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The aim of this study was to investigate the changes of nutritional intake and nutritional status and analyze the association
between them during hematopoietic stem cell transplantation. This was a retrospective cross sectional study on 36 patients (9
Autologous transplantation group and 27 Allogeneic transplantation group) undergoing hematopoietic stem cell transplantation
at The Catholic University of Korea, Seoul St. Mary's Hospital from May to August 2010. To assess oral intake and parenteral
nutrition intake, 24-hour recall method and patient's charts review was performed. Nutritional status was measured with the
scored patient-generated subjective global assessment (PG-SGA). The subjects consisted of 6 (66.7%) males and 3 (33.3%)
females in the autologous transplantation group (auto), 12 (44.4%) males and 15 (55.6%) females in the allogeneic transplanta-
tion group (allo). The mean age was 40.9 + 13.6 years (auto) and 37.8 + 11.0 years (allo). The average hospitalized period was
25.2 + 3.5 days (auto) and 31.6 + 6.6 days (allo), which were significant different (p < 0.05). Nutritional intake was lowest at
Post+1wk in two groups. In addition, calorie intake by oral diet to recommended intake at Post+2wk was low (20.8% auto and
20.5% allo) but there were no significant differences in change of nutritional intake over time (Admission, Pre-1day, Post+1wk,
Post+2wk) between auto group and allo group by repeated measures ANOVA test. The result of nutritional assessment through
PG-SGA was significantly different at Pre-1day only (p < 0.01). There was a significant negative correlation between the nu-
tritional status during Post+2wk and the oral calorie/protein intake to recommended amount measured during Post+1wk and
Post+2wk (p < 0.01). These results could be used to establish evidence-based nutritional care guidelines for patients during he-
matopoietic stem cell transplantation.
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of the allogeneic hematopoietic stem cell transplantation [2].
In particular, as a majority of symptoms accompanied with
the complications act as factors that hinder nutritional intake,
studies related with nutritional intake, support and malnutri-
tion have been continuously carried out in addition to efforts
exerted to minimize complications related with hematopoietic
stem cell transplantation [3].

The conditioning regimen composed of high-dose chemo-
therapy or total body irradiation (TBI) triggers various side
effects that disturb nutritional intake, such as stomatitis,
nausea, vomiting, loss of appetite and diarrhea [4]. Various
studies report that nutritional intake and nutritional status
are significantly reduced during the hematopoietic stem cell
transplantation period [5], which not only postpones the pe-
riod of engraftment [6], but also causes GVHD, veno-occlusive
disease (VOD) and hospitalization in the ICU [7,8]. Malnutrition
is also triggered by other metabolic effects according to can-
cer diagnosis, such as cachexia, in addition to the reduction of
nutritional intake caused by various therapeutic side effects.
Malnutrition is generally reported to be experienced among
40-80% of cancer patients [9,10], and various research results
have reported malnutrition as the main factor that increases
the infection rate, morbidity, mortality, length of hospital stay
and medical cost of cancer patients [10-15]. Research results
also show that malnutrition increases the length of hospital
stay and the risk of early death for hematopoietic stem cell
transplantation patients, and presents a correlation between
poor prognosis and severe GVHD [8,16-18].

In this regard, although various studies emphasize the im-
portance of evaluating nutritional status, monitoring appro-
priate nutritional intake and the providing nutritional support
for hematopoietic stem cell transplantation patients, accurate
guidelines for nutritional support remain unestablished [19,20].
By surveying the short-term nutritional status of 34 child
transplantation patients, results showed a significant correla-
tion between nutritional intake and nutritional status [21], pre-
sented that the nutritional status was more satisfactory in the
group that received appropriate nutritional support and pro-
posed that positive effect was presented in lean body mass.
However, the results of various studies indicate that more
efforts must be made in various aspects, such as the develop-
ment of indicators for nutritional support [3,22-24].

On the other hand, research results have indicated that the
engraftment period of hematopoietic stem cell transplanta-
tion patients can differ according to the type of transplanta-
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tion [25,26], that high oral intake was generally presented in
the early engraftment group with short engraftment period
[6] and that the nutritional status during transplantation can
become an important factor for determining the period of
engraftment [27]. Therefore the type of hematopoietic stem
cell transplantation can serve as an important variable in
researching the nutritional intake and nutritional status of he-
matopoietic stem cell transplantation patients.

Hereupon, this study investigated changes in nutritional
intake and nutritional status during the transplantation period
in consideration of the type of hematopoietic stem cell trans-
plantation and analyzed the correlation to provide evidence
for establishing nutrition care guidelines of hematopoietic
stem cell transplantation patients.

This study surveyed 36 out of 62 hematologic cancer pa-
tients hospitalized at the hematopoietic stem cell transplanta-
tion ward of The Catholic University of Korea, Seoul St. Mary's
Hospital from May 14 to August 13, 2010. This study excluded
26 patients who refused interviews, were in poor condition
to be interviewed, were transferred to the ICU during the
research period or were discharged within 2 weeks after the
transplantation. As the study used food intake survey data
and nutritional assessment results, this study was approved by
the Catholic Medical Center IRB for its exemption of subject
consent.

This study is a cross-sectional study that analyzed changes
in nutritional intake and nutritional status in the transplanta-
tion process and the relationship between nutritional intake
and nutritional status according to the hematopoietic stem
cell transplantation method. After observing medical re-
cords to collect data on the patients' gender, age, diagnosis,
hematopoietic stem cell transplantation method, period of
engraftment and length of hospital stay, this study analyzed
the nutritional intake and nutritional status of patients during
hospitalization (Admission), the day before the hematopoietic
stem cell transplantation (Pre-1day), 1 week after transplanta-
tion (Post+1wk) and 2 weeks after transplantation (Post+2wk)
according to the hematopoietic stem cell transplantation
method.
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Assessment of nutritional intake
Food intake survey

The 24-hour recall method was used for the food intake
survey. To increase the accuracy of the food intake survey,
interviews were carried out by certified clinical dietitian. This
study developed and used a structured food intake question-
naire and a simple food model to minimize quantitative error
in data collection between surveyors. By considering the fact
that a restricted number of food types are ingested by pa-
tients during hospital stay, this study calculated calorie and
protein intake by using Food Exchange System. The recom-
mended nutritional intake can be decided by using various
methods. This study used the intermediate value of the rec-
ommended intake before and after the transplantation. Calorie
and protein were calculated as 30 keallkg and 1.1 g/kg, respec-
tively, and the calculated figures were used in the analyses [28].

Parenteral nutrition supply

This study applied the total number of days for providing
parenteral nutrition during hospital stay, the type of parenteral
nutrition formula and the injection speed to reflect the calcu-
lated results.

Hematopoietic stem cell transplantation method

The hematopoietic stem cell transplantation method is de-
cided according to the relationship between the patient and
the donor, the source of stem cell, the degree of correspond-
ing with human leukocyte antigen (HLA) and the intensity
of conditioning regimen. This study classified subjects into
autologous transplantation and allogeneic transplantation
according to the patient-donor relationship to compare nu-
tritional intake and nutritional status. The source of stem cell
was analyzed by applying basic variables.

Assessment of nutritional status

Although there are various methods that can be used to
evaluate nutritional status, this study used the scored patient-
generated subjective global assessment (PG-SGA) method,
which has been certified by the American Dietetic Association
as a method for evaluating the nutritional status of cancer pa-
tients and validated in various studies [29,30]. Certified clinical
dietitian evaluated changes in weight, changes in food intake,
abnormal stomach symptoms and symptoms disturbing oral
intake, activities and function, physical examination. The re-
sults of each item were divided according to nutrition classifi-
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cation standards presented in PG-SGA (well-nourished, mod-
erately malnourished, severely malnourished) and the most
frequent results were used to determine the final nutritional
status. PG-SGA scores were also used in analysis to accurately
reflect changes in the overall nutritional status.

Statistical analysis

SPSS 12.0K for windows package was used to analyze data.
To compare variables. Student t-test, Pearson's chi-square
test, Fisher's exact test and Likelihood ratio test were used
according to variable. Changes in nutritional intake presented
during hospital stay were analyzed through the repeated mea-
sures ANOVA test, and the correlation between the nutritional
status, oral intake, parenteral nutrition intake through the cor-
relation analysis. The significance test was implemented at p <
0.05.

Comparison of general characteristics

Among the 36 research subjects, 9 patients received autolo-
gous transplantation whereas 27 received allogeneic trans-
plantation. The two groups were classified according to the
type of hematopoietic stem cell transplantation. The results
gained from surveying general characteristics are presented in
Table 1. The gender ratios of research participants were 66.7%
men and 33.3% women. The allogeneic transplantation group
was composed of 44.4% men and 55.6% women. The average
age was presented as 38.5 and significant difference was not
presented between the autologous transplantation group and
the allogeneic transplantation group. The ratio of acute my-
eloid leukemia patients accounted for 36.1%, whereas the ratio
of other patients, such as multiple myeloma and severe aplas-
tic anemia (SAA) accounted for 50.0%. The variables that did
present significant difference between groups were as follows:
source of stem cell, period of engraftment, length of hospital
stay and total number of days on total parenteral nutrition
(TPN). Peripheral stem cell transplantation accounted for
100.0% of autologous transplantation, whereas bone marrow
transplant and peripheral stem cell transplant were surveyed
to account for 59.3% and 40.7% of allogeneic transplantation,
respectively. The period of engraftment and length of hospital
stay were significantly longer in the allogeneic transplantation
group and significant differences were found in the TPN sup-
ply period.
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General characteristics of subjects by the type of hematopoietic stem cell transplantation®

Variable All patients (n = 36)
Gender, n (%)
Male 18 (50)
Female 18 (50)
Age, yr 385+ 116
Diagnosis, n (%)
Acute myeloid leukemia 13 (36.1)
Acute lymphoid leukemia 5(13.9)

Others 18 (50.0)
Source of stem cell, n (%)**
16 (44.4)
20 (55.6)

Bone marrow

Peripheral stem cell
Engraftment period, day'™"
Hospitalized period, day**
Recommended energy intake, kcal
Recommended protein intake, g
Number of days on TPN**

TPN: total parenteral nutrition.

So EJ et al.

Auto’ (n = 9) Allo* (n = 27)
6 (66.7) 12 (44.4)
3(33.3) 15 (55.6)
40.9 +13.6 37.8 + 11.0
3(33.3) 10 (37.0)
0(0.0) 5 (18.5)
6 (66.7) 12 (44.4)
0(0.0) 16 (59.3)
9 (100.0) 11 (40.7)
107 +1.2 13.3+3.4
252+35 316+66

1,819.9 + 330.1 1742.0 + 2411
66.7 + 12.1 63.9+8.8
9.3+3.7 147 +7.5

*Values are presented as mean + SD unless otherwise indicated; Autologous transplantation group; *Allogeneic transplantation group; *Significantly different
between autologous transplantation group and allogeneic transplantation group by Pearson's chi-square test; 'Significantly different between autologous trans-
plantation group and allogeneic transplantation group by Student t-test; ‘p < 0.01; **p < 0.05.

Table 2 presents the results gained from analyzing the
changes in nutritional intake during the hematopoietic stem
cell transplantation period according to 4 stages: hospital-
ization (Admission), the day before the hematopoietic stem
cell transplantation (Pre-1day), 1 week after transplantation
(Post+1wk) and 2 weeks after transplantation (Post+2wk). The
oral intake of calorie and protein, which was rapidly decreased
from Pre-1day, presented the lowest intake during Post+1wk
in both groups. During Post+2wk, the amount of calories in-
gested fell 20.8% and 20.5% below the recommended amount
in the autologous transplantation group and the allogeneic
transplantation group, respectively. Also, the amount of pro-
tein ingested fell 10.3% and 12.6% below the recommended
amount in the autologous transplantation group and the
allogeneic transplantation group, respectively. After correct-
ing the effect of time changes, significant changes in overall
nutritional intake by the transplantation method disappeared.
However, the % of recommended daily oral calorie and protein
intake and the 9% of recommended daily oral calorie and pro-
tein intake were significantly high in the autologous transplan-
tation group during Pre-1day. The allogeneic transplantation

group presented a significantly high level of total oral protein
intake and % of recommended daily oral protein intake during
Post+1wk. The daily protein intake, including parenteral nutri-
tion support, was also significantly higher in the allogeneic
transplantation group. Significant differences were not present
during Post+2wk between the two groups for overall nutri-
tional intake.

Table 3 presents the results gained from analyzing the nu-
tritional status according to control group during the hemato-
poietic stem cell transplantation period. Although the autolo-
gous transplantation group and the allogeneic transplantation
group presented weight loss of 5.1% and 3.7%, respectively,
during the hematopoietic stem cell transplantation period, no
significant difference was present between the two groups in
relation to ideal body weight and weight reduction ratio. The
results of nutritional assessment conducted through PG-SGA
during Pre-1day presented significant differences compared to
the control group and the autologous transplantation group
presented significantly higher PG-SGA score during Post+1wk.
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Change of nutritional intake by the type of hematopoietic stem cell transplantation (n = 36)*

N Admission

Calorie intake by oral diet, kcal Auto’ 9 1,770.3+323.2
Allo" 27 1650.5+519.5
Protein intake by oral diet, g Auto 9 66.0 + 11.2
Allo 27 60.8 + 25.7
o calorie intake by oral diet! Auto 9 98.2 + 14.0
Allo 27 95.3 +30.0
% protein intake by oral diet Auto 9 100.8 + 20.1
Allo 27 95.3 + 391
% calorie intake by oral Auto 9 98.2+13.9
diet and TPN** Allo 27 97.4 +28.2
% protein intake by oral Auto 9 100.8 + 20.1
diet and TPN Allo 27 98.4 + 36.4

TPN: total parenteral nutrition.

Pre-1day Post+1wk Post+2wk F pH

1,000.6 +538.6"""  80.6+1951 372.8+2569 2303  0.38
378.9 + 500.0 249.9 +316.8 3421+ 352.8

281 +21.2" 1.5+ 41" 72+73 1109  0.300

10.6 + 17.1 6.7 +10.3 75+ 111

58.2 +34.5™ 46+1.3 208+13.5 1247  0.272

22.5 +30.9 15.2 + 20.2 20,5+ 21.4

452 +375™ 24+66™ 103+95 0672 0418

403 +29.7 1.0+ 17.6 12.6 + 18.8

64.7 +42.2 477 +276 551+26.8 0181 0674

40.3 +30.0 60.2 +21.8 55.8 + 30.1

452 +37.5 417 +25.7 415+217 1965 04170

39.7 +32.7 720+236"  60.3+36.8

*Values are presented as mean + SD; "Autologous transplantation group; *Allogeneic transplantation group; *Significantly different between autologous trans-
plantation group and allogeneic transplantation group by Student t-test; 'Significance determined by repeated measures ANOVA between-subject’s effects;
ICalorie intake by oral diet divided by recommended intake; **Calorie intake by oral diet and TPN divided by recommended intake; "p < 0.01; *p < 0.05.

Change of nutritional status by the type of hematopoietic stem cell transplantation (n = 36)*

N Admission

PIBW, %' Auto’® 9 115.3+18.9
Allo' 27 10841132
Weight loss, %" Auto 9 -
Allo 27 -
PG-SGA score Auto 9 244 +3.3
Allo 27 35+40
PG-SGA assessment, N (%)
Auto N** 9 (100.0)
m* 26 (96.3)
Allo N 0(0.0)
M 13.7)

Pre-1day Post+1wk Post+2wk F p'
1140+ 18.6 109.5 + 18.8 109.5 + 18.8 1130 0.295
107.6 + 12.5 104.7 + 12.2 104.3 +12.3

10426 51430 51+28 1384  0.248
0.6+2.8 23+26 37+34

1.0+46 21.0+56" 177 +4.0 0.843  0.365

12.8 + 4.1 16.1 + 4.0 16.1+3.8

6 (66.7)" 0(0.0) 1(11)

4(14.8) 137) 2(7.4)

3(33.3) 9 (100.0) 8(88.9)
23(85.2) 26 (96.3) 25 (92.6)

*Values are presented as mean + SD unless otherwise indicated; "Percentage ideal body weight; *Percentage weight loss compare with admission weight; *Au-
tologous transplantation group; 'Allogeneic transplantation group; ‘Significance determined by repeated measure ANOVA between-subject’s effects; **Well-
nourished status; *Malnourished status; HSignificance determined by Fisher's exact test, p < 0.07; §§Significantly different between autologous transplantation

group and allogeneic transplantation group by student t-test, p < 0.05.

The correlation analysis conducted to investigate the rela-
tionship between the nutritional status during Post+2wk and
nutritional intake presented a negative correlation with the %
recommended daily oral calorie and protein intake measured
during Post+1wk and Post+2wk (Table 4).

To investigate whether appropriate nutritional support was

http://dx.doi.org/10.7762/cnr.2012.1.1.3

achieved according to the decrease in oral intake, this study
analyzed the correlation between oral intake and nutritional
support from Pre-1day to Post+2wk, the period in which the
oral intake is rapidly reduced. The results are as presented in
Table 5. Significantly negative correlation between calorie and
protein intake from oral diet and TPN supply during Pre-1day
and Post+Twk, however, no significant difference was found
during post+2wk period.



This study analyzed the nutritional intake and nutritional
status by classifying subjects into groups according to the
hematopoietic stem cell transplantation method. Compared
with allogeneic transplantation, autologous transplantation
generally presented a shorter length of hospital stay and en-
graftment period as well as a relatively favorable condition
during hospital stay. Furthermore, As the source of stem cell
can serve as factors that influence the period of engraftment,
this study also surveyed bone marrow transplant and periph-
eral blood stem cell transplant [25,26]. Analysis results showed
that among 36 patients, 9 received autologous transplantation
whereas 27 received allogeneic transplantation. The ratio of
patients that received peripheral blood stem cell transplant
accounted for 100% of the autologous transplantation group
and 40.7% of the allogeneic transplantation group, showing
a significant difference. The period of engraftment was nearly
3 days longer in the allogeneic transplantation group when
compared with the autologous transplantation group. This

Correlation coefficients between PG-SGA score
(D+2wk) and nutritional intake (n = 36)

PG-SGA score

Oral diet intake Stage (D+2wk) value*

%% calorie intake by oral diet”  Post 1wk -0.461 0.005
Post 2wk -0.641 0.000

% protein intake by oral diet ~ Post 1wk -0.495 0.002
Post 2wk -0.553 0.000

*Significance determined by Pearson correlation analysis; 'Calorie intake by
oral diet divided by recommended intake.

So EJ et al.

is stipulated to be related with the source of stem cell when
considering the research results that reported the correlation
between the collect rate of hematopoietic stem cells and early
engraftment [25,26]. The allogeneic transplantation group
presented a significantly longer period of receiving nutritional
support due to the decline in oral intake. The autologous
transplantation group received nutritional support for 9.3 days
on average, thus analyzed to receive nutritional support for a
shorter period than the 17.5 days presented in the study con-
ducted by Roberts et al. [22], who studied breast cancer pa-
tients receiving autologous hematopoietic stem cell transplan-
tation. On the other hand, the result presented in this study is
similar to the 9 days reported in the study conducted on acute
myeloid leukemia patients receiving hematopoietic stem cell
transplantation [19]. The average period of engraftment was
10.7 days in autologous transplantation and 13.3 days in al-
logeneic transplantation, which are shorter than the 16.5 days
presented in a study conducted on acute myeloid leukemia
patients that received allogeneic transplantation [27]. A study
conducted on 416 hematopoietic stem cell transplantation
patients randomly established the early engraftment group as
subjects below the 50 percentile. Results showed that the pe-
riod of engraftment was longer than 11.2 days in the early en-
graftment group and shorter than 15.6 days in subjects above
the 50 percentile [6]. This result is stipulated to be produced
by the different classification standards for research subjects
and control groups. The results gained from the study con-
ducted by Kim et al. [6] presented high oral intake in the early
engraftment group. Although Kim et al. [6] analyzed the days
of vomiting and stomatitis, factors hindering oral intake, as
variables for explaining the period of engraftment, the present

Correlation coefficients between oral intake and parenteral nutrition intake (n = 36)

TPN calorie  TPN protein

Oral diet intake Stage
Pre-1day

Calorie intake by oral diet ~ Pre-1day -0.356*" -0.422"
Protein intake by oral diet -0.336" -0.375'
Calorie intake by oral diet ~ Post+1wk
Protein intake by oral diet
Calorie intake by oral diet ~ Post+2wk

Protein intake by oral diet

*Significance determined by Pearson correlation analysis; 'p < 0.05; 'p < 0.001.

TPN calorie  TPN protein ~ TPN calorie  TPN protein
Post+1wk Post+2wk
-0.383" -0.292
-0.442" -0.375"
-0.292 -0.3M
-0.203 -0.110
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study did not show significant results between the period of
engraftment and nutritional intake. This can be assumed to be
related with fact that the outcome of the bone marrow trans-
plant is influenced by various factors, such as disease, age,
medical history, condition of disease during transplantation,
HLA-correspondence, conditions of donor and GVHD [2,19].
In this regard, in order to provide efficient nutritional care for
patients, it is important to analyze factors that can influence
nutritional intake and nutritional status and develop a protocol
based on the analysis results, rather than approaching the is-
sue simply based on the transplant method.

The main factor that disrupts oral intake during the he-
matopoietic stem cell transplantation period is side effects
produced by conditioning regimen. As the oral intake is gen-
erally reduced by such side effects for 1-2 weeks during the
transplantation period, it is common to receive nutritional
support. In this regard, many studies are conducted in rela-
tion to this issue [22,23,31], but accurate guidelines have not
been provided. The study conducted by Arfons & Lazarus [24],
who evaluated the necessity of parenteral nutrition support
by analyzing the period of engraftment, infection rate, sur-
vival rate and length of hospital stay of hematopoietic stem
cell transplantation patients, proposes that it is essential to
consider the use of parenteral nutrition support for patients
that are unable to ingest orally. The study conducted by lestra
et al. [19] reports that TPN is not required by all patients and
concludes that support must be provided through appropri-
ate assessment of nutritional status and oral intake monitor-
ing at the beginning of treatment. However, it is difficult to
find accurate guidelines in relation to this matter. Hereupon,
this study judged that it is essential to accurately assess the
nutritional intake of hematopoietic stem cell transplantation
patients in order to provide appropriate nutritional support
and thus evaluated the appropriateness of nutritional intake
during the hematopoietic stem cell transplantation period. The
nutritional intake was largely classified into oral intake, oral in-
take to recommended amount and nutritional intake including
TPN to recommended amount. In both groups, the nutritional
intake was gradually decreased from Pre-1day and reached
the lowest value during Post+1wk. The oral calorie intake to
recommended amount was presented as 4.6% and 15.2% in
the autologous transplantation group and allogeneic trans-
plantation group, respectively. Furthermore, it was analyzed
that both groups presented nutritional intake that fell below
the recommended amount by 47.7% and 60.2%, respectively,
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even when considering TPN. This is similar to the results pre-
sented by Hadjibabaie et al. [32], who evaluated the nutritional
status of 50 hematopoietic stem cell transplantation patients
and reported that the lowest intake quantity was measured
as 519% of the recommended amount and was shown on the
10th day after transplantation. Another study conducted on
hematopoietic stem cell transplantation patients reported that
the early engraftment group presenting relatively satisfactory
intake quantity ingested 1,555.0 mL during admission, 1,053.2
mL during Pre-1day, 765.7 mL during Post+1wk and 893.3 mL
during Post+2wk, which is generally higher than the intake
quantity of this study [6]. This result is judged to be produced
from the difference generated by analyzing food intake in
volume and in accurate calories [6]. Nutritional intake was very
low in hematopoietic stem cell transplantation even when
compared with solid cancer patients that are mainly treated
through chemotherapy due to the high-intensity condition-
ing regimen composed of the high-dose chemotherapy and
total body irradiation. The study conducted by Kim et al. [33],
who studied solid cancer patients receiving chemotherapy,
presented that the average calorie intake as 1,476 kcal/d, 47.8
g/d, which is higher than those measured in this study. The
study conducted by Yang & Lee [34] showed that the intake
quantity decreased from 1,450.48 cc/d to 1,120.52 cc/d, thus
presenting a smaller decrease than hematopoietic stem cell
transplantation patients. The study conducted by Yang et
al. [35], who researched gastric cancer patients, presented
that the nutritional intake was decreased from 863.12 kcal to
802.63 keal during the chemotherapy period. In particular, it is
important to note that both control groups presented 20% of
oral calorie intake to recommended amount during Post+2wk.
Also, it is most essential to increase the oral intake to the rec-
ommended level as quickly as possible before discharge. This
is related with the fact that various studies have reported that
nutritional intake and nutritional status can decrease even af-
ter discharge due to factors such as chronic graft-versus-host
disease and changes in palate, thus influencing the survival
rate after transplantation. Also, there are no effective alter-
natives related with recovery and increased oral intake after
receiving hematopoietic stem cell transplantation. In the retro-
spective study conducted by Barker et al. [7], most of the 132
hematopoietic stem cell transplantation patients complained
of stomach-related side effects, such as stomatitis, vomiting,
abdominal pain and diarrhea, even after being discharged.
These side effects are presented as the main factors that
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increase GVHD, vein occlusion syndrome, ICU hospitalization
rate and the death rate within 100 days after transplantation.
The study conducted by lestra et al. [36] evaluated nutrition-
related physical symptoms and compliance with recommend-
ed intake level 50, 75, 125, 200, 350 days after transplantation.
Results showed that 66% of patients experienced meal intake
disorders 50 days after transplantation. The main factors were
analyzed as nausea, drying of mouth, changes in palate and
fatigue. Studies focused on palate changes presented that
patients experienced palate changes related with sweet and
salty tastes according to the assessment of palate and saliva-
tion rate of 3 groups: 150 days after hematopoietic stem cell
transplantation (n = 20), 151-1,095 days after hematopoietic
stem cell transplantation (n = 20) and more than 1,095 days
after hematopoietic stem cell transplantation (n = 21). As the
symptoms are reported to last more than 3 years after receiv-
ing transplantation, it can be viewed as a long-term problem
[37]. The cohort study conducted by Epstein et al. on patients
that received hematopoietic stem cell transplantation (day 90-
100 post HCT) also proposes that subjects experienced various
oral complications that can also affect their quality of life [38].
Thus, although this study focused on nutritional intake dur-
ing the hematopoietic stem cell transplantation period, results
showed that it is more important to find post-discharge nu-
tritional care methods that can increase the overall transplant
success rate.

On the other hand, although this study predicted that
different nutritional intake will be presented in autologous
transplantation and allogeneic transplantation groups, no
significant difference was shown in the changes of nutritional
intake according to the transplantation period. Although the
autologous transplantation group presented a significantly
favorable level of oral intake during Pre-1day, the allogeneic
transplantation group presented a relatively higher level of
oral calorie intake and significantly higher level of oral protein
intake during Post+1wk. The effect of intensity of conditioning
regimen can be considered according to the source of stem
cell [25,26]. Nutritional care considering stomach-related side
effects according to the intensity of conditioning regimen
is required based on the research results that analyzed the
symptoms disturbing oral intake, such as vomiting and stoma-
titis, as significant factors that influence early engraftment [6].
Furthermore, by comparing the transplantation progress of the
TPN group and oral intake group among autologous hemato-
poietic stem cell transplantation patients, the TPN group was
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shown to ingest 1,494 keal/d, 60 g protein/d whereas the oral
intake group ingested 951 kcal/d, 36 g protein/d on average.
The weight and body measurement indicators were favorably
maintained in the TPN group. Nutritional care plan focused
on the requlation of nutritional support quantity according to
period can be viewed efficient when considering the fact that
the provision of TPN to patients must be considered for pa-
tients suffering from nutritional deficit due to transplantation,
patients experiencing complications after the transplantation
and patients that have reduced oral intake for a long period
[22].

During the hematopoietic stem cell transplantation period,
the autologous transplantation group presented 5.1% weight
loss whereas the allogeneic transplantation group presented
3.7% weight loss, thus presenting similar results with the 3.59%
weight loss reported in the study carried out on allogeneic
transplantation patients [27]. The decrease rate was lower than
the 5.6% reported in the study conducted by lestra et al. [19]
on acute myeloid leukemia patients that received hematopoi-
etic stem cell transplantation. Appropriate nutritional support
complying with the recommended oral intake is required when
considering the fact that weight loss is a representative in-
dicator that presents nutritional status and the fact that the
period of engraftment is delayed by excessive weight loss and
deficit of aloumin and protein [27,32]. Although significant
difference in weight changes was not presented, the PG-SGA
score, as the nutritional assessment results presenting food
intake, symptoms disturbing oral intake, activity and function,
showed that the autologous transplantation group presented
significantly poor nutritional status during Post+Twk. On the
other hand, the results of PG-SGA assessment presented that
the ratio of patients with poor nutritional status was signifi-
cantly high in the allogeneic transplantation group during Pre-
1day. Furthermore, although there was only 1 malnourished
patient (3.7%) when the patients were admitted, 35 patients
(97.2%) were malnourished during Post+1wk. The study con-
ducted by Horsely et al. [16], who analyzed the nutritional
condition of 66 patients before transplantation through PG-
SGA, presented that 27% of patients with favorable nutritional
status showed a rapid deterioration in nutritional status after
transplantation. This corresponds with the results of various
studies that during the hematopoietic stem cell transplanta-
tion period, subjects not only lose body tissue due to catabolic
metabolism, but also present rapid decrease in nutritional sta-
tus due to reduced oral intake [5,6,32,39]. On the other hand,
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the severity of malnutrition is indisputable [4Q] as it can lead
to weight loss, reduced nutritional status due to chronic GVHD
and changes in palate, which in turn reduces the quality of
life [39] and increases death rate [17,18]. The study conducted
by Jacobsohn et al. [41] reported that among the 93 patients
diagnosed with chronic GVHD, 43% presented malnutrition
(BMI below 21.9) whereas 14% presented severe malnutrition
(BMI below 18.5). In this regard, it can be assumed that a con-
siderable number of subjects cannot solve malnutrition even
after transplantation. Thus, active nutritional care is required
to recover the nutritional status of patients during the hema-
topoietic stem cell transplantation period and after discharge.

By conducting the correlation analysis to analyze nutri-
tional intake factors that influence the nutritional status at
discharge, this study analyzed that the oral intake reduced
from Post+1wk was not recovered by Post+2wk. Hereupon, it
is more effective to analyze the oral intake for 1 week after
transplantation to provide education for enhancing the food
intake of patients with reduced oral intake after discharge.
Furthermore, although nutritional support was appropriately
provided according to the decrease in oral intake, nutritional
support was not provided according to changes in oral intake
during Post+2wk. This can be viewed in relation to the inten-
tional reduction of TPN to prevent loss of appetite, it is essen-
tial to provide timely education for increasing food intake to
prevent reduced nutritional status according to the decrease
in oral intake.

On the other hand, this study holds significance in that it
minimized the quantitative error in data collection between
surveyors by using a structured food intake questionnaire
and a simple food model and reflected TPN in the nutritional
intake survey. Furthermore, it is judged that the accuracy of
research was increased by using the validated PG-SGA assess-
ment method for evaluating the nutritional status of cancer
patients. However, the limitations of this study are as follows:
the calorie and protein intake was calculated by using Food
Exchange System, the lack of research subjects due to short
research period and the cross-sectional design of study. These
limitations must be complemented in follow-up studies.

When considering the fact that the changes in nutritional
intake did not present significant differences according to the
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hematopoietic stem cell transplantation method, it is more
important to analyze factors that can influence nutritional
intake and nutritional status and develop a protocol based on
the analysis results, rather than approaching the issue simply
based on the transplant method, in order to achieve efficient
nutritional care of patients. On the other hand, when consid-
ering the fact that the oral intake reduced from Post+1wk did
not recover by Post+2wk and the fact that appropriate nutri-
tional support was not provided despite the low recovery rate
of oral intake during the Post+2wk, it is important to provide
intensive education for increasing food intake during Post+Twk
and discharge. Furthermore, to increase the overall transplant
success rate, it is crucial to search nutritional care methods
that can be applied during hospitalization and after discharge.
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