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Abstract

Objective: To examine the impact of our new rapid refeeding protocol on patients

with anorexia nervosa (AN) in our Eating Disorders Program. We hypothesize that

the new protocol would lead to a more rapid weight gain and a shorter length of stay,

with no effect on medical complications or program completion.

Method: This cohort design included consecutive inpatients and day hospital patients

admitted to the program with a BMI <18 kg/m2 and a diagnosis of AN between 2007

and 2020; N = 326 patients. Main outcomes measured were rate of weight gain and

length of stay. Safety indicators included electrolyte disturbances and supplementa-

tion required, complications including refeeding syndrome and completion of the pro-

gram. A p value <.05 was considered statistically significant.

Results: Total length of stay was 21 days shorter for patients on the rapid refeeding

protocol compared to the traditional refeeding protocol. Patients on the new proto-

col gained 0.21 more kg/week compared to patients on the old protocol. There was

no difference in completion rates between programs. Electrolyte imbalances were

mild to moderate and easily treated with oral electrolyte supplementation. There

were no deaths or cases of refeeding syndrome with either protocol.

Discussion: This is the first Canadian study to assess the effectiveness and safety of

rapid refeeding in an adult population. Rapid refeeding protocols can be safely admin-

istered and are cost effective. Shorter hospital admissions are desirable to minimize

possible regression and dependency on inpatient services and positively impacts

patients' quality of life.

Public Significance: This study advances the idea that rapid refeeding in patients with

anorexia nervosa can be administered safely and effectively with close medical monitor-

ing. In addition, rapid refeeding leads to shorter hospital stays, with a cost-savings to the

health system. Shorter admissions are desirable to minimize possible regression and

dependency on inpatient services and also positively impacts patients' quality of life.
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1 | INTRODUCTION

Anorexia nervosa (AN) is a life threatening, complex psychiatric/

medical disorder that has been challenging to treat since it was first

described in the medical literature by Sir William Gull in 1873. The

often-enduring nature of the disorder can lead to lengthy treatment

that is complex and costly to the medical system. Despite AN's high

morbidity and mortality, there is a paucity of high-quality research in

this field. Reasons include its relatively low incidence and prevalence,

high cost of providing treatment, high drop-out rates in studies, and

the high degree of denial and resistance commonly seen in patients

with AN. A recently published controlled clinical trial addressed the

optimal approach to weight restoration in AN along with 1-year fol-

low-up of outcomes (Garber et al., 2021; Golden et al., 2021). How-

ever, there are no clear evidence-based recommendations for the

core components of treatment of AN: nutritional rehabilitation and

refeeding to a healthy weight. Due to the lack of large, randomized

controlled studies in the field of Eating Disorders, treatment guide-

lines are often based on expert opinion, “clinical confidence,” and

standards of care based on historical precedent rather than scientific

evidence (Redgrave et al., 2015). The lack of a gold standard for

refeeding in AN has led to a variety of inconsistent treatment proto-

cols internationally, based on local or regional preferences and biases

(Hart et al., 2011; O'Connor & Nicholls, 2013; Schwartz et al., 2008).

Moreover, current established refeeding guidelines are often inconsis-

tent, vague, contradictory, and lacking in empirical evidence which

can cause confusion for treating clinicians, patients, and families

alike (The Royal Colleges of Psychiatrists, Physicians and

Pathologists, 2019).

Most traditional, established guidelines in Eating Disorders rec-

ommend a very conservative approach to refeeding using a “start low,

go slow” approach. For an underweight female weighing 40 kg, the

refeeding guidelines on AN from Australia, New Zealand, Europe, the

UK NICE, and MARSIPAN all recommend low starting calories of

200–1200 kcal/day or 5–20 kcal/kg with slow, gradual increases to

hypothetically prevent complications and refeeding syndrome

(American Psychiatric Association, 2006; Association Française Pour

le Développement des Approches Spécialisées des Troubles du

Comportement Alimentaire, 2010; Association of the Scientific Medi-

cal Societies in Germany, 2018; Hay, 2014; Kezelman et al., 2016;

National Institute for Health and Care Excellence, 2017; Providence

Health Care & British Columbia Ministry of Health, 2012; The Royal

Colleges of Psychiatrists, Physicians and Pathologists, 2019). The

American Psychiatric Association Treatment Guidelines for Eating Dis-

orders recommend starting calories at only 1000–1600 kcal/day or as

low as 600–700 kcal/day in some instances (American Psychiatric

Association, 2006). There are no established national Canadian guide-

lines for Eating Disorders; however, the Provincial Clinical Guidelines

for British Columbia suggest starting calories between 800–1000 and

20–25 kcal/day (Providence Health Care & British Columbia Ministry

of Health, 2012). Many of these guidelines, which adopt a very cau-

tious approach to refeeding due to fears of refeeding syndrome, are

outdated. However, several studies published between 2010 and

2021 have adopted a more rapid refeeding approach to AN with good

results (Garber et al., 2012, 2013; Gentile et al., 2010; Golden

et al., 2013; Haynos et al., 2016; Koerner et al., 2020; Leclerc

et al., 2013; Madden et al., 2015; Parker et al., 2016; Pettersson

et al., 2016; Redgrave et al., 2015; Rigaud et al., 2007; Smith

et al., 2016; Whitelaw et al., 2010). The treatment of AN needs to bal-

ance the urgent need for weight restoration and nutritional rehabilita-

tion while also minimizing the medical risks of refeeding. Several

published case reports of refeeding syndrome between 1980 and

2000 were influential in establishing cautious and conservative rec-

ommendations for nutritional rehabilitation in AN (Beumont &

Large, 1991; Fisher et al., 2000; Kohn et al., 1998; Norris et al., 2012;

Weinsier & Krumdieck, 1981). The unpredictable nature and presenta-

tion of refeeding syndrome coupled with limited controlled trials have

likely perpetuated a cautious approach to refeeding in the field of Eat-

ing Disorders.

Refeeding syndrome is a complex, potentially lethal metabolic dis-

order which can occur during the early stages of refeeding a very mal-

nourished individual. The main biochemical marker is low phosphate,

but refeeding syndrome can also lead to low potassium, sodium, mag-

nesium, thiamine, abnormal liver enzymes, hemolytic anemia, high glu-

cose, and abnormalities in white blood cells leading to impaired

chemotaxis and abnormal phagocytosis (Society for Adolescent Health

and Medicine, 2014). Numerous body systems can be negatively

affected leading to neurological, cardiac, and respiratory complica-

tions, end-organ damage, and sudden death within a few days to

weeks of increasing caloric intake (Hearing, 2004; Society for Adoles-

cent Health and Medicine, 2014). Refeeding hypophosphatemia and

cardiac and neurological events usually develop within the first

7–10 days of nutritional rehabilitation (Matthews et al., 2018; Parker

et al., 2016). Refeeding syndrome can be defined by three criteria:

(1) severely low electrolytes, (2) peripheral edema or acute circulatory

fluid overload, and (3) disturbance to organ function including respira-

tory failure, cardiac failure, and pulmonary edema (Parker et al., 2016;

Rio et al., 2013). Several authors have questioned whether refeeding

syndrome is even preventable by caloric manipulation (Garber

et al., 2016; Kohn et al., 1998; O'Connor & Goldin, 2011; Society for

Adolescent Health and Medicine, 2014). However, the severity of

malnutrition pretreatment seems to be a more important risk factor

for refeeding hypophosphatemia, rather than the energy intake or rate

of weight gain during treatment (Haynos et al., 2016; O'Connor &

Nicholls, 2013; Ornstein et al., 2003; Parker et al., 2016; Redgrave

et al., 2015). Review papers in the field of Eating Disorders have

reported an average incidence of hypophosphatemia of 14%, with

observed rates as high as 37%–45% (Garber et al., 2012; Leitner

et al., 2016; Norris, 2016; Redgrave et al., 2015; Society for Adoles-

cent Health and Medicine, 2014).

The Intensive Eating Disorders Program is located at the Credit

Valley Hospital (CVH) site of Trillium Health Partners, Canada's largest

community-based, academically affiliated hospital system. The pro-

gram began in 2007 and consists of a four-bed inpatient unit for

severe cases of AN and an intensive Day Hospital Program for eight

patients with mild to moderate AN, bulimia nervosa, and other Eating

disorders. The program is comprised of an interprofessional team

including psychiatrists, psychologists, dieticians, registered nurses,
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social workers, an occupational therapist, and a diet technician that

has specialized training and interest in eating disorders. Patients

referred to the program are seen in consultation by a psychiatrist or

psychologist and diagnosed with AN including subtype using a struc-

tured clinical interview according to the Diagnostic and Statistical

Manual of Mental Disorders (DSM) 4 or 5 criteria depending on the

year they were assessed. The main goals of treatment are nutritional

rehabilitation, normalization of eating and weight gain to at least a

BMI of 19.5 kg/m2, medical stabilization, cessation of eating disor-

der symptoms, improving cognition, and skill acquisition. The Eat-

ing Disorders Program at CVH is a structured, behavioral, lenient

program that is based on best practice guidelines. Treatment is pri-

marily group based with a strong emphasis on Cognitive Behavioral

Therapy, Dialectical Behavioral Skill Training (DBT), and contin-

gency management. Patients are supported by nurses around the

clock and with video surveillance to promote a healthy milieu that

encourages rest and low activity. Patients are medically monitored

by program staff with regular vitals, blood work, and ECGs. The

inpatient and day programs are integrated, and patients attend

meals and therapy groups together throughout the day. Inpatients

who are medically stabilized on the inpatient unit graduate to the

Day Hospital Program for further treatment. Our Day Hospital Pro-

gram provides over 30 hours per week of supervised meals, ther-

apy groups, individual and family sessions, skill practice, and

homework. After completing our intensive Day Hospital Program,

patients can follow-up in our transition program for gradually

tapered treatment and support for up to 5 months. All refeeding in

our program was consistent with Canada's Food Guide and done

with regular, oral food to promote balance, variety, moderation,

and exposure. Meal completion was a mandatory part of treatment;

any incomplete portions of meals are replaced with high-calorie liq-

uid meal supplement. Post meals, patients are closely supervised to

prevent purging on the unit.

On the slower traditional refeeding protocol, patients were usu-

ally started on 1500–1600 kcal/day and were gradually increased by

300 kcal once a week up to a maintenance level of 2100–2300 kcal

using the Harris Benedict Equation with a stress factor of 1.6 to

account for higher metabolic needs. This calorie level was maintained

as long as patients were gaining greater than 1 kg/week. If patients

failed to gain 1 kg, then their prescribed meal plan would increase by

300 kcal/week. Patients in our older protocol were weighed once a

week and meal plans were only increased once a week.

Based on emerging evidence for rapid refeeding in AN, our pro-

gram developed a rapid refeeding protocol in collaboration with the

Johns Hopkins Eating Disorders Program in Baltimore, USA. A rapid

standardized caloric prescription plan was implemented on January

1, 2017. No other major changes to our program occurred after this

time. Studies in adolescents and adults published between 2008 and

2016 using a more rapid approach to refeeding in AN demonstrated

more rapid weight gain and a shorter hospital stay without increased

risks of electrolyte disturbances or refeeding syndrome (Garber

et al., 2013; Golden et al., 2013; Haynos et al., 2016; Koerner

et al., 2020; Le Grange, 2013; Madden et al., 2015; Redgrave

et al., 2015; Society for Adolescent Health and Medicine, 2015). In

our rapid refeeding protocol, patients were started on 1600–

1800 kcal/day and were increased by 600 kcal/week to 2800 kcal/

day by day 21, regardless of weight gain in the first few weeks. After

2800 kcal/day, if patients failed to gain 1 kg/week their meal plans

were increased by another 300–400 kcal/day every week in collabo-

ration with our program dietician.

The primary aims of our study were to examine the effect of our

institutional change in refeeding protocol on the rate of weight gain,

and length of stay in our inpatient and day program. Secondary aims

of the study were to look at safety indicators such as electrolyte dis-

turbances and supplementation, refeeding syndrome, transfer to an

internal medical ward, deaths, and completion of the program.

We hypothesized that the change in our refeeding protocol

would lead to more rapid weight gain and a shorter length of stay,

with no increases in medical complications or program drop-outs.

2 | METHODS

The project was determined by the Research Ethics Board at Trillium

Health Partners to not be human subject research requiring REB

review and oversight. We followed a natural experimental design

comparing patients with AN admitted to our Eating Disorder Program

before and after an institutional change in our refeeding protocol. We

included all consecutive inpatients and day hospital patients admitted

to the CVH Eating Disorders Program with a BMI less than 18 kg/m2

and a diagnosis of AN between May 7, 2007 and December 31, 2020.

Patients were excluded from the review if they had a diagnosis of

Avoidant Restrictive Food Intake Disorder, Eating Disorder Not Oth-

erwise Specified, or bulimia nervosa. Patients were also excluded if

their inpatient or day hospital stay was less than 7 days, or if they

required naso-gastric tube feeding or a modified meal plan based on

other medical diagnoses (Figure 1).

Data were collected retrospectively for patients admitted on the

slow refeeding protocol and obtained prospectively for patients

admitted on the rapid refeeding protocol. All inpatients were weighed

routinely by nursing staff using a consistent method in a gown, with a

medical Healthometer Professional electronic scale. We obtained data

on each patient's age, sex, admission and discharge weights, rate of

weight gain, number of days on the weight gain protocol, target

weight, length of stay, rate of completion, reason for premature dis-

charge, and days until target BMI was achieved.

We obtained measures of inorganic phosphorus, potassium,

and magnesium levels for inpatients. For laboratory values, we

report total numbers and percentages of those with each of

the laboratory abnormalities. Group means, SDs, medians, and

ranges of these values are reported. Hypophosphatemia was

considered present when levels fell below the reference range

of 0.87–1.52 mmol/L. We rated hypophosphatemia as mild if

0.65–0.91 mmol/L, moderate if 0.32–0.64 mmol/L, and severe if

<0.31 mmol/L (<1.0 mg/dl) (Matthews et al., 2018; Ornstein

et al., 2003; Redgrave et al., 2015; Whitelaw et al., 2010). For

phosphate, potassium, and magnesium, we recorded the level on

admission, the lowest level during their inpatient admission,
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severity of the low value, number of low values recorded per

admission, and number of days from admission that the nadir was

reached. Other secondary safety outcome measures were rates

and severity of hypokalemia and hypomagnesemia, and the use of

phosphate, magnesium, and potassium supplements to treat defi-

ciencies. Hypokalemia was considered mild if 3.1–3.4 mmol/L,

moderate if 2.6–3.0 mmol/L, and severe if less than 2.5 mmol/L.

Hypomagnesemia was classified as mild/moderate if between 0.51

and 0.70 mmol/L and severe if less than 0.50 mmol/L (Matthews

et al., 2018; Parker et al., 2016; Redgrave et al., 2015; Whitelaw

et al., 2010). We also examined rates of refeeding syndrome, trans-

fer to a medical ward, and death. For patients admitted more than

once during the study period, admissions were treated as indepen-

dent (Redgrave et al., 2015; Whitelaw et al., 2010) given that

weight, rate of gain, length of stay, laboratory values, and risk of

refeeding syndrome could change with each subsequent admission

of the same patient.

Demographic and clinical data are presented as means and

SDs, medians and interquartile ranges (IQR), and counts and per-

centages as appropriate. Q–Q plots and results of Shapiro–Wilk

tests were examined to assess the underlying distribution of con-

tinuous outcomes. Rate of weight gain was reported as kg/week,

and days to reach a target BMI of 19.5 kg/m2 was reported as a

mean with SD. Student's t-tests and Wilcoxon rank sum tests were

used to compare continuous outcomes and χ2 and Fisher's exact

tests were used to compare categorical outcomes. Effect sizes for

continuous variables are presented as Cohen's d and rank-biserial

correlation, and Cramer's V for categorical variables. An alpha level

Slow refeeding protocol 2007-2016

n = 366

Eligible inpatients, n = 201

Excluded:

Day hospital only, n =137

BMI > 18 kg/m2 on admission, n =17

Length of stay < 7 days, n =9

Admission diagnosis of EDNOS, n =2

Patients in the CVH Eating Disorders Program 

meeting inclusion criteria  

n=485

Rapid refeeding protocol 2017-2020

n = 119

Excluded:

Day hospital only, n =10

BMI > 18 kg/m2 on admission, n =2

Length of stay < 7 days, n =3

Admission diagnosis of AFRID, n =1

Eligible inpatients, n = 103

Total patients participating in the CVH Eating 

Disorders Program 2007-2020  

n=847

Continued to day hospital, n = 136

+

Direct entry to day hospital, n =137

Eligible day hospital patients, n =149

Excluded:

BMI > 18 kg/m2, n =16

Length of stay < 7 days, n = 2

Admission diagnosis of BN-P, 

BN-NP or EDNOS, n = 105

Other, n = 1

Continued to day hospital, n = 57

+

Direct entry to day hospital, n = 10

Eligible day hospital patients, n =64

Excluded:

BMI > 18 kg/m2, n =2

Length of stay < 7 days, n = 1

F IGURE 1 Screening and enrollment
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of 0.05 was used for all testing and 95% confidence intervals (CIs)

are reported. Linear regression models were used to estimate the

effect of the protocol change on the comprehensive (inpatient plus

day hospital) total length of stay and the rate of weight gain

per week. Estimates were adjusted for admission diagnosis (AN-

restricting subtype vs. AN-binge/purge). All analyses were con-

ducted in R (Version 3.6.0; R Core Team, 2019).

3 | RESULTS

A total of 326 inpatients with AN were assessed between 2007 and

2020. Table 1 shows the baseline characteristics of patients who were

enrolled in the slow refeeding program from 2007 to 2016 and the

new rapid refeeding program from 2017 to 2020. There were no sta-

tistically significant differences between the two cohorts.

When examining the inpatient program, the mean weight and

mean BMI at inpatient discharge were not significantly different

between patients in either cohort (Table 2). The majority of patients

completed the rest of their weight gain in the intensive Day Hospital

Program to reach a target BMI of 19.5 kg/m2. Although the total

weight gain was higher on the slow protocol, patients on our rapid

refeeding protocol had a higher rate of weight gain with a mean gain

of 1.30 kg/week (SD = 0.92) compared to 1.08 kg/week (SD = 0.51)

in the slow refeeding protocol (p = .032). Consequently, the length of

stay in hospital was reduced from an average of 53 days among

patients in the slow refeeding cohort to an average of 40 days among

patients on the rapid refeeding protocol (p <.001), a 25% decrease in

length of inpatient stay. There were no differences in rate of inpatient

program completion between the old and new protocols.

There were no differences in weight gain, BMI at discharge or

program completion rates between the day hospital (DH) cohorts

(Table 3). Length of DH stay was significantly shorter among patients

in the new program compared to the old program with a mean of

44 days versus 52 days (p = .006).

Over the comprehensive duration of patients' stay (Inpatient plus

Day Hospital Program), we observed a higher total weight gain among

patients following the old program (Table 4). This finding was

expected since the overall length of stay was longer in the old pro-

gram. Of the patients who achieved target BMI, target was reached

approximately 23 days sooner in the new rapid protocol. However,

days to target BMI was only available for 105 patients in the slow

refeeding program and 45 patients in the rapid refeeding program.

Following adjustment for admission diagnosis, on average, the

total length of stay was 22 days shorter among patients in the new

protocol and these patients gained 0.21 more kg/week in the new

program compared to the old program (Table 5).

Hypophosphatemia was not significantly different between the

slow and rapid refeeding protocols after admission (Table 6). There

TABLE 1 Baseline characteristics of patients admitted to the
inpatient program

Slow protocol Rapid protocol

na 201 103

Age, mean (SD) 29.27 (11.80) 28.83 (11.01)

Age group, n (%)

<23 78 (38.8) 34 (33.0)

23–32 63 (31.3) 38 (36.9)

>32 60 (29.9) 31 (30.1)

Sex, n (%)

Female 197 (98.0) 102 (99.0)

Male 4 (2.0) 1 (1.0)

Admission weight (kg), mean (SD) 39.62 (6.13) 39.88 (5.79)

Admission BMI (kg/m2), mean (SD) 14.69 (1.70) 14.88 (1.38)

Diagnosis, n (%)

AN-BP 93 (46.3) 51 (49.5)

AN-R 108 (53.7) 52 (50.5)

Abbreviations: AN-BP, anorexia-binge/purge; AN-R, anorexia-restricting

subtype; BMI, body mass index.
aExcludes direct to day hospital admits.

TABLE 2 In-patient program: Patient outcomes

Slow protocol Rapid protocol p value Cohen's d (95% CI)

N 201 103

Total weight gain (kg), mean (SD) 10.07 (5.46) 8.84 (4.19) .031

Weight gain per week (kg/week), mean (SD) 1.08 (0.51) 1.30 (0.92) .032

Weight (kg) at in-patient discharge, mean (SD) 47.28 (5.61) 47.22 (5.23) .935 0.009 (�0.228, 0.247)

BMI (kg/m2) at in-patient discharge, mean (SD) 17.59 (1.45) 17.66 (1.27) .629 �0.056 (�0.294, 0.181)

Length of in-patient stay (days), mean (SD) 53.02 (24.98) 39.94 (16.73) <.001 0.581 (0.338, 0.822)

Discharge type, n (%) 0.092 (0.000, 0.191)a

Completed program 145 (72.1) 81 (78.6) .276

Discharge against medical advice 28 (13.9) 14 (13.6)

Administrative discharge 28 (13.9) 8 (7.8)

Abbreviation: CI, confidence interval.
aCramers V test.
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were no severe cases of hypophosphatemia in either the slow or rapid

protocols. Total cases of mild and moderate hypophosphatemia were

not significantly different between the groups. The median number of

days until the lowest phosphate level was recorded was on Day 2 in

old cohort and on Day 3 in the new.

There were more low magnesium values after admission in our older,

slower refeeding protocol than the new rapid protocol; however, this was

not statistically different. The severity of the hypomagnesemia did not dif-

fer, and the vast majority were mild/moderate cases.

There were more low potassium levels recorded at any point after

admission with the new rapid protocol compared to the old protocol. This

finding may in part be due to the fact that more patients entered the pro-

gram with low admission potassium levels. However, the severity of low

potassium did not differ between groups after admission (Table 6), and

the vast majority were of mild severity treated with oral supplementation

(Table 7).

Among patients who experienced low magnesium and potassium

levels after admission, the median number of days to nadir was not

different between the traditional and rapid programs across all three

electrolyte groups.

The amounts of phosphate supplements used to treat phosphate

deficiencies were higher in the slow protocol compared to the rapid

TABLE 3 Day hospital program: Patient outcomes

Slow protocol Rapid protocol p value Cohen's d (95% CI)

n 149 64

Diagnosis, n (%) 0.112 (0.000, 0.246)a

AN-BP 68 (45.6) 37 (57.8) .139

AN-R 81 (54.4) 27 (42.2)

Weight (kg) on admission, mean (SD) 48.70 (5.11) 48.16 (4.91) .468 0.108 (�0.187, 0.402)

BMI (kg/m2) on admission, mean (SD) 18.06 (1.14) 18.19 (1.48) .553 �0.099 (�0.396, 0.196)

Outcomes

Weight (kg) at discharge, mean (SD) 53.53 (6.05) 52.57 (6.53) .324 0.155 (�0.142, 0.451)

BMI (kg/m2) at discharge, mean (SD) 19.91 (1.15) 19.80 (1.75) .665 0.077 (�0.219, 0.374)

Length of stay in DH (days), mean (SD) 52.11 (21.44) 44.38 (17.36) .006 0.381 (0.085, 0.676)

Discharge type, n (%) 0.082 (0.000, 0.197)a

Completed program 112 (75.2) 52 (81.2) .491

Withdrew against medical advice 14 (9.4) 6 (9.4)

Administrative discharge 23 (15.4) 6 (9.4)

Abbreviations: AN-BP, anorexia-binge/purge; AN-R, anorexia-restricting subtype; BMI, body mass index; DH, day hospital.
aCramers V test.

TABLE 4 Unadjusted primary outcomes: Combined inpatient and day hospital

Slow protocol Rapid protocol p value Cohen's d (95% CI)

n 215 111

Total weight gain (kg), mean (SD) 9.80 (5.53) 8.59 (4.15) .043 0.238 (0.007, 0.467)

Rate of weight gain (kg/week), mean (SD) 1.05 (0.53) 1.27 (0.90) .005 �0.334 (�0.564, �0.103)

Total length of stay (days), mean (SD) 85.69 (44.67) 62.65 (30.40) <.001 0.570 (0.338, 0.803)

Days to target BMI (19.5 kg/m2), mean (SD), n 81.61 (30.20), 105 59.04 (24.52), 45 <.001 0.799 (0.438, 1.158)

Abbreviations: BMI, body mass index; CI, confidence interval.

TABLE 5 Primary outcomes: regression analysis

Total length of stay (days) Rate of weight gain (kg/week)

Variable Estimate SE p value 95% CI Estimate SE p value 95% CI

Rapid versus slow refeeding �22.20 4.64 <.001 (�31.33, �13.07) 0.21 0.078 .007 (0.06, 0.37)

AN-R versus AN-BP 15.97 4.40 <.001 (7.31, 24.62) �0.24 0.074 .001 (�0.38, 0.09)

Abbreviations: AN-BP, anorexia-binge/purge; AN-R, anorexia-restricting subtype; CI, confidence interval.
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protocol. The amounts of potassium and magnesium supplements

used did not differ between cohorts (Table 7). An admission BMI less

than 14 kg/m2 was associated with a 2.76 times higher odds of

experiencing low phosphate after admission compared to patients

with a BMI greater than/equal to 14 kg/m2.

There were no deaths or cases of refeeding syndrome that met all

three diagnostic criteria (Rio et al., 2013) with either protocol over the

14-year period. Four patients on the slow refeeding protocol and one

patient on the rapid refeeding protocol were transferred from our Eating

Disorders unit to a medical ward for medical instability not related to

refeeding.

4 | DISCUSSION

This is the first publication to assess the effectiveness and the safety

of rapid refeeding in an adult population in Canada. This study adds to

the growing body of literature demonstrating that rapid refeeding

TABLE 6 Post admission electrolyte blood plasma levels

Measure Slow protocol Rapid protocol p value Cramer's V (95% CI)

Phosphate (PO4)

Hypophosphatemia at any point after admission

Yes 29 (14.4) 23 (22.3) .116 0.099 (0.000, 0.211)

No 172 (85.6) 80 (77.7)

Phosphate levela if low after admission, median [IQR] 0.83 [0.74, 0.86] 0.78 [0.70, 0.85] .455 0.121 (�0.194, 0.414)b

Severity of hypophosphatemia after admission

Mild 26 (89.7) 20 (87.0) 1.000 0.042 (0.000, 0.298)

Moderate 3 (10.3) 3 (13.0)

Magnesium (Mg)

Hypomagnesemia at any point after admission

Yes 94 ( 46.8) 17 (16.5) <.001 0.297 (0.185, 0.409)

No 107 (53.2) 86 (83.5)

Magnesium levela if low after admission, median [IQR] 0.66 [0.64, 0.68] 0.67 [0.66, 0.70] .063 �0.282 (�0.529, 0.009)b

Severity of hypomagnesemia after admission

Mild/moderate 93 (98.9) 16 (94.1) .284 0.130 (0.000, 0.316)

Severe 1 (1.1) 1 (5.9)

Potassium (K)

Hypokalemia at any point after admission

Yes 10 (5.0) 26 (25.2) <.001 0.297 (0.184, 0.409)

No 191 (95.0) 77 (74.8)

Potassium levela if low after admission, median [IQR] 3.35 [3.30, 3.40] 3.35 [3.20, 3.40] .717 0.073 (�0.339, 0.462)b

Severity of hypokalemia after admission

Mild 9 (90.0) 25 (96.2) .484 0.120 (0.000, 0.446)

Moderate 1 (10.0) 1 (3.8)

Abbreviations: CI, confidence interval; IQR, interquartile range.
aBlood values are listed in mmol/L.
br rank biserial.

TABLE 7 Electrolyte supplementation

Slow protocol Rapid protocol p value r rank biserial (95% CI)

Received phosphate supplement, n 21 13

Phosphate dose (mmol/day), median [IQR] 17.60 [16.00, 22.90] 16.00 [0.00, 16.00] .009 0.524 (0.175, 0.756)

Received magnesium supplement, n 48 7

Magnesium dose (mg/day), median [IQR] 00.00 [0.00, 270.28] 0.00 [0.00, 150.00] .503 0.143 (�0.308, 0.541)

Received potassium supplement, n 31 29

Potassium dose (meq/day), median [IQR] 30.00 [20.00, 45.00] 20.00 [20.00, 29.40] .055 0.283 (�0.004, 0.526)

Abbreviation: CI, confidence interval; IQR, interquartile range.
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protocols can be safely administered, are cost effective, and prefera-

ble in many ways (Garber, 2020; Haynos et al., 2016; Redgrave

et al., 2015).

This study provides evidence that more rapid weight gain is possi-

ble in AN, using a rate of refeeding and starting calories that is higher

than what is currently recommended by most international treatment

guidelines for AN and higher than what is currently recommended by

traditional Eating Disorders Programs in Canada. (American Psychiat-

ric Association, 2006; Association Française pour le Développement

des Approches Spécialisées des Troubles du Comportement

Alimentaire, 2010; Association of the Scientific Medical Societies in

Germany, 2018; MARSIPAN: Management of Really Sick Patients

with Anorexia Nervosa, 2018; National Institute for Health and Care

Excellence, 2017; Providence Health Care & British Columbia Ministry

of Health, 2012; Royal Australian and New Zealand College of Psychi-

atrists, 2014). This study in combination with others over the last

8 years challenge the “start low, go slow” paradigm of refeeding in

AN. There has been increased recognition over the last 5 years that

slow, “underfeeding” in AN treatment can have detrimental effects on

weight gain, cognition, blood sugars, organ damage, cardiac abnormali-

ties, early weight loss in treatment, and hospitalization, contributing

to a worse outcome (Garber et al., 2016; Koerner et al., 2020). Given

that a slower rate of weight gain in hospital and day program treat-

ment has been associated with a worse outcome in AN (Castro

et al., 2004; Chatelet et al., 2020; Garber et al., 2016; Golden

et al., 2013; Lund et al., 2009; Smith et al., 2016; Steinhausen

et al., 2008; Zipfel et al., 2000), it is imperative that patients are given

enough calories to efficiently restore both physical and mental health

in a timely manner (Golden et al., 2013; Lund et al., 2009; Sly &

Bamford, 2011; Steinhausen et al., 2008). Our traditional, slow

refeeding protocol often resulted in weight loss in the first 1–2 weeks

of treatment, because initial calorie prescriptions were typically below

resting energy requirements (Garber et al., 2012; Kohn et al., 2011).

Patients with AN become hypermetabolic during the refeeding pro-

cess, which can substantially increase calorie requirements and hinder

weight gain (Garber et al., 2012; Pettersson et al., 2016). A faster rate

of weight gain in treatment is desirable to rapidly improve cognitive

functioning so that patients are more able to engage in meaningful

psychotherapy, CBT, and DBT skills, which are essential for a durable,

lasting recovery. Even the best therapies will not be effective in the

face of malnutrition, low blood sugars, and cognitive impairment. Our

rapid refeeding protocol allowed our dietician to introduce more vari-

ety into our patients' meal plans earlier in treatment, allowing for

more exposure and desensitization to challenging “risk” foods on their

hierarchy.

Our rapid refeeding protocol resulted in a decreased overall

length of stay of 21 days in patients who completed the entire pro-

gram using the rapid refeeding protocol. Length of inpatient stay

decreased from an average of 53 to 40 days, and in Day Hospital from

52 to 44 days, an overall decrease of 25% and 15%, respectively.

Given the limited resources and long waiting lists for intensive Eating

Disorder services, the decrease in length of stay is both statistically

and clinically significant. The cost to treat AN is among the highest of

all psychiatric disorders due to the extensive use of hospital services

(Bulik et al., 2007). A 13-day decrease in length of inpatient stay

amounts to a cost savings of $7748 per patient, and would allow our

four bed inpatient unit to treat an extra 10–13 patients per year and

decrease our waiting list. Over the 9 years of utilizing the slow

refeeding protocol, the program averaged 26.7 admissions per year.

The new rapid refeeding program averaged 40 admissions per year;

providing care to an additional 13.2 patients per year. A shorter hospi-

tal admission is further desirable to minimize possible regression and

dependency on inpatient services, and to achieve more skill generali-

zation in the patients' usual home environment. A shorter stay also

positively impacts the patients' quality of life by minimizing disruption

to a patient's school, work, family, and social life (Castro et al., 2004).

The rapid refeeding protocol was well tolerated by patients, as

the rate of program completion was not significantly different before

and after our institutional change in refeeding practice. Our findings

are consistent with other refeeding studies demonstrating the safety

of rapid protocols. Among 103 patients over 4 years, there were no

full cases of refeeding syndrome, severe hypophosphatemia, or death.

One patient was transferred to a medical ward, which was not related

to refeeding. Of the patients on our rapid protocol, 22.3% had a low

phosphate level sometime after admission, which was not significantly

different from our traditional slow refeeding protocol (14.4%) and

similar to the findings by Redgrave et al. (2015) of 18.5%. Early detec-

tion and correction of electrolyte abnormalities with oral supplements

can easily prevent the development of full refeeding syndrome as

demonstrated in our study. When low levels of phosphate, potassium,

and magnesium occurred in our study, they were usually mild in sever-

ity and easily treated with oral supplements.

We believe that concerns of refeeding syndrome and refeeding hyp-

ophosphatemia have been overstated. Over 18 published studies to date

have used a rapid refeeding approach to varying degrees in adults and

adolescents with a total sample size of 1632. Of these studies, none have

reported cases of refeeding syndrome or deaths due to refeeding

(Agostino et al., 2013; Garber, 2020; Garber et al., 2012, 2013; Gaudiani

et al., 2012; Golden et al., 2013; Haynos et al., 2016; Koerner et al., 2020;

Leclerc et al., 2013; Madden et al., 2015; Matthews et al., 2018; Parker

et al., 2016; Pettersson et al., 2016; Redgrave et al., 2015; Rigaud

et al., 2007; Smith et al., 2016; Whitelaw et al., 2010). In fact, most case

reports of refeeding syndrome in the literature have occurred in patients

with AN who were treated with a slow, traditional, refeeding protocol

(Kohn et al., 1998; O'Connor & Goldin, 2011). Increased rates of

refeeding hypophosphatemia are associated with lower BMI and more

severe emaciation at admission, but not with the rate of refeeding or

rates of weight gain (Garber et al., 2013, 2016; Leitner et al., 2016;

Ornstein et al., 2003; Parker et al., 2016; Redgrave et al., 2015; Society

for Adolescent Health and Medicine, 2014). Our findings are consistent

with these literature as an admission BMI <14 kg/m2 was associated with

a 2.73 times higher odds of experiencing low phosphate after admission

compare to patients with an inpatient BMI ≥14 kg/m2.

Strengths of our study include a fairly large sample size, including

a large proportion of patients who were very malnourished at admis-

sion (BMI 14.70–14.98). Given the paucity of randomized, controlled
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trials in refeeding among patients with AN, the quasi-experimental

design is a strength as it compares higher and lower calorie refeeding

in the same program using historical controls. The CVH Eating Disor-

ders Program was relatively stable throughout the 14 years of the

study with consistent rules and expectations around eating and meal

completion, contingency management, groups, staff, and

environment.

There are several limitations to this study. This was a single-sited

nonrandomized controlled study and some data points were collected

retrospectively, which relied on complete data being present in

patient charts. We collected and analyzed laboratory values for inpa-

tient records only; laboratory data were insufficient to make meaning-

ful comparisons or conclusions for day hospital patients. Data on the

number of days to reach the target BMI of 19.5 kg/m2 were limited to

105 patients in the old program and 45 patients in the new, as a sig-

nificant number of patients attended a residential or day program

closer to their home to complete weight restoration and recovery.

Although significant associations between the slow and rapid

refeeding programs and two primary outcomes were noted, we also

observed low precision around the estimates, which may suggest the

need for a larger sample. We did not examine the long-term outcomes

for patients, which would be important to look at in future studies.

Finally, there is risk of maturation bias, as practices evolve over the

passage of time and may influence the study outcomes. There were

no intentional changes made to our program and psychotherapies dur-

ing this time.

Historically, Eating Disorder clinicians would endeavor to

strike a balance between the benefits of rapid weight gain and

medical stabilization against the risk of refeeding syndrome.

Given that the risk of refeeding syndrome is rare and was not

present in over 18 published studies involving over 1632

patients using a more rapid protocol, it is time that the pendulum

swings to a more rapid, assertive approach to refeeding (Golden

et al., 2013). Our analysis suggests that initial calorie prescrip-

tions and increases can safely exceed the current recommended

guidelines and concerns of refeeding syndrome and refeeding

hypophosphatemia are likely overstated. More aggressive

refeeding protocols should be implemented with close medical

monitoring and prompt treatment of electrolyte abnormalities

with supplements to mitigate any potential risks of refeeding

syndrome. Given that faster weight gain in both inpatient and

outpatient ambulatory settings has been associated with higher

weight at discharge and similar outcomes at 1-year follow-up

(Chatelet et al., 2020; Garber et al., 2016, 2021), it is important

to speed up the process of nutritional rehabilitation while

patients are in a safe and supervised environment. Shorter hospi-

tal admission followed by intensive residential and day hospital

treatments have not been found to be detrimental to long-term

outcomes in AN (Smith et al., 2016). Our study adds to a growing

body of literature that argues that the risks of underfeeding syn-

drome are greater and more common than refeeding syndrome in

specialized settings for the treatment of AN.
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