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Abstract

Background: Although vitamin D has been known as an effective substance in bone homeostasis, recent studies indicated a
number of other biological properties attributed to vitamin D. Patients, who are candidates for hematopoietic stem cell
transplantation (HSCT), were shown to be at high risk of vitamin D deficiency.

Objectives: This study aimed at exploring the association between serum levels of vitamin D and biochemical markers among
HSCT candidates.

Methods: Totally, 214 patients, aged 18 to 65 years, were recruited in the current cross-sectional study. Within 24 hours of
admission to the Bone Marrow Transplant ward, baseline clinical and demographic characteristics of study participants, serum
levels of vitamin D, C-reactive protein (CRP), erythrocyte sedimentation rate (ESR), hemoglobin, albumin, total protein, CRP-
albumin ratio (CAR), and body mass index (BMI) were assessed. Participants were divided into 4 groups based on their serum
vitamin D levels: Subjects with deficient, insufficient, sufficient, and optimal levels of vitamin D.

Results: Across the 4 defined categories of serum vitamin D levels, there was no significant difference in terms of BMI,
laboratory parameters, inflammatory factors, and biochemical markers. This lack of significant variation remained in both
unadjusted and adjusted models.

Conclusions: These observations indicate a lack of significant association between serum vitamin D levels and BMI,
inflammatory factors, and biochemical markers in individuals undergoing evaluation for HSTC.
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1. Background

Hematopoietic stem cell transplantation (HSCT) has
recently emerged as a significant therapeutic approach
for various cancers, particularly multiple myeloma or
leukemia (1). However, despite the reported
achievements with this therapy, patients undergoing
HSCT experience a number of side effects, including
anorexia, mucositis, nausea, vomiting, and infection (2).

These side effects, which may be, at least in part,
attributed to chemotherapy, high-dose radiotherapy,
and different medications (immunosuppressive drugs,
antibiotics, and steroids) used with the patients, can
lead to suppressed food intake and compromised
digestion and/or absorption of different nutrients (3),
ultimately resulting in moderate to severe malnutrition
(4). There is evidence that malnourished patients have
reduced tolerance to anti-cancer therapy and more
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severe post-transplant outcomes, including extended
hospital stays, reduced quality of life, and even
increased mortality rates (5-9).

Of different nutrients, vitamin D is of particular
interest due to its important role in a number of
immunologic processes, such as reducing the number
of pro-inflammatory lymphocytes, increasing anti-
inflammatory substances, and promoting bone marrow
recovery (10, 11). Vitamin D has also been shown to
possess other important biological roles in the
cardiovascular system (12), oncology (12), blood diseases
(13), bone homeostasis (14), and autoimmunity (15, 16)
among patients with different conditions. For example,
there is evidence that vitamin D serum levels are
associated with Body Mass Index (BMI), serum levels of
albumin, and inflammatory factors in patients with
colorectal and prostate cancer (17, 18). Importantly,
patients, undergoing HSCT, are more exposed to vitamin
D deficiency than the general population (19), with the
pre-transplant deficiency rates reported to be as high as
70% (20). This susceptibility may be attributable to
different factors, including prior chemotherapy,
radiation, poor nutrition, and limited sun exposure (21,
22), all of which contribute to several post-transplant
outcomes due to vitamin D among these patients (23).

Despite the increasing use of HSCT as a prominent
cancer therapy, and the evident importance of vitamin D
in immunity functions, no previous study, to the best of
our knowledge, has explored the relationship between
serum vitamin D levels and biochemical factors among
potential HSCT candidates.

2. Objectives

Accordingly, this cross-sectional study aimed at
investigating the relationship between serum levels of
vitamin D and biochemical markers in patients who are
candidates for HSCT.

3. Methods

3.1. Subjects

Between August 2020 and November 2021, 214 adult
patients (aged 18 to 65 years), who were hospitalized in
Taleghani Hospital's bone marrow transplant ward
(Tehran, Iran) to undergo HSCT, and provided written
consent forms, were recruited. Based on pathological
results, the presence of hematological malignancies
including multiple myeloma (MM), Hodgkin lymphoma
(HL), non-Hodgkin lymphoma (NHL), Acute Myeloid
Leukemia (AML), and acute lymphocytic leukemia (ALL)
was confirmed. The current study was carried out under

the ethical guidelines of the Declaration of Helsinki and
its later revisions, as approved by the Ethics Committee
of Shahid Beheshti University of Medical Sciences
(IR.SBMU.RETECH.REC.1402.280).

3.2.Inclusion and Exclusion Criteria

Adult patients aged 18 to 65 years, hospitalized in
Taleghani Hospital's bone marrow transplant ward
(Tehran, Iran), and candidates for HSCT were included in
the study. Patients had to have a diagnosis of
hematological malignancies, such as multiple myeloma,
Hodgkin lymphoma, non-Hodgkin lymphoma, acute
myeloid leukemia, or acute lymphocytic leukemia, and
provide written consent to participate.

Exclusion criteria comprised patients with
incomplete clinical or biochemical data, those who had
undergone prior HSCT or other significant treatments
affecting vitamin D levels or biochemical markers
before the study period, patients with other chronic
conditions that could confound the study results such
as chronic kidney disease or severe liver disease, and
those taking vitamin D supplements or other
medications that could affect vitamin D metabolism
during the study period.

3.3. Measurements

Within the first 24 hours of admission to the bone
marrow transplant ward, all measures were collected.
Patients' demographic characteristics, including age,
sex, diagnosis, type of stem cell transplantation, and
laboratory tests were all recorded. Anthropometric
measurements of height and weight were also taken.
Weight was accurately estimated to be within 0.1 kg
while wearing no shoes and few other clothes. With an
accuracy of 0.1 cm, the patients' standing height was
measured without shoes (Balas Company, Iran). BMI
was, then, calculated by dividing the weight (kg) by the

square of the height (m?).

Serum levels of albumin and total protein were
measured by the photometric technique using a
commercial kit (Pars Azmoon Co., Tehran, Iran). C-
reactive protein (CRP) concentrations and Erythrocyte
Sedimentation Rate (ESR) were also assessed by
immunoturbidimetric assays using commercial Kkits
from Pars Azmoon Co (Tehran, Iran) and the Westergren
technique, respectively. The HPLC method was used to
measure the blood 25-hydroxycholecalciferol (25-OH
Vitamin D) levels. By dividing the serum CRP
concentration by the albumin concentration, CAR was
calculated (24). A spectrophotometric approach was also
used to assess the serum hemoglobin levels. All assays
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were carried out according to the manufacturer's
instructions based on established methods.

3.4.Blood Sampling

Venous blood samples were collected within the first
24 hours of admission and processed for laboratory
analysis. Blood samples were centrifuged at 3000 rpm
for 10 min at 4°C to collect serum samples. Serum
samples were stored at -80°C until the biochemical
analysis, except for ESR, which was assessed
immediately.

3.5. Statistical Analysis

Statistical analysis was performed, using the SPSS
software (Version 20; IBM Corp., Armonk, NY, USA). Data
were reported as mean * SD for continuous variables
and frequency (%) for categorical variables. Patients were
categorized into 4 groups based on serum levels of
vitamin D (subjects with deficient, insufficient,
sufficient, and optimal serum levels of vitamin D). An
independent sample t-test was performed to analyze
differences in continuous variables between study
patients across 4 categories. The distribution of
categorical characteristics across these categories was
also evaluated, using the chi-square test. We conducted a
one-way analysis of covariance (ANCOVA) to evaluate the
multivariable-adjusted means of inflammatory
biomarkers, biochemical markers, and BMI. Different
variables, including age, gender, BMI, type of
malignancy, and serum levels of magnesium and
calcium were adjusted as potential confounders.
Statistics were considered significant at P < 0.05.

4.Results

In the current cross-sectional study, 214 bone marrow
transplant candidates, including 121 men (56.5%), were
evaluated. Vitamin D deficiency (25 [OH] D < 10 ng/mL)
was observed in 14% of participants. The baseline
demographic and clinical characteristics of participants
across serum levels of vitamin D are summarized in
Table 1. The mean age (+ SD) of the participants was 41.33
+ 15.23 years. There was no significant difference
between the weight and BMI of participants across 4
categories of serum levels of vitamin D. While the most
prevalent malignancy was MM (32.7%), individuals with
HL and AML were more likely to be vitamin D deficient,
compared to those with other types of malignancies
(30.0%).

Laboratory parameters of study participants are
presented in Table 2. There were no significant
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differences in hematological parameters, electrolyte
status, liver function indices, renal function-related
factors, and coagulation tests across categories of serum
levels of vitamin D. However, there was a trend in red
blood cell (RBC), hematocrit, and sodium (Na) levels (P <
0.06).

The associations between serum levels of vitamin D
and inflammatory factors, as well as biochemical
parameters and BMJ, are shown in Table 3. No significant
differences were found in BMI, inflammatory
biomarkers, and biochemical parameters, comparing
the highest and lowest serum levels of vitamin D, in
both crude and adjusted models. Although patients
with vitamin D deficiency had lower BMI and
hemoglobin levels, as well as higher CRP, CRP/Alb, and
total protein values, both before and after adjustment
for potential confounding variables, these differences
were not statistically significant.

5. Discussion

There is a body of evidence suggesting that vitamin D
plays a pivotal role in the prognosis of various cancers
(25, 26), as well as inflammation (27, 28). To the best of
our knowledge, this is the first study investigating the
associations between serum levels of vitamin D and a
number of biochemical markers and anthropometric
measures in patients with hematological malignancies,
considered for HSCT. Our findings reveal no significant
differences in  BMI, laboratory  parameters,
inflammatory factors, or biochemical markers among
study participants across different categories of serum
vitamin D levels, indicating no significant associations
between these markers among HSCT candidates.

Previous studies showed a direct correlation between
higher serum levels of 25 (OH) D and an improved
survival rate among patients with different cancers,
including colon, breast, prostate (29), non-small cell
lung, cancer (30) and Hodgkin's lymphoma (29).
Moreover, a substantial proportion of cancer patients
experience  muscle  weakness, musculoskeletal
problems, and cognitive disorders, all of which may be
indicative of vitamin D deficiency (31, 32). Our study
reveals that 14% of patients had deficient levels of
vitamin D (25 [OH] D < 10 ng/mL), while 76% had
insufficient levels (25 [OH] D: 10 - 30 ng/mL), and only
24% had sufficient levels (25 [OH] D > 30 ng/mL). A case-
control study, involving children considered for HSCT,
reported significantly lower serum levels of vitamin D in
patients, compared to healthy controls, with 27% of
patients found to be vitamin D deficient (defined as
serum levels lower than 15 ng/mL) (33). Similarly, in
another study, conducted on 102 adults who were
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Table 1. Demographic and Clinical Characteristics of Patients with Malignancy Across Four Categories of Serum Levels of Vitamin D

Characteristics Total (N=214) <10 ng/mL (n=30) 10-20 ng/mL(n=90) 20-30 ng/mL(n=42) >30 ng/mlL (n=52) P-Value P
Age (y) 4133£15.23 33.10 £12.70 40.45 +13.09 45.89 £19.16 43.90 £14.74 0.002
Gender (male) 121(56.5) 14 (46.7) 57(63.3) 22(52.4) 28(53.8) 0344
Weight (kg) 76.96 +14.54 70.62+13.88 77.85+14.59 78.78 £13.80 77.58 £14.56 0.078
BMI (kg/m2) 27.05+4.62 25.37+3.82 26.81+4.40 28.05+5.14 27.63+4.81 0.072
Type of malignancy 0.122

MM 70 (32.7) 6(20) 25(27.8) 22(54.2) 17(32.7)

HL 46 (21.5) 9(30) 21(23.3) 8(19) 8(15.4)

NHL 25 (11.7) 2(6.7) 10 (11.1) 6(14.3) 7(13.5)

AML 47(22) 9(30) 23(25.6) 4(9.5) 11(21.2)

ALL 26 (12.1) 4(133) 11(12.2) 2(4.8) 9(17.3)

Abbreviations: ng/mL, nanograms per milliliter; 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.
2 Values are expressed as mean = SD or No. (%).

b Obtained from the independent sample t-test or chi-square test, where appropriate.

considered for allogeneic HSCT, 89.2% of the patients
were found to have insufficient vitamin D levels (25 [OH]
D < 30 ng/mL) before transplantation, with 23.5% of the
patients had vitamin D deficiency (19).

We found no significant association between vitamin
D levels and BML. Our findings are in alignment with a
number of studies, showing no significant role for body
weight in vitamin D status (33). However, limited studies
indicate that vitamin D level was inversely associated
with BMI colorectal cancer patients (17); so, those
patients with higher BMI were found to have lower
levels of vitamin D. Interestingly, fat mass was reported
to account for the reduction in serum levels of vitamin
D, as an independent factor (19). While more evidence is
available on the inverse association between vitamin D
levels and BMI among healthy populations (34, 35),
further investigations are required to better define the
role of body weight in the modulation of vitamin D
levels in cancer patients.

While the activation of systemic inflammatory
response was shown to be associated with cancer
progression (36), the association between vitamin D
levels and inflammation remains of debate, with a
number of studies showing that inflammation can
reduce the serum levels of vitamin D (37-39). In the
present study, there was no significant difference
between inflammatory biomarkers across different
categories of serum vitamin D levels; although the mean
CRP was non-significantly higher in patients with
vitamin D deficiency, compared with other patients. This
finding was in line with a case-control study, indicating
a negative correlation between serum levels of vitamin
D and CRP and IL-8 in prostate cancer patients (18).

Similar findings were also observed in colorectal cancer
patients (17). A number of studies also support the
relationship between vitamin D levels and other
inflammatory biomarkers in healthy lean and obese
participants (40, 41). Indeed, the active metabolite of
vitamin D, 1,25 (OH)2 D, was shown to have anti-
inflammatory properties by changing the inflammatory
profile, Thi/Th17, to the anti-inflammatory profile,
Th2/Treg (42), which, in turn, lead to increased
production of anti-inflammatory agents, and reduced
levels of pro-inflammatory factors (43).

There is evidence showing that albumin levels are
independently associated with vitamin D deficiency.
Albumin and vitamin D binding protein (DBP) are the
most important markers that regulate the circulating
level of 25 (OH) D (26). Only 0.1% of vitamin D is free in
circulation, while the remaining 90% of vitamin D is
bound to DBP, and 9.9% of vitamin D is bound to
albumin; therefore, vitamin D availability is dependent
on albumin and DBP levels (44, 45). Accordingly, serum
albumin levels were found to be an effective
measurement among most malnutrition assessment
tools (46). While albumin level has not been approved as
a marker of malnutrition due to its susceptibility to
acute inflammation, infection, and trauma (46), it can
be still used along with the other common
inflammatory biomarkers such as CRP and WBC in
predicting the prognosis of cancer patients (36). In our
study, the average albumin level was lower in patients
with vitamin D deficiency, while this difference was not
statistically significant. Despite our findings, a positive
correlation was reported between vitamin D and
albumin levels in the general population and cancer
patients (17, 47). While the observed discrepancies may
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Table 2. Laboratory Parameters of Patients with Malignancy Across Four Categories of Serum Levels of Vitamin D

Characteristics Total (N=214) <10 ng/mL (n=30) 10-20 ng/mL (n=90) 20-30 ng/mL (n=42) >30 ng/mL (n=52) P-Value P
CBC
RBC (Million/uL) 4.08+0.78 3.85+0.86 420+0.78 4.17+0.49 3.95+0.75 0.057
WBC (x10°[uL) 5.17+1.81 5.23+2.28 5.25+1.88 5.21+1.81 4.97+136 0.835
Platelet (x 103/uL) 189.66 + 66.59 17110 + 64.16 191.65 * 64.21 207.45%75.25 182.57 £ 62.55 0.1
Hgb (g/dL) 11.90 £1.93 1.28+2.12 12.06 +2.01 12.01£135 11.86 £2.06 0.282
Hct (%) 34.75£5.60 3233£7.95 35.48 +5.34 35.29 +3.62 34.45+5.48 0.052
Electrolyte status
Na (mEq/L) 141.91+3.05 140.86 +2.82 142.28 £2.19 142.45 £2.49 141.44 £3.20 0.059
K(mEq/L) 416 £2.41 5.17+6.39 3.98+034 410+0.32 3.94+0.32 0.103
Ca(mg/dL) 9.61+0.91 9.45+0.58 9.50 £0.66 9.73+0.52 9.79 £1.50 0.189
P (mg/dL) 3.95+0.64 4.08+0.66 3.92+0.65 3.92+0.72 3.98+0.55 0.656
Mg (mEq/L) 1.93+0.21 1.95+0.26 1.92+0.22 1.98£0.21 1.89 £0.21 0.267
Liver function tests
ALT (UJL) 33.53+18.19 29.10 £17.63 35.06 £18.72 31.64 +£17.82 34.96 +£17.82 0.365
AST (U[L) 26.82110.27 26.20 £11.55 2613£9.33 26.07+9.27 29.00+11.70 0.382
ALP (U[L) 208.93+67.57 217.90 + 64.53 209.63+70.97 196.07 £54.44 212.96 +£72.98 0.526
Bilirubin-T (mg/dL) 0.92£1.96 0.83+0.46 1.05%2.99 0.86 £ 0.52 0.81£0.31 0.889
Bilirubin-D (mg/dL) 0.30+0.14 030+0.15 0.29+0.12 0.32+0.19 0.29+0.12 0.700
Renal function tests
BUN (mg/dL) 13.97+3.88 13.17+3.31 13.80 £3.69 14.50 £3.91 1429 £4.44 0.472
Cr (mg/dL) 0.94+0.16 0.90+0.17 0.95%0.16 0.94+0.18 0.96+0.15 0.379
Coagulation tests
PT 12.22+1.01 12.40 £ 0.89 1211133 1225+ 0.52 1230+ 0.67 0.530
PTT 3114 £5.73 32.20 £5.40 31.02+6.27 3154 £6.29 30.42+433 0.558
INR 112+ 0.99 1.03+0.07 125 £1.52 1.02£0.06 1.03+0.07 0.463

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.

@Values are expressed as mean + SD.

b Obtained from the independent sample t-test

be due to differences in the pathophysiology of the
disease, race, gender distribution, weather, and
sunlight, further studies, with a larger sample size, are
needed to clarify this issue.

Vitamin D deficiency is more prevalent among HSCT
patients due to several risk factors such as reduced
exposure to sunlight (22), glucocorticoids use (48),
gastrointestinal GVHD (49), inadequate dietary intake
(50), skin pigmentation (51), and absorption problems
(52). Therefore, vitamin D deficiency is more common
after transplantation, in comparison with the time of
admission for HSCT (53, 54).

Vitamin D deficiency is common in HSCT patients
and is linked to adverse outcomes like increased
infection risk, higher GVHD incidence, bone
demineralization, poorer survival rates, and reduced
quality of life (19, 21). Factors contributing to deficiency
include reduced sunlight, glucocorticoid use, GVHD,
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poor diet, and absorption issues (23). Managing vitamin
D levels could enhance immune function, decrease
GVHD severity, improve bone health, increase survival,
and improve overall well-being (42, 51). Future studies

should explore the benefits of vitamin D
supplementation in HSCT care.
Our study had several strengths. The high

homogeneity of the population, who were all HSCT
candidates, and data collection before the initiation of
the conditioning chemotherapy regimen were among
the strengths of our study. Nevertheless, this study has a
number of limitations, of which, the major one was its
cross-sectional design. A longitudinal approach
following patients after transplantation could provide a
clearer picture of the relationship between vitamin D
and biochemical markers. Despite several studies
investigating the association between vitamin D
deficiency and post-transplantation outcomes, it is
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Table 3. Multivariable-Adjusted Means for Inflammatory Markers, BMI, and Biochemical Parameters of Study Patients Across Four Categories of Serum Levels of Vitamin D b,c
Variables <10 ng/mL (N=30) 10-20 ng/mL(n=90) 20-30 ng/mL (n=42) >30 ng/mL (n=52) P-Value 4
BMI (kg/m %)

Crude 25.37+0.83 26.81£0.48 28.05+0.70 27.63+£0.63 0.072

Model 1 25.81+0.83 26.96+0.47 27.68+0.69 27.42+0.62 0.354

Model 2 25.80+0.83 27.00+0.47 27.53+0.70 27.48£0.62 0.385
CRP (mglL)

Crude 15.16 £2.92 9.42+1.69 7.21+2.47 11.12+2.26 0.198

Model 1 13.46 £2.97 9.41+1.69 8.01+£2.48 11.49 £2.56 0.474

Model 2 13.13+2.98 9.21+1.69 8.14 +2.50 11.93 +2.27 0.463
ESR (mm/hr.)

Crude 24.62+4.16 24.42+2.55 2330+3.52 26.18+3.20 0.945

Model1 2374+ 413 25.19+2.47 22.83+3.50 25.89 +3.09 0.911

Model 2 23.41+4.14 24.87+2.48 23.30+3.52 26.22+3.12 0.918
Albumin (g/dL)

Crude 4.47+0.07 4.48+0.04 4.4910.06 4.481+0.05 0.995

Model 1 4.44+0.78 4.47+0.04 4.521£0.06 4.42+0.05 0.890

Model 2 4.45+0.07 4.48+0.04 4.50+0.06 4.48+0.05 0.974
Total protein (g/dL)

Crude 7161 0.14 6.99+0.08 6.99+0.12 6.98+0.11 0.750

Model 1 713+£0.14 6.98+0.08 7.03+0.12 7.00+0.11 0.842

Model 2 714+ 0.14 6.99 +0.85 7.01+0.12 6.99+0.11 0.824
Hemoglobin (g/dL)

Crude 11.28 + 0.35 12.06 £0.20 12.01+0.29 11.88 £ 0.26 0..282

Model 1 11.41£0.34 11.97+0.19 12.05+0.28 11.91£0.25 0.494

Model 2 11.46 £ 0.33 12.01+£0.19 11.98 £0.28 11.88 £ 0.25 0.546
CRP/Alb

Crude 3.41+£0.69 219+0.40 1.59+0.58 2.55+0.54 0.240

Model1 3.02+£0.71 2.20+0.40 1.78+0.59 2.63+£0.54 0.533

Model 2 2.99+0.71 2.15%0.40 1.83+0.59 27210.54 0.539

Abbreviations: CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; NRS, nutrition risk screening.

2 Values are expressed as mean + SE.
b Model 1: Adjusted for age, gender, and malignancy type.
€ Model 2: Further adjustment for serum levels of magnesium and calcium.

4 Obtained from one-way analysis of covariance.

necessary to evaluate this association in the Iranian
population, recognizing significant differences in
environmental conditions and race that could affect
serum vitamin D levels.

5.1. Conclusions

In summary, there was no significant association
between serum levels of vitamin D and BM],
inflammatory factors, and biochemical markers in HSCT
candidate patients. While previous studies have
explored the association between serum vitamin D
levels and post-transplantation outcomes in different
groups of participants, this study was the first to

investigate the association between serum levels of
vitamin D and various biochemical markers in HSCT
candidate patients. Future studies with larger sample
sizes and different designs (case-control or longitudinal
designs) could provide further insights into the
relationship between vitamin D and biochemical
markers, particularly with a focus on investigating the
effects of vitamin D supplementation on public health
outcomes in HSCT candidate patients.
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