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Abstract

Background : This study investigated changes of lipid parameters in children with severe eating dis-
orders during refeeding in order to explore the optimal timing for lipid preparation administration.
Methods : We prospectively assessed the physical conditions of patients with eating disorders after
the start of nutrition therapy. The assessments were performed at admission and at 2 and 4
weeks. Lipid metabolism was assessed based on triglyceride (TG), total cholesterol (TC), and free
carnitine (FC) levels, as well as acylcarnitine/free carnitine (AC/FC) ratio.

Results : A total of 18 patients were included. Of these, 12 and 6 received an oral diet (OD group)
and total parenteral nutrition (TPN group), respectively. The mean body mass indexes at hospital
admission were 12.8 kg/m? in the OD group and 12.7 kg/m” in the TPN group. At 2 weeks after the
start of refeeding, TC, TG, and AC/FC levels were significantly lower in the TPN group than in the
OD group. Other blood test results did not show any significant differences between the two
groups.

Conclusions : Fat-free glucose-based nutrition promoted lipid metabolism over a 2-week period af-
ter the start of refeeding, suggesting that balanced energy and lipid intake are essential, even in

TPN.
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rapid glucose influx during refeeding increases the

Introduction intracellular demand for key minerals, leading to
2)

Eating disorder treatment requires a multifac-
eted approach, encompassing bio-psycho-social sup-
port. However, no single approach has been shown
to be clearly superior ; thus, a combination of
refeeding with anorexia nervosa-specific psycho-
therapy may be most effective’. As chronic under-
nutrition results in reduced basal metabolism and
heightened catabolism for energy production, one
important goal of this care is recovery from malnu-
trition, primarily achieved through various refeeding
methods, such as enteral nutrition via oral intake,
tube feeding, and intravenous therapy. However, a

metabolic fluctuations®”. This response elevates
the risk of refeeding syndrome due to energy sup-
ply-demand imbalances that may manifest after one
or two weeks from the start of refeeding. In addi-
tion, another concern has been suggested in some
case reports regarding severe repercussions in
gravely malnourished patients (BMI of 9-12 kg/m?),
such as intractable hypoglycemia and fatal cardiac
complications, after starting refeeding®”. Notably,
complications like refeeding syndrome can arise ir-
respective of refeeding approach®”. Refeeding
syndrome can result in organ dysfunction due to ab-
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normal electrolyte levels and water imbalanc-
es¥. Established guidelines, such as those of the
UK’s National Institute for Health and Care Excel-
lence (NICE), have identified extreme leanness and
prolonged undernutrition as key risk factors for
refeeding syndrome?. Recommended preventive
measures include an initial energy dose reduction to
5-20 kcal/kg/day for those with an extremely low
BMI (< 14 kg/m?)?, as well as supplements of thia-
mine, potassium, phosphate, calcium, and magne-
sium before and during the first 10 days of refeeding,
unless their blood levels are high the reference
range'*'V,

However, the most effective and safe treatment
for weight restoration in children and adolescents
with eating disorders remains controversial’®. Al-
though there are few previous studies that compared
short-term outcomes of oral intake and intravenous
therapy for eating disorder patients', a standardized
and safe refeeding protocol for eating disorders has
not yet been achieved due to insufficient evidence in
support of changing the current standard refeeding
approach'”. A further challenge is to decide when
to administer lipid preparations for patients receiv-
ing intravenous therapy such as fat-free total paren-
teral nutrition (TPN) due to inability of oral in-
take. A lipid preparation supplies high energy, but
for severely lean patients, it is recommended to ini-
tiate refeeding with low energy loads because high
energy loads are thought to increase the risk of
refeeding syndrome in these patients. In short, not
much is known with respect to the right amount and
composition of energy doses and the right timing to
initiate refeeding therapy, especially for severely
lean patients. Consequently, clarity is lacking with
regard to the right energy dose as well as the com-
position and timing of refeeding”®. When it comes
to lipid-based energy, the high energy load in intra-
venous therapy makes initiating treatment with fat
preparations challenging in severely lean pa-
tients. Currently, there are no defined metrics to
guide the timing and dosage of fat preparations dur-
ing the refeeding process.

We hypothesized that the metabolism of eating
disorder patients is primarily dependent on glucose
immediately after the start of refeeding therapy, re-
sulting in persistently elevated lipid levels. Given
that, in a state of chronic undernutrition, the body
predominantly relies on lipids for energy, a rapid
shift to glucose dependence during refeeding can
lead to potential energy imbalances such as lipid me-
tabolism abnormalities'®. The data found in a pre-
vious systematic review and meta-analysis clearly

showed elevated lipid and lipoprotein concentrations
in individuals with anorexia nervosa (AN) compared
with healthy controls, and persistence of elevated
lipid concentrations in AN after partial weight resto-
ration'”, thus supporting our hypothesis.

The aims of the present study were to elucidate
the variations in lipid metabolism as per refeeding
strategies, determine the fluctuations in lipid de-
mand during metabolic transition from pre- to post-
refeeding states, and discern the optimal timing for
lipid preparation administration.

Materials and Methods

Selection Criteria

The present study included a total of 18 pa-
tients with eating disorders who were admitted to
the pediatric ward or the neuropsychiatry ward of
our hospital. These patients were diagnosed with
eating disorders based on the Diagnostic and Statis-
tical Manual of Mental Disorders, Fifth Edition
(DSM-5) criteria'®.

The patients were categorized into the follow-
ing DSM-5 classifications : anorexia nervosa re-
stricting type, anorexia nervosa binge-eating/purg-
ing type, and avoidance/restricted food intake
disorder.

Anorexia nervosa is characterized by : weight
loss or lack of weight gain in growing children ;
difficulties maintaining an appropriate body weight
for height, age, and stature ; and, in many individu-
als, a distorted body image. Anorexia nervosa re-
stricting type (AN-R) is defined by weight loss pri-
marily through dieting, fasting, and/or excessive
exercise without recurrent episodes of binge eating
or purging in the previous three months, resulting in
significantly low body weight. Anorexia nervosa
binge-eating/purging type (AN-BP) includes individ-
uals with recurrent episodes of binge eating or purg-
ing behaviors (self-induced vomiting or misuse of
laxatives, diuretics, or enemas) at least once a week
for the last three months, in addition to significantly
low body weight. Avoidant/restrictive food intake
disorder (ARFID) is characterized by : an apparent
lack of interest in eating or food ; avoidance of foods
based on their sensory characteristics ; or concern
about aversive consequences of eating.

Study Duration

The study was carried out over a five-year pe-
riod, from April 2014 to March 2019. We observed
physical conditions in patients with eating disorders
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who received nutrition therapy for the first month
after admission to hospital.

Medication Management

Patients who had taken medications that can af-
fect carnitine metabolism, specifically sodium val-
proate or pivoxil, within one month prior to admis-
sion were excluded from the study.

Lifestyle Guidance

The physical conditions of the patients were as-
sessed via daily physical examinations and weekly
body weight measurements before breakfast.
Blood cell and blood chemistry panels were conduct-
ed at the time of admission and again at 2 and 4
weeks, also prior to breakfast. The tests included
complete blood count, liver and kidney functions,
creatine kinase, electrolytes (potassium, magne-
sium, phosphate), blood glucose, albumin, and lipids
(triglycerides, total cholesterol).

Types of Nutritional Therapy and Allocation of Pa-
tients

The refeeding method for each patient was cho-
sen from either oral diet (OD) or total parenteral nu-
trition (TPN) by the physicians based on the risks
and preferences of the patient and their family after
comprehensive consideration of various factors, in-
cluding whether the patient was capable of oral in-
take and whether they were hospitalized in the pedi-
atric ward or the neuropsychiatry ward. For OD,
either hospital diets or oral nutritional supplements
such as ENEVO® or ENSURE LIQUID® were
used. TPN was administered via infusion, which
could include glucose-added acetate maintenance
solution, amino acid solution, or high-calorie infu-
sion. The energy dose at initiation of treatment, as
well as its rate of increase, were determined by the
attending physician. This study included a retro-
spective observation of previously conducted treat-
ments, rather than interventions.

Each blood sample was centrifuged immediately
after collection and stored at —80°C for further se-
rum carnitine analysis. A general blood test was
conducted three times, as described above. How-
ever, additional tests were performed at the physi-
cian’s discretion. If refeeding syndrome developed,
a blood sample was collected at the time of onset,
and-after subsequent analyses were completed, the
necessary treatment was provided to the patient ac-
cordingly.

The carnitine level was measured by perform-
ing the differential blood carnitine test using the en-

zyme cycling method'. The total carnitine level
was measured using T-Carnitine reagent Kainos
(KAINOS Laboratories, Inc., Tokyo, Japan), and the
free carnitine (FC) level using F-Carnitine reagent
Kainos (KAINOS Laboratories, Inc., Tokyo, Ja-
pan). The value obtained by subtracting the FC
level from the total carnitine level was referred to as
acylcarnitine (AC).

The Statistical Package for the Social Sciences
software version 26 (IBM Inc., New York, USA) was
used for all analyses. Normality was assessed us-
ing the Shapiro-Wilk test. If normality was ob-
served, the independent ¢-test for single measures
was performed between the two treatment groups.
If there was no normality, the Wilcoxon signed-rank
test was conducted. A two-way analysis of vari-
ance was performed to determine the presence or
absence of time-lapse interaction between the two
groups. A p value of < 0.05 was considered statis-
tically significant.

Results

Background characteristics and biochemical parame-
ters of patients

As shown in Table 1, refeeding methods were
divided between oral nutrition (12 patients) and total
enteral nutrition (6 patients). Patients who experi-
enced a recurrence all selected OD, while younger
children tended to select TPN, typically due to a re-
fusal of oral intake or a fear of swallowing. The dis-
ease classifications, according to the Diagnostic and
Statistical Manual of Mental Disorders (DSM-5), in-
cluded AN-R (12 patients), AN-BP (3 patients), and
ARFID (3 patients). The mean ages of the partici-
pants were 17.3 (range : 12-24) years in the OD
group and 12.6 (range : 11-13) years in the TPN
group. The OD group included patients with recur-
rence. The mean ages and heights at admission
were significantly higher in the OD group than in
the TPN group (» < 0.01 and p = 0.03, respective-
ly). However, there was no significant difference in
SD score (p = 0.35). The mean BMIs at admission
were 12.8 (range : 11.1-15.6) kg/m* in the OD group
and 12.7 (range : 11.2-15.2) kg/m? in the TPN
group. When compared by SD score, the mean
BMI-SDS was —5.20 (range : —8.70-—2.66) in the
OD group, and that in the TPN group was —3.54
(range : —5.66-—2.34). However, there was no
significant difference in body weight between the
two groups. Moreover, there was no significant dif-
ference regarding duration from anorexia nervosa
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Table 1. Characteristics of the OD and TPN groups at admission

Nutrition method OD group (n = 12) TPN group (n = 6) p value
AN-R (8) AN-R (4)
DSM-5 criteria (n) AN-BP (3) AN-BP (0)
ARFID (1) ARFID (2)

Initial onset/recurrence (n) Initial onset (8)/recurrence (4) Initial onset (6)

Age at admission [year] 173 = 4.2 12.6 + 1.2 <0.01
Sex M : F) M=0,F=12 M=0,F=6 1.00
Height [cm] 154.4 £ 5.7 146.1 = 9.1 0.03
Height-SDS —-0.42 = 0.93 —-0.91 = 0.99 0.35
Weight [kg] 30.5 + 3.4 272+ 48 0.11
BMI [kg/m?*] 128 =+ 1.2 12.7+ 15 0.87
BMI-SDS —5.20 = 1.82 —-3.54 = 1.25 0.09
Fasting period before admission [month] 4.9 + 3.0 3.8*+24 0.45
Weight loss at admission [%] —29.2 + 11.2 —19.0 = 6.0 0.08
White blood cell count [/uL] 4,667 + 2,820 4,833 + 750 0.89
Hemoglobin level [g/dL] 131+ 1.8 135+ 0.8 0.61
Platelet count [x10%/uL] 195+ 74 21.8 +5.5 0.52
AST level [U/L] 313 +11.3 29.2 =125 0.73
ALT level [U/L] 37.3 £23.8 233 +16.9 0.22
BUN level [mg/dL] 17.4 = 9.0 222 + 4.3 0.24
Cr level [mg/dL] 0.73 = 0.13 0.73 = 0.15 0.98
CK level [U/L] 117.7 = 79.6 105.7 = 139.6 0.82
K level [mmol/L] 4.0 = 0.6 43 +0.2 0.22
P level [mg/dL] 3.8 0.6 45+ 0.5 0.02
Mg level [mg/dL] 1.8 0.2 1.7 = 0.3 0.57
FBG level [mg/dL] 81.5 + 9.0 79.2 = 20.7 0.74
ALB level [g/dL] 45 =05 4.8 +0.2 0.23
TG level [mg/dL] 112.2 = 46.0 91.3 = 52.1 0.40
TC level [mg/dL] 228.3 £ 65.9 256.0 = 67.7 0.42
FC level [umol/L] 53.2 = 19.0 48.5 + 18.3 0.62
AC level [umol/L] 153 = 12.0 20.0 = 10.9 0.43
AC/FC ratio 0.28 + 0.19 0.52 + 0.57 0.34
free T3 level [pg/mL] 1.29 = 0.55 1.46 = 0.76 0.58

OD: oral diet, TPN : total parenteral nutrition, AN-R : anorexia nervosa restricting type, AN-BP : anorexia
nervosa binge-eating/purging type, ARFID : avoidant/restrictive food intake disorder, BMI : body mass in-
dex, M = SD : mean = standard deviation, FBG : fasting blood glucose, TG : triglyceride, TC : total cho-
lesterol, FC : free carnitine, AC : acylcarnitine, free T3 : free triiodothyronine,

Data were expressed as M = SD, with p < 0.05 indicative of a significant difference between the OD and

TPN groups.

onset to admission and the rate of weight loss.

All the patients’ blood test results for blood
count, electrolytes, and liver transaminase were
within reference intervals at admission. The OD
group had significantly lower serum p levels than
the TPN group. However, none of the patients pre-
sented with serum p levels below the reference
range. In both groups, total cholesterol (TC) and
triglyceride (TG) levels at admission were within or
above their respective reference ranges. FC level
at admission did not significantly differ between the

groups. In all patients, the free triiodothyronine
(T3) value, which indicates malnutrition, was below
the reference range. However, there were no sig-
nificant differences between the two groups.

Metabolic parameters before and after the start of
refeeding

Figure 1 shows the number of patients in the
OD group and the TPN group one month after
refeeding. Patients who developed refeeding syn-
drome were excluded. As shown in Table 2, the to-
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oD TPN
At admission n=12 n==6
At 2 weeks RS(n=1) RS(r=1)

At 4 weeks n=11 n=>5

Fig. 1. Flowchart of patient enrollment and division
into two nutrition methods
One patient in each group developed refeeding
syndrome at day 11 of hospitalization ; they were
excluded from the evaluation. Neither presented
with laboratory findings indicative of lipid metabo-
lism. Nevertheless, the condition of these pa-
tients improved with intensive care.

tal energy dose per body weight was significantly
higher in the OD group (# = 11) than in the TPN
group (n = 5) at the start of refeeding (32.1 kcal/kg
vs 8.8 kcal/kg) and 1 week after admission (36.3
kcal/kg vs 19.8 kcal/kg), but no significant difference
was shown at 2 weeks (45.6 kcal/kg vs 35.5 kcal/kg)
or at 4 weeks (51.0 kcal/kg vs 46.6 kcal/kg). Figure
2 shows changes in the total energy dose and the in-
dividual doses of each of the three nutrients (Fig.
2a), as well as and variations in heart rate and BMI
(Fig. 2b), over a 1-month period after starting
refeeding. The TPN group had significantly lower
values for total energy dose, glucose, and protein
than the OD group, both at admission and at 1 week
after the start of refeeding. The values for total
energy dose, glucose, and protein at 2 weeks did not
show a significant difference (45.6 vs 35.5 kcal/kg, p
= 0.08, 5.8 vs 6.3 kcal/kg, p = 0.60, and 2.2 vs 2.6
kcal/kg, p = 0.19). However, the glucose dose at 4
weeks was significantly higher in the TPN group
than in the OD group (7.2 vs 9.9 kcal/kg, p =
0.03). The lipid dose at 4 weeks was significantly

higher in the OD group than in the TPN group (1.4
vs 0.7 kcal/kg, p < 0.001), although the latter started
receiving lipid preparations after 2 weeks of hospi-
talization. BMI-SDS did not significantly differ be-
tween the two groups during the entire refeeding
process, although HR was significantly higher in the
TPN group than the OD group at 4 weeks (61.2 vs
73.4,p = 0.02) (Fig. 2b).

Blood biochemical factors at 2 weeks after the start of
refeeding

Table 3 shows the general blood analysis results
of the OD and TPN groups. The OD group had a
significantly lower serum P level than the TPN
group. However, none of the OD group patients
presented with serum P levels below the reference
range (2.5-4.5 mg/dL). The fasting blood glucose
(FBG) and serum albumin (ALB) levels did not sig-
nificantly differ between the OD and TPN groups.
Nevertheless, the TPN group had significantly lower
TG (92.3 vs 32.6 mg/dL, p < 0.01), TC level (214.9
vs 133 mg/dL, p < 0.01), and AC/FC ratio (0.18 vs
0.10, p = 0.04) than the OD group. Moreover, the
FC and AC levels did not differ between the two
groups. However, the values decreased in both
groups from the pre-refeeding levels

Changes in lipid levels during the refeeding period

Figure 3 shows the changes in lipid levels over
the refeeding process. At 2 weeks from the refeed-
ing onset, the TPN group had significantly lower TC
and TG levels than the OD group, although no sig-
nificant differences were observed at 4 weeks. As
for the FC level, two patients in the OD group and
one in the TPN group had higher levels than refer-
ence range (36-74 pg/mL) at admission, which de-
creased to the reference range after refeeding start-
ed. On the other hand, three OD patients and one
TPN group patient had lower FC levels than the ref-
erence range at admission, but after the start of

Table 2. Differences in total energy and lipid doses between the OD and TPN groups

Days after starting Total energy dose Lipid dose
refeeding (kcal/kg/day) (kcal/kg/day)
OD group  TPN group OD group  TPN group
=10 (@=5* Pvae G s g ops Pvalue

At admission

At 1 week 363 +9.2 198 =*3.1
At 2 weeks 456 = 10.2 35.5 = 8.6
At 4 weeks 51.0 £ 8.3 46.6 = 16.8

321+11.0 88=*=39

<0.01 0.88+0.32 0.00 < 0.01
<0.01 1.01=%0.27 0.00 < 0.01

0.08 1.25+0.28 0.00 < 0.01
049 138+0.21 0.68 £0.13 <0.01

OD : oral diet, TPN : total parenteral nutrition *Patients with refeeding syndrome

were excluded.
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Fig. 2. Changes in the total energy dose, doses of three major nutrients, BMI, and HR
a. Changes in the total energy dose and doses of glucose, protein, and lipid. Patients in the TPN group initially
had lower energy and glucose/protein doses than those in the OD group, but their glucose level sharply increased

from week 2 to week 4 while that of the OD group patients showed a gradual and constant increase.

This is

likely associated with the initiation of lipid administration to the TPN group at 2 weeks from admission.

b. Changes in body mass index and heart rate over 4 weeks.

nificant difference between the two groups.

Except for the HR at 1 week, there was no sig-

BMI, body mass index ; HR, heart rate ; bpm, beats per minute.

Values are presented as mean = SD for oral diet (#z = 11) and total parenteral nutrition (z = 5).
OD, oral diet ; TPN, total parenteral nutrition.

values : *p < 0.05, **p < 0.01, ***p < 0.001.

refeeding, their values exceeded the reference range
except one OD patient. The AC/FC ratio at admis-
sion was higher than the reference value (< 0.25) in
five patients each in the OD group and TPN group.
The AC/FC ratio of > 0.4, indicating carnitine defi-
ciency, was observed in two patients in the OD
group and one in the TPN group. At 2 and 4 weeks
after the start of refeeding, the AC/FC ratio of both
groups decreased from pre-treatment levels, and all
patients had an AC/FC of < 0.4. In addition, the
AC/FC ratio of the TPN group was significantly low-
er than that of the OD group (0.18 vs 0.10, p = 0.04
at 2 weeks ; 0.15vs 0.11, p < 0.01 at 4 weeks) (Fig.

Significance

3).

Discussion

During the one-month refeeding period with ei-
ther OD or TPN, there were clear differences in
metabolic parameters between the two groups.
The OD group had a higher total energy dose both at
the start of refeeding and one week after, but there
was no difference after two weeks. The glucose
dose was higher in the TPN group after four weeks.
Regarding blood biochemical factors at 2 weeks, the
TPN group had significantly lower levels of TG and
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Table 3. Blood laboratory results of the OD and TPN groups at 2 weeks
after the start of refeeding

0D group TPN group

Laboratory data at 2 weeks 7= 117 n = 5% p value
White blood cell count [/uL] 4,227 + 2,388 3,900 = 1,017 0.78
Hemoglobin level [g/dL] 12.2 = 1.0 12.6 = 1.0 0.47
Platelet count [x10%/uL] 19.2 =45 18.1 £ 3.5 0.66
AST level [U/L] 272 9.7 24.0 = 5.2 0.51
ALT level [U/L] 40.1 = 24.3 24.2 +12.6 0.11
BUN level [mg/dL] 122+ 1.8 13.4 = 3.6 0.37
Cr level [mg/dL] 0.62 = 0.07 0.62 = 0.12 0.95
CK level [U/L] 53.5 = 20.7 38.6 = 10.2 0.16
K level [mmol/L] 41 +0.2 4.2 +0.2 0.81
P level [mg/dL] 4.0 =04 4.7 0.3 < 0.01
Mg level [mg/dL] 1.7+ 0.1 1.7+ 0.1 1
FBG level [mg/dL] 82.1 =11.8 954 + 13.8 0.07
ALB level [g/dL] 44 + 0.6 4.0 = 0.7 0.32
TG level [mg/dL] 92.3 = 36.0 32.6 9.2 <0.01
TC level [mg/dL] 214.9 = 47.2 133.0 = 34.0 <0.01
FC level [umol/L] 39.1 +12.8 40.2 £5.9 0.85
AC level [umol/L] 75 +53 39+0.8 0.17
AC/FC ratio 0.18 += 0.08 0.10 = 0.01 0.04

OD: oral diet, TPN : total parenteral nutrition, M = SD : mean =+ stan-
dard deviation, FBG : fasting blood glucose, TG : triglyceride, TC : total
cholesterol, FC : free carnitine, AC : acylcarnitine, free T3 : free triio-
dothyronine

Data were expressed as M + SD, with p < 0.05 indicative of a significant
difference between the OD and TPN groups, excluding patients with

81

refeeding syndrome. *Patients with refeeding syndrome were excluded.

TC compared to the OD group. However, there
were no significant differences in other factors, such
as fasting blood glucose and serum albumin lev-
els. The AC/FC ratio decreased in both groups af-
ter the start of refeeding, and it was significantly
lower in the TPN group compared to the OD group.

It should be noted that the two groups differed
in total energy and lipid doses at the beginning of
refeeding because the TPN solutions did not contain
lipid. This is the reason for the higher glucose and
lower lipid energy load in the TPN group. In the
neuropsychiatry ward, high-energy meals were pro-
vided for oral intake. In contrast, in the pediatric
ward, provision of energy content was initiated with
a small amount because the TPN solution contained
the required energy load. Therefore, the TPN
group patients, who were incapable of enteral nutri-
tion, were disadvantaged in terms of high-energy
lipid emulsion loading.

Recent studies have reported a risk of low-en-
ergy syndrome, a state of undernutrition/underfeed-
ing due to starting a nutrition therapy with a low en-
ergy dose and later increasing it, which may lead to

a loss of body weight despite increased energy in-
take'. Other studies have reported that the treat-
ment is safe, and it does not increase the risk of
complications even if a high energy dose is adminis-
tered at an early stage> *®. According to previous
studies on physical management during refeed-
ing?**®) the recommended total energy dose varies
from 5 to 40 kcal/kg. The NICE guidelines recom-
mend that the risk criteria for refeeding syndrome
include one or more of the following : a BMI of < 16
kg/m? ; weight loss of 15% or more within the pre-
vious 3-6 months ; limited nutrition for 10 days or
more ; and low levels of potassium, phosphate, and
magnesium before the start of nutrition thera-
py?. The participants of the present study were at
high risk for refeeding syndrome. There is accu-
mulating evidence showing that high-energy diet at
the early stage of refeeding is safe for patients who
are not severely lean’®*”. However, there are only
a few studies that have assessed the safety of a
high-energy diet in individuals with severe eating
disorders, or have investigated appropriate propor-
tions of major nutrients for such individuals. That
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Fig. 3. Changes in lipid metabolism during refeeding
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After two weeks of refeeding, the TPN group showed notably lower TC and TG levels compared to the OD

group, although these differences were not significant at 4 weeks, as they had been at admission.
ratio, an indicator of the carnitine level, was above the reference range in several patients on admission.
ever, after refeeding, all patients had an AC/FC of < 0.4.

The AC/FC
How-

The reference ranges in our hospital are TG 50-149 mg/dL, TC 150-199 mg/dL, FC 36-74 ug/mL, and AC/FC
0.25-0.4. TG, triglyceride ; TC, total cholesterol ; FC, free carnitine ; AC, acyl carnitine ; AC/FC, FC-to-AC ratio.

is to say, uncertainty still remains regarding the op-
timal refeeding approach for severe eating disor-
ders. Some studies have addressed the importance
of carbohydrates in diet to prevent refeeding syn-
drome, and have suggested 58.4% as the cutoff value
for the proportion of carbohydrates®”. Another
study reported that no significance difference was
observed between patients on diets with carbohy-
drate contents of < 40% and 50-60%°", suggesting,
again, the importance of carbohydrates in the man-
agement of refeeding syndrome risks.

Several studies have reported a relationship be-
tween refeeding and lipid metabolism. In humans,
short-term fasting/refeeding increases lipid metabo-
lism 50-fold and 6-10-fold from the fasting levels
through the transcription of pyruvate dehydrogenase
kinase 4 and lipoprotein lipase, respectively. Fur-
thermore, short-term fasting/refeeding has been re-
ported to affect the transcription of some genes in
the skeletal muscle correlated with lipid metabo-
lism®. These changes likely suppress glucose me-
tabolism and lead to the shift to lipid metabolism.
A previous study reported that infants showed low

carnitine levels after 7-10 days of parenteral nutri-
tion without carnitine supplementation®”. In
mouse experiments, no differences in TG levels in
the liver were observed among non-fasting, fasting,
and fasting/refeeding groups®. However, repeated
fasting/refeeding significantly reduced serum TG,
carnitine, and acylcarnitine concentrations in the
fasting/refeeding group. This means that re-sup-
plementation with glucose and proteins after fasting
increased the energy storage capacity of the liver,
which promoted fatty acid metabolism and decreased
serum TG levels?®. These studies’ findings on
humans and mice suggest that fasting reduces the
liver’s ability to synthesize TG. However, refeed-
ing activates the carnitine transport system in the
liver and promotes fatty acid metabolism. The re-
sults of the present study showed that supplementa-
tion with low-energy dose without lipids decreased
serum TG concentrations in the TPN group (Fig.
3). These results can be explained by the same
mechanism as that shown in the abovementioned
studies, suggesting the TPN group had a higher lipid
storage capacity in the liver after 1-2 weeks of
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refeeding.

The TPN group began their lipid intake 2 weeks
after starting refeeding, and the average days from
admission to the start of lipid administration was
21.8 days. The lipid metabolism of this group was
enhanced, and the TG and TC levels were decreased
significantly by the second week of refeeding. This
suggests that the refeeding regimen starting with a
low energy load and not using high-energy lipids
from the beginning was not physiologically relevant
for the patients on TPN therapy. A report has rec-
ommended that the proportion of energy from major
nutrients for refeeding of eating disorder patients be
fat 25-35%, protein 15-20%, and glucose 50-
60%*®. Some other reports have suggested differ-
ent compositions, but there is no established con-
sensus. However, the findings of the present study
underscore the importance of considering not only
the total energy dose but also the energy composi-
tion of major nutrients, especially lipids, in refeeding
therapy for eating disorders even when patients are
on total parenteral nutrition.

Study limitations

There are several limitations to the present
study. The subjects of this study were recruited
from a small number of institutions and were not
randomized, which may have led to selection bias.
The sample size was relatively small, which limits
the generalizability of the results. Although the
OD group and the TPN group did not have signifi-
cant weight differences at admission, the inclusion
of relapse cases in the OD group led to a significant-
ly higher average age compared to the TPN group,
raising the possibility of inherent differences be-
tween the two groups. Although it was suggested
that even patients on TPN, which contains no lipids,
require lipids as an energy source, it remains unclear
whether the intravenous administration of lipids can
prevent refeeding syndrome. Furthermore, the
present study was prospective in design, and the
outcomes obtained were not based on predeter-
mined items, which might have affected the consis-
tency of data collection. Therefore, the results of
the present study may not be applicable to larger or
more diverse populations, or to different treatment
settings.

Conclusion

This study investigated changes of lipid param-
eters in children with severe eating disorders during

refeeding in order to explore the optimal timing for
lipid preparation administration. At 2 weeks after
the start of refeeding, TC, TG, and AC/FC levels
were significantly lower in the TPN group than in
the OD group. Fat-free glucose-based nutrition
promoted lipid metabolism, suggesting that balanced
energy and lipid intake are essential, even in TPN.
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