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Abstract

Objective: Recent studies describe refeeding in anorexia nervosa (AN) using various methods to
deliver higher calorie loads than is currently recommended. We systematically examined
approaches to refeeding in hospitalized patients with AN

Methods: Systematic review of PubMed, PsycINFO, Scopus, and Clinical Trials databases from
1960-2015 using the terms refeeding, weight restoration, hypophosphatemia, anorexia nervosa,
anorexia, and anorexic.

Results: 948 abstracts were retrieved using the search criteria and were included if they
described a refeeding protocol in hospitalized patients with AN with sufficient detail to allow
replication. Twenty-two papers were included in the final review. Most studies were in adolescents
and were observational or retrospective; the majority of studies since 2010 have reported on
refeeding approaches beginning with higher calories or advancing caloric prescriptions faster than
current treatment recommendations.

Discussion: The available evidence supported seven conclusions, summarized here: 1) In
moderately malnourished patients with AN, higher calorie feeding is feasible; 2) Meal-only
approaches or combined nasogastric plus meal-feeding approaches can deliver higher calorie feeds
in hospital; 3) In severely malnourished patients with AN, there is insufficient evidence to support
any change to current standards of care for refeeding hospitalized patients; 4) Higher calorie
approaches to refeeding appear safe under close medical supervision and with correction of
electrolyte abnormalities; 5) The impact of differing approaches to refeeding on long-term
outcomes is unknown; 6) TPN is not recommended unless no other form of refeeding is possible;
and 7) Meals and liquid formulas with nutrient compositions within recommended ranges are
appropriate for refeeding.

Keywords

Anorexia nervosa; refeeding; weight restoration; nutritional rehabilitation; refeeding syndrome;
hypophosphatemia; medical complications; medical stability; length of stay

Refeeding is the first important step to recovery from anorexia nervosa (AN). The primary
goal of refeeding hospitalized patients is to reverse malnutrition and its complications.
Adequate weight gain in hospital is crucial and predicts weight recovery at one year (1-3).
However, the need for weight gain must be balanced against the potentially fatal medical
complications of the refeeding syndrome, which can manifest in cardiac arrhythmia, cardiac
failure or arrest, hemolytic anemia, delirium, seizures, coma, and sudden death (4-8). These
clinical sequelae are thought to occur in response to intracellular movement of glucose,
fluid, and electrolytes that is caused by surges in insulin after nutrients are reintroduced
following starvation (9).

Until recently, the standard of care for refeeding in AN has been to “start low and go slow”
to minimize the risk of refeeding syndrome. Recommendations in the United States begin
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with calorie prescriptions around 1200 per day with slow advancement by about 100 calories
per day (kcal/d) (10-12). Caloric levels as low as 200-600 kcal/d have been recommended
in Europe and the United Kingdom (13). Lower calorie refeeding has recently been linked to
poor weight gain and prolonged hospitalization (14). Growing recognition of the so-called
“underfeeding syndrome” (8) has spurred renewed interest in more aggressive approaches to
refeeding (15). These approaches are varied, but typically begin with higher calorie and/or
more rapid advancement and may be delivered through meals alone or a combination of
meals with supplemental nasogastric (NG) feeding.

Patients who are physiologically or psychologically unstable are admitted to hospital for
refeeding. Criteria for admission to hospital vary by region, age (adolescents vs. adults), and
the type of treatment facility. However, published guidelines for adolescent and adult care
have suggested that hospital admission is warranted in the presence of vital sign
abnormalities (bradycardia, hypotension, orthostatic heart rate and blood pressure, and
hypothermia), failure to respond to lower levels of care, suicidality, or other severe
psychiatric symptoms (11, 15, 16). Severe malnutrition alone, defined as Body Mass Index
(BMI) < 15 kg/m? in adults (13) or <70% of the median BMI (%mBMI) (16) per CDC data
(17) in adolescents, may also warrant hospitalization.

The initial focus of refeeding is to restore physiological stability through weight gain.
Bradycardia normalizes more quickly during refeeding than other signs, such as orthostatic
changes, which may take weeks (18). In adolescents in the United States, normalization of
vital signs is commonly used as a discharge criterion from medical inpatient units, which is
why some studies of refeeding have used length of hospital stay as a proxy for the time
required to achieve medical stability. In addition to physiological instability at presentation,
patients are at risk of developing complications during the refeeding process itself.
Refeeding hypophosphatemia (RH) is used as a sensitive marker of risk for the refeeding
syndrome (19) and is more likely to occur in severely malnourished patients (20).
Monitoring of serum electrolytes every 24-48 hours is typically recommended during the
first week of hospitalization, when risk for the development of the refeeding syndrome is
highest (21). However, there are no recommendations in place for electrolyte correction with
supplements, resulting in wide variations in clinical practice (22). For these reasons, both
degree of malnutrition and electrolyte supplementation must be considered when evaluating
studies of refeeding.

Not only is weight gain in hospital required for medical stabilization, but it may also set the
stage for long-term recovery. Studies examining predictors of recovery have identified
weight gain in hospital (higher discharge weight and faster gain) as a positive predictor of
weight recovery one year post-hospitalization (1-3). Weight gain in the outpatient setting is
also crucial for long-term recovery. Randomized controlled trials (RCTs) of outpatient
psychotherapy in adolescents have demonstrated that weight at the end of treatment is the
best predictor of recovery (23), and faster weight gain during the first 3-4 weeks (0.43-0.86
kg/week) of outpatient treatment predicts full remission at 12 months (24). Finally, weight
restoration is central to reversing the long-term medical complications, including
amenorrhea, which usually resumes or begins at a weight above 95% mBMI (25, 26).
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These collective findings underscore the need to identify approaches to refeeding that
simultaneously maximize weight recovery and minimize the associated risks. In addition,
they highlight the need to consider how relatively short-term approaches to inpatient
refeeding may support the long-term goals of recovery, which include cognitive recovery
and eating disorder psychopathology. Thus, the purpose of this review was to systematically
examine published studies on approaches to refeeding in hospitalized adolescents and adults
with AN, with particular attention to the approach to refeeding (including caloric level,
methods of delivery, and nutrient content) and characteristics of the study population
(including age and degree of malnutrition). Pertinent medical outcomes were weight gain,
length of stay (as a proxy for time to achieve medical stability), and RH; cognitive outcomes
included neurocognitive functioning and eating disorder thoughts and behaviors.

METHODS

Literature search

We performed a comprehensive database search for abstracts published in English from
1960 to March 15, 2015, in Pubmed, PsycINFO, Scopus, and Clinical Trials databases.
Search strategies combined controlled vocabulary terms (MeSH, Thesaurus) with keywords
and phrases for the following concepts: refeeding, weight restoration, hypophosphatemia,
and anorexia nervosa. Exclusion terms were: negplasm(s) and cancer(s) and tumor{(s).
References were exported to Endnote (version X7), and duplicates were removed using
Author, Year, Title, and Reference Type as the comparison criteria.

Screening for eligibility

Inclusion and exclusion panel are described in Panel 1. Abstracts identified from the initial
search were screened in a secondary review process, and abstracts not meeting inclusion
criteria were excluded. Abstracts of review papers and case studies were removed from this
review but cataloged for further bibliography and referencing. In cases of uncertainty (e.g.
the abstract was unavailable or contained insufficient detail to determine if inclusion criteria
were met), the full-text of the paper was obtained and screened.

Quality assessment

The quality of the selected studies was independently assessed by three authors (AKG, SS,
and GR). We used the diagram for flow of information from the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) statement for systematic reviews as
well as the organizational structure from the PRISMA checklist, including a detailed
description of the eligibility criteria (Panel 1) and the search and selection criteria for
studies (27). The limited designs of the available studies did not allow for a formal quality
assessment or statistical methods to evaluate the results (e.g. to compare or evaluate
collective effect sizes). The bulk of the evidence on approaches to refeeding in AN utilizes
retrospective and/or observational designs, which have no empirically validated method for
quality evaluation (28). These study designs are subject to several types of bias, which are
described and discussed in the text where relevant.
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RESULTS
Study Selection

A flow chart depicting the study selection process is shown in Figure 1. The initial search of
electronic databases yielded 948 references. An additional 17 abstracts were identified from
bibliographies of relevant review papers. After removing 47 duplicates, 918 abstracts were
included for screening. Initial screening using the inclusion and exclusion criteria led to the
exclusion of 875 abstracts. Studies were most often excluded because: they were not a study
of refeeding (e.g. a cross-sectional study comparing malnourished to refed patients with
AN), did not take place in a hospital setting, did not include patients with AN, focused on
pharmacotherapy, or utilized animal models. This process yielded 43 abstracts. The full texts
of these abstracts were obtained and evaluated again according to the inclusion and
exclusion criteria. Of these, 21 studies were excluded primarily because no refeeding
protocol was described and/or the outcomes were not pertinent to medical or cognitive/
behavioral recovery. Six studies (21, 29-33) met eligibility based on initial screening, but
details of the refeeding protocols were missing and subsequently obtained via author
communication.

Quality assessment

More than 80% of the studies meeting our selection criteria were published in the last 10
years, and 90% of the study designs were retrospective and/or observational. The most
common types of bias were selection bias and bias due to differential loss to follow-up.
Selection bias may have resulted in patients who were perceived as high risk (due to medical
complications, severe malnutrition, and/or chronic illness) being assigned to lower calorie
refeeding groups (34). Although these studies attempted to address this by enrolling
participants on their first hospital admission and adjusting for %mBMI at presentation, this
source of bias could result in poor outcomes being overly attributed to the lower calorie
refeeding approach. Selection bias could also result in disproportionate phosphate
supplementation in patients perceived as high risk (27) and must be considered when
interpreting rates of RH as an outcome. Differential loss to follow-up can be a problem in
long-term studies with open follow-up, whereby the characteristics of the remaining patient
population become skewed as patients are lost to follow-up along the way. This is a
recognized problem in studies of long-term outcomes in AN (35). It is unclear whether it
affects the one long-term study included here, since the authors report that “all” patients
returned for follow-up (36). However, it is a possible source of bias in the two studies (34,
37) using length of stay as an outcome. Length of stay is a proxy for time to restore medical
stability, however it is subject to bias because medically complicated patients may remain in
hospital longer for a variety of reasons regardless of refeeding approach.

Meal-based refeeding

Eleven studies described meal-based approaches to refeeding where the caloric level was
divided into meals and snacks, and any liquid supplements were taken orally; NG feeding
was only used for acute food refusal. Eight of these eleven studies reported weight gain as an
outcome. The first five studies in this group examined lower calorie diets. Arii et al. (38)
compared lower calorie meals to oral liquid formula in 12 adolescents and adults with severe
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malnutrition and found that the liquid formula group consumed more calories and gained
significantly more weight. Solanto et al. (1994) and Garber et al. (2012) (14, 32) reported
that adolescents who were refed starting at 1,000-1200 kcal/day and advancing by about 100
kcal/day initially lost weight and then slowly gained at a rate of 0.68-0.88 kg/week. Garber
et al. (2012) (14) further demonstrated an association between lower caloric prescription,
poorer weight gain, and longer hospital stay. Ornstein et al. (2003) (21) reported a mean
hospital stay of more than 25 days in adolescents refed on a similar protocol. While these
studies indicate that refeeding according to the current recommendations (10-13) contributes
to poor weight gain and long hospital stays in moderately malnourished adolescents,
Gaudiani et al. (2012) demonstrated the utility of lower calorie refeeding in restoring
medical, biochemical, and hematological stability in severely malnourished patients.

A group of six studies, beginning with Whitelaw et al. (2010) (39), examined higher calorie
meal-based approaches to refeeding hospitalized adolescents with AN. These approaches
started between 1500-2400 kcal/day and advanced by 67-250 kcal/day. Rates of weight gain
were reported in all studies except EI Ghoch et al. 2014 (40) and ranged from 1.3-1.98 kg/
week. Maximal caloric prescriptions achieved before discharge ranged from 2800-4350
kcal/day. These studies established the feasibility of meal-based refeeding to facilitate
weight gain in hospitalized adolescents with AN. Only two studies compared lower versus
higher meal-based refeeding protocols (34, 37). In a prospective observational study of 56
adolescents, Garber et al. (2013) (34) reported faster weight gain and a mean 5.7 days
shorter hospital stay; in a retrospective study of 310 adolescents, Golden et al. (2013) (37)
reported a mean shorter stay of 3.6 days.

Eight studies examined RH as an outcome. Ornstein et al. (2003) (21) were the first to
explore the rate of RH with caloric intake. This retrospective chart review found that 27.5%
of hospitalized adolescents with AN, who were started on 1200-1400 kcal/day and increased
by 200 kcal every 24-48 hours, developed RH requiring phosphate supplementation. This
study showed that the most severely malnourished patients were at greater risk for
developing hypophosphatemia, which became an important outcome for subsequent studies
of refeeding. Golden et al. (2013) (37) observed that 15.8% of adolescents developed RH,
with no differences in the rates according to whether they received higher or lower calorie
refeeding. Garber et al. (2013) (34) similarly reported no differences in electrolyte
abnormalities between patients refed using higher and lower calorie protocols. In that study,
36% of adolescents received electrolyte correction (34), similar to the rate reported by
Whitelaw et al. (2010) (39). RH occurred in 18.5% of patients in the study by Redgrave et
al. (2015) (31) and was associated with admission BMI rather than the rate of weight gain.
In contrast, Le Clerc et al. (2013) reported that only one of thirty patients required
electrolyte replacement for low serum phosphorus (41). These highly variable rates of RH
likely reflect different strategies for electrolyte correction: some programs initiated
prophylactic phosphate supplementation (29, 42-44), others treated low or declining levels
(21, 31, 34, 37, 39, 41), one used supplementation at a BMI< 12 kg/m? (36), and another
supplemented patients on NG but not meals-only feeding (45).

Two studies of higher calorie meal-based approaches examined sub-samples of severely
malnourished patients. In a study of 461 admissions for refeeding, Redgrave et al. (2015)
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(31) analyzed 135 adolescents and adults with BMI < 15 kg/m? refed with meals starting
between 1200-1500 kcal, advancing rapidly by 500 kcal every 2-3 days, supported by
continuous intravenous (1) 5% dextrose at 75 ml/hr and close medical monitoring until
postprandial blood glucose normalized. Weight gain was comparable to the higher BMI
participants, but rates of RH were higher (32.4% vs. 18.5% in the whole sample). Also using
a higher calorie refeeding approach with careful medical supervision but without 1V
dextrose, Golden et al. (2013) (37) compared a sub-sample of severely malnourished
adolescents (mBMI 65%) who were fed higher (N=31) vs. lower (N=18) calorie diets.
Similar weight gain was reported in both groups. The rate of RH was higher in the severely
malnourished subsample than in the total sample but did not differ by caloric prescription.

Only one study (40) reported on psychological outcomes, using a meals-only approach to
refeeding. That study assessed 50 adults with chronic AN (mean length of illness of 8.7+6.7
years) and severe malnutrition. The refeeding intervention took place over 20 weeks (13
weeks inpatient and 7 weeks partial hospitalization) and began with 1500 kcal to 2500
kcal/day for three weeks with subsequent dietary intake aimed at achieving a weight gain
goal of 0.45-0.68 kg/week. Participants also received intensive psychological treatment and
cognitive behavioral therapy for eating disorders. At the mean maximal BMI achieved
[19.6(0.8) kg/m?], eating disorder thoughts and behaviors [measured by the Eating Disorder
Examination (46)] had improved significantly.

Nasogastric refeeding

Nine studies meeting inclusion criteria described approaches to refeeding using NG feeding
in combination with oral feeding. Five of these studies began with a combination of
supplemental NG feeding and oral intake upon admission (36, 43, 44, 47, 48); three studies
began with NG feeding only and then introduced meals (29, 30, 45); and one study began
with meals for 3 days, followed by 3 days of exclusive NG tube feeding, followed by
transition back to meals only (49).

NG feeding approaches were used to deliver both lower and higher calorie loads. Four
studies reported lower calorie approaches. Gentile et al. (2010; 2012) focused on lower
calorie refeeding in severely underweight adolescents and adults with AN, with purposefully
low weight gain goals (0.5-1 kg/week) to minimize potential complications in these higher
risk patients (43, 44). Robb et al. (2002) and Silber et al. (2004) compared supplemental
nocturnal NG feeding in hospitalized adolescents to historical controls fed with meals alone
(47, 48). The rate of NG feeding was set to bring the total starting kcal level (including
meals) to 1200 kcal/day and was then increased to support a consistent weight gain rate of
1-2 kg/week. With this method, Robb et al. (2002) reported that the total mean calorie
intake was greater and weight gain was faster in the supplemental NG group (3255 kcal/day;
1.7 kg/week) compared to those fed meals alone (2508 kcal/day; 0.76kg/week), with no
difference in the length of stay among 100 females (48). Silber et al. (2004) confirmed this
finding in 14 males (47). The remaining studies reported higher calorie approaches. Hatch et
al. (2010) and Madden et al. (2015) (29, 30) started with 24—72 hours of continuous NG
feeding that began at 2400 kcal/day and then transitioned to a combination of NG feeding
and meals for a total of 2400-3000 kcals/day to achieve a target rate of weight gain of 1 kg/
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week (author communication) (29, 30). In this group, Hatch et al. (2010) (29) was the only
study to examine changes in cognition and eating disorder psychopathology. At the end of
the admission (12.7 weeks), participants showed significant improvements in cognitive
processing speed in sensorimotor tasks and cognitive inhibition and less distractibility on
memory tasks. The study did not report improvement in eating disorder cognitions measured
by the Eating Disorder Inventory 111 or obsessionality as measured by the Maudsley
Obsessive Compulsive scale following weight restoration, however there were significant
improvements in depression, anxiety, and stress as measured by the Depression, Anxiety and
Stress Scale. Agostino et al. (2013) reported a similar approach beginning with a slightly
lower caloric level of 1500 or 1800 kcal/day, depending on age. Weight gain was greater in
the group that received continuous NG feeding for seven days and then transitioned to
include meals, as compared to historical controls who received only meals (45).

The only RCT comparing different approaches to refeeding is from Rigaud et al. (2007)
(36), who compared 70 days of NG feeding twice daily plus meals to meals alone in
chronically ill young adults with a duration of illness of 3—4 years, at least one prior
hospitalization, and BMI greater than 11 kg/m? (36). The groups were separated in time, so
that patients on the unit all received the same treatment; patients randomized to a treatment
that was not active at the time of randomization waited up to three months for admission.
Calorie levels in both groups were adjusted based on resting energy expenditure (REE) to
produce a 1 kg/week weight gain. Patients were not restricted to bed, and there was little
monitoring of activity levels during treatment. Consistent with the other studies described
here (45, 47, 48), the NG group consumed more calories and gained more weight.
Assessment of tolerability of the NG feeds indicated that they caused the most emotional
distress during the early phase of refeeding. Patients required an average of 2 tube changes
over the 70-day course of treatment, but no serious physical complications were reported.
There was no difference in weight and eating disorder psychopathology at one-year follow-
up, however relapse was delayed by seven weeks in the NG-fed group.

Parenteral refeeding

Only one study that met our inclusion criteria examined total parenteral nutrition (TPN).
Diamanti et al. (2008) reported that TPN in combination with oral feeding resulted in a
greater rate of weight gain than oral feeding alone (50). These authors recommended that the
rate of initial parenteral refeeding be limited to 600-800 kcal per day and the amount of
protein be limited to 2 g per kg of body weight to avoid development of refeeding syndrome.
Weekly weight gain rates were low in both groups (<1 kg/week), and TPN treated patients
gained on average only 183 g/week faster than those fed orally. Various complications of
parenteral nutrition were reported, including elevated transaminases, lower extremity edema,
and hypophosphatemia.

Refeeding with altered nutrient content

Only one study described a refeeding protocol with a nutrient content that differed
significantly from current dietary guidelines [such as the 2010 US Dietary Guidelines for
Americans (51) and the 2006 Nutrient Reference Values in Australia and New Zealand (52).
Rigaud et al. (2010) compared a low-sodium (1600-2000 mg) to a normal-sodium diet
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(4000-4800 mg) in a non-randomized study among severely malnourished adults with AN
(53). Weight gain and peripheral edema were greater on the normal- compared to low-
sodium diet, suggesting that reducing the sodium content of the refeeding diet may be useful
in managing fluid shifts, especially in adults with a BMI < 15 kg/m?2. We re-examined the
studies included in the meal-based group (above) to determine if any conclusions could be
drawn about the effect of nutrient content on refeeding outcomes. Six of the eleven studies
reported nutrient content of the refeeding diet (14, 34, 37, 39-41); the nutrient information
for an additional four studies was obtained by author communication (21, 31-33). Of these
10 studies, the macronutrient distribution of the diets was consistent with currently
recommended ranges (around 25-35% of calories from fat, 15-20% protein and 50-60%
carbohydrate). Therefore no associations between differing nutrient content and refeeding
outcome could be determined. Finally, some refeeding reported using IV glucose (31, 43,
44) due to concerns of post-prandial hypoglycemia and the risk for RH during the initial
phase of refeeding (9, 54). Gentile et al. (2012) described a protocol for refeeding severely
malnourished adults (mean BMI 11.3 kg/m?) that initially supplemented oral refeeding with
10% glucose intravenously; Redgrave et al. (2015) used a similar approach, with 5%
dextrose in severely malnourished patients (31).

DISCUSSION

For years, a lower calorie approach to refeeding hospitalized patients with AN has been
recommended, beginning around 1200 kcal/day (10-13) or lower (13) and advancing slowly.
The purpose of these conservative approaches was to minimize risk for the development of
the refeeding syndrome. In this respect, it could be argued that these approaches have been
successful, as only a few cases of the refeeding syndrome have been reported during the
decades that lower calorie approaches have been the standard of care for refeeding in AN (5,
55, 56). However, lower calorie refeeding has also been linked to poor weight gain (14, 32,
34, 37) and prolonged hospital stay (34, 37). Increasing recognition that underfeeding leads
to poor outcomes in AN (8) is contributing to a shift in clinical practice and research toward
higher calorie refeeding. These changes are reflected in the results of the present systematic
review. Since 2010, ten studies have reported approaches to refeeding beginning with 1400
kcal/day or more through meals alone (31, 34, 37, 39-41) or combined NG and oral feeding
(29, 30, 45). Only two recent studies reported using lower calorie approaches, both in
higher-risk (severely malnourished) patients (33, 44).

We also found that there is marked heterogeneity in approaches to higher calorie refeeding,
with large variations in starting calorie levels, rates of advancement, and modes of delivery.
The outcomes of interest were likely influenced by these differences, in addition to the
effects of variability in length of stay, electrolyte correction, type of program (medical or
psychiatric), and level and duration of psychotherapy provided. For example, the two
available studies comparing groups on lower and higher meal-based refeeding come from
comparable adolescent medical in-patient units. However, the feeding protocols differed by
both starting calories and rates of advancement, which may explain why one study reported
a faster rate of weight gain in the higher calorie group (34), and the other did not (37). For
these reasons, we did not attempt to quantify the relationship between calories and weight
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gain across studies statistically. Nevertheless, our systematic review supports the following
evidence-based conclusions:

In moderately malnourished patients with AN, lower calorie refeeding is too conservative.

The large proportion of adolescents hospitalized in medical stabilization units across the
United States (57), Canada (41), Australia (30, 39), and the United Kingdom (58) is
moderately malnourished (mBMI 75-85%), with relatively acute onset of AN. Studies have
linked lower calorie refeeding to poor outcomes in this patient population, including poor
weight gain and prolonged hospital stay. Subsequent studies of higher calorie refeeding in
moderately malnourished adolescents, using either meals-only (31, 34, 37, 39, 41) or NG
feeding in combination with meals (29, 30, 45), report similarly good weight gain with wide
variability in RH (see #4 below for a discussion of safety).

Meal-based approaches and combined approaches using NG feeding with meals can be
used for higher calorie refeeding in hospitalized patients with AN.

There is insufficient evidence to determine whether one of these approaches confers any
advantage over the other. This is largely due to limitations in study design: studies
comparing supplemental enteral feeding to a meals-only approach were not designed to
determine whether there was an independent effect of the method of delivery. Instead, these
studies collectively demonstrate that supplemental NG feeding is useful for increasing the
total caloric load (29, 30, 47, 48). However, equally good weight gain has been reported
using meals-only approaches (31, 34, 37, 39-41). Tolerance and/or acceptability could tip
the balance in favor of one approach over the other, however this has not been sufficiently
examined. One study of higher calorie meal-based feeding reported that patients could
complete the higher calorie meals to the same extent as those on the lower calorie meals, and
none required NG feeding (34); other studies have reported that 8% (39) and 15% (41) of
adolescents on higher calorie meal-based refeeding required supplemental NG feeding to
meet caloric prescriptions. In a study of supplemental NG feeding, patients reported that it
was acceptable when presented in the context of a standardized protocol that is uniformly
applied within a specialty program for the treatment of AN (36). This is consistent with
studies beyond this review (59).

In severely malnourished patients with AN (BMI <15 kg/m2 in adults or mBMI <70% in
adolescents), there is insufficient evidence to support changing the current standard of
care for refeeding.

Greater caution continues to be used with more severely malnourished, chronically ill,
and/or adult patients, who, due to more severe malnutrition, are at greater risk for refeeding
syndrome (20). The few recent studies that have explicitly focused on this patient population
have used lower calorie approaches with slow advancement under medical monitoring (43,
44). Three studies also administered intravenous glucose to mitigate risks of post-prandial
hypoglycemia (31, 43, 44). There is currently insufficient evidence to indicate whether such
patients might tolerate more aggressive approaches (31, 37, 40). Two studies (31, 37) of
higher calorie meal-based approaches examined sub-samples of severely malnourished
patients and reported comparable weight gain and RH that was manageable with medical
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monitoring. Further studies of approach to refeeding in this higher-risk patient population
are needed.

Higher calorie approaches to refeeding in hospitalized patients with AN appear safe in the
presence of medical monitoring and electrolyte correction.

No cases of refeeding syndrome were reported within the studies of higher calorie refeeding.
Variable rates of RH, a sensitive marker of risk for the refeeding syndrome (19), were
reported without incident. However, these aspects have not been compared within a
controlled trial, and there are several limitations to the available evidence that preclude a
comparison of safety across approaches to refeeding. First, sample sizes have been generally
small. A very large, multicenter trial would be required to comprehensively examine the full
range of clinical features associated with the refeeding syndrome using various refeeding
approaches, since only a handful of cases of cardiac arrest and death have been reported in
the AN literature (5, 55, 56). Second, while patients with severe malnutrition are at highest
risk (20) they have not been well represented in the available studies. Third, the incidence of
RH may in fact be underrepresented by the current studies. This is due in part to the variety
of approaches to electrolyte correction that are currently used in clinical practice (22). RH
has been indicated by the lowest serum phosphorus level during hospitalization, and it is
possible that this measure was obtained in participants who had already begun receiving
supplements (and therefore an actual nadir was never reached). Selection bias could also
contribute to the underestimation of RH if more severely malnourished participants (39)
and/or those on higher calories were more likely to receive phosphate supplementation (34).
Fourth, the relative safety of differing methods of delivery has not been compared. The
hypothesis that NG feeding ameliorates RH (29, 30, 60) warrants examination. These
limitations, together with the gravity of the risk of the refeeding syndrome, underscore the
need for close medical monitoring when higher calorie approaches are undertaken.
Prospective studies using well-described protocols (for refeeding and electrolyte
replacement as well as admission and discharge criteria) are needed.

The impact of approaches to refeeding on long-term outcomes is unknown.

Rapid and early weight gain in hospital (1-3) and during outpatient psychotherapy (24)
improves long-term recovery in AN. These findings imply that higher calorie refeeding
would improve long-term weight recovery. However there is currently no evidence to
support this. The only study comparing long-term outcomes of refeeding approaches was an
RCT reporting no difference in one-year weight recovery in a combined enteral and meal
feeding group as compared to a meals-only group (36). While this study reported earlier
relapse in the meals-only group, more calories were delivered in the enteral group. Thus the
only conclusion that can be drawn is that higher calorie refeeding may reduce long-term
relapse rates. Tempering the strength of this RCT slightly is the open follow-up design
(discussed earlier) and the ‘wait-list” randomization scheme, whereby one group of patients
may have become sicker during the three-month period while awaiting treatment.
Nevertheless, recovery from AN is plagued by high relapse rates (61), and therefore the
possibility that refeeding in hospital could improve long-term outcomes such as relapse
warrants investigation.
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There is little and inconsistent evidence to indicate that the approach to refeeding in hospital
improves long-term cognitive and behavioral recovery. Hatch et al. (2015) reported no
reduction of eating disorder thoughts and behaviors in acutely malnourished adolescents
after 12 weeks of higher calorie combined NG feeding plus meals (29). In contrast, El
Ghoch et al. (2014) reported significant improvements in eating disorder and general
psychopathology after 20 weeks of higher calorie refeeding in severely and chronically
malnourished adults. Differing lengths of follow-up (12 vs. 20 weeks) and variable types and
intensity of psychotherapeutic interventions might explain these discrepant findings (40).
Nevertheless, both of these studies demonstrate that refeeding in hospital impacts cognitive
recovery. There is a pressing need to examine how refeeding that takes place over a
relatively short-period can support the long-term goals of recovery, since weight recovery in
the absence of concomitant behavioral recovery does not bode well for complete or
sustained recovery and renders patients vulnerable to relapse (62).

TPN is not recommended unless no other form of refeeding is possible.

Given the extent of weight gain that can be achieved by other methods, the small
incremental increase in weight gain reportedly attributable to supplemental TPN (50) does
not outweigh the potential risks. TPN is associated with high rates of complications and
requires more intensive medical monitoring, which adds to its expense. In a large nation-
wide database study from Japan (which was beyond the scope of this review because it
included diagnoses other than AN), Michihata et al. (63) compared TPN alone (N=278) to
NG feeding (N=634). They found significantly higher rates of sepsis, disseminated
intravascular coagulation, and death in the TPN group (63). Also beyond the scope of this
systematic review are case reports of both successful weight restoration (64) as well as
deaths from TPN refeeding in AN (56). Given the medical risks, further research is not
indicated around this topic. The only indication for administering TPN in AN is when there
are no alternatives for achieving weight restoration, such as in cases where gastrointestinal
complications preclude enteral refeeding (e.g. superior mesenteric artery syndrome,
following gastroenterological surgery, or in the setting of severe recurrent vomiting when
nasojejunal feeding has also proven unsuccessful).

Meals and liquid formulas with nutrient compositions within recommended ranges are
appropriate for refeeding.

The macronutrient composition of the diets used in the studies included here fell within
range of the standard recommendations for the general population (approximately 25-35%
of calories from fat, 15-20% protein and 50-60% carbohydrate) (51, 52, 65). In theory,
lowering the glucose load of the diet or formula could attenuate risk for the refeeding
syndrome (60). This may be accomplished by changing the nutrient content of the diets,
such as lower carbohydrate or lower glycemic load meals or liquids. This has also been
postulated as a benefit of NG feeding (29, 30, 60), since delivering a formula at a lower,
continuous rate could avoid the wide glucose and insulin excursions associated with bolus-
feeds. Another strategy employed to ameliorate the post-prandial hypoglycemia associated
with risk for the refeeding syndrome is to continuously infuse intravenous glucose during
the initial phase of refeeding (31, 43, 44). The only study that focused on micronutrient
content was Rigaud et al. (2010) (53), which indicated that a lower sodium diet reduces fluid
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shifts during refeeding in severely malnourished patients. Beyond this review, Schebendach
and colleagues reported that dietary variety and energy density may predict recovery
outcomes in AN (66, 67). Further study is needed to build on these lines of evidence and
determine if there is an optimal nutrient profile for refeeding in AN.

Conclusion

This systematic review of approaches to refeeding reflects a recent shift in clinical practice
from previously conservative approaches to higher calorie and/or faster approaches to
increasing calories in hospitalized patients with AN. While lower calorie approaches with
slow advancement may have a role in severely malnourished and more chronically ill
patients, higher calorie approaches are feasible for the larger proportion of moderately
malnourished and acutely ill patients with AN. Meal based approaches and combined
approaches using NG feeding to supplement oral intake can achieve similar weight gain.
Other than the possible advantage of lower sodium diets in severely malnourished patients,
we can only conclude that higher calories can be delivered in macronutrient ranges
consistent with the current dietary recommendations. The many research gaps described
above highlight the need for prospective studies to directly compare different approaches to
refeeding. Such studies should examine both short- and long-term outcomes, since any
benefit of higher calorie refeeding, including faster weight gain or shorter hospital stay,
could be easily outweighed by unintended consequences, such as higher rates of relapse.
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Inclusion and exclusion criteria applied during screening

REQUIRED FOR INCLUSION

Studies of approaches to refeeding in hospitalized adolescents and adults with AN,
where:

#1: feeding protocol is defined such that it could be reproduced, by either caloric level or
mode of delivery including rate and or concentration.

--AND--

#2: Outcomes are related to short and/or long-term restoration of medical stability
(including vital signs, or length of stay as a proxy, and weight recovery) or cognitive
improvements (including neurocognitive functioning and/or long-term eating disorder
cognitions and behaviors).

EXCLUSION CRITERIA

#1: Studies comparing malnourished to refed patients (therefore the feeding protocol was
undefined and varied)

#2: Studies with no medical and/or cognitive outcomes
#3: Studies of refeeding where the protocol was not described*

* In cases where the paper met inclusion criteria with the exception that the refeeding
protocol was not described, details of the refeeding protocols were procured by author
communication.
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Abstracts identified through

e Pubmed =560

e PsychINFO=116

e Scopus =225

e Clinical Trials =47

17 Abstracts identified
databases through other sources
(bibliographies, co-authors)

918 records after duplicates removed

A 4

\ 4

918 records screened

43 of full-text articles

875 records excluded,

due to:
Not a study of
refeeding
Not hospital setting
Not AN
Pharmacotherapy
Animal models
Review papers
Case studies

assessed for eligibility

22 of studies included in
qualitative synthesis

Figure 1:
Flow chart of study selection
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