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Abstract

Anorexia nervosa is a disease involving eating disorders. It mainly affects young people, especially
teenage women. The disease is often latent and occurs in many sub-clinical and partial forms. Approx-
imately from 0.3% to 1% of the population suffers from anorexia. It has been shown that patients with
anorexia develop neurotransmitter-related disorders, leading to uncontrolled changes in the immune
and endocrine systems. Interactions between cytokines, neuropeptides, and neurotransmitters play an
important role in disease development. Significant malnutrition induces disorders and alterations in
T-cell populations. The cellular response in patients with anorexia nervosa has been shown to be nor-
mal, although opinions on this issue are controversial. Laboratory studies on neutrophils in anorexia
patients showed decreased adhesion and reduced bactericidal and cell activities. Despite such unfa-
vourable results, patients with anorexia are resistant to infections, which are very rare in this group.
Glutamine improves the performance of the human immune system. The administration of glutamine
to anorexia patients, as a supplement to parenteral nutrition, has resulted in significant improvements
in immune system parameters. The results of previous studies on the causes and risk factors in the de-
velopment of anorexia nervosa are still ambiguous. One can hope that the differences and similarities
between patients with anorexia nervosa and those with other forms of protein-calorie malnutrition may
be helpful in determining the relationship between nutritional status and body defences and susceptibili-
ty to infection, and can help to broaden the knowledge about the aetiopathogenesis of anorexia nervosa.
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Anorexia nervosa (AN) is a mental illness character-
ised by nutritional disorders, which has been a very serious
and increasing problem for many years for many medi-
cal professionals of various specialties [1-3]. This disease
mainly affects young people, especially teenage women.
Precise determination of the incidence of this pathology
is difficult because the disease is often latent and occurs
in many subclinical and partial forms. It is believed that
anorexia affects from 0.3% to 1% of the population, de-
pending on the criteria applied [4-6]. The primary goal
of physicians is to limit the development of this condi-
tion through early diagnosis and proper therapy aimed at
a complete cure of this highly insidious disease.

Patients with eating disorders have great problems
with proper interpersonal relationships. The appropriate
protocol for medical and psychological treatment is essen-
tial in establishing a dialogue with the sick person, which
requires knowledge, commitment, and patience from the
medical team. This is of paramount importance in the clin-
ical diagnosis and plays a decisive role in the therapeutic
process and prognostic elements.

(Centr Eur Immunol 2017; 42 (2): 294-300)

Scientists agree that starvation and malnutrition as
well as any single nutritional deficiencies are all important
causes of impaired functioning of the human immune sys-
tem and are primarily responsible for significant decreases
in cellular immunity [7-9].

During the course of anorexia, there are metabolic
changes that can lead to serious biochemical disorders,
resulting in dysfunction of many organs and systems. The
occurrence of pathological conditions within the immune
system is particularly dangerous and can cause a decrease
in organism immunity. Immunological aspects of AN are
the subject of many studies.

On the other hand, it should also be noted that the
functioning of the immune system is controlled by the
neuroendocrine system. It has been shown that patients
with anorexia are very likely to experience severe hor-
monal imbalances, particularly with regard to secretion of
sex hormones and cortisol, and disorders associated with
the production of various neurotransmitters, resulting in
uncontrolled changes in the immune system. Numerous
works emphasised the importance of immunoendocrine
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factors in anorexia aetiopathogenesis. It is broadly dis-
cussed that interactions between cytokines, neuropeptides,
and neurotransmitters play an important role in the course
of AN. Brambilla et al. have shown a significant reduction
in cholecystokinin-8 (CCK-8) and a significant increase in
B-endorphin in patients with anorexia compared to healthy
subjects [10]. Changes in the immune system of people
with anorexia are atypical. The interaction between the im-
mune system and the neuroendocrine network is very often
emphasised. Many studies have demonstrated functional
interdependence of the nervous and immune systems.
Holden et al. have presented a very interesting concept,
whereby the interaction between cytokines, neuropeptides,
and neurotransmitters is the decisive factor in anorexia ae-
tiopathogenesis. The resulting cascade of events leads to
significant weight loss with concomitant increase in tu-
mour necrosis factor o (TNF-o) and a decrease of inter-
leukin 2 (IL-2) and 4 (IL-4) levels, which in turn induces
the elevation of norepinephrine (noradrenaline) and a de-
crease in serotonin levels, important neurohormones and
neurotransmitters [11].

Cytokines play one of the major functions in systemic
metabolism regulation. They also play an important role in
the control of infections and inflammatory reactions and
modulate tissue and neuronal destruction. Cytokine synthe-
sis is induced under a variety of physiological conditions,
including hormonal changes, such as during menstrual
cycle or after exercise. There are also strong interactions
between the cytokines and the central nervous system,
which can lead to a decrease in cytokine production by the
immune system. Therefore, it is believed that cytokines,
especially proinflammatory cytokines, may be a key com-
ponent in the development of immunodeficiency in AN
patients.

Corcos et al. evaluated a wide array of cytokines [IL-1,
1L-2, IL-4, IL-6, IL-10, interferon y (IFN-y), TNF-a, and
TGF-B2] in AN patients. However, significant differences
were observed only in the case of IL-2 and TGF-2 in
comparison with the control group [12]. Nagata et al. eval-
uated the lymphocyte proliferation response after mitogen
phytohaemagglutinin (PHA) stimulation and investigated
cytokine secretion ability in 17 anorexia patients. The re-
sults of this study suggest that the ability to produce cyto-
kines may be associated with the neuroendocrine system
and autonomic nervous system, which requires thorough
studies and observations in a larger population [13].

Another study conducted in anorexia patients report-
ed significant increases in TNF-o and markers of the so-
called oxidative stress — oxygen shock (selenium, retinol,
glutathione, ascorbic acid, a-tocopherol, and peroxidase)
compared to control subjects. In addition, a correlation was
demonstrated between the assessed parameters and body
mass index (BMI), which may suggest a significant associ-
ation of these factors with anorexia development and pro-
gression [14]. A study analysing body mass index (BMI)
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in subjects with anorexia in the context of other parameters
showed that significant malnutrition induced disorders and
changes in T-cell populations. Saito et al. found a positive
correlation between total T-cell pool and BMI, and a neg-
ative correlation between BMI and CD4 cells [15].

Protein-energy malnutrition (PEM), also referred to as
protein-calorie malnutrition, is the most common cause of
human immunodeficiency. PEM is not limited to develop-
ing countries; it is also equally often diagnosed in hospi-
talised patients in developed countries. Reduced cellular
immunity is the most common immune deficiency in PEM
with reduced in vivo response in late-type hypersensitivity
tests and reduced lymphocyte transformation responses to
mitogens in vitro. However, these abnormalities signifi-
cantly improve after re-nutrition. A decrease in the num-
ber of peripheral blood serum T-cells is one of the char-
acteristic symptoms of protein-energy malnutrition, which
usually leads to functional abnormalities. Infections that
impair both nutrition and the immune system are frequent
complications in PEM. It is therefore difficult to conclu-
sively determine which factors in PEM are responsible for
changes and disorders in cellular immunity [16, 17].

Patients with AN are a relatively homogeneous popula-
tion, within which a significant energy deficit is observed
in individual subjects. Studies have shown that their diet is
low in carbohydrates, while protein and fat intake is main-
tained at an acceptable level. Despite significant malnutri-
tion, or even starvation, patients with anorexia are resistant
to infections, which are very rare in this group. The results
of numerous studies have shown that the cellular response
in patients with AN is normal, although opinions on this
issue are controversial. Researchers at the University of
Semmelweis in Budapest did not reveal significant differ-
ences in the range of immunological parameters assessed
in anorexia subjects compared to healthy subjects, and did
not confirm the relationship between the immune status
and the clinical status of patients with anorexia [18-20].
Similar results were obtained by Komorowska-Pietrzyko-
wska et al., who examined 29 young women, aged 12-20
years, with AN diagnosis, who did not manifest any signif-
icant disorders in immune system parameters; only a slight
tendency of lower CD4/CDS cell ratio and low CD3 cell
counts were found [21].

Many authors believe that AN is an unusual form of
protein-calorie malnutrition characterised by normal values
of T-cell counts and a significant reduction in the percent-
age of CDS cells compared to other forms of protein-cal-
orie malnutrition, where significant deficiencies are ob-
served in the T-cell subpopulation. Severe protein-calorie
malnutrition syndromes are characterised by a very high
sensitivity to all infections and a greatly impaired immune
response. An increase in the CD4/CDS ratio and higher
CD20 cell count are often found in such patients. A mark-
edly significant decrease in the percentage of CD4 cells
is a particularly characteristic feature [22]. This is not ob-
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served in AN patients because CD4 values are normal [23,
24]. In contrast, Nagata et al., similarly to other authors,
demonstrated a significant increase in the percentage of
CD4+ lymphocytes and a significant increase in the CD4/
CDS ratio, and a significant reduction in sIL-2R soluble
receptor concentration in peripheral blood serum in an-
orexia patients, compared to controls [25]. Bessler et al.
conducted in vitro studies on the ability of peripheral blood
mononuclear cells to produce IL-1, IL-2, IL-3. These au-
thors pondered why, despite significant impairment of this
function compared to healthy individuals, AN patients do
not show significant differences in the incidence of typical
infections. Perhaps the compensatory mechanism of the
presence of additional agents in peripheral blood serum in
AN patients, which stimulate cell interleukin secretion, can
explain this phenomenon [26].

Brambilla et al. and Solmi et al. conducted very inter-
esting studies on peripheral blood concentrations of select-
ed proinflammatory cytokines: IL-18, IL-6, TNF-a., IL-6
R, sIL-6-R, sTNF-alpha-RI, sTNF-a-RII, and s-IL-13-R-A
in anorexia patients. Concentration analysis did not show
significant differences in the results obtained in the study
group for most of the evaluated cytokines compared to the
control group. Only the concentrations of interleukin 6
receptors (sIL-6-R, IL-6R) were found to be significant-
ly reduced in AN patients compared to the control group
[27, 28]. Pisetsky et al. and Kahl et al. performed similar
studies showing a statistically significant increase in the
peripheral blood levels of IL-6 in AN patients compared
with the control group, which could indicate the involve-
ment of this cytokine in the pathogenesis of anorexia ner-
vosa [29, 30].

Anorexia patients very often have significantly reduced
late-type hypersensitivity response, which is typically ob-
served in PEM in chronically malnourished, starving chil-
dren in Third World countries, and in patients hospitalised
for severe malnutrition accompanying devastating chronic
diseases. The main reason is markedly reduced T-cell counts
in peripheral blood serum, especially T-helper cells, and to
a lesser extent suppressor T-lymphocytes. Studies on im-
munocompetent cells in patients with anorexia and bulimia
nervosa showed statistically significant reductions in leuko-
cyte and lymphocyte values as well as CD2 and CD4 cells.
The authors of this work explained this fact by the signifi-
cant dominance of the neuroimmunological network deter-
minants over harmful factors resulting from malnutrition.
It was also established that the so-called “naive cells” are
particularly susceptible to malnutrition [31, 32].

Tumour necrosis factor is a cytokine that is involved
in various metabolic processes. Cytokines can directly in-
teract with hunger centres, especially IL-1 and TNF, which
additionally affects peripheral signals to satiety centres,
leading to temporary gastric emptying inhibition. Particu-
larly interesting is the ability to mediate weight loss mech-
anisms by central inhibition of food intake and lipoprotein
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lipase blockade, and catabolic effects on adipose tissue,
which have been very well documented in both in vitro
studies and experimental studies in animals. It is known
that acute starvation, induced by human peripheral blood
mononuclear cells (PBMCs), results in significantly in-
creased production of TNF in vitro.

Peripheral blood mononuclear cells have been studied
in patients with anorexia; TNF production, IFN activity,
cellular cytotoxicity (CMC), and the ratio of these param-
eters to plasma levels of $-endorphin were evaluated. The
group of anorexia subjects had significantly reduced cellu-
lar cytotoxicity and markedly increased spontaneous TNF
production in vitro; however, there were no significant
differences in plasma pB-endorphin levels and interferon
system activity compared with control subjects. The mech-
anisms causing the described changes remain unclear. In-
creased TNF production has a significantly adverse effect
on anorexia because it stimulates an exacerbating central
effect of food intake suppression and/or increased tissue
catabolism [33].

Many authors believe that immune deficiencies are
secondary processes to malnutrition, which is observed in
the development and progression of anorexia. Hence, the
view that the correct nutrition treatment should be the most
appropriate standard for therapeutic treatment of anorex-
ia. Numerous studies have been undertaken to assess the
effects of starvation on immune system functioning, with
particular regard to shifts in lymphocyte subpopulations.
It has been shown that malnutrition causes a significant
reduction in the percentage of T-cells. Mustafa et al. eval-
uated T-cell subpopulations prior to treatment and after the
application of nutritional therapy in 20 anorexia patients.
The results of these studies have shown that adequate di-
etary treatment may lead to a significant increase in total
T-cell counts and an increase in the percentage of CD8
cells compared to baseline [34]. A study by Schattner et
al. demonstrated that nutrition treatment and dietetic reha-
bilitation in individuals with anorexia may result in both
regulation of the immune response and a significant nor-
malisation of cytokine secretion, as well as recovery of
the assessed resistance parameters to values comparable
to control groups [35, 36].

Allende et al. conducted a study in a group of 40 pa-
tients (DSM-IV-R) and showed that the immune system
of anorexia patients was characterised by high instability,
which can result from chronic and severe malnutrition.
Deregulation of the immune system seems to start with
a spontaneous and uncontrolled increase of the IL-1p and
TNF-a, which results in impaired balance and stimulation
in the T-cell subpopulation and consequently changes in
B-cell activation and function. As a result of intensive nu-
trition therapy, there was an overall tendency for normal-
isation in the immune system parameters and the gradual
reversion of pre-existing disorders and immunodeficien-
cies in selected cases [37].
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This fact was not confirmed by Nova et al., who
studied the ability of peripheral blood mononuclear cells
(PMN) to produce cytokines in 40 women with anorex-
ia. The results of this study showed that TNF-o and IL-6
were reduced and IL-1 was elevated in patients with an-
orexia nervosa, compared to controls (35 subjects). How-
ever, after an intensive four-week treatment, no changes
in cytokine concentrations were observed [38]. It may be
necessary to widen the panel of investigated parameters
by neuroendocrine factors and analyse the possibilities
and immune capabilities of persons with anorexia in this
context [39].

The same centre has come up with very interesting re-
search on the usefulness of probiotic formulations in the
nutritional treatment of anorexia nervosa patients. After
10 weeks of the nutritional treatment with the addition of
probiotic yoghurt (Lactobacillus bulgaricus), favourable
changes in immune system parameters were observed, i.e.
a significant increase in IFN-y and a significant increase in
the CD4+/CD8+ cell ratio [40].

The importance of supplementing the therapeutic diet
with nutrients and high-energy components in the treat-
ment of anorexia has been highlighted for a long time.
Selected amino acids are particularly important and essen-
tial components for the proper development, growth, and
function of immunocompetent cells, especially for lym-
phocytes and macrophages. A particular role is attribut-
ed to glutamine. Many works have shown that glutamine
improves the functioning of the human immune system,
particularly in critically ill patients. The administration of
glutamine, as a supplement to parenteral nutrition, to an-
orexia patients has resulted in significant improvements in
selected parameters evaluating the immune system status.
After just 10 days of dietary therapy, a significant increase
was achieved in neopterin peripheral blood serum con-
centration (26.44 £3.08 vs. 6.75 +1.73 nmol/l, p < 0.001),
and after 20 days of observation, a significant increase
was seen in lymphocyte counts compared to the reference
group that was also treated with parenteral nutrition, but
without glutamine supplementation [41].

Despite many positive examples in the therapy of an-
orexia, it is still a very difficult disease to treat. Many pa-
tients require prolonged hospitalisation and constant mon-
itoring of important diagnostic parameters, which is not
always useful in assessing the degree of malnutrition and
adequate to the clinical status of the patient. This applies,
for example, to testing the albumin levels, which are one
of the basic markers of assessing the nutritional status of
the body. Serum albumin levels in peripheral blood in an-
orexia patients are very often normal, even in severe and
advanced cases [42].

For many years, studies have been carried out in dif-
ferent research centres, which take into account the mul-
tifactorial anorexia aetiology. Numerous studies have
demonstrated elevated levels of multiple chemokines and
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cytokines in the peripheral blood serum of anorexia ner-
vosa patients. Raymond et al. demonstrated an increase in
interferon gamma (IFN-gamma) secretion by mononuclear
cells in vitro after concanavalin-A stimulation in anorexia
nervosa patients compared to control [43].

Interesting research concerns the evaluation of comple-
ment activation in the course of anorexia. It is believed that
elevated concentrations of complement components may
have a significant association with severe complications
that occur in advanced refractory anorexia.

The complement system plays a key role in the acute
antibacterial response, as a major component of innate
immunity, primarily responsible for the quality of antigen
response. Flierl et al. have shown that complement C3 may
be a potential biomarker for severity and progression of
anorexia nervosa [44].

Many authors raise the importance of humoral immuni-
ty in the pathogenesis of anorexia nervosa. Clinical obser-
vations and experimental studies have shown that both in
humans and experimental animals there are antibodies that
regulate the level of peptide hormones and neuropeptides
responsible for hunger and satiety [45].

People with anorexia have elevated levels of ghrelin,
a hormone that is involved together with leptin and insulin
in hunger control processes. Terashi ef al. examined the
occurrence of IgG, IgM, and IgA ghrelin antibodies and
found that the level of these antibodies was significantly
lower in anorexia patients [46].

Various aetiological and risk factors are considered
that may be associated with the development and course
of eating disorders, particularly in anorexia. A positive
correlation has been found between smoking and the oc-
currence of mental illnesses, such as schizophrenia and
bipolar affective disorder, as well as the course of bulimia
and binge eating. However, at present, there is no clear ev-
idence of such an association in the case of AN [47]. Very
interesting research concerns the expression of adiponectin
receptor genes in people with anorexia. There was no asso-
ciation found of this hormone with gender and BMI [48].
A significant decrease was observed in AN patients in an
immunocompetent cell population with a parallel increase
in antioxidative potential and higher anti-inflammatory
parameters [49].

The presence of haematological disorders in anorex-
ia patients is an additional factor that hampers the diag-
nostics and treatment in these individuals. There are nu-
merous abnormalities in the composition and function of
bone marrow during AN. In addition, many people with
anorexia are diagnosed with red blood cell acanthocytosis,
leukopaenia, complement damage and, above all, lower
granulocyte activity [50]. Dietary deficiencies can decrease
the number and phagocytic activity of polymorphonuclear
granulocytes. It has been shown that the leukocyte’s ability
to eliminate bacterial antigens in AN patients is signifi-
cantly reduced [51]. The neutrophil chemotactic abilities
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are impaired in severe malnutrition or in the course of in-
fection. Neutrophils play an important bactericidal func-
tion. Any deficiencies and damage related to their activity
or count are associated with an increased risk of bacterial
infection. Laboratory studies of neutrophils in patients with
anorexia showed decreased adhesion, reduced bactericidal
capacity and decreased cell activity. Despite such unfa-
vourable results, AN patients do not suffer from severe or
chronic infectious diseases [52]. More than 80% of AN
patients have anaemia (haematocrit < 37%), 79% of AN
patients have leukopaenia (WBC < 4.5 k/ul), 29% have
neutropaenia, 25% have thrombocytopaenia, and 17% of
hospitalised patients develop thrombocytosis [53].

Recurrent bacterial infections are a common symptom
of immunodeficiency diseases, including abnormal func-
tion of immunoglobulins, effector cells, and complement
cells. Many people suffering from anorexia appear very
healthy. In addition, although these patients exhibit immu-
nodeficiencies and changes in immunological parameters,
they do not suffer from viral infections, excluding cases of
advanced weakness and malnutrition stages.

On the one hand, malnutrition has been epidemiolog-
ically and experimentally linked to increased susceptibil-
ity to infection, but on the other, an unexplained paradox
remains: according to available studies, infections in AN
are not common. Although isolated cases of pulmonary
tuberculosis or cutaneous staphylococcal infections are
sometimes observed in AN patients, so-called colds or flu
are extremely rare [52, 54-56].

It is also worth stressing that both chronic stress and
frequent depressive states that accompany people with an-
orexia certainly have a significant impact on the immune
response of the organism. Therefore, many authors believe
that immunosuppressive and/or immunomodulatory drugs
may play an important role in the development of a new
strategy for treating neurodegenerative diseases, including
the improvement of therapeutic outcomes in anorexia pa-
tients [57, 58].

Cellular immunity parameters are those that clearly
distinguish AN from other forms of protein-calorie mal-
nutrition. A typical subpopulation profile in protein-calo-
rie malnutrition is characterised by a significantly reduced
T-cell count and unchanged or slightly elevated B-cell
numbers. These types of differences are usually very diffi-
cult to unequivocally distinguish between undernourished
AN patients and control groups [23, 59, 60].

Protein-calorie malnutrition, observed in extreme star-
vation, is related to the lack of carbohydrates, lipids, pro-
teins, and vitamins and minerals, whereas in AN patients,
very low carbohydrate intake is primarily observed, as
compared to protein and lipid intake, which can be im-
portant in DNA synthesis and cell regeneration processes.
Protein ingestion in AN is often at an appropriate or ac-
ceptable level, thus cell regeneration functions are usually
preserved [61, 62].
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The results of previous studies on the causes and risk
factors in AN development are still ambiguous. One can
hope that the differences and similarities between patients
with AN and those with other forms of protein-calorie mal-
nutrition may be helpful in determining the relationship
between nutritional status and body defences and suscepti-
bility to infection, and will help to broaden the knowledge
about the aetiopathogenesis of AN.
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