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ABSTRACT 

Objectives: This study aimed to describe the impact of allogeneic/haploi-
dentical hematopoietic stem cell transplantation on nutritional status and 
intake in a group of children aged 2 to 18 years.
Methods: In an observational study, data were collected prospectively. 
Patients were prescribed individual nutritional support by hospital routines. 
Anthropometrics were measured pre-transplant at hospital admission and 
weekly from the day of transplant (day 0) until day +28. z scores for weight, 
height, and BMI were calculated using Norwegian growth references to 
assess nutritional status. Pre-transplant diet was assessed on the day of hos-
pitalization. Nutrient provision from enteral nutrition (EN = oral and tube) 
and parenteral nutrition (PN) was assessed by daily records from day +1 until 
day +28, or previous discharge, and compared with recommendations (RI) 
from the Nordic Nutrition Recommendations and ESPGHAN guidelines. 
Total energy intake was presented as the percentage (%) of basal metabolic 
rate (BMR) calculated by the Schofield equation. Macro- and micronutrient 
provisions were presented as medians (interquartile range) and the % of RI.
Results: Twenty-eight patients, mean age 10.3 years (range 3.5–16.6), were 
included. Two-thirds (n = 18) had malignant diseases. At admission, mean 
weight Z-score was −0.3, height z scores −0.7, and BMI Z-score 0.1. Eigh-
teen percent (n = 5) were stunted and 25% (n = 7) had overweight. At admis-
sion, 25% (n = 7) had established tube feeding, and 7% (n = 2) also had PN. 
No significant changes in weight z scores were detected during the studied 
weeks (P = 0.454). The median daily energy provision was 115% (110–123) 
of BMR and proteins 1.5 (1.3–1.8) g/kg. EN was provided during a median 
of 93% of the studied days and provided 21% of the energy. PN was given 
on a median of 96% of the studied days and provided 79% of energy. RI 
for vitamins, magnesium, and zinc was met. Provision of copper, iodine, 
selenium, calcium, and phosphate was below RI.
Conclusions: Combined EN and PN providing 115% of BMR and 1.5 g/kg 
protein ensured stable weight by day +28 and covered RI, except for trace 
elements and minerals.
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Allogeneic hematopoietic stem cell transplantation (HSCT) is a 
potential curative treatment for many patients with treatment-

resistant malignant diseases, such as acute leukemias, and non-malig-
nant diseases, such as immunodeficiencies, bone marrow failures, and 
metabolic conditions (1). Pre-transplant conditioning therapy consists 

What Is Known

 • Gastrointestinal toxicity and feeding problems are 
frequent during hospitalization for allogeneic hema-
topoietic stem cell transplantation (HSCT).

 • Enteral nutrition is first-line therapy.
 • Malnutrition is negatively associated with treatment 

outcomes, yet nutritional requirements and provi-
sion are not well studied in HSCT.

What Is New

 • Energy provision of median 115% of basal meta-
bolic rate and 1.5 g/kg protein ensured a stable 
weight by day +28 post-transplant, indicating low 
energy requirement.

 • Even though enteral nutrition was first-line ther-
apy, 79% of energy provision was from parenteral 
nutrition.

• Recommendations for macronutrients and vitamins 
were met. Copper, iodine, selenium, calcium, and 
phosphate were below the recommended values.
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of high doses of chemotherapy and sometimes total body irradiation. 
The aim is to eradicate all bone marrow cells, provide an immuno-
suppressed environment for donor cell engraftment, prevent rejection 
of donor stem cells and graft-versus-host disease (GvHD), and pro-
vide stem-cell niches in the host for the new stem cells (2). The second 
stage is the transplant (day 0), where donor stem cells are infused. 
Post-transplant, days are counted from day +1. In this stage, the goal 
is a reconstitution of hematopoiesis, immune function, and patient 
rehabilitation (3). The joint burden of the pre-transplant chemother-
apy/irradiation, the transplant regimen, and numerous challenges 
in the post-transplant period put patients at risk of many complica-
tions. Patients are hospitalized for weeks to months post-transplant 
for medical and supportive treatment (4, 5). Gastrointestinal toxicity, 
infections, GvHD, pain, and psychological factors can induce feeding 
difficulties, and underlying diseases might aggravate nutritional risk. 
Children often require nutritional support post-transplant (5–16).

Studies have revealed that most children undergoing HSCT 
have normal BMI at admission (13, 17). However, low BMI, over-
weight, and weight loss during the post-transplant weeks have been 
detected (6, 17–19). Malnutrition, before or during HSCT, has been 
found to be an independent risk factor for complications and mortality 
(17, 19, 20). For that reason, nutritional treatment should be prioritized 
in pediatric patients. However, several questions regarding best prac-
tices to optimize supportive nutritional treatment remain unanswered.

Nutritional requirements during the post-transplant weeks 
are not well studied. However, a decline in resting energy expendi-
ture during the first weeks post-transplant has been found in chil-
dren undergoing HSCT (9, 21).

Acute GvHD (aGvHD) is the major cause of mortality dur-
ing the first year after HSCT and is a process in which the donor-
derived T-cells damage the host’s healthy tissue (22). Studies have 
found that EN might contribute to preventing GvHD (23–25) and 
emphasizes the importance of using the gastrointestinal tract. EN 
is recommended as first-line therapy, but ESPEN also highlights 
that parenteral nutrition (PN) will be necessary for some situations, 
such as allogeneic transplantations (26).

Another critical but less studied aspect of nutritional therapy 
in HSCT is the provision of micronutrients and if recommendations 
are met. Micronutrient status has been found to influence clinical 
outcomes of pediatric cancer patients (27), which might imply that 
micronutrients also can be essential for HSCT patients.

This study aimed to describe the impact of HSCT on nutri-
tional status and intake in children. We hypothesized that combined 
nutritional provision from EN and PN ensured a stable weight and 
covered nutrient recommendations. Secondary, we report trans-
plantation outcomes by day +28.

MATERIALS AND METHODS

Design and Subjects
We performed an observational, prospective study of chil-

dren undergoing HSCT at the Department of Pediatric Hematology 
and Oncology, Oslo University Hospital (OUH). The study period 
was from hospital admission until day +28 post-HSCT or earlier dis-
charge. All available patients aged 2 to 18 years with malignant and 
nonmalignant conditions were invited. We recruited a convenience 
sample from April 2018 to November 2020. Exclusion criteria were 
language difficulties (not able to read and write Norwegian), Down 
syndrome, previous HSCT, or diagnosed anorexia nervosa. Clinical 
information, such as diagnoses, aGvHD, infections, s-glucose, and 
demographic data, was obtained from medical records.

Anthropometry
Patient weight (kg) was measured by Seca weight (model 

7701321004, Seca gmbh & co. kg, Germany) and height (cm) 

by a stadiometer (Holtain Limited, Britain). Measurements were 
done without shoes, in light clothing and by standard procedures 
on the day of hospital admission (28). Daily morning weight on 
the day of transplantation (day 0) and post-HSCT days +7, +14, 
+21, and +28 were used. z scores for weight-for-age, height-for-
age, and BMI-for-age were calculated based on the Norwegian 
reference population (29). Stunting was defined as height z scores 
<–2, undernutrition (thinness) as BMI z scores <–2, overweight 
as BMI z scores >1, and obesity as BMI z scores >2 (30, 31). In 
the results, overweight and obesity were combined and presented 
as overweight.

Nutritional Therapy
Nutritional therapy was provided by the Department’s stan-

dard nutritional treatment routines (32). Energy requirement in 
children depends on age, gender, and weight. Therefore, the percent 
(%) of basal metabolic rate (BMR) was used to describe energy 
requirement and provision. BMR was calculated by the Schofield 
equation (33) at admission. The total energy requirement was esti-
mated to be 120% of BMR. To prevent overfeeding, an adjusted 
weight corresponding to the 75-percentile for BMI was used to cal-
culate energy requirements for participants with obesity.

Post-transplant, EN was first-line therapy, and PN was added 
to reach energy requirements if necessary (26). The medical team 
initiated, regulated, and discontinued tube and PN according to esti-
mated needs from day +1 based on daily evaluation of oral intake, 
tube feeding, PN, and the patient’s clinical status (eg, fluid bal-
ance, blood values, gastrointestinal function, and tolerance of EN). 
Patients were encouraged an oral intake. Early placement of a naso-
gastric tube was routinely used to ensure EN via the gastrointestinal 
tract if oral intake was low or to ease the oral medication burden 
(32). Contraindications to EN were conditions needing total bowel 
rest, for example, grade 4 gut GvHD or typhlitis (34).

Nutritionally complete, age-appropriate ready-to-use tube 
feeds were used. In cases of impaired enteral tolerance, the infusion 
rate was reduced, or the type of product changed. If the tube was 
lost, it was reinserted based on clinical judgment. PN was initi-
ated at the earliest on post-transplant day +1. A weight-appropriate, 
ready-to-use multi-chamber PN bag was prescribed. PN was sup-
plemented with parenteral multivitamins (Vitalipid Infant and Solu-
vit, Fresenius Kabi) and trace elements (Peditrace, Fresenius Kabi) 
products (35, 36). Peditrace was chosen to limit iron provision since 
HSCT patients are at risk of iron overload (37). Individual tailored 
PN solutions were used if metabolic complications (38).

Nutrient Intake
A diet record was kept from day +1 to +28, or until the 

day before discharge, if earlier (39). Patients, parents, and nurses 
recorded oral intake bedside by household measures (e.g., tea-
spoons). Dietary supplements, tube feeds (products, volumes), and 
PN (products, additives, volumes) were registered in the patient’s 
medical records. Two assigned pediatric dietitians ensured all 
records’ quality and did nutritional calculations. DietistPro, a soft-
ware for dietary analysis based on the Norwegian Food Composi-
tion Table (40), was used by the dietitians to calculate participants’ 
mean nutrient provision for all recorded days. Separate calculations 
were made for oral diet (including supplements), tube feeds, PN, and 
total provision. Oral and tube feeds were combined to assess EN. 
The median % of BMR was used to describe energy provisions for 
the total diet record period and each of the 4 weeks. The provision 
of macro- and micronutrients from EN and PN was compared with 
the respective RI from the Nordic Nutrition Recommendations and 
ESPGHAN guidelines (35, 36, 41–46). Macro-, and micronutrients 
were presented as medians [interquartile range (IQR)] and % of RI. 
The percentage (%) of participants reaching RI was presented.
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Transplantation Outcomes by Day +28
We report survival and engraftment. Engraftment was 

defined as the first of 3 consecutive days of achieving a sustained 
peripheral blood neutrophil count of >0.5 × 10 E9/L (47). Acute 
GvHD was graded according to Glucksberg criteria (48). Skin 
aGvHD grade II to IV treated with systemic corticosteroids >3 
days, and gut aGVHD grade IV were reported. Fluid overload was 
assessed by the use of diuretics during hospitalization. Fluid over-
load was defined as relevant if diuretics were provided during >3 
consecutive days. Use of diuretics or clinically relevant edema were 
used to assess fluid overload at the last measured weight. Mean 
s-glucose was calculated from daily measurements, and values >8 
mmol/L were defined as hyperglycemia. We report verified infec-
tions assessed by bacteria in blood culture, catheter-related infec-
tion, typhlitis, bacteria, virus in feces, and maximum c-reactive 
protein (CRP).

Statistical Considerations
Statistical analyses were performed using IBM SPSS Statis-

tics for Windows, version 25 (Armonk, NY). Normally distributed 
data were presented as means (SD), and non-normally distributed 
data and nutrient intakes were presented as medians and IQR. 
Associations between normal weight or overweight and clinical 
outcomes were tested with Chi-square or Fishers exact tests. Dif-
ferences between weekly weight z scores from admission until day 
+28 were tested with one-way repeated measures ANOVA. Mann-
Whitney U test was used to assess %-weight change between over-
weight and normal weight participants from admission until the 
end of the study. The Friedman Test analyzed the difference across 
weekly energy provisions. Wilcoxon signed rank test with Bonfer-
roni correction was used to analyze differences in weekly energy 
provisions, and the level of significance was set to P < 0.001 due to 
multiple analyses (49). Missing variables were excluded pairwise, 
and the level of significance was two-sided and set to P < 0.05 for 
all the other analyses.

Ethical Considerations
Informed consent was given by participants aged above 

16 years and all parents. The Helsinki Declaration was fol-
lowed. The Regional Ethics Committee South-East (2016/391/
REK sør-øst B) and the Data Protection Officer, OUH, 
approved the study. The study was registered in Clinical Trials 
(AEV2017/1).

RESULTS

Participants
During recruitment, 66 patients underwent HSCT. Out of 

these, we excluded 30 (20 young age, 3 with poor language skills, 
1 admitted for a second HSCT, 1 with Down syndrome, 1 with 
anorexia nervosa, and 4 due to logistical issues). We invited all 
36 eligible to participate, and 29 gave consent. One died dur-
ing conditioning and was excluded from the analyses. Our final 
study group consisted of 28 children, corresponding to 78% 
participation.

Baseline Characteristics
Characteristics of participants are presented in Table 1. The 

mean age was 10.3 years (SD 4.0) (range 3.5–16.6), two-thirds 
were boys, and two-thirds had malignant diseases. Six patients 
(86%) with immunodeficiency also had inflammatory bowel dis-
ease, regarded as immunodeficiency related. One patient (4%) was 
previously diagnosed with celiac disease.

Nutritional Status and Diet at Hospital 
Admission for HSCT

The group had a normal BMI z score at hospital admission, 
Table 1. Overweight was found in 25% (n = 7) of patients, 18%  
(n = 5) were stunted, and none had BMI z score <−2.

TABLE 1.  Patient characteristics at admission

Characteristics Participants (N = 28)

Age, y, mean (SD)  10.3 (4.0) 

Gender, N (%)   

Female 9 (32)

Male 19 (68)

Anthropometrics, mean (SD)   

  Weight, kg 37.7 (18.9)

  Weight z score −0.3 (1.2)

  Height, cm 139.1 (26.5)

  Height z score −0.7 (1.2)

  BMI, kg/m2  18.1 (3.2)

  BMI z score 0.1 (1.2)

Diagnosis, N (%)   

Malignant 18 (64)

   Acute myeloid leukemia 9  

   Acute lymphoblastic leukemia 7  

   Myelodysplastic syndrome 2  

Non-malignant 10 (36)

  Immunodeficiency* 7  

   Combined immunodeficiency 2  

   CGD 1  

   STAT3-GOF mutation 1  

   Specific granuladefect type 2 1  

   ALPS 1  

Congenital neutropenia 1  

  Bone marrow failure 2  

   Severe aplastic anemia 1  

   Diamond-Blackfan anemia 1  

  Neurometabolic disease 1  

   X-linked 
adrenoleukodystrophy

1  

HSCT conditioning, N (%)   

  Myeloablative conditioning 
(MAC)

24 (86)

   TBI-containing 7  

  Reduced-intensity conditioning 
(RIC)

4 (14)

Type of donor, N (%)   

  Matched unrelated 20 (71)

  Matched related 7 (25)

  Haploidentical 1 (4)

Stem-cell source, N (%)   

  Bone marrow 24 (86)

  Peripheral blood stem cells (PBSC) 4 (14)

ALPS = autoimmune lymphoproliferative syndrome; BMI = body mass 
index; CGD = chronic granulomatous disease; SD = standard deviation, 
TBI = total body irradiation. * Six were diagnosed with immunodeficiency-
related inflammatory bowel disease. 
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At hospital admission, 25% (n = 7) received supportive 
nutritional therapy. They all had tube feeding, and 2 (7%) also 
had supplemental PN. Eleven percent (n = 3) had a gastrostomy, 
and 14% (n = 4) had a nasogastric tube. They all had normal BMI  
z scores, but 2 of them (29%) had stunted growth.

Weight Change by Day +28
All patients had weight measurements on day +21. Due 

to earlier discharges, the weight at day +28 was available for 19 
(68%) participants. No significant changes in weight z scores 
were detected during the studied weeks, P = 0.454. The patients’ 
mean weight change during the study was 0.2%, with a variation 
from −8.0% to 6.1%. During the post-transplant period, 25% (n 
= 7) of participants had a fluid overload for >3 consecutive days. 
Two (7%) had a fluid overload at the end of the study period. 
Both were on diuretics and had edema, and weight gain from 
admission was 2.6% and 5.3%. Weight loss >5% was found in 
2 (7%) teenage boys losing 6.9% and 8% of admission weight. 
Two overweight participants lost weight, and the prevalence of 
overweight was reduced to 18% (n = 5) at the end of the study. 
None of the participants had BMI z score <−2 at any time point. 
No significant difference in %-weight change was found between 
participants that were overweight and normal weight at admis-
sion, P = 0.474.

Nutritional Therapy
From the day of hospital admission until the last studied day, 

tube feeding was used for 1 or more days by 82% (n = 23) of par-
ticipants. It was first initiated before transplantation in 48% (n = 
11), and at day 0 or during the first week post-transplant in 52% (n 
= 12). PN was initiated in all except 1, and all were started during 
the first post-transplant week. Twenty-two percent (n = 6) of partici-
pants did not require nutritional support by tube or PN on day +28 
or at earlier discharge.

Post-transplant, any oral diet was used for a median of 48% 
(18–62) of studied days. Tube feeding was provided for a median of 
70% (18–87) of studied days. Hence, in total, any EN was provided 
for a median of 93% (86–100), and PN for 96% (84–100) of the post-
transplant days by day +28. For >5 days, no EN was found in 18% 
(n = 5) of participants, all treated for leukemia. Reasons for prolonged 
lack of EN were that 1 refused tube, 2 did not tolerate the tube, and 2 
were prescribed “nil by mouth” due to gut aGvHD or typhlitis.

Nutrient Provision
Diet was recorded for a median of 28 days (26-28) with a 

range from 22 to 28 days (mean 26.7 days, SD 1.8). Median energy 
provision during the whole diet registration period was 115% (110–
123) of BMR. Median energy provision the first post-transplant 
week was 105% (99–122) of BMR. Figure  1 illustrates weekly 
energy provision. A significant difference across the 4 weeks was 
found, P = 0.029. Further analyses revealed a significant difference 
between week 1 and week 2, P < 0.001.

Table  2 presents the provision of energy and macronutri-
ents during all studied days. PN contributed to a median of 79% 
(69–90), and EN contributed to 21% (11–31) of energy provision. 
The median total supply of proteins was 1.5 g/kg (1.3–1.8). The 
participants’ oral intake was low, contributing to a median of 5.7% 
(1.4–15.7) of energy provision with 322 kJ/day (99–1032) [77 kcal/
day (23–246)]. Tube feeds contributed to a median of 9.5% (1.8–
14.7) of energy provision with 565 kJ/day (155–899) [135 kcal/day 
(37–214)].

The tube-fed patients (n = 23) all got liquid, ready-to-feed 
formulations. Oligopeptides were used by 78% (n = 18), polymeric 
formulas by 4% (n = 1), and 18% (n = 4) used both. An energy 
density of 1 kcal/mL was used in 52% (n = 12), a more energy-
dense product in 9% (n = 2), and 39% (n = 9) received both. All PN 

FIGURE 1. Weekly median energy provision in pediatric patients 
after allogeneic hematopoietic stem cell transplantation.

TABLE 2. Daily provision (median, IQR) of energy and macronutrients in pediatric patients after allogeneic hematopoietic stem cell  
transplantation

  Total   Enteral nutrition*   Parenteral nutrition   Guideline enteral† Guideline parenteral‡ 

Median IQR Median IQR Median IQR

kJ 5814 4864–7024 1130 603−2022 4161 3516–5513   

Kcal 1389 1162–1678 270 144–483 994 840–1317   

kJ/kg 147 110–195 39 18–64 116 103–162   

Kcal/kg 35.0 26.3–46.5 9.4 4.4–15.2 27.8 24.6–38.8   

Protein, g 60.6 35.9–72.8 8.6 5.2–14.2 39.4 26.1–60.7   

Protein, g/kg  1.5 1.3–1.8 0.3 0.1–0.5  1.2 1.0–1.4 >0.9 2.0–1.0

Carbohydrates, g 173.5 161.0–207.6 34.4 20.3–69.8 130.0 114.8–158.0   

Carbohydrates, g/kg 5.1 4.1–7.4 1.2 0.6–2.1 3.7 2.8–4.9  8.6–1.4

Lipids, g 48.0 39.9–57.9 10.8 5.4–17.1 33.6 26.4–44.5   

Lipids, g/kg 1.4 1.2–1.7 0.3 0.2–0.6 1.0 0.8–1.3  <3

IQR = interquartile range. *Enteral nutrition = oral diet and tube feeds. †The Nordic Nutrition Recommendations (41). ‡ESPGHAN/ESPEN/ESPR/
CSPEN guidelines on pediatric parenteral nutrition (42–45). 
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patients (n = 27) got ready-to-use 3-chamber PN bags. Changes to 
individually prescribed PN were done in 15% (n = 4).

Forty-six percent (n = 13) used oral vitamin D, 54% (n = 15) 
used magnesium, one (4%) got phosphate, and one (4%) used cal-
cium as dietary supplements. Parenteral multivitamins and trace 
elements were added to all PN solutions. RI for vitamins, magne-
sium, and zinc was met. The provision of copper, iodine, selenium, 
calcium, and phosphate was below RI (Figure 2A, Table 1 (Supple-
mental Digital Content, http://links.lww.com/MPG/C912), Table 2 
(Supplemental Digital Content, http://links.lww.com/MPG/C912). 
Iron was below RI, but this was considered adequate due to the risk 
of iron overload (37). Vitamin E was also considered adequate even 
below RI due to extra content in the lipid emulsions of PN solu-
tions (35). Figure 2B illustrates the % of participants reaching RI 
for micronutrients. None of the participants reached RI for iron or 
iodine. The number of participants that reached RI from oral diet, 
tube feeds and PN were 4% (n = 1) for selenium, 7% (n = 2) for 
copper, 7% (n = 2) for calcium, 11% (n = 3) for vitamin E, 32% 
(n = 9) for vitamin D, 46% (n = 13) for vitamin C, and 46% (n = 13) 
for phosphate. RI for magnesium, vitamin B2, niacin, folate, vita-
min B1, zinc, vitamin A, vitamin B6, and vitamin B12 were met for 
most participants.

Transplant Outcomes by Day +28
One participant died during conditioning therapy and was 

excluded from analyses since no data on nutritional intake was 
available. All the other patients survived by day +28. Engraftment of 
neutrophils was detected by day +28 for 26 patients. Table 3 (Supple-
mental Digital Content, http://links.lww.com/MPG/C912) presents 
results by day +28 for aGvHD, infections, CRP, and s-glucose. Mean 
s-glucose was normal, and values above 8.0 mmol/L for >3 con-
secutive measurements were not detected. Five (18%) patients were 
treated with Defibrotide due to prophylactic, suspected, or clinically 
proven veno-occlusive-disease/sinusoidal obstructive syndrome; 
none severe. No significant associations were found between partici-
pants with normal BMI or overweight at admission and aGvHD (P 
= 0.396), infections (P = 0.551), or use of Defibrotide (P = 0.574).

DISCUSSION
This observational, prospective study describes the impact 

of HSCT on nutritional status and intake. Most participants had 
normal BMI and height. From admission until day +28, we found 
no significant change in the patients’ weights. Energy intake was 
median 115% of BMR, and proteins 1.5 g/kg. PN was the primary 
energy and nutrient source, but EN was provided most days. The 

provision of macronutrients and vitamins was in line with RI, yet 
copper, iodine, selenium, calcium, and phosphate were below.

In line with other studies, we found a normal mean BMI for 
the group at hospitalization (7, 8, 16, 18). However, one-fourth of 
participants were overweight, and one-fifth were stunted. Stunted 
growth has previously also been found in children with immuno-
deficiency undergoing HSCT (7). Stunting is a marker of chronic 
malnutrition and is related to underlying diseases (31). An asso-
ciation between stunting and increased use of nutritional support 
before and during hospitalization was previously described (20, 
50). Overweight/obesity has been associated with decreased sur-
vival in HSCT patients (19, 51). Hence, nutrition support is essen-
tial before and during HSCT for undernourished and overweight/
obese patients to prevent under- and overfeeding.

We found no significant change in the participants’ weight 
z score during this study. Results might indicate that combined 
EN and PN providing a median supply of 115% of BMR and 1.5 g 
protein/kg was adequate in our group. Weight was chosen as it 
was used in clinical practice, although not ideal since hydration 
status can affect results (31). Fluid overload may mask weight loss, 
although it was unlikely to have a major impact on our results as 
only 2 patients had clinically observed edema and were treated 
with diuretics on the last studied day. Other studies have reported 
no change (10, 15) or weight loss (6, 13, 14, 16, 18) during the 
first period after HSCT. Weight gain on PN versus loss on EN was 
reported in a retrospective study where edema was found in 58% 
of PN versus 20% of the EN group (13), indicating an increased 
risk of fluid overload with PN. However, another explanation could 
be a higher energy provision in the PN group (13), and overfeed-
ing could be suspected. Another limitation is that a stable weight 
could mask loss of lean body mass and increase in fat mass (31). 
A combination of weight loss and a profound loss of lean body 
mass was reported despite an energy intake of 130% to 150% of 
the resting energy requirement in adolescent HSCT patients post-
transplant (18). Muscle loss has been associated with fatigue, 
impaired physical function (52), and adverse health outcomes later 
in life (53). Importantly, loss of lean body mass can be aggravated 
if nutritional treatment is inadequate (54). Our results indicate 
lower energy requirements post-transplant compared to healthy 
children (41), and support findings from previous studies (9, 21). 
Therefore, patients might be at risk of overfeeding. However, indi-
vidual differences in physical activity, stress, inflammation, body 
composition, or loss of nutrients are likely. Low energy require-
ments and provision increase the risk of an inadequate supply of 
protein and micronutrients, and the quality of nutritional support 
must be emphasized.

FIGURE 2. Micronutrient provision in children after allogeneic hematopoietic stem cell transplantation presented as (A) median % of RI and 
(B) % of participants reaching RI. RI = recommended intake.
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PN was the primary energy source, and PN energy provision 
seemed higher than in another study of pediatric HSCT patients 
(14). Myeloablative pretreatment was provided to 86% (n = 24) of 
participants and might explain the frequent need for supportive PN. 
In line with our results, most studies have found frequent use of PN 
during the first month after HSCT in children (6–8, 13–15, 18). In 
the present study, oral intake was low and supports results from a 
previous study (8). However, EN was provided in small amounts 
on most studied days since tube feeding was frequently used. Other 
studies have concluded that EN was feasible for a high proportion 
of HSCT patients (11–13). Importantly, the quality of nutrient provi-
sion was not assessed in these studies. Whether gastrostomies could 
improve the amount of EN and reduce the need for supplemental PN 
is unknown, though a study found it improved nutritional outcomes 
(55). A recent systematic review and meta-analysis concluded that 
in combination with PN, EN provided favorable benefits over PN 
alone regarding the risk of aGvHD (24). One could speculate that the 
major risk factor could be the lack of EN rather than supplemental 
PN. One explanation could be that the gut microbiome is affected by 
multiple challenges during HSCT (e.g., antibiotics) (25). Changes in 
the microbiome and immune markers during treatment were seen in 
children after HSCT (56), and in adults, microbiota disruption was 
associated with mortality (57). Recovery of gut microbiome homeo-
stasis was promoted by EN in a pediatric study (58), emphasizing 
the importance of EN (25, 59, 60). However, the amount and type of 
EN required to get effects should be further studied.

Combined nutritional therapy provided RI for vitamins, but 
copper, iodine, selenium, calcium, and phosphate were below (35, 
36, 41, 46). Whether the requirements of HSCT patients differ from 
healthy children is unknown. Inadequate provision of calcium and 
phosphate was related to the composition of ready-to-use PN bags 
and support results from a study of children dependent on home 
parenteral nutrition (61). Concerns about bone mineralization must 
be highlighted in children dependent on PN (46, 61, 62), and low 
BMD is a known late effect after childhood HSCT (63). Vitamin D 
intake was within RI, but vitamin D deficiency has previously been 
frequently described in HSCT patients (64). Vitamin D is important 
for bone health, and has also been associated with other health out-
comes and immunoregulatory effects, which could be relevant for 
this group of children (65). Our study found a low provision of most 
trace elements. However, a study of intestinal failure patients on 
long-term home parenteral nutrition found that serum selenium and 
vitamin E were adequate despite lower dietary provision compared 
with RI. Noteworthy, a high prevalence of iodine insufficiency 
was found even though PN doses were higher than in the present 
study (66). Our study support that trace element solutions should 
be revised to improve content (67). Nutritional status is difficult to 
assess in illness since biomarkers can be affected by inflammation, 
and the lack of disease-specific references is a challenge. Dietary 
assessment can give information on nutritional status, but is subop-
timal on its own (68, 69). The combination of nutrient provision and 
biomarkers of micronutrient status should be investigated in HSCT 
patients. Further studies are necessary to make firm recommenda-
tions on vitamins, trace elements, and minerals for pediatric HSCT 
patients. Hence, we suggest individual follow-up by anthropomet-
rics, diet records, and biomarkers to assess nutritional status pre-
and post-transplant. Follow-up should be performed in patients on 
PN for prolonged periods to ensure the provision of micronutrients.

We found normal s-glucose even if PN was the primary 
energy source. This could be due to PN administration of 16 to 
20 hours/day, carbohydrate doses within recommendations, and 
a strictly regulated energy supply. A study comparing only PN to 
combined EN and PN found a higher risk of bloodstream infections 
in the only PN group (6), but other studies found no differences (10, 
13). Preventive procedures, including hygiene, stable solutions, and 
safe administration, are essential to prevent PN complications (70).

The strength of this study is a high participation rate and 
detailed assessment of all nutrition provided over an extended 
period. However, the small and heterogeneous patient popula-
tion, lack of nutritional biomarkers, and no measures of body 
composition are weaknesses. Due to different diagnoses, age 
groups, and differences in nutritional treatments, the results 
from the present study can not be generalized as representative 
of all patients undergoing HSCT. Performing a study might also 
improve the focus on nutritional support, and our results might 
be better than “real-world data.” We encourage further studies to 
include nutritional assessment and evaluate the quality of nutri-
ent provision.

CONCLUSIONS
In conclusion, this study found that combined EN and PN 

providing 115% of BMR and 1.5 g/kg protein ensured a stable 
weight and covered nutrient recommendations except for trace ele-
ments and minerals. We call for further studies to better target nutri-
tional treatment regarding the patient’s individual needs. Long-term 
follow-up studies are necessary to evaluate micronutrients and if 
stable weight during hospitalization might improve body composi-
tion and other HSCT outcomes.
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