
© Schattauer 2018 Phlebologie 2/2018

55Review

Obesity and chronic inflammation 
in phlebological and lymphatic 
 diseases
G. Faerber
Centre for Vascular Medicine, Hamburg

Keywords
Obesity-associated functional venous insuffi-
ciency, obesity-associated lymphoedema, vis-
ceral obesity, chronic inflammation, insulin 
resistance

Summary
The prevalence of obesity has continued to 
increase considerably during the past 15 
years. Particularly noticeable is the marked 
increase in morbid obesity, which is in turn 
particularly pronounced among the elderly. 
Since the prevalence of venous thromboem-
bolism, chronic venous insufficiency and sec-
ondary lymphoedema also increases with 
age, the number of patients with venous or 
lymphatic diseases, who are also severely 
obese and often multimorbid, rises dispro-
portionately. Obesity, especially of the vis-
ceral type, exacerbates all oedema diseases, 
increases the risk of thromboembolic dis-
eases and post-thrombotic syndrome and 
may be the sole cause of obesity-associated 
functional venous insufficiency without evi-
dence of obstruction or reflux. Obesity-as-
sociated lymphoedema now accounts for the 
largest share of secondary lymphoedemas. 
More than 50 percent of patients are obese, 
with their subsequent secondary lymphoede-
ma usually resulting from obesity rather than 
the lipoedema. Weight reduction improves 
the symptomatology in all clinical presenta-
tions. Beside mechanical factors, such as an 

increase in intra-abdominal and intertriginous 
pressure, which in turn leads to an increase in 
venous pressure in leg vessels, these relation-
ships are mainly caused by the metabolic, 
chronic inflammatory and prothrombotic pro-
cesses that result from the increase of visceral 
adipose tissue. These processes can be ident-
ified by low levels of adiponectin and high lev-
els of leptin, insulin, intact proinsulin, PAI-1 
and proinflammatory cytokines (IL-6, IL-8, 
TNF-α). Therapeutic measures must therefore 
be aimed primarily at reducing visceral obesity 
and with it hyperinsulinemia or insulin resis-
tance as well as at fighting chronic inflam-
mation.

Schlüsselwörter
Adipositas-assoziierte funktionelle Venenin-
suffizienz, Adipositas-assoziiertes Lymph-
ödem, viszerale Adipositas, chronische Inflam-
mation, Insulinresistenz

Zusammenfassung
Die Prävalenz der Adipositas ist in den letzten 
15 Jahren weiter stark angestiegen. Dabei fällt 
besonders die deutliche Zunahme der morbi-
den Adipositas auf, die wiederum bei den Älte-
ren besonders ausgeprägt ist. Da mit dem Al-
ter auch venöse Thromboembolien, chronisch 
venöse Insuffizienz und sekundäre Lymph-
ödeme zunehmen, steigt die Zahl der Patien-

ten mit venösen oder lymphatischen Erkran-
kungen, die gleichzeitig schwer adipös und 
häufig multimorbide sind, überproportional 
an. Die Adipositas, vor allem die viszerale, 
verschlechtert alle Ödemerkrankungen, er-
höht das Risiko für thromboembolische Er-
krankungen und postthrombotisches Syn-
drom und kann alleinige Ursache sein für die 
Adipositas-assoziierte funktionelle Venenin-
suffizienz ohne Nachweis von Obstruktion 
oder Reflux. Das Adipositas-assoziierte 
Lymphödem stellt inzwischen den größten 
Anteil unter den sekundären Lymphödemen. 
Mehr als 50 Prozent der Lipödempatientin-
nen sind adipös, die bei ihnen im Verlauf zu 
beobachtenden sekundären Lymphödeme in 
der Regel Folge der Adipositas, nicht des Lip-
ödems. Die Symptomatik wird bei allen 
Krankheitsbildern durch Gewichtsreduktion 
gebessert. Neben mechanischen Faktoren 
wie der Erhöhung des intraabdominalen und 
intertriginösen Drucks, der wiederum zu ei-
ner venösen Drucksteigerung in den Beinge-
fäßen führt, sind es vor allem die durch die 
Zunahme des viszeralen Fettgewebes verur-
sachten metabolischen, chronisch inflamma-
torischen und prothrombotischen Prozesse, 
die für diese Zusammenhänge verantwortlich 
sind, erkennbar an niedrigen Spiegeln von 
Adiponektin und hohen von Leptin, Insulin, 
intaktem Proinsulin, PAI-1 sowie proinflam-
matorischen Zytokinen (Il-6, Il-8, TNF-α). The-
rapeutische Maßnahmen müssen also in ers-
ter Linie auf die Reduktion der viszeralen Adi-
positas und damit der Hyperinsulinämie bzw. 
der Insulinresistenz sowie auf die Bekämp-
fung der chronischen Entzündung abzielen.
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Introduction
In Germany, men with a normal body-
weight are already a minority from the age 
of 30 to 35 years, while overweight women 
do not dominate until the age of 55 years.

At the end of their working life, 74.2% of 
men and 56.3% of women are overweight. 
While the number of overweight individu-
als has been stagnant for several years, the 
proportion of obese people increased from 
12% in 2000 to 15% in 2009 and up to 
23.6% in 2015. Most notably, the propor-
tion of people with morbid obesity (BMI ≥ 
40) aged over 65 increased between 1999 
and 2013 by 300% for men and by 175% for 
women (1). Since the prevalence of throm-
boembolic events, chronic venous insuffi-
ciency (2) and secondary lymphoedema 
also increases with age, the number of pa-
tients with these conditions, who are also 
severely obese, is steadily increasing. The 
development of overweight and obesity is 
favoured by family predisposition or gen-
etic causes (3, 4), medications, endocrine 
and mental illnesses as well as by a low so-
cial and educational status (5). The rapid 
spread of the obesity epidemic is above all 
caused by today‘s lifestyle, which is charac-
terized by the constant availability of 
mostly unhealthy food, frequent „snack-
ing“ (6), lack of exercise due to a sedentary 
lifestyle in a closed environment, chronic 
stress (7) and lack of sleep (8–10).

Obesity-associated 
 diseases of veins and 
 lymphatics

Obesity aggravates any existing oedema dis-
eases or may cause them in the first place 
(11). It increases the risk of thromboembolic 
diseases and post-thrombotic syndrome 
(PTS) as well as the severity of chronic ve-
nous insufficiency (CVI), postthrombotic 
syndrome (PTS) and ulcus cruris (12).

Thromboembolism and 
post-thrombotic syndrome

In the Netherlands, in 2008, Abdollahi et 
al. observed in 454 consecutive patients 

with a first thrombosis a doubling of the 
risk of thrombosis at a BMI of 30 kg/m2 
and higher (CI95: 1.5 vs. 3.4) as well as an 
increase in factors VIII and IX. The relative 
risk was similar for both sexes and all age 
groups; in absolute terms, the effect was 
greatest among the elderly (13). A prospec-
tive cohort study by Ageno et al. involving 
83 consecutive thrombosis patients showed 
that a BMI > 28 kg/m2 is already a predic-
tor for the early development of a post-
thrombotic syndrome. After 12 months, 
PTS was observed in 24.1 percent; the 
mean BMI was significantly higher in this 
group (29.6 vs. 27.2 kg/m2, p = 0.022). The 
authors concluded that thrombosis pa-
tients should avoid weight gain and that a 
reduction could possibly help to prevent 
PTS (14).

CVI and ulcus cruris

The influence of body weight on the sever-
ity of CVI has been the subject of contro-
versial debate in the literature, mainly be-
cause both CVI and BMI increase with age 
(2). In a large epidemiological study invol-
ving over 16,000 subjects, Chiesa et al. de-
scribed a relationship between BMI, visible 
signs of CVI and increase in venous reflux 
(15). In contrast, a retrospective study by 
Padberg et al in 2003 (20 men, 39 legs, 
CEAP C4 to C6, BMI ≥ 40 kg/m2) found 
no evidence of venous reflux on duplex 
examination in two thirds of the patients 
despite typical skin changes (hyperpigmen-
tation, lipodermatosclerosis up to hydro-
static ulcus cruris). With respect to the 
clinical findings (VCSS, venous clinical se-
verity score), no differences were observed 
between patients with or without reflux 
(16). In a cross-sectional study from Serbia 
in 2013, the authors also described a strong 
correlation between obesity and CEAP-C 
stages that was independent of age, gender 
and other risk factors, but not between 
obesity and venous reflux (17). With the 
aid of duplex ultrasound examinations on 
more than 400 legs, Danielsson et al. also 
demonstrated that obese patients may ex-
hibit CVI-typical skin changes even with-
out venous reflux (18). They found a strong 
correlation between BMI and the severity 
of the clinical symptoms and described 

overweight as an independent risk factor 
for CVI-typical skin lesions. Over 50% of 
the obese patients had oedema and a florid 
or healed ulcer. In a study of ulcers, Ober-
mayer et al. also described a share of 46% 
of obese and 35% of overweight patients 
(19). Overall, the proportion of the so-
called venous hydrostatic ulcers without re-
flux is reported to be between 20 and over 
60%, depending on the degree of obesity 
(16, 20). The skin lesions improve after 
weight loss (21, 22).

CVI-typical symptoms occurring in the 
context of obesity are summarised under 
the term „obesity-associated dependency 
syndrome,“ analogous to “immobility-in-
duced dependency syndrome” in paralysed 
individuals (23, 24). Garzon and Ober-
mayer were able to demonstrate that the 
intertriginous pressure in the groin already 
correlates with the leg vein pressure at a 
BMI as low as 25 kg/m2 and that in obese 
patients it causes, in addition to the result-
ing obstruction of the leg veins due to the 
weight on the groin, a complete inacti-
vation of the calf muscle pump when sit-
ting, thereby preventing the relief of the in 
itself healthy, venous system, thus causing 
the venous pressure to increase. The au-
thors see this as a possible explanation for 
the formation of hydrostatic ulcers (23). 
Since it is most likely that additional, par-
ticularly metabolic interrelationships con-
tribute to the pathogenesis, the clinical pic-
ture is better described as secondary func-
tional venous insufficiency without evi-
dence of reflux or obstruction (11).

Lymphoedema and 
 lipoedema

Compared to the general population with a 
proportion of obesity of around 20%, pa-
tients with lymphatic diseases are far more 
often overweight or obese (see also 
Bertsch, Tobias in this issue). In a study of 
72 patients attending consultations at the 
Lymphatic Outpatient Clinic of the Venous 
Centre of the Ruhr University Bochum, 
Reich-Schupke observed a mean BMI of 38 
kg/m2, whith the proportion of obesity dif-
fering greatly depending on the lympho-
logical diagnosis (25). In a lymphological 
population, Flaggl et al. found 24% of pa-
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Fig. 1 Obesity-associated lymphoedema with 
secondary functional venous insufficiency. BMI 61 
kg/m2 (162cm, BMI 61. WHtR 0.88). Hyperpig-
mentation, dermatoliposclerosis, ulcus cruris on 
the right 0.5x0.5 cm, lymphorrhoea; diabetes 
mell. type II, art. hypertension.

G. Faerber: Obesity and chronic inflammation

tients with normal weight (26). Obesity 
leads to a deterioration of primary lymp-
hoedema (27), while secondary postoper-
ative lymphoedemas are more prevalent, 
occur earlier and are more severe in obese 
persons (28). Most importantly, morbid 
obesity (BMI above 40 kg/m2) is now the 
most common cause of secondary lymp-
hoedema, and forms its own entity as obes-
ity-associated lymphoedema (29). It typi-
cally develops in the second half of life par-
allel to weight gain, particularly at the 
thighs, the genital region and abdominally 
in the area of fat folds, while the fibrosis on 
the lower legs is mildly pronounced and 
the Stemmer sign often only weakly detect-
able (29). Obesity-associated lymphoede-
ma is often associated with skin lesions 
typical of secondary venous insufficiency 
(▶ Fig. 1).

For lipoedema, Schmeller et al. reported 
a proportion of patients with normal 
weight of 29% (30). The real proportion of 
adipose lipoedema patients is likely to be 
well over 50% (31). The secondary lymp-
hoedema, which often develops in these 
patients over the further clinical course, is 
the result of obesity, not the lipoedema. 
Transitions appear to exist in both direc-
tions between the asymptomatic lipohyper-
trophy and the symptomatic, painful li-
poedema, usually in phases of weight or 
hormonal changes (32, 33). Because of the 
additional fat masses at the thighs, obesity 
deteriorates axial malalignment, gait and 
mobility, which further increases weight.

Influence of visceral 
 adipose tissue on hyperco-
agulability, chronic 
 inflammation and insulin 
resistance

The relationship between obesity and the 
clinical pictures described above can be ex-
plained by mechanical mechanisms (in-
crease of intra-abdominal, intertriginous 
and subsequently venous pressure) and 
those that emphasize the role of chronic in-
flammation and metabolic changes associ-
ated with obesity. These mechanisms are 

not mutually exclusive, but rather comple-
ment each other.

Visceral obesity, 
 thrombosis and secondary 
venous insufficiency
Willenberg and colleagues observed an en-
larged diameter of the femoral vein and a 
deterioration of venous flow parameters in 
obese patients. They saw this as a confir-
mation that abdominal adipose tissue 
could mechanically increase the risk of ve-
nous thromboembolism and CVI by in-
creasing intra-abdominal pressure (34). 
Darvall et al., on the other hand, described 
in a review that visceral obesity in particu-
lar is associated with an increased inci-
dence and prevalence of arterial and ve-
nous thromboembolism (35). Visceral adi-
pose tissue is not only an energy store, but 
also a production site for numerous hor-
mones and cytokines that influence the 
glucose and lipid metabolism and clotting 
(▶ Tab. 1). The secretion of leptin is in-
creased by TNF-α and hyperinsulinemia. 
Leptin promotes platelet aggregation, en-
hances the synthesis of CRP via activation 
of the IL-6 receptors and thus acts proin-

flammatory. Adiponectin is decreased in 
insulin resistance and obesity. High levels 
have an anti-inflammatory effect: CRP, 
TNF-α, IL-6, IL-8 and Plasminogen-Acti-
vator-Inhibitor-1 (PAI-1) decrease. In-
creasing levels are associated with decreas-
ing insulin resistance and improvement of 
cardiovascular risk factors.

Overall, abdominal obesity increases the 
risk of thrombosis through the increased 
activity of the coagulation cascade, de-
creased activity of the fibrinolytic cascade, 
increased inflammatory processes, elevated 
oxidative stress and endothelial dysfunc-
tion. This is further accompanied by dis-
orders of lipid metabolism and glucose tol-
erance in the context of metabolic syn-
drome (insulin resistance, increased trig-
lycerides, low HDL), which also have 
proinflammatory effects and enhance en-
dothelial dysfunction. These thrombogenic 
risk factors can invariably be improved by 
weight reduction (35). In their meta-analy-
sis, Ageno et al. also concluded that visceral 
adipose tissue, as an endocrine organ, is re-
sponsible for chronic inflammation and 
thus for a thrombogenic condition that in-
creases the risk of venous thromboembol-
ism (36). Chronic inflammation increases 
fibrinogen, tissue factor (factor III) and 
factor VII, activating thereby the coagu-
lation cascade. Moreover, patients with vis-
ceral obesity were often found to exhibit 
elevated levels of PAI-1 and low levels of 
tissue-specific plasminogen activator 
(t-PA), which is released from endothelial 
cells of vascular walls and acts as an endo-
genous activator of fibrinolysis by convert-
ing plasminogen directly into plasmin. The 
PAI-1 level correlates positively with the 
BMI and with the plasma insulin and trig-
lyceride levels. If insulin levels are lowered 
by fasting or metformin, PAI-1 (37) also 
decreases, suggesting that hyperinsuline-
mia increases the hepatic synthesis of 
PAI-1 and thus contributes to a hypofibri-
nolytic condition (38).

There is much to suggest that in addi-
tion to the mechanical factors described 
above, chronic inflammatory and pro-
thrombotic processes caused by visceral 
obesity also play a role in skin changes in 
the context of secondary venous insuffi-
ciency up to hydrostatic ulcers, since these 
increase, among other things, capillary per-
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Tab. 1 Metabolic and inflammatory markers and cytokines

Marker, site of formation

Adiponectin
Peptide hormone, fat cells; 
antiatherogenic, antiin-
flammatory

Intact proinsulin
Precursor of insulin pan-
creatic �-cells

Leptin
Proteohormone, adipo-
cytes regulation of body 
weight

hs-CRP
acute-phase protein 
liver, vascular muscle cells

Plasminogen  Activator 
Inhibitor-1
(PAI-1)
especially visceral adipose 
tissue

Inhibition of fibrinolysis

Inflammatory  cytokines:
IL-6, IL-8, TNF-α 
visceral adipose tissue 
stimulation of inflamma-
tory processes

Low values associated with:
visceral obesity (suppresses secretion) 
insulin resistance and hyperinsulinemia 
dyslipidaemia (high triglycerides, low HDL) 
inflammation 
stress
increased risk of type 2 diabetes mellitus, CHD

High values associated with:
advanced dysfunction of β cells 
prediabetes
increased cardiovascular risk (stimulates PAI-I, blocks fibrinolysis) 
further weight gain

High values associated with:
leptin resistance
visceral obesity
hyperinsulinemia, β-cell dysfunction, high triglycerides, low HDL 
inflammation

High values associated with:
chronic inflammation
insulin resistance, increased risk of type II diabetes 
hypertension, metabolic syndrome 
increased risk of vascular events

High values associated with:
visceral obesity 
inflammation and oxidative stress

Increased risk of thromboembolic events, atherosclerosis insulin resis-
tance, metabolic syndrome, type II diabetes mellitus

High values associated with:
chronic inflammation
visceral obesity
insulin resistance, type II diabetes mellitus
vascular events
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meability, extravasation and consecutively 
the lymphatic burden (24).

Obesity, chronic inflam-
mation and lymphoedema

Obesity and metabolic syndrome are as-
sociated with elevated levels of proinflam-
matory cytokines, detected not only sys-
temically, but also in adipose tissue, in the 
liver and in skeletal muscle. Numerous 
studies have shown that an increase of 
proinflammatory cytokines such as TNF-α, 
IL-6, and MCP-1 (macrophage chemotac-
tic protein 1) leads to insulin resistance in 
adipose tissue, increased lipolysis and fatty 

liver (39). In a mouse model, Karaman et 
al. showed that the VEGFR-3 receptor and 
its ligands VEGF-C and D, which are im-
portant for lymphangiogenesis, not only 
play a role in inflammation of adipose tis-
sue and the development of metabolic syn-
drome, but are also of importance for the 
development of obesity-associated lymp-
hoedema (39, 40). This influence is me-
diated by macrophages, which, along with 
T cells, play a major role in the obesity-as-
sociated inflammatory response (41).

It has long been known that the expan-
sion of adipose tissue requires increased 
neoangiogenesis. Various studies have re-
ported elevated serum levels of VEGF-A, C 
and D in overweight and obese patients as 

compared to lean individuals (42, 43). In-
terestingly, gender differences were also ob-
served in this context. A higher increase of 
VEGF-C and D as well as of angiopoietin 2 
was observed among overweight women 
compared to overweight men.

VEGF-A mainly stimulates the prolifer-
ation and migration of vascular endothelial 
cells. Overexpression of VEGF-A in trans-
genic mice resulted in an increased number 
and size of blood vessels. However, these 
mice were also protected from developing a 
high-fat-diet-induced obesity and from in-
sulin resistance (44). In this respect, en-
hanced levels of VEGF-A appear to be an 
immune response to counter adipose tissue 
hypoxia and to regulate hypoxia-related in-
flammatory processes.

The obesity-enhanced expression of 
VEGF-C, the most important growth fac-
tor for lymphangiogenesis, appears, how-
ever, to result in a lymphatic dysfunction. 
This finding is supported by the observa-
tion that a blockade of the VEGFR-3 ligand 
VEGF-C in the mouse model leads to a re-
duction of oedema formation as well as to a 
significant improvement of insulin sensi-
tivity and decreased hepatic steatosis (39).

Elevated levels of VEGF-C mRNA were 
observed in mouse adipose tissue in both 
genetically and diet-induced obesity, sug-
gesting that inflamed adipose tissue itself is 
one of the sources of the elevated VEGF-C 
levels (39, 40). Obesity leads to increased 
migration of M1-polarized macrophages 
into adipose tissue. A feature of these M1 
macrophages is, in addition to the release 
of proinflammatory cytokines, the en-
hanced expression of VEGFR-3.

Initially, VEGFR-3 stimulates lymphan-
giogenesis. However, several research 
groups have shown that obesity leads to re-
duced lymphatic flow and to a reduced up-
take of lymphatic fluid into the lymph 
nodes. This seems to be caused by imma-
ture, increasingly permeable (“leaky”) lym-
phatic vessels (45, 46). In addition, the re-
lease of inducible nitric oxide synthase 
(iNOS) by macrophages leads to a dila-
tation of the lymphatic vessels and a con-
comitant decrease in contraction intensity. 
Finally, the frequency of contraction of the 
lymph collectors is also reduced (45, 46).

This results in lymphatic stasis. In the 
long term, as with other secondary lymp-
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Average HOMA index
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evolution HOMA (%)
start – end

control ‐48,46
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Average Weight

patients without lipoedema (control) patients with lipoedema

evolution weight (%)
start – end

control ‐14,92

with lipoedema ‐18,17

Fig. 2 Average HOMA index and weight before and after nutritional therapy. Female lipoedema patients had a higher starting weight along with a lower 
HOMA index.
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hoedemas, this leads – at least in subcu-
taneous adipose tissue – to an M2 macro-
phage shift and to a TH2-dominated in-
flammatory response, which is responsible 
for further lymphoedema-associated, local 
adipose tissue formation, fibrosis of the 
surrounding tissue and sclerosis of the 
lymphatic vessels (47). A vicious circle de-
velops.

Obesity and lipoedema – 
inflammation, insulin and 
oestradiol

Although the pathogenesis of lipoedema is 
still largely unknown, there is much to sug-
gest the involvement of inflammatory pro-
cesses in addition to hormonal factors. It is 

not clear whether and in what way these 
are the primary cause or the consequence 
of other physical changes such as obesity or 
hormonal imbalances. It has long been 
known that obesity worsens symptoms in 
patients with a verified diagnosis of li-
poedema (48, 49). However, there are also 
disease progressions, in which an asympto-
matic lipohypertrophy only develops into a 
symptomatic lipoedema in the course of 
life, usually in a phase of marked weight 
gain. In both cases, this development may 
be reversible after weight loss and change 
in diet (50). It is understandable that in li-
poedema too, the vicious circle of obesity 
and gradually increasing hyperinsulinemia 
not only leads to a further increase in adi-
pose tissue, but also to the described proin-
flammatory and oedema-promoting effects 
of the visceral adipose tissue. In our own 

investigations, it is striking that insulin re-
sistance in a population of obese lipoedema 
patients is less pronounced than in a con-
trol group of obese patients without li-
poedema, despite a higher average weight, 
with this difference disappearing with in-
creasing abdominal obesity (▶ Fig. 2) (51).

In addition, insulin directly stimulates 
the aromatase activity in adipose tissue and 
thus the conversion of androstenedione 
and testosterone to estrone and estradiol 
(52). It also reduces the sex hormone-bind-
ing globulin (SHBG) and thus further in-
creases free estradiol (53, 54). Hyperinsu-
linemia thus promotes a shift in the hor-
monal balance between estradiol and pro-
gesterone in favour of estradiol, which in 
turn has pro-inflammatory, oedema-en-
hancing and lipogenic effects. The role of 
adipose tissue as an alternative site of estra-
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Adipocyte

Angiotensin
Blood pressure

Free fatty acids
Dyslipidaemia
HDL
Triglycerides

Cytokines
IL 6, IL 8, TNF α
hs CRP
PAI‐I

Adiponectin

Inflammation, arteriosclerosis, thrombosis

Hyperinsulinemia
Insulin resistance
Hyperglycaemia

Insulin
Proinsulin ++++

++++

Insulin
Intact proinsulin

Beta cell dysfunction

Fig. 3 
Relationships between 
adipogenesis, insulin 
resistance and inflam-
mation (modified ac-
cording to Pfützner 
2005).
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diol production thus enhances the physio-
logically present estradiol dominance in 
the pre- or perimenopausal phase and thus 
contributes to the late manifestation of li-
poedema in this phase of life (51).

Reducing hyperinsulinemia, 
fighting inflammation

Hyperinsulinemia increases adipogenesis 
and reduces lipolysis, leading thereby to an 
increase of visceral adipose tissue and thus 
to a formation of proinflammatory and co-
agulation-activating hormones and cyto-
kines. The formation of oedema increases, 
on the one hand, as a result of the inflam-
matory-mediated increase of capillary per-
meability and the increased retention of 
water and sodium and, on the other hand, 
as a result of the insulin-mediated increase 
of estradiol.

Therapeutic options should therefore 
target primarily the reduction of hyperin-
sulinemia and the resolution of insulin re-
sistance as well as fighting chronic inflam-
mation (▶ Fig. 3; ▶ Tab. 2)

In cases of low to moderate insulin re-
sistance, insulin sensitivity can be im-

proved solely by changes in dietary habits 
and lifestyle.

Increased physical activity, especially 
endurance training in the aerobic range, 
promotes fat burning and serves primarily 
to increase the insulin sensitivity of muscle 
cells, rather than to burn calories, the im-
portance of which is anyway usually over-
estimated (55). In cases of severe obesity, 
the various forms of water exercises (Aqua 
Cycling, Aqua Jogging etc.) are particularly 
suitable to avoid excess strain of the joints.

In terms of nutrition, importance must 
be given, on the one hand, to its composi-
tion, as blood glucose and insulin peaks 
should be avoided in the context of a diet 
with low glycaemic load by abstaining from 
sugar and refined carbohydrates (56), but 
perhaps even more decisive is a reduction 
in the frequency of meals and abstaining 
from between-meal snacking. This is a rad-
ical turning away from the recommen-
dation to eat many small, especially carbo-
hydrate-dense meals. The awarding of the 
Nobel Prize in Medicine to Y. Ohsumi for 
his research on autophagy has once again 
brought the various forms of fasting and 
their effects on the metabolism into focus. 
Here an extension of the nocturnal fasting 
period or the introduction of individual 

fasting days (intermittent or periodic fast-
ing) not only seem to favourably influence 
weight and insulin sensitivity, but would 
also appear to have anti-inflammatory ef-
fects (57–59).

This and a significant reduction of cal-
orie intake can result in non-diabetic fast-
ing blood glucose levels after eight weeks in 
87% of patients, who have been suffering 
from diabetes for a short period of time, 
and in 50% of patients, who have had dia-
betes for a longer period of time, and can 
significantly improve blood pressure and 
blood lipids irrespective of the duration of 
the diabetes (60, 61). These results are 
therefore comparable to those after bariat-
ric surgery, in which a rapid normalization 
of the metabolism is also achieved in type 
II diabetes, but which is neither possible 
nor desirable for all patients and is not 
without risks. In addition to the immediate 
risk of surgery, these include long-term 
malnutrition, osteoporosis, oesophagitis, 
dumping syndrome and blood sugar fluc-
tuations in diabetes, increased suicide and 
accident rates compared to non-operated 
patients, increased drug use and a failure 
rate of up to 20% (62–64). Long-term fol-
low-up care and supervision is imperative 
after both bariatric surgery and nutritional 
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Fig. 4 Lipoedema case study: Grade I obesity (BMI 31.1), 91.2kg; WHtR 0.55; lipoedema of the arms (Stage I) and legs (Stage II); contact sensitivity, sponta-
neous pain, 3–4 Ibu 400/day; retired early „because of her legs and the pain“; rheumatology and muscle biopsy without pathological findings; HOMA-IR 1.3; 
CRP 2.3; right photos: ketogenic diet, omega 3 supplementation; weight loss 19 kg in 3 months. Free of complaints, no more pain medication; practices sports 
again

Tab. 2  
Therapy recommen-
dations for insulin re-
sistance and inflam-
mation

Laboratory 
marker

Inflammation 
markers: 
• hs-CRP
• IL 6, IL8
•  TNF- α

Metabolic 
markers:
•  HOMA-IR
• Adiponectin
•  Proinsulin

Lifestyle recommen-
dations

Elimination/treatment of in-
flammatory diseases

Increase of insulin sensitiv-
ity by:
•  More exercise (especially 

aerobic)
• Sufficient sleep
•  Stress reduction
• Weight loss
•  Reduction of the number 

of meals
•  Intermittent fasting 

where appropriate
• Ketogenic diet where ap-

propriate

Dietary recommendations

Avoiding:
•  Sugar, fructose, refined carbohy-

drates, trans fats,
•  Omega-6 rich oils
•  Preservatives and additives, pro-

cessed meat products
• Meat from intensive rearing 
•  Wheat
• Reduction of sweeteners

Increasing healthy fats:
•  Omega-3 fatty acids (cold-water 

fish)
•  Olive oil, nuts and seeds,
• Meat and dairy products (full fat) 

preferably from pasture raised ani-
mals

•  High fibre diet, lots of fresh veg-
etables, moderate amount of fruit 
(preferably berries)

Recommendations on nutritional 
supplements

•  Fish oil
•  Vitamins D, C, B

If required:
• Zinc, magnesium, chromium, 

 selenium
• Green tea extract (EGCG)
• Resveratrol
•  Curcumin
• Garlic, ginger
• Rosemary, basil
• Gymnema silvestre

Hormones:
• If necessary, DHEA (if decreased)
• If necessary, progesterone (transder-

mal)

G. Faerber: Obesity and chronic inflammation

therapy; only then are satisfactory long-
term results possible (65).

Numerous studies have already demon-
strated a reduction in inflammatory pa-
rameters and cardiovascular risk factors as-
sociated with a ketogenic diet (very low 
carb ketogenic diet (VLCKD) (66–68); fa-
vourable effects are also evident in neur-
odegenerative diseases (69, 70). The reduc-
tion in carbohydrate intake below the indi-
vidual ketogenic threshold normalizes glu-
cose and insulin at low levels. The secretion 
of proinflammatory enzymes (Interleukins 

6 and 8, TNF-α) is reduced, diuresis and 
natriuresis are increased and the blood 
concentration of arachidonic acid and 
omega-6 fatty acids decreases. Beta-hy-
droxybutyrate has a direct anti-inflamma-
tory effect in that it blocks a part of the im-
mune system involved in various inflam-
matory diseases (71). In contrast to the ex-
tremely high-fat, ketogenic diet in other 
diseases, in which a weight loss is undesir-
able (epilepsy, tumours), a calorie deficit 
can be induced in overweight individuals 
by a low to moderate fat intake, since the 

formation of ketones takes place via lipoly-
sis. In this context, attention should be paid 
to the quality of the dietary fats: Desirable 
is the highest possible share of anti-inflam-
matory omega-3 fatty acids from plant and 
marine origins and the lowest possible 
share of proinflammatory omega-6 fatty 
acids. In contrast to industrial trans fats, 
the natural trans fats contained in dairy 
products were found to have positive ef-
fects on HDL, inflammatory markers and 
vascular health. Because of their higher 
content of omega-3 fatty acids and conju-
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Fig. 6 Lipoedema case study: Weight loss; 104kg (-36.5 kg), Circumference reduction of 10–18cm: 
Still massive lipohypertrophy. No complaints, lymphoedema no longer present.

Fig. 5  
Lipoedema case study: 
Lipoedema stage II; 
weight 141 kg; 178cm; 
BMI 44.5; ketogenic, 
high-protein diet; 
symptom improve-
ment already after 1 
week (subjectively and 
objectively by lymph 
therapist)
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gated linoleic acid, full-fat, pasture raised 
dairy products are recommended (72).

A qualitatively and quantitatively ad-
equate protein intake, as is necessary for 
the protection of the lean mass and for 
saturation (73), can also be modified with 
regard to pro- or anti-inflammatory prop-
erties: fish, especially high-fat, cold-water 
fish such as herring, mackerel and wild 
salmon are recommended because of their 
content of omega-3 fatty acids. Meat from 
pasture raised livestock (lamb, cattle) or 
game contains more omega-3 fatty acids 
and significantly less arachidonic acid than 
pork and turkey or meat from industrially 

mass-farmed animals. A study of 37 pa-
tients with type II diabetes showed that a 
high-normal protein intake reduces liver 
fat content, liver enzymes, inflammatory 
parameters and insulin resistance (73). An 
amount of 1 to 1.2 grams of protein per 
kilogram of the normal weight is recom-
mended, which is usually enough to pro-
tect lean mass (74) and, as the brain is good 
at using the ketones as an alternative ener-
gy source, but depends on glucose to about 
15 to 20 %, to maintain the necessary glu-
coneogenesis. Insulin secretion increases 
only at a significantly higher protein intake 
(>2g/kg) due to increased gluconeogenesis. 

For patients, ketosis has the immediate 
benefit of physical and mental well-being, 
as ketone bodies have a satiating effect 
(75–77) and are slightly mood enhancing.

In terms of weight loss and symptoma-
tology, the ketogenic diet seems to be par-
ticularly effective for lipoedema (▶ Fig. 5, 
▶ Fig. 6). It not only leads to weight loss 
and degradation of visceral fat, but also to a 
reduction of the alimentary, i.e. not exclus-
ively lipoedema-related, subcutaneous adi-
pose tissue at the extremities. According to 
our own investigations, typical symptoms 
such as sensation of tension, oedema, often 
tenderness to palpation as well, are im-
proved in more than 80% of cases, so that a 
reduction of the therapeutic measures is 
often possible (50). Interestingly, even pa-
tients with normal weight often experience 
a relief of their complaints by avoiding re-
fined carbohydrates and sugars. Hence, 
this improvement is not only a conse-
quence of weight loss, but most likely of the 
anti-inflammatory and anti-oedematous 
effects of the metabolic readjustment as 
well.

Additional dietary recommen-
dations

Even though they do not contain usable 
carbohydrates, sugar-free sweeteners 
should also be avoided or consumed in 
only small quantities, as they can also in-
crease the insulin secretion via the sense of 
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taste (so-called „cephalic phase“), which 
subsequently leads to a drop of blood glu-
cose (78–80). Damage to the healthy intes-
tinal flora is discussed for some sweeteners 
(81, 82). In contrast, a study from Basel 
found significant advantages for the polyols 
erythrol and xylitol. Not only do they show 
no (erythrol) or only minor (xylitol) effects 
on plasma glucose and plasma insulin, but 
they also have a filling effect, as they slow 
down gastric emptying and increase secre-
tion of the satiety hormones CCK and 
GLP-1 (83).

A pathologically altered intestinal flora 
contributes via the immune system to the 
development of low-threshold inflam-
mation, insulin resistance and metabolic 
syndrome.

In addition, an altered microbiome can 
increase the energy intake by 10 to 15 per-
cent, contributing thereby to obesity (84). 
To maintain a healthy intestinal flora, the 
diet should therefore be above all rich in 
soluble fibre (inulin, oligofructose, resistant 
starch, pectin, at least 30 g/day) and low in 
sugars (85, 86).

Conclusion

Various studies have shown that weight re-
duction can improve the skin changes in 
secondary venous insufficiency and reduce 
thrombogenic risk factors. Obesity-associ-
ated lymphoedema can regress completely 
and the symptoms of lipoedema decline 
significantly. Besides treatment of the re-
spective acute or chronic symptoms by 
anticoagulation, compression, lymphatic 
drainage or wound therapy, the therapeutic 
efforts must also focus on the reduction of 
weight, especially of visceral obesity, 
through dietary changes and a modifica-
tion of lifestyle, in order to achieve a long-
term reduction of insulin resistance and 
the associated proinflammatory, oedema-
enhancing and procoagulant effects of adi-
pose tissue.

Acknowledgements

I warmly thank Ms Yvonne Frambach, who 
provided me with her excellent exposition 
on the role of inflammation in lymphoede-

ma for this article, and thus enriched it 
considerably.

Conflict of interest

The authors report no conflict of interest.

Ethical guidelines

No studies on humans or animals were per-
formed for this manuscript.

References
1. So dick war Deutschland noch nie. Ergebnisse des 

13. DGE-Ernährungsberichts zur Übergewicht-
sentwicklung. Presseinformation: Presse, DGE ak-
tuell, Februar 2017.

2. Benigni JP, Cazaubon M, Tourneroche A, Ach-
hammerI, Mathieu M. Is obesity an aggravating 
factor in chronic venous disease? Results of a 
French epidemiological study in male patients. Int 
Angiol 2006; 25: 297–303.

3. Stunkard AJ, Sørensen TI, Hanis C et al. An adop-
tion study of human obesity. N Engl J Med. 1986 
Jan 23; 314(4): 193–8. 

4. Stunkard AJ, Harris JR, Pedersen NL et al. The 
body mass index of twins who have been reared 
apart. N Engl J Med. 1990 May 24; 322 (21): 
1483–7.

5. Schienkiewitz, Mensink GBM, Ronny Kuhnert, 
Lange C. Übergewicht und Adipositas bei Erwach-
senen in Deutschland. Journal of Health Monitor-
ing 2017 2(2) DOI 10.17886/RKI-GBE-2017–025 
Robert Koch-Institut, Berlin

6. Cameron JD, Cyr MJ, Doucet E. Increased meal 
frequency does not promote greater weight loss in 
subjects who were prescribed an 8-week equi-
energetic energy-restricted diet. Br J Nutr. 2010 
Apr; 103(8): 1098–1101.

7. Rosmond R, Dallmann MF, Björntorp P. Stress-re-
lated cortisol secretion in men: relationships with 
abdominal obesity and endocrine, metabolic and 
hemodynamic abnormalities. J Clin Endocrinol 
Metab 1998; 83(6): 1853–1859.

8. Watanabe M, Kikuchi H, Tanaka K et al. Associ-
ation of Short Sleep Duration with Weight Gain 
and Obesity at 1-Year Follow-Up: A Large-Scale 
Prospective Study. Sleep 2010; 33(2):161–7. 
DOI.org/10.1093/sleep/33.2.161

9. Hasler G, Buysse J, Klaghofer R et al. The Associ-
ation Between Short Sleep Duration and Obesity 
in Young Adults: a 13-Year the Prospective Study. 
Sleep, 2004 Jun, 27(4): 661–666.

10. Cappucchio FP, Taggart FM, Kandala NB et al. 
Meta-Analysis of Short Sleep Duration and Obes-
ity in Children and Adults. Sleep, 2008; 31(5): 
319–326. 

11. Faerber G. Der übergewichtige Patient mit CVI 
oder Lymphödem: Risikofaktor oder Ursache? Va-
somed 2014; 26: 10–11. Bonner Venentage 2014.

12. Göstl K, Obermayer A, Hirschl M. Pathogenesis of 
chronic venous insufficiency by obesity. Current 

data and hypotheses. Phlebologie 2009; 38: 
108–113.

13. Abdollahi M, Cushman M, Rosendaal FR. Obesity: 
risk of venous thrombosis and the interaction with 
coagulation factor levels and oral contraceptive 
use. Thromb Haemost 2003; 89: 493–498.

14. Ageno W, Piantanida E, Dentali F et al. Body mass 
index is associated with the development of the 
postthrombotic syndrome. Thromb Haemost 
2003; 89: 305–309.

15. Chiesa R, Marone EM, Limonie C et al. Chronic 
venous disorders: correlation between visible 
signs, symptoms, and presence of functional dis-
ease. J Vasc Surg. 2007; 46: 322–330. 

16. Padberg F Jr, Cerveira JJ, Lal BK et al. Does severe 
venous insufficiency have a different etiology in 
the morbidly obese? Is it venous? J Vasc Surg 2003; 
37: 79–85. 

17. Vlajinac HD , Marinkovic JM, Maksimovic MZ et 
al. Body Mass Index and Primary Chronic Venous 
Disease – A Cross-sectional Study. European Jour-
nal of Vascular and Endovascular Surgery 2013; 45 
(3): 293–298.

18. Danielsson G, Eklof B, Grandinetti A, Kistner RL. 
The influence of obesity on chronic venous dis-
ease. Vasc Endovascular Surg 2002; 36: 271–276.

19. Obermayer A, Göstl K, Walli G, Benesch T. 
Chronic venous leg ulcers benefit from surgery: 
long-term results from 173 legs. J Vasc Surg 2006; 
44: 572–579. 

20. Bjellerup M. Determining venous incompetence: a 
report from a specialised leg ulcer clinic. J Wound 
Care 2006; 15: 429–436. 

21. Sugerman HJ, Sugerman EL, Wolfe L et al. Risks 
and benefits of gastric bypass in morbidly obese 
patients with severevenous stasis disease. Ann 
Surg 2001; 234: 41–46.

22. Benigni JP. Wirksamkeit von Gewichtsabnahme 
auf die Entwicklung chronisch venöser Insuffi-
zienz nach operativer Magenverkleinerung bei 
übergewichtigen Patienten. 15. Bonner Venentage 
vom 27./28. Februar 2008. Vasomed 2009; 1: 
26–27.

23. Garzon K, Obermayer A, Hirscher M. Das adi-
positasassoziierte Dependency-Sndrom. Vasomed 
2010; 22(5): 218. 

24. Doerler M, Altmeyer P, Stücker M. Ulcus cruris 
venosum auf dem Boden eines Adipositas-asso-
ziierten Dependency-Syndroms. Phlebologie 
2013;42: 205–208. 

25. Reich-Schupke, S. Die besondere Rolle der Adi-
positas in der Lymphologie.Vasomed 2014; 5: 
230–236.

26. Flaggl F, Döller W, Jäger G et al. Prävalenz komor-
bider psychischer Störungen bei Lymphödempa-
tienten in der medizinischen Rehabilitation. Praxis 
Klinische Verhaltensmedizin und Rehabilitation 
2006; 7(1): 75–82. 

27. Greene AK, Grant FD, Slavin SA. Lower-extremity 
lemphedema and elevated body-mass index. N 
Engl J Med 2012; 366: 2136–2137.

28. Shaw C, Mortimer P, Judd PA. A randomized con-
trolled trial of weight reduction as a treatment for 
breast cancer- related lymphedema. Cancer 2007; 
110: 1868–1874.

29. Reich-Schupke S. Compression therapy in obese 
patients Phlebologie 2015; 44: 71–76.

30. Schmeller W, Hüppe M, Meier-Vollrath I. Lang-
zeitveränderungen nach Liposuktion bei Lipödem. 
LymphForsch 14 (2) 2010L: 17– 28. 

D
ie

se
s 

D
ok

um
en

t w
ur

de
 z

um
 p

er
sö

nl
ic

he
n 

G
eb

ra
uc

h 
he

ru
nt

er
ge

la
de

n.
 V

er
vi

el
fä

lti
gu

ng
 n

ur
 m

it 
Z

us
tim

m
un

g 
de

s 
V

er
la

ge
s.



Phlebologie 2/2018 © Schattauer 2018

64 G. Faerber: Obesity and chronic inflammation

31. Rapprich S, Loehnert M, Hagedorn M. Therapy of 
lipoedema syndrome by liposuction under tumes-
cent local anaesthesia. Ann Dermatol Venereol 
2002; 129: 1S711.

32. Herpertz U. Die häufigsten Beinödeme. Differen-
zierung zwischen Phlebödem, Lymphö-
dem und Lipödem. Phebologie 2001; 30: 48–52.

33. Schmeller W, Meier-Vollrath I. Lipödem – Ak-
tuelles zu einem weitgehend unbekannten Krank-
heitsbild. Akt Dermatol 2007; 33: 1–10.

34. Willenberg T, Schumacher A, Amann-Vesti B. Im-
pact of obesity on venous hemodynamics of the 
lower limbs. J Vasc Surg 2010;52:664–8. 
https://doi.org/10.1016/j.jvs.2010.04.023 

35. Darvall KA, Sam RC, Silverman SH et al. Obesity 
and thrombosis. Eur J Vasc Endovasc Surg 2007; 
33: 223–233. 

36. Ageno W, et al. Association between the metabolic 
syndrome, its individual components, and unpro-
voked venous thromboembolism. Arterioscler 
Thromb Vasc Biol 2014; 34: 2478–2485. 

37. Juhan-Vague I , Vague P, Alessi MC et al. Relation-
ships between plasma insulin triglyceride, body 
mass index, and plasminogen activator inhibitor 1. 

38. Juhan-Vague I, Roul C Alessi MC et al. Increased 
plasminogen activator inhibitor activity in non in-
sulin dependent diabetic patients – relationship 
with plasma insulin. Thromb Haemost 1989, 61: 
370–373.

39. Karaman S, Hollmén M, Robciuc MR, et al. Block-
ade of VEGF-C and VEGF-D modulates adipose 
tissue inflammation and improves metabolic pa-
rameters under high-fat diet. Molecular Metab-
olism 2015; 4(2): 93–105. 

40. Karaman S, Hollmén M, Yoon S-Y, et al. Trans-
genic overexpression of VEGF-C induces weight 
gain and insulin resistance in mice. Scientific Re-
ports 2016; 6: 31566.

41. Harford K, Reynolds C, McGillicuddy F, Roche H. 
Fats, inflammation and insulin resistance: Insights 
to the role of macrophage and T-cell accumulation 
in adipose tissue. Proceedings of the Nutrition So-
ciety 2011; 70(4), 408–417. 

42. Gomez-Ambrosi J, Catalan V, Rodriguez A, Rami-
rez B, Silva C, Gil MJ Involvement of serum vascu-
lar endothelial growth factor family members in 
the development of obesity in mice and humans. 
Journal of Nutritional Biochemistry. 
2010;21:774–780.

43. Silha J, Krsek M, Sucharda P, Murphy L. Angio-
genic factors are elevated in overweight and obese 
individuals. International Journal of Obesity 2005; 
29: 1308–1314.

44. Elias I, Franckhauser S, Ferré T, Vilà L Tafuro S, 
Muñoz S, Roca C, Ramos D, Pujol A, Riu E et al. 
Adipose tissue overexpression of vascular en-
dothelial growth factor protects against diet-in-
duced obesity and insulin resistance. Diabetes 
2012; 61: 1801–1813.

45. Escobedo N, Oliver G The Lymphatic Vasculature: 
Its Role in Adipose Metabolism and Obesity. Cell 
Metabolism 2017; 26(4): 598–609.

46. Ogata, Fusa et al. Excess Lymphangiogenesis Co-
operatively Induced by Macrophages and CD4+ T 
Cells Drives the Pathogenesis of Lymphedema 
Journal of Investigative Dermatology 2016; 136: 
706–714.

47. Ly CL, Kataru RP, Mehrara BJ. Inflammatory 
Manifestations of Lymphedema. Jackson C, ed. In-

ternational Journal of Molecular Sciences 2017; 
18(1): 171.

48. S1-Leitlinie Lipödem – AWMF: www.awmf.org/
leitlinien/detail/ll/037–012.

49. Marshall M, Schwahn-Schreiber C. Das Lipödem 
– ein wenig beachtetes Krankheitsbild. Vasomed 
2008; 20: 59–65.

50. Faerber G. Ernährungstherapie bei Lipödem und 
Adpositas – Ergebnisse eines leitliniengerechten 
Therapiekonzepts. Vasomed 2017; 29: 122–123. 

51. Faerber G. Antiinflammatorische Ernährung, was 
ist das und was bringt sie uns beim Lipödem? Va-
somed 2017; 29: 2–3. Vortrag, 59. Jahrestagung der 
Deutschen Gesellschaft für Phlebologie, Stuttgart, 
20.-23. September 2017.

52. Cohen PG. Aromatase, adiposity, aging and dis-
ease. The hypogonadal-metabolic-atherogenic-
disease and aging connection. Med Hypotheses 
2001; 56: 702–708.

53. Ivandić A, Prpić-Krizevac I, Sucić M et al. Hyper-
insulinemia and sex hormones in healthy preme-
nopausal women: Relative contribution of obesity, 
obesity type, and duration of obesity. Metabolism 
– Clinical and Experimental 1998; 47: 13–19.

54. Nestler JE, LINDA P. Powers LP, Matt DW et al. A 
Direct Effect of Hyperinsulinemia on Serum Sex 
Hormone-Binding Globulin Levels in Obese 
Women with the Polycystic Ovary Syndrome, The 
Journal of Clinical Endocrinology & Metabolism, 
1991; 72: 83–9.https://doi.org/
10.1210/jcem-72–1–83. 

55. Church TS, Blair SN, Cocreham S, Johannsen N, 
Johnson W, Kramer K, Mikus CR, Myers V, Nauta 
M, Rodarte RQ, Sparks L, Thompson A, Earnest 
CP. Effects of aerobic and resistance training on 
hemoglobin A1c levels in patients with type 2 dia-
betes: a randomized controlled trial. JAMA 2010; 
304: 2253–2262

56. Feinman RD, Pogozelski WK, Astrup A et al. Die-
tary carbohydrate restriction as the first approach 
in diabetes management: Critical review and evi-
dence base. Nutrition 2015; 31: 1–13. 
DOI: https://doi.org/10.1016/j.nut.2014.06.011

57. Mizushima N, Noda T,Yoshimori T et al. (1998). A 
protein conjugation system essential for auto-
phagy. Nature 1998; 395: 395–398.

58. Harvie M, Wright C , Pegington M et al. The effect 
of intermittent energy and carbohydrate restric-
tion vs. daily energy restriction on weight loss and 
metabolic disease risk markers in overweight 
women. British Journal of Nutrition 2013; 110: 
1534–1547. doi:10.1017/S0007114513000792

59. Klempel MC et al. Intermittent fasting combined 
with calorie restriction is effective for weight loss-
and cardio-protection in obese women. Nutr J 
2012; 11: 98. Doi:10.1186/1475–2891–11–98 

60. Lim EL, Hollingsworth KG et al. Reversal of type 2 
diabetes: normalisation of beta cell function in as-
sociation with decreased pancreas and liver tria-
cylglycerol. Diabetologia 2011; 54: 2506–2514.

61. Steven S, Taylor R. Restoring hyperglycaemia by 
very low calorie diet in long and short duration 
type 2 diabetes. Diabet Med 2015; 32(9): 
1149–1155.

62. Marsk R, Jonas E, Rasmussen F et al. Nationwide 
cohort study 0f post-gastric bypass hypoglycaemia 
including 5 040 patients undergoing surgery for 
obesity in 1986–2006 in Sweden. Diabetologica 
2010; 53: 2307–2311.

63. Tindle HA, Omalu B, Courcoulas A et al. Risk of 
suicide after long-term follow-up from bariatric 
surgry. Am J Med 2010; 123: 1036–1042.

64. Conason A, Teixeira J, Hsu CH et al. Substance use 
following bariatric weight loss surgery. Arch Surg 
2012; 1–6. 

65. Ditschuneit HH, Flechtner-Mors M, Johnson TD, 
Adler G. Metabolic and weight-loss effects of a 
long-term dietary intervention in obese patients. 
Am J Clin Nutr 1999; 69(2): 198–204. http://www.
ncbi.nlm.nih.gov/pubmed/9989680. 

66. Yancy WS, Olsen MK, Guyton JR et al. A Low-
Carbohydrate, Ketogenic Diet versus a Low-Fat 
Diet To Treat Obesity and Hyperlipidemia: A Ran-
domized, Controlled Trial. Ann Intern Med 2004; 
140: 769–777. doi: 
10.7326/0003–4819–140–10–200405180–00006

67. Westman EC, Feinman, RD, Mavropoulos, JC et al. 
Low-carbohydrate nutrition and metabolism. The 
American journal of clinical nutrition 2007; 86(2): 
276–284.

68. Noakes T. Low-carbohydrate and high-fat intake 
can manage obesity and associated conditions: Oc-
casional survey. South African Medical Journal 
2013; 103(11): 826–830. doi:10.7196/SAMJ.7302

69. Maalouf M, Rho JM, Mattson MP. The neuropro-
tective properties of calorie restriction, the keto-
genic diet, and ketone bodies. Brain research re-
views 2009; 59(2): 293–315.

70. Stafstrom CE, Rho JM. The ketogenic diet as a 
treatment paradigm for diverse neurological dis-
orders. Frontiers in pharmacology 2012; 3.

71. Youm YH, Nguyen KY, Grant RW. The ketone 
metabolite β-hydroxybutyrate blocks NLRP3 in-
flammasome–mediated inflammatory disease. Na-
ture Medicine 2015; 21: 263–269. 
doi:10.1038/nm.3804. .

72. Sofi F, Buccioni A, Cesari F et al. Effects of a dairy 
product (pecorino cheese) naturally rich in cis- 9, 
trans-11 conjugated linoleic acid on lipid, inflam-
matory and haemorheological variables: a dietary 
intervention study. Nutr Metab Cardiovasc 
Dis 2010; 20: 117–124. doi:10.1016/ j.nu-
mecd.2009.03.004. 

73. Markova M, Pivovarova O, Hornemann S et al. 
Isocaloric diets high in animal or plant protein re-
duce liver fat and inflammation in individuals 
with type 2 diabetes. Gastroenterology 2017; 
152(3): 571–585. doi: 10.1053/j.gastro.2016.10.007.

74. Westerterp-Plantega MS, Lemmens S, Westerterp 
KR. Dietary protein – its role in satiety, energetics, 
weight loss and health. British Journal of Nutri-
tion; Volume 108, Issue S2: 105–112 
https://doi.org/10.1017/S0007114512002589 

75. Paoli A, Bosco G, Camporesis EM et al. Ketosis, 
ketogenic diet and food intake control: a complex 
relationship. Front Psychol 2015; 6: 1–7. 
https://doi.org/10.3389/fpsyg.2015.00027

76. Sumithran P, Prendergast LA, Delbridge E eta al. 
Ketosis and appetite-mediating nutrients and hor-
mones after weight loss. Eur J Clin Nutr 2013; 67: 
759–764.

77. Johnstone AM, Horgan GW, Murison SD et al. Ef-
fects of a high-protein ketogenic diet on hunger, 
appetite, and weight loss in obese men feeding ad 
libitum. Am J Clin Nutr 2008; 87: 44–55.

78. Smeets PA et al. Functional magnetic resonance 
imaging of human hypothalamic responses to 

D
ie

se
s 

D
ok

um
en

t w
ur

de
 z

um
 p

er
sö

nl
ic

he
n 

G
eb

ra
uc

h 
he

ru
nt

er
ge

la
de

n.
 V

er
vi

el
fä

lti
gu

ng
 n

ur
 m

it 
Z

us
tim

m
un

g 
de

s 
V

er
la

ge
s.



© Schattauer 2018 Phlebologie 2/2018

65

sweet taste and calories. Am J Nutr 2005; 82(5): 
1001–1006.

79. Just T, Pau HW, Engel U et al. Cephalic phase insu-
lin release in healthy humans after taste stimu-
lation? Appetite 2008; 51; 622–627.

80. Pepino MY et al. Sucralose affects glycemic and 
hormonal responses to an oral glucose load. Dia-
betes Care 2013; 36(9): 2530–2535.

81. Abou-Donia M, El-Masry E, Abdel-Rahman A et 
al. Splenda alters gut microflora and increases in-
testinal P- glycoprotein and cytochrome P-450 in 
male rats. Journal of Toxicology and Environment-
al Health 2008; 71: 1415–1421. 

82. Suez J, Korem T, Zeevi D, Zilberman-Schapira G, 
Artificial sweeteners induce glucose intolerance by 
altering the gut microbiota. Nature 2014; 514: 
181–186.

83. Wölnerhanssen B, Cajacob L, Keller N et al. Gut 
hormone secretion, gastric emptying, and gly-
cemic responses to erythritol and xylitol in lean 
and obese subjects. Am J Physiol Endocrinol 
Metab 2016; 310: E1053–E1061. 
doi:10.1152/ajpendo.00037.2016.

84. Turnbaugh PG et al. An obesity-associated gut 
microbiome with increased capacity for energy 
harvest. Nature 2006; 444: 1027–1031.

85. Dibaise JK et al. Gut Microbiota and Its Possible 
Relationship With Obesity. Mayo Clinic Proceed-
ings 2008; 83: 460–469.

86. Duncan SH et al. Reduced dietary intake of carbo-
hydrates by obese subjects results in decreased 
concentrations of butyrate and butyrate-produc-
ing bacteria in feces. Applied and Environmental 
Microbiology 2007; 73: 1073–1078.

G. Faerber: Obesity and chronic inflammation

D
ie

se
s 

D
ok

um
en

t w
ur

de
 z

um
 p

er
sö

nl
ic

he
n 

G
eb

ra
uc

h 
he

ru
nt

er
ge

la
de

n.
 V

er
vi

el
fä

lti
gu

ng
 n

ur
 m

it 
Z

us
tim

m
un

g 
de

s 
V

er
la

ge
s.


	Obesity and chronic inflammation in phlebological and lymphatic diseases
	Adipositas und chronische Inflammation bei phlebologischen und lymphologischen Erkrankungen
	Introduction
	Obesity-associated diseases of veins and lymphatics
	Thromboembolism and post-thrombotic syndrome
	CVI and ulcus cruris
	Lymphoedema and lipoedema
	Influence of visceral adipose tissue on hypercoagulability, chronic inflammation and insulin resistance
	Visceral obesity, thrombosis and secondary venous insufficiency
	Obesity, chronic inflammation and lymphoedema
	Obesity and lipoedema – inflammation, insulin and oestradiol
	Reducing hyperinsulinemia, fighting inflammation
	Additional dietary recommendations

	Conclusion


