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Abstract


Background: Lipedema is a chronic disorder characterized by disproportionate fat accumulation in the extremities, predominantly affecting women. Unlike obesity, lipedema might be associated with a lower prevalence of metabolic alterations despite often coexisting with overweight or obesity. Fat distribution plays a crucial role in metabolic differences, with gynoid fat in lipedema being associated with a lower risk of insulin resistance and cardiovascular disease. The present study aims to compare biochemical parameters between women with lipedema and those with lifestyle-induced overweight/obesity. Methods: This study involved 108 women, including 53 with lipedema and 55 with lifestyle-induced overweight/obesity. Anthropometric measurements and body composition analyses were conducted, and biochemical parameters related to liver function, lipid profile, kidney and thyroid function, uric acid levels, and carbohydrate metabolism were assessed. Statistical comparisons were made between groups, and multivariate models were used to explore the relationships between disease type, metabolic parameters, and body composition. Results: Women with lipedema exhibited a more favorable metabolic profile than those with overweight/obesity. Dyslipidemia was observed in ~50% of the lipedema group, compared to nearly 70% in the overweight/obesity group. Impaired glucose metabolism and insulin resistance were significantly less prevalent in the lipedema group (18.9% vs. 43.6%, p < 0.05). Conclusions: Despite having a high BMI, women with lipedema demonstrate fewer metabolic alterations than those with overweight/obesity. Fat distribution, rather than overall adiposity, appears to influence metabolic risk. These findings highlight the need for targeted therapeutic approaches to lipedema, distinct from conventional obesity management strategies.
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1. Introduction


Lipedema is a chronic disease characterized by excessive fat accumulation in the legs, and, sometimes, in the arms. The typical clinical symptoms of lipedema an imbalance between the minor upper and more extended lower body, pressure-induced pain in the legs, and easy bruising [1]. Overweight or obesity co-occurs in approximately 80% of patients with lipedema [2,3]. Lipedema is a relatively common disease that occurs almost exclusively in women and may affect nearly 11% of the global population [4,5]. The disease, especially in advanced stages, can lead to psychosocial consequences, including social isolation or depression [3]. The etiology of lipedema is unknown, but genetic, hormonal, vascular, and inflammatory factors are hypothesized to be involved in the pathogenesis of the disease [6]. Typical calorie-restricted diets with physical activity or bariatric surgery are not effective treatments for lipedema [6,7]. Because lipedema is characterized by low-grade inflammation in fatty tissue, researchers indicate that a low-calorie diet rich in anti-inflammatory products (such as the Mediterranean diet) might be beneficial in treating the disease [8,9]. Some studies have observed reduced subcutaneous fatty tissue in the legs due to a ketogenic diet [10,11,12,13]. Our previous studies demonstrated a significant decrease in body mass, a reduction in fatty tissue in the legs, and a reduction in pain after 7 months of an anti-inflammatory modified Mediterranean ketogenic diet in lipedema patients [14].



Despite lipedema being a chronic condition characterized by excessive fat accumulation, research indicates that metabolic alterations occur less frequently in patients with lipedema than in those with obesity [15]. Women with lipedema may have a better lipid and glucose profile, less common insulin resistance (IR), and a lower risk of cardiovascular disease (CVD) compared to women with overweight or obesity. These differences are likely linked to the location of fat accumulation. In obesity, fat is often concentrated in the abdomen, leading to an increase in proinflammatory cytokines and a higher risk of metabolic diseases. In contrast, lipedema primarily involves fat accumulation in the extremities (gynoid fat) [4,16]. Research is required to explore the impact of fat distribution on metabolic disorders in patients with lipedema. To the best of our knowledge, this will be the first study examining this issue. The results of this study will be significant for acquiring knowledge about the general health status of patients with lipedema and will be helpful in directing further scientific efforts towards understanding the nature of the disease. They may also serve as a basis for developing more effective therapeutic strategies for individuals suffering from this condition.



The aim of this cross-sectional study was the comparative analysis of various biochemical parameters, namely liver function, lipid profile, kidney and thyroid function, uric acid level and carbohydrate metabolism, in female patients with lipedema and women with lifestyle-induced overweight/obesity without lipedema.




2. Materials and Methods


2.1. Study Population


The study involved 108 women, including 53 diagnosed with lipedema by an angiologist based on typical symptoms [17] and 55 who were overweight or obese with a BMI greater than 25 kg/m2 but who did not have lipedema. All participants were recruited from the Angiology Outpatient Clinic at Wroclaw Medical University in Poland between January 2021 and May 2022. The exclusion criteria for all study subjects included being pregnant, breastfeeding, being six months post-pregnancy, having a diagnosis of lymphedema, exhibiting edema due to chronic venous insufficiency or heart failure, and having diabetes mellitus, kidney or liver failure, hormonally unbalanced thyroid disease, cancer, the presence of implanted cardiac devices (such as a pacemaker, implantable cardioverter-defibrillator, or resynchronization therapy) or metal implants. Patients in the lipedema group were categorized into 3 stages. Stage 1 featured smooth skin over small nodules in a thickened fat layer, stage 2 featured skin indentation over larger fat masses, and stage 3 involved both small nodules and larger fat masses, creating skin and fat lobules, primarily on the hips, thighs, and knees [17]. The study was conducted in compliance with the Declaration of Helsinki, and all procedures involving human subjects were approved by the Bioethics Committee guidelines at Wroclaw Medical University, Poland (KB—690/2017) on 23 November 2017. Written informed consent was obtained from all participants.




2.2. Body Composition and Anthropometric Parameters


A TANITA HR-001 growth meter (Tanita, Tokio, Japan) was used to measure height, while a TANITA MC-780MA (Tanita, Japan) was utilized to determine weight and body composition parameters, including PBF (body fat percentage, %), MBF (body fat, kg), LBM (lean body mass, kg), TBW (total body water, kg) and VFL (visceral fat level), using bioimpedance analysis. The Body Mass Index (BMI, kg/m2) was calculated as the ratio of body weight in kilograms to the square of height in meters. Waist, hip, thigh, calf, and ankle circumferences were measured using a standard tape measure with a precision of up to 1 cm. The waist/hip ratio (WHR) was determined by dividing the waist by the hip circumference. Leg circumferences were measured with a standard tape measure to the nearest 0.5 cm. The measurements were taken at 4 cm intervals from the ankle to the groin on the side of the leg. Based on these measurements, we calculated the volume of the leg (in milliliters) using the equation for a truncated cone [18].




2.3. Blood Samples


Blood samples were collected after 12 h of fasting in both groups. The parameters analyzed included bilirubin, aspartate aminotransferase (AST), alanine transaminase (ALT), gamma-glutamyl transpeptidase (GGTP), alkaline phosphatase (ALP), total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), triglycerides (TG), creatinine, the glomerular filtration rate (GFR), uric acid, thyroid-stimulating hormone (TSH), glycated hemoglobin (HbA1c), glucose, and insulin levels. A three-point oral glucose tolerance test (OGTT) using a 75 g glucose solution was also performed. The Homeostatic Model Assessment for Insulin Resistance (HOMA-IR) was calculated as the ratio of fasting glucose [mg/dL] and insulin [μU/mL] to a constant value of 405 [19].




2.4. Statistical Analysis


Means and standard deviations were calculated for each parameter characterizing the study group. Comparisons were made to check for differences between lipedema and overweight/obese patients. In order to test for the significance of differences between groups, the following procedure was carried out. The Kolmogorov–Smirnov test was used to check if the data in both groups were normally distributed. The Levene test was used to check for the homogeneity of variances. If the data in groups were normally distributed and with similar variances, Student’s t-test was performed to compare the groups. If the data were normally distributed, but two distributions had unequal variances, Welch’s t-test was performed. If the data in at least one group were non-normally distributed, the Mann–Whitney U-test was used to check differences between groups. Next, the prevalence of metabolic alterations was compared between the two groups using the Pearson’s Chi-Square Independence Test with Yates’s correction. In all tests, the significance level equaled 0.05.



Given the large number of biochemical and anthropometric predictors, we hypothesized that there might be some correlations between the biochemical parameters and specific study groups, as well as their anthropometric and body composition parameters. In order to test for the relation between disease type and metabolic alterations, a series of Generalized Linear Models was fitted to each target variable. Due to the binary nature of targets, a logit model was chosen. The high number of numerical predictors (13) was reduced using Principal Component Analysis (PCA) with orthogonal rotation, which retained 87% of data variability in 3 components, called PC1–PC3. The number of components was chosen visually using a scree plot (Supplementary Material, Figure S1) and numerically using Kaiser rule, i.e., dropping components with less variability than a single variable in the original dataset (Supplementary Material, Table S1). The coordinates of selected components were not transformed, as popular transformations (varimax and quartimax) did not improve the interpretability or significance of the results. Additionally, the disease type and its interactions with PCs were used as predictors. A complete set of possible predictor combinations was calculated and ranked for each target variable using the Akkaike Criterion (AICc). A subset of the best models was then selected by selecting models with AICc delta < 2 (Supplementary Material, Table S2). This subset was averaged, resulting in a weighted estimate that is presented in Table S3 (Supplementary Material). In the same set of tables, a relative variable importance (RVI) is presented as the number of presences in the subset and as a sum of weights [20]. A summary of the modelling results is presented in the results section. Original predictors include disease type (lipedema and overweight/obesity), age, height, body mass, BMI, LBM, PBF, MBF, TBW, VFL, waist, hip, WHR, and average leg volume. The final predictors include disease type (reference: lipedema), PC1, PC2, PC3, PC1 × Disease type, PC2 × Disease type and PC3 × Disease type.



All calculations were performed in R 4.4.1 programming language. Group comparisons were made using t.test and wilcox.test functions. Models were calculated using the glm function from the lme4 1.1.35.5 library; then, they were selected and averaged using dredge and model.avg from MuMIn 1.48.4. Principal Component Analysis was performed using the principal function from the psych 2.4.6.26 package.





3. Results


The majority of patients with lipedema were in stage 2 (56.6%), followed by stage 1 (37.7%) and stage 3 (5.7%). The overweight/obesity group consisted of 25.5% women with overweight (BMI 25–29.9 kg/m2), 27.3% with class 1 obesity (BMI 30–34.9 kg/m2), 25.4% with class 2 obesity (BMI 35–39.9 kg/m2), and 21.8% with morbid obesity (BMI ≥ 40 kg/m2). Table 1 presents the general characteristics of the anthropometric and body composition parameters, as well as the leg circumferences. Patients differed significantly in weight, BMI, LBM, PBF, MBF, TBW, and WHR. The visceral fat levels measured by BIA did not differ significantly between the study groups and indicated slightly worse results in the lipedema group. However, overweight/obese patients had significantly higher waist measurements and WHR, indicating more visceral fat (central obesity) in this group.



Liver parameters (ALT and GGTP) and kidney parameters (creatinine and GFR), as well as uric acid levels, were significantly better in the lipedema group compared to the overweight/obesity group (Table 2). Alterations in liver enzymes (ALT, AST), HDL-C levels, uric acid, and glucose levels were similarly prevalent in both groups; however, these changes were less pronounced in the lipedema group (Table 3). In this study, the mean values of the lipid parameters, including LDL-C, HDL-C, and TG, were significantly lower in the lipedema group compared to the overweight/obesity group (Table 2). Hypertriglyceridemia was more common in the overweight/obesity group than in the lipedema group (25.5% vs. 5.7%; p = 0.012). While hypercholesterolemia was more frequent in the overweight/obesity group than in the lipedema group (67.3% vs. 49.1%), this difference was not statistically significant (p = 0.106) (Table 3). When analyzing carbohydrate metabolism disorders, HbA1c [%] was slightly lower in the lipedema group compared to the overweight/obesity group; however, it remained within the normal range in both groups. Impaired fasting glucose and glucose tolerance were more pronounced in the overweight/obesity group. In this study, insulin resistance was observed in less than 12% of women with lipedema, compared to nearly 35% of women with overweight/obesity (p = 0.01) (Table 3).



The higher occurrence of all these metabolic alterations in the overweight/obesity group seems evident due to the significantly higher weight and BMI in this group. However, the impact of fat distribution on metabolic alterations in patients with lipedema remains unexplored.



Table 4 shows the relationships between three principal components (PC1, PC2, PC3) and various body composition parameters. PC1 was strongly associated with weight (0.35), BMI (0.34), MBF (0.35), and waist/hip measurements (~0.33), representing the overall body size, including both fat and lean mass. PC2 was strongly negatively related to height (−0.54) and positively related to age (0.50). This likely captures age and height differences, distinguishing taller/younger individuals from shorter/older ones. PC3 was strongly positively related to VFL (0.41) and the average leg volume (0.40), and strongly negatively related to WHR (−0.62). This likely represents the patterns of fat distribution, differentiating between visceral fat and extremity fat.



A greater body size (PC1) generally had a negative impact on overall health. Patients with overweight/obesity were at a higher risk of out-of-range results, and the combined effects of these factors led to even worse outcomes. Body fat distribution (PC3) was a significant predictor with mixed effects in the models, sometimes associated with better results and at other times with worse outcomes. PC2 (higher age and lower height) consistently had a negative impact; however, PC2 appeared less frequently in the models, which resulted in its weaker overall influence (Table S3 in Supplementary Materials). Overweight/obese patients were more likely to have abnormal ALT levels. A higher PC3, indicating more fat in the visceral area, was also linked to worse ALT levels. However, this effect was less pronounced in overweight/obese patients, likely because obesity already strongly affects liver health. The AST models were ineffective, likely due to highly imbalanced data, making it hard to identify meaningful patterns. Older patients had a higher chance of LDL-C level alterations. At the same time, those with a higher PC3 had slightly better LDL-C. The effect of PC3 on LDL-C was more pronounced in overweight/obese individuals, suggesting that it is linked to visceral obesity and the protective role of fat in the extremities. The interaction between PC3 and the metabolic alteration type influenced some models, indicating that the relationship between PC3 and LDL-C depends on the disease type (lipedema vs. overweight/obesity). Connections between the disease type and HDL-C levels were observed in only one model, with a modest effect size. Worse triglyceride results were clearly associated with a higher general body size (PC1) and lower PC3, which indicates that individuals with less fat in the extremities (but more visceral fat) had worse triglyceride levels. The same two predictors had a pronounced impact on uric acid levels. Patients with a larger body size (PC1) had worse fasting glucose levels, and overweight/obese patients generally had slightly worse results compared to others. More fat in the extremities (vs. abdomen) was associated with better glucose levels, especially in non-obese patients. Older patients generally more frequently had impaired glucose tolerance on average. Overweight/obese patients generally showed worse outcomes regarding insulin resistance (HOMA-IR), especially as their body size (PC1) increased (Table S3 in Supplementary Materials).



Table 5 shows the averaged RVI (Relative Variable Importance), which represents the importance of various predictors in explaining the target variables. We observed that PC3 is the most significant predictor of metabolic alterations, even stronger than body size itself (PC1). Table 6 summarizes the direction of estimated effects for averaged models across various variables (e.g., ALT, LDL-C, etc.) in relation to disease (overweight/obesity), principal components (PC1–PC3), and their interactions with disease.




4. Discussion


Lipedema, a chronic condition characterized by excessive fat accumulation in the extremities, differs metabolically from obesity. Research suggests that metabolic complications are less common in individuals with lipedema than in those with obesity. Women with lipedema tend to exhibit a better lipid and glucose profile, a lower prevalence of insulin resistance, and a reduced risk of cardiovascular disease compared to women who have lifestyle-induced overweight/obesity (but do not have lipedema), despite most of them also being characterized by overweight or obesity. This might be explained by the fact that in lipedema, fat predominantly accumulates in the extremities (gynoid fat). In contrast, obesity is often associated with visceral fat concentrated in the abdominal region [15]. An increased waist circumference, indicative of abdominal obesity, is strongly linked to a higher risk of metabolic dysfunctions such as diabetes, cardiovascular disease, and hypertension. Furthermore, visceral fat not only acts as a marker for these risks but also plays a direct role in their development, making waist circumference an essential clinical measure for identifying individuals at risk [21,22].



We found that fat distribution plays a crucial role in the development of metabolic diseases when comparing the lipedema group with individuals who are overweight/obese. This effect appears to be even stronger than body size itself. Our findings suggest that a greater proportion of fat in the extremities (as opposed to visceral fat) may have a protective impact on overall metabolic health, particularly in terms of LDL-C, TG, glucose, and insulin resistance, regardless of the patient’s weight.



In this study, dyslipidemia was observed in approximately 50% of women with lipedema, compared to nearly 70% of patients with overweight or obesity. Notably, hypertriglyceridemia was more prevalent in the overweight/obesity group. These findings partially align with those reported by other authors, particularly the conclusion that lipid alterations are more frequent in individuals with obesity than in those with lipedema. However, we also observed a notable prevalence of lipid alterations in patients with lipedema. In a study conducted by Torre et al. [15], the majority of women with lipedema had a normal lipid profile, with only 11.7% showing dyslipidemia, compared to 33.5% of females in the general population and even higher percentages among obese women. Similarly, Herbst et al. [23] reported that dyslipidemia occurred in 38% of female lipedema patients in their study (n = 50). The authors hypothesized that, in its earlier stages, lipedema fat is distributed in a predominantly gynoid pattern (hips, buttocks, and thighs), which is associated with a lower cardiovascular risk. Additionally, a study assessing comorbidities in patients with lipedema found that 27% of the patients (n = 15) were characterized by dyslipidemia [24]. Supporting this, Mekki et al. [25] found that women with a gynoid fat distribution had lower triglyceride levels compared to those with an android fat distribution. This suggests that gynoid fat may protect against abnormal blood lipid levels, which are typically associated with increased cardiovascular risk. Gynoid fat is believed to be associated with a lower risk of cardiovascular disease (CVD) compared to abdominal fat, which is more common in lifestyle-induced obesity. Incorporating body shape alongside weight has been shown to provide a more accurate estimate of morbidity risk than weight alone. Consequently, women with lipedema may have a reduced CVD risk due to the predominance of gynoid fat [15].



Patients with lipedema are reported to have a lower risk of insulin resistance and diabetes compared to individuals with obesity [15]. In this study, the prevalence of carbohydrate metabolism alterations, including impaired glucose fasting, impaired glucose tolerance and insulin resistance, was observed in 18.9% of patients in the lipedema group, compared to 43.6% in the overweight/obesity group. Insulin resistance was three times less frequent in the lipedema group than in the overweight/obesity group (11.3% vs. 34.5%; p = 0.01). Faerber [22] noted that obese patients with lipedema exhibited lower levels of insulin resistance compared to a control group of obese individuals without lipedema, despite having a higher average weight. However, this difference diminished as abdominal obesity increased. In a study by Wanshu et al. [24], diabetes or glucose intolerance was observed in 13% of patients with lipedema (n = 15). Similarly, Pinnick et al. [26] demonstrated that gynoid fat negatively correlates with insulin resistance after adjusting for total fat, whereas abdominal fat shows the opposite trend. This suggests that lipedema fat may provide a protective effect against diabetes. A study by Rasmussen et al. [27] found that, while M1 macrophages are typically prevalent in the adipose tissue of individuals with obesity, lipedema fat is characterized by a higher proportion of anti-inflammatory, M2-polarized macrophages. This difference may partially explain the absence of insulin resistance and the relatively low risk of diabetes in individuals with lipedema. Herbst et al. [23] reported a very low incidence of type 2 diabetes (2%, n = 50), suggesting that lipedema fat may not be insulin-resistant, or that patients with lipedema are protected from diabetes through other mechanisms. In a separate study, the same author concluded that, despite an elevated BMI, the incidence of diabetes among women with lipedema remains relatively low [28] Data presented by Torre et al. [15] indicate that the risk of diabetes in patients with lipedema is low (~2%), for an average BMI of 35.3 ± 1.7 kg/m2. Nonetheless, the risk of pre-diabetes appears to increase in Stages 2 and 3 of lipedema, suggesting that the likelihood of developing diabetes may rise as the condition progresses [15]. However, further research is needed to investigate this phenomenon in larger cohorts of lipedema patients and to clarify the underlying mechanisms.



The main strength of the study is the well-matched pairing of women with lipedema and those with obesity with regard to their age, allowing for a direct comparison of their metabolic profiles. This approach provides valuable and novel insights into identifying the risk factors associated with the development of cardiovascular diseases and preventive strategies. Another strength is the comprehensive biochemical assessment, as well as the novelty and clinical relevance of the findings, highlighting the need for distinct therapeutic strategies for lipedema, separate from conventional obesity management. The limitations of this study include the fact that the cross-sectional nature of the study captures only a single time point. Additionally, the relatively small sample size and monocentric design may limit the generalizability of the findings to broader populations. Furthermore, there is a lack of ethnic diversity, as the study focuses solely on white women.




5. Conclusions


This study highlights that fat distribution plays a crucial role in metabolic health, with women with lipedema exhibiting a more favorable metabolic profile than those with lifestyle-induced overweight or obesity. The predominance of gynoid fat in lipedema, as opposed to visceral fat in obesity, appears to have a protective effect against metabolic disorders, including cardiovascular disease and diabetes.








Supplementary Materials


The following supporting information can be downloaded at: https://www.mdpi.com/article/10.3390/biomedicines13040867/s1. Figure S1: Scree plot presenting variances of eigenvalues fitted using Principal Component Analysis. Table S1: Variances of all principal components and variance explained by those components; Table S2: A set of best-fitted models describing each target variable; Table S3: Averaged model describing each target variable.





Author Contributions


Conceptualization, M.J., M.S. and A.C.; methodology, M.J. and M.W.; software, M.W.; formal analysis, M.J. and M.W.; investigation, M.J., M.S., A.A. and A.C.; data curation, M.J. and A.C.; writing—original draft preparation, M.J.; writing—review and editing, A.S. and A.C.; supervision, A.S.; project administration, A.S. and A.C. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


The study was conducted in accordance with the Declaration of Helsinki and approved by the Institutional Review Board (or Ethics Committee) of the Bioethics Committee at Wroclaw Medical University, Poland (KB—690/2017) on 23 November 2017 for studies involving humans.




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study. Written informed consent has been obtained from patients to publish this paper.




Data Availability Statement


All data used to support the findings of this study are available from the corresponding author upon reasonable request due to the privacy of patients.




Conflicts of Interest


The authors declare no conflicts of interest.




References


	



Faerber, G.; Cornely, M.; Daubert, C.; Erbacher, G.; Fink, J.; Hirsch, T.; Mendoza, E.; Miller, A.; Rabe, E.; Rapprich, S.; et al. S2k guideline lipedema. JDDG J. Ger. Soc. Dermatol. 2024, 22, 1303–1315. [Google Scholar] [CrossRef]

	



Jeziorek, M.; Szuba, A.; Kujawa, K.; Regulska-Ilow, B. Comparison of actual and predicted resting metabolic rate in women with lipedema. Lymphat. Res. Biol. 2022, 21, 244–252. [Google Scholar] [CrossRef]

	



Chachaj, A.; Jeziorek, M.; Dudka, I.; Sowicz, M.; Adaszyńska, A.; Truszyński, A.; Putek, J.; Kuźnik, E.; Małyszczak, K.; Kujawa, K.; et al. Disability and emotional symptoms in women with lipedema: A comparison with overweight/obese women. Adv. Clin. Exp. Medicine 2024, 33, 1367–1377. [Google Scholar] [CrossRef]

	



Al-Ghadban, S.; Cromer, W.; Allen, M.; Ussery, C.; Badowski, M.; Harris, D.; Herbst, K.L. Dilated Blood and Lymphatic Microvessels, Angiogenesis, Increased Macrophages, and Adipocyte Hypertrophy in Lipedema Thigh Skin and Fat Tissue. J. Obes. 2019, 2019, 8747461. [Google Scholar] [CrossRef] [PubMed]

	



Forner-Cordero, I.; Forner-Cordero, A.; Szolnoky, G. Update in the management of lipedema. Int. Angiol. 2021, 40, 345–357. [Google Scholar] [CrossRef]

	



Wounds UK. Best Practice Guidelines: The Management of Lipoedema; Wounds: London, UK, 2017. [Google Scholar]

	



Halk, A.B.; Damstra, R.J. First Dutch guidelines on lipedema using the international classification of functioning, disability and health. Phlebology 2017, 32, 152–159. [Google Scholar] [CrossRef]

	



Di Renzo, L.; Cinelli, G.; Romano, L.; Zomparelli, S.; De Santis, G.L.; Nocerino, P.; Bigioni, G.; Arsini, L.; Cenname, G.; Pujia, A.; et al. Potential effects of a modified mediterranean diet on body composition in lipoedema. Nutrients 2021, 13, 358. [Google Scholar] [CrossRef]

	



Jeziorek, M.; Szuba, A.; Kujawa, K.; Regulska-Ilow, B. The Effect of a Low-Carbohydrate, High-Fat Diet versus Moderate-Carbohydrate and Fat Diet on Body Composition in Patients with Lipedema. Diabetes Metab. Syndr. Obesity 2022, 15, 2545–2561. [Google Scholar] [CrossRef]

	



Cannataro, R.; Michelini, S.; Ricolfi, L.; Caroleo, M.C.; Gallelli, L.; De Sarro, G.; Onorato, A.; Cione, E. Management of Lipedema with Ketogenic Diet: 22-Month Follow-Up. Life 2021, 11, 1402. [Google Scholar] [CrossRef]

	



Sørlie, V.; De Soysa, A.K.; Hyldmo, Å.A.; Retterstøl, K.; Martins, C.; Nymo, S. Effect of a ketogenic diet on pain and quality of life in patients with lipedema: The LIPODIET pilot study. Obes. Sci. Pract. 2022, 8, 483–493. [Google Scholar] [CrossRef]

	



Amato, A.C.M.; Amato, J.L.S.; Benitti, D.A. The Efficacy of Ketogenic Diets (Low Carbohydrate; High Fat) as a Potential Nutritional Intervention for Lipedema: A Systematic Review and Meta-Analysis. Nutrients 2024, 16, 3276. [Google Scholar] [CrossRef] [PubMed]

	



Di Renzo, L.; Gualtieri, P.; Zomparelli, S.; De Santis, G.L.; Seraceno, S.; Zuena, C.; Frank, G.; Cianci, R.; Centofanti, D.; De Lorenzo, A. Modified Mediterranean-Ketogenic Diet and Carboxytherapy as Personalized Therapeutic Strategies in Lipedema: A Pilot Study. Nutrients 2023, 15, 3654. [Google Scholar] [CrossRef]

	



Jeziorek, M.; Chachaj, A.; Sowicz, M.; Adaszyńska, A.; Truszyński, A.; Putek, J.; Kujawa, K.; Szuba, A. The Benefits of Low-Carbohydrate, High-Fat (LCHF) Diet on Body Composition, Leg Volume, and Pain in Women with Lipedema. J. Obes. 2023, 2023, 5826630. [Google Scholar] [CrossRef]

	



La Torre, Y.S.D.; Wadeea, R.; Rosas, V.; Herbst, K.L. Lipedema: Friend and foe. Horm. Mol. Biol. Clin. Investig. 2018, 33, 20170076. [Google Scholar] [CrossRef] [PubMed]

	



Child, A.H.; Gordon, K.D.; Sharpe, P.; Brice, G.; Ostergaard, P.; Jeffery, S.; Mortimer, P.S. Lipedema: An inherited condition. Am. J. Med. Genet. A 2010, 152, 970–976. [Google Scholar] [CrossRef]

	



Al-Ghadban, S.; Herbst, K.L.; Bunnell, B.A. Lipedema: A Painful Adipose Tissue Disorder; IntechOpen: London, UK, 2019; Available online: https://www.intechopen.com/chapters/68520 (accessed on 28 February 2025).

	



Brorson, H.; Svensson, B.; Ohlin, K. Volume Measurements and Follow-Up. In Lymphedema: Presentation, Diagnosis, and Treatment; Springer International Publishing: Cham, Switzerland, 2015; pp. 115–122. [Google Scholar] [CrossRef]

	



Hempe, J.M.; Yang, S.; Liu, S.; Hsia, D.S. Standardizing the haemoglobin glycation index. Endocrinol. Diabetes Metab. 2021, 4, e00299. [Google Scholar] [CrossRef]

	



Burnham, K.P.; Anderson, D.R. (Eds.) Model Selection and Multimodel Inference; Springer: New York, NY, USA, 2002. [Google Scholar] [CrossRef]

	



Ross, R.; Neeland, I.J.; Yamashita, S.; Shai, I.; Seidell, J.; Magni, P.; Santos, R.D.; Arsenault, B.; Cuevas, A.; Hu, F.B.; et al. Waist circumference as a vital sign in clinical practice: A Consensus Statement from the IAS and ICCR Working Group on Visceral Obesity. Nat. Rev. Endocrinol. 2020, 16, 177–189. [Google Scholar] [CrossRef]

	



Faerber, G. Obesity and chronic inflammation in phlebological and lymphatic diseases. Phlebologie 2018, 47, 55–65. [Google Scholar] [CrossRef]

	



Herbst, K.L.; Mirkovskaya, L.; Bharhagava, A.; Chava, Y.; Hanne, C.; Te, T. Lipedema Fat and Signs and Symptoms of Illness, Increase with Advancing Stage. Imedpub J. 2015, 7, 10. Available online: http://www.imedpub.com (accessed on 28 February 2025).

	



Ma, W.; Gil, H.J.; Escobedo, N.; Benito-Martín, A.; Ximénez-Embún, P.; Muñoz, J.; Peinado, H.; Rockson, S.G.; Oliver, G. Platelet factor 4 is a biomarker for lymphatic-promoted disorders. JCI Insight 2020, 5, e135109. [Google Scholar] [CrossRef]

	



Mekki, N.; Christofilis, M.A.; Charbonnier, M.; Atlan-Gepner, C.; Defoort, C.; Juhel, C.; Borel, P.; Portugal, H.; Pauli, A.M.; Vialettes, B.; et al. Influence of Obesity and Body Fat Distribution on Postprandial Lipemia and Triglyceride-Rich Lipoproteins in Adult Women 1. J. Clin. Endocrinol. Metab. 1999, 84, 184–191. [Google Scholar] [CrossRef] [PubMed]

	



Pinnick, K.E.; Nicholson, G.; Manolopoulos, K.N.; McQuaid, S.E.; Valet, P.; Frayn, K.N.; Denton, N.; Min, J.L.; Zondervan, K.T.; Fleckner, J.; et al. Distinct developmental profile of lower-body adipose tissue defines resistance against obesity-associated metabolic complications. Diabetes 2014, 63, 3785–3797. [Google Scholar] [CrossRef] [PubMed]

	



Rasmussen, J.C.; Aldrich, M.B.; Fife, C.E.; Herbst, K.L.; Sevick-Muraca, E.M. Lymphatic function and anatomy in early stages of lipedema. Obesity 2022, 30, 1391–1400. [Google Scholar] [CrossRef] [PubMed]

	



Herbst, K.L. Rare adipose disorders (RADs) masquerading as obesity. Acta Pharmacol. Sin. 2012, 33, 155–172. [Google Scholar] [CrossRef]








 





Table 1. Characteristics of the anthropometric and body composition parameters, and leg circumferences.






Table 1. Characteristics of the anthropometric and body composition parameters, and leg circumferences.





	Parameter
	Lipedema

Mean ± SD
	Overweight/

Obesity

Mean ± SD
	p-Value





	Age [years]
	42.04 ± 14.22
	44.80 ± 12.95
	0.163 *



	Height [cm]
	165.80 ± 7.46
	165.82 ± 6.24
	0.990 ^



	Weight [kg]
	86.35 ± 20.63
	98.13 ± 20.69
	0.004 ^



	BMI [kg/m2]
	31.53 ± 7.53
	35.59 ± 6.85
	0.004 ^



	LBM [kg]
	51.80 ± 8.51
	55.20 ± 8.63
	0.042 ^



	PBF [%]
	37.77 ± 7.31
	40.45 ± 4.95
	0.029 ’



	MBF [kg]
	33.75 ± 13.21
	40.45 ± 12.87
	0.009 ^



	TBW [kg]
	38.65 ± 6.48
	41.34 ± 6.44
	0.033 ^



	VFL
	11.81 ± 5.24
	11.07 ± 4.28
	0.423 ^



	Waist [cm]
	97.19 ± 15.40
	111.12 ± 15.30
	<0.001 ^



	Hip [cm]
	114.50 ± 13.71
	118.21 ± 13.58
	0.161 ^



	WHR
	0.85 ± 0.09
	0.94 ± 0.07
	<0.001 ’



	Left thigh [cm]
	65.60 ± 8.03
	66.73 ± 6.94
	0.438 ^



	Right thigh [cm]
	65.57 ± 8.08
	66.79 ± 6.99
	0.401 ^



	Left calf [cm]
	44.74 ± 5.83
	42.87 ± 4.66
	0.069 ^



	Right calf [cm]
	44.49 ± 5.72
	42.87 ± 4.75
	0.112 ^



	Left ankle [cm]
	24.96 ± 2.74
	23.97 ± 2.59
	0.056 ^



	Right ankle [cm]
	24.61 ± 2.62
	24.07 ± 2.80
	0.095 *



	Volume right leg [mL]
	13,408.98 ± 5726.75
	11,577.05 ± 2674.02
	0.038 ^



	Volume left leg [mL]
	12,951.33 ± 3172.84
	11,912.23 ± 2802.43
	0.081 ^







BMI—body mass index; LBM—lean body mass; PBF—percentage body fat; MBF—mass of body fat; TBW—total body water; VFL—visceral fat level; WHR—waist/hip ratio; * Mann–-Whitney test; ^ Student’s t-test; ’ Welch test.













 





Table 2. Characteristics of biochemical parameters in study groups.
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	Parameter
	Lipedema

Mean ± SD
	Overweight/Obesity

Mean ± SD
	p-Value





	Bilirubin [mg/dL]
	0.65 ± 0.24
	2.16 ± 11.76
	0.096 *



	AST [U/L]
	23.38 ± 6.20
	25.22 ± 7.09
	0.158 ^



	ALT [U/L]
	20.54 ± 10.34
	26.89 ± 13.50
	0.001 *



	GGTP [U/L]
	19.84 ± 12.00
	25.17 ± 15.19
	0.008 *



	ALP [U/L]
	64.10 ± 19.90
	68.23 ± 21.18
	0.314 ^



	TC [mg/dL]
	205.48 ± 39.10
	221.40 ± 46.68
	0.059 ^



	LDL-C [mg/dL]
	119.04 ± 30.05
	138.47 ± 45.94
	0.011 ’



	HDL-C [mg/dL]
	67.00 ± 16.98
	58.95 ± 12.50
	0.006 ^



	TG [mg/dL]
	89.88 ± 45.54
	121.98 ± 66.08
	0.004 ’



	Creatine [mg/dL]
	0.81 ± 0.13
	0.84 ± 0.10
	0.024 *



	GFR [mL/min/1.73 m2]
	86.98 ± 14.14
	80.26 ± 13.47
	0.014 ^



	Uric acid [mg/dL]
	4.75 ± 1.40
	5.43 ± 1.19
	0.009 ^



	TSH [µIU/mL]
	1.98 ± 1.40
	2.05 ± 2.05
	0.633 *



	HbA1c [%]
	5.29 ± 0.36
	5.59 ± 0.74
	0.001 *



	Glucose 0 min. [mg/dL]
	85.47 ± 16.95
	90.95 ± 23.35
	0.054 *



	Glucose 60 min. [mg/dL]
	120.10 ± 41.85
	150.80 ± 57.29
	0.005 ^



	Glucose 120 min. [mg/dL]
	100.33 ± 35.06
	114.17 ± 41.61
	0.094 ^



	Insulin 0 min. [µU/mL]
	8.74 ± 11.30
	10.09 ± 5.35
	0.002 *



	Insulin 60 min. [µU/mL]
	50.02 ± 39.56
	74.53 ± 46.71
	0.009 ^



	Insulin 120 min. [µU/mL]
	31.55 ± 28.36
	50.71 ± 43.15
	0.015 *



	HOMA-IR
	1.90 ± 2.55
	2.36 ± 1.64
	0.002 *







AST—aspartate aminotransferase; ALT—alanine transaminase; GGTP—gamma-glutamyl transpeptidase; ALP—alkaline phosphatase; TC—total-cholesterol, LDL-C—low-density lipoprotein cholesterol; HDL—high-density lipoprotein cholesterol; TG—triglycerides; GFR—glomerular filtration rate; TSH—thyroid stimulating hormone; HbA1c—glycated hemoglobin; HOMA-IR—Homeostatic Model Assessment for Insulin Resistance; * Mann–Whitney test; ^ Student’s t-test; ’ Welch test.













 





Table 3. Prevalence of metabolic alte