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1. Introduction

Anorexia Nervosa (AN) in its two major forms, the restricting (ANR) and binge-eating/purging type
(ANBP), is one of the most serious eating disorder, often chronic and inducing serious somatic con-
sequences. AN has been associated with one of the highest rates of mortality among all psychiatric
disorders, with a rate of 5% [1]. Somatic complications are the first cause of death, before suicide. AN is
characterized by an emotional and cognitive inability to maintain a normal weight and by an active
fight against the feeling of hunger [2]. This behavioral symptomatology is often associated with severe
protein-energetic malnutrition marasmus, the adaptive form of semi-prolonged fasting, is the pre-
dominant form of malnutrition associated with AN. However, the kwashiorkor type is present in some
cases, and is characterized by a constellation of features including peripheral edema, hypo-
albuminemia, fatty liver, skin, hair lesions, and a relative immuno-depression with high risk of in-
fections. Some patients have a mixed picture of marasmic-kwashiokor malnutrition.

Somatic complications could be presented on three axes (Fig. 1): 1) undernutrition complications
with cardiac failure risk, hypertransaminasemia and hepatic failure, functional intestinal disorders,
hematological disturbances, bone demineralization, hormonal disorders and others; 2) pathological
behaviors consequences (vomiting, potomania, drug abuse): stomatological complications, hypoka-
lemia and hypernatremia; 3) refeeding metabolic complications.

AN care should be based on a multi-disciplinary approach in addition to the initial nutritional care,
along with a psychiatric and psychological specialized program [3].
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2. Somatic complications

2.1. Related to malnutrition
a) Cardiac disturbances

Among medical complications, cardiac features are frequent, reaching 60% [4,5]. These complica-
tions ranges from cardiac to electrical abnormalities with a potential risk of sudden death [6—9].
Cardiac abnormalities may involve the myocardium, the pericardium, the mitral valve and/or the heart
related conduction system. Cardiac histological studies reported vacuolar degeneration, myocardium
attenuation and moderate interstitial fibrosis, without inflammatory or necrosis features [10]. Clinical
observations includes left ventricular dysfunction, cardiac hypotrophy, mitral valve prolapse, peri-
cardial effusion [4,11] and QT long prolongation. In this context, electrocardiogram (ECG) and
echocardiography-Doppler are routinely performed in patients with AN as recommended by French
and UK guidelines [12,13].

Cardiac impairment should require in AN patients a systematic cardiac non invasive exploration.
Echocardiography should be performed, particularly in patients with severe under-nutrition and during
refeeding period, in order to assess left ventricular function, hemodynamic status and cardiac preload.

b) Bone mineral density (BMD) decrease and risk of fractures

Low bone mineral density in chronic malnutrition is frequent and well defined, in particular for
patients before 50 years old, by a Z-score under —2 SD [14]. In anoreXxia nervosa, the BMD decrease is
multifactorial and associating estrogen, vitamin D and calcium deficiencies with hypoproteinemia,
hypercortisolism, IGF-1 and leptin low levels. Severity of malnutrition (low BMI and lean mass), early
age of disease onset and amenorrhea duration are identified risk factors [15]. Risk of fractures is 7 times
more important in patients with AN [16].

There are no strong recommendations for prevention and treatment of BMD decrease during
anorexia nervosa. Weight gain is essential and only beneficial if leading to a spontaneous return of
menstruations [17]. Physiologic estrogen replacement [18] and bisphosphonates increases BMD and
may be prescribed in some cases [19]. Physical activity has a beneficial effect only after a return to
normal weight. It is recommended to perform a bone densitometry in initial assessment and then
every 2 years as part of the follow-up [12].

c) Hematologic abnormalities

Anemia, leukopenia and thrombocytopenia are the most frequent hematological complications of
anorexia nervosa with a prevalence of 16.7, 7.9 and 8.9% respectively [20]. These abnormalities are the
consequence of chronic malnutrition and could be secondary to some micronutrients deficiencies (folic
acid, vitamin B12, copper ...) and/or to bone marrow gelatinous transformation. This central compli-
cation is characterized by hypocellularity and patchy or diffuse replacement of the bone marrow with
hyaluronic acid-like mucopolysaccharide material. The only effective treatment remains renutrition
with at least partial reversibility of the spinal cord lesions [21].

d) Intestinal disorders

Digestive disorders are common in anorexia nervosa and worsen with the deterioration of nutri-
tional status. For High Functional Digestive Disorders according to the Rome III criteria [22], reported
lesions are dysphagia and gastric burns, described respectively in 6 and 22% of patients respectively
[23], with no obvious link to structural involvement of esophagus [24]. Some patients report the notion
of early satiety, gastric distension and postprandial nausea, which may indicate a delay in gastric
emptying [25,26]. This symptomatology can constitute a hurdle to weight restoration. The psycho-
logical accountability of these functional disorders remains poorly evaluated [26].
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According to literature, 41-52% of patients with eating disorders have symptoms suggesting ir-
ritable bowel syndrome (IBS) [23,27], which is at much higher prevalence than in the general pop-
ulation. IBS is a clinical entity of multifactorial origin, whose pathophysiological mechanisms are still
poorly explained (dysfunction of the gut—brain axis associating motor disorders, sensory afferent
sensitization, low grade inflammation and abnormal intestinal permeability). The role of gut
microbiota dysbiosis in functional intestinal disorders of malnourished AN patient has recently be
explored [23].

Constipation is one of the most commonly reported symptoms in the literature in patients with
eating disorders. This may or may not fit within the framework of IBS, depending on the presence or
absence of other signs (abdominal pain, bloating and digestive discomfort). Its prevalence in anorexia
nervosa varies, depending on the type of population studied and the diagnostic method used, between
67 and 100% of patients [28,29]. The impact on the quality of life of patients and on the psychological
aspects of the disease is considerable.

Clinicians to these digestive symptoms should pay special attention. Symptomatic treatment of
constipation and abdominal pain should be prescribed with caution.

e) Hepatic disturbances

Liver abnormalities are frequents and largely described in undernourished AN patients. Hyper-
transaminasemia can be observed in 40—50% of patients depending on the severity of malnutrition
[30]. Two types of hypertransaminasemia can be distinguished: 1) hypertransaminasemia due to
undernutrition observed during weight loss period. It can be moderate (AST and/or ALT <200 IU) with
spontaneous favorable evolution or rarely (AST and ALT> 200 IU) acute and worsening following rapid
renutrition. Starvation-induced autophagy and glycogen hepatocyte depletion may be involved in liver
cell death leading to hypertransaminasemia and hepatocellular insufficiency [31]. 2) Renutrition
hypertransaminasemia is most often moderate and in most cases not exceeding 10 times the higher
normal values. In case of hypertransaminasemia higher or equal to 200 IU, the speed of renutrition
must be reduced and food intakes must be proceeded exclusively by continuous enteral nutrition to
prevent hypoglycemia as much as possible. Daily biological monitoring of transaminases, liver function
(TP/FactV) and capillary glycaemia is indicated in such situation.

f) Infections complications

Protein-energy malnutrition is a common cause of immunodeficiency and increase susceptibility to
infections. In AN patients acute infections are rare but potentially serious. Clinical and biological in-
flammatory markers may be moderately delayed or absent at the onset of infections. Chronic infections
are associated to lymphopenia due to bone marrow gelatinous transformation and to the severity of
malnutrition. Pulmonary atypical mycobacterium infections with slow and paucisymptomatic evolu-
tion are mostly frequent [32]. Thus special attention must be given to the possibility of opportunistic
infections in AN patients.

g) Endocrine disturbances

Endocrine dysfunctions in anorexia nervosa result from disturbed regulation of hypothalamo-
pituitary-gonadal axe along with the hypothalamo-pituitary-adrenal, hypothalamo-pituitary- thy-
roid and hypothalamo-pituitary-GH-IGF1 axes. Theses disturbances are associated with altered pe-
ripheral endocrine metabolism. Hypogonadotropichypogonadism induces amenorrhea, infertility and
contribute to BMD decrease. This infertility is the consequence of undernutrition and is reversible
when patients regain a normal weight (BMI > 18.5) for 12 to 18 consecutive months. A resistance to
Growth Hormone, (GH) and high level of IGF1 helps to maintain glycaemia in a normal level. Hyper-
corticism, in response of stress due to undernutrition, is observed and can induce muscular atrophy
and cutaneous fragility. If the renutrition is too fast, we may observe an increase of subcutaneous fat;
the return to normal corticotrophin functions being slower than weight gains. A low Triiodothyronine
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(T3) syndrome, with low level of T3 but normal TSH and T4 level, limits consumed energy and
concentrate the rest for vital organs. These thyroid hormone disturbances don't need to be subject to
treatment as it’s usually returning to normal rates after refeeding [33].

Leptin level, an anorexigen adipocyte-derived hormone is low and can be involved in BMD decrease
and in high physical activity often described in AN patients [34]. Ghrelin, an orexigenic peptide hor-
mone, has a high secretion level compared with healthy people. It shows that anorexia nervosa pa-
tients fight against hunger. Post-pituitary secretion can also be disturbed with a Syndrome of
inappropriate antidiuretic hormone secretion (SiADH) inducing moderate hyponatremia.

No exploration or treatments are necessary for these adaptive physiological mechanisms as all these
hormonal disorders should disappear after nutritional rehabilitation.

h) Micronutrients Deficiency

Several micronutrients (including vitamins, minerals and trace elements) deficiencies are described
in patients with eating disorders. These deficiencies are the consequence of restrictive food and low
micronutrients intakes largely described in eating disorders patients. In malnourished patients, initial
asymptomatic electrolytes, vitamins and trace elements deficiencies can worsen with renutrition. The
cause is the increased of body needs that could lead to occurrence to refeeding syndrome (RS). A
prophylactic electrolytes and micronutrients supplementation is recommended for eating disorders
patients with high risk of RS by the French and American guidelines of eating disorders [3,12]. This
supplementation includes, in addition to unspecific vitamins and trace elements supplementation,
phosphorous (0.5—0.8 mmol/kg/d) and thiamin (200—300 mg/d) [35].

Zinc deficiency is frequent in eating disorders patients. A link between zinc and eating behavior
regulation was found [36]. Zinc is reported to be an appetite stimulator and to play a role in limiting the
progression of cachexia and sarcopenia [36]. Thus, zinc supplementation should be considered in
malnourished eating disorders patients [37].

Depending on series, 23—58% of eating disorders patients had vitamin D deficiency. A relationship
between vitamin D deficiency and BMD decrease, the most frequent chronic complication of AN dis-
ease, was found [38]. In addition, hypovitaminosis D3 may be responsible of the lack of inflammatory
response and depressive symptoms in patients with long-term eating disorders [39]. Despite severe
malnutrition, bioavailability of oral ergocalciferol in young AN patients was similar to that of healthy
controls. Oral supplementation of vitamin D should be provided to all malnourished eating disorder
patients [17]. Other rare micronutrient deficiencies are reported; such as cases of sensory neuropathy
due to vitamin B12 deficiency [40] and cases of cardiac involvement due to selenium deficiency [41].
Though are no recommendations on specific supplementation on vitamin B12 or selenium, it is
necessary to perform plasma concentration monitoring in order to supplement if any clinical or bio-
logical specific symptoms are observed.

2.2. Complications related to the associated pathological behaviors
a) Hypokalemia and hyponatremia

Hypokalemia is frequent complication during AN purge binging type. It is the consequence of
vomiting or laxative abuse. More rarely it can be the consequence of a diuretic abuse [42], hypokalemia
is then often moderate (3—3.5 mmol/l) and chronic. In cases of severe purging behaviors, hypokalemia
can be acute and lead to electrical abnormalities and sudden death [43]. Oral and/or intravenous
potassium supplementation is recommended depending on the severity of hypokalemia and oral
preventive potassium supplementation should be prescribed to AN patients with severe purging
behaviors.

In cases of potomania, severe water intoxication leading to hyponatremia can be observed sudden
convulsion and coma may occur [44]. The treatment consists on a progressive water restriction, in
order to avoid complications due to fast natremia correction like centropontine myelinolysis.
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b) Stomatological disorders

Patients presenting purging behaviors, especially vomiting, can have dental injuries. Loss of tooth
enamel, cavities, gingivitis and stomatitis, which can lead to loss of teeth by loosening, are the most
frequent. Treating these dental injuries is important because they can constitute a functional brake to
the renutrition and perpetuate pathological alimentary behavior. The psychological and social impact
of dental injuries can be significant. Proton pump inhibitors could be prescribed to prevent and lower
these dental injuries along with the psychiatric treatment.

2.3. Refeeding complications

AN malnourished patients are at high risk of refeeding syndrome (RS) [13], defined by all potential
metabolic and hormonal disturbances that can occur in malnourished patients after rapid change from
a catabolic to an anabolic phase at the beginning of refeeding [45]. Nonspecific symptoms and
metabolic disorders, with hypophosphatemia as a hallmark feature, may follow initial phase of
nutritional care (3—7 days) [46]. To prevent RS, it is therefore necessary to start a progressive and
continuous enteral renutrition, preceded by an intravenous supplementation with phosphorus, vita-
mins and trace elements. Indeed, renutrition induces a re-entry of phosphorus inside cells, an hypo-
phosphoremia is consequently observed and can induce muscular and diaphragmatic weakness by
lowering ATP, which is responsible of dyspnea and rhabdomyolysis. Clinical and biological monitoring
during the first weeks of nutritional rehabilitation in the most severely undernourished patients (BMI
<12) is essential [47].

3. Nutritional management
3.1. Renutrition: modalities and goals

Weight restoration is an important first step in treating patients with AN, because it is essential for
medical stabilization before starting specific psychiatric care [48]. Enteral nutrition (EN) is the most
appropriate therapeutic tool for malnutrition management of AN patients [49]. It is indicated if
undernutrition is severe and/or associated with metabolic disorders (BMI <13) and/or if prolonged
weight stagnation despite adequate nutritional and psychiatric management [12]. EN is considered
safe and well tolerated [50], and effectively enhanced caloric intake and rate of weight gain in pa-
tients with AN [51]. Although only few studies focused on the long-term effect of EN, outcomes
appeared favorable [52].

Enteral nutrition must always be performed by a small nasogastric tube. Even if few studies
experienced percutaneous endoscopic gastrostomy [53], this pathway isn't recommended in the
nutritional management of anorexia nervosa, as it can aggravate the disturbance of body shape
perception of patients. An isocaloric and isoprotidic solute must be use (1 ml = 1 Kcal) contin-
uously the first days, in case of severe undernutrition in order to avoid post-stimulatory hypo-
glycemia [54]; a nocturne refeeding can secondary be performed. Caloric scale up should be
cautious in the first days, beginning by 10—15 Kcal/kg/day, then slowly increasing up to 30 to
40 kcal/kg/day at the end of the first week in order to prevent refeeding syndrome [55]. EN should
be maintained only as needed to keep patients in normal eating behavior. A pre-progressive oral
feeding should always be encouraged and accompanied by an experienced dietician [56]. Enteral
nutrition should be done only in hospitalization in medical or psychiatric services trained in the
use of this technique [12].

Oral nutritional supplementation has a limited indication in eating disorders. It can be prescribed
in patients waiting for hospitalization to limit weight loss, its efficiency though remains modest [12].

Parenteral nutrition is contraindicated in anorexia nervosa for the major risk metabolic and in-
fectious complications [47,57].
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3.2. Special case of enteral nutrition in bulimic withdrawal

Bulimia crisis situations are known to be improved by enteral nutrition. A study conducted by Rigaud
et al. showed the results of home enteral nutrition associated with 2-month psychotherapy versus a
dietary and behavioral approach in patients with severe bulimia. Enteral nutrition allowed: disap-
pearance of bulimic attacks in 78% of the NEAD group vs 13% of the control group at one week; at 8
weeks the results are 65% (NEAD) vs 26% (T). At 5 months, there was a clearer improvement in nutri-
tional status, depression and anxiety in the NEAD group, with 55% of patients remaining free of bulimia.

Often, it is initially necessary to stop oral nutrition. The goal should be the weaning and decondi-
tioning of bulimia attacks with a gradual reintroduction of food and a return to a normal diet. NE
should not be a substitute for long-term oral feeding.

4. Conclusion

The management of anorexia nervosa is multidisciplinary based, involving a common intervention
between psychiatrists, somatic physicians, psychologists and dieticians. The temporality of their
intervention depends on the somatic or psychiatric priorities of the moment. Somatic complications
may be at the forefront when undernutrition is severe and chronic, imposing specialized care and in
some cases using enteral nutrition assistance which modalities are specific.
Conflicts of interest

Authors have no conflict of interst related with this article.
References

5

Fichter MM, Quadflieg N. Mortality in eating disorders — results of a large prospective clinical longitudinal study. Int J Eat

Disord 2016;49:391—401.

[2] DSM-IV-TR diagnostic and statistical manual of mental disorders, 4th ed, Text Revision.

[3] American Psychiatric Association. Treatment of patients with eating disorders,third edition. American Psychiatric Asso-

ciation. Am ] Psychiatry 2006;163(7 Suppl):4—54.

de Simone G, Scalfi L, Galderisi M, Celentano A, Di Biase G, Tammaro P, et al. Cardiac abnormalities in young women with

anorexia nervosa. Br Heart | 1994;71(3):287—-92.

Goldberg SJ, Comerci GD, Feldman L. Cardiac output and regional myocardial contraction in anorexia nervosa. | Adolesc

Health Care Off Publ Soc Adolesc Med 1988;9(1):15—-21.

Morris R, Prasad A, Asaro ], Guzman M, Sanders L, Hauck A, et al. Markers of cardiovascular dysfunction in adolescents with

anorexia nervosa. Glob Pediatr Health 2017;4. 2333794X17727423.

[7] Casiero D, Frishman WH. Cardiovascular complications of eating disorders. Cardiol Rev 2006;14(5):227—-31.

[8] Di Cola G, Jacoangeli F, Jacoangeli F, Lombardo M, Iellamo F. Cardiovascular disorders in anorexia nervosa and potential

therapeutic targets. Intern Emerg Med. oct 2014;9(7):717—21.

Olivares JL, Vazquez M, Fleta |, Moreno LA, Pérez-Gonzalez JM, Bueno M. Cardiac findings in adolescents with anorexia

nervosa at diagnosis and after weight restoration. Eur ] Pediatr 2005;164(6):383—6.

[10] Takahashi S, Mine T. An endomyocardial biopsy of the left ventricle in an anorexia nervosa patient with sinus bradycardia
and left ventricular systolic dysfunction. Case Rep Cardiol 2016;2016:9805291.

[11] Romano C, Chinali M, Pasanisi F, Greco R, Celentano A, Rocco A, et al. Reduced hemodynamic load and cardiac hypotrophy
in patients with anorexia nervosa. Am ] Clin Nutr. févr 2003;77(2):308—12.

[12] Autorité de Santé Haute. Prise en charge de I'anorexie mentale. 2010.

[13] Wilson GT, Shafran R. Eating disorders guidelines from NICE. Lancet Lond Engl 2005;365(9453):79—81.

[14] Shepherd JA, Schousboe JT, Broy SB, Engelke K, Leslie WD. Executive summary of the 2015 ISCD position development
conference on advanced measures from DXA and QCT: fracture prediction beyond BMD. ] Clin Densitom Off ] Int Soc Clin
Densitom sept 2015;18(3):274—86.

[15] Fazeli PK, Klibanski A. Effects of anorexia nervosa on bone metabolism. Endocr Rev 01 2018;39(6):895—910.

[16] Misra M. Long-term skeletal effects of eating disorders with onset in adolescence. Ann N Y Acad Sci 2008;1135:212—8.

[17] Nakamura Y, Kamimura M, Koiwai H, Kato H. Adequate nutrition status important for bone mineral density improvement
in a patient with anorexia nervosa. Ther Clin Risk Manag 2018;14:945—8.

[18] Misra M, Katzman D, Miller KK, Mendes N, Snelgrove D, Russell M, et al. Physiologic estrogen replacement increases bone
density in adolescent girls with anorexia nervosa. ] Bone Miner Res Off ] Am Soc Bone Miner Res 2011;26(10):2430-8.

[19] Miller KK, Meenaghan E, Lawson EA, Misra M, Gleysteen S, Schoenfeld D, et al. Effects of risedronate and low-dose
transdermal testosterone on bone mineral density in women with anorexia nervosa: a randomized, placebo-controlled
study. J Clin Endocrinol Metab 2011;96(7):2081-8.

[20] De Filippo E, Marra M, Alfinito F, Di Guglielmo ML, Majorano P, Cerciello G, et al. Hematological complications in anorexia

nervosa. Eur | Clin Nutr 2016;70(11):1305-8.

[4

[5

6

[9


http://refhub.elsevier.com/S2352-9393(19)30014-4/sref1
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref1
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref1
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref1
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref3
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref3
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref3
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref4
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref4
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref4
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref5
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref5
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref5
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref6
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref6
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref7
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref7
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref8
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref8
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref8
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref9
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref9
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref9
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref9
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref9
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref9
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref10
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref10
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref11
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref11
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref11
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref11
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref12
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref12
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref12
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref13
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref13
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref14
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref14
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref14
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref14
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref15
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref15
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref16
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref16
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref17
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref17
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref17
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref18
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref18
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref18
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref19
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref19
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref19
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref19
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref20
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref20
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref20

[21]
[22]
[23]
[24]
[25]
[26]
[27]
[28]
[29]
[30]
[31]

[32]

[33]

[34]
[35]
[36]
[37]

[38]

[39]
[40]
[41]
[42]

[43]
[44]

[45]
[46]
[47]
[48]
[49]
[50]
[51]
[52]

[53]

C. Gosseaume et al. / Clinical Nutrition Experimental 28 (2019) 2—10 9

Boullu-Ciocca S, Darmon P, Sébahoun G, Silaghi A, Dutour-Meyer A. [Gelatinous bone marrow transformation in anorexia
nervosa). Ann Endocrinol 2005;66(1):7—11.

Drossman DA. Rome III: the new criteria. Chin J Dig Dis 2006;7(4):181-5.

Wang X, Luscombe GM, Boyd C, Kellow ], Abraham S. Functional gastrointestinal disorders in eating disorder patients:
altered distribution and predictors using ROME III compared to ROME II criteria. World ] Gastroenterol 21 nov 2014;
20(43):16293-9.

Chial HJ, McAlpine DE, Camilleri M. Anorexia nervosa: manifestations and management for the gastroenterologist. Am ]
Gastroenterol 2002;97(2):255—69.

Robinson PH, Clarke M, Barrett ]. Determinants of delayed gastric emptying in anorexia nervosa and bulimia nervosa. Gut.
avr 1988;29(4):458—64.

Inui A, Okano H, Miyamoto M, Aoyama N, Uemoto M, Baba S, et al. Delayed gastric emptying in bulimic patients. Lancet
Lond Engl. 4 nov 1995;346(8984):1240.

Abraham S, Kellow JE. Do the digestive tract symptoms in eating disorder patients represent functional gastrointestinal
disorders? BMC Gastroenterol 2013;13:38.

Chiarioni G, Bassotti G, Monsignori A, Menegotti M, Salandini L, Di Matteo G, et al. Anorectal dysfunction in constipated
women with anorexia nervosa. Mayo Clin Proc oct 2000;75(10):1015-9.

Kamal N, Chami T, Andersen A, Rosell FA, Schuster MM, Whitehead WE. Delayed gastrointestinal transit times in anorexia
nervosa and bulimia nervosa. Gastroenterology Nov 1991;101(5):1320—4.

Hanachi M, Melchior JC, Crenn P. Hypertransaminasemia in severely malnourished adult anorexia nervosa patients: risk
factors and evolution under enteral nutrition. Clin Nutr Edinb Scotl. juin 2013;32(3):391-5.

Kheloufi M, Boulanger CM, Codogno P, Rautou P-E. Autosis occurs in the liver of patients with severe anorexia nervosa.
Hepatol Baltim Md. aotit 2015;62(2):657—8.

Walsh TL, Baca V, Stalling SS, Natalie AA, Veldkamp PJ. Mycobacterium avium- intracellulare pulmonary infection
complicated by cutaneous leukocytoclastic vasculitis in a woman with anorexia nervosa. Infection. juin 2014;42(3):
559—63.

Berner LA, Brown TA, Lavender JM, Lopez E, Wierenga CE, Kaye WH. Neuroendocrinology of reward in anorexia nervosa
and bulimia nervosa: beyond leptin and ghrelin. Mol Cell Endocrinol 2019 Nov 1;497:110320. https://doi.org/10.1016/j.
mce.2018.10.018. Epub 2018 Nov 2.

Stengel A, Haas V, Elbelt U, Correll CU, Rose M, Hofmann T. Leptin and physical activity in adult patients with anorexia
nervosa: failure to demonstrate a simple linear association. Nutrients. 03 2017;9(11).

Stanga Z, Brunner A, Leuenberger M, Grimble RF, Shenkin A, Allison SP, et al. Nutrition in clinical practice-the refeeding
syndrome: illustrative cases and guidelines for prevention and treatment. Eur J Clin Nutr 2008;62(6):687—94.

Suzuki H, Asakawa A, Li ]JB, Tsai M, Amitani H, Ohinata K, et al. Zinc as an appetite stimulator - the possible role of zinc in
the progression of diseases such as cachexia and sarcopenia. Recent Pat Food Nutr Agric 2011;3(3):226—31.
Birmingham CL, Gritzner S. How does zinc supplementation benefit anorexia nervosa? Eat Weight Disord EWD 2006;
11(4). e109- 11.

Giollo A, Idolazzi L, Caimmi C, Fassio A, Bertoldo F, Dalle Grave R, et al. Vitamin D levels strongly influence bone mineral
density and bone turnover markers during weight gain in female patients with anorexia nervosa. Int J Eat Disord 2017;
50(9):1041-9.

Tasegian A, Curcio F, Dalla Ragione L, Rossetti F, Cataldi S, Codini M, et al. Hypovitaminosis D3, leukopenia, and human
serotonin transporter polymorphism in anorexia nervosa and bulimia nervosa. Mediat Inflamm 2016;2016:8046479.
Franques ], Chiche L, Mathis S. Sensory neuronopathy revealing severe vitamin B12 deficiency in a patient with anorexia
nervosa: an often-forgotten reversible cause. Nutrients 2017;9(3).

Birmingham CL, Gritzner S. Heart failure in anorexia nervosa: case report and review of the literature. Eat Weight Disord
EWD 2007;12(1). e7- 10.

Mohee K, Kucharska-Pietura K, Karthigeyan A, Naqvi A. Diagnostic and treatment dilemmas of persistent chronic hypo-
kalaemia in a patient with anorexia nervosa: a case report. ] Med Case Rep 2014;8:294.

Ratcliffe PJ, Bevan JS. Severe hypoglycaemia and sudden death in anorexia nervosa. Psychol Med 1985;15(3):679—81.
Cuesta M]J, Juan JA, Peralta V. Secondary seizures from water intoxication in anorexia nervosa. Gen Hosp Psychiatry 1992;
14(3):212-3.

Friedli N, Stanga Z, Sobotka L, Culkin A, Kondrup ], Laviano A, et al. Revisiting the refeeding syndrome: results of a sys-
tematic review. Nutrition 2017;35:151—60.

Rio A, Whelan K, Goff L, Reidlinger DP, Smeeton N. Occurrence of refeeding syndrome in adults started on artificial
nutrition support: prospective cohort study. BMJ Open 2013;3(1).

Garber AK, Sawyer SM, Golden NH, Guarda AS, Katzman DK, Kohn MR, et al. A systematic review of approaches to
refeeding in patients with anorexia nervosa. Int J Eat Disord 2016;49(3):293-310.

Katzman DK. Medical complications in adolescents with anorexia nervosa: a review of the literature. Int J Eat Disord 2005;
37(Suppl):S52—9. discussion S87- 9.

Rizzo SM, Douglas JW, Lawrence JC. Enteral nutrition via nasogastric tube for refeeding patients with anorexia nervosa: a
systematic review. Nutr Clin Pract 2019 June;34(3):359—70. https://doi.org/10.1002/ncp.10187. Epub 2018 Aug 2.
Zuercher JN, Cumella EJ, Woods BK, Eberly M, Carr JK. Efficacy of voluntary nasogastric tube feeding in female inpatients
with anorexia nervosa. JPEN ] Parenter Enteral Nutr. ao{it 2003;27(4):268—76.

Agostino H, Erdstein ], Di Meglio G. Shifting paradigms: continuous nasogastric feeding with high caloric intakes in
anorexia nervosa. ] Adolesc Health Off Publ Soc Adolesc Med 2013;53(5):590—4.

Hale MD, Logomarsino JV. The use of enteral nutrition in the treatment of eating disorders: a systematic review. Eat
Weight Disord 2019 Apr;24(2):179—98. https://doi.org/10.1007/s40519-018-0572-4. Epub 2018 Sep 8.

Findlay SM, Toews H, Grant C. Use of gastrostomy tubes in children and adolescents with eating disorders and related
illnesses. ] Adolesc Health Off Publ Soc Adolesc Med 2011;48(6):625- 9.


http://refhub.elsevier.com/S2352-9393(19)30014-4/sref21
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref21
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref21
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref21
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref22
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref22
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref23
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref23
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref23
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref23
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref24
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref24
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref24
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref25
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref25
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref25
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref26
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref26
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref27
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref27
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref28
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref28
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref28
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref29
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref29
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref29
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref30
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref30
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref30
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref31
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref31
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref31
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref32
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref32
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref32
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref32
https://doi.org/10.1016/j.mce.2018.10.018
https://doi.org/10.1016/j.mce.2018.10.018
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref34
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref34
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref35
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref35
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref35
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref36
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref36
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref36
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref37
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref37
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref38
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref38
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref38
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref38
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref39
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref39
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref40
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref40
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref41
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref41
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref42
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref42
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref43
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref43
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref44
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref44
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref44
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref45
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref45
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref45
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref46
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref46
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref47
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref47
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref47
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref48
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref48
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref48
https://doi.org/10.1002/ncp.10187
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref50
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref50
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref50
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref51
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref51
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref51
https://doi.org/10.1007/s40519-018-0572-4
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref53
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref53

10 C. Gosseaume et al. / Clinical Nutrition Experimental 28 (2019) 2—10

[54] Heruc GA, Little TJ, Kohn MR, Madden S, Clarke SD, Horowitz M, et al. Effects of starvation and short-term refeeding on
gastric emptying and postprandial blood glucose regulation in adolescent girls with anorexia nervosa. Am ] Physiol
Endocrinol Metab 1 oct 2018;315(4):E565—73.

[55] Hofer M, Pozzi A, Joray M, Ott R, Hahni F, Leuenberger M, et al. Safe refeeding management of anorexia nervosa inpatients:
an evidence-based protocol. Nutr Burbank Los Angel Cty Calif 2014;30(5):524—30.

[56] Ozier AD, Henry BW, American Dietetic Association. Position of the American Dietetic Association: nutrition intervention
in the treatment of eating disorders. ] Am Diet Assoc 2011;111(8):1236—41.

[57] Melchior J-C, Corcos M. Parenteral nutrition and anorexia nervosa: is it useful, is it ethical? ] Adolesc Health Off Publ Soc
Adolesc Med. Avr 2009;44(4):410—1. author reply 411- 2.


http://refhub.elsevier.com/S2352-9393(19)30014-4/sref54
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref54
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref54
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref54
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref55
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref55
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref55
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref55
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref56
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref56
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref56
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref57
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref57
http://refhub.elsevier.com/S2352-9393(19)30014-4/sref57

	Somatic complications and nutritional management of anorexia nervosa
	1. Introduction
	2. Somatic complications
	2.1. Related to malnutrition
	2.2. Complications related to the associated pathological behaviors
	2.3. Refeeding complications

	3. Nutritional management
	3.1. Renutrition: modalities and goals
	3.2. Special case of enteral nutrition in bulimic withdrawal

	4. Conclusion
	Conflicts of interest
	References


