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abstractBACKGROUND AND OBJECTIVES:We recently reported the short-term results of this trial revealing that
higher-calorie refeeding (HCR) restored medical stability earlier, with no increase in safety
events and significant savings associated with shorter length of stay, in comparison with
lower-calorie refeeding (LCR) in hospitalized adolescents with anorexia nervosa. Here, we
report the 1-year outcomes, including rates of clinical remission and rehospitalizations.

METHODS: In this multicenter, randomized controlled trial, eligible patients admitted for medical
instability to 2 tertiary care eating disorder programs were randomly assigned to HCR (2000
kcals per day, increasing by 200 kcals per day) or LCR (1400 kcals per day, increasing by 200
kcals every other day) within 24 hours of admission and followed-up at 10 days and 1, 3, 6,
and 12 months post discharge. Clinical remission at 12 months post discharge was defined as
weight restoration ($95% median BMI) plus psychological recovery. With generalized linear
mixed effect models, we examined differences in clinical remission over time.

RESULTS: Of 120 enrollees, 111 were included in modified intent-to-treat analyses, 60 received
HCR, and 51 received LCR. Clinical remission rates changed over time in both groups, with no
evidence of significant group differences (P = .42). Medical rehospitalization rates within 1-
year post discharge (32.8% [19 of 58] vs 35.4% [17 of 48], P = .84), number of
rehospitalizations (2.4 [SD: 2.2] vs 2.0 [SD: 1.6]; P = .52), and total number of days
rehospitalized (6.0 [SD: 14.8] vs 5.1 [SD: 10.3] days; P = .81) did not differ by HCR versus LCR.

CONCLUSIONS: The finding that clinical remission and medical rehospitalization did not differ over
1-year, in conjunction with the end-of-treatment outcomes, support the superior efficacy of
HCR as compared with LCR.

WHAT’S KNOWN ON THIS SUBJECT: Lower-calorie refeeding is the
standard of care in anorexia nervosa because of concerns about
refeeding syndrome. Higher-calorie refeeding is associated with
greater weight gain and shortened hospital stay, but rates of
clinical remission and medical rehospitalization are unknown.

WHAT THIS STUDY ADDS: We found no evidence of differences
between higher-calorie refeeding and lower-calorie refeeding in
rates of clinical remission, medical rehospitalization, number of
medical readmissions, and number of days medically hospitalized
1-year post discharge.
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Anorexia nervosa (AN) is associated
with high medical and psychiatric
morbidity and mortality.1 Both in the
inpatient and outpatient settings,
early weight gain is an important
predictor of outcomes at 1-year
follow-up.2,3 Although outpatient
family-based treatment is currently
regarded as the gold standard,4 up to
45% of low weight patients with
restrictive eating disorders will
require inpatient medical
stabilization at some time during the
course of treatment.5 Inpatient
medical treatment is the most costly
form of treatment.6–10

Nutritional rehabilitation is central to
achieving medical stabilization.11

Historically, recommendations for
nutritional rehabilitation in inpatient
settings have been conservative,12–16

for fear of precipitating the refeeding
syndrome, a constellation of
electrolyte disturbances and
multiorgan dysfunction that can
develop early in the refeeding course
of patients who are
malnourished.17–21 Not surprisingly,
the “start low, go slow” approach is
associated with slow weight gain and
long hospitalization.22,23

In comparison with lower-calorie
refeeding (LCR), studies from our
group have revealed that higher-
calorie refeeding (HCR) is associated
with faster weight gain and
a shortened length of stay without an
increased risk of electrolyte
disturbances or the refeeding
syndrome.24,25 Numerous other
studies have demonstrated the
feasiblity of HCR in hospital. 26–35

However, most of these published
studies were retrospective or
observational and limited to the
period of
hospitalization.24,25,27,30,33–36

The Study of Refeeding to Optimize
Inpatient Gains (StRONG) is the
largest randomized controlled trial
(RCT) comparing refeeding
approaches to date. We recently
reported our end-of-treatment

findings, demonstrating shorter time
to medical stabilization with HCR,
with no increased incidence of the
electrolyte disturbances associated
with refeeding syndrome and
significant cost savings associated
with a shorter length of stay.37

However, it is not known whether
these short-term benefits of HCR are
sustained over time. Furthermore,
one of the criticisms of HCR is that
participants might have difficulty
sustaining progress after discharge
from the hospital because they may
feel overwhelmed with a higher
caloric intake, more rapid
advancement, and fewer days in
the structured hospital environment
to acclimate to these caloric
changes, which might place them
at greater risk for rehospitalization.
Herein, we report 1-year outcomes
of StRONG, including clinical
remission and medical
readmission rates.

The primary end point of this trial
was clinical remission, defined as
both weight restoration ($95%
median BMI [mBMI]), in which
percentage mBMI equals BMI divided
by 50th percentile BMI 3 100, by
using the 2000 Centers for Disease
Control and Prevention growth
charts,38 and psychological recovery,
measured by an Eating Disorder
Examination Questionnaire (EDE-Q)
global score within 1 SD of
community norms. We hypothesized
that rates of achievement and
maintenance of clinical remission
would differ between the HCR and
LCR groups. We also examined
longitudinal trajectories of
percentage mBMI and EDE-Q scores
by treatment group. Other outcomes
were readmission rates, number of
readmissions, and total number of
hospital days after the initial
admission. We hypothesized that
there would be no differences in
readmission rates, number of
admissions, or total number of
hospital days after the initial
admission between groups.

METHODS

Design

StRONG (ClinicalTrials.gov identifier
NCT02488109) was a multicenter
RCT with 12 months follow-up after
discharge. The clinical sites were the
inpatient medical eating disorder
units of Lucile Packard Children’s
Hospital at Stanford and the
University of California, San Francisco
Benioff Children’s Hospital, with
a separate data coordination center
(DCC). Randomization was stratified
by site in random blocks of 2 to 6
generated by the DCC. Written
informed consent was obtained from
each participant; parental consent
and assent were obtained from
minors. A written release of
information was obtained to collect
future follow-up data from an outside
medical provider or electronic
medical record, for any participant for
whom we were unable to collect in-
person data at follow-up. Participants
received a $50 gift card as an
incentive for keeping follow-up
appointments and completing the
questionnaires. The DCC ensured the
safety of the participants and validity
of the trial, with oversight from a data
and safety monitoring board
composed of experts in the field.

Participants

The StRONG study population has
been previously described.37,39

Briefly, eligible patients with AN or
atypical anorexia nervosa (AAN)
(patients with all the features of AN,
except that, despite significant weight
loss, their weight remains in the
normal or above normal range)40

who were admitted for medical
instability between February 8, 2016,
and March 7, 2019, were approached
within 24 hours of admission for
possible enrollment in the study. The
inclusion criteria were diagnosis of
AN or AAN confirmed by conducting
a standardized psychiatric patient
and parent interview, age 12 to
24 years, and no hospitalization
within the previous 6 months. The
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exclusion criteria were those ,60%
mBMI, participants with bulimia
nervosa or avoidant restrictive food
intake disorder, those experiencing
acute suicidality, and those with
a comorbid chronic medical illness
(eg, inflammatory bowel disease,
diabetes, or celiac disease).

Intervention

As previously described,37 within
24 hours of admission, enrolled
participants were randomly assigned
to HCR (2000 kcals per day,
increasing by 200 kcals per day) or
LCR (1400 kcals per day, increasing
by 200 kcals every other day).
Calories were provided by meals,
with oral liquid replacement for food
refusal. Caloric advances during the
hospitalization were performed by
using an electronic order set within
the electronic medical record.
Patients were discharged from the
hospital when their vital signs were
stable for $24 hours and their weight
was $75% mBMI for age and sex.
Stabilization of vital signs was
defined as achieving a lowest
nighttime heart rate of $45 beats per
minute on continuous cardiac
monitoring, blood pressure of $90/
45 mm Hg, and absence of orthostatic
pulse or blood pressure changes
(orthostasis defined as an increase in
heart rate .35 beats per minute or
drop of systolic blood pressure of
.20 mmHg on standing).

Follow-up

This was an open follow-up trial, with
study visits at 10 days and 1, 3, 6, and
12 months after discharge. At each
visit, height, weight, and vital signs
were recorded. Height was measured
with a wall-mounted stadiometer, and
weight was measured with a digital
scale, postvoiding wearing only
a hospital gown. When the participant
did not return for in-person study
visits, medical information was
obtained from an outside medical
provider or from the electronic
medical record, after previous
authorization to do so was provided.

In rare instances, home visits were
performed by the research
coordinator by using a medical grade
digital scale and stadiometer (Seca
869 and Seca 437; Seca North
America, Chino, CA). Participants
completed the health care use
questionnaire, which specifically
asked about any medical
hospitalizations since the last visit
and the number of days of inpatient
treatment received. At each visit
(except the 10-day visit), participants
completed the EDE-Q.41 The global
score (range of 0–6), calculated from
the average of 4 subscales, is well
validated against the clinician-
administered Eating Disorder
Examination interview, considered
the gold standard measure of eating
disorder psychopathology.42,43

Outcome Measures

The primary prespecified outcome of
this trial was clinical remission at 1-
year follow-up, defined as
achievement of a weight$95% mBMI
plus an EDE-Q global score within 1
SD of community norms (age-
matched mean: 1.59; SD: 1.32).41 The
secondary outcomes were weight
restoration (achievement of a weight
$95% mBMI) and psychological
recovery (EDE-Q global score within
1 SD of community norms),
separately. Additional outcomes were
rates of medical readmission, number
of readmissions, and total number of
hospital days after the initial
admission.

Statistical Methods

The study was powered to detect
a difference in 12-months clinical
remission rates between groups. On
the basis of studies of remission rates
in AN,44,45 n = 60 per arm with 85%
retention would provide 80% power
on a 2-sided 0.05-level test to detect
a 20% difference between groups in
12-months clinical remission rates.

In a modified intent-to-treat (mITT)
approach, we included all the
randomly assigned participants who

received treatment of at least 1 day in
the analyses, including those who
withdrew during the refeeding
intervention. Patients who were
found ineligible post randomization
provided no assent after parent’s
consent, or withdrew before receiving
any treatment, were not included in
the mITT analysis for reasons of
ethics and clinical relevance. Analyses
were conducted to confirm that those
patients were not different from
patients included in the mITT
analysis. In the primary analysis, we
used a generalized linear mixed-
effects regression model to compare
study arms with respect to
achievement and maintenance of
clinical remission. Clinical remission
was defined as the combination of
percentage mBMI and EDE-Q score at
1, 3, 6, and 12 months. Instead of
assuming missing data at random in
the generalized linear mixed-effects
regression model, clinical remission
was modeled as a nominal
multinomial outcome (yes, no, or
missing), with time (1, 3, 6, or
12 months after discharge), treatment
group, and time*treatment group
interaction as fixed effects, whereas
sites and patients were included as
random effects to account for the
correlation because of clustering. The
time*treatment group interaction
provides the mITT effect of HCR,
compared with LCR, on clinical
remission over time. The average
remission rates and scores and their
95% confidence intervals were
estimated from the model.

In secondary analyses, we included
separate linear mixed-effects models
to analyze continuous versions of
percentage mBMI and EDE-Q to
describe longitudinal trajectories. The
2 linear mixed-effects models
included a quadratic term for time
(time2) as a fixed effect, in addition to
baseline value, time, group, and
time*group interaction, while
including random intercept for site
and patients. The time*group
interaction was of main interest.
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We used Fisher’s exact test to
compare the rate of medical
rehospitalization between groups.
The number of medical readmissions
and total number of hospital days

after discharge from the initial
admission would be skewed and
zero-inflated, given that many
patients would not be readmitted,
therefore, we used the Wilcoxon rank

test to compare groups. Data are
presented as mean (SD), frequency,
and percentage. Data were analyzed
by using SPSS for Windows (version
25.0; IBM SPSS Statistics, IBM

FIGURE 1
Consolidated Standards of Reporting Trials diagram: RCT of HCR, compared with LCR, in hospitalized adolescents with AN.
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Corporation) and SAS for Windows
(version 9.4; SAS Institute, Inc,
Cary, NC).

RESULTS

Participant enrollment and follow-up
data are shown in Fig 1. A total of 120
participants were recruited from
a pool of 301 eligible patients
admitted between February 2016 and
March 2019. A total of 60 were
randomly assigned to HCR, and 60
were randomly assigned to LCR. A
total of 9 participants withdrew from
the LCR group: 6 of these withdrew
before receiving treatment, and 3
were found to be ineligible post
randomization; 111 participants were
included in the mITT analysis.

Demographic data and clinical
variables by group on initial hospital
admission have been previously
reported37 and shown to be balanced
on key characteristics, including sex,
race and ethnicity, amount and
duration of weight loss, degree of
malnutrition, and EDE-Q scores.
Participants were predominantly
female (91%) and non-Hispanic white
(65%), with a mean age of 16.4 (SD:
2.5) years. The mean percentage
mBMI was 84.9% (SD: 11.7), with
a range of 64.1% to 122.9%. Clinical
data by group at discharge, 10 days,
and 1, 3, 6, and 12 months are shown
in Table 1.

Height and weight data were
available for 99 of 111 participants

(89%) at 10 days, 105 of 111
participants (95%) at 1 month, 98 of
111 (88%) at 3 months, 91 of 111
(82%) at 6 months, and 98 of 111
(88%) at 12 months. As seen in
Table 2, at each time point, the
majority of the clinical data were
obtained in person, in the outpatient
clinics of each institution. EDE-Q data
were available for 75 of 111 (67.6%)
of participants at 1 month, 77 of 111
(69%) at 3 months, 67 of 111 (60%)
at 6 months, and 77 of 111 (69%) at
12 months.

Primary Outcome Measure

Changes in rates of clinical remission
over time in the mITT model are
shown in Fig 2 and reveal no
evidence of a significant group
difference in the change of remission
over time (P = .42). The rates of
clinical remission for LCR and HCR
for participants with complete
percentage mBMI and EDE-Q data at
each time point were as follows:
1 month (LCR: 8 of 32 [25.0%]; HCR:
12 of 40 [29.3%]), 3 months (LCR: 13
of 34 [38.2%]; HCR: 10 of 39

[25.6%]), 6 months (LCR: 10 of 26
[38.5%]; HCR: 16 of 39 [41.0%]), and
12 months after discharge (LCR: 13 of
27 [48.1%]; HCR: 18 of 44 [40.9%]).

Secondary Outcome Measures

As shown in Table 1, both groups
gained weight over time: 10 days
(LCR: 90.7% mBMI; HCR: 90.4%
mBMI), 1 month (LCR: 93.2% mBMI;
HCR: 91.6% mBMI), 3 months (LCR:
96.9% mBMI; HCR: 94.5% mBMI),
6 months (LCR: 98.3% mBMI; HCR:
95.6% mBMI), and 12 months (LCR:
97.6% mBMI; HCR: 96.4% mBMI),
but there was no evidence of
a significant group difference in
change of percentage mBMI over time
(P = .41; Fig 3). In both groups, the
EDE-Q global scores decreased over
time: 1 month (LCR: 2.7; HCR: 2.5),
3 months (LCR: 2.4; HCR: 2.2),
6 months (LCR: 2.4; HCR: 1.6), and
12 months after discharge (LCR: 2.3;
HCR: 2.4). However, there was no
evidence of a significant group
difference in change of EDE-Q global
score over time (P = .32).

Follow-up data were available for 106
participants regarding medical
rehospitalization. Of the 106
participants, 36 (34%) were
rehospitalized to a medical unit
within 1-year after discharge
(Table 3). Groups did not differ by the
proportion rehospitalized, the
number of times rehospitalized, or
days spent rehospitalized.

DISCUSSION

In this multicenter RCT, we found
that rates of clinical remission did not
differ between HCR and LCR, which is

TABLE 1 Percentage mBMI and EDE-Q Scores by Group

LCR (n = 51),
Mean (SD)

HCR (n = 60),
Mean (SD)

P (95% Confidence Interval)

Discharge % mBMI 89.8 (10.1) 88.7 (11.3) .61 (2.05 to .03)
10-d % mBMI 90.7 (12.2) 90.4 (10.8) .89 (2.49 to .04)
1-mo follow-up % mBMI 93.2 (12.1) 91.6 (10.8) .48 (2.06 to .03)
3-mo follow-up % mBMI 96.9 (11.7) 94.5 (11.2) .29 (2.07 to .02)
6-mo follow-up % mBMI 98.3 (13.2) 95.6 (12.2) .30 (2.08 to .02)
12-mo follow-up % mBMI 97.6 (12.2) 96.4 (12.4) .64 (2.06 to .04)
Baseline EDE-Q global score 3.5 (1.7) 3.3 (1.7) .72 (2.80 to .56)
1-mo EDE-Q global score 2.7 (1.5) 2.5 (1.5) .53 (2.91 to .47)
3-mo EDE-Q global score 2.4 (1.6) 2.2 (1.7) .59 (2.99 to .57)
6-mo EDE-Q global score 2.4 (1.6) 1.6 (1.5) .05 (21.6 to 2.02)
12-mo EDE-Q global score 2.3 (1.6) 2.4 (1.6) .75 (2.62 to .87)

HCR versus LCR. —, not applicable.

TABLE 2 Source of Clinical Data for Follow-up Visits

10 d, n (%) 1 mo, n (%) 3 mo, n (%) 6 mo, n (%) 12 mo, n (%)

In-house clinical visit 86 (77) 88 (79) 80 (72) 68 (61) 64 (58)
Outside physician clinical visit 9 (8) 12 (11) 9 (8) 19 (17) 30 (27)
Outside eating disorder program 4 (4) 5 (5) 8 (7) 2 (2) 2 (2)
Home visit 0 (0) 0 (0) 1 (1) 2 (2) 2 (2)
Missed visit 10 (9) 4 (4) 11 (10) 18 (16) 11 (10)
Total weights for primary
analysis

99 (89) 105 (95) 98 (88) 91 (82) 98 (88)

Percentages reflect the percentage of total visits possible (111 at each planned visit).
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the current standard of care.
Importantly, HCR was not associated
with higher rates of medical
readmission, number of readmissions,
or an increase in the total number of
hospital days after the initial
admission. These results, taken
together with our end-of-treatment
findings,37 support the efficacy of
HCR. Specifically, the lack of
difference in rehospitalization rates
between groups maintains the initial
cost savings associated with shorter
length of stay during the first
admission.

StRONG is the only RCT to date in
which HCR and LCR were compared.
In a previous RCT from the United
Kingdom, researchers compared
weight gain and cardiovascular
outcomes in 36 adolescents with AN
assigned to receive either 1200 or
500 kcal/day and found that the
higher calorie intake was associated
with a greater weight gain, with no
increase in adverse cardiovascular
outcomes.28 However, the higher
calorie intake in that study (1200
kcals/day) was lower than the lower
calorie intake in most studies

conducted in the United States,
Canada, or Australia. In two previous
retrospective studies from our
programs,24,25 we compared HCR
with LCR and provided the impetus
for this RCT. These two studies
revealed an increased rate of weight
gain with a shortened length of
hospital stay and no increased risk of
electrolyte disturbances with HCR.
Since our initial publications, multiple
observational studies, most without
comparison groups, have revealed
that a more accelerated approach to
oral nutritional rehabilitation in the
hospital is feasible, provided there is
close monitoring and correction of
electrolytes.30–33,35,36 Other studies
from Australia and Canada,
demonstrated similar outcomes with
more aggressive continuous
nasogastric refeeding
protocols.26,27,34,45 In the Unites
States, oral meal-based refeeding is
preferred. To date, the longest follow-
up period has been 4 weeks after
discharge.35 Consensus-based
recommendations for LCR have
endured for decades because of
concerns for refeeding syndrome and
a lack of well-designed RCTs to assess
efficacy and inform clinical
guidelines. With the findings reported
here, we provide the evidence to
inform updated treatment guidelines
for adolescents and young adults with
restrictive eating disorders who are
.60% mBMI.

Concerns have been raised that
more rapid inpatient weight gain in
AN would be associated with
rehospitalization.46 We found that
34.0% of participants were
rehospitalized to a medical unit
during the 12 months of follow-up
and rates of rehospitalization did not
differ by treatment group. This
readmission rate is consistent with
the literature, in which rates of
rehospitalization to specialized eating
disorder units within the first year of
follow-up for adolescents and young
adults with restrictive eating
disorders are 30% to 45%.47–50

FIGURE 2
Changes in rates of clinical remission over time: HCR versus LCR by using an mITT analysis.

FIGURE 3
Changes in percentage mBMI (mean 6 SD) by treatment group over time: HCR versus LCR.
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Readmission during the first year
after initial hospitalization does not
necessarily portend a poor long-term
prognosis,47 and, in general, long-
term outcomes for children and
adolescents are better than for
adults.51 The finding of no increased
rates of medical readmission with
HCR is important, revealing that more
rapid refeeding with an earlier
discharge from the hospital does not
lead to a revolving door of
rehospitalization. For adolescents
with restricting eating disorders, the
treatment of choice is family-based
treatment, a manualized outpatient
therapy.44 An earlier discharge from
the hospital after medical
stabilization may allow for earlier
initiation of family-based treatment.

In our study, the majority of
participants were weight restored to
$95% mBMI by 3 months, but, at 1-
year, less than one-half of all
participants met the full criteria for
clinical remission. Rates of recovery
in AN depend on the definitions used
to define recovery.52,53 Our findings
are consistent with other clinical
trials, revealing that clinical remission
is 18% to 55% at 1-year.54 Our

finding that rates of weight
restoration were higher than rates of
clinical remission at each time point

is consistent with other studies
revealing that psychological recovery

lags behind weight recovery in AN.52

Strengths of our study include the
rigorous prospective randomized
controlled design, moderately large
sample size, use of follow-up data
that included psychological variables,
in addition to weight to define clinical
remission, and mITT approach. In
addition, the retention rate was
relatively high. This study is limited
by its exclusion of participants ,60%
mBMI, the population most
vulnerable to complications related to
refeeding, so our results are not
generalizable to patients with
extreme malnutrition. In addition,
despite good participant retention,
we were able to obtain measures of
height and weight from outside
providers but had more difficulty
obtaining follow-up EDE-Q scores for
participants who moved out of the
area. Further studies should be
conducted in patients with eating
disorders who are malnourished to

determine efficacy and safety in this
population.

CONCLUSIONS

In this RCT, we did not find evidence
of a difference between HCR and LCR
in rates of clinical remission, medical
rehospitalization, number of
readmissions, or number of days
hospitalized 1-year post discharge in
hospitalized adolescents and young
adults with AN or AAN. With the
results of this study, together with
our earlier findings of shorter time to
medical stabilization, reduced length
of stay, and significant cost savings,
we provide compelling data
supporting the need to change
existing treatment guidelines for
inpatient refeeding practices in
adolescent and young adults with AN
and AAN.
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