various other biochemical 
parameters.

1.2. Anti-inflammatory Mediterranean Diet

Given the LAT induced infection in lipedema patients, feeding a diet 
high in anti-inflammatory content may help alleviate symptoms caused by 
inflammation. The Mediterranean diet, which is one of them, is a nutritional 
approach that is stated to have positive results in individuals with lipedema 
due to its antioxidant, anti-inflammatory, antihyperglycemic and antidiabetic 
effects. Although the results of studies examining the effects of this diet 
directly on individuals with lipedema are very limited, the available data in 
the literature reveal that this diet has positive effects on patients (Di Renzo 
et al., 2021). 

The Mediterranean diet consists of a diet with a high seasonal fruit 
and vegetable content, rich in seafood, limited in red meat, unrefined 
whole grains, consuming olive oil as a lipid source, and increasing nuts 
consumption (Schwingshackl et al., 2020). Fish, red wine, fruit and 
vegetables, flavonoids and other foods rich in antioxidants, which make 
up the diet, strengthen the body’s endogenous antioxidant system and 
prevent the increase in proinflammatory cytokines and oxidative stress levels 
(Holt et al., 2009). Studies have proven that it plays a role in the reduction 
of inflammatory biomarkers, especially CRP and Interleukin-6 (IL-6) 
(Estruch, 2010; Schwingshackl and Hoffmann, 2014). Haghighatdoost and 
Hariri (2019) revealed that the consumption of grapes and the resveratrol it 
contains causes a decrease in CRP levels and has a protective effect against 
inflammation. Granado-Serrano et al. (2012) stated that Quercetin, an 
antioxidant flavonoid found mostly in onions, vegetables and fruits such 
as apples, strawberries, and red leaf lettuce, mediates the inhibition of free 
radical production by increasing intracellular glutathione levels. Prasad et 
al. (2013), on the other hand, showed that Quercetin plays a role in the 
scavenging of reactive oxygen species (ROS) and hydroxyl radicals formed 
in hypoxic state.

Fish, which has an important place in the Mediterranean diet, contains 
plenty of omega-3 (w-3) fatty acids, which have anti-inflammatory 
properties and suppress inflammation in various diseases (Alexander and 
Supp, 2014). Together with W-3 polyunsaturated fatty acids (PUFA), 
Eicosapentaenoic acid (EPA) and Docosahexaenoic acid (DHA), it reduces 
the levels of inflammatory cytokines such as Tumor Necrosis Factor-α 
(TNF-α) and IL-6 (McDaniel et al., 2008). Olive oil, on the other hand, 
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replaces animal and refined oils in the diet, contributes to the development 
of sirtuin 1 gene (SIRT1) expression, which provides the resistance of cells to 
oxidative stress with its polyphenols in its structure, and leads to inhibition 
in proinflammatory cytokine production (Schwingshackl et al., 2020). 

The Mediterranean diet provides improvement in high blood glucose and 
insulin resistance, which have a proinflammatory effect and increase lipedema 
symptoms (Bertsch et al., 2020). Restriction of sugar, fructose, refined 
carbohydrates, processed foods and sweeteners, high vegetable content 
and high fiber consumption (>25 g/day) in the diet lead to suppression of 
hyperinsulinemia induced insulin resistance and proinflammatory cytokine 
production (Faerber, 2018; Venter et al., 2022). In addition, reducing 
saturated fat intake and increasing consumption of olive oil, nuts and fish 
rich in w-3 also help prevent inflammation (Faerber, 2018). On the other 
hand, it was stated that this dietary approach in diabetic patients caused a 
decrease in HbA1c due to its anti-inflammatory properties, and because it 
is rich in MUFA, it regulates glycemic control and lead to insulin sensitivity 
(Shen et al., 2015; Martín-Peláez et al., 2020). Zhu et al. (2017) revealed 
that resveratrol, which is found in large amounts in fruits such as grapes, 
mulberries, blackberries and strawberries, improves high blood glucose, 
HOMA-IR and insulin resistance.

Vitamins and minerals in the foods that make up the content of 
the Mediterranean diet and other anti-inflammatory diets also play an 
important role in strengthening the antioxidant system and correcting the 
inflammatory condition. For example, selenium, which is found at high 
levels in the structures of seafood and oilseeds in the diet, participates in the 
structure of enzymes that play a role in the prevention of oxidative stress 
and helps to increase the antioxidant capacity (Mehdi et al., 2013). Nuts, 
which are rich in monounsaturated fatty acids (MUFA) and polyunsaturated 
fatty acids (PUFA), contain plenty of vitamin E, vitamin B2, folate and 
magnesium. Their consumption is inversely related to CRP, IL-6 and other 
inflammatory biomarkers, whose levels are expected to increase due to 
chronic inflammation in lipedema patients (Yu et al., 2016). Hong et al. 
(2018) stated that nut decreased oxidative load and serum proinflammatory 
cytokine levels, while increasing antioxidant enzyme levels. In addition, the 
Mediterranean diet rich in foods with anti-inflammatory properties may also 
promote a reduction in pain caused by inflammation in individuals with 
lipedema. Ortola et al. (2022) revealed that the Mediterranean diet provides 
suppression of pain sensation in older adults and this may be due to the 
anti-inflammatory effect of high consumption of fruits and vegetables rich 
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in potassium, phosphorus, calcium, magnesium minerals and vitamins B, E, 
A and K. 

Although there are not enough studies, it is thought that diets with high 
antioxidant properties, especially the Mediterranean diet, can help prevent 
inflammation or alleviate existing inflammation with all these mechanisms 
and thus be effective in lipedema symptoms.

1.3. Nutritional Supplements in Lipedema

Vitamin and mineral losses may occur due to dietary approaches that can 
be applied to treat lipedema and alleviate its symptoms. Reddy et al. (2002) 
reported that low carbohydrate diet increases urinary calcium excretion and 
may pose a risk in terms of bone loss. Adam-Perrot et al. (2006) stated that 
similar the low-carbohydrate diet is insufficient to provide the micronutrient 
needs of the body. Additionally, in a systematic review, it was revealed that 
the intake of thiamine, folate, magnesium, iron and iodine in the body 
decreased with carbohydrate-restricted diet consumption (Churuangsuk et 
al., 2019). In another study, it was shown that a 3-month ketogenic diet 
could not provide the manganese, vitamin D and E requirements needed by 
the body (Taylor et al., 2019). Therefore, although antioxidative and anti-
inflammatory diets, which are important in the medical nutrition therapy 
of lipedema, can adequately supply the body’s vitamin and mineral needs 
due to their high vegetable and fruit content, low-carbohydrate nutritional 
approaches such as the ketogenic diet may lead to serious micronutrient 
deficiencies in patients with lipedema (Castro- Quezada et al., 2014).

According to the available literature data, the efficiancy of any nutritional 
supplement in lipedema has not been clearly proven (Cannataro and Cione, 
2022). However, since micronutrient deficiencies that may occur with dietary 
approaches that can be applied in the treatment may worsen the inflammatory 
condition caused by lipedema, additional consumption of nutritional 
supplements with anti-inflammatory properties should be evaluated in line 
with the needs of the patients. For example, considering the pain caused by 
LAT induced inflammation in patients, antioxidant and anti-inflammatory 
ascorbic acid can be used to relieve pain (Mikirova et al., 2012). Bai et al. 
(2021) revealed that high vitamin C intake provides a reduction in diabetic 
neuropathic pain. On the other hand, the levels of micronutrients with 
anti-inflammatory properties such as vitamin D, which acts as a modulator 
through various mechanisms in the prevention of systemic inflammation, 
selenium, which contributes to the alleviation of the inflammatory state 
by participating in the structure of some antioxidative enzymes, and zinc, 
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which reduces oxidative stress and suppresses inflammation, should be 
closely monitored in patients with lipedema as well as in every individual 
(Mehdi et al., 2013; El-Sharkawy and Malki, 2020; Drożdżal et al., 2021). 
In addition, vitamins and minerals that are deficient in the body as a result 
of the diets applied should be determined and supplements at the necessary 
levels for the continuity of the physiological functioning of the body 
functions should be arranged together with the physician and dietitian. As a 
result, although the supplementation of micronutrients in individuals with 
lipedema has not been proven, at least preventing the deficiencies of these 
nutrients may allow the dietary approaches that are considered suitable for 
lipedema patients to be applied for a longer period of time without vitamin 
and mineral deficiencies (Jeziorek et al., 2022; Cannataro and Cione, 2022).

Conclusion

Considering the current studies in the literature, although it is not a dietary 
approach that has been definitively proven to be applicable in patients with 
lipedema, those that are stated to be more suitable than other diets are anti-
inflammatory diets, especially the ketogenic diet and the Mediterranean diet, 
due to their low carbohydrate content and anti-inflammatory properties. It 
is seen that their mitigating effect on lipedema disease and its symptoms 
mostly occurs through mechanisms based on low carbohydrate content and 
antioxidant and anti-inflammatory compounds. Therefore, although there is 
still a lot of uncertainty about the pathogenesis of lipedema and appropriate 
treatment options, according to current data, diet applications that target 
the formation of ketosis in the body and high antioxidant anti-inflammatory 
content should be considered as the first choice in medical nutrition therapy. 
In addition, vitamin mineral levels, which have an important place in the 
prognosis of the disease and the clinical picture of the patients, should be 
closely monitored and their supplementation should be considered when 
necessary.



230 | Medical Nutrition Therapy in Lipedema

References

Adam-Perrot, A., Clifton, P., and Brouns, F. (2006). Low-carbohydrate diets: 
nutritional and physiological aspects. Obesity reviews: an official journal of 
the International Association for the Study of Obesity, 7(1), 49–58.

Alexander, J. W., and Supp, D. M. (2014). Role of Arginine and Omega-3 Fatty 
Acids in Wound Healing and Infection. Advances in Wound Care, 3(11), 
682–690.

Al-Ghadban S, Herbst KL, Bunnell BA. (2019b). Lipedema: a painful adipose 
tissue disorder. Editor L. Szablewski, Adipose Tissue-An Update. London, 
UK: IntechOpen.

Al-Ghadban, S., Cromer, W., Allen, M., Ussery, C., Badowski, M., Harris, D., 
and Herbst, K. L. (2019a). Dilated Blood and Lymphatic Microvessels, 
Angiogenesis, Increased Macrophages, and Adipocyte Hypertrophy in 
Lipedema Thigh Skin and Fat Tissue. Journal of Obesity, 2019, 8747461.

Bai, A., Abdullah, F., Kumar, J., Lal, A., Abbas, M., Sandesh, R., Naz, S., Sha-
hid, S., Anees, F., and Memon, S. (2021). The Role of Vitamin C in 
Reducing Pain Associated with Diabetic Neuropathy. Cureus, 13(6), 
e15895.

Bertsch, T., Erbacher, G., Corda, D., Damstra, R. J., Van Duinen, K., Elwell, 
R., ... and Zähringer, T. (2020). Lipoedema–myths and facts, Part 5. Ph-
lebologie, 49(01), 31-50.

Buso, G., Depairon, M., Tomson, D., Raffoul, W., Vettor, R., and Mazzolai, L. 
(2019). Lipedema: A Call to Action!. Obesity (Silver Spring, Md.), 27(10), 
1567–1576.

Cannataro, R. and Cione, E. (2022). Nutritional Supplements and Lipedema: 
Scientific and Rational Use. Nutraceuticals, 2(4), 270–277.

Cannataro, R., Michelini, S., Ricolfi, L., Caroleo, M. C., Gallelli, L., De Sarro, 
G., Onorato, A., and Cione, E. (2021). Management of Lipedema with 
Ketogenic Diet: 22-Month Follow-Up. Life (Basel, Switzerland), 11(12), 
1402.

Castro-Quezada, I., Román-Viñas, B., and Serra-Majem, L. (2014). The Me-
diterranean diet and nutritional adequacy: a review. Nutrients, 6(1), 
231–248.

Churuangsuk, C., Griffiths, D., Lean, M. E. J., and Combet, E. (2019). Impa-
cts of carbohydrate-restricted diets on micronutrient intakes and status: 
A systematic review. Obesity reviews: an official journal of the International 
Association for the Study of Obesity, 20(8), 1132–1147.

Crescenzi, R., Marton, A., Donahue, P. M. C., Mahany, H. B., Lants, S. K., 
Wang, P., Beckman, J. A., Donahue, M. J., and Titze, J. (2018). Tis-
sue Sodium Content is Elevated in the Skin and Subcutaneous Adipo-



Gülnur Akdoğan / Z. Işık Solak Görmüş / Raviye Özen Koca | 231

se Tissue in Women with Lipedema. Obesity (Silver Spring, Md.), 26(2), 
310–317.

Di Renzo, L., Cinelli, G., Romano, L., Zomparelli, S., Lou De Santis, G., No-
cerino, P., Bigioni, G., Arsini, L., Cenname, G., Pujia, A., Chiricolo, G., 
and De Lorenzo, A. (2021). Potential Effects of a Modified Mediterra-
nean Diet on Body Composition in Lipoedema. Nutrients, 13(2), 358.

Drożdżal, S., Rosik, J., Lechowicz, K., Machaj, F., Szostak, B., Przybyciński, J., 
Lorzadeh, S., Kotfis, K., Ghavami, S., and Łos, M. J. (2021). An update 
on drugs with therapeutic potential for SARS-CoV-2 (COVID-19) tre-
atment. Drug Resistance Updates: Reviews and Commentaries in Antimicro-
bial and Anticancer Chemotherapy, 59, 100794.

Dupuis, N., Curatolo, N., Benoist, J. F., and Auvin, S. (2015). Ketogenic diet 
exhibits anti-inflammatory properties. Epilepsia, 56(7), e95–e98.

Dyńka, D., Kowalcze, K., and Paziewska, A. (2022). The Role of Ketogenic 
Diet in the Treatment of Neurological Diseases. Nutrients, 14(23), 5003.

El-Sharkawy, A., and Malki, A. (2020). Vitamin D Signaling in Inflammation 
and Cancer: Molecular Mechanisms and Therapeutic Implications. Mole-
cules (Basel, Switzerland), 25(14), 3219.

Estruch R. (2010). Anti-inflammatory effects of the Mediterranean diet: the 
experience of the PREDIMED study. The Proceedings of the Nutrition So-
ciety, 69(3), 333–340.

Faerber G. (2018). Obesity and Chronic Inflammation in Phlebological and 
Lymphatic Diseases. Phlebologie, 47, 55-65.

Forner-Cordero, I., Szolnoky, G., Forner-Cordero, A., and Kemény, L. (2012). 
Lipedema: an overview of its clinical manifestations, diagnosis and tre-
atment of the disproportional fatty deposition syndrome - systematic re-
view. Clinical Obesity, 2(3-4), 86–95.

Goss, A. M., Gower, B., Soleymani, T., Stewart, M., Pendergrass, M., Lockhart, 
M., Krantz, O., Dowla, S., Bush, N., Garr Barry, V., and Fontaine, K. 
R. (2020). Effects of weight loss during a very low carbohydrate diet on 
specific adipose tissue depots and insulin sensitivity in older adults with 
obesity: a randomized clinical trial. Nutrition and Metabolism, 17, 64.

Gould, D. J., El-Sabawi, B., Goel, P., Badash, I., Colletti, P., and Patel, K. M. 
(2020). Uncovering Lymphatic Transport Abnormalities in Patients 
with Primary Lipedema. Journal of Reconstructive Microsurgery, 36(2), 
136–141.

Granado-Serrano, A. B., Martín, M. A., Bravo, L., Goya, L., and Ramos, S. 
(2012). Quercetin modulates Nrf2 and glutathione-related defenses in 
HepG2 cells: Involvement of p38. Chemico-Biological Interactions, 195(2), 
154–164.



232 | Medical Nutrition Therapy in Lipedema

Gregersen, S., Samocha-Bonet, D., Heilbronn, L. K., and Campbell, L. V. 
(2012). Inflammatory and oxidative stress responses to high-carbohydra-
te and high-fat meals in healthy humans. Journal of Nutrition and Meta-
bolism, 2012, 238056.

Gustafson, B., Hedjazifar, S., Gogg, S., Hammarstedt, A., and Smith, U. 
(2015). Insulin resistance and impaired adipogenesis. Trends in Endocri-
nology and Metabolism: TEM, 26(4), 193–200.

Haghighatdoost, F., and Hariri, M. (2019). Can resveratrol supplement chan-
ge inflammatory mediators? A systematic review and meta-analysis on 
randomized clinical trials. European Journal of Clinical Nutrition, 73(3), 
345–355.

Herbst K. L. (2012). Rare adipose disorders (RADs) masquerading as obe-
sity. Acta Pharmacologica Sinica, 33(2), 155–172.

Herbst, K. L., Kahn, L. A., Iker, E., Ehrlich, C., Wright, T., McHutchison, L., 
Schwartz, J., Sleigh, M., Donahue, P. M., Lisson, K. H., Faris, T., Mil-
ler, J., Lontok, E., Schwartz, M. S., Dean, S. M., Bartholomew, J. R., 
Armour, P., Correa-Perez, M., Pennings, N., Wallace, E. L., … Larson, 
E. (2021). Standard of care for lipedema in the United States. Phlebo-
logy, 36(10), 779–796.

Holt, E. M., Steffen, L. M., Moran, A., Basu, S., Steinberger, J., Ross, J. A., 
Hong, C. P., and Sinaiko, A. R. (2009). Fruit and vegetable consump-
tion and its relation to markers of inflammation and oxidative stress in 
adolescents. Journal of the American Dietetic Association, 109(3), 414–421.

Hong, M. Y., Groven, S., Marx, A., Rasmussen, C., and Beidler, J. (2018). An-
ti-Inflammatory, Antioxidant, and Hypolipidemic Effects of Mixed Nuts 
in Atherogenic Diet-Fed Rats. Molecules (Basel, Switzerland), 23(12), 
3126.

Hussain, T. A., Mathew, T. C., Dashti, A. A., Asfar, S., Al-Zaid, N., and Dash-
ti, H. M. (2012). Effect of low-calorie versus low-carbohydrate ketoge-
nic diet in type 2 diabetes. Nutrition (Burbank, Los Angeles County, Ca-
lif.), 28(10), 1016–1021.

Jeziorek, M., Szuba, A., Kujawa, K., and Regulska-Ilow, B. (2022). The Effect 
of a Low-Carbohydrate, High-Fat Diet versus Moderate-Carbohydrate 
and Fat Diet on Body Composition in Patients with Lipedema. Diabetes, 
Metabolic Syndrome and Obesity: Targets and Therapy, 15, 2545–2561.

Jeziorek, M., Szuba, A., Sowicz, M., Adaszyńska, A., Kujawa, K., and Chachaj, 
A. (2023). The Effect of a Low-Carbohydrate High-Fat Diet on Labo-
ratory Parameters in Women with Lipedema in Comparison to Overwe-
ight/Obese Women. Nutrients, 15(11), 2619.



Gülnur Akdoğan / Z. Işık Solak Görmüş / Raviye Özen Koca | 233

Katzer, K., Hill, J. L., McIver, K. B., and Foster, M. T. (2021). Lipedema and 
the Potential Role of Estrogen in Excessive Adipose Tissue Accumulati-
on. International Journal of Molecular Sciences, 22(21), 11720.

Keith, L., Seo, C. A., Rowsemitt, C., Pfeffer, M., Wahi, M., Staggs, M., Dudek, 
J., Gower, B., and Carmody, M. (2021). Ketogenic diet as a potential in-
tervention for lipedema. Medical Hypotheses, 146, 110435.

Kossoff, E. H., Zupec-Kania, B. A., Auvin, S., Ballaban-Gil, K. R., Christina 
Bergqvist, A. G., Blackford, R., Buchhalter, J. R., Caraballo, R. H., Cross, 
J. H., Dahlin, M. G., Donner, E. J., Guzel, O., Jehle, R. S., Klepper, J., 
Kang, H. C., Lambrechts, D. A., Liu, Y. M. C., Nathan, J. K., Nordli, D. 
R., Jr, Pfeifer, H. H., … Practice Committee of the Child Neurology So-
ciety (2018). Optimal clinical management of children receiving dietary 
therapies for epilepsy: Updated recommendations of the International 
Ketogenic Diet Study Group. Epilepsia Open, 3(2), 175–192.

Krotkiewski, M., Björntorp, P., Sjöström, L., and Smith, U. (1983). Impact 
of obesity on metabolism in men and women. Importance of regional 
adipose tissue distribution. The Journal of Clinical Investigation, 72(3), 
1150–1162.

Kruppa, P., Georgiou, I., Biermann, N., Prantl, L., Klein-Weigel, P., and Gho-
ds, M. (2020). Lipedema-Pathogenesis, Diagnosis, and Treatment Opti-
ons. Deutsches Arzteblatt International, 117(22-23), 396–403.

Lorenzo, I., Serra-Prat, M., and Yébenes, J. C. (2019). The Role of Water Ho-
meostasis in Muscle Function and Frailty: A Review. Nutrients, 11(8), 
1857.

Lusardi, T. A., Akula, K. K., Coffman, S. Q., Ruskin, D. N., Masino, S. A., and 
Boison, D. (2015). Ketogenic diet prevents epileptogenesis and disease 
progression in adult mice and rats. Neuropharmacology, 99, 500–509. 

Martín-Peláez, S., Fito, M., and Castaner, O. (2020). Mediterranean Diet Ef-
fects on Type 2 Diabetes Prevention, Disease Progression, and Related 
Mechanisms. A Review. Nutrients, 12(8), 2236.

Masino, S. A., and Ruskin, D. N. (2013). Ketogenic diets and pain. Journal of 
Child Neurology, 28(8), 993–1001.

McDaniel, J. C., Belury, M., Ahijevych, K., and Blakely, W. (2008). Omega-3 
fatty acids effect on wound healing. Wound repair and regeneration: official 
publication of the Wound Healing Society [and] the European Tissue Repair 
Society, 16(3), 337–345.

McKenzie, A. L., Hallberg, S. J., Creighton, B. C., Volk, B. M., Link, T. M., 
Abner, M. K., Glon, R. M., McCarter, J. P., Volek, J. S., and Phinney, S. 
D. (2017). A Novel Intervention Including Individualized Nutritional 
Recommendations Reduces Hemoglobin A1c Level, Medication Use, 
and Weight in Type 2 Diabetes. JMIR Diabetes, 2(1), e5. 



234 | Medical Nutrition Therapy in Lipedema

Mehdi, Y., Hornick, J. L., Istasse, L., and Dufrasne, I. (2013). Selenium in the 
environment, metabolism and involvement in body functions. Molecules 
(Basel, Switzerland), 18(3), 3292–3311.

Michalczyk, M. M., Klonek, G., Maszczyk, A., and Zajac, A. (2020). The Effe-
cts of a Low Calorie Ketogenic Diet on Glycaemic Control Variables in 
Hyperinsulinemic Overweight/Obese Females. Nutrients, 12(6), 1854.

Mikirova, N., Casciari, J., Rogers, A., and Taylor, P. (2012). Effect of high-do-
se intravenous vitamin C on inflammation in cancer patients. Journal of 
Translational Medicine, 10, 189.

Nankam, P. A. N., Cornely, M., Klöting, N., and Blüher, M. (2022). Is subcu-
taneous adipose tissue expansion in people living with lipedema healthier 
and reflected by circulating parameters?. Frontiers in Endocrinology, 13, 
1000094.

Okhovat, J. P., and Alavi, A. (2015). Lipedema: A Review of the Literature. The 
International Journal of Lower Extremity Wounds, 14(3), 262–267.

Ortolá, R., García-Esquinas, E., Sotos-Prieto, M., Struijk, E. A., Caballero, F. 
F., Lopez-Garcia, E., and Rodríguez-Artalejo, F. (2022). Mediterranean 
Diet and Changes in Frequency, Severity, and Localization of Pain in Ol-
der Adults: The Seniors-ENRICA Cohorts. The journals of gerontology. 
Series A, Biological Sciences and Medical Sciences, 77(1), 122–130.

Paoli A. (2014). Ketogenic diet for obesity: friend or foe?. International Journal 
of Environmental Research and Public Health, 11(2), 2092–2107.

Prasad, J., Baitharu, I., Sharma, A. K., Dutta, R., Prasad, D., and Singh, S. 
B. (2013). Quercetin reverses hypobaric hypoxia-induced hippocampal 
neurodegeneration and improves memory function in the rat. High Alti-
tude Medicine and Biology, 14(4), 383–394.

Puchalska, P., and Crawford, P. A. (2017). Multi-dimensional Roles of Ketone 
Bodies in Fuel Metabolism, Signaling, and Therapeutics. Cell Metabo-
lism, 25(2), 262–284.

Rasmussen, L., Christensen, M. L., Poulsen, C. W., Rud, C., Christensen, A. 
S., Andersen, J. R., Kampmann, U., and Ovesen, P. G. (2020). Effect of 
High Versus Low Carbohydrate Intake in the Morning on Glycemic Va-
riability and Glycemic Control Measured by Continuous Blood Glucose 
Monitoring in Women with Gestational Diabetes Mellitus-A Randomi-
zed Crossover Study. Nutrients, 12(2), 475.

Reddy, S. T., Wang, C. Y., Sakhaee, K., Brinkley, L., and Pak, C. Y. (2002). 
Effect of low-carbohydrate high-protein diets on acid-base balance, sto-
ne-forming propensity, and calcium metabolism. American Journal of Kid-
ney Diseases: The Official Journal of the National Kidney Foundation, 40(2), 
265–274.



Gülnur Akdoğan / Z. Işık Solak Görmüş / Raviye Özen Koca | 235

Reich-Schupke, S., Schmeller, W., Brauer, W. J., Cornely, M. E., Faerber, G., 
Ludwig, M., Lulay, G., Miller, A., Rapprich, S., Richter, D. F., Schacht, 
V., Schrader, K., Stücker, M., and Ure, C. (2017). S1 guidelines: Lipe-
dema. Journal der Deutschen Dermatologischen Gesellschaft = Journal of the 
German Society of Dermatology: JDDG, 15(7), 758–767.

Roberto, C., and Cione, E. (2020). Lipedema and Nutrition: What’s the Link?. 
Acta Scientific Nutritional Health, 4(11), 86-89.

Schwingshackl, L., and Hoffmann, G. (2014). Mediterranean dietary pattern, 
inflammation and endothelial function: a systematic review and meta-a-
nalysis of intervention trials. Nutrition, Metabolism, and Cardiovascular 
Diseases: NMCD, 24(9), 929–939.

Schwingshackl, L., Morze, J., and Hoffmann, G. (2020). Mediterranean diet 
and health status: Active ingredients and pharmacological mechanis-
ms. British Journal of Pharmacology, 177(6), 1241–1257.

Shai, I., Schwarzfuchs, D., Henkin, Y., Shahar, D. R., Witkow, S., Greenberg, 
I., Golan, R., Fraser, D., Bolotin, A., Vardi, H., Tangi-Rozental, O., 
Zuk-Ramot, R., Sarusi, B., Brickner, D., Schwartz, Z., Sheiner, E., Mar-
ko, R., Katorza, E., Thiery, J., Fiedler, G. M., … Dietary Intervention 
Randomized Controlled Trial (DIRECT) Group (2008). Weight loss 
with a low-carbohydrate, Mediterranean, or low-fat diet. The New Eng-
land Journal of Medicine, 359(3), 229–241.

Shen, J., Wilmot, K. A., Ghasemzadeh, N., Molloy, D. L., Burkman, G., Mekon-
nen, G., Gongora, M. C., Quyyumi, A. A., and Sperling, L. S. (2015). 
Mediterranean Dietary Patterns and Cardiovascular Health. Annual Re-
view of Nutrition, 35, 425–449.

Sørlie, V., De Soysa, A. K., Hyldmo, Å. A., Retterstøl, K., Martins, C., and 
Nymo, S. (2022). Effect of a ketogenic diet on pain and quality of life in 
patients with lipedema: The LIPODIET pilot study. Obesity Science and 
Practice, 8(4), 483–493.

Strath, L. J., Jones, C. D., Philip George, A., Lukens, S. L., Morrison, S. A., So-
leymani, T., Locher, J. L., Gower, B. A., and Sorge, R. E. (2020). The Ef-
fect of Low-Carbohydrate and Low-Fat Diets on Pain in Individuals with 
Knee Osteoarthritis. Pain medicine (Malden, Mass.), 21(1), 150–160.

Suga, H., Araki, J., Aoi, N., Kato, H., Higashino, T., and Yoshimura, K. (2009). 
Adipose tissue remodeling in lipedema: adipocyte death and concurrent 
regeneration. Journal of Cutaneous Pathology, 36(12), 1293–1298.

Taylor, M. K., Swerdlow, R. H., Burns, J. M., and Sullivan, D. K. (2019). 
An Experimental Ketogenic Diet for Alzheimer Disease Was Nutritional-
ly Dense and Rich in Vegetables and Avocado. Current Developments in 
Nutrition, 3(4), nzz003.



236 | Medical Nutrition Therapy in Lipedema

Ułamek-Kozioł, M., Czuczwar, S. J., Januszewski, S., and Pluta, R. (2019). Ke-
togenic Diet and Epilepsy. Nutrients, 11(10), 2510.

Valenzuela, P. L., Castillo-García, A., Lucia, A., and Naclerio, F. (2021). Effe-
cts of Combining a Ketogenic Diet with Resistance Training on Body 
Composition, Strength, and Mechanical Power in Trained Individuals: A 
Narrative Review. Nutrients, 13(9), 3083.

van la Parra, R. F. D., Deconinck, C., Pirson, G., Servaes, M., and Fosseprez, P. 
(2023). Lipedema: What we don’t know. Journal of Plastic, Reconstructive 
and Aesthetic Surgery: JPRAS, 84, 302–312.

Venter, C., Meyer, R. W., Greenhawt, M., Pali-Schöll, I., Nwaru, B., Roduit, 
C., Untersmayr, E., Adel-Patient, K., Agache, I., Agostoni, C., Akdis, C. 
A., Feeney, M., Hoffmann-Sommergruber, K., Lunjani, N., Grimshaw, 
K., Reese, I., Smith, P. K., Sokolowska, M., Vassilopoulou, E., Vlieg-Bo-
erstra, B., … O’Mahony, L. (2022). Role of dietary fiber in promoting 
immune health-An EAACI position paper. Allergy, 77(11), 3185–3198.

Westman, E. C., Yancy, W. S., Jr, Mavropoulos, J. C., Marquart, M., and Mc-
Duffie, J. R. (2008). The effect of a low-carbohydrate, ketogenic diet 
versus a low-glycemic index diet on glycemic control in type 2 diabetes 
mellitus. Nutrition and Metabolism, 5, 36.

Wold, L.E., Hines, E.A., and Allen, E.V. (1951). Lipedema of the legs; a synd-
rome characterized by fat legs and edema. Annals of Internal Medicine, 34 
5, 1243-50.

Yu, Z., Malik, V. S., Keum, N., Hu, F. B., Giovannucci, E. L., Stampfer, M. J., 
Willett, W. C., Fuchs, C. S., and Bao, Y. (2016). Associations between 
nut consumption and inflammatory biomarkers. The American Journal of 
Clinical Nutrition, 104(3), 722–728.

Zhu, X., Wu, C., Qiu, S., Yuan, X., and Li, L. (2017). Effects of resveratrol on 
glucose control and insulin sensitivity in subjects with type 2 diabetes: 
systematic review and meta-analysis. Nutrition and Metabolism, 14, 60.


