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Abstract Anorexia nervosa has the highest mortality rate
of any psychiatric disorder. Many of the deaths are attri-
butable to medical complications which arise as the mal-
nutrition and weight loss worsens. Every body system may
be adversely affected by anorexia nervosa. Yet, remark-
ably, most of the medical complications of anorexia ner-
vosa are treatable and reversible with optimal medical care,
as part of a multidisciplinary team who are often involved
in the care of these patients. Herein, we will describe the
medical complications of anorexia nervosa and their
treatments.
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Introduction

Anorexia nervosa is associated with many different medi-
cal complications which increase in incidence and severity
as weight loss becomes more pronounced. These compli-
cations are a direct result of weight loss and malnutrition.
Almost every body system can be adversely affected by
anorexia nervosa, some of which even have permanent
adverse effects even if there is a successful program of
nutritional rehabilitation and weight restoration. Anorexia
nervosa has the highest mortality rate of any psychiatric
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disorder, many times higher than that seen in aged-matched
controls. Recent studies have demonstrated that the stan-
dard mortality rate for patients with anorexia nervosa
approaches 12 times those of age-matched controls [1, 2].
Thus, given the typically young age of people afflicted with
anorexia nervosa, it is critical to understand these com-
plications and their treatments to help the primary treat-
ment team achieve a successful outcome. Herein, we
provide a thorough review of the different body systems
adversely affected by anorexia nervosa and their
treatments.

Bone

One of the most concerning complications of anorexia
nervosa is that of bone mineral density loss. This is both
because the rapidity of its development and the fact that the
reduction in bone density may be permanent [3]. Patients
with anorexia nervosa very commonly have impaired bone
structure and reduced bone strength, termed osteopenia if
the loss is moderate, and osteoporosis if it is severe. In fact,
according to a recent study, 85 % of women with a diag-
nosis of anorexia nervosa also have osteoporosis or
osteopenia [4]. Furthermore, a study of 310 women with
anorexia nervosa and 108 normal controls showed a life-
time fracture prevalence as being 59.8 % higher in those
with anorexia nervosa as compared to controls [5]. This
also applies to adolescents with anorexia nervosa in that
they have an increased risk of long=term future fragility
fractures [6].

One group of researchers set out to study patters of bone
loss among patients with anorexia nervosa as compared to
post-menopausal women. The most concerning finding was
that the bone inner structure in anorexia nervosa was
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degraded to a similar extent as in menopause [7]. Indi-
viduals who develop anorexia nervosa during adolescence
are of especially great concern as normal bone accrual
typically continues through the mid-20s and is thus inter-
rupted by the disease. Adolescents with anorexia nervosa
may never reach normal peak bone mass as they typically
begin to lose bone before ever reaching optimal bone
density and structure.

Another study in anorexia nervosa set out to determine
whether age of onset of anorexia nervosa correlated with
decreased bone density. Interestingly, adult anorexia ner-
vosa patients with the onset of their amenorrhea before age
18 had significantly lower spinal bone density than those
developing amenorrhea later, independent of duration of
amenorrhea [8]. This highlights the importance of early
diagnosis and intervention among adolescents with anor-
exia nervosa and decreased bone mineral density, and the
basis for the widely accepted practice of obtaining a DEXA
scan after 9-12 months of the disease or amenorrhea and
every 2 years thereafter while the DEXA scans are
abnormal.

The pathogenesis of osteoporosis among patients with
anorexia nervosa differs from the disease process in post-
menopausal women. In the latter, it is only due to increased
bone resorption, but in anorexia nervosa it is also due to
decreased bone formation. Interestingly, predictors of bone
mineral density loss vary by anatomical location with the
spine more affected than cortical bone sites. Duration of
amenorrhea was again the only factor associated with
decreased lumbar spine bone mineral density, and lower
IGF-1 levels were the only significant independent pre-
dictors for decreased hip bone density [9]. One study uti-
lized MRI to evaluate differences in bone morphology in
women with anorexia nervosa as compared to age-matched
controls. Anorexia nervosa subjects had higher marrow fat
content which correlated inversely with less bone mineral
density [10].

Males with anorexia nervosa are also at great risk for
osteopenia and osteoporosis [11]. Lowest body mass index
(BMI) and illness duration predict lumbar Z-scores [12]. In
a prospective study of hypogonadal men with anorexia
nervosa, low testosterone levels correlated directly with
degree of bone mineral density loss, and testosterone
replacement was effective in normalizing bone mineral
density over time [13].

While the best way to prevent osteoporosis in anorexia
nervosa is with weight restoration and resumption of
menses, more commonly the focus is what to do once it is
present. Adequate vitamin D (levels >50 mmol/L) and
calcium intake (1200 mg) are needed for bone health, but
by themselves are not likely to improve bone mineral
density in patients with anorexia nervosa [14, 15]. Bis-
phosphonates have been shown to be effective in patients
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with anorexia nervosa who have osteoporosis, but need to
be used judiciously given their known adverse side effects
[16]. Very recently, the first study on the use of teriparatide
for the osteoporosis of anorexia nervosa was published and
demonstrated favorable effects to improve bone mineral
density [17]. There are a few randomized controlled studies
which demonstrate that oral estrogen—progesterone com-
binations are not effective in the osteoporosis of anorexia
nervosa [18]. However, recent data indicate that transder-
mal estrogen may increase bone density especially in
adolescents with anorexia nervosa and loss of bone density
[19]. There are not as yet any studies on the potential
efficacy of romosozumab in anorexia nervosa [20]. After
treatment is initiated, it is reasonable to recheck a DEXA
scan in 2 years to reassess their bone density, because the
cost and consequence of noncompliance with therapy and
with ongoing osteoporosis is substantial due to lifetime
fracture risk and health-care utilization [21].

Hematologic

Hematologic abnormalities are quite common among
patients with anorexia nervosa and may affect all three cell
lines (white cell, red cells and platelets). A cross-sectional
study of women with anorexia nervosa with a mean BMI of
16.8 kg/m” revealed anemia in 38.6 %, leukopenia in
344 % and thrombocytopenia in 5 %. Leukopenia was
significantly correlated with a lower percent of ideal body
weight [22]. Another retrospective study analyzed men and
women with severe anorexia nervosa admitted to an inpa-
tient medical unit with a mean BMI of 12.2 kg/m*. Among
these inpatients, 83 % had anemia, 79 % had leukopenia
and 25 % had thrombocytopenia. Seventeen percent
developed thrombocytosis during refeeding [23].

The most commonly cited cause of pancytopenia among
severely malnourished patients is gelatinous marrow
transformation. Histopathologically, marrow with gelati-
nous transformation includes features such as hypoplasia,
fat atrophy and gelatinous infiltration [24]. As fat stores are
used up by catabolism, the adipose tissue collapses and is
replaced by gelatinous marrow [24]. This finding is seen in
patients with protein catabolic conditions and severe mal-
nutrition, including patients with eating disorders, acquired
immune deficiency syndrome, alcoholism, malignancies
and congestive heart failure. Treatment generally involves
restoration of weight and proper nutrition which leads to
normalization of blood counts over the ensuing weeks to
months [25-27]. Several case studies of patients with
anorexia nervosa have demonstrated gelatinous transfor-
mation of marrow on bone marrow biopsy [28, 29]. It is not
standard of care to utilize hematopoietic growth factors
(darbepoetin and pegfilgrastim), as they are unnecessary
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since nutritional rehabilitation will suffice to restore normal
bone marrow.

Anemia among patients with anorexia nervosa is typi-
cally normocytic and not often associated with iron defi-
ciency. A cross-sectional study of 12 patients admitted to
an adolescent inpatient unit with a mean BMI of 14.8 kg/
m? revealed 75 % developed anemia during their hospi-
talization and only one patient had a low serum iron level
[30]. Another study reported 6 % of the anemias being due
to iron deficiency [23].

Liver dysfunction has been suggested as a cause for
thrombocytopenia among patients with anorexia nervosa in
two case reports [31, 32]. Deficiency of thrombopoietin
(which is generated in the liver and regulates platelet
production) has been suggested as the specific underlying
cause of thrombocytopenia in anorexia nervosa.

Neurologic

Starvation and nutrient deficiency among patients with
anorexia nervosa may have deleterious effects on the
central nervous system. Case reports speak on the devel-
opment of Wernicke—Korsakoff syndrome due to thiamine
deficiency in the setting of anorexia nervosa [33, 34].
Wernicke’s encephalopathy is characterized by the triad of
ataxia, global confusion and ophthalmoplegia. Without
thiamine supplementation, Wernicke’s encephalopathy,
which is reversible, may progress to Korsakoff syndrome
which is characterized by amnesia and confabulations.
Thus, it is critical to prescribe 7-10 days of thiamine
supplementation to patients with anorexia nervosa as they
begin to refeed.

There exists a large amount of concern over the poten-
tial for patients with anorexia nervosa to sustain alterations
in brain structure along with long-term cognitive deficits.
One study examined decision-making deficits in 22
patients with anorexia nervosa (before (average BMI
15.78 kg/m?) and after weight restoration to a BMI
>18.5 kg/m?) as compared to controls. Decreased volume
in the left orbitofrontal cortex, which is involved in deci-
sion-making and the processing of rewards and punish-
ments, and lower BMIs were associated with worse
performance among patients with anorexia nervosa [35].

Another study used MRI to evaluate differences in brain
structure in patients with anorexia nervosa. Those affected
had significantly lower whole-brain volume, significantly
higher volume of cerebrospinal fluid and significantly
lower gray matter volume. There was also a negative
correlation between duration of illness and gray matter
volume [36]. Similarly, there is evidence of focal gray
matter atrophy in the cerebellum of patients with anorexia
nervosa, which is correlated with disease duration [37].

With clear evidence that anorexia nervosa-related mal-
nutrition causes anatomical changes in the brain, the
question of reversibility remains critically important
especially given the young age of onset of many cases of
anorexia nervosa. A study of 40 women with greater than
1 year of recovery from anorexia nervosa, who underwent
an MRI, showed no significant differences in cerebrospinal
fluid volume, or gray or white matter volume compared to
controls [38]. Another study contrasts these findings. After
weight restoration, results revealed a significant increase in
gray matter among patients with anorexia nervosa; how-
ever, the anorexia nervosa group still had, on average,
significantly less gray matter than controls. In addition, the
degree of gray matter loss negatively correlated with
duration of illness [39]. Thus, the definitive message about
permanent neurocognitive deficits after a bout of anorexia
nervosa is not currently known. However, emerging evi-
dence is raising, anew, concern that anorexia nervosa may
adversely affect long-term cognitive acumen.

Gastrointestinal

As a result of weight loss and malnutrition, especially as
the BMI falls to the low teens, patients with anorexia
nervosa may develop dysphagia [40]. This is as a result of
weakness of pharyngeal muscles and uncoordinated pat-
terns of swallowing. As a consequence they may complain
of coughing with eating and have a history of aspiration
pneumonia. This improves with weight restoration of
stimulation techniques.

A substantial portion of these patients will have delayed
gastric emptying due to gastroparesis. There is no known
exact BMI below which this occurs, but it clearly worsens
with more severe degrees of anorexia nervosa. Patients
complain of early satiety, left upper abdominal fullness and
nausea. Low-dose metoclopramide is very effective when
given 30 min before meals to alleviate these symptoms.
Small particle-sized feeds may be of benefit early in the
course of refeeding to mitigate this issue [41, 42]. The
gastroparesis is not permanent and will resolve with
ongoing weight gain.

Somewhat related is the entity known as acute gastric
dilation [43]. This is an idiopathic complication which is
rarely seen in those patients who have more severe degrees
of anorexia nervosa, but needs to be considered in the
evolution of the complaint of severe upper abdominal pain
and distention in the early phases of refeeding due to the
risk of undiagnosed gastric perforation. A plain abdominal
radiograph will demonstrate the gastric dilation, and the
treatment involves a brief course of nasogastric suction and
then assumption of caloric intake utilizing liquid food
sources for a few days.
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Also, a complaint of the more severe cases of anorexia
nervosa is the superior mesenteric artery (SMA) syndrome.
It develops as a result of weight loss and atrophy of a fat
pad which normally cushions the angle between the aorta
and the SMA. As a result of the loss of this fat pad, the
SMA compresses the luminal diameter of the duodenum
and causes a mechanical small bowel obstruction and the
attendant symptoms of nausea, vomiting, early satiety and
abdominal pain. Diagnosis is made by computer tomog-
raphy (CT) scan. Once again, treatment involves altering
the caloric sources to a softer more liquid consistency,
smaller more frequent meals and ongoing weight gain.
Surgery is rarely, if ever, indicated in the SMA syndrome
of anorexia nervosa.

Just as there is slowing of gastric emptying, there is also
reflex hypofunctioning of the colon due to lack of oral
intake in anorexia nervosa. Therefore, it is not uncommon
for these patients to complain constipation as they begin to
refeed. This is reversible over time and easily treated with
an osmotic laxative given on a daily basis.

There are also hepatic changes which occur in anor-
exia nervosa. Hepatic transaminase levels (AST-ALT)
are frequently elevated, especially with more severe
degrees of weight loss [44]. This is referred to as hepatic
apoptosis or autophagy. Generally, it is solely due to
starvation and normalizes with nutritional rehabilitation.
Less commonly, these enzymes rise to abnormal levels
with refeeding which can be due to deposition of car-
bohydrates and fat in the liver, referred to as hepatic
steatosis. If needed, a liver ultrasound can easily differ-
entiate if it is apoptosis or steatosis, since the treatment
in the former is ongoing caloric restoration, whereas in
the latter it is to reduce the carbohydrate content of the
diet [45].

Cardiac

For years, it has been known that the extreme weight loss
of anorexia nervosa adversely affects the heart and causes
shrinkage of the cardiac myofibrils and reduces exercise
capacity. Indeed, as mentioned earlier, anorexia nervosa
has a very high mortality rate, in part due to sudden cardiac
death in this population. There are a number of cardiac
issues in anorexia nervosa involving hemodynamics,
myocardial structure and arrhythmias. In general, patients
with anorexia nervosa are known to be bradycardic, and
sinus bradycardia at rest is the most common cardiac
rhythm found in these patients. Thus, a “normal” heart of
80 beats per minute may be a harbinger of impending
instability in more severe cases of anorexia nervosa [46].
In addition, these patients are typically hypotensive with
systolic blood pressures less than 90 mmHg. These vital
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sign changes are due to the increased vagal tone which is
seen as anorexia nervosa becomes more severe and may
represent an adaptive mechanism to conserve energy in
the face of caloric deprivation [47]. While there are no
studies which have definitively demonstrated below what
heart rate these patients should be hospitalized, consensus
seems to be a cardiac rhythm other than sinus or a heart
rate below 40 beats per minute [48]. Bradycardia,
hypotension and orthostasis all seem to resolve with
weight restoration and without other specific treatment
[49].

Structurally as would be expected, there is a decrease in
left ventricular mass and cardiac mass with a concomitant
decrease in cardiac output, reduced exercise capacity and
fatigue [50]. Mitral valve prolapse, which may present with
chest pain or palpitations [51], occurs in about one-quarter
of these patients and resolves again with weight restoration.
Increasingly, pericardial effusions have been noted in this
population [52]. They are generally asymptomatic and
again resolve with weight restoration. While there is no
evidence of obstructive coronary artery in anorexia nervosa
[53], recently cardiac fibrosis has been noted on cardiac
MRI [54].

With regard to cardiac conduction system abnormali-
ties in anorexia nervosa, QT prolongation has garnered
much discussion as a putative cause for sudden cardiac
death in anorexia nervosa. Currently, most evidence does
not support that the QT interval is prolonged in anorexia
nervosa as an inherent complication of anorexia nervosa.
Rather, when present, there is a need to look for sec-
ondary causes beyond the anorexia nervosa itself [55].
In contrast, increased QT dispersion may be a new link
between QT interval abnormalities and sudden death in
anorexia nervosa [56]. This interlead variability in the
QT interval may be a marker of ventricular irritability
and a propensity toward Torsades de pointes. Or,
decreased heart rate variability in anorexia nervosa may
also be a marker of an abnormal heart muscle and the
basis for the less than ideal cardiac prognosis in anorexia
nervosa [57].

Pulmonary

Overall, the lungs seem to be fairly immune to the harms
from anorexia nervosa. However, there are a few possible
issues to be aware of. Spontaneous pneumothorax occurs in
anorexia nervosa, possibly as a result of a defect in sur-
factant production. When it does occur, it can be difficult to
keep the lung reexpanded [58]. There also appear to be
changes in pulmonary function which are analogous to
those seen in emphysema, but the etiology is not yet
defined [59].
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Endocrine

Finally, there are many endocrine-related medical com-
plications found in patients with anorexia nervosa [60].
Overall, there is a reversion, soon after diagnosis and with
ongoing weight loss, to a prepubertal state in which pitu-
itary hypogonadism becomes evident with low LH and
FSH levels. As a result, male and female patients with
anorexia nervosa often have low serum testosterone and
estrogen levels and impairments of fertility and sexual
functioning [61, 62]. Euthyroid sick syndrome is also
present and thus thyroxine (T,4) levels are found to be low.
Cortisol levels are high in anorexia nervosa either due to
increased production or decreased renal clearance, but its
significance is unknown [63]. Leptin levels are low in
anorexia nervosa [64], which may in part cause amenor-
rhea. Hypoglycemia is a poor prognostic sign in anorexia
nervosa and is indicative of more advanced disease with
depletion of hepatic gluconeogenic substrate. Plasma glu-
cose levels <50 mg/dL should prompt increased vigilance
and may speak of the need for hospitalization [65].

Conclusion

In summary, anorexia nervosa is associated with a litany of
medical complications. Most of them are reversible with
weight restoration via nutritional rehabilitation. The earlier
they are diagnosed and treated, the better are the long-term
chances of full recovery.

Compliance with ethical standards

Conflict of interest Dr. Philip S. Mehler and Dr. Carrie Brown
declare that they have no significant competing financial, professional
or personal interests that might have influenced the performance or
presentation of the work described in this manuscript.

Ethical approval This article does not contain any studies with
human participants or animals performed by any of the authors.

References

1. Arcelus J, Mitchell AJ, Wales J, Nielsen S (2011) Mortality rates
in patients with anorexia nervosa and other eating disorders. A
meta-analysis of 36 studies. Arch Gen Psychiatry 68:724-731.
doi:10.1001/archgenpsychiatry.2011.74

2. Hoang U, Goldacre M, James A (2014) Mortality following
hospital discharge with a diagnosis of eating disorder: national
record linkage study, England, 2001-2009. Int J Eat Disord
47:507-515. doi:10.1002/eat.22249

3. Miller KK, Lee EE, Lawson EA, Misra M, Minihan J, Grinspoon
SK, Gleysteen S, Mickley D, Herzog D, Klibanski A (2006)
Determinants of skeletal loss and recovery in anorexia nervosa.
J Clin Endocrinol Metab 91:2931-2937. doi:10.1210/jc.2005-
2818

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

. Fazeli PK, Klibanski A (2014) Anorexia nervosa and bone

metabolism. Bone 66:39-45. doi:10.1016/j.bone.2014.05.014

. Lucas AR, Melton LJ 3rd, Crowson CS, O’Fallon WM (1999)

Long-term fracture risk among women with anorexia nervosa: a
population-based cohort study. Mayo Clin Proc 74:972-977

. Faje AT, Fazeli PK, Miller KK, Katzman DK, Ebrahimi S, Lee H,

Mendes N, Snelgrove D, Meenaghan E, Misra M, Klibanski A
(2014) Fracture risk and areal bone mineral density in adolescent
females with anorexia nervosa. Int J Eat Disord 47:458-466.
doi:10.1002/eat.22248

. Milos G, Hauselmann HJ, Krieg MA, Ruegsegger P, Gallo LM

(2014) Are patterns of bone loss in anorexic and postmenopausal
women similar? Preliminary results using high resolution
peripheral computed tomography. Bone 58:146-150. doi:10.
1016/j.bone.2013.09.016

. Biller BM, Saxe V, Herzog DB, Rosenthal DL, Holzman S,

Klibanski A (1989) Mechanisms of osteoporosis in adult and
adolescent women with anorexia nervosa. J Clin Endrocrinol
Metab 68:548-554

. Trombetti A, Richert L, Herrmann FR, Chevalley T, Graf JD,

Rizzoli R (2013) Selective determinants of low bone mineral
mass in adult women with anorexia nervosa. Int J Endocrinol
2013:897193. doi:10.1155/2013/897193

Bredella MA, Fazeli PK, Daley SM, Miller KK, Rosen CJ,
Klibanski A, Torriani M (2014) Marrow fat composition in
anorexia nervosa. Bone 66:199-204. doi:10.1016/j.bone.2014.06.
014

Sabel AL, Rosen E, Mehler PS (2014) Severe anorexia nervosa in
males: clinical presentations and medical treatment. Eat Disord
22:209-220. doi:10.1080/10640266.2014.890459

Mehler PS, Sabel AL, Watson T, Andersen AE (2008) High risk
of osteoporosis in male patients with eating disorders. Int J Eat
Disord 41:666-672. doi:10.1002/eat.20554

Behre HM, Kilesch S, Leifke E, Link TM, Nieschlag E (1997)
Long-term effect of testosterone therapy on bone mineral density
in hypogonadal men. J Clin Endocrinol Metab 82:2386-2390
Mehler PS, Mackenzie TD (2009) Treatment of osteopenia and
osteoporosis in anorexia nervosa: a systematic review of the lit-
erature. Int J Eat Disord 42:195-201. doi:10.1002/eat.20593
Moyer VA, Lefevre ML, Siu AL (2013) Vitamin D and cal-
cium supplementation to prevent fractures in adults: US
Preventive Services Task Force recommendation statement. Ann
Intern Med 159:691-696. doi:10.7326/0003-4819-158-9-20130
5070-00603

Golden NH, Iglesias EA, Jacobson MS, Carey D, Meyer W,
Schebendach J, Hertz S, Shenker IR (2005) Alendronate for the
treatment of osteopenia in anorexia nervosa: a randomized,
double-blind, placebo-controlled trial. J Clin Endocrinol Metab
90:3179-3185. doi:10.1210/jc.2004-1659

Fazeli PK, Wang IS, Miller KK, Herzog DB, Misra M, Lee H,
Finkelstein JS, Bouxsein ML, Klibanski A (2014) Teriparatide
increases bone formation and bone mineral density in adult
women with anorexia nervosa. J Clin Endocrinol Metab
99:1322-1329. doi:10.1210/jc.2013-4105

Misra M, Klibanski A (2014) Anorexia nervosa and bone. J En-
docrinol 221:R163-R176. doi:10.1530/JOE-14-0039

Katzman DK, Misra M (2013) Bone health in adolescent females
with anorexia nervosa. What is the clinician to do? Int J Eat
Disord 46:456—460. doi:10.1002/eat.22102

Mcclung MR, Grauer A, Boonen S, Bolognese MA, Brown JP,
Diez-Perez A, Langdahl BL, Reginster JY, Zanchetta JR,
Wasserman SM, Katz L, Maddox J, Yang YC, Libanati C, Bone
HG (2014) Romosozumab in postmenopausal women with low
bone mineral density. N Engl J] Med 370:412-420. doi:10.1056/
NEJMoal305224

@ Springer


http://dx.doi.org/10.1001/archgenpsychiatry.2011.74
http://dx.doi.org/10.1002/eat.22249
http://dx.doi.org/10.1210/jc.2005-2818
http://dx.doi.org/10.1210/jc.2005-2818
http://dx.doi.org/10.1016/j.bone.2014.05.014
http://dx.doi.org/10.1002/eat.22248
http://dx.doi.org/10.1016/j.bone.2013.09.016
http://dx.doi.org/10.1016/j.bone.2013.09.016
http://dx.doi.org/10.1155/2013/897193
http://dx.doi.org/10.1016/j.bone.2014.06.014
http://dx.doi.org/10.1016/j.bone.2014.06.014
http://dx.doi.org/10.1080/10640266.2014.890459
http://dx.doi.org/10.1002/eat.20554
http://dx.doi.org/10.1002/eat.20593
http://dx.doi.org/10.7326/0003-4819-158-9-201305070-00603
http://dx.doi.org/10.7326/0003-4819-158-9-201305070-00603
http://dx.doi.org/10.1210/jc.2004-1659
http://dx.doi.org/10.1210/jc.2013-4105
http://dx.doi.org/10.1530/JOE-14-0039
http://dx.doi.org/10.1002/eat.22102
http://dx.doi.org/10.1056/NEJMoa1305224
http://dx.doi.org/10.1056/NEJMoa1305224

424

Eat Weight Disord (2015) 20:419-425

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Eisenberg DF, Placzek H, Gu T, Krishna A, Tulsi BB (2015) cost
and consequence of noncompliance to oral bisphosphonate
treatment. J Manage Care Spec Pharm 21:56-65

Miller KK, Grinspoon SK, Ciampa J, Hier J, Herzog D, Klibanski
A (2005) Medical findings in outpatients with anorexia nervosa.
Arch Intern Med 165:561-566

Sabel AL, Gaudiani JL, Statland B, Mehler PS (2013) Hemato-
logical abnormalities in severe anorexia nervosa. Ann Hematol
92:605-613. doi:10.1007/s00277-013-1672-x

Osgood E, Muddassir S, Jaju M, Moser R, Farid F, Mewada N
(2014) Starvation marrow - gelatinous transformation of bone
marrow. J Community Hosp Intern Med Perspect 4(4). doi:10.
3402/jchimp.v4.24811

Rafiullah Islam R, Mahmood R, Sitwala KV (2013) Gelatinous
bone marrow transformation secondary to unusual eating habits
and drastic weight loss. BMJ Case Rep. doi:10.1136/bcr-2013-
200243

Vende Zande VL, Mazza JJ, Yale SH (2004) Hematologic and
metabolic abnormalities in a patient with anorexia nervosa. WMJ
103:38-40

Cleary BS, Gaudiani JL, Mehler PS (2010) Interpreting the
complete blood count in anorexia nervosa. Eat Disord
18:132-139. doi:10.1080/10640260903585540

Nishio S, Yamada H, Yamada K, Okabe H, Okuya T, Yonekawa
O, Ono T, Sahara N, Tamashima S, Ihara M (2003) Severe
neutropenia with gelatinous bone marrow transformation in
anorexia nervosa: a case report. Int J Eat Disord 33:360-363
Mohamed M, Khalafallah A (2013) Gelatinoous transformation
of bone marrow in a patient with severe anorexia nervosa. Int J
Hematol 97:157-158. doi:10.1007/s12185-012-1255-y

Kennedy A, Kohn M, Lammi A, Clarke S (2004) Iron status and
haematological changes in adolescent female inpatients with
anorexia nervosa. J Paediatr Child Health 40:430-432
Karahmadi M, Layegh E, Layegh S, Keypour M (2011) High
level increase in liver enzymes and severe thrombocytopenia in a
male case of anorexia nervosa(*). J Res Med Sci 16:1378-1381
Yoshiuchi K, Takimoto Y, Moriya J, Inada S, Akabayashi A
(2010) Thrombopoietin and thrombocytopenia in anorexia ner-
vosa with severe liver dysfunction. Int J Eat Disord 43:675-677.
doi:10.1002/eat.20762

Renthal W, Marin-Valencia I, Evans PA (2014) Thiamine defi-
ciency secondary to anorexia nervosa: an uncommon cause of
peripheral neuropathy and Wernicke encephalopathy in adoles-
cence. Pediatr Neurol 51:100-103. doi:10.1016/j.pediatrneurol.
2014.03.025

Altinyazar V, Kiylioglu N, Salkin G (2010) Anorexia nervosa
and Wernicke Korsakoff’s syndrome: atypical presentation by
acute psychosis. Int J Eat Disord 43:766-769. doi:10.1002/eat.
20783

Bodell LP, Keel PK, Brumm MC, Akubuiro A, Caballero J,
Tranel D, Hodis B, McCormick LM (2014) Longitudinal exam-
ination of decision-making performance in anorexia nervosa;
before and after weight restoration. J Psychiatr Res 56:150-157.
doi:10.1016/j.jpsychires.2014.05.015

Fonville L, Giampietro V, Williams SC, Simmons A, Tchanturia
K (2014) Alterations in brain structure in adults with anorexia
nervosa and the impact of illness duration. Psychol Med
44:1965-1975. doi:10.1017/S0033291713002389

Boghi A, Sterpone S, Sales S, D’Agata F, Bradac GB, Zullo G,
Munno D (2011) In vivo evidence of global and focal brain
alterations in anorexia nervosa. Psychiatry Res 192:154-159.
doi:10.1016/j.pscychresns.2010.12.008

Wagner A, Greer P, Bailer UF, Frank GK, Henry SE, Putnam K,
Meltzer CC, Ziolko SK, Hoge J, McConaha C, Kaye WH (2006)
Normal brain tissue volumes after long-term recovery in anorexia
and bulimia nervosa. Biol Psychiatry 59:291-293

@ Springer

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Roberto CA, Mayer LE, Brickman AM, Barnes A, Muraskin J,
Yeung LK, Stefferner J, Sy M, Hirsch J, Stern Y, Walsh BT
(2011) Brain tissue volume changes following weight gain in
adults with anorexia nervosa. Int J Eat Disord 44:406-411.
doi: 10.1002/eat.20840

Holmes SR, Gudridge TA, Gaudiani JL, Mehler PS (2012)
Dysphagia in severe anorexia nervosa: a case report. Int J Eat
Disord 45:463—-466. doi:10.1002/eat.20971

Olausson EA, Storsrud S, Grundin H, Isaksson M, Attvall S,
Simren M (2014) A small particle size diet reduces upper gas-
trointestinal symptoms in patients with diabetic gastroparesis: a
randomized controlled trial. Am J Gastroenterol 109:375-385.
doi:10.1038/ajg.2013.453

Sachs K, Andersen D, Sommer J, Winkelman A, Mehler PS
(2015) Avoiding medical complications during the refeeding of
patients with anorexia nervosa. Eat Disord 9:1-11

Mascolo M, Dee E, Townsend R, Brinton JT, Mehler PS (2015)
Severe gastric dilation due to superior mesenteric artery syn-
drome in anorexia nervosa. Int J Eat Disord. 48(5):532-5334.
doi: 10.1002/eat.22385

Smith RW, Korenblum C, Thacker K, Bonifacio HJ, Gonska T,
Katzman DK (2013) Severely elevated transaminases in an
adolescent male with anorexia nervosa. Int J Eat Disord
46:751-754. doi:10.1002/eat.22162

Harris RH, Sasson G, Mehler PS (2013) Elevations of liver
function tests in severe anorexia nervosa. Int J Eat Disord
46:369-374. doi:10.1002/eat.22073

Krantz MJ, Mehler PS (2004) Resting tachycardia, a warning sign
in anorexia nervosa: case report. BMC Cardiovasc Disord 4:10-13
Galetta F, Franzoni F, Prattichizzo F, Rolla M, Santoro G, Pen-
timone F (2003) Heart rate variability and left ventricular dias-
tolic function in anorexia nervosa. J Adolesc Heatlh 32:416-421
American Psychiatric Association (2006) Treatment of patients
with eating disorders. Third edition. Am J Psychiatry 163:4-54
Shamin T, Goden NH, Arden M, Filiberto L, Shenker IR (2003)
Resolution of vital sign instability. An objective measure of
medical stability in anorexia nervosa. J Adolesc Health 32:73-77
Olivares JL, Vazquez M, Fleta J, Moreno LA, Perez-Gonzalez
JM, Bueno M (2005) Cardiac findings in adolescents with anor-
exia nervosa at diagnosis and after weight restoration. Eur J
Pediatr 164:383-386

Johnson GL, Humphies LL, Shirley PB, Mazzoleni A, Noonan JA
(1986) Mitral valve prolapse in patients with anorexia nervosa
and bulimia. Arch Intern Med 146:1525-1529

Docx MK, Gwellig M, Simons A, Vandenberghe P, Weyler J,
Ramet J, Mertens L (2010) Pericardial effusions in adolescent
girls with anorexia nervosa: clinical course and risk factors. Eat
Disord 18:218-225. doi:10.1080/10640261003719484

Isner JM, Roberts WC, Heynsfield SB, Yager J (1985) Anorexia
nervosa and sudden death. Ann Intern Med 102:49-52

Oflaz S, Yucel B, Oz F, Sahin D, Ozturk N, Yaci O, Polat N,
Gurdal A, Cizgici AY, Dursun M, Oflaz H (2013) Assessment of
myocardial damage by cardiac MRI in patients with anorexia
nervosa. Int J Eat Disord 46:862-866. doi:10.1002/eat.22170
Facchini M, Sala L, Malfatto G, Bragato R, Redaelli G, Invitti C
(2006) Low-K+ dependent QT prolongation and risk for ven-
tricular arrhythmia in anorexia nervosa. Int J Cardiol
106:170-176

Mehler PS, Krantz MJ (2005) QT dispersion in anorexia nervosa.
Am J Cardiol 96:1034

Melanson E, Donahoo WT, Krantz MJ, Poirier P, Mehler PS
(2004) Resting and ambulatory heart rate variability in chronic
anorexia nervosa. Am J Cardiol 94:1217-1220

Biffi WL, Narayanan V, Gaudiani J, Mehler PS (2010) The
management of pneumothorax in patients with anorexia nervosa:
a case report. Patient Saf Surg 4:1-4. doi:10.1186/1754-9493-4-1


http://dx.doi.org/10.1007/s00277-013-1672-x
http://dx.doi.org/10.3402/jchimp.v4.24811
http://dx.doi.org/10.3402/jchimp.v4.24811
http://dx.doi.org/10.1136/bcr-2013-200243
http://dx.doi.org/10.1136/bcr-2013-200243
http://dx.doi.org/10.1080/10640260903585540
http://dx.doi.org/10.1007/s12185-012-1255-y
http://dx.doi.org/10.1002/eat.20762
http://dx.doi.org/10.1016/j.pediatrneurol.2014.03.025
http://dx.doi.org/10.1016/j.pediatrneurol.2014.03.025
http://dx.doi.org/10.1002/eat.20783
http://dx.doi.org/10.1002/eat.20783
http://dx.doi.org/10.1016/j.jpsychires.2014.05.015
http://dx.doi.org/10.1017/S0033291713002389
http://dx.doi.org/10.1016/j.pscychresns.2010.12.008
http://dx.doi.org/10.1002/eat.20840
http://dx.doi.org/10.1002/eat.20971
http://dx.doi.org/10.1038/ajg.2013.453
http://dx.doi.org/10.1002/eat.22385
http://dx.doi.org/10.1002/eat.22162
http://dx.doi.org/10.1002/eat.22073
http://dx.doi.org/10.1080/10640261003719484
http://dx.doi.org/10.1002/eat.22170
http://dx.doi.org/10.1186/1754-9493-4-1

Eat Weight Disord (2015) 20:419-425

425

59.

60.

61.

62.

Gardini GG, Boni E, Todisco P, Manara F, Borghesi A, Tantucci
C (2009) Respiratory function in patients with stable anorexia
nervosa. Chest 136:1356-1363. doi:10.1378/chest.08-3020
Singhal V, Misra M, Klibanski A (2014) Endocrinology of
anorexia nervosa in young people: recent insights. Curr Opin
Endocrinol  Diabetes Obes 21:64-70. doi:10.1097/MED.
0000000000000026

Vyver E, Steinegger C, Katzman DK (2008) Eating disorders and
menstrual dysfunction in adolescents. Ann N Y Acad Sci
1135:253-264. doi:10.1196/annals.1429.013

Miller KK, Wexler TL, Zha AM, Lawson EA, Meenaghen EM,
Misra M, Binstock AB, Herzog AB, Klibanski A (2007) Andogen
deficiency: association with increased anxiety and depression

63.

64.

65.

symptom severity in anorexia nervosa. J Clin Psychiatry
68:959-965

Misra M, Miller KK, Almazan C, Ramaswamy K, Lapcharoensap
W, Worley M, Neubauer G, Herzbog DB, Klibanski A (2004)
alterations in cortisol secretory dynamics in adolescent girls with
anorexia nervosa and effects on bone metabolism. J Clin Endo-
crinol Metab 89:4972-4980

Mehler PS, Eckel RH, Donahoo WT (1999) Leptin levels in
restricting and purging anorectics. Int J Eat Disord 26:189-194
Rich LM, Caine MR, Findling JW, Shaker JL (1990) Hypo-
glycemic coma in anorexia nervosa. Case report and review of the
literature. Arch Intern Med 150:894-895

@ Springer


http://dx.doi.org/10.1378/chest.08-3020
http://dx.doi.org/10.1097/MED.0000000000000026
http://dx.doi.org/10.1097/MED.0000000000000026
http://dx.doi.org/10.1196/annals.1429.013

	Medical complications of anorexia nervosa and their treatments: an update on some critical aspects
	Abstract
	Introduction
	Bone
	Hematologic
	Neurologic
	Gastrointestinal
	Cardiac
	Pulmonary
	Endocrine
	Conclusion
	References




