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Abstract

Micronutrient intake among hematopoietic stem cell transplant (HSCT) recipients is poorly studied. This randomized control
trial (RCT) assessed the effect of nutritional counseling on micronutrient intake post HSCT. Patients with hematological
malignancies receiving HSCT were randomized at hospital discharge into an intervention group (IG) and a control group
(CG) between 2016 and 2017. IG received individualized nutritional counseling in the first 3 months post HSCT while CG
received general qualitative education without reinforcement. At assessment points (hospital admission, discharge, 30, 60,
and 100 days post HSCT termed T4), 24-h recalls were analyzed, and micronutrient intake was compared to patients’
individual needs. Results were reported as percentages of dietary reference intake. Groups (IG, n =22 and CG, n = 24) had
similar characteristics pre HSCT. Copper and a-tocopherol intake at T4 were significantly better in IG. Many B vitamins,
vitamin C, Manganese, Potassium, Zinc, and vitamin K improved in IG only at T4 compared to baseline intake. Median
vitamin D intake remained low in both groups with <20% of patients meeting their individual needs post HSCT. In
conclusion, counseling was associated with a trend of improved micronutrient intake. Vitamin D levels remained low
irrespective of counseling.

Introduction

Hematopoietic stem cell transplant (HSCT) is a well-
established modality used for the treatment of hematologi-
cal malignancies and disorders as well as metabolic and
autoimmune diseases. The conditioning regimen preceding
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thiamin in the acute stage post HSCT [10, 11]. When
assessing outcome measures, vitamin C deficiency and low
retinol levels were positively correlated with C-reactive
protein (CRP) levels and herpes zoster infection, respec-
tively [11, 12].

The National Institutes of Health Patient-Centered Out-
comes Working Group identified interventions to improve
eating habits post HSCT as a research priority in the field
[13]. An important knowledge gap exists in the adequacy of
micronutrients intake among HSCT patients in relation to
their individualized dietary reference intakes (DRI). We
have previously presented results from a randomized con-
trolled trial (RCT) assessing the effectiveness of nutrition
counseling on malnutrition scores and macronutrient intake
at 100 days post HSCT [14]. In this manuscript, we present
data from this RCT assessing the micronutrient intake of
patients before transplantation and the impact of nutritional
counseling on vitamins and minerals intake during the first
100 days post HSCT.

Patients and methods
Study design

Data of this study is part of an open label RCT that aimed
at assessing the impact of nutritional counseling on
nutritional status at 100 days post HSCT [14]. The study
has been registered in Clinicaltrial.gov (NCT02791347)
and was supported by a grant from the Faculty of Med-
icine at the American University of Beirut. The study was
conducted in the Bone Marrow Transplantation Unit
(BMT) at the American University of Beirut Medical
Center (AUBMC). The BMT unit in AUBMC is a
member of the European Blood and Marrow Transplan-
tation Group (CIC369) and had an activity of 103
transplants in the year of 2016 (52 allogeneic and 51
autologous HSCT).

Methodology and results of the intervention’s effect on
malnutrition scores and macronutrient intake have been
published previously [14]. Briefly, adult patients (216
years) admitted for HSCT at the AUBMC, were invited to
join the trial between August 2016 and November 2017.
Patients were not included if they were unable to present
to two assessment points post hospital discharge.
Patients were informed on the risks and benefits of the
research study and if interested to participate, they signed
an informed consent. Data collection was started at
hospital admission (TO) and randomization was per-
formed at hospital discharge (T1). Follow up visits were
conducted at days 30 (T2), 60 (T3), and 100 (T4) post
HSCT in the clinics of the Clinical Nutrition department
at AUBMC.

Intervention and randomization

Patients were randomized using block sampling randomi-
zation into an intervention group (IG) and a control group
(CG) with an allocation ratio of 1:1 at hospital admission.
Both groups received general food safety guidelines at
discharge in line with international guidelines for HSCT
patients (available as an online supplementary file) [15].
Due to the poor control over irrigation of fresh produce in
our local Lebanese context, patients were advised to avoid
consumption of raw green leafy vegetables [16]. IG
received an additional customized meal plan providing them
with 30-35 calories and 1.5 g proteins per kg adjusted body
weight adapted to their comorbidities. CG did not receive
nutrition counseling by dietitians except if referred by the
medical team. At T2, T3, and T4, clinical dietitians
encouraged patients to meet their energy and protein needs.
As secondary goals, dietitians counseled patients to
decrease saturated fat intake and to increase unsaturated fat,
fiber, and calcium intake. Plans in outpatient follow up
visits were set by comparing patients’ macronutrient intake
and body composition changes with patients’ individual
goals [14]. No former calculation was done to assess
micronutrient intake during the patients’ visits, yet dietitians
aimed qualitatively at improving micronutrient intake and
diversity.

Assessment

Dietary and functional evaluations were conducted at all
assessment time points. The 24-h dietary recall tool was
used to interview patients about their usual nutrient intake
[17]. Patients were asked to report on all food and beverages
consumed on two weekdays and one weekend day. Out-
patient recalls were analyzed using Nutritionist Pro software
that provided a thorough analysis of vitamins, minerals, and
essential amino and fatty acids intake from the patients’
intake. The USDA nutrient data base and the Middle
Eastern food composition were used to analyze food com-
position [18]. To compare patients’ intake to their indivi-
dual needs, recommended dietary allowances (RDA) and
the adequate intake (AI) for Americans were used as there
are no RDA references for the Lebanese and middle eastern
populations. The RDA is an age, sex-specific nutrient intake
value estimated to meet the nutrient needs of 97-98% of
healthy humans. When RDA was not available, Al a
nutrient intake reference value expected to ensure nutrient
adequacy, was used [19]. Adequacy of micronutrient intake
was evaluated by assessing the percentage met from indi-
vidual needs and the percentage of patients attaining their
needs. Micronutrient density was calculated by dividing
vitamin or mineral intake by total energy intake [20]. This
allowed for the evaluation of the intervention effect on
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micronutrient intake after adjusting for energy intake.
Vitamin and mineral supplementation were assessed at
every visit by calculating the daily dose consumed. Oral,
enteral and parenteral supplementations were assessed
through separate variables to be able to distinguish micro-
nutrient intake from food and nutrition support sources.

Nutritional status

Nutritional status was assessed using the Patient Generated
Subjective Global Assessment (PGSGA) and the American
Nutrition and Dietetics and American Society of Parenteral
and Enteral Nutrition scores that evaluated food-related
symptoms, activities of daily living, fat and muscle wasting,
fluid overload, and handgrip strength [21, 22].

Research team

Three dietitians, cross-trained on assessment tools, were in
charge of performing nutritional assessment using written
guided protocol. A single research assistant and a data base
manager performed data collection. Physicians were in
charge of disease assessment and medical evaluation.

Sample size calculation

Sample size was calculated based on the study’s primary
outcome: the PGSGA. Based on an anticipated between-
arms difference of 40%, a power of 80%, a significance
level of 0.05, an expected dropout rate of 30%, the sample
size needed was 26 participants per arm.

Statistical considerations

Analysis was done based on the “intention to treat” analysis
approach. Statistical significance was reported at p <0.05.
Measures were performed on IBM SPSS version 24 (SPSS
Inc. Chicago, IL, USA). The continuous variables were
reported as medians and interquartile ranges, and the cate-
gorical variables were reported as counts and percentages.
Non-parametric testing was used in view of the sample size.
Patients’ characteristics and changes between groups were
compared using Chi-square or Fisher Exact tests for cate-
gorical variables, and Mann—Whitney test for continuous
variables. Changes within the same group were assessed for
significance using Friedman’s and Cochrane tests for con-
tinuous and categorical variables, respectively. No multiple
test correction was done for Friedman’s test.

Ethical considerations

The Institutional Review Board at the American University
of Beirut approved the study. The CG received the
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standards of care at AUBMC that does not involve any
nutritional intervention or follow-up post discharge. Any
participant found in need of nutrition intervention by the
medical team was referred to the dietitian regardless of
initial randomization. When consenting patients, the
research assistant explained to them that neither study par-
ticipation, nor study allocation influenced the medical
treatment received.

Results

Consecutive eligible patients were approached (n = 68) in
the period between August 2016 and November 2017, and
52 patients joined the trial. The patients that did not join the
trial were comparable to study subjects. Non joiners had a
median age of 46 years and a low nutrition risk upon
admission. They refused to join the study due to the lack of
interest and/or inability to commit for outpatients’ visits.
Out of 52 subjects, 46 were analyzed (n =22 in IG and n =
24 in CQG) as the other patients were lost to follow-up or left
the study (Fig. I —CONSORT diagram). All patients had
hematological malignancies and received peripheral HSCT.
The studied sample had more males (65%), autologous
HSCT (63%), and lymphoma patients (54%), with no dif-
ferences between groups. Age, HSCT comorbidity Index,
type of conditioning, disease status and nutritional status pre
HSCT were similar between the two groups (Table 1). Body
mass index and nutritional status assessed by PGSGA were
similar between groups at TO and at T1. Post hospital dis-
charge, few patients received vitamins B12, D2, D3 and
calcium for therapeutic reasons with no differences between
groups. All patients received MagneB6~ (48 mg magnesium
and 5 mg vitamin B6) irrespective of their allocation group.
There were no differences in parenteral nutrition and enteral
feeding, graft versus host disease (GvHD), re-hospitaliza-
tion, or mortality rates between the groups (p >0.05) at the
end of the study.

Serum levels that were routinely monitored at TO (at
hospital admission), T2 (30 days post HSCT), and T4
(100 days post HSCT) are presented in Table 2. There was
no routine assessment for all of these levels at T1. At all
assessment visits, there were no significant differences
between groups before and after HSCT. At T4, serum
hydroxyvitamin vitamin D levels were low in both groups,
with a median level suggesting deficiency in the IG and
insufficiency in the CG (p = 0.37).

Figure 2 presents adequacy of oral intake, compared to
individual needs, of selected water-soluble vitamins and
minerals (vitamins B1, B2, B6, B7, B9, C and of calcium,
copper, iron, magnesium, manganese, potassium, and zinc).
As data was extensive, we limited the presentation of
micronutrient intake to TO, T1 (hospital discharge), and T4.
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Fig. 1 CONSORT Flow
Diagram.
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Oral micronutrient intake decreased from TO until T1 for
many nutrients and then gradually picked up afterwards in
both groups. Both allocation groups had acceptable intakes
covering >60% of individual needs, with intakes at
T4 significantly better compared to T1. Of interest, pairwise
comparisons revealed significant improvements in the
intake of all of these micronutrients from admission until T4
in the IG only. The only exception was for copper that
improved significantly in both groups (Fig. 2).

Intake of fat-soluble vitamins was low overall, with a
median intake <20% of needs and with <15% of subjects
meeting their individual DRI for all fat-soluble vitamins at
T1 (Fig. 3). Vitamin D intake remained low in both groups
with no paired or between-group differences. Similar to the
water-soluble vitamins, improvement was significant for
both arms at T4 compared to T1. Median p-carotene and
vitamin K intake improved significantly in the IG group

only. Yet, despite this improvement, <20% of patients met
their individual needs for P-carotene, vitamin D, and o-
tocopherol at T4 (Fig. 3).

Between group comparisons at T4 revealed an improved
intake in IG for a-tocopherol (median percentage of indi-
vidual needs, 65% IG vs. 35% CG, p =0.049) and copper
intake (196% 1G vs. 114% CG, p =0.014). No other sig-
nificant between-group differences were noted. Since
median iron and copper intake were high at T4, we assessed
the frequency of patients who exceeded the upper level for
iron and copper and found no between-group differences
with only one patient from IG and two patients from CG
exceeding UL for iron and one patient from IG exceeding
the UL for copper.

The energy-adjusted values of selected micronutrients
are presented in Table 3. At T1, energy-adjusted calcium,
potassium, and magnesium intake were higher in the CG as
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Table 1 Patient characteristics pre transplantation presented by
allocation groups.

Control Intervention  p value
group group
(n=24) (n=22)
Gender, n (%)
Male 15 (63) 15 (68) 0.69
Female 9 (38) 7 (32)
Age (years), median (IQR) 39 (25-53) 52 (21-75) 0.15
Education level, n (%)
Primary education 2 (8) 6 (27) 0.29
Secondary education 8 (33) 4 (18)
University degree 14 (58) 12 (54)
Type of HSCT, n (%)
Autologous 15 (63) 14 (64) 0.94
Allogeneic 9 (38) 8 (36)
HSCT-CIL, n (%)
<1 22 (92) 20 91) 0.92
>2 2(8) 29
Primary disease, n (%)
Lymphoma 14 (58) 11 (50) 0.55
AML 7 (29) 5(23)
MM 3 (13) 5(23)
Ewing sarcoma 0 (0) 15
Disease status, n (%)
CR 16 (67) 17 (77) 0.32
RD 8 (33) 4 (18)
PD/relapse 0 (0) 1(5)
Diabetes status, n (%)
Non-Diabetic 17 (75) 20 (90.9) 0.07
Prediabetic 5 (20.8) 0 (0)
Diabetic 14.2) 2 (9.1)
BMI (kg/m?), median (IQR) 27.2 (24-30) 26.5 (21-31) 0.76
WNpgsga, 1 (%) 12 (50) 10 (45) 0.79

Conditioning autologous, n (%)

BEAM 12 (80) 7 (50) 0.14
Melphalan + velcade 3 (20) 6 (43)

Others 0 (0) 1(7)

Conditioning allogeneic, n (%)

FB ATG 4 (44) 2 (22) 0.25
TBF + ATG 5 (56) 3(33)
Sequential 0 (0) 2 (22)

Others 0 (0) 1(13)

IQOR interquartile range, HSCT hematopoietic stem cell transplantation,
HSCT-CI HSCT-comorbidity index, AML acute myeloid leukemia,
MM multiple myeloma, CR complete remission, RD residual disease,
PD progressive disease, WNpgsga Wwell-nourished as per patient
generated subjective global criteria, FB fludarabine, BEAM combina-
tion chemotherapy containing BCNU, etoposide, Ara-C, and melpha-
lan, ATG antithymocyte.
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compared to IG. All other nutrients were comparable
between the two groups. In IG, significant improvements
were noted at T4 compared to T1 in the intakes of vitamins
B1, B9, C, iron, magnesium, Manganese, and Potassium in
the IG group only. Intake of Beta carotene, alpha toco-
pherol, and vitamin K improved significantly in both groups
at T4 compared to TO (Table 3).

Discussion

We have previously shown that nutritional counseling
improved energy and protein intake and was associated with
improved fiber intake at T4 [23]. This RCT showed that
intake of fat-soluble vitamins was low in the peri-
transplantation phase, while intake of water-soluble vita-
mins and minerals was within acceptable ranges. Nutritional
counseling was associated with a higher percentage of
participants meeting their individual needs of a-tocopherol,
copper and selected micronutrients compared to baseline,
while vitamin D remained low in both groups.

Fat-soluble vitamins

a-tocopherol intake was low at admission in both groups,
improved in the IG reaching higher levels in IG at T4. In the
HSCT setting, Clemens et al. showed that serum levels of
a-tocopherol decreased significantly in the first 12 days post
HSCT in patients provided with micronutrients supplements
meeting their DRIs [10]. Nannya et al. showed that vitamin E
level was normal at 14 days and 28 days post HSCT [11].
Both studies did not analyze micronutrient intake and hence
were not able to correlate intake with serum levels. Vitamin E
is known for its antioxidant activity and for improving
endothelial function. Low serum vitamin E has been asso-
ciated with worsened mucositis and neutropenia [12]. Inter-
ventions supplementing Vitamin E among chemotherapy
recipients revealed inconsistent results which included
improved mucositis, neurotoxicity, and radiation-induced
toxicity [24-26], worsened cardiac ejection fraction and
increased risk of cancer [27, 28], and null effect [29]. Notably,
some of the studies that showed associated health hazards
used very high doses of vitamin E, did not measure vitamin E
intake from natural sources, and the populations of study were
not under oxidative stress. In our study, we showed that
vitamin E intake can be improved in HSCT patients through
nutritional counseling by increasing the consumption of
vitamin E rich foods, such as avocadoes, oils, and nuts.
Similarly, adequacy of p-carotene intake increased in the
IG. Low intakes of p-carotene are expected to negatively
affect vitamin A status which has been associated with lipid
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Table 2 Serum levels of selected
micronutrients in the peri-
transplantation phase presented

by allocation groups.

Nutrient Assessment point Control group (n =24) Intervention group p value
Median (IQR) (n=22) Median (IQR)
Magnesium (mg/dL) TO 1.95 (1.8-2) 1.9 (1.8-2) 0.75
T2 1.9 (1.7-2) 1.8 (1.6-1.9) 0.16
T4 1.95 (1.9-2.1) 1.95 (1.8-2.1) 0.76
Potassium (mmol/L) TO 4.3 (4.05-4.55) 42 (4.1-4.6) 0.97
T2 4.25 (4-4.6) 4.2 (3.94.5) 0.67
T4 43 (4.14.5) 4.2 (3.95-4.6) 0.53
Phosphorous (mg/dL) TO 3.25 (2.8-4.1) 2.95 (2.5-4) 0.36
T2 3.55 (2.9-4.4) 3.8 3.4-4) 0.86
T4 4.05 3.4-4.4) 3.7 (3.15-4.2) 0.35
Calcium (mg/dL) TO 9 (8.7-9.4) 8.95 (8.7-9.1) 0.503
T2 3.55(2.9-44) 3.8 (3.4-4) 0.86
T4 9.5 (9.2-9.7) 9.3 (9-9.6) 0.15
25-Hydroxyvitamin D T4 22.3 (11.6-34.7) 13.7 (9.35-28.7) 0.39

(ng/mL)

Assessment points: TO: Hospital admission, T2: 30 days post hematopoietic stem cell transplantation

(HSCT), T4: 100 days post HSCT.

250
250
150
100

50 |
0 ‘

TO T1 T4 TO T1 T4 TO T1 T4

Median intake compared to individual needs (%)

TO T1 T4 TO T1 T4 TO T1 T4
B1 B2 B6 B7 B9 C

TO T1 T4

TO T1 T4 TO T1 T4 TO T1 T4 TO T1 T4 TO T1 T4 TO T1 T4

Calcium Cupper Iron Magnesium  Manganese Potassium Zinc

Control ® Intervention

Fig. 2 Intake adequacy of water soluble vitamins minerals.

peroxidation and herpes zoster infection among HSCT
patients [12]. One of the reasons for the decreased f-
carotene in both groups is the restrictions put on our patients
to avoid green leafy vegetables in view of the data on
increased Escherichia coli and staphylococcus aureus in
local lettuce and parsley samples [16]. Yet, despite these
dietary restrictions, patients in IG were able to increase their
p-carotene intake from food sources, such as cooked spi-
nach, and carrots.

The study highlighted the alarmingly low intake of
vitamin D in both groups having a median intake of vitamin

D < 20% of their needs at all assessment points. Vitamin D
needs are difficult to be met from diet at it is present in
limited food items, such as sardine, beef liver oil. Addi-
tional risk factors for vitamin D deficiency in HSCT is the
advice to limit sun exposure due to the higher risk of skin
cancers, altered digestion of vitamin D due to pancreatic
enzyme deficiency, decreased absorption post conditioning
and steroid use for GvHD [30]. Since vitamin D intake is
the strongest predictor of vitamin D status and needs are
difficult to be met from diet, our study flags the need for
regular monitoring of serum Vitamin D and
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Fig. 3 Intake adequacy of fat soluble vitamins.

supplementation of 400-600 IU daily as recommended for
HSCT patients [30].

Water-soluble vitamins and minerals

In this study, the intake of copper and vitamin C exceeded
100% of DRI in both groups. Is there any benefit from
intakes that exceed the DRI for healthy individuals? We
recognize that RDAs meet the needs of 97.5% of the
healthy population and one may argue that aiming to reach
the RDA is too high of a standard. Yet, patients receiving
cytoreductive therapy and HSCT are expected to have
higher needs than healthy population due to decreased
absorption, decreased pancreatic enzyme activity, and
increased intestinal permeability [19]. For copper, serum
level was shown to be within normal levels in the peri-
transplantation stage in the literature [11]. Hence, a high
intake may not confer additional benefits, especially that
one patient from the IG had an intake above UL. More-
over, HSCT patients are at risk of cellular toxicity due to
the iron overload associated with blood transfusions [31].
Additional iron intake is hence not recommended in HSCT
setting. Yet, there may be benefit of increased vitamin C
intake. Literature shows that median serum vitamin C
levels is deficient in the first 60 days post HSCT even in
patients taking their daily needs from supplements
[11, 32]. An improved vitamin C status is associated with
natural killer cells development, immune reconstitution,
and decreased inflammatory markers [11, 33]. As vitamin
C intake was associated with worsened myelopoiesis in
animals [34], the ongoing trial assessing the effect of
ascorbic acid supplementation among HSCT patients
should help clarify the safety and benefits of increased
vitamin C intake [35].

Decreased magnesium intake has been associated with
oxidative stress and inflammation [36] and supplementation
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was associated with reduced CRP levels among healthy
individuals [37]. In the HSCT setting, allogeneic patients on
cyclosporine are at increased risk for magnesium deficiency
as it decreases magnesium reabsorption from renal tubules
[38]. Our study revealed that patients in the IG had
improved intake compared to their needs of magnesium
from TO until T4, while CG had decreased intake. In our
sample, all patients were on daily magnesium supple-
mentation of 48 mg. This dose was enough to meet the
RDA for patients in the IG only.

This study has the following limitations. The small
sample size might have affected the power of the study and
did not allow for stratifications by HSCT type. Due to
funding limitations, serum levels of the micronutrients were
not monitored for research purposes. Yet, serum levels
available from routine care were presented. Measurement
error is a known challenge when collecting diet recalls from
patients. These errors have been minimized by collecting
multiple recalls (1 month apart) by experienced dietitians
using 24 h recall dietary assessment tool [39].

To our knowledge, this is the first study to assess the
impact of counseling on micronutrient intake and adequacy
in the 100 days following HSCT. Despite meeting energy
and protein needs, some micronutrients needs were not fully
met among our patients. Nutritional counseling was asso-
ciated with improved intakes of many vitamins and minerals
when compared to baseline levels. Intake enhancement is
expected to reflect positively on micronutrients status, and
consequently improve immune reconstitution and mucositis
and decrease inflammation and lipid peroxidation. Future
studies should validate the study findings on larger sample
sizes and correlate these findings with serum levels.
Meanwhile, daily iron-free multivitamin supplementation
meeting daily RDA requirements in the acute stage post
HSCT would be desirable and in line with international
recommendations.
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Table 3 Median levels and interquartile range of selected energy-adjusted nutrients in the peri-transplantation phase presented by allocation

groups.
Nutrient Assessment point Control group Intervention group P values
P between groups Within CG Within IG

B1 TO 0.82 (0.65-1.04) 0.85 (0.58-1.01) 0.88 0.08 0.21
T1 0.75 (0.59-1.15) 0.7 (0.43-0.93) 0.35
T4 0.96 (0.77-1.08) 0.91 (0.76-1.07) 0.79

B2 TO 0.81 (0.66-0.96) 0.76 (0.42-1.08) 0.50 0.54 0.35
T1 0.88 (0.61-1.78) 0.74 (0.59-0.93) 0.29
T4 0.8 (0.7-1.12) 0.76 (0.55-0.98) 0.65

B3 TO 10.3 (8.55-13) 13.05 (9.15-15.8) 0.12 0.25 0.13
T1 7.56 (4.49-14.3) 8.52 (5.71-12.07) 0.79
T4 9.76 (7.66-13) 9.96 (7.55-14.49) 0.90

B5 TO 2.11 (1.67-2.6) 2.34 (1.55-3.09) 0.43 0.68 0.37
T1 2.51 (1.54-3.79) 2.09 (1.6-3.63) 0.64
T4 2.44 (2.18-2.96) 2.1 (1.43-3.14) 0.36

B6 TO 1.06 (0.74-1.18) 0.94 (0.7-1.14) 0.69 0.41 0.04
T1 0.81 (0.57-1.67) 0.7 (0.51-0.82) 0.26
T4 0.94 (0.75-1.24) 0.83 (0.6-1.24) 0.49

B7 TO 11.12 (5.12-14.66) 7.17 (4.82-14.63) 0.51 0.5 0.33
T1 13.09 (8.06-19.82) 12.93 (3.24-28.68) 0.83
T4 14.15 (7.96-19.48) 11.27 (8.19-19.72) 0.69

B9 TO 230 (168-319) 200 (136.6-257) 0.13 0.54 0.02
T1 182 (117-284) 200 (92.4-227) 0.67
T4 255 (150-294) 241 (148.8-327) 0.67

C TO 57 (26.1-87.9) 66 (28.3-104) 0.55 0.37 0.01
T1 30.7 (14-120.8) 15.64 (5-38.37) 0.088
T4 65.1 (26.8-162.3) 82 (37.7-120) 0.65

Calcium TO 383 (292-517) 389 (233-535) 0.98 0.01 0.95
T1 592 (460-1055) 477 (225.4-583) 0.038
T4 544 (322-721) 389 (303.2-509) 0.11

Copper TO 0.53 (0.43-0.68) 0.66 (0.47-0.97) 0.26 0.47 0.017
T1 0.44 (0.36-0.69) 0.48 (0.27-0.92) 0.90
T4 0.73 (0.60-0.90) 0.59 (0.44-0.70) 0.046

Iron TO 6.81 (6.35-8.22) 8.03 (5.99-9.33) 0.19 0.54 0.02
T1 7.99 (6.58-9.72) 7.08 (5.14-8.61) 0.33
T4 6.7 (4.62-10.92) 5.75 (5.11-7.68) 0.48

Magnesium TO 129 (97-165) 119 (104.4-136) 0.39 0.54 0.04
T1 125 (100-181) 90.6 (69.52-120) 0.042
T4 131 (97-171) 142 (104-165) 1

Manganese TO 1.16 (0.74-1.75) 1.06 (0.74-1.32) 0.55 0.34 0.02
T1 0.73 (0.42-1.74) 0.88 (0.54-1.12) 0.90
T4 1.06 (0.66-1.75) 1.33 (1.17-1.71) 0.26

Potassium TO 1369 (1012-1582) 1536 (1057.9-1914) 0.32 0.65 0.034
T1 1480 (829-1810) 921 (802-1048) 0.021
T4 1494 (1029-1827) 1273 (1023.9-1675) 0.46

Zinc TO 4.96 (4.02-6.31) 3.56 (2.73-4.61) 0.021 0.41 0.35
T1 4.04 (2.7-6.36) 3.48 (2.89-6.19) 0.87
T4 4.45 (3.47-5.68) 3.87 (3.38-5.61) 0.55
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Table 3 (continued)

Nutrient

Assessment point

Control group

Intervention group

P values

P between groups

Within CG

Within IG

Beta carotene TO 894 (165-3031)
T1 58.1 (25.9-712)
T4 473 (211-2658)
Vitamin D TO 1.54 (0.65-2.76)
Tl 1.54 (0.23-2.77)
T4 1.65 (0.79-2.32)
Alpha tocopherol TO 4.26 (2.86-5.42)
T1 0.84 (0.33-1.53)
T4 3.12 (2.37-4.68)
Vitamin K TO 40.4 (26.7-67.1)
T1 5.36 (1.99-19.97)
T4 29.2 (18.7-58.8)

550 (214-1490)
21.7 (3.06-350)
703 (421-3343)
0.88 (0.35-1.34)
0.95 (0.11-2.19)
0.81 (0.1-1.28)
2.36 (1.67-3.11)
0.86 (0.52-2.09)
4.25 (3.34-5.28)
18.6 (14.4-28.1)
7.96 (2.19-18.67)
30.4 (19.1-65.2)

0.55
0.059
0.43
0.13
0.39
0.06
<0.01
0.44
0.13
<0.01
0.90
0.57

0.01

<0.01

<0.01

<0.01

0.95

<0.01

<0.01

Bold values indicate statistical significance p < 0.05.

Assessment points: TO: Hospital admission, T2: hospital discharge, T4: 100 days post hematopoietic stem cell transplantation.

CG control group, /G intervention group.
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