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Abstract

Aim Candidates of Hematopoietic Stem Cell Transplantation (HSCT) may be at nutritional risk due to decreased
oral intake, high nutritional requirements and nutrient malabsorption. The aim of this study was to evaluate the
association between nutritional status and blood biomarkers in candidates of HSCT.

Methods A total of 278 patients aged 18-65 years old were recruited and their baseline demographic and clinical
characteristics were recorded. All subjects underwent nutritional status analysis using Nutritional Risk Screening
(NRS-2002). Blood biomarkers including C-reactive protein (CRP), Erythrocyte Sedimentation Rate (ESR), hemoglobin,
albumin and total protein as well as CRP-albumin ratio (CAR) and Body Mass Index (BMI) were measured and
compared between two groups based on Nutritional Risk Screening (NRS-2002) within 24 h of admission in Bone
Marrow Transplant ward.

Results The results showed that undernourished patients (NRS > 3) had significantly higher inflammatory markers
including ESR, CRP and CAR as well as lower BMI and serum albumin and hemoglobin concentrations (P <0.05);
however, no significant association was observed in terms of total protein even after adjusting for confounders
(P>0.05).

Conclusions This study revealed that BMI combined with biochemical markers are the appropriate parameters for
assessment of nutritional status in HSCT candidates. Furthermore, the nutritional status was verified to be significantly
associated with systematic inflammation.
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Introduction

Hematopoietic stem cell transplantation (HSCT) is a
well-established medical procedure for treatment of sev-
eral malignant and benign hematological diseases [1].
Approximately, 50 thousand people undergo HSCT every
year worldwide [2]. About 40% of patients experience
serious post-transplant complications specifically rapid
impairment of nutritional status associated with poor
outcome such as higher complication rates during treat-
ment, relapse and overall, lower survival in transplanted
patients [3, 4]. Deterioration of nutritional status is an
independent risk factor influencing on patients’ quality
of life.®) Therefore, patients undergoing HSCT may be at
nutritional risk due to decreased oral intake, high nutri-
tional requirements and nutrient malabsorption [5].

On the other hand, the dramatic induction of local and
systemic inflammation resulted from procedural require-
ments of HSCT plays a vital role in nutritional status [6,
7]. Therefore, initial assessment of nutritional status is
important and can be conceived in relation to probable
nutritional impacts of conditioning and other treatment-
related toxicity [8]. For this purpose, several screening
tools have been developed and validated [9]. Of these, the
Nutritional Risk Screening (NRS-2002), recommended
by the European Society of Clinical Nutrition and Metab-
olism (ESPEN), has been identified as a well-established
tool for the inpatient population associated with higher
risk for adverse outcomes. In addition, several studies
have shown that inflammation and poor nutritional sta-
tus evaluated by such parameters as NRS-2002, serum
C-reactive protein (CRP) and CRP-albumin ratio (CAR)
are in association with poor outcome after HSCT in
adults [10, 11]. Instead of analyzing each element sepa-
rately, CRP and albumin levels will be analyzed together
by CAR [12]. The CAR, reflecting both nutritional status
and inflammation, has received considerable attention as
a novel prognostic parameter in several types of cancers
[13-16]. Multiple cancer studies have shown that pre-
transplant CAR, a composite index of statistical inflam-
mation and nutritional condition, is an independent
predictive predictor. However, its application in patients
with hematological malignancies is unknown [17].

The correlation between the nutritional status and
systemic inflammation has been investigated in chronic
undernourished patients; however, its effect has not yet
been evaluated in patients undergoing HSCT. Herein, we
hypothesized that an elevated nutritional risk, as assessed
by the NRS, is associated with an increased inflammation
and lower albumin and total protein levels. In order to
test this hypothesis, we performed a cross sectional study
aimed to investigate the potential association between
the nutritional status and inflammation as well as albu-
min levels in HSCT Recipients.

Page 2 of 7

Methods

Study design and participants

Patients admitted to bone marrow transplant ward of
Taleghani Hospital (Tehran, Iran) in order to receive
HSCT were identified. Type of hematological malig-
nancies including Multiple Myeloma (MM), Hodgkin
Lymphoma (HL), Non-Hodgkin Lymphoma (NHL),
Acute Myeloid Leukemia (AML) and Acute Lympho-
cytic Leukemia (ALL) were confirmed based on patho-
logical findings. The aims and procedures of the study
were explained for eligible patients. Of these, 278 adult
patients aged 18-65 years old who had signed written
consent form were recruited. The patients were included
of 99 patients with MM, 55 patients with HL, 28 patients
with NHL, 61 patients with AML and 35 patients with
ALL. The present study was performed during August,
2020-November 2021 in accordance with the ethi-
cal standards of declaration of Helsinki and its later
amendments.

Measurements

All the measurements were implemented within the first
24 h of bone marrow transplant ward admission. Demo-
graphic characteristics of the patients including age,
sex, diagnosis, type of stem cell transplantation as well
as laboratory tests were recorded. Anthropometric data
including weight and height were also measured. Weight
was measured with minimal clothing and without shoes
with 0.1 kg accuracy. Standing height of the patients was
measured without shoes with 0.1 ¢m accuracy (Balas
Company, Iran). Body Mass Index (BMI) was calculated
by dividing the weight (kg) by height squared (m?).

NRS-2002 Questionnaire, used for nutritional assess-
ment, was scored in each of three components including
nutritional status of the patient (based on weight loss,
Body Mass Index (BMI) and general condition of food
intake) and severity of disease and age. Each component
is scored from 0 to 3 points and patients aged 70 or older,
will receive an extra point [18].

Serum levels of Albumin and total protein were mea-
sured using photometric method with a commercial kit
(Pars Azmoon Co., Tehran, Iran. Serum concentrations
of inflammatory biomarkers including CRP and Eryth-
rocyte Sedimentation Rate (ESR) were measured by
immunoturbidimetric assay with a commercial kit (Pars
Azmoon Co., Tehran, Iran) and Westergren method,
respectively. CAR was calculated by dividing serum CRP
concentration by albumin concentration [19]. Serum
concentration of hemoglobin also were measured using
spectrophotometric method. All assays were performed
based on the manufacturer’s procedure.
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Blood sampling

In order to perform laboratory analysis, venous blood
samples were drawn within the first 24 h of bone mar-
row transplant ward admission. The samples were centri-
fuged at 3000 rpm for 10 min at 4° C to obtain serum.
Serum samples were aliquoted and quickly frozen at —80°
C until the biochemical analysis, with exception for ESR
which was measured immediately.

Statistical analysis

All statistical analyses were performed using the SPSS
software (Version 20; IBM Corp., Armonk, NY, USA).
Data were expressed as mean+SD and frequency (per-
centage) for continuous and categorical variables,
respectively. To assess differences in continuous vari-
ables between patients with and without nutritional
risk, independent sample t-test was used. Also, we used
the chi-square test to assess distribution of categori-
cal variables across patients with and without nutri-
tional risk. To compare multivariable-adjusted means
of inflammatory biomarkers, albumin, and total protein
between patients with and without nutritional risk, we
used one-way analysis of covariance (ANCOVA). In this
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analysis, adjustments were made for age, gender, BMI,
malignancy type, serum levels of magnesium, calcium,
and total bilirubin to obtain an independent association.
Both continuous and categorical confounding variables
were considered as covariates in the ANCOVA analysis.
P <0.05 was considered as statistical significance.

Results
At first, 312 subjects were screened for the current study;
however, 278 patients including 161 male (57.9%) met
the inclusion criteria. Flow chart of the study design is
presented in Fig. 1. The prevalence of nutritional risk
(NRS=3) was 22.3%. Demographic and clinical char-
acteristics of the patients are presented in Table 1.
As shown, the mean age (+SD) of the patients was
41.46+14.67 years. Also, the average of BMI was signifi-
cantly lower among undernourished patients (P<0.001).
Regarding the type of malignancies, the most prevalent
type was MM (35.6%); however, the prevalence of nutri-
tional risk was higher among the patients with AML in
comparison with the other types (30.6%).

The laboratory parameters of the patients are summa-
rized in Table 2. As presented, there was no significant

Identification

Assessed for eligibility (n=312)

- Excluded (n=34)
o <18 years (n=14)

0 >65 years (n= 8)
o0 Other type of blood
malignancies (n=12)

A4

Inclusion

Included in the study according to
inclusion criteria (n=278)

Analysis

Analyzed (n=278)

Fig. 1 Flow chart of the study design
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Table 1 Demographic and clinical characteristics of patients
with malignancy according to NRS scores
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Table 2 Laboratory parameters of the patients with malignancy
according to NRS scores

Characteristics Total NRS<3 NRS=3 P-val-
(n=278) (n=216) (n=62) ue*

Age (year) 4146+1467 425511452 3766+1464 002

Sex (male) 161 (57.9) 119 (55.1) 42 (67.7) 0.07

Weight (kg) 76.88+14.76 79.09+1387 69.17+£1529 <0.001

BMI (kg/m2) 2693+4.70 2784+423 2373+489 <0.001
Type of malignancy, n (%) 0.008

MM, n (%) 99 (35.6) 85 (39.4) 14 (22.6)

HL, n (%) 55(19.8) 45 (20.8) 10 (16.1)

NHL, n (%) 28 (10.1) 23(10.6) 5(8.1)

AML, n (%) 61(21.9) 42 (19.4) 19 (30.6)

ALL, n (%) 35(126) 2109.7

) 14 (22.6)
Data are presented as mean+SD or number (percent)

Abbreviations: BMI: Body Mass Index; MM: Multiple Myeloma; HL: Hodgkin
Lymphoma; NHL: Non-Hodgkin Lymphoma; AML: Acute Myeloid Leukemia;
ALL: Acute Lymphocytic Leukemia, NRS: Nutrition Risk Screening

*Obtained from the independent sample t-test or Chi-square test, where
appropriate

difference between the baseline laboratory parameters
between patients with and without nutritional risk except
for RBC (P=0.001), hematocrit (P=0.02), and prothrom-
bin time (PT) (P=0.03). The patients at nutritional risk
had lower RBC, hematocrit, and higher prothrombin
time compared with those without nutritional risk.

The association between nutritional status based on
NRS-2002 and inflammatory biomarkers as well as albu-
min and total protein are shown in Table 3. Compared
with patients with normal nutritional status, those with
nutritional risk (NRS>3) had higher ESR, CRP, and CAR.
These differences remained significant even after adjust-
ment for potential confounders. In addition, under-
nourished patients had lower BMI, serum albumin, and
hemoglobin concentration compared with those without
nutritional risk (P <0.05). We found no significant differ-
ence in total protein between patients with and without
nutritional risk either before or after adjusting for con-
founders (P>0.05).

Discussion

In clinical practice, several biochemical parameters,
particularly albumin, are often used for assessment of
nutritional risk; however, there is still a lack of evidence
to support their usefulness under special clinical circum-
stances [20]. To the best of our knowledge, this is the first
study to explore the association between nutritional sta-
tus and several blood biomarkers and systemic inflamma-
tion in patients with hematological malignancies. In this
study, we found a significant positive association between
nutritional risk and some inflammatory biomarkers
including ESR, CRP, and CAR and a significant inverse
association between nutritional risk and BMI, serum
albumin, and hemoglobin concentration in patients with

Characteristics Total NRS<3 NRS=>3 P-

(n=278) (n=216) (n=62) val-
ue*

CBC

RBC (Million/pl)  4.07+0.74 4.14+0.71 3.80+0.77 0.001

WBC (><1O3/u|) 512+1.79 512+1.72 513+2.02 0.97

Platelet 189.21+67.16 189.88+65.66 186.88+72.67 0.75

(x10%/ul)

Hgb (g/dL) 11.86+192  1200+1.78  1137+£230  0.05

Hct (%) 34714545 35114524 33.34+£598 0.02

Electrolyte status

Na (mEg/L) 14207+3.16 142214315 14158+3.19 0.16

K (mEg/L) 4134212 4.17+240 400+0.34 0.57

Ca (mg/dL) 9.55+1.00 9.54+1.08 9.61+0.65 0.61

P (mg/dL) 3.94+0.63 391+059 4.01+0.75 0.27

Mg (mEg/L) 1.93+0.23 1.92+0.23 1.98+0.23 0.11

Liver function tests

ALT (U/L) 329741768 3289+1767 3327+1786 088

AST (U/L) 26.79+£10.03 2649+938 2783+£1203 035

ALP (U/L) 208.55+67.60 20553+67.81 219.06+66.35 0.16

Bilirubin-T (mg/ 0.91+1.73 095+1.96 0.79+0.31 0.54

db)

Bilirubin-D (mg/ 0.30+0.14 030+0.14 031+0.14 067

dL)

Renal function tests

BUN (mg/dL) 1403 +4.11 14.18+4.00 13.50+4.48 0.26

Cr (mg/dL) 094+0.17 095+0.17 091+0.14 0.13

Coagulation tests

PT 12.20+£0.90 12.14+0.89 12424091 0.03

PTT 31.02+558 30.71+£547 32.09+£5.85 0.08

INR 1.10+0.86 1.114+0.98 1.03+0.07 0.51

Data are presented as mean+SD

Abbreviations: CBC: Complete Blood Count; RBC: Red Blood Cell; WBC: White
Blood Cell; PLT: Platelet; Hgb: Hemoglobin; Hematocrit; Na: Sodium; K: Potassium;
Ca: Calcium; P: Phosphor; Mg: Magnesium; ALT: Alanine Aminotransferase; AST:
Aspartate Aminotransferase; ALP: Alkaline Phosphatase; BUN: Blood Urea
Nitrogen; Cr: Creatinine; PT: Prothrombin time; PTT: Partial Thromboplastin
Time; INR: International Normalized Ratio

*Obtained from the independent sample t-test

hematological malignancies after taking potential con-
founders into account.

According to our results, 22.3% of HSCT candidates
were at nutritional risk. The extent of nutritional risk
in these patients depends on several factors including
pretreatment of high-dose chemotherapy and/or sys-
temic radiation before transplantation, which may cause
important metabolic alterations, digestive dysfunction,
and nutritional deficiencies [21]. Although nutritional
risk has been identified as a serious condition under
many circumstances, there is still a lack of universal
approach and method for nutritional assessment. Several
nutritional assessment tools such as NRS-2002, PG-SGA
and MNA have been developed as valid and success-
ful approaches in clinical setting [18, 22]. Of these, the
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Table 3 Multivariable-adjusted means for inflammatory
biomarkers, albumin and total protein across the two categories
of NRS

NRS<3 NRS =3 P-value’
(n=216) (n=62)

BMI (kg/m?)

Crude 27.84+029 23.73+0.55 <0.001

Model 1 27.75+029 2405+£055 <0.001

Model 2 27774029 2398+0.55 <0.001
CRP (mg/L)

Crude 893+1.14 1537+£2.14 0.009

Model 1 896+1.15 1527+225 0.02

Model 2 890+1.15 1547+£226 001
ESR (mm/hr)

Crude 23.10+155 2801+£278 0.12

Model 1 2260+152 2961+£285 003

Model 2 22374153 3035+288 001
Albumin (g/dL)

Crude 450+£002 432+£005 0.002

Model 1 4514002 429+005 <0.001

Model 2 451+£002 428+005 <0.001
Total protein (g/dL)

Crude 7.09+0.06 708+0.11 094

Model 1 7.08+0.06 709+0.11 097

Model 2 709+006  7.08+0.11 098
Hemoglobin (g/dL)

Crude 1200£0.13 11.37+£024 0.02

Model 1 1200+£0.12  11.39+024 003

Model 2 1202+£0.12 1132+£024 001
CRP/Alb

Crude 2.02+0.27 3.68+0.52 0.005

Model 1 2.03+0.28 3.65+0.54 001

Model 2 202+£028 3.70£0.55 0.008

Data are presented as mean+SD

Abbreviations: CRP: C-reactive protein, ESR: Erythrocyte Sedimentation Rate,
NRS: Nutrition Risk Screening

Obtained from one-way analysis of covariance
Model 1: Adjusted for age, gender, BMI, and malignancy type

Model 2: Further adjustment for serum levels of magnesium, calcium, and total
bilirubin

ESPEN recommends the use of NRS-2002, which
includes the diagnosis of cancer as a risk factor for poor
nutritional status, in hospitalized patients. Although
according to the ESPEN guideline of 2017, there is no
consensus on the nutritional screening methods for can-
cer patients [23-25], Peng et al,, suggested NRS-2002
as the first choice of nutritional assessment tools for
patients with leukemia before HSCT [26].

The results of the present study showed a positive asso-
ciation between nutritional risk and CAR and inflamma-
tory biomarkers including CRP and ESR, and a significant
inverse association between nutritional risk and albumin
and hemoglobin. However, no significant association was
seen for total protein. In agreement with our results, pre-
vious studies have shown that nutritional risk (based on
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NRS-2002) was positively associated with inflammation
[27-29] and CAR [28], and was inversely associated with
albumin [27, 28, 30-33] and hemoglobin levels [27-30,
33]. A recent cross-sectional study among hospitalized
patients reported a significant association between nutri-
tional risk (based on NRS-2002) and lower albumin [34].
Also, the findings from a systematic review and meta-
analysis in older adults revealed a significant association
between NRS score and albumin and hemoglobin levels
in acute and non-acute patients; however, this associa-
tion was not significant regarding to CRP levels [20].

With respect to the association between NRS score
and blood biomarkers, the present study demonstrated
that there is a strong association between nutritional
status and serum albumin levels (P<0.001), while oth-
ers did not. This could be in large part due to albumin
being a more sensitive marker, reflecting poor nutri-
tional assessment and inflammation in HSCT candi-
dates. In addition, nutritional risk has been identified as
an important contributing factor to the development of
inflammation; however, inflammation is expected to be
common among HSCT candidates [6] and this is con-
firmed by increased serum level of CRP and ESR values
in our study. Although inadequate nutritional intake can
lead to a decrease in serum albumin, inflammation may
also affect the nutritional indices. Nutritional risk is asso-
ciated with compromised immunity and an increased
chance of infection [35]. This condition can induce
inflammation among malnourished patients [36]. How-
ever, it must be kept in mind that albumin is one of the
negative acute-phase proteins (APP) that are decreased
by increasing inflammatory biomarkers [37, 38]. There-
fore, the increased levels of inflammatory biomarkers,
rather than nutritional risk, may lead to reduced levels of
albumin. Hence, our findings on the significant associa-
tion between nutritional status and serum albumin levels
should be considered with caution. Overall, the com-
bination of both nutritional risk and inflammation, as
occurred in hematological malignancies, results in great
changes such as poor transplant outcomes [39, 40].

We also found a significant association between nutri-
tional risk and lower BMI in line with earlier studies [27,
28, 30, 31, 33]. In contrast, Boban et al. reported no sig-
nificant association between NRS score and BMI [41].
Considering that the BMI is a component of NRS tool,
it was not the focus of our study as a marker; however,
given the widespread utilization in clinical practice, it
was worth to present its results here. Our results showed
even though the patients’ BMI might be in the normal
range, they may be at nutritional risk, suggesting the
necessity of using a higher cut-off for BMI to warrant
identification of all at-risk individuals for our study popu-
lation. So, it remains a challenge to define a practical and
valid cut-off for BMI [42].
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The current study had several strengths and limita-
tions. The main strength was its homogenous population
of study and evaluation of the patients before undergo-
ing chemotherapy and transplantation which may affect
nutritional status and blood biomarkers. According to
our knowledge, this is the first study investigating the
association between nutritional status and blood bio-
markers and systemic inflammation among HSCT can-
didates. The study’s cross-sectional design was the main
limitation and hence, follow-up surveys evaluating the
effect of nutritional status on transplant outcomes and
mortality are needed. In addition, body weight and BMI
are traditional parameters for assessment of nutritional
status. Recently, body composition analysis (BIA) has
been identified as a useful and valid method in clinical
practice [43]; however, it was not available in the present
study.

Conclusions

In summary, we found a significant positive associa-
tion between nutritional risk and some inflammatory
biomarkers including ESR, CRP, and CAR and a signifi-
cant inverse association between nutritional status and
BMI, serum albumin, and hemoglobin concentration in
patients with hematological malignancies However, in
terms of serum total protein, no significant association
was seen. Further research is needed to evaluate the asso-
ciation between nutritional status and other outcomes of
hematological malignancies such as infection, graft ver-
sus host disease (GvHD), and mortality.
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