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Introduction: Lipedema is a disorder characterized by an excessive accumulation of subcutaneous body fat, mainly bilateral and
symmetrical accumulation of fat deposits, particularly in the lower extremities excluding feet. Pain (spontaneous or with palpation) and
increased capillary fragility with bruising are also part of clinical presentation. It is estimated to occur in approximately 11.0% of
women worldwide. Management of obesity among patients with lipedema is a key component in its treatment.

Purpose: The aim of this study was to compare effectiveness of two diets: low-carbohydrate-high-fat diet (LCHF) and medium-fat-
medium-carbohydrate diet (MFMC) in body weight, body fat and limb circumference reduction in patients with lipedema.

Material and Methods: The studied women (n = 91) were divided into 2 groups and submitted to 1 of the 2 diets for 16 weeks.
Anthropometric measurements such as body height [cm], body weight [kg], body fat percentage [%], body fat [kg], lean body mass
[kg], and visceral fat level were collected at the beginning and end of the study.

Results: We have not found any significant differences in anthropometric measurements at the baseline between groups. Body weight
and all anthropometric parameters decreased significantly in both groups after 16 weeks of diets, excluding the circumference above
the right ankle for the MFMC diet which did not change. The LCHF diet contributed to reduction of body weight (—8.2 + 4.1 kg vs
—2.1 £ 1.0 kg; p <0.0001), body fat (—6.4 £ 3.2 kg vs 1.6 + 0.8 kg; p < 0.0001), waist (=7.8 £ 3.9 cm vs —2.3 £ 1.1 cm; p < 0.0001),
hips (7.4 £ 3.7 cm vs —2.5 = 1.3 cm; p < 0.0001), thighs and calves’ circumferences compared with the MFMC diet. We observed
reduction of pain in the extremities and mobility improvement in LCHF group (data not shown).

Conclusion: The LCHF diet was more effective than MFMC in body weight, body fat and lower limb circumferences reduction.
Keywords: lipedema, low carbohydrate high fat diet, low-glycemic index diet, anti-inflammatory diet, body composition

Introduction

Lipedema is a disorder characterized by an excessive accumulation of subcutancous body fat, characterized by soreness
as well as mainly bilateral and symmetrical accumulation of fat deposits, particularly in the lower extremities. Pain
(spontaneous or with palpation) and increased capillary fragility with bruising are also part of clinical presentation.' It
usually affects lower extremities, excluding feet. Lipedema is a common disorder almost exclusively found in women.? It
is estimated to occur in approximately 11.0% of women worldwide.” Typical clinical signs of lipedema include
disproportionate lower body adipose tissue deposition excluding feet, pain in the extremities and easy bruising. The
onset of the disease usually occurs during a period of significant hormonal changes in the female body, ie, during puberty,
after pregnancy, or during menopause.>* Adipose tissue soreness occurs in 89.7% of patients with lipedema.? The
pathophysiology of the pain is not fully understood, but increased inflammation, compression of peripheral nerves by
proliferating adipose tissue, and fluid accumulation in the area occupied by lipedema have been implicated as possible
causes.” Pain, disfiguration and reduced mobility are strongly associated with lower quality of life and deterioration of

psychological functioning. Lack of acceptance of own body is associated with reduced self-esteem, anxiety and social
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isolation.>>® Patients often experience stigma because of their looks.” Some suffer from depression and eating
disorders.>" Because of high proportion of patients with psychological disorders, including eating disorders, any
change in diet should be accompanied by psychological support.®

Lipedema is often misdiagnosed as obesity; however, they frequently co-occur.” Managing obesity in patients with
lipedema is a key component of this disorder’s treatment.'®'" Weight loss can be accomplished by implementation of
appropriate energy-reduced diet and regular physical activity, such as marching, swimming, Pilates or yoga.” '> The
authors of lipedema management guidelines indicate that weight and body fat reduction are very difficult, particularly
concerning lower extremities.® '*'?"1° Moreover, it was found that 95.0% of patients were not able to lose fat from
the areas affected by lipedema.'” Untreated lipedema and concomitant obesity may lead to secondary lymphedema.>’
In patients with lipedema, weight gain is one of the characteristic symptoms, associated with accumulation of body
fat. On the other hand, accumulation of adipose tissue leads to increased synthesis of pro-inflammatory adipokines.
Chronic positive energy balance and low physical activity lead to weight gain and increased influx of nutrients to
adipose tissue. This, in turn, contributes to adipocyte hypertrophy and hypoxia.'® The authors also indicate that
lipedema is a disorder characterized by inflammation that is independent of concomitant obesity and not fully
understood.”'?*° Therefore, a diet that reduces inflammation may be important in lipedema treatment.'~!

A specific role of estrogens in the development of lipedema is proposed, which may be related to the regulation of
lipogenesis and lipolysis.'* Estrogens promote fat storage by enhancing insulin secretion, increasing sensitivity of target
tissues to this hormone, and in part by inhibiting fatty acid oxidation.? In women with excessive body weight, lipolysis in
buttock regions is reduced compared to the area of adipose tissue located in the abdomen. This may be due to differences
in the distribution of estrogen receptors.”? Polygenic alteration in the distribution of alpha- and beta-estrogen receptors
(ER) (decreased ER-alpha expression and increased ER-beta expression) in white adipose tissue from areas involved in
lipedema may also play a role in pathogenesis of this disease.””> However, to date, the importance of estrogen in the
pathogenesis of lipedema has not been fully elucidated.

Treatment of lipedema should encompass a holistic approach to the patient and include psychological support, effective
weight loss and compression therapy.”'? The authors of lipedema studies point out that proper nutritional management and
moderate physical activity are key components of therapy.>”'> Dietary recommendations provide general information
indicating diet low in refined carbohydrates, especially added sugars (particularly fructose) and refined grain products, as
well as salty and animal-based products. The diet should primarily include unprocessed products, mainly plant-based,
different colored vegetables, fruits (excluding juices) and fermented products, as well as use herbs for seasoning.>' Therefore,
demonstrating link between specific dietary intervention and reduction of lipidemic adipose tissue may have strategic impact
on lipedema treatment. To date, one paper has been published that demonstrates the efficacy of a modified Mediterranean diet
in body weight reduction in lipedema patients.'® Published data also suggest the potential efficacy of the ketogenic diet in the
treatment of lipedema, but this has not yet been confirmed by intervention studies.>'*'® We have found no published studies
on the efficacy of different dietary models for patients with lipedema.

The aim of this study was to compare effectiveness of two diets: low carbohydrate high fat (LCHF) and medium fat
medium carbohydrate (MFMC) in body weight, body fat and lower limb circumference reduction in patients with lipedema.

Materials and Methods
Study Design and Description of the Study Group

A total of 108 women diagnosed with lipedema based on typical clinical signs were enrolled in the study between
January 2020 and June 2021.* Clinical evaluation and diagnosis of lipedema was confirmed by a physician specialized in
angiology. The age of the participants ranged from 18 to 76 years (mean 43.2 + 12.8 years; median = 40.0). A total of 91
female participants completed the study (n = 91). They were referred to the Department of Dietetics, Faculty of
Pharmacy, Wroclaw Medical University (Poland), by an angiologist.

The participants were subsequently divided into 2 groups. The participants enrolled between January and
October 2020 were enrolled to the MFMC group, and the participants enrolled from November to June 2021 were
enrolled to the LCHF group. One group received a low-carbohydrate-high-fat diet (LCHF; n = 46) and the other group
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a low glycemic index medium-fat-medium-carbohydrate (MFMC; n = 45). Patients were measured for resting metabolic
rate (RMR) assessment to determine energy requirements at baseline. Both diets were applied for 16 weeks in each
group. Anthropometric measurements including body weight, body fat, lean body mass, visceral fat, waist, hip, and thigh
and calf circumferences were collected at the beginning and at the end of the study.

The exclusion criteria included: male gender, lymphedema of the lower limbs and factors preventing the performance
of body composition analysis by electrical bioimpedance method: pregnancy, metal elements in the body as well as
pacemaker, stents or other elements emitting electrical signals. The patients were not on an ongoing treatment for
lipedema (compression or surgical treatment) and they were not adhered to any specific diet.

This study was conducted according to the guidelines laid down in the Declaration of Helsinki and all procedures
involving human subjects/patients were approved by the Bioethics Committee at Wroclaw Medical University, Poland
(KB - 456/2019). Written informed consent was obtained from all patients.

Anthropometric Measurements and Body Composition Analysis Measured by

Electrical Bioimpedance

A TANITA HR- 001 growth meter (Tanita, Japan) and a Jawon Medical X-Contact 353 8-electrode body composition
analyzer (Jawon Medical co., Ltd., Republic of Korea) were used for anthropometric measurements. Parameters such as
body height [cm], body weight [kg], body fat percentage [%], body fat [kg], lean body mass [kg], and visceral fat level
were obtained. Patients were instructed not to consume food or drink for 4 hours, not to engage in vigorous physical
activity for 12 hours, and not to use diuretics for 6 hours prior to the study. Body Mass Index (BMI) was calculated as the
ratio of body weight [kg] to height [m] squared. Waist, hip, thigh, and calf circumferences were measured with a standard
tape measure to the nearest 1 cm.

Measurement of Resting Metabolic Rate (RMR) by Indirect Calorimetry
Actual resting metabolic rate was obtained by Fitmate device (Cosmed, Rome, Italy) with the indirect calorimetry
method. The participants were instructed to avoid food and beverage consumption (except water) for a minimum of 8
hours prior to the measurement and to refrain from intense exercise 48 hours in advance. The measurement was
performed in a supine position in a ventilated and darkened room at moderate temperature. Participants were instructed
to take the test in the morning after sleeping for a minimum of 7-9 hours. Before the measurement, each participant was
allowed several minutes of rest in a sitting position to optimize the conditions. Participants were connected to the
measuring device through a specially designed mask attached to the device by a sampling tube. The measurement took
between 10 and 20 minutes and was performed in conditions aimed at isolating the participant from external noise. The
device was calibrated before each measurement and the progress was monitored on the screen. The participants were
informed about the exact course of the study procedure in advance.

Total energy expenditure was calculated by multiplying RMR by the appropriate physical activity level (PAL)
selected individually for each patient.*

Lipedema Staging
Clinical evaluation of the stages of lipedema in our study was confirmed by physician specialized in angiology. Figure 1
depicts different stages of lipedema.’

Dietary Intervention
A diet with an energy deficit accounting for 15-25% of total energy expenditure depending on the degree of obesity was
administered to each study participant. The total energy expenditure was divided into 3, 4 or 5 meals. The intervals
between meals were 4 to 6 hours during the day and a minimum of 12 hours at night.'®2> The patients were also advised
not to have any snacks or drinks (except mineral water) between meals.

Both diets characterized by high proportion of anti-inflammatory nutrients,?® such as monounsaturated (MUFA) and
polyunsaturated fatty acids (PUFA). Sources of MUFA in the diet included products such as olive oil, almonds,
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Figure | Lipedema staging. (A) Stage | - skin appears smooth, but the thickened subcutaneous tissue contains small nodules. (B) Stage 2 - skin has an irregular texture,
subcutaneous nodules occur that vary from the size of walnut to that of an apple in size. (C) Stage 3 - deformed lobular fat deposits form, especially around thighs and knees,
and may cause considerable distortion of limb profile. (D) Stage 4 - lipedema with lymphoedema (lipolymphoedema).

hazelnuts, avocados, and olives, and sources of PUFA were canola oil, flaxseed oil, walnuts, oil seeds, and oily marine
fish such as herring, sardines, salmon, and mackerel. The diets were characterized by antioxidants, vitamin C, beta-
carotene, and dietary fiber. The diets included foods rich in magnesium, such as cocoa, dark chocolate, nuts and seeds, as
well as vitamin E: nuts, oil seeds, and vegetable oils. Additionally, spices such as cloves, garlic, ginger, rosemary,
oregano, thyme, pepper and turmeric were added to the diets. Patients were instructed to avoid salty foods to limit dietary
sodium intake and to drink a minimum of one green or black tea daily. Pro-inflammatory foods which are sources of
saturated fatty acids, such as butter, mayonnaise, and cream were limited. Both diets completely excluded products such
as lard, tropical oils (coconut and palm oil), sunflower oil, grapeseed oil, corn oil, margarines made from these oils, pork,
fatty processed meats, offal, salty snacks, sweets, fruit juices and drinks. Dairy products were limited to 2 portion
per day.

The LCHF diet was designed to maximally reduce the intake of processed foods and products rich in saturated fatty
acids (eg, fatty meat, offal, lard, butter) and to increase the intake of products typical for the Mediterranean diet, such as:
vegetables, fruits (berries), nuts and seeds, olive oil and oily marine fish.'” The diet limited meat consumption to 3—4
portions per week (1 portion was 100-200 g of lean poultry meat, chicken or turkey). It was also recommended that the
consumption of lean red meat (eg, beef or veal) should not exceed 1 portion per week (maximum 150 g). The diet
increased the supply of oily marine fish from 2 to 3 portions per week (1 portion was 100—150 g).

The MFMC diet had a low glycemic load and a high proportion of low and medium glycemic index products.
Products with a high glycemic index were completely excluded from the diet. The diet included foods typical of the
Mediterranean diet: fruits, vegetables, pulses, whole-grain cereals, olive oil, oily marine fish, and low-fat dairy
products.’® Fiber was increased above the recommended standard for adults because of its anti-inflammatory
properties.*®?’

All products type included and not included in the LCHF and MFMC diets are shown in Table 1.

Each participant received an individual 7-day dietary plan along with a detailed shopping list for the week. The
dietary plans were created by a dictician using Dietetyk Pro software (Dietetyk Pro, Wroclaw, Poland). All diets were
individually modified and tailored to the dietary preferences and lifestyles of the patients while maintaining the principles
of applied nutritional intervention. The individualization of the dietary plans contributed to increased adherence to the
diet by the study patients. Additionally, each patient received detailed dietary recommendations that facilitated adherence
to the dietary plan. The participants stayed contact with dietician every week to assess the diet adherence and self-body
weight measurement. The energy and nutritional value of diets was calculated based on the Polish tables of nutritional
value of products and dishes®® and using the USDA (U.S. Department of Agriculture) food products database.”
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Table | Products Recommended and Not Recommended in LCHF and MFMC Diets

Food Group Food Product LCHF MFMC
Diet Diet
Milk and milk products Cow’s and other mammal’s milk 1.5-2% fat - +

Cow'’s and other mammal’s milk >2% fat - -

Natural yoghurt 1.5-2% fat - +

Full fat Greek yoghurt + -

Kefir, buttermilk (natural flavor) - +

Low-fat quark - +

Full-fat quark + -

Hard cheese + -/+

Feta cheese + -+

Full-fat mozzarella + -+

Mascarpone and ricotta + -

Mold-ripened cheese + -

Fish, meat and eggs Oily marine fish (herring, salmon, mackerel, sardine, sprat) + +
White fish (cod, flounder, sole, pikeperch, dorado, tuna) + +
Seafood + +

Skinless poultry: chicken, turkey + +

Meat: beef, veal - no more than | portion (max 150g) per week + +
Eggs + +

Poultry with skin - -

Duck, goose - -

Pork - -

Fatty meats - -

Sausages - -

Thin sausages (hot-dogs) - -

Offal - .

Red meat (>1 portion per week) - -

Fruit and vegetables Berries (raspberries, strawberries, blueberries, currants, blackberries, + +

blueberries)

Fruits other than berries with low Gl (citrus, apples, etc.) - +
Dried fruits - -
Black and green olives + +
(Continued)
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Table | (Continued).

Food Group Food Product LCHF MFMC
Diet Diet
Avocados + +
Non-starchy vegetables (eg, green leafy vegetables, cucumbers, tomatoes, + +

zucchini, mushrooms, celery, radishes, peppers)

Starchy vegetables (potatoes, beets, carrots, celery root, parsley root) - -+
Pumpkin - -+

Corn - J+

Cereal Whole meal rye bread, pumpernickel - +
Buckwheat groats, barley groats, pearl barley - +

Basmati rice - +

Oatmeal - +

Natural muesli - +

Wholemeal or semolina pasta - +

Wholemeal wheat or wholemeal rye flour - +

Quinoa - +

Wheat bran - +

Wheat bread, graham bread, bread rolls - -

Buckwheat, semolina, couscous - -

White and brown rice - -

Cornflakes - .

Wheat flour pasta - -

Part wheat flour - -

Rice waffles - -

Confectionery - -

Noodles, dumplings, pancakes - -

Oily products Canola oil + +
Linseed oil + +
Olive oil + +
Cream 30-36% fat -+ -
Butter |+ -
(Continued)
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Table | (Continued).

Food Group Food Product LCHF MFMC
Diet Diet
Mayonnaise I+ -
Lard - -
Coconut oil - -
Palm oil - -
Sunflower oil - -
Grapeseed oll - -
Soft and hard margarines - -
Nuts and seeds Walnuts, hazelnuts, almonds + +
Seeds: sunflower, pumpkin, sesame + +
Flax seeds, chia seeds + +
Peanut butter + +
Almond and coconut flour + I+
Natural cocoa + +
Challah - -
Sesame seed cookies - -
Sweets Dark chocolate 85-90% cocoa + +
Sweeteners (eg, xylitol, erythrol) + +
Milk chocolate - -
Sugar - -
Honey - -
Spices and additives Spices: cloves, turmeric, oregano, thyme, rosemary, sage, ginger, cinnamon, + +
saffron, garlic, pepper
Ketchup - -
Mixed spices - -
Salt - -
Drinks Black and green tea + +
Herbal infusions + +
Natural coffee + +
Mineral water + +
Pure poultry broths + +
(Continued)
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Table | (Continued).

Food Group Food Product LCHF MFMC
Diet Diet

Juices and fruit drinks

Fizzy drinks

Fruit compotes

Beer, wine, vodka and other spirits

Notes: Products included to the diet are marked with (+); products excluded from the diet are marked with (-); products included to the diet in moderation are
marked with (-/+).

Statistical Analyses

Results are presented as mean values + standard deviation or median and values from Q1 and Q3. The conformity of the
distribution in the evaluated data sets to the normal distribution was verified using the Shapiro-Wilk test. If the
distribution was significantly different from normal, non-parametric tests were applied (Mann—Whitney U for indepen-
dent samples and Wilcoxon test for repeated measurements), otherwise - Student’s #-test (for variances not significantly
different) or Cochran-Cox test (for differing variances). The variances of the compared sets were compared using the
Brownian-Forsythe test. Differences in energy and nutritional value of the diets used were assessed with the Mann—
Whitney U-test. The differences at lipedema stages in both groups were assessed by Chi-squared test. The anthropometric
parameters at baseline were assessed by Student’s f-test and Mann—Whitney U-test. Changes in anthropometric para-
meters before and after the application of each diet were assessed by Student’s #-test for dependent samples and Wilcoxon
test. To compare the value of differences between baseline and final anthropometric measurements as a result of
following the two diets, three types of tests were used: Student’s z-test, Cochran-Cox test and Mann—Whitney U-test
(depending on the results of the test checking normality of distribution and the test checking homogeneity of variation).
Correlations between baseline anthropometric measurements and the difference in these values after both diets were
evaluated using Pearson correlation. Results for all analyses were considered statistically significant when p < 0.05.
STATISTICA v 13.0 from StatSoft Inc. (StatSoft Inc., USA) was used for statistical analysis of the results.

Results

Energy and Nutritional Value of Diets

The mean total energy value of two diets was significantly different (1677.0 kcal for LCHF vs 1724.3 kcal for MFMC;
p = 0.001) due to individual estimation of energy requirements. The individualization of the dietary plans contributed to
increased adherence to the diet by participants. The total energy value of the LCHF diet ranged from 1390 to 2022 kcal/
day, compared to 1480 to 2088 kcal/day in the MFMC diet. The total carbohydrate content of the LCHF diet was 29.8 g/
day, which accounted for 6.1% of the energy value, and that of the MFMC diet was 189.4 g/day, which equaled 39.1% of
the energy value (p < 0.001). The proportion of fat in the diet was 134.6 g/day (72.3% of energy value) for LCHF and
78.0 g/day (39.1% of energy value) for MFMC; p < 0.001. Both diets did not differ significantly in protein content (p =
0.076). Protein supply in both groups was not less than 0.8—1.0g/kg of body weight. The detailed energy and nutritional
values of both interventional diets used are shown in Table 2.

Anthropometric Measurements Before and After Dietary Intervention
Of the 108 patients included in the study, 91 women completed the entire intervention period. Seventeen women did not
adhere to the diets for 16 weeks, so they were excluded from the study (10 women for LCHF diet and 7 women for
MFMC diet).

44.0% of all the patients were in stage 1 of lipedema (47.8% in LCHF group; 40.0% in MFMC group), 41.8% of them
were in stage 2 (43.5% in LCHF group; 40.0% in MFMC group), 13.2% of them were in stage 3 (8.7% in LCHF group;
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Table 2 Comparison of the Energy and Nutritional Value of the Interventional Diets (n = 91)

Parameter LCHF Diet (n=46) MFMC Diet (n=45) tiZ P
Median Ql Q3 Median Ql Q3
Energy value [keal] 1677.0 1549.6 1782.9 17243 1683.6 1839.0 -3.29 0.001*
Total protein [g] 86.7 80.3 98.8 93.1 839 100.9 -1.79 0.076*
Total protein [% kcal] 21.2 20.60
Total carbohydrates [g] 29.8 28.2 327 189.4 178.3 203.9 -8.21 <0.001%*
Total carbohydrates [% kcal] 6.1 39.1
Fiber [g] 9.2 74 11.4 344 326 382 -8.21 <0.001**
Digestible carbohydrates [g] 20.7 19.1 229 154.2 141.2 165.8 -8.21 <0.001%*
Total fat [g] 134.6 125.1 141.3 78.0 683 834 22.98 <0.001*
Total fat [% kcal] 723 39.1
SFAs [g] 38.0 324 434 17.3 15.0 19.4 19.05 <0.00 | ##*
MUFA [g] 56.3 50.8 64.0 326 28.0 355 16.82 <0.00 | ##*
PUFA [g] 25.0 214 26.8 19.5 15.6 229 5.10 <0.001*
Total n-6 [g] 10.6 9.7 12.8 12.4 10.8 14.2 —2.89 0.005*
Total n-3 [g] 44 33 5.6 3.9 2.6 47 I.16 0.248**
n-6 to n-3 ratio 2.6 2.1 32 32 2.6 4.1 —2.47 0.013%*
Cholesterol [mg] 791.0 698.3 832.9 406.5 306.5 508.0 11.95 <0.001*
Sodium [mg] 1654.0 1374.6 2049.6 1625.7 1400.4 1901.8 0.76 0.447%%*
Calcium [mg] 802.7 644.8 1018.7 1086.1 972.7 1281.0 -5.78 <0.00 | **
Magnesium [mg] 2342 196.9 266.9 502.6 436.0 534.1 -7.76 <0.00 |**
Potassium [mg] 24304 2119.2 2656.5 4082.3 3810.2 44258 —17.54 <0.001*
Zinc [mg] 8.7 8.0 9.5 12.0 10.7 12.8 —6.58 <0.001**
Phosphorus [mg] 1287.5 1031.6 1407.6 1674.2 1527.9 1893.9 -8.30 <0.001*
Manganese [mg] 1.3 1.1 1.5 6.0 5.3 7.3 —-8.11 <0.001%*
Iron [mg] 10.1 9.4 10.8 19.6 17.4 20.4 -71.76 <0.00 1**
Copper [mg] 0.9 0.9 1.1 2.0 1.8 22 -8.12 <0.001**
lodine [pg] 62.8 533 724 54.6 47.9 61.8 2.60 0.009**
Retinol [ug] 7329 619.2 8227 302.1 2384 370.6 12.39 <0.00 | ##*
Vitamin D [pg] 1.3 8.8 15.5 5.6 4.3 72 8.88 <0.00 | ##*
Thiamine [mg] 0.7 0.6 0.8 1.3 1.2 1.5 -7.70 <0.001**
Niacin [mg] 20.3 15.1 24.1 20.4 18.7 25.7 -1.35 0.178%*
Folate [mg] 3386 301.8 3623 499.5 450.6 536.2 —6.93 <0.00 1**
Vitamin C [mg] 93.5 832 113.0 244.5 207.3 2783 =177 <0.00 I**
Vitamin A [pg] 1252.1 1067.1 1448.9 1417.4 1267.6 1733.1 —2.55 0.0 I**
(Continued)
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Table 2 (Continued).

Parameter LCHF Diet (n=46) MFMC Diet (n=45) tiZ +]
Median Ql Q3 Median Ql Q3

B-Carotene [pg] 2908.8 2021.9 3482.1 7757.2 6462.8 10,606.3 —-1.76 <0.00 |**

Vitamin E [mg] 15.0 13.3 18.0 17.9 15.4 20.0 —2.96 0.003**

Riboflavin [mg] 2.1 1.9 23 22 1.8 2.6 -1.29 0.197%*

Vitamin B¢ [mg] 1.8 1.6 2.1 2.6 24 3.0 —6.65 <0.00 I**

Vitamin B, [mg] 83 7.1 9.6 55 4.6 7.0 5.05 <0.00 I**

Notes: p*Student’s t-test; p** Mann—Whitney U-test; p**Cochran-Cox test; p < 0.05 statistically significant values.
Abbreviations: SFAs, saturated fatty acids; MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids; n-6, polyunsaturated fatty acids of the omega-6 family;
n-3, polyunsaturated fatty acids of the omega-3 family.

13.2% in MFMC group) and 1.1% was in stage 4 (2.2% in MFMC group). At baseline, no statistical differences were
observed between groups for stage of lipedema (p = 0.42).

Based on mean BMI, 78.0% of all the patients were characterized as being overweight (BMI > 25.0 kg/m?)*°~78.3%
in MCMF group and 77.8% in LCHF group. The most participants in both groups had obesity class I (BMI 30.0—
34.9 kg/m?) — 34.8% in MCMF group and 26.7% in LCHF group. 10.9% and 22.2% of patients in MCMF and LCHF
group had obesity class IT (BMI 35.0-39.9 kg/m?), respectively. 13.0% of participants in MCMF group and 17.8% in
LCHF group were characterized by obesity class III (BMI >40.0 kg/m?). Normal body weight (BMI < 25.0 kg/m?)
occurred in 21.7% of patients in MCMF group and in 22.2% in LCHF group.

The percentage of patients with body fat greater than or equal to 30.0% of body weight accounted for 84.6% of all
patients, with the largest proportion of patients with body fat greater than 40.0% of body weight (58.0% of all obese
patients). Table 3 shows the comparison of age, anthropometric measurements and RMR between both interventional
groups at baseline. Table 4 shows the comparison of anthropometric measurements before and after the dietary
intervention. Figures 2 and 3 present photographic documentation of the lower extremities of three patients with
lipedema before and after the LCHF diet; Figure 4 — two patients before and after MCMF diet.

Discussion

Patients with lipedema typically follow restrictive, low-energy diets that often prove ineffective and result in increased
hunger.” Weight loss failures lead to compulsive eating and weight gain. An appropriate dietary strategy can break the
vicious cycle of successive restrictive diets and simultaneous weight gain.’ Diet may slow the progression of the disease
by inflammation and pain reduction, decrease tissue fluid content and improve quality of life."> However, nutritional
management should include body weight and body fat reduction through a tailored and caloric restriction diet.”' Caloric
restriction is necessary because excess of energy is considered as pro-inflammatory.® Energy expenditure was estimated
using the indirect calorimetry (IC). IC is considered gold standard, especially when estimating actual energy requirement
is complicated due to the disease. Main advantage of this method is to prevent overfeeding by precise assessment and
control of patients’ energy requirements.’! Differences in the total energy values of the LCHF and MFMC diets were due
to individual estimation of energy requirements and dependent on patient’s body weight. Both diets were iso-protein
because the main purpose of the study was to determine efficacy of diets given the differences in fat and carbohydrate
content. However, appropriate protein contents may prevent lean body mass reduction during body weight loss.>?

The MFMC diet was more nutritionally balanced and characterized by significantly higher vitamin and mineral
content (except for sodium, niacin, and riboflavin) compared to the LCHF diet. Data analysis showed that the LCHF diet
was deficient in thiamine, folate, vitamin D as well as potassium, manganese, iodine, iron, calcium, magnesium and fiber.
Conversely, the MFMC diet included insufficient iodine and vitamin D content relative to the recommended daily
nutrient allowance for the Polish population.*® Implementation of deficient nutrients supplementation in LCHF diet can
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Table 3 Comparison of Age, Anthropometric Measurements and RMR at Baseline (n = 91)

Parameter LCHF Diet MFMC Diet t/iZ P
(n=46) (n=45)
Mean * SD Mean £ SD

Age [years] 425+ 134 440 + 123 -1.23 0.22%*
Height [cm] 166.7 + 7.6 1654 + 5.6 0.88 0.38*
Weight [kg] 85.9 + 19.1 91.3 £237 -1.18 0.24*
BMI [kg/m?] 31.0 £ 68 335+£92 -1.27 0.2+
LBM [kg] 527 +77 545+ 95 -1.00 0.32%
PBF [%] 374 +70 387 £ 69 -0.91 0.36%*
MBF [kg] 332+ 123 367 £ 147 —-1.24 0.22%
VFL 133 +5.1 142 + 4.9 -0.93 0.35%*
MBF left leg [kg] 6.1 £22 67126 -1.18 0.24*
MBF right leg [kg] 6.1 £22 6.6 +26 -1.15 0.25*
Waist [em] 942 £+ 135 975 % 165 -1.03 0.3*
Hips [cm] 1147 £ 12.8 117.5 + 15.4 -1.08 0.28%*
Left thigh [cm] 65.2 + 84 66.2 94 —-0.52 0.6*
Right thigh [cm] 64.5 + 8.6 66.1 £ 9.4 —0.84 0.4*
Left calf [em] 439 %53 45.6 + 6.4 -1.29 0.2%*
Right calf [ecm] 437 +53 454 + 6.1 -1.35 0.18%*
Left ankle [em] 25.1 £27 265+ 45 —-1.24 0.22%*
Right ankle [cm] 25.0 £ 2.7 263 +38 -1.27 0.21%*
RMR [keal/day] 1675 + 306 1749 + 329 =111 0.27*

Notes: *Student’s t-test; **U-Mann—Whitney test; p < 0.05 - statistically significant values.
Abbreviations: BMI, body mass index; LBM, lean body mass; PBF, percentage of body fat; MBF, mass body fat; VFL,
visceral fat level; RMR, resting metabolic rate.

be remedied so women with lipedema can follow this diet long-term. Both diets maintained a ratio of n-6 to n-3 fatty
acids of less than 4-5:1, which was to help reduce inflammation.?’

The study was aimed to compare effectiveness of two diets with caloric restrictions and different fat and carbohydrate
contents in body weight and anthropometric parameter reduction in patients with lipedema. Body weight, waist and hip
circumference, body fat, lower extremity body fat content as well as thigh and calf circumference measurements were
used to evaluate effectiveness of the diets. Because of the disproportionate lower extremity fat relative to upper body fat,
BMI and body mass have been considered imperfect tools for assessing the prevalence of obesity.”'" Waist circumfer-
ence is considered more effective measure of obesity for the management of lipedema.'’

Body weight and anthropometric parameters decreased significantly in both groups after 16 weeks, with one
exception: no difference in circumference above the right ankle in MFMC diet. LCHF diet contributed to more
significantly body weight, body fat and body circumferences reduction than MCMF diet (Table 4). Disproportion
between upper and lower body decreased (Figures 2 and 3) but it was not so visible in patients in MCMF group
(Figure 4). Additionally, we observed decrease of pain, swelling and increase of mobility and subjective improve
patients’ quality of life in LCHF group, inversely to MFMC group (data not shown).
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Table 4 Comparison of Anthropometric Measurements Before and After Dietary Intervention (n = 91)

Parameter LCHF (n=45) MFMC (n=45) Difference Between Baseline and 16 P
Mean * SD (Median) Mean * SD (Median) Weeks (Mean * SD)
Baseline 16 Weeks P Baseline 16 Weeks p LCHF MFMC

Weight [kg] 85.9 £ 19.1 (83.4) 777 + 163 (74.7) <0.001* 91.3 £ 23.7 (92.8) 89.2 £ 23.6 (87.4) <0.001* -82 4. -21 1.0 <0.0001"
BMI [kg/m?] 31.0 £ 6.8 (31.6) 28.0 + 5.8 (27.5) <0.001* 33.5+9.2 (334) 32.7 £ 9.0 (32.8) 0.001%* -3.0x 15 -0.8+ 04 <0.0001"
LBM [kg] 527 £ 7.7 (51.5) 50.9 + 6.9 (50.6) <0.00** 545 + 9.5 (53.4) 53.9 £ 9.0 (52.6) 0.057* -1.8+ 0.9 -0.6 £ 0.3 <0.001™
PBF [%] 37.4 £ 7.0 (38.9) 33.2 £ 7.6 (34.6) <0.00** 38.7 + 6.9 (40.3) 37.8 £ 7.4 (39.8) 0.002** -42 2.1 -09 0.5 <0.0001"
MBF [kg] 332+ 123 (33.6) 26.8 + 10.6 (26.6) <0.001* 36.7 + 147 (36.7) 352 + 14.8 (34.8) 0.001* —6.4 %32 -1.6 £ 08 <0.0001"
VFL 13.3 £ 5.1 (14.0) 10.7 £ 5.3 (12.0) <0.00** 14.2 £ 49 (15.0) 13.7 £ 5.0 (15.0) 0.007** 26+ 13 -05+03 <0.0001™
MBF left leg [kg] 6.1 £2.2 (6.3) 49+ 19 (49) <0.001* 6.7 £ 2.6 (6.8) 6.4 2.6 (6.7) 0.005* -12+06 -03£0.1 <0.0001"
MBF right leg [kg] 6.1 £22 (6.3) 49+ 19 (49) <0.001* 6.6 = 2.6 (6.8) 6.4 + 2.6 (6.6) 0.008* -12+06 -02 £0.1 <0.0001"
Waist [cm] 942 + 13.5 (96.0) 864 + 1.5 (88.0) | <0.001* | 975 16.5 (100.0) 95.2 + 16.6 (97.0) 0.005* -78 %39 23 |1 <0.0001™
Hips [cm] 114.1 £ 12.1 (113.5) | 106.7 £ 10.5 (107.5) | <0.001* | [17.5+ 154 (117.0) | 115.0 £ 143 (114.0) | <0.001** 7437 2513 <0.0001"
Left thigh [em] 65.2 + 8.4 (64.5) 60.3 + 7.6 (60.0) <0.001* 66.2 + 9.4 (66.0) 64.9 + 9.7 (65.0) 0.045% -49+24 -1.3+06 <0.0001™
Right thigh [cm] 64.5 + 8.6 (63.0) 60.1 + 8.1 (59.3) <0.001* 66.1 + 9.4 (67.0) 64.8 + 10.0 (63.0) 0.047* 4422 -1.3+07 <0.0001™
Left calf [em] 43.9 £ 5.3 (42.5) 41.4 £ 4.9 (40.5) <0.001** 45.6 + 6.4 (44.0) 44.9 £ 6.2 (43.0) 0.007** 2512 -07 £+ 04 <0.0001"
Right calf [cm] 43.7 £ 5.3 (42.5) 41.0 £ 4.7 (40.3) <0.001* 45.4 £ 6.1 (44.5) 44.8 £ 5.9 (43.5) 0.023** 2613 -0.6 £ 0.3 <0.0001"
Left ankle [em] 25.1 £2.7 (25.3) 23.8 + 2.6 (24.0) <0.001** 26.5 + 4.5 (25.5) 26.1 + 3.7 (25.0) 0.029** -1.3+06 -04 02 <0.0001™
Right ankle [em] 25.0 £ 2.7 (25.0) 238 £2.7 (23.8) <0.00 I** 26.3 + 3.8 (25.0) 26.1 + 3.4 (25.0) 0.410%* -1.3+06 -02 0.1 <0.0001™

Notes: *Student’s t-test for dependent samples; **Wilcoxon test; "Student’s t-test for independent samples; MMann-Whitney U-test; p < 0.05 - statistically significant values.
Abbreviations: BMI, body mass index; LBM, lean body mass; PBF, percentage of body fat; MBF, mass body fat; VFL, visceral fat level.
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Patient 1 A Patient 1B Patient 2 A Patient 2 B

Figure 2 Lower limb photos of two patients (no. | and no. 2) with lipedema before and after the LCHF diet. Patient | and 2: (A) - photo before intervention; (B) - photo
after intervention (own documentation).

Patient 3 A Patient 3 B Patient 3 C Patient 3 D

Figure 3 Lower limb photos of patient (no. 3) with lipedema before and after the LCHF diet. (A and C) - photos before intervention; (B and D) - photos after intervention
(own documentation).

Diet for lipedema patients should include anti-inflammatory nutrients.'*'**! Nourollahi et al** demonstrated, limita-
tion of pro-inflammatory nutrients and/or using herbal supplementation can be effective in lipedema treatment. Some
nutrients can modulate inflammation in the body.*> Anti-inflammatory nutrients include vitamins (B6, niacin, folic acid,
riboflavin, thiamine, beta-carotene, A, C, E, and D), minerals (selenium, zinc, magnesium), fatty acids (mono- and
polyunsaturated: omega-3 and omega-6), fiber, polyphenols, components of herbs and spices (onion, garlic, turmeric,
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Patient4 A Patient4 B Patient 5 A Patient 5 B

Figure 4 Lower limb photos of two patients (no. 4 and no. 5) with lipedema before and after the MCMF diet. Patient 4 and 5: (A) - photo before intervention; (B) - photo
after intervention (own documentation).

ginger, saffron, pepper, thyme, oregano, rosemary, and cloves), coffee (caffeine) as well as black and green tea. Pro-
inflammatory components include an energy-dense diet high in carbohydrates, saturated fatty acids and trans fatty acids,
cholesterol and fat, protein, iron, and vitamin B12.>° Mediterranean diet may contribute to inflammatory markers
reduction due to its high content of antioxidant compounds such as polyphenols, tocopherols, resveratrol, vitamin
C and vitamin A.'*°

Hyperinsulinemia is a major cause of chronic inflammation and insulin resistance may contribute to the onset of
lipedema and it co-occur with visceral obesity.'®?*” Treatment of hyperinsulinemia and insulin resistance is essential in
lipedema management. Recent research showed that the gynoid adipose tissue was negatively correlated with insulin
resistant, which suggested that lipodemic adipose tissue of the thighs, hips and buttocks may protect against metabolic
disorders, including diabetes.'®*> Herbst et al*® demonstrated low incidence of type 2 diabetes in lipedema patients (2%)
and concluded that lipodemic adipose tissue was not insulin resistant and may have contributed to reduce risk of diabetes.
However, postprandial hyperglycemia contributes to the formation of Advanced Glycation End-Products (AGEs).*®
AGEs contribute to increased insulin resistance and have been found to induce vascular endothelial growth factor
(VEGF) and inflammatory responses in the body.***° There was a fourfold increase in VEGF levels in patients with
lipedema compared to control group.*' Dietary VEGF inhibitors which may play a role in reducing inflammation include:
polyphenols, flavonoids, anthocyanidins and proanthocyanidins, catechins, genistein, omega-3 fatty acids, lycopene,
beta-cryptoxanthin, glucosinolates, isothiocyanates, indole-3-carbinol, 3,3’-diindolylmethane (DIM) (cruciferous vege-
tables), turmeric, vitamin K2, fermented foods, and prebiotics.** Therefore, a low glycemic index diet, which avoids
fluctuations in blood glucose and insulin levels, may be beneficial in the lipedema treatment.®!”2

Di Renzo et al'® evaluated efficacy of a modified Mediterranean diet (mMeD) in body weight reduction in lipedema
patients compared to women without lipedema for 4 weeks. The diet was mainly plant-based and included seasonal fruits
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and vegetables, whole meal cereal products, pulses, and nuts. Butter was replaced with oil, salt was replaced with herbs
and spices, and products rich in polyunsaturated fatty acids were included. Canned and processed foods such as cured
meats, canned products, ready-made and frozen foods, cheeses (except ricotta), potatoes, as well as foods with a high
glycemic index, alcohol, and non-alcoholic sweetened beverages were excluded from the diet. Carbohydrate content was
40-45% of total energy, including 25g of fiber, protein content was 25-30% of total energy (>50% was plant-based
protein), and fat content was 25-30% of total energy, <10% kcal/day SFA, 6-10% PUFA, 15% MUFA, <1% trans fatty
acids, and the ratio of n-6 to n-3 fatty acids was 3:1. The authors assessed the patients’ quality of life using the European
Quality of Life (EQ-5D) test. The obtained information included the intensity of pain and discomfort, anxiety and
depression, as well as the ability to perform daily activities. The patients’ responses allowed to determine presence or
absence of difficulties in daily activities and their intensity. After 4 weeks of dietary intervention, the authors observed
a significant body weight and BMI reduction in both groups, with no significant differences in outcomes between the
groups. Body weight significantly decreased by an average of 2.96 kg in the lipedema group (91.06 + 28.63 kg in the
lipedema group vs 88.1 +27.7 kg in the non-lipedema group). A significant lower and upper extremity body fat reduction
was also observed after 4 weeks of diet in these patients (data not shown). Increase of daily physical activity abilities
after diet was also demonstrated. Patients performed daily activities with less pain and fatigue, which contributed to
quality of life improvement.

Keith et al® hypothesized that the ketogenic diet may contribute to lipedema symptom reduction. Ketogenic diet used
in lipedema patients may contribute to body weight, body fat and pain reduction which leads to quality of life
improvement. The diet may cause metabolic and hormonal changes, contribute to tissue water and inflammation
reduction, and also counteract tissue fibrosis. The diet increases adenosine levels, which may contribute to pain relief
and anti-inflammatory effect. Ketogenic diet contributes to lower blood glucose and insulin levels.* Nagpal et al**
indicated that a modified Mediterranean ketogenic diet can affect metabolic functions by modulating certain genes
involved in carbohydrate and fat metabolism as well as immune functions, including inflammatory responses in the body.

Ketogenic diet reduce hunger*-+34¢ 37

which may be helpful in lipedema patients characterized by leptin resistance.
However, side effects such as constipation, unpleasant breath, headache, muscle cramps and weakness may be frequently
observed. The association of ketogenic diet with lipid profile and the development of hepatic steatosis remains
inconclusive. Therefore, it would be important to demonstrate relationship between ketogenic diet and lipid profile in
lipedema patients.*’

For the first time, low-carbohydrate and high-fat diet was found to be more effective in patients with lipedema
compared to low-glycemic index diet. The limbs body fat reduction induced by a low-carbohydrate diet may be key in
alleviating symptoms of the disease and improving patients’ quality of life. The results of this study may be crucial in
implementing nutritional management in lipedema patients.

Diet effectiveness at body weight and body fat reduction depends on caloric restrictions but also on proportion of
individual macronutrients.*> Nutritional management resulting in a long-term effect among lipedema patients to prevent
the yo-yo effect is essential.'® A meta-analysis by Bueno et al*® found that low-carbohydrate diets (<50 g per day) are
effective in weight reduction in long term (12 and 24 months). It would be reasonable to conduct a long-term efficacy of
LCHF diet evaluation in lipedema patients. A pain scale before and after dietary intervention would be an added
advantage. This study was also limited by lack of a control group including female patients without lipedema, so that
effectiveness of the diet could be compared across different groups of individuals.

Conclusion
The LCHF diet was more effective than MFMC in body weight, body fat and lower limb circumferences reduction in
patients with lipedema in this study.
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