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Abstract

Background: Nutritional rehabilitation for patients with anorexia nervosa involves balancing the need for weight
gain whilst mitigating the risk of refeeding syndrome. Graded caloric increases and restriction of calories from carbo-
hydrate have been used to minimise the risk of developing refeeding hypophosphatemia. There is little evidence to
support the recommended nutrient composition, specifically the recommended carbohydrate intake that is safe in
this population. The aim of this pilot study was to compare the effect of a low and a standard carbohydrate feeding
protocol on serum phosphate levels in children and adolescents with anorexia nervosa.

Methods: A pilot study of 23 children and adolescents with anorexia nervosa admitted for medical stabilisation to
the adolescent ward of a tertiary hospital was undertaken. Participants were commenced on an oral feeding protocol
and were randomly allocated to isocaloric meal plans that were either low carbohydrate (< 40% total energy from
carbohydrate) or standard carbohydrate (50-60% total energy from carbohydrate). Serum phosphate levels were
monitored daily across the first week and twice weekly thereafter. Clinical status, including weight gain, was moni-
tored throughout admission.

Results: 52% (n=12) of participants were allocated to the low carbohydrate group and 48% (n=11) were allocated
to the standard carbohydrate group. No patients in either of the diet groups developed refeeding hypophosphatemia
in the first seven days of admission. Weight gain during the first week was significantly higher in the standard carbo-
hydrate diet (1.4 kg/wk £ 0.5) compared to the low carbohydrate diet (0.6 kg/wk £ 0.9), p value 0.03. Participants from
both diet groups were largely orally fed with less than 10% of the total number of meals and/or snacks across both
groups provided as nutrition supplement drinks, either orally or enterally.

Conclusion: This pilot study supports that a standard carbohydrate intake (providing 50-60% of total energy from
carbohydrate) optimises nutritional rehabilitation without increasing the risk of refeeding hypophosphatemia in ado-
lescent inpatients with anorexia nervosa.
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Plain English Summary: People with eating disorders who are underweight or malnourished, such as patients with
anorexia nervosa, are at risk of refeeding syndrome when they receive treatment and return to regular eating. Refeed-
ing syndrome may cause fluid and electrolyte shifts. This can occur as a result of the reintroduction of carbohydrates,
and can have potentially life-threatening consequences if not managed appropriately. Refeeding hypophosphatemia
is one of the early markers of refeeding syndrome. This study compared patients who were provided a low carbohy-
drate diet (40% total energy from carbohydrate) to those who were provided a standard carbohydrate diet (50-60%
total energy from carbohydrate) to see if patients from either group were more at risk of developing refeeding syn-
drome. No patients in either of the diet groups developed refeeding hypophosphatemia. This pilot study may help to
ensure that when patients get treated for their eating disorder in hospital, they can return to a normal diet as soon as
possible with close medical monitoring.
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Introduction

Nutritional rehabilitation is integral in the treatment of
anorexia nervosa (AN) to medically stabilise the patient
and reverse the effects of malnutrition [1]. The provi-
sion of adequate nutrition to achieve weight restoration
and medical stability must be balanced against managing
the risks of refeeding syndrome (RFS). RFS can result in
serum electrolyte shifts and fluid imbalance due to meta-
bolic changes following the reintroduction of nutrition in
malnourished patients [2]. This can result in potentially
life-threatening consequences for the patient across a
range of organ systems including the neurological, car-
diovascular, respiratory, gastrointestinal, haematological
and musculoskeletal systems [2, 3]. Of particular con-
cern is the risk of cardiac arrhythmias resulting in sudden
death [3]. Refeeding hypophosphatemia (RH) is an abnor-
mally low phosphate level in the blood that may result
following reintroduction of nutrition [4]. RH is defined as
<0.95 mmol/L (<2.94 mg/dL) in patients under 16 years
and <0.87 mmol/L (<2.69 mg/dL) in patients > 16 years
as per local hospital guideline. RH occurs early in RFS
and is commonly used as an indicator for development of
REFS [2]. The risk of hypophosphatemia during nutritional
rehabilitation in adolescent inpatients with AN has been
estimated to be around 14% [4]. The potential for devel-
oping RES is the greatest during the initial 72 h following
commencement of nutritional rehabilitation [5]. Patients
with AN are vulnerable to the development of RFS due to
their low body stores of electrolytes from chronic starva-
tion and the degree of malnutrition [6, 7]. Patients who
are less than 70% of their expected body weight, have had
prolonged inadequate intake or have hypophosphatemia
on commencing nutritional rehabilitation are considered
to be at high risk [2, 7, 8].

Guidelines for the prevention and management of RFS
in hospitalised patients recommend providing between
40 and 60% of total energy from carbohydrate sources,
alongside graded increases in caloric intake from 5 to

25 kcal/kg/day depending on level of RES risk [2]. These
guidelines however exclude patients with AN as they are
believed to be different from a pathophysiological per-
spective [1, 2].

In patients hospitalised with AN, a graded approach,
commencing around 1250 kcal/day with slow advance-
ment in calories, has historically been used to mitigate
the risk of developing RFS [8]. However, underfeeding
and overly cautious approaches to nutritional rehabilita-
tion in this patient group may delay resolution of seri-
ous medical complications and lead to poor weight gain
or even weight loss due to the hyper-metabolic state.
This has been identified as a contributor to prolonged
length of stay and potentially fatal outcomes [7]. In the
longer term, weight restoration is critical in overcom-
ing the physical complications caused by AN, including
amenorrhoea, pubertal delay, reduced bone density, and
impaired cognition [1, 6, 8, 9]. For hospitalised patients
with AN, the rate and amount of weight gain has been
shown to predict positive outcomes at 1 year follow-up
[10]. Following the systematic review by Garber et al.
which evaluated approaches to refeeding patients with
AN across 27 studies, the safety and benefit of commenc-
ing at a higher caloric intake with more rapid increases
for hospitalised patients with AN has allowed for more
aggressive feeding protocols to be implemented [1, 11,
12].

Current guidelines advise restricting calories from car-
bohydrates and including foods rich in phosphate dur-
ing nutritional rehabilitation in order to avoid RFS in
patients with AN [7]. However, there have been few stud-
ies that have investigated the effect of nutrition composi-
tion, specifically carbohydrate intake, on the incidence of
RH in patients with AN [1]. To our knowledge, there are
limited studies that have investigated the link between
carbohydrate intake and RH in orally fed rather than
enterally fed children and adolescents. As such, there are
a range of different practices, with some centres choosing
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not to restrict carbohydrate hence introducing a more
varied intake earlier, however it is not known if this is a
safe practice. If carbohydrate intake does not need to be
restricted in order to minimise the risks of RES, this may
promote both an earlier and a more normalised approach
to eating and weight restoration.

Method

Aim

The aim of this pilot study was to compare a standard
carbohydrate aggressive oral feeding protocol with a low
carbohydrate protocol on the risk of RH in paediatric
patients with AN admitted for medical stabilisation.

Design

This study was a single centre randomised controlled
trial. The study was approved by the Austin Health
Human Research Ethics Committee (HREC/16/Aus-
tin/533) and registered with the Clinical Trials Registry
(ACTRN12621000300875). Consent was obtained from
both the child or adolescent and their guardian prior to
participation in the study. A convenience sample was
planned based on the number of admissions across the
study period between September 2017 and October 2019.

Setting

The Paediatric and Adolescent Inpatient Unit at the Aus-
tin Hospital in Melbourne, Australia, provides tertiary
level inpatient care for children and adolescents with eat-
ing disorders who require medical stabilisation. Whilst
recovery in the community is supported where possible,
patients who are medically unstable are admitted for
inpatient care. Criteria for inpatient admission includes
bradycardia, systolic hypotension, orthostatic systolic
hypotension, recurrent syncope, cardiac arrhythmia,
ECG (electrocardiogram) abnormality, hypothermia,
dehydration, electrolyte derangement, sustained rapid
weight loss and/or severe malnutrition [13].

Participants

Patients with AN or atypical AN as per the diagnostic
criteria in the Diagnostic and Statistical Manual of Men-
tal Disorders, Fifth Edition (DSM-5) [14], were included
in the study. The eating disorder diagnosis was made by
the Paediatrician. Patients were required to be 18 years of
age or younger, expected to be an inpatient for a mini-
mum of 7 days and managed under the hospital paediat-
ric eating disorder protocol. Patients who presented with
hypophosphatemia on admission, or who had transferred
from another hospital or inpatient unit where nutri-
tional rehabilitation had already been commenced, were
excluded from the study.
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Anthropometry

Height and weight were measured at baseline and then
twice weekly thereafter. Participants were weighed in
a gown post void and prior to consuming breakfast.
Anthropometric data were plotted on the Centers for
Disease Control and Prevention growth charts [15]. Per-
cent median BMI (%mBMI) was calculated This was cal-
culated by current BMI/50th percentile BMI for age and
sex x 100. Malnutrition status was assessed utilising BMI
z score, percentage weight loss and %mBMI on presen-
tation as per the Position Paper of the Society for Ado-
lescent Health and Medicine: Medical Management of
Restrictive Eating Disorders in Adolescence and Young
Adults [13].

Feeding protocol

The starting caloric prescription of the meal plan was
assessed by the dietitian based on intake prior to admis-
sion following a comprehensive nutrition assessment,
including anthropometric measures and malnutrition
diagnosis. Participants deemed at high risk of RFS were
those who who had minimal carbohydrate intake for
7-10 days. These participants were commenced on a
meal plan of oral food and fluid providing 1500 kcal/day
(6300 kJ). All other participants were commenced on a
meal plan providing 2000—2500 kcal/d (8400—-10,500 kJ).
Participants were randomly assigned via concealed allo-
cation to either a low carbohydrate feeding plan which
provided less than 40% of total energy from carbohy-
drate, as per current practice, or a standard carbohydrate
feeding plan which provided 50-60% of total energy from
carbohydrate as per the Acceptable Macronutrient Dis-
tribution Ranges [16]. Caloric prescription for the two
feeding plans was matched. Meal plans were increased
incrementally by approximately 400 kcal twice weekly,
until the participant reached a meal plan of 3000 kcal
(12600 kJ). This was achieved by day 4—7 of admission
(and by day 10 for those starting on 1500 kcal/day). Fol-
lowing this, increases to meal plans were dependent on
adequacy of weight gain with the expectation of 1-1.5 kg
weight gain per week as per local hospital guidelines.
Once the participants reached the 3000 kcal meal plan
there was no further difference in the carbohydrate con-
tent of the meal plans, with carbohydrates providing
50-60% total energy.

All meals and snacks were supervised and supported
by nursing staff. If participants were unable to con-
sume the entirety of their prescribed meal or snack
they were required to have a nutritionally equivalent
supplement drink or “bolus” The supplement drink
varied in carbohydrate composition in line with the
treatment arm. The bolus was initially offered orally,
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however if the participant was unable to consume
it orally it was administered via a nasogastric tube.
Nutritional intake was documented on the fluid bal-
ance chart and reviewed by the dietitian twice weekly.
Participants were on supervised bed rest follow-
ing meal and snack times and bathroom visits were
supervised.

Medical monitoring

Participants were medically reviewed daily to monitor
for clinical features of RFS including signs of conges-
tive cardiac failure, confusion, and seizures.

Participants were monitored closely for biochemical
markers of RFS, with analysis of electrolytes, calcium,
magnesium, phosphate, glucose daily for 7 days and
then twice weekly thereafter. In those patients deemed
at high risk for RFS, biochemical markers were evalu-
ated daily for 10 days and twice weekly thereafter dur-
ing the admission.

Prophylactic phosphate was not routinely adminis-
tered. Hypophosphatemia was diagnosed when serum
phosphate levels were <0.95 mmol/L in patients under
16 years and <0.87 mmol/L in patients >16 years as
per local hospital guideline. Phosphate was prescribed
in the form of Sandoz Phosphate 500 mg twice per day
with titration as indicated if RH occurred. A general
multivitamin was not provided to participants.

The medical parameters monitored during the study
are outlined in Table 1.

Table 1 Medical monitoring of study participants
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Data analysis

Data were collected throughout the participant’s admis-
sion including anthropometric, biochemical, clinical and
dietary data. The primary outcome was the incidence of
RH, as defined previously, within the first 7 days of nutri-
tional rehabilitation. Additional analysis compared the
changes in body weight across admission.

Statistical analysis

Data are reported as the mean and standard deviation for
quantitative factors. The incidence of RH over time and
the relationship between malnutrition status and RH was
assessed using two-way repeated measures, ANOVA.
Differences in body weight over the time of admission
between groups was assessed by unpaired t test. Study
findings were assessed in terms of statistical significance
via p values. Statistical analysis was completed using
SPSS version 26.0 [17]. The feeding plans were analysed
using Foodworks Professional v8.0 [18].

Results

Of the 132 eating disorder admissions during the 2-year
study period, 67% (n=288) were eligible as per the inclu-
sion criteria. Of those eligible, 26% (n=23) of patients
and their parents/guardians provided consent to par-
ticipate in the study (Fig. 1). Reasons for ineligibility
included having a diagnosis other than AN or atypical
AN (n=9), commencing on a higher calorie intake for
clinical reasons (n=10), having already commenced
nutritional rehabilitation in another setting prior to
admission to the Austin paediatric ward (n=10), being

Day Bloods Clinical
1 (Baseline) FBE Regular postural observations
UEC Temperature
CMP QIDBGL
Glucose ECG
LFT's Overnight cardiac monitoring
TFT's Medical assessment for signs of RFS
Vitamin D
Active vitamin B12 and folate
Iron studies
Others as indicated (i.e. FSH, LH, estradiol/ testosterone)
2-7 Daily: Postural observations
UEC QID BGL
CMP ECG (Day 2 &3)
Glucose Overnight cardiac monitoring (Day 2)
Medical assessment for signs of RFS
8 onwards (as per usual protocol) Twice Weekly: Postural observations
UEC Medical assessment for signs of RFS
CMP
Glucose

FBE =full blood examination; UEC = urea electrolytes and creatinine; CMP = calcium, magnesium and phosphate; LFT = liver function test; TFT =thyroid function test;
FSH =follicle-stimulating hormone; LH = luteinizing hormone; BGL =blood glucose level; ECG = electrocardiogram; QID =four times a day; RFS= refeeding syndrome
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| 132 patients assessed for eligibility |

v

} |

65 (74%) declined

| 44 (33%) not eligible

23 (26%) participants

participation underwent randomisation

. v

12 (52%) assigned

11 (48%) assigned

low carbohydrate standard carbohydrate

Fig. 1 Flow diagram of eligible patients and random assignment to
either low or standard carbohydrate group

Table 2 Baseline patient characteristics

Low Standard
carbohydrate carbohydrate
diet diet
Gender (M/F) 0/12 0/11
Age (years) 160+13 144+19
Days of admission 16.246.1 194476
Diagnosis
AN-Restricting, (n) 7
AN - Binge/purge, (n) 0
AN-Atypical, (n) 5
Malnutrition diagnosis
Mild-Mod, n (%) 7 (58%) 9 (82%)
Severe n, (%) 5 (42%) 2 (20%)
BMI on admission (kg/mz) 192441 171425
BMI Z score on admission —1.1421 —13+1.1
%mBMI 92.4%+19 86.5%+10.5

Prescribed energy intake on admission

1500 kcal (6300 kJ), n (%) 4 (33%) 5 (45%)
2000 kcal (8400 kJ), n (%) 7 (58%) 6 (55%)
2500 kcal (10500 kJ), n (%) 1 (8%) 0
Phosphate levels at baseline (mmol/L)  1.24£0.12 1.274+0.19

%mBMI = percent median BMI; Data presented as mean =+ SD where indicated

managed off the standard protocol for clinical reasons
(n=9), length of stay <48 h (n=5) and low phosphate on
admission (n=1).

Characteristics of the participants are outlined in
Table 2.

The study protocol was adjusted to remove blood glu-
cose level (BGL) monitoring as a mandatory requirement
of participation due to the participants often declin-
ing testing due to fear of needles. As a result, there was
insufficient information for meaningful data analysis and
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Table 3 Comparison of dairy serves between the two diet
groups as per AGHE

Prescribed energy
intake on admission

Dairy Serves

Low carbohydrate diet Standard
carbohydrate
diet

1500 kcal (6300 kJ) 3 serves 14 serves

2000 kcal (8400 kJ)
2500 kcal (10500 kJ)

44-5 serves 3 %2—4 serves

415-6 serves 45-6 serves

1.6+
o 47 [
T 1.2 L t
el I
8 SI 1.0+ -
[<] i
f £ 0.8
'§ E 056 —a— | ow-Carbohydrate Diet
& 0.4+ —e— Standard Carbohydrate Diet
0.2+
0.0 T T T T T T T
0 1 2 3 4 5 6 7

Feeding Day

Fig. 2 Change in blood phosphate levels over the initial week of
admission. *Data presented as mean =+ SD

interpretation of the changes to blood glucose levels with
refeeding in this study. Usual protocols within our unit
do not include regular BGL monitoring unless clinically
indicated.

The number of dairy serves as per the Australian Guide
to Healthy Eating (AGHE) [19] provided in both the
low and standard carbohydrate groups are outlined in
Table 3.

Only 8% (n=2) of participants required a nasogas-
tric tube to enterally administer nutrition throughout
their admission due to food refusal. For both partici-
pants, enteral nutrition made up only 2% of their total
nutritional intake across their admission. 33% (n=4) of
participants from the low carbohydrate group and 45%
(n=5) of participants from the high carbohydrate group
had a portion of their intake in the form of a bolus due to
being unable to eat the meal or snack. For both groups,
this attributed to less than 10% of the total number of
meals and snacks that came from nutrition supplements
(bolus) rather than food during their admission.

Changes in phosphate levels over the time course of
the feeding regimen are shown in Fig. 2. No participants
developed RH throughout the first 7 days of admission.
There was no significant effect of time on phosphate
levels, or an interaction effect between either diet type
or malnutrition status on phosphate levels over time.
One participant in the standard carbohydrate group
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was given a single dose of phosphate supplementation
on day 6 despite the participant’s phosphate levels being
0.96 mmol/L which was still in the normal range for
patients under 16 years of age. This dose was prescribed
by the medical team given a persistent downward trend.
Table 4 presents data on weight change over the first
week of admission. Weight gain during the first week of
admission was significantly higher in the standard car-
bohydrate group as was percentage point change in %
median BMI from admission to discharge. However. total
amount of weight gained over the entire admission was
not significantly different between the two diet groups.
There was no clinically significant oedema reported
in either of the diet groups. Aside from sinus bradycar-
dia which would be expected due to the malnutrition,
cardiac monitoring and ECG’s did not reveal significant
electrophysiological abnormality in either group.

Discussion

The findings of this pilot study support that a caloric
equivalent low carbohydrate oral diet (<40% total energy)
commencing at a minimum of 1500 kcal/day has no
advantage, compared to a standard carbohydrate oral
diet (50-60% total energy) in reducing the incidence of
RH and RFS in hospitalised patients with AN. Our study
indicates that it is safe to provide higher calorie feeding
without needing to initially restrict energy from carbohy-
drates, or needing to routinely supplement with prophy-
lactic phosphate, which contrasts with previous studies
[1, 11, 12, 20]. The refeeding risks in our study were able
to be safely managed with medical monitoring and phos-
phate supplementation as clinically indicated.

Rapid introduction of carbohydrates following a period
of inadequate food intake is thought to precipitate the
electrolyte and fluid shifts that occur during RFS [2, 5,
20]. As the body shifts from a catabolic to an anabolic
state, insulin levels increase which in turn increases
glucose metabolism. The demand for phosphate dur-
ing glucose carbohydrate metabolism is high and serum
phosphate levels may fall, thereby increasing the risk of
RH and RES [20, 21]. Hence, in aggressive feeding pro-
tocols, restricting the amount of carbohydrates during

Table 4 Change in body weight over admission
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the early stages of nutritional rehabilitation to reduce the
demand for phosphate, and/or administering prophylac-
tic phosphate supplementation to attenuate the risk of
RH has been trialled, despite limited evidence supporting
either practice [6, 7].

The serum phosphate levels did not decrease below
range for any of the participants in either the low or
standard carbohydrate groups in our study. One partici-
pant was cautiously given a dose of oral phosphate in the
setting of a downward trend in serum phosphate without
clinical markers of evolving RFS. Without this supple-
mentation, it is unknown if the participant’s serum phos-
phate level may have stabilised on its own. The results of
our study suggest that with regular clinical and biochemi-
cal monitoring, the risks of RFS can be safely mitigated
without prophylactic phosphate replacement.

The MARSIPAN guidelines identify increasing dietary
phosphorus (e.g. milk) as a strategy for avoiding RES,
although the recommended amount of dietary phospho-
rus to be included is not outlined [7]. Dietary intake of
the micronutrient phosphorus directly impacts serum
phosphate levels [22]. Milk and dairy products are the
food group which contain the greatest amount of dietary
phosphorus [23]. To ensure caloric equivalence between
the two diet groups whilst manipulating the percent-
age carbohydrate, the number of dairy serves, as per the
AGHE [19], in the standard carbohydrate was less than
in the low carbohydrate group until 2500 kcal/day. In our
study, despite the potential for the standard carbohydrate
group to be at an increased risk of RH due to the higher
carbohydrate load and the lower content of dietary phos-
phorus, there was no increased risk of RH.

A major difference between oral and enteral feeding
is the consistency of macronutrient distribution that
is provided by the formulas used for enteral feeding.
The majority of standard nutrition supplements pro-
vide > 50% energy from carbohydrate [24]. It is thought
that the risk of RFS may be greater with enteral or par-
enteral feeding compared to oral feeding [25]. In the
instance of enteral feeding, the potential benefits of
continuous feeding to reduce the risk of RFS are out-
lined by Kohn and Madden [21]. It is likely that this is

Low carbohydrate diet Standard carbohydrate diet Pvalue
Weight gain first week (kg) 06409 14+05 0.03
Total weight gain over admission (kg) 234£20 35+13 0.12
Average weight gain/week (kg) 08408 1.24+03 0.15
% median BMI on discharge 963+£16.9 935+11.0 0.65
% point change in % median BMI from admission to dis- 38433 70£39 0.04

charge

Data presented as mean 4 SD
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because continuous feeding provides a consistent and
regulated carbohydrate supply. However, despite this
there is little evidence to support these recommenda-
tions. In Hale and Logomarsino’s systematic review
of 1665 patients treated with enteral nutrition, RH
and mild oedema which are precursors to RFS, were
reported in 41% of the studies [26]. They conclude that
despite this there was no significant difference between
RES, or electrolyte abnormalities in enterally fed
cohorts compared to orally fed cohorts [25]. In many
studies looking at the safety of aggressive feeding pro-
tocols, the percentage of energy from carbohydrate is
not described. Whilst inpatient eating disorder treat-
ment may take a range of different approaches, our unit
advocates for a food-based rather than supplement-
based approach. A key feature of our study was the use
of an oral nutritional rehabilitation protocol and our
low use of nutritional supplements (< 10% total meals/
snacks). To our knowledge, there have been no studies
that investigate the difference between the risk of RH in
AN between purely food based oral diet compared to
those that rely more heavily on nutrition supplements
administered either orally or enterally. Therefore, our
results could not necessarily be extrapolated to patients
receiving a majority of their nutrition from nutrition
supplements.

Our study focused specifically on the incidence of
RH in children and adolescents with AN. Many of the
studies that support aggressive feeding approaches
do so specifically in a child and adolescent popula-
tion [11, 12]. Children and adolescents with AN tend
to present for treatment earlier in the course of the ill-
ness than adults, as their guardians often notice the
early signs and symptoms of the disorder and seek
help [27]. Therefore, it is common that adults with AN
present at later stages in their illness, and in a more
severely and chronically malnourished state. There are
no evidence-based guidelines for the re-introduction
of nutrition in children with an eating disorder [28].
The Junior MARSIPAN guidelines do not outline clear
recommendations regarding the starting caloric intake
for children, however acknowledge the emerging evi-
dence to support aggressive re-feeding [11, 28]. The
recommendations outlined in the RANZCP guide-
lines [5] recommend starting adults at ~ 1400 kcal/day
(6000 kJ), and those in the MARSIPAN guidelines [6]
recommend commencing adults at 15-20 kcal/kg/day.
However, for patients at high risk of RFS, it is advised
to start caloric intake at 5-15 kcal/kg/day with progres-
sive increases to 20 kcal/kg/day within 2 days provided
there are no contraindications to increasing. Given the
seemingly higher risk of RES in adult patients it can-
not be assumed that a standard carbohydrate intake of
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(50-60% total energy) is safe to provide adult patients
hospitalised with AN. This area requires further study.

Patients with atypical AN are often not included in
refeeding studies. It has been identified that the degree of
malnutrition, including % weight loss, and the avoidance
of dietary carbohydrates rather than BMI alone increases
the risk of RFS [4]. For this reason, patients with a diag-
nosis of atypical AN were included in our study and
contributed to 30% of our participants. The medical and
psychiatric complications of patients with atypical AN
are like those seen in patients with AN, with patients
frequently losing a large amount of weight very rapidly
through engaging in eating disorder behaviours includ-
ing restriction and over-exercising [29]. Therefore, it is
important to consider patients with atypical AN as being
at risk of RFS based on degree of malnutrition and clini-
cal assessment, rather than the eating disorder diagnosis
alone.

Our results indicate weight gain in the low carbohy-
drate group was significantly lower across the first week
of admission. Weight restoration of >0.8 kg/week dur-
ing nutritional rehabilitation is associated with improved
outcomes post discharge [10]. In our study, weight resto-
ration of 0.6 kg/week in the first 7 days in the low carbo-
hydrate group, compared to 1.4 kg/week in the standard
carbohydrate group, indicates that a standard carbohy-
drate diet supports maximal weight gain in the shortest
length of stay. During starvation, glycogen stores from
the liver and muscle are mobilised, and gluconeogenesis
acts to maintain neurological function [30]. When nutri-
tion is available in sufficient quantities, stores of both
glycogen and water must replete [30] and weight subse-
quently increases [7]. The standard carbohydrate group
achieved greater weight gain during the first week of
admission, however average weight gain across the entire
admission did not differ between the two groups. It is
possible that the observed difference was due to a greater
degree of early subclinical fluid retention in the standard
carbohydrate group, and that this fluid had dissipated
by the time of discharge [31]. Given the relationship
between fluid shifts and development of RFS, this rein-
forces the need to closely monitor these patients for any
biochemical and clinical signs of RES to enable corrective
action to be taken with supplementation as required.

It should also be noted that among the studies look-
ing at RH, there are varying thresholds for diagnosis and
treatment of hypophosphatemia, thereby limiting com-
parison between units.

In our study, we were unable to commence all par-
ticipants on the same caloric intake, needing to con-
sider their pre-admission intake, degree of malnutrition
and risk of RFS. Despite the different caloric prescrip-
tion of the meal plans, the percentage of energy coming



Draffin et al. Journal of Eating Disorders (2022) 10:50

from carbohydrates was consistent across all meal plans
(<40% of total energy from carbohydrate in the control
arm and 50-60% of total energy from carbohydrate in
the treatment arm). Although we qualitatively analysed
the participant’s pre-admission intake, a limitation of
this study was that we did not complete a quantitative
dietary assessment. This would have provided us with
more detailed information on the participant’s macro and
micro nutrient distribution between home and hospital
intake.

We acknowledge the small sample size of this pilot
study. Recruitment posed several challenges. Many of
our young patients with eating disorders feared that a
higher carbohydrate intake would result in greater long-
term weight gain. Consequently, many children and
adolescents declined participation despite their parents
and guardians providing consent. We accept consider-
able numbers are required to determine a correlation
between carbohydrate intake, RH and RFS, given the low
incidence of clinically significant RH in malnourished
populations with AN [4, 32]. Nevertheless, the results
from this pilot study provide our unit with the confidence
to implement a standard carbohydrate intake (50-60%
total energy) as usual practice. Ongoing data from this
practice will continue to be monitored and evaluated for
safety and efficacy. Once implemented, this will enable
retrospective data to be collected and a larger population
to recruit from to affirm the results of our pilot study.

Once allocated to either the low or standard carbohy-
drate diet groups, participants were no longer blinded
from the researchers and although participants were not
informed of which diet group they were allocated to, it
was evident from the types of food items provided which
diet group the participants were allocated to. We do not
believe that this would have had an impact on our results
given participants did not have access to any food other
than that provided by their meal plans.

Conclusion

The results of this pilot study suggest that a standard car-
bohydrate diet providing 50-60% of total energy from
carbohydrate, does not increase the risk of hypophos-
phatemia despite an aggressive oral feeding protocol in
child and adolescent inpatients with AN. This study sug-
gests that low carbohydrate refeeding protocols result
in slower weight restoration across the first 7 days of
admission. We are aware that with the low incidence of
RES, there needs to be studies in larger populations to
obtain conclusive evidence. The results of this pilot study
support the need to conduct a larger, multicentre ran-
domised control trial to provide definitive evidence of
the safety and benefits of standard carbohydrate intake
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in nutritional rehabilitation of children and adolescents
with AN.
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