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Abstract: Anorexia nervosa (AN) is a psycho-metabolic disorder with a high risk of somatic com-
plications such as refeeding syndrome (RFS) and carries the highest mortality rate of all psychiatric
illnesses. To date, the consensus on the care for patients with AN has been based on recommendations
for a combination of alimentation and psychotherapy. It is important to establish an initial caloric
intake that will provide weight gain and minimize the risk of complications in the treatment of
undernourished patients. Research over the past few years suggests that current treatment recom-
mendations may be too stringent and should be updated. The aim of this paper is to systematize
the current reports on nutritional rehabilitation in AN, to present the results of studies on the safe
supplementation of patients and its potential impact on improving prognosis and the healing process.
This review of literature, from 2011–2021, describes the changing trend in the nutritional proto-
cols used and the research on their efficacy, safety, and long-term effects. In addition, it presents
previous reports on the potential benefits of introducing vitamin, pro-and prebiotic and fatty acid
supplementation.

Keywords: anorexia nervosa; refeeding; medical assessment; treatment; nutritional rehabilitation;
supplementation; microbiome

1. Introduction

Anorexia nervosa (AN) is a complex and chronic disease of unknown etiology, often
causing relapses and leading to disability. It is characterized by abnormal eating behaviors,
an excessive drive to lose weight, and distorted body image. Two subtypes of eating
behavior in patients with AN are typically described. In restricting AN, patients lose
weight solely through diet and exercise, whereas patients with binge-eating/purging AN
restrict food intake and exercise, as well as periodically engage in paroxysmal overeating
and/or purging.

AN is often associated with disease denial and resistance to treatment. Continued
restrictive eating and undernutrition can cause dysfunction of nearly every system, includ-
ing cardiovascular, endocrine, gastrointestinal, or gynecological complications and other
metabolic changes, threatening potentially serious medical complications [1]. Most compli-
cations resolve with normalization of body weight and/or cessation of purging behavior.
Therefore, restoration of nutrition and subsequent weight restoration is a key component
of treatment to avoid serious physical complications and to improve psychopathological
symptoms and cognitive function.

Many publications are available yielding sometimes divergent hypotheses on the opti-
mal nutritional rehabilitation of patients with AN hospitalized in psychiatric wards. This
has hindered the development of evidence-based guidelines for nutritional rehabilitation
in AN. This review is intended to summarize the literature from the past 10 years regarding
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the most optimal nutritional strategies necessary for weight restoration and the nutrients
to consider in supplementation for individuals in AN nutritional rehabilitation. It also
highlights the urgent need to update and standardize international therapeutic standards
relating to AN.

2. Calories and Nutrients in the Re-Nutrition Plan

Treatment guidelines published by medical societies in different countries vary
considerably—the German, Danish and World Federation of Societies for Biological Psy-
chiatry (WFSBP) standards do not contain specific recommendations for energy intake
during AN therapy [2–4]. The MARSIPAN guidelines recommended starting with a caloric
intake of 20 kcal/kg/day, and even 5–10 kcal/kg for patients at high risk of metabolic
complications, such as refeeding syndrome (RFS) [5]. A different approach to nutritional
rehabilitation is taken by the American Psychiatric Association (APA) recommending
starting refeeding at 30 to 40 kcal/kg/day (average 1000–1600 kcal/day), with a feeding
plan that can be modified to 70–100 kcal/kg/day [6]. It also points out how important it is
to encourage patients with AN to expand their dietary choices to minimize their severely
limited range of acceptable foods.

There is an ongoing debate about how to proceed with the re-nutrition of severely
undernourished patients. Publications and recommendations written before 2015 were
dominated by the direction of cautious introduction and caloric increase in the initial
stage of nutritional rehabilitation. The first publications testing the hypothesis of higher
initial caloric intake confirmed that such a strategy accelerates weight restoration and total
hospitalization time for patients with AN [7,8]. Newer research has increasingly challenged
the “start low, go slow” approach and promoted higher calories from the onset of refeed-
ing [9–12]. Especially since even with low caloric intake, RFS is still documented. The Royal
College of Psychiatrists standards (NICE 2016) assume that setting the required caloric
intake during nutritional rehabilitation must take into account restoration of nutritional
status as soon as possible while maintaining the physiological limitations associated with
undernutrition and the patient’s mental resources [13].

In a recent randomized trial by Golden and Garber involving 111 patients with AN,
participants were randomly assigned to either the HCR group (higher calorie refeeding,
taking 2000 kcal per day, increasing 200 kcal per day) or the LCR group (lower calorie
refeeding, taking 1400 kcal per day, increasing 200 kcal every other day). Rates of medical
readmissions, number and duration of readmissions, and changes in global EDE-Q eating
disorder questionnaire scores over time did not differ between groups. The finding that
clinical remission and medical readmission did not differ at one year, combined with the
final treatment outcomes, support the greater efficacy of the higher initial calorie approach
compared to a more cautious approach. The results presented here allay previous concerns
of a large body of clinicians that faster weight gain in patients hospitalized for AN could
be associated with a higher risk of re-hospitalization [14,15].

Similarly, in the Davis experiment, patients followed either the HCR or LCR protocol.
The HCR protocol was based on treatment with an initial caloric intake of 1800 kcal per day
or 1600 kcal for patients at increased risk of RFS (<70% IBW, BMI < 15, or with electrolyte
abnormalities) and children less than 12 years of age. The meal plans were increased by an
average of 200–300 kcal per day to reach a final meal plan of 3000–3600 kcal per day. The
LCR protocol provided patients with 1400–1500 calories per day initially and increased
by 200–300 kcal every 3 days until a goal of 2600–2700 kcal was reached. Analysis of the
results showed that patients in the HCR group presented a faster increase in BMI than
patients in the LCR group. There was an increased ratio of mild hypophosphatemia in the
HCR group, with no difference in the ratio of moderate and severe hypophosphatemia [16].

Interestingly, the hypothesis regarding the effect of rate of weight gain and caloric
content of the diet on the likelihood of hypophosphatemia, which is described as a com-
ponent of the RFS, has been challenged [17–22]. Yamazaki demonstrated that it is not the
high-calorie diet but the higher % carbohydrate diet that increases the risk of refeeding
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hypophosphatemia (RH) in AN patients. In multivariate logistic regression analysis, the
percentage of carbohydrate in total energy intake, higher than the cut-off point (58.4%),
was significantly associated with RH incidence, even after adjusting for variables such as
age and BMI, as well as average daily caloric intake. The group of patients who developed
RH consumed more carbohydrates than the group without RH, with a lower average daily
caloric intake (there was no difference in average daily caloric intake per body weight. To
date, this is one of the few studies exploring the topic of the effect of dietary composition
on weight restoration and the risk of complications during this process [23]. Also, the
review by O’Connor et al. confirmed that the risk of RFS may depend not only on the
caloric content of meals but also the protein/fat/carbohydrate ratio [24]. Recent studies
show that high urea nitrogen to creatinine ratio and hypokalemia predispose to electrolyte
disturbances and somatic complications [25,26]. Furthermore, a caloric supply below
daily requirements during the initial hospitalization period predisposes to weight loss,
potentially contributing to increased cardiovascular risk and prolonged hospitalization.

Haynos analyzed whether a structured, “rigid” weight restoration plan for hospital-
ized patients is more beneficial than an individualized nutritional rehabilitation plan. Both
groups of patients with AN began hospitalization with an initial caloric menu of 1800kcal.
The individualized approach group had calorie increases only if the weight did not gain at
the target rate of 0.35 kg every 2 days between regular weight checks. The group with the
standardized approach, starting from the 7th day of hospitalization, had their caloric intake
regularly increased by 400 kcal every 2nd day until they reached the target maximum
caloric intake of 3700 kcal/day. The experiment proved that the standardized rehabilitation
plan implied curvilinear weight gain until reaching a maximum of about 2 kg/week in
the third week of hospitalization, after which the rate of weight gain began to stabilize.
On the other hand, patients receiving the individualized nutrition program gained weight
in a fairly gradual manner, to a maximum weekly weight gain of 1.59 kg/week in the
fourth week of hospitalization. Importantly, life-threatening complications such as RFS
were not observed in either group, and the group with the standardized feeding plan was
significantly less likely to require limiting physical activity. This is an important report
also from an organizational and economic perspective—faster weight normalization is
associated with lower hospital costs [10].

One approach to feeding hospitalized patients may be nasogastric tube (NGT) feeding,
but the opinions of researchers on when to incorporate this type of feeding vary con-
siderably. Most programs only introduce an NGT when the patient is unable to eat full
meals [27]. Attitudes of medical professionals vary—some view it as invasive, others view
NGT feeding as a method that minimizes physical and psychological discomfort during
the initial stages of nutritional restitution [28]. The Agostino’s study proves that NGT
feeding with an initial higher caloric intake leads to better early weight gain and shorter
hospitalization, without an increased risk of RFS. The author compared two groups of
patients—those fed standard meals and those who had NGT placed at the beginning of their
stay. The NGT feeding protocol was based on an initial age-dependent daily caloric intake
of 1500 kcal/day or 1800 kcal/day with Nutren Jr. fiber formula with 44% carbohydrate
content. Calorie intake increased by 200 kcal/day until maximum calorie intake is reached.
Once the patient’s nighttime heart rate normalized and the patient reached maximum
caloric intake or after 7 days of NGT feeding, the patient was switched to traditional oral
feeding. Patients fed standard meals initially consumed 1000–1200 kcal/day and had their
caloric intake increased by 150 kcal/day until the estimated daily requirement was reached.
The mean initial caloric intake in the standard-fed cohort was 1069 kcal/day and in the
NGT group 1617 kcal/day. No differences in overall weight gain were observed between
the two cohorts. In contrast, the length of hospitalization was significantly different be-
tween the two groups, averaging 50.9 days in the standard group and 33.8 days in the NGT
group. In addition, there was no statistical difference in the rate of rehospitalization within
six months after discharge, in the rate of gastrointestinal complications requiring medical
intervention [29].
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Undoubtedly, many new data may be provided in the future by an ongoing project in
which researchers are to compare the efficacy and safety of a low-carbohydrate enteral mix
(28% carbohydrate) and a standard enteral mix (54% carbohydrate) [30].

3. Fatty Acids

A 2019 study found that patients with AN have dysregulated fatty acid (FAs) profiles
and lipid metabolism. Differences in patients with AN compared with healthy controls
demonstrate metabolic aberrations: a markedly different fasting FAs pattern and significant
decreases in fasting FA ratios compared to controls. Three of the four FAs with elevated
levels in AN belong to the n-3 polyunsaturated family, suggesting that the metabolic
deregulation in AN is due to a relative increase in n-3 polyunsaturated fatty acids (PUFAs).
After the meal, FAs partially normalized and were no longer significantly different from
the concentrations observed in healthy control subjects, except for alpha-linoleic acid
(ALA), suggesting that a single meal can “activate” lipid metabolism in AN. Hence, we
conclude that lipid dysregulation plays a significant role in modulating the onset and
maintenance of AN symptoms. The clinical improvement may not only be due to an
increase in circulating n-3 FAs, but also to synergistic effects with treatment or an overall
increase in calories during treatment sessions. More research is needed to clarify the
mechanism by which n-3 acid dysregulation affects AN and to explain how diet and
standard treatment synergistically normalize this dysregulation to improve positive AN
outcomes [31]. Seitz points out that dietary supplements with already defined effects on
gut microflora, such as omega-3 FAs, are another promising research topic for treating
AN [32]. Despite many studies demonstrating the beneficial effects of PUFAs on various
diseases and inflammatory conditions, comprehensive studies on the role of PUFAs in
AN risk and disease course are lacking. This group includes the “essential fatty acids”
linoleic (n-6) and alpha-linolenic n-3 (n-3), which are precursors for eicosapentaenoic acid
n-3 (EPA), docosahexaenoic acid (DHA) and arachidonic acid n-6 (ARA). While a small
number of studies suggest that n-3 PUFAs may alleviate AN symptoms, the association
between AN and specific PUFAs is inconsistent, and the mechanisms by which PUFAs may
benefit AN are poorly understood. Patients with AN not only show a different pattern of
PUFAs concentrations compared to healthy controls but also diverse postprandial n-6 ARA
metabolism [33,34].

PUFAs supplementation has shown benefits in improving body weight in several
serious conditions, including cancer [35,36]. Studies have shown that n-3 PUFAs sup-
plementation improves AN by inhibiting cytokine production (as tumor necrosis factor
(TNF-a) and interleukin IL-1b) and promoting the release of hypothalamic orexigenic pep-
tides and neurotransmitters (as neuropeptide Y (NPY), a-melanocyte stimulating hormone
(a-MSH) and serotonin) [33,37]. Although patients with AN do not experience appetite
loss as do cancer patients, the striking ability to resist cravings and restrict food results
in rapid weight loss accompanied by low-grade inflammation. The aversion to high-fat
foods reported by AN may have a psychological basis in part, but often complaints of
discomfort after eating suggest that certain nutrients in food may adversely affect the risk
of developing AN. This hypothesis is further supported by the finding that AN patients
reporting a particular fear of high-fat meals (fat-phobic-AN) reported more episodes and
more severe gastrointestinal symptoms compared to patients who did not exhibit such se-
vere fear (nonfat-phobic-AN) [38]. Eating behavior and food choice in AN are characterized
by insufficient intake and a strong preference for low-fat foods [39].

Baskaran’s prospective study analyzed the food diaries of female patients with AN.
Participants who gained weight at the 6–12 month follow-up (a 10% increase in BMI from
baseline) took in a relatively lower percentage of all calories from protein and a higher
percentage from fat compared to patients who did not gain 10% of their body weight.
Importantly, there was no difference between the two groups in terms of total caloric
intake. BMI during the follow-up period was positively associated with the percentage
of total calories obtained from fat, MUFAs (monounsaturated fatty acids), and PUFAs;
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in particular, an increase in PUFAs intake during follow-up was a predictor of weight
gain. No differences in absolute carbohydrate or fiber intake were observed between AN
groups who gained or did not gain weight during follow-up. Crucially, body composition
measurements were not significantly different between girls who did not achieve weight
gain and those whose BMI increased by more than 10%. As expected at follow-up, the
second group had significantly higher BMI, percent body fat, lean body mass, and fat mass
than the first one [40].

Since correcting an imbalanced nutritional state is a necessary step to restore weight
and maintain a healthy weight in AN, PUFAs imbalance or deficiency is an interesting
direction for future AN research. At the same time, double-blind studies showed that
PUFAs supplementation did not affect anxiety, depression, obsessive-compulsive symptom
severity, or eating disorder scores of AN patients, compared to the AN group receiving
placebo [41,42].

These findings suggest that the mechanism underlying the clinical benefits of n-3 PUFAs
in other disorders may also be relevant to the treatment of AN. n-3 PUFAs have been found
to be beneficial in the treatment of a number of mental illnesses and in promoting weight
gain in a number of chronic diseases that lead to cachexia There is potential for n-3 PUFAs
as adjunctive treatment to improve body condition and psychological symptoms in AN.
Because of its clinical utility, a high-powered randomized clinical trial to test the efficacy
of specific PUFA formulations in the treatment of AN is of primary importance, because
then we will be in a better position to further develop personalized PUFA formulation
as a novel treatment. Yehuda postulates that PUFAs supplementation may be beneficial
in the treatment of AN for yet another reason—the stabilizing effect of these acids on
neuronal membrane fluidity index and improvement of cognitive function, and lowering
of homocysteine levels [43–46].

4. Vitamins and Microelements

The prevalence of micro-and macronutrient deficiencies and their clinical implications
in patients with AN are poorly understood, yet some of the clinical symptoms reported
by patients may be caused by reduced levels of vitamins and minerals. These include sen-
sory neuropathy as a result of vitamin B12 deficiency, neuropsychological symptoms and
emotional lability, and features of Wernicke syndrome from vitamin B1 deficiency [47,48].
In Hanachi’s study the most common deficiencies were reductions in zinc, vitamin D,
copper, selenium, vitamins B1, folic acid (B9), and B12. At the same time, 28% of patients
were deficient in a single component on laboratory tests, and 33% were deficient in two
components. Only 7% of patients did not present macro-and micronutrient deficiencies [49].
As demonstrated by the authors of the largest analysis to date of the biochemical compo-
nents of the blood of patients with AN, the micronutrient status must be monitored and
supplemented to avoid deficiencies that can induce clinical symptoms in the therapeutic
process. In trials, on average, half of the patients present vitamin D deficiency [49,50]. A
large meta-analysis of the Veronesse study found that although patients with AN reported
similar vitamin D intakes compared with healthy controls, they had significantly lower
levels of 25OH-D and 1,25OH-D on laboratory tests. The cholecalciferol supplementation
introduced in this group fully normalized serum vitamin D levels [51]. There is a strong
association between vitamin D deficiency and bone mineral density, immune response and
depressive symptoms [50,52]. Analyses showed that vitamin D supplementation resulted
in an improved emotional state in patients with the major depressive disorder without
producing a similar effect in healthy individuals, which the authors explain as a “floor
effect”—the level of negative emotions in healthy people is so low that any improvement
induced by supplementation may be difficult to assess statistically [53,54]. Insufficient
levels of the vitamin also correlated with the risk of anxiety symptoms [55]. This is impor-
tant in relation to the fact that the lifetime prevalence of generalized anxiety syndrome
or depressive episodes in patients with eating disorders is very high [56,57]. Therefore, it
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seems that vitamin D supplementation should be provided to all undernourished patients
with AN [50].

The significance of copper (Cu) deficiency and its consequences in patients with AN
is unclear. Theoretically, Cu deficiency may contribute to increased bone demineralization
and blood morphologic abnormalities [58,59]. Cu is essential for proper Fe absorption, red
blood cell formation, and cardiovascular integrity [60]. The role of Cu in various metabolic
diseases is widespread, both as a cofactor of mitochondrial proteins and as a regulator
of neurotransmission processes, antioxidant protection, and a determinant of dopamine
β-oxidase, superoxide dismutase (SOD), and tyrosinase activity [61]. A transcranial direct
current brain stimulation (tDCS) study conducted on rodents found changes in Cu levels
in brain tissue, which the authors postulate as one of the factors regulating the hunger and
satiety centers that modulate eating behavior [62].

The suggested effect of zinc (Zn) on psychopathological symptoms has been described
in numerous studies on depressive disorders, schizophrenia, irritability, and ADHD [63].
In addition, Zn has been shown to affect glutaminergic and serotonergic regulation as
well as neuroproliferation and systemic anti-inflammatory effects [64–67]. In a study of
patients with eating disorders, Zn levels were found to be reduced [68]. Rosenblum also
described a case of Zn deficiency-induced cardiomyopathy in a patient diagnosed with
acute phase AN in whom other possible etiopathogenetic factors were excluded. The
patient presented with reduced Zn levels on laboratory tests and their heart failure im-
proved after Zn supplementation. The authors concluded that when inflammation occurs,
plasma Zn deficiency may lead to a relative deficiency of antioxidant enzymes, ultimately
contributing to apoptosis and myocardial necrosis [69]. Zn plays a key role in regulating
excitotoxicity through negative feedback (e.g., down-regulation or reduced sensitivity of
NMDA receptors) [70]. Decreased Zn levels have also been associated with neuropsychi-
atric symptoms such as cognitive impairment, mood disorders, psychosis, and symptoms
of major depression [66,71]. Numerous studies have shown that a deficiency of this element
can promote the development of AN, anxiety, and depressive symptoms [72,73]. In the
Zepf study, Zn concentrations were higher in patients in remission of AN compared to
patients in the acute phase of the disease and also the control group [74].

The 12-week Zn supplementation also increased serum BDNF levels and reduced
depressive symptoms. With regard to the association of reduced levels of this factor in
individuals with eating disorders proven in multiple publications and reports that BDNF
is positively associated with body weight in women, this element is gaining increasing
scientific interest [75,76]. Studies indicate that reduced Zn concentrations correlate with
weight loss and a study published several years ago on a Zn-supplemented AN group
showed a two-fold increase in BMI [77–79].

Furthermore, Hermens postulates the potential for Zn to be used in ketamine therapy,
as a treatment option for AN, with respect to restoring glutamatergic neurotransmission,
generating key symptoms of AN, including changes in interoceptive awareness, metasta-
bility of attention, or compulsive behavior [80–83].

5. Microbiota and Its Modulations

The gut microbiota is an increasingly widely recognized factor in the etiopathogenesis
and maintenance of AN symptoms. The gut microbiome plays an important role in
regulating mood, appetite, and metabolic processes [84–86]. In addition, it interacts with
biochemical, neuroimmune, and neurotransmitter pathways of AN patients through the
gut-brain axis [85,87]. Ongoing studies of the microbiota of people with AN over the past
several years are uncovering a growing picture of changes in gut bacterial composition: A
reduction in total bacterial numbers, including Bacteroides fragilis, Lactobacillus plantarum
and Roseburia, and carbohydrate-fermenting Ruminococcus along with a subsequent
reduction in propionic and butyric acids [88–91]. Importantly, butyrate levels have been
described to negatively correlate with anxiety and depression, which may explain the
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increased levels of anxiety in individuals with AN, as well as impaired gut physiology and
motility [89,90,92].

Given the available data and the lack of good biomarkers for AN, microbiota may be
a good point of intervention in the management of patients with AN. There is a growing
interest in the immunomodulatory role of prebiotics and probiotics in the treatment of mood
disorders, which, with respect to the frequency of these symptoms in AN, may represent
an important aspect of therapeutic interactions. Butyrate-producing Roseburia bacteria
have been suggested as candidates for probiotic intervention studies in AN [89,93]. A meta-
analysis of clinical trials determining the role of prebiotics and probiotics in modulating
depressive and anxiety symptoms showed that prebiotic supplementation has no effect on
psychiatric disorders, whereas probiotics have antidepressant and anti-anxiety effects [94].
At the same time, as the authors themselves point out, despite the great interest in the
microbiome in relation to depression and anxiety, only a few studies have looked at patients
with clinical symptoms of depressive disorders, and the study group sizes were often not
large enough.

Tetyana Rocks postulates the use of fermented foods in modulating gut microflora in
the nutritional rehabilitation of AN patients. It has been shown to alter the composition and
function of the human gut microbiota and is therefore presumed to have a neuroprotective
role [95,96]. Fermented foods can, by modulating the gut microbiota, potentially reduce
oxidative stress, which is all the more important because it causes cognitive impairment
by inducing neuronal cell death [97]. Fermented foods can also modulate the production
of neurotransmitters e.g., BDNF, glutamate, GABA and serotonin, as well as insulin-
like growth factor I [98]. For AN patients, fermented foods are also an energy- and
nutrient-rich food option to support nutritional rehabilitation. Therefore, their use in
nutritional treatment protocols represents a real opportunity to modulate metabolic and
immunological processes, but also to reduce psychopathological symptoms and cognitive
impairment.

To date, there is no evidence to support the recommendation of supplementation
with prebiotics or probiotics. However, rapidly emerging evidence suggests that non-
digestible carbohydrates and prebiotic foods play an important role in producing short-
chain fatty acids, as well as increasing levels of beneficial intestinal Bifidobacteria and
lactic acid bacteria [19,99,100] Furthermore, based on animal studies, it is known that
Bifidobacteria supplementation leads to increased levels of the serotonergic precursor
tryptophan, suggesting a possible role for probiotics in modulating neurotransmitter
levels [101,102]. Dietary sources of prebiotics include indigestible carbohydrates in the
form of rye, wheat, barley, oats, and legumes, and non-digestible oligosaccharides such as
inulin, fructans, polydextrose, fructo-oligosaccharides, and galacto-oligosaccharides [103].

Nutritional rehabilitation of AN requires a high-calorie diet, but as postulated by Anu
Ruusunen, a combination of high fat and high fiber may be beneficial. This composition
may promote the composition of the gut microbiome similar to that of a healthy population.
According to these recommendations, it is important that the fat component of the diet
comes from unsaturated fats rather than saturated fats [104]. At the same time, it is worth
noting that exposure to a wide variety of foods is an important part of treating AN. This
may also include foods that are considered unhealthy, such as those rich in saturated fat
or simple sugars but are psychologically beneficial as a treatment factor for food anxiety.
Therefore, some of these foods should remain part of nutritional rehabilitation. Promoting
a fiber-rich diet during nutritional rehabilitation in AN can be difficult in practice because
additional fiber intake means increased amounts of low-energy foods and increased feelings
of satiety. Therefore, it is especially important to strive to include small amounts of fiber in
every meal or snack provided. This stepwise approach will also be important in treating
bowel symptoms in patients with AN. With increasing evidence in gut microbiota research,
particularly in AN, personalized re-feeding protocols may ultimately be necessary, given
the demonstrated inter-personal differences in the human gut microbiome.
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Weight restoration in AN in hospitals is accomplished with foods administered as
part of a standard or individualized meal plan, as well as with medical foods (Nutridrink)
and/or nutrition through NGT [105]. Exclusive enteral feeding has been shown to alter the
gut microbiota and lead to decreased production of short-chain fatty acids which is at least
partially explained by the low fiber content of enteral formulas [106]. Parenteral nutrition
(PN) is not recommended because of the risk of complications, including disseminated
intravascular coagulation (DIC), edema, sepsis, and elevated transaminases. It has been
postulated that PN disrupts the normal microbiome and may explain the observed impair-
ment of immune and epithelial barrier function observed during long-term intravenous
feeding The only indication for PN in AN patients to date is the lack of other alternatives to
restore weight in patients whose complications preclude enteral nutrition [9]. Meanwhile,
published studies describing the gut microflora of patients with AN usually did not use
NGT or PN in the study populations. Furthermore, also studies describing the effects of
total enteral nutrition or PN did not include AN patients [107,108]. Therefore, the poten-
tially important effects of these nutritional rehabilitation methods on gut microflora remain
unknown.

It is encouraged that future nutritional rehabilitation protocols in AN include higher
and more diverse fiber content and prebiotic foods. This may benefit the gut microbiota
and its metabolites and prevent gastrointestinal sequelae [89,93]. Similarly, future research
is needed to explore the potential role of probiotic foods, fermented foods, or supplements
as part of nutritional rehabilitation procedures. These insights may provide new clues for
modulating gut microflora to improve treatment outcomes.

6. Conclusions

Restoration of proper nutritional status is the primary goal in AN treatment. In
the process of nutritional rehabilitation, there are several methods described, based, for
example, on oral nutrition with standard meals, medical nutrition in liquid form, nutrition
other than oral (NGT and enteral probes, PN), and the use of supplementation. Based
on the results of the above literature review, it is apparent that there is limited evidence
for the superiority of a single effective feeding method in the nutritional rehabilitation
of patients with AN. The current publications provide many clues for further research as
the priority in the field of eating disorder research and AN is to advance knowledge and
understanding of nutritional rehabilitation in AN.

Although many studies are available on this topic, no consistency has been observed
in comparing different nutritional protocols. Most of the studies conducted have focused
solely on the perspective of adult patients, whereas both the microbiota and phenotype of
AN may differ in these age groups. Additionally, the experiments regarding the caloric
content of the menus were conducted with adults, which does not allow for direct trans-
lation of the recommendations to the adolescent population. Further research is needed
to determine the impact of standardized caloric recommendations in different clinical
populations. Another limitation of the current literature is the relatively small number
of randomized and double-blind studies. In addition, by observing the durations of the
cited study programs, we suggest that future studies should be of similar duration and
include follow-up of patients after treatment and assessment of the durability of weight
normalization.
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Abbreviations
AN Anorexia nervosa
APA American Psychiatric Association
ARA Arachidonic acid n-6
DHA Docosahexaenoic acid
ED Eating disorder
EPA Eicosapentaenoic acid n-3
HCR Higher calorie refeeding
IBW Ideal Body Weight
LCR Lower calorie refeeding
MUFAs Monounsaturated fatty acids
NGT Nasogastric Tube
PUFAs Polyunsaturated fatty acids
RFS Refeeding syndrome
RH Refeeding hypophosphatemia
SOD Superoxide dismutase
tDCS Transcranial direct current brain stimulation
WFSBP World Federation of Societies for Biological Psychiatry
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64. Doboszewska, U.; Wlaź, P.; Nowak, G.; Radziwoń-Zaleska, M.; Cui, R.; Młyniec, K. Zinc in the Monoaminergic Theory of
Depression: Its Relationship to Neural Plasticity. Neural Plast. 2017, 2017, 3682752. [CrossRef]

65. Prakash, A.; Bharti, K.; Majeed, A.B.A. Zinc: Indications in brain disorders. Fundam. Clin. Pharmacol. 2015, 29, 131–149. [CrossRef]
66. Petrilli, M.A.; Kranz, T.M.; Kleinhaus, K.; Joe, P.; Getz, M.; Johnson, P.; Chao, M.V.; Malaspina, D. The emerging role for zinc in

depression and psychosis. Front. Pharmacol. 2017, 8, 414. [CrossRef] [PubMed]
67. Wessels, I.; Maywald, M.; Rink, L. Zinc as a gatekeeper of immune function. Nutrients 2017, 9, 1286. [CrossRef]

http://doi.org/10.1002/eat.22964
http://doi.org/10.1080/10640266.2016.1260379
http://www.ncbi.nlm.nih.gov/pubmed/27935443
http://doi.org/10.1016/j.mehy.2012.06.021
http://www.ncbi.nlm.nih.gov/pubmed/22800804
http://doi.org/10.1080/10408398.2013.809690
http://www.ncbi.nlm.nih.gov/pubmed/26068122
http://doi.org/10.1016/j.jnutbio.2010.07.001
http://doi.org/10.1016/j.nut.2010.12.011
http://www.ncbi.nlm.nih.gov/pubmed/21501950
http://doi.org/10.1111/pcn.12735
http://www.ncbi.nlm.nih.gov/pubmed/29984541
http://doi.org/10.3390/nu9030281
http://doi.org/10.3390/nu11040792
http://doi.org/10.1016/j.bone.2015.05.014
http://doi.org/10.1002/eat.22370
http://doi.org/10.1155/2016/8046479
http://doi.org/10.1002/da.23025
http://www.ncbi.nlm.nih.gov/pubmed/32365423
http://doi.org/10.4103/jpgm.JPGM_571_17
http://doi.org/10.30773/pi.2019.0290
http://doi.org/10.1177/0004867411432071
http://doi.org/10.3389/fpsyt.2021.658416
http://www.ncbi.nlm.nih.gov/pubmed/34279519
http://doi.org/10.1136/bcr-2016-214874
http://doi.org/10.1177/1535370216648805
http://doi.org/10.3390/nu11061364
http://doi.org/10.1016/j.redox.2016.12.007
http://www.ncbi.nlm.nih.gov/pubmed/28012438
http://doi.org/10.1039/C7MT00329C
http://doi.org/10.1016/j.pharep.2015.01.015
http://doi.org/10.1155/2017/3682752
http://doi.org/10.1111/fcp.12110
http://doi.org/10.3389/fphar.2017.00414
http://www.ncbi.nlm.nih.gov/pubmed/28713269
http://doi.org/10.3390/nu9121286


Nutrients 2021, 13, 3819 12 of 13

68. Sakae, K.; Suka, M.; Yanagisawa, H. Polaprezinc (Zinc-L-Carnosine Complex) as an Add-on Therapy for Binge Eating Disorder
and Bulimia Nervosa, and the Possible Involvement of Zinc Deficiency in These Conditions: A Pilot Study. J. Clin. Psychopharmacol.
2020, 40, 599–606. [CrossRef] [PubMed]

69. Rosenblum, H.; Bikdeli, B.; Wessler, J.; Gupta, A.; Jacoby, D.L. Zinc Deficiency as a Reversible Cause of Heart Failure. Tex. Hear.
Inst. J. 2020, 47, 152. [CrossRef]

70. Portbury, S.D.; Adlard, P.A. Zinc Signal in Brain Diseases. Int. J. Mol. Sci. 2017, 18, 2506. [CrossRef]
71. Szewczyk, B.; Kubera, M.; Nowak, G. The role of zinc in neurodegenerative inflammatory pathways in depression. Prog.

Neuro-Psychopharmacol. Biol. Psychiatry 2011, 35, 693–701. [CrossRef] [PubMed]
72. Lang, U.E.; Beglinger, C.; Schweinfurth, N.; Walter, M.; Borgwardt, S. Nutritional aspects of depression. Cell. Physiol. Biochem.

2015, 37, 1029–1043. [CrossRef] [PubMed]
73. Wang, J.; Um, P.; Dickerman, B.A.; Liu, J. Zinc, magnesium, selenium and depression: A review of the evidence, potential

mechanisms and implications. Nutrients 2018, 10, 584. [CrossRef]
74. Zepf, F.D.; Sungurtekin, I.; Glass, F.; Elstrodt, L.; Peetz, D.; Hintereder, G.; Kratzsch, J.; Biskup, C.S.; Poustka, F.; Wöckel, L.

Differences in zinc status and the leptin axis in anorexic and recovered adolescents and young adults: A pilot study. Food Nutr.
Res. 2012, 56, 10941. [CrossRef]

75. Brandys, M.K.; Kas, M.J.H.; Van Elburg, A.A.; Campbell, I.C.; Adan, R.A.H. A meta-analysis of circulating BDNF concentrations
in anorexia nervosa. World J. Biol. Psychiatry 2011, 12, 444–454. [CrossRef]

76. Pillai, A.; Bruno, D.; Sarreal, A.S.; Hernando, R.T.; Saint-Louis, L.A.; Nierenberg, J.; Ginsberg, S.D.; Pomara, N.; Mehta, P.D.;
Zetterberg, H.; et al. Plasma BDNF levels vary in relation to body weight in females. PLoS ONE 2012, 7, e39358. [CrossRef]
[PubMed]

77. Zinc Is the Most Important Trace Element. Available online: https://pubmed.ncbi.nlm.nih.gov/25096007/ (accessed on
16 August 2021).

78. Abdollahi, S.; Toupchian, O.; Jayedi, A.; Meyre, D.; Tam, V.; Soltani, S. Zinc Supplementation and Body Weight: A Systematic
Review and Dose-Response Meta-analysis of Randomized Controlled Trials. Adv. Nutr. 2020, 11, 398–411. [CrossRef] [PubMed]

79. Birmingham, C.L.; Gritzner, S. How does zinc supplementation benefit anorexia nervosa? Eat. Weight Disord. 2006, 11, e109–e111.
[CrossRef]

80. Hermens, D.F.; Simcock, G.; Dutton, M.; Bouças, A.P.; Can, A.T.; Lilley, C.; Lagopoulos, J. Anorexia nervosa, zinc deficiency and
the glutamate system: The ketamine option. Prog. Neuro-Psychopharmacol. Biol. Psychiatry 2020, 101, 109921. [CrossRef] [PubMed]

81. Nakazato, M.; Hashimoto, K.; Schmidt, U.; Tchanturia, K.; Campbell, I.C.; Collier, D.A.; Iyo, M.; Treasure, J. Serum glutamine,
set-shifting ability and anorexia nervosa. Ann. Gen. Psychiatry 2010, 9, 29. [CrossRef] [PubMed]

82. Ernst, J.; Böker, H.; Hättenschwiler, J.; Schüpbach, D.; Northoff, G.; Seifritz, E.; Grimm, S. The association of interoceptive
awareness and alexithymia with neurotransmitter concentrations in insula and anterior cingulate. Soc. Cogn. Affect. Neurosci.
2014, 9, 857–863. [CrossRef] [PubMed]

83. Naaijen, J.; Zwiers, M.P.; Amiri, H.; Williams, S.C.R.; Durston, S.; Oranje, B.; Brandeis, D.; Boecker-Schlier, R.; Ruf, M.; Wolf, I.;
et al. Fronto-striatal glutamate in autism spectrum disorder and obsessive compulsive disorder. Neuropsychopharmacology 2017,
42, 2456–2465. [CrossRef] [PubMed]

84. Mithieux, G. Gut Microbiota and Host Metabolism: What Relationship. Neuroendocrinology 2018, 106, 352–356. [CrossRef]
85. Slyepchenko, A.; Maes, M.; Jacka, F.N.; Köhler, C.A.; Barichello, T.; McIntyre, R.S.; Berk, M.; Grande, I.; Foster, J.A.; Vieta, E.;

et al. Gut Microbiota, Bacterial Translocation, and Interactions with Diet: Pathophysiological Links between Major Depressive
Disorder and Non-Communicable Medical Comorbidities. Psychother. Psychosom. 2016, 86, 31–46. [CrossRef]

86. Van de Wouw, M.; Schellekens, H.; Dinan, T.G.; Cryan, J.F. Microbiota-gut-brain axis: Modulator of host metabolism and appetite.
J. Nutr. 2017, 147, 727–745. [CrossRef]

87. Nguyen, T.T.; Kosciolek, T.; Eyler, L.T.; Knight, R.; Jeste, D.V. Overview and systematic review of studies of microbiome in
schizophrenia and bipolar disorder. J. Psychiatr. Res. 2018, 99, 50–61. [CrossRef]

88. Morita, C.; Tsuji, H.; Hata, T.; Gondo, M.; Takakura, S.; Kawai, K.; Yoshihara, K.; Ogata, K.; Nomoto, K.; Miyazaki, K.; et al. Gut
Dysbiosis in Patients with Anorexia Nervosa. PLoS ONE 2015, 10, e0145274. [CrossRef]

89. Mack, I.; Cuntz, U.; Grmer, C.; Niedermaier, S.; Pohl, C.; Schwiertz, A.; Zimmermann, K.; Zipfel, S.; Enck, P.; Penders, J. Weight
gain in anorexia nervosa does not ameliorate the faecal microbiota, branched chain fatty acid profiles, and gastrointestinal
complaints. Sci. Rep. 2016, 6, 26752. [CrossRef]

90. Borgo, F.; Riva, A.; Benetti, A.; Casiraghi, M.C.; Bertelli, S.; Garbossa, S.; Anselmetti, S.; Scarone, S.; Pontiroli, A.E.; Morace, G.;
et al. Microbiota in anorexia nervosa: The triangle between bacterial species, metabolites and psychological tests. PLoS ONE 2017,
12, e0179739. [CrossRef] [PubMed]

91. Million, M.; Angelakis, E.; Maraninchi, M.; Henry, M.; Giorgi, R.; Valero, R.; Vialettes, B.; Raoult, D. Correlation between body
mass index and gut concentrations of Lactobacillus reuteri, Bifidobacterium animalis, Methanobrevibacter smithii and Escherichia coli.
Int. J. Obes. 2013, 37, 1460–1466. [CrossRef]

92. Hanachi, M.; Manichanh, C.; Schoenenberger, A.; Pascal, V.; Levenez, F.; Cournède, N.; Doré, J.; Melchior, J.C. Altered host-gut
microbes symbiosis in severely malnourished anorexia nervosa (AN) patients undergoing enteral nutrition: An explicative factor
of functional intestinal disorders? Clin. Nutr. 2019, 38, 2304–2310. [CrossRef]

http://doi.org/10.1097/JCP.0000000000001284
http://www.ncbi.nlm.nih.gov/pubmed/33044355
http://doi.org/10.14503/THIJ-17-6586
http://doi.org/10.3390/ijms18122506
http://doi.org/10.1016/j.pnpbp.2010.02.010
http://www.ncbi.nlm.nih.gov/pubmed/20156515
http://doi.org/10.1159/000430229
http://www.ncbi.nlm.nih.gov/pubmed/26402520
http://doi.org/10.3390/nu10050584
http://doi.org/10.3402/fnr.v56i0.10941
http://doi.org/10.3109/15622975.2011.562244
http://doi.org/10.1371/journal.pone.0039358
http://www.ncbi.nlm.nih.gov/pubmed/22768299
https://pubmed.ncbi.nlm.nih.gov/25096007/
http://doi.org/10.1093/advances/nmz084
http://www.ncbi.nlm.nih.gov/pubmed/31504083
http://doi.org/10.1007/BF03327573
http://doi.org/10.1016/j.pnpbp.2020.109921
http://www.ncbi.nlm.nih.gov/pubmed/32169564
http://doi.org/10.1186/1744-859X-9-29
http://www.ncbi.nlm.nih.gov/pubmed/20576166
http://doi.org/10.1093/scan/nst058
http://www.ncbi.nlm.nih.gov/pubmed/23596189
http://doi.org/10.1038/npp.2016.260
http://www.ncbi.nlm.nih.gov/pubmed/27869141
http://doi.org/10.1159/000484526
http://doi.org/10.1159/000448957
http://doi.org/10.3945/jn.116.240481
http://doi.org/10.1016/j.jpsychires.2018.01.013
http://doi.org/10.1371/journal.pone.0145274
http://doi.org/10.1038/srep26752
http://doi.org/10.1371/journal.pone.0179739
http://www.ncbi.nlm.nih.gov/pubmed/28636668
http://doi.org/10.1038/ijo.2013.20
http://doi.org/10.1016/j.clnu.2018.10.004


Nutrients 2021, 13, 3819 13 of 13

93. Mack, I.; Penders, J.; Cook, J.; Dugmore, J.; Mazurak, N.; Enck, P. Is the Impact of Starvation on the Gut Microbiota Specific
or Unspecific to Anorexia Nervosa? A Narrative Review Based on a Systematic Literature Search. Curr. Neuropharmacol. 2018,
16, 1131. [CrossRef]

94. Liu, R.T.; Walsh, R.F.L.; Sheehan, A.E. Prebiotics and probiotics for depression and anxiety: A systematic review and meta-analysis
of controlled clinical trials. Neurosci. Biobehav. Rev. 2019, 102, 13–23. [CrossRef] [PubMed]

95. Volokh, O.; Klimenko, N.; Berezhnaya, Y.; Tyakht, A.; Nesterova, P.; Popenko, A.; Alexeev, D. Human Gut Microbiome Response
Induced by Fermented Dairy Product Intake in Healthy Volunteers. Nutrients 2019, 11, 547. [CrossRef] [PubMed]

96. Rocks, T.; West, M.; Hockey, M.; Aslam, H.; Lane, M.; Loughman, A.; Jacka, F.N.; Ruusunen, A. Possible use of fermented foods
in rehabilitation of anorexia nervosa: The gut microbiota as a modulator. Prog. Neuro-Psychopharmacol. Biol. Psychiatry 2021,
107, 110201. [CrossRef]

97. Kim, B.; Hong, V.M.; Yang, J.; Hyun, H.; Im, J.J.; Hwang, J.; Yoon, S.; Kim, J.E. A Review of Fermented Foods with Beneficial
Effects on Brain and Cognitive Function. Prev. Nutr. Food Sci. 2016, 21, 297. [CrossRef]

98. Trombetti, A.; Carrier, E.; Perroud, A.; Lang, F.; Herrmann, F.R.; Rizzoli, R. Influence of a fermented protein-fortified dairy
product on serum insulin-like growth factor-I in women with anorexia nervosa: A randomized controlled trial. Clin. Nutr. 2016,
35, 1032–1038. [CrossRef] [PubMed]

99. Cotillard, A.; Kennedy, S.P.; Kong, L.C.; Prifti, E.; Pons, N.; Le Chatelier, E.; Almeida, M.; Quinquis, B.; Levenez, F.; Galleron, N.;
et al. Dietary intervention impact on gut microbial gene richness. Nature 2013, 500, 585–588. [CrossRef] [PubMed]

100. Singh, R.K.; Chang, H.W.; Yan, D.; Lee, K.M.; Ucmak, D.; Wong, K.; Abrouk, M.; Farahnik, B.; Nakamura, M.; Zhu, T.H.; et al.
Influence of diet on the gut microbiome and implications for human health. J. Transl. Med. 2017, 15, 73. [CrossRef]

101. Duranti, S.; Ruiz, L.; Lugli, G.A.; Tames, H.; Milani, C.; Mancabelli, L.; Mancino, W.; Longhi, G.; Carnevali, L.; Sgoifo, A.; et al.
Bifidobacterium adolescentis as a key member of the human gut microbiota in the production of GABA. Sci. Rep. 2020, 10, 14112.
[CrossRef] [PubMed]

102. Chudzik, A.; Orzyłowska, A.; Rola, R.; Stanisz, G.J. Probiotics, Prebiotics and Postbiotics on Mitigation of Depression Symptoms:
Modulation of the Brain–Gut–Microbiome Axis. Biomolecules 2021, 11, 1000. [CrossRef]

103. Pandey, K.R.; Naik, S.R.; Vakil, B.V. Probiotics, prebiotics and synbiotics—A review. J. Food Sci. Technol. 2015, 52, 7577. [CrossRef]
104. Ruusunen, A.; Rocks, T.; Jacka, F.; Loughman, A. The gut microbiome in anorexia nervosa: Relevance for nutritional rehabilitation.

Psychopharmacology 2019, 236, 1545–1558. [CrossRef]
105. Kells, M.; Kelly-Weeder, S. Nasogastric Tube Feeding for Individuals With Anorexia Nervosa: An Integrative Review. J. Am.

Psychiatr. Nurses Assoc. 2016, 22, 449–468. [CrossRef]
106. Berntson, L.; Agback, P.; Dicksved, J. Changes in fecal microbiota and metabolomics in a child with juvenile idiopathic arthritis

(JIA) responding to two treatment periods with exclusive enteral nutrition (EEN). Clin. Rheumatol. 2016, 35, 1501–1506. [CrossRef]
107. Krezalek, M.A.; Yeh, A.; Alverdy, J.C.; Morowitz, M. Influence of nutrition therapy on the intestinal microbiome. Curr. Opin. Clin.

Nutr. Metab. Care 2017, 20, 131–137. [CrossRef] [PubMed]
108. Pierre, J.F. Gastrointestinal immune and microbiome changes during parenteral nutrition. Am. J. Physiol. Gastrointest. Liver

Physiol. 2017, 312, G246–G256. [CrossRef] [PubMed]

http://doi.org/10.2174/1570159X16666180118101354
http://doi.org/10.1016/j.neubiorev.2019.03.023
http://www.ncbi.nlm.nih.gov/pubmed/31004628
http://doi.org/10.3390/nu11030547
http://www.ncbi.nlm.nih.gov/pubmed/30836671
http://doi.org/10.1016/j.pnpbp.2020.110201
http://doi.org/10.3746/pnf.2016.21.4.297
http://doi.org/10.1016/j.clnu.2015.10.014
http://www.ncbi.nlm.nih.gov/pubmed/26602423
http://doi.org/10.1038/nature12480
http://www.ncbi.nlm.nih.gov/pubmed/23985875
http://doi.org/10.1186/s12967-017-1175-y
http://doi.org/10.1038/s41598-020-70986-z
http://www.ncbi.nlm.nih.gov/pubmed/32839473
http://doi.org/10.3390/biom11071000
http://doi.org/10.1007/s13197-015-1921-1
http://doi.org/10.1007/s00213-018-5159-2
http://doi.org/10.1177/1078390316657872
http://doi.org/10.1007/s10067-016-3238-5
http://doi.org/10.1097/MCO.0000000000000348
http://www.ncbi.nlm.nih.gov/pubmed/27997410
http://doi.org/10.1152/ajpgi.00321.2016
http://www.ncbi.nlm.nih.gov/pubmed/28154012

	Introduction 
	Calories and Nutrients in the Re-Nutrition Plan 
	Fatty Acids 
	Vitamins and Microelements 
	Microbiota and Its Modulations 
	Conclusions 
	References

