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Abstract

Background/Aim: This study examines patients diagnosed with vitamin B12 deficiency in our
department. Although rare, vitamin B12 deficiency is one of the causes of megaloblastic anemia, which
can lead to negative outcomes in patients. We aim to promote earlier diagnosis to protect patients from
these negative effects. Therefore, this study will contribute to raising awareness in the literature.

Methods: Retrospectively, we included a total of 127 outpatient children, aged 0-18 years (0-215
months), who were diagnosed and treated for vitamin B12 deficiency at the Bagcilar Training and
Research Hospital Child Health and Disease Clinic between October 2014 and February 2015.

Results: Among the patients, 67 (53%) with vitamin B12 deficiency were female, while 60 (47%) were
male, indicating a higher occurrence in girls. Vitamin B12 deficiency was most commonly observed in the
age groups of 0-2 years and 12-17 years (adolescents). The mean vitamin B12 level was 168.1 (34.1)
pg/mL, the mean hemoglobin level was 12 (1.9) g/dL, and the mean MCV (mean corpuscular volume) was
78.4 (8.1) fl. Anemia was observed in 38% of the patients, bicytopenia in 4%, neutropenia in 6%,
thrombocytopenia in 9%, pancytopenia in 3%, and macrocytosis in 2%. Non-iron-deficient patients
showed no difference in mean hemoglobin and RDW (red cell distribution width) when compared to iron-
deficient patients. However, their B12 levels were lower. The prevalence of iron deficiency did not differ
between girls and boys. Comparing patients with vitamin B12 levels lower than 150 pg/mL to those with
higher levels, there were no significant differences in average Hb, MCV, and RDW.

Conclusion: It should be noted that macrocytic anemia is not exclusive to vitamin B12 deficiency.
Vitamin B12 deficiency can manifest as normocytic anemia and should not be overlooked in biochemical
assessments. It is recommended to conduct nationwide and regional prevalence studies to evaluate vitamin
B12 deficiency as a public health issue and to develop new solutions accordingly.

Keywords: pediatrics, vitamin B12, deficiency
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Introduction

The main source of water-soluble vitamin B12 is animal
foods, predominantly found in beef liver and kidney. While
humans can fulfill their cobalamin requirements through animal
food intake, deficiency symptoms arise when intake is
insufficient [1]. Vitamin B12 plays a crucial role in cell
development and division by participating in DNA
(Deoxyribonucleic Acid) synthesis. Its deficiency particularly
affects rapidly growing tissues with high cell turnover [2]. The
consequences of deficiency include somatic and motor neuron
developmental delays and megaloblastic anemia [3]. Severe
deficiency can lead to serious conditions, ranging from the
inability to perform basic functions, such as holding the head and
sitting up, to coma [4]. Vitamin B12 deficiency represents a
significant public health issue, particularly in developing
countries. This study aims to retrospectively investigate the
frequency, demographic, clinical, and biochemical characteristics
of patients with vitamin B12 deficiency. By examining the
medical records and computer data of patients treated for vitamin
B12 deficiency at the Bagcilar Training and Research Hospital
Pediatrics Clinic between October 2014 and February 2015, we
seek to compare our findings with existing literature.

Materials and methods

The files of patients aged 0-18 years (0-215 months)
who were diagnosed with vitamin B12 deficiency and received
follow-up and treatment at the Bagcilar Training and Research
Hospital Pediatrics Outpatient Clinic between November 2014
and March 2015 were retrospectively analyzed. Information
about the selected patients was obtained by reviewing their
medical records and using the hospital automation system
records. A total of 127 patients were identified and included in
the study. The lower limit for diagnosing vitamin B12 deficiency
was set at 200 pg/ml, and patients with values above this
threshold were excluded from the research. The study received
ethical approval from our hospital’s ethics committee, dated
31.12.2010, and numbered 352. The patient follow-up form
recorded age, sex, complete blood count, serum iron, total iron-
binding capacity, serum ferritin levels, folic acid, and vitamin
B12 levels. All patients had vitamin B12 levels below 200 pg/ml,
which was considered deficient. The normal range for serum
vitamin B12 was defined as 200-800 pg/ml. Iron deficiency was
defined as ferritin levels below 20 ng/ml. Hemoglobin (Hb) and
hematocrit (Hct) levels below 2 standard deviations from the
normal values for age were considered indicative of anemia,
while a white blood cell count (WBC) below 4000/mm3
indicated leukopenia. Neutropenia was defined as a neutrophil
count below 1500/mm3, and a platelet count below 150,000/mm?
was classified as thrombocytopenia [5]. Bicytopenia was defined
as the presence of two impairments in hemoglobin, WBC, or
platelet values, while pancytopenia referred to the presence of
three impairments. The upper limit for mean corpuscular volume
(MCV) in each patient was calculated using the formula [84fl +
(age (year) x 0.6)] until it reached the adult value of 96 fl after 6
months. Macrocytosis, defined as an elevated MCV level
according to age, was calculated separately for each patient [6].
Macrocytosis was not evaluated in infants younger than 6

months. Vitamin B12, folic acid, ferritin, serum iron, and total
iron-binding capacity (TIBC) were measured using the Cobas-
Roche (E170, Japan) hormone analyzer with
electrochemiluminescence immunoassay (ECLIA) method and
Roche brand mass. TIBC was calculated as the sum of total iron
and partial iron-binding capacity (PIBC). PIBC were measured
using the spectrophotometric method on the Cobas-Roche E170
hormone analyzer with Roche brand mass. Complete blood
counts were performed using an automatic blood count device,
the Beckman LH750 device, and the Coulter brand Kit.
Homocysteine levels were measured using the High-performance
liquid chromatography (HPLC) fluorescence detector method on
an Agilent brand device. The laboratory’s normal serum level
ranges was as follows: vitamin B12 200-800 pg/ml, folic acid
4.6-18.7 ng/ml, iron 60-158 pg/dl, ferritin 20-275 ng/ml,
homocysteine 5-14 umol/L, and LDH 95-500 U/L.

Statistical analysis

Descriptive statistics were employed to analyze the data,
including mean, standard deviation, median, minimum,
maximum, frequency, and ratio values. The distribution of
variables was assessed using the Kolmogorov-Smirnov test. The
Mann-Whitney U test was utilized for analyzing quantitative
data, while Spearman correlation analysis was employed for
correlation analysis. The analysis was performed using the SPSS
22.0 program.

Results

The patients were categorized by sex, revealing that 67
(53%) were female and 60 (47%) were male (Table 1). There
was no significant difference observed in the occurrence of
vitamin B12 deficiency between girls and boys (P=0.744).
Likewise, no significant correlation was found between age and
vitamin B12 levels (P=0.834) (Table 2). Except for anemia,
most of our patients were diagnosed with upper respiratory tract
infections, and their follow-up and treatments were conducted
through outpatient clinic visits (Table 3).

Table 1: Anemia morphology of patients

Mean (SD) | Median (Min-Max)
Age, year 7.6 (5.9) 8.0 (1.0-17.0)
n %
Gender Female 67 53%
Male 60 47%
Value by age = Hyperchromic 3 2%
Hypochromic 41 32%
Normochromic | 83 65%

Table 2: Vitamin B12 characteristics by sex and age

Vitamin B12 Level P-value
| Mean (SD) | Median = Min-Max
Gender = Female ‘ 170.4 (26.4) 175 102-200 0.834
Male | 173.4(23.3) @ 180 107-200

Mann-Whitney U test / Spearmen Correlation

The mean vitamin B12 level for the evaluated 127
patients was 168.1 (34.1) pg/ml, with a median value of 175.7.
The mean hemoglobin (Hb) level was 12.0 (1.9) g/dl, with a
median value of 12.1. The mean MCV was 78.4 (8.1) fl, with a
median value of 80.0. The mean RDW was 13.4 (3.5), with a
median value of 12.4. The mean folic acid level was 13.5 (5.3)
ng/ml, with a median value of 13. No significant correlations
were found between vitamin B12 levels and Hb (P=0.481) or
MCV (P=0.448). While macrocytic anemia is typically
associated with vitamin B12 deficiency, 65% of our patients had
normocytic anemia, 32% had microcytic anemia, and only 2%
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had macrocytic anemia. Anemia was observed in 38% of our
patients, and there was no significant correlation between
vitamin B12 levels and hemoglobin. Thrombocytopenia was
detected in 9% of cases, neutropenia in 6%, bicytopenia in 4%,
and pancytopenia in 3%. The mean platelet count was 333.0
(102.6) thousand/mm3, with a median value of 311 x10%/mm?,
while the mean leukocyte count was 8.8 (2.7) x10%/mm?3, with a
median value of 8.5 x10%/mm?. The mean vitamin B12 levels in
patients with neutropenia, bicytopenia, thrombocytopenia, and
pancytopenia were not significantly lower than those without
these conditions (P=0.095). Additionally, the mean vitamin B12
levels in patients with thrombocytopenia and pancytopenia did
not significantly differ from those with anemia, neutropenia, and
bicytopenia. No significant difference was observed in mean
vitamin B12 levels between patients with and without anemia
(P=0.073) (Table 4).

Table 3: Diagnoses of the patients with the exception of anemia

%
1%
2%
38%
3%
2%
14%
2%
2%
2%
3%
3%
1%
1%
1%
1%
24%
1%

Diagnoses

Acute bronchiolitis
Allergic rhinitis
Anemia

Asthma

Enuresis

Growth retardation
Urinary infection
Conjunctivitis
Lymphadenitis
Myalgia

Obesity

Oral aphtha

Rhinitis

Syncope

Synovitis

Upper respiratory infection
Vitamin D deficiency

fee]

oo

g
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Table 4: Hemogram and other anemia parameters

Median  Min- Max Mean (SD)
Vitamin B12 | 175.7 14.4-200.0 168.1 (34.1)
Ferritin 24.0 1.9-158.0 32.6 (28.5)
TIBC 381.0 44.0-636.0 375.7 (69.9)
Iron 56.5 16.8-167.7 59.5 (32.6)
Folic Acid 13.0 4.6-20.0 13.5(5.3)
Hemoglobin 121 6.2-16.6 12.0 (1.9)
Hematocrit 37.0 4.9-51.7 37.0 (6.1)
MCV 80.0 52.0-94.2 78.4 (8.1)
RDW 12.4 1.0-37.7 13.4 (3.5)
WBC 8.5 3.0-20.3 8.8 (2.7)
Platelet 311.0 105.0-729.0 = 333.0 (102.6)
Vitamin D 17.8 3.0-63.0 22.5(16.6)

TIBC: Total iron-binding capacity, MCV: Mean corpuscular volume, RDW: Red blood cell distribution
width, WBC: White blood cell

Discussion

Vitamin B12 is a water-soluble, red complex coenzyme
that contains cobalt ions and cannot be synthesized by humans. It
has a molecular weight of 1355.42 Daltons [3]. Structurally,
vitamin B12 belongs to the class of compounds known as
corrins. The corrin ring refers to the cobalamin tetrapyrrole ring
without cobalt and other side chains [7]. Vitamin B12 is
composed of three parts:

e  The core consists of a cobalt atom surrounded by four reduced
pyrrole rings.

e Anucleotide group is attached to both the cobalt atom and one
of the pyrrole rings via a phosphate chain. This group differs

from the typical nucleotide as it contains 5,6-

dimethylbenzimidazole as a ribose-linked basic substance.

e  The cobalt atom is further bonded to a small group (CN, OH ",

H20, SO3, methyl, 5’-deoxy-adenosyl) through coordination-

type bonds [2].

The compound formed by the first two large groups is
known as cobalamin (Cbl). Adding one of the molecules from

the third group to cobalamin results in the formation of different
vitamin B12 derivatives that exhibit enhanced effectiveness [3].
Cobalamin  derivatives important for humans include
cyanocobalamin (CNCbl), hydroxycobalamin (OHCbI), deoxy-
adenosylcobalamin (AdoCbl), methylcobalamin (MeCbl)

Cyanocobalamin and hydroxycobalamin are both stable
compounds that can be utilized as drugs. Hydroxycobalamin is
eliminated from the body at a slower rate compared to
cyanocobalamin. However, its use as a drug is generally not
recommended due to the development of antibodies against the
complex it forms with transcobalamin, leading to tolerance to its
effects. Consequently, cyanocobalamin is more commonly
employed as a medicinal treatment. Deoxy-adenosylcobalamin
and methylcobalamin, conversely, serve as active coenzymes in
tissues [8].

Humans are unable to synthesize vitamin B12 on their
own. It is exclusively produced by certain bacteria and mold
fungi [9]. While the bacteria in the large bowel do produce
vitamin B12, the amount generated is insufficient to meet the
body’s requirements, both due to its occurrence in the distal part
of the absorption area and the inadequate synthesis [9].
Consequently, individuals need to obtain vitamin B12 precursors
from animal-based foods. The highest concentrations of vitamin
B12 can be found in beef liver and kidney (40-50 pg/100 g).
Plant-based foods do not serve as sources of vitamin B12,
although they may

Although humans fulfill their cobalamin requirements
by consuming animal-based foods, signs of vitamin B12
deficiency can occur due to insufficient intake. The World
Health Organization (WHO) recommends the following dietary
intake levels to prevent deficiency: 1 pg for adults, 1.3 ug for
lactating mothers, 1.4 pg for pregnant women, and 0.1 ug for
infants [11]. In children, the daily requirement starts at 0.4
pg/day during the early months and gradually increases with age,
reaching 2.4 pg/day during puberty [12].

The incidence of vitamin B12 deficiency is influenced
by factors such as race, environment, gender, age, socioeconomic
level, and dietary habits. A study conducted by Allen et al. in
Mexico between 1982-1986 revealed a 43% frequency of
vitamin B12 deficiency among 219 patients aged 18-36 months
[13]. Another study reported by Garcia et al. in Venezuela in
2005 documented an incidence of 11.4% among 5658 cases aged
0-18 years [14].

In our country, there is no prevalence study available
that demonstrates the frequency of vitamin B12 deficiency.
However, there are a few limited case reports from certain
regions. Cetinkaya et al. [15] found a frequency of 0.64% among
3117 children (4-24 months old) hospitalized in Istanbul in
2007. Similarly, Baytan et al. [16] reported an incidence of 0.3%
among 3980 cases aged between 3 months and 13 years in Bursa
in 2007.

Vitamin B12 deficiency is prevalent among individuals
with low socioeconomic status and those under 2 years of age
[17]. In a study conducted by Taskesen et al. [18] in Diyarbakir,
it was found that 82% of the patients were under the age of 2
years. In our study, we observed that 35% of the patients were
under 2 years old, 8% were between 2-5 years old, 16% were
between 6-11 years old, and 39.2% were between 12-17 years
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old. There were no significant differences in the frequency of
deficiency between boys and girls. Additionally, no distinction
was found in the mean vitamin B12 levels between girls and
boys.

The primary hematological manifestation of vitamin
B12 deficiency is megaloblastic anemia, characterized by an
increased MCV, red cell distribution width (RDW), and
hypersegmentation and macrocytosis in neutrophils observed in
peripheral smears [3]. In our study, 38% of patients with vitamin
B12 deficiency exhibited anemia. Durmus et al. [19] reported
that 25% of patients with megaloblastic anemia did not display
elevated MCV levels. In the study conducted by Bay et al., MCV
values were below 90 fl in one-third of the cases [20]. In contrast
to the literature, our study did not identify a significant negative
moderate correlation between vitamin B12 levels and MCV. The
mean MCV in our study was 78.4 (8.1) fl.

Additionally, the mean MCV of individuals with iron
deficiency was not significantly lower than those without iron
deficiency. We observed that 14% of patients with vitamin B12
deficiency also had iron deficiency. When comparing children
with iron deficiency to those without deficiency in our study,
there was no significant difference in the means of RDW,;
however, the mean RDW was 13.4% (3.5), indicating a slight
increase. This suggests an elevation in RDW not only in cases of
iron deficiency but also in cases of vitamin B12 deficiency. In
contrast, Gupta et al. reported a significantly greater increase in
RDW values in megaloblastic anemia compared to aplastic
anemia, suggesting its potential use in differential diagnosis [21].

Additional hematological findings associated with
vitamin B12 deficiency include leukopenia, neutropenia,
bicytopenia, and pancytopenia. In the study conducted by
Taskesen et al. [18], neutropenia was observed in 11% of 131
patients with megaloblastic anemia (mean vitamin B12 level of
69 pg/ml), while thrombocytopenia was present in 40% and
pancytopenia in 6% of the cases. Cetinkaya et al. [15] reported
anemia in 61.6%, thrombocytopenia in 30%, pancytopenia in
5%, and neutropenia in 15% of 20 cases with vitamin B12
deficiency (mean vitamin B12 level of 66.9 pg/ml). In our study,
anemia was detected in 38% of our patients, but no significant
correlation was found between vitamin B12 levels and
hemoglobin. We observed thrombocytopenia in 9%, leukopenia
in 6%, bicytopenia in 4%, and pancytopenia in 3% of the cases.
The mean platelet count was 333.0 (102.6) thousand/mm?3, with a
median of 311 x10%/mm?3. The mean leukocyte count was 8.8
(2.7) x10%/mm3, with a median of 8.5 x10%/mm?. In our study,
the mean vitamin B12 levels in children with leukopenia,
bicytopenia, thrombocytopenia, and pancytopenia were not
significantly lower than those without. Furthermore, there was no
significant difference in the mean vitamin B12 levels between
patients with thrombocytopenia and pancytopenia compared to
those with anemia, leukopenia, and bicytopenia.

Limitations

As our study relied on retrospective analysis of patient
records, the available information was limited to what had been
documented in the files. The records did not consistently provide
clear documentation of the improvement in clinical findings for
each patient, thereby preventing a comprehensive evaluation of
clinical improvement.

Conclusion

This study confirms the high prevalence of vitamin B12
deficiency in children. The concentration of patients within the
first 2 years and 12-17 years age groups indicates that these
specific age ranges are particularly at risk. Contrary to common
knowledge, it was observed that vitamin B12 deficiency could be
associated with normocytic anemia in addition to macrocytic
anemia. Therefore, the overall assessment should consider the
laboratory results. In patients with iron deficiency and
inadequate consumption of animal-based foods, vitamin B12
levels should be checked. Furthermore, it is important to
recommend animal-based foods to adolescents, considering their
increased nutritional needs.
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Abstract

Background/Aim: In 2020, the World Health Organization declared the Coronavirus disease of 2019
(COVID-19) a pandemic due to its widespread nature. The severity of COVID-19 infections leading to
patient deaths is influenced by various factors. Therefore, it is crucial to identify and address these
contributing causes for effective treatment of COVID-19.

Methods: This study was conducted between 23 January 2021 and 19 June 2021 at a hospital with 100
beds in Western Nepal. Patient demographic data and High-resolution computed tomography severity
scores were recorded. Microsoft Excel and Statistical Package for the Social Sciences were used for
statistical data analysis. Binomial regression and Chi-square tests were applied, setting the significance
level at P<0.05 with a confidence interval of 95%.

Results: The study found a significant association between computed tomography (CT) severity, gender,
and age with the treatment outcome among COVID-19-infected patients admitted to the hospital. Patients
with a CT severity score between 16 and 25 had an eightfold higher mortality rate (OR: -8.802; 95% ClI:
3.506-18.491).

Conclusion: The severity and mortality of COVID-19 infections are influenced by factors such as age,
gender, and biomarkers indicated by CT severity scores. Identifying additional factors that worsen
COVID-19 patient’s conditions and increase the risk of mortality is essential.

Keywords: coronavirus, COVID-19, CT severity score, high-resolution computed tomography, Western
Nepal
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Introduction

Severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) was initially discovered in Wuhan, China, in
December 2019. The World Health Organization officially
named the illness coronavirus disease 2019 (COVID-19) on 11
February 2020 [1]. In March 2020, the World Health
Organization declared COVID-19 a pandemic due to its rapid
global spread from China to other parts of the world [2].
Therefore, it is of paramount importance to identify more
accurate prognostic biomarkers for the disease’s prognosis. The
potential areas where COVID-19 biomarkers can be instrumental
include [3];

1) Early symptom severity and disease suspicion

2) Clear evidence and categorization of disease severity
3) Framing criteria for hospital admission

4) ldentifying a cohort at high risk

5) Defining ICU admission standards

6) Therapy rationalization

7) A therapeutic response’s evaluation

8) Prediction of outcome

9) Defining the criteria for ICU and/or hospital discharge

High-Resolution Computed Tomography (HRCT)
examinations are another method to detect viral infections in the
body. They can also assess the severity of pulmonary disease and
the presence of sequelae, track the disease’s course, and
eliminate other possible diagnoses [4]. Numerous studies have
reported a correlation between inflammatory lab markers,
hospital stay, and oxygen requirements with CT severity scores
in COVID-19 patients [5]. However, more research is needed to
fully understand the value of chest CT in prognosticating
COVID-19 outcomes and its correlation with patient prognosis.

Materials and methods

Study population

This study was conducted from 23 January 2021 to 19
June 2021 at a 100-bed hospital in Western Nepal during the
peak of Nepal’s second wave of COVID-19. The diagnosis of
COVID-19 was confirmed by obtaining nasal and pharyngeal
swab specimens from patients, which were tested positive using
real-time reverse transcriptase-polymerase chain reaction (RT-
PCR) for SARS-CoV-2. Prior to conducting the study, consent
was obtained from the patients’ relatives.

Selection criteria [6-7]

The following patients met the inclusion criteria: (1)
hospitalized patients, (2) confirmed COVID-19 cases through
nasopharyngeal swab RT-PCR testing, and (3) patients who
underwent their first CT scan while hospitalized and later tested
positive on RT-PCR. Exclusion criteria included pregnancy,
cancer, hematologic malignancies, chronic liver disease, acute
coronary syndrome, surgeries or trauma within the last 30 days,
and patients without CT imaging.

Ethical approval

The Institutional Review Committee (IRC) of Fishtail
Hospital and Research Center Pvt. Ltd., Pokhara, Nepal,
approved the study with reference no. 077/078/160.

L 2

Data collection

Age and gender information about the respondents were
collected, and age was categorized into three groups: 19 to 39
years old, 40 to 59 years old, and 60 years or older [8].

The CT scanner used to calculate the HRCT severity
score for COVID-19 patients was the Somatom Spirit (Siemens
in Germany Syngo). The data were divided into two groups:
COVID-19 patients with CT severity scores of 1 to 15 were
categorized as having mild to moderate symptoms, while those
with scores of 16 to 25 were classified as having severe
symptoms. Additionally, the study noted two outcome categories
for treatment: “improved” and “not improved.” The “improved”
category referred to patients who were either discharged or
expressed desire to be discharged independently. On the other
hand, patients whose condition was fatal and who were referred
to higher centers for more advanced treatment were categorized
as “not improved” [9-10].

Statistical analysis

Microsoft Excel and the Statistical Package for the
Social Sciences (SPSS) statistical software (version 20.0, IBM)
were utilized for all statistical data analyses. To establish the
relationship between the dependent and independent variables,
Chi-square and binomial regression tests were applied. Statistical
values with a significance level of P<0.05 at a 95% confidence
interval were considered significant.

Results

Sociodemographic characteristics of respondents

A total of 180 respondents participated in the study.
Approximately 20% of the 180 participants were aged 19-39,
while 30% were in the 40-59 age range. Most respondents (50%)
were above 60, and the smallest proportion was in the 19-39 age
group (36%). The data regarding gender distribution indicated
that most of the respondents were male (54%), as depicted in
Figures 1 and 2.
Figure 1: Percentage distribution of gender.
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Figure 2: Percentage distribution of patient according to age.
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Association of treatment outcome with CT severity
score

A notable correlation was observed between the CT
severity score and the treatment outcome in COVID-19 patients
admitted to the hospital. Patients with a CT severity score of 16-
25 were approximately eight times more likely to experience an
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adverse outcome (OR: 8.802; 95% CI: 3.506-18.491) than
patients with a CT severity score of 1-15, as shown in Table 1.

Table 1: Association of treatment outcome with CT Severity Score.

Variables Treatment Outcome Chi- P-value OR 95% CI
DOPR/ Expired Total  square
Discharged n(f) value
n(f)

CT

Severity

Score

1-15 92 (91.1%) 9(8.9%) 101 Ref.

16-25 43 (54.4%) 36(45.6%) 79 31.771  <0.001* 8.052  3.506-

18.491

Cl: Confidence Interval, DOPR: Discharge on Patient Request, OR: Odds Ratio, Ref:
Reference

Discussion

The screening of effective biomarkers, patient
classification, clinical management, and prevention of serious
complications are essential in combating the progression of
COVID-19, reducing severe and fatal outcomes, and improving
treatment strategies [11]. Prominent biomarkers such as D-dimer,
Serum ferritin, C-reactive protein (CRP), Interleukin-6, Lactate
dehydrogenase (LDH), and HRCT have been identified for this
purpose. Additionally, our study found that age, gender, and
biomarkers significantly increased the risk of death in patients
with COVID-19 [12].

Based on sociodemographic information, males are at a
higher risk of COVID-19 than females [13]. They are also more
susceptible to experiencing severe acute respiratory distress
syndrome (ARDS) or fatal outcomes following SARS-CoV-2
infection. The exact reasons for this gender disparity are not yet
fully understood; however, it may be attributed to factors such as
smoking habits and higher plasma levels of androgen hormones
in men than women. These androgens are believed to play a role
in the transcription of Transmembrane serine protease 2
(TMPRSS2), a gene encoding a protease necessary for SARS-
CoV-2 cell entry after its spike protein binds to the cell
membrane’s Angiotensin-converting enzyme 2 (ACE2) [14].

Another study has proposed that the X chromosome and
sex hormones, which have been linked to both innate and
adaptive immunity, might contribute to the higher susceptibility
of males to COVID-19 infection [15].

There was a notable correlation between age groups and
COVID-19 patients, with a higher vulnerability observed in the
age group above 60. Previous studies have consistently reported
that older individuals experience greater COVID-19 morbidity
and mortality rates [16]. The aging process is often associated
with an increased risk of mortality, which could be attributed to a
weakened immune system. As individuals age, their immune
competence tends to decline. In our investigation of the
relationship between CT severity score and treatment outcomes
for COVID-19 patients admitted to the hospital, we found that
patients with a CT severity score of 16 to 25 were nearly eight
times more likely to pass away than those with a score of 1 to 15.
The extent of chest computed tomography involvement is a
visible parameter indicating the degree of inflammation [17-19].

Limitations

As this was a single-center study, it is recommended
that future research be conducted with a larger sample size across
multiple centers. Performing similar studies on a broader scale
will provide more robust and generalizable findings. Since this

was a single-centered study, similar research should be
conducted in the future with a large sample size in several
centers.

Conclusion

In conclusion, a positive and significant association was
found between oxygen consumption, length of hospital stays, and
inflammatory lab markers. Although the prognostic value of
chest CT in COVID-19 disease shows promise, further
investigation is warranted to establish its correlation with patient
outcomes. This study revealed that patients with higher CT
severity scores exhibit greater disease severity, leading to an
increased mortality risk. Hence, CT severity scores can serve as
useful biomarkers for assessing the severity of COVID-19 in
patients. Furthermore, additional research is necessary to identify
other relevant characteristics and biomarkers that accurately
gauge the severity of COVID-19 in patients.
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Abstract

Background/Aim: Epidemiological investigations consistently indicate a widespread deficiency and
insufficiency of vitamin D on a global scale. Vitamin D deficiency can lead to various acute and chronic
diseases, including pre-eclampsia, autoimmune disorders, cardiovascular diseases, certain cancers, type 2
diabetes, and neurological disorders. However, the relationship between vitamin D status and its
implications for global and public health has not been comprehensively explored. Notably, the differing
clinical decision thresholds for diagnosing vitamin D deficiency and insufficiency established by various
associations can create diagnostic confusion. Therefore, our study aimed to assess the distribution of
vitamin D levels in Nigde province, considering variations by month, gender, and season, with respect to
the clinical decision thresholds defined by different associations.

Methods: The study sample comprised 57,731 cases (71% women and 19% men) admitted to our hospital
between January 2021 and December 2022. We retrospectively evaluated 25-hydroxyvitamin D
(25(CH)D) levels based on months, seasons, age, and gender. Additionally, we examined 25(OH)D levels
separately using the clinical decision thresholds set by the Vitamin D Council, the Endocrine Society, and
the Food and Nutrition Board. Patients with chronic renal insufficiency, hepatic insufficiency, and
gastrointestinal malabsorption were excluded from the study, encompassing patients of all age groups.
Furthermore, we categorized patients into different age decades and analyzed their vitamin D levels. We
compared the same months in 2021 and 2022, monitoring changes in vitamin D levels throughout the year.
Vitamin D levels were measured using the electrochemiluminescence assay (ECLIA) on a Roche Cobas
E801 instrument.

Results: When comparing the same months in 2021 and 2022, there was no statistically significant
decrease or increase in 25(OH)D levels (The P-values for January and December were 0.066, 0.395, 0.907,
0.465, 0.705, 0.541, 0.625, 0.860, 0.695, 0.549, 0.892, and 0.838, respectively). Vitamin D insufficiency
was observed in 70.3% of women and 29.7% of men. Participants under one year of age exhibited the
highest mean 25(OH)D level (34.9 ng/mL), while participants between 20 and 29 years of age had the
lowest mean 25(OH)D level (15.7 ng/mL). The lowest mean 25(OH)D level was recorded in April 2022
(15.6 ng/mL), whereas the highest mean 25(OH)D level was observed in July 2021 (22.7 ng/mL). There
was a slight negative correlation between age and 25(OH)D levels (r=-0.038, P<0.001). The Vitamin D
Council classification identified the highest number of patients with vitamin D deficiency (n=50,833;
88%). The Food and Nutrition Board included the lowest number of patients with vitamin D deficiency
(n=15,049; 26.1%).

Conclusion: Vitamin D deficiency is prevalent in Nigde province, particularly among women, and
remains a significant public health concern. We advocate for the adoption of a unified clinical decision
threshold and the expansion of the national vitamin D supplementation program to encompass adolescents
and adults.

Keywords: vitamin D, phosphorus, calcium, vitamin D deficiency
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Introduction

Vitamin D plays a crucial role in maintaining the
balance of phosphorus and calcium in the body. It is also a fat-
soluble vitamin essential for the health of bones, teeth, and
muscles [1]. Vitamin D deficiency is a global public health
concern with a high prevalence and adverse effects on both
musculoskeletal and nonskeletal health [2]. A deficiency in
vitamin D is closely associated with an increased risk of various
conditions, including infections, type 1 and type 2 diabetes
mellitus, obesity, cardiovascular disease, asthma, breast cancer,
ovarian cancer, prostate cancer, colon cancer, and certain
neurological diseases [1].

The  cholesterol-like  precursor  molecule  (7-
dehydrocholesterol) found in skin epidermal cells can undergo
transformation into pre-vitamin D, which, upon exposure to UV-
B radiation (wavelength 290-315 nm), is isomerized into vitamin
D3. Vitamin D3, in its initial form, is biologically inactive and
requires enzymatic conversion to become active. Initially, it
undergoes a process of 25-hydroxylation in the liver to become
25-hydroxyvitamin D (25(OH)D), which serves as the primary
circulating form of vitamin D. Subsequently, in the kidneys, it is
further converted through 1-alpha-hydroxylation to become
1,25(0OH)2D, also known as calcitriol [3].

The level of 25(OH)D in serum and plasma serves as a
marker reflecting the overall vitamin D status [4]. Although
various organizations establish different clinical thresholds for
assessing 25(OH)D status, many experts consider levels below
20 ng/mL as indicative of vitamin D insufficiency [5].
Interpretation of vitamin D results can vary among experts due to
these differing clinical thresholds, making standardization and
interpretation challenging [5]. Furthermore, vitamin D levels are
influenced by factors such as age, sex, angle of sunlight
exposure, subcutaneous synthesis, and the number of sunny days
[6].

Vitamin D deficiency poses a significant global and
societal concern, but the varying clinical thresholds adopted by
different medical associations can lead to confusion when
assessing patient outcomes. To address the issues stemming from
these disparities, we conducted a retrospective analysis of two
years’ worth of patient data in Nigde Province. Our evaluation of
vitamin D deficiency took into account factors such as age,
gender, age deciles, seasons, months, and the diverse clinical
thresholds established by various organizations.

Materials and methods

Research design

Our study is a retrospective cohort analysis. The sample
consisted of 57,731 cases, with 40,966 (71.0%) being women
and 16,765 (29%) being men, who were admitted to our hospital
between January 2021 and December 2022 in Nigde, Turkey
(latitude 37° 57° 59.99” N). We grouped and evaluated 25(OH)D
levels with respect to age, age decades, sex, season, and months.
Additionally, we conducted a correlation analysis to examine the
relationship between age and 25(OH)D levels.

Vitamin D insufficiency and deficiency were assessed
with consideration to different clinical decision points, including
those established by the Vitamin D Council (VDC), the

Endocrine Society (ES), and the Food and Nutrition Board
(FNB). For our assessment, we utilized the clinical decision
points defined by the ES, which categorize vitamin D deficiency
as 0-20 ng/mL and vitamin D insufficiency as 21-29 ng/mL.
Given the retrospective nature of our cohort study, we
were unable to ascertain whether the cases had used vitamin D
supplements. We have addressed this limitation in the
corresponding section. To maintain the integrity of our study, we
excluded cases with chronic renal and hepatic insufficiency, as
well as those with gastrointestinal malabsorption. Additionally,
patients with recent repeat test results were excluded from the
analysis. Diagnosis information for the patients was obtained
from the hospital information system (Figure 1).
Figure 1: Flowchart of the study
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Patients of all age groups were included in the study.
Our research was approved by the Nigde Omer Halisdemir
University Non-Invasive Clinical Research Ethics Committee
(Date: April 14, 2023, Approval number: 2023/15).

Laboratory analysis

Blood samples were collected in anticoagulant-free
tubes for the measurement of serum 25(OH)D levels. These
blood samples were then subjected to centrifugation at 2000g for
10 min at 25°C to obtain serum samples. Subsequently, these
serum samples were analyzed using electrochemiluminescence
(ECLIA) on a Cobas E801 instrument by Roche Diagnostic.

The measurement range for serum 25(OH)D levels was
3 to 100 ng/mL. Any measurements exceeding 100 ng/mL were
diluted and adjusted using a multiplication factor.

Based on the analysis of five-level human serum pools
by the manufacturer, which had mean concentrations of 10.5,
21.1, 24.9, 54.9, and 94.3 ng/mL, the coefficient of variation
(CV%) for intra-study reproducibility was 7.4%, 4.6%, 3.9%,
3.1%, and 2.8%, respectively. The overall CV% values for
reproducibility in the same serum pools were 8.9%, 5.9%, 4.9%,
3.8%, and 3.8%, respectively.

The limit of detection (LOD) was determined to be 3
ng/mL, and the limit of quantitation (LOQ) was determined to be
5 ng/mL using the Clinical and Laboratory Standards Institute
(CLSI) EP17 A2 method.

Vitamin D interpretation

To interpret vitamin D levels, we primarily relied on the
clinical decision points established by different organizations.
According to the ES, levels below 20 ng/mL are classified as
vitamin D deficiency, levels between 21 and 29 ng/mL are
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categorized as vitamin D insufficiency, levels between 30 and
100 ng/mL are considered optimal, and levels above 100 ng/mL
are regarded as potentially harmful [7].

In reference to the VDC, levels below 30 ng/mL are
defined as vitamin D deficiency, levels between 31 and 39
ng/mL are labeled as vitamin D insufficiency, levels between 40
and 80 ng/mL are designated as optimal, levels between 81 and
149 ng/mL are categorized as vitamin D excess, and levels above
150 ng/mL are considered potentially harmful [5].

Considering the FNB guidelines, levels below 11 ng/mL
are recognized as vitamin D deficiency, levels between 12 and
20 ng/mL are categorized as vitamin D insufficiency, levels
between 21 and 100 ng/mL are considered optimal, and levels
above 100 ng/mL are deemed potentially harmful [8].

Statistical analysis

Statistical analysis was conducted using SPSS for
Windows, version 15.0, with a significance level set at 0.05.
Descriptive statistics, including mean, median, minimum,
maximum, standard error of the mean, and percentages, were
employed to summarize the data. To assess normality, the
Shapiro-Wilk test was applied, revealing that the data did not
follow a normal distribution. Consequently, pairwise
comparisons were conducted using the Mann-Whitney U test.

To explore the relationship between age and vitamin D
levels, Spearman’s correlation coefficient was calculated. Power
analysis was performed using G*power 3.1.9.7, with a
significance level (a) of 0.05 and a target power of 95%.

Results

Statistical analysis was conducted using SPSS for
Windows, version 15.0, with a significance level set at 0.05.
Descriptive statistics, including mean, median, minimum,
maximum, standard error of the mean, and percentages, were
employed to summarize the data. To assess normality, the
Shapiro-Wilk test was applied, revealing that the data did not
follow a normal distribution. Consequently, pairwise
comparisons were conducted using the Mann-Whitney U test.

To explore the relationship between age and vitamin D
levels, Spearman’s correlation coefficient was calculated. Power
analysis was performed using G*power 3.1.9.7, with a
significance level (a) of 0.05 and a target power of 95%.

According to the VDC, none of our participants had
25(0OH)D levels above 150 ng/mL. However, in accordance with
the ES and the FNB guidelines, eight participants exhibited
25(0OH)D levels that could potentially have a toxic effect. Across
all three organizations, both vitamin D deficiency and
insufficiency were more prevalent among female participants
than their male counterparts. The classification by the VDC
indicated the highest number of participants with vitamin D
deficiency (n=50,833, 88%). In contrast, the FNB identified the
lowest humber of patients with vitamin D deficiency (n=15,049,
26.1%). This discrepancy is due to the fact that the VDC
employs a broader range for defining vitamin D deficiency (0-30
ng/mL) compared to the ES and the FNB.

Table 1: Distribution of 25(OH)D levels by month and sex
Months n Sex distribution Mean(SEM) P-value
Female = Male 25(0OH)D(ng/mL)
January 2021 2121 = 66.8% 34.2% | 19.5(0.24) 0.066
January 2022 2229 | 69.9% | 30.1% @ 17.9 (0.24)
February 2021 2047 | 69.9% 30.1% | 19.7 (0.25) 0.395
February 2022 2376  70.5% 29.5% @ 16.0(0.23)
March 2021 2410 | 70.9% 29.1% | 19.9 (0.24) 0.907
March 2022 2990  72.3% 27.7% @ 16.3(0.24)
April 2021 1739 | 71.6% 28.4% | 18.0 (0.27) 0.465
April 2022 2792 | 68.9% 31.1% @ 15.6 (0.25)
May 2021 1154 | 68.9%  31.1% | 19.7 (0.34) 0.705
May 2022 2625 = 71.8% 28.2% @ 17.7 (0.33)
June 2021 2311 | 71.7% 28.3% | 20.1(0.22) 0.541
June 2022 3242 70.6% 29.4% @ 20.1(0.22)
July 2021 1716 | 70.9% 29.1% | 22.7 (0.26) 0.625
July 2022 2115  70.8% 29.2% @ 22.6 (0.27)
August 2021 1778 | 71.4% 28.6% | 21.4(0.24) 0.860
August 2022 3003  69.4% 30.6% @ 23.1(0.26)
September 2021 | 1829 = 71.2% 28.7% | 21.9(0.25) 0.695
September 2022 | 3226 = 72.4% | 27.6% @ 22.0 (0.24)
October 2021 1739 | 73.7% 26.3% | 20.5(0.25) 0.549
October 2022 2824 71.6% 284% @ 21.7(0.23)
November 2021 2178 | 68.7% 31.3% @ 18.9(0.22) 0.892
November 2022 | 3580 @ 71.7% 28.3% | 19.9(0.20)
December 2021 2318 | 71.6% 28.4% | 17.2 (0.22) 0.838
December 2022 3389  71.9% 28.1%  17.9 (0.21)
Table 2: Vitamin D Levels according to three organization
Vitamin D Council
Sex Deficient  Insufficient ~ Sufficient Excess Possible
0-30 31-39 40-80 81-149 harm
ng/mL ng/mL ng/mL ng/mL >150
ng/mL
Female (n) 36,503 2776 1570 117 -
% 71.80% 62.90% 67.40% 76.50% -
Male (n) 14,330 1638 761 36 -
% 28.20% 37.10% 32.60% 23.50% -
Total 50,833 4414 2331 153
In terms of females | 36,503 2776 1570 117 -
(n=40,966) (89.10%)  (6.80%) (3.80%) (0.30%)
In terms of males 14,330 1638 761 36 -
(n=16,765) (85.50%)  (9.80%) (4.50%) (0.20%)
Endocrine Society
Gender Deficient = Insufficient Sufficient Possible harm
0-20 21-29 30-100 >100
ng/mL ng/mL ng/mL ng/mL
Female (n) 27,658 8354 4945 4
% 70.30% 60.90% 63.80% 50.00%
Male (n) 8598 5366 2802 4
% 23.70% 39.10% 36.20% 50.00%
Total 36,256 13.720 7747 8
In terms of females 27.658 8354 4945 4
(n=40,966) (67.50%) = (20.40%) (12.09%) (0.01%)
In terms of males 8598 5366 2802 4
(n=16,765) (51.28%)  (32.00%) (16.70%) (0.02%)
Food and Nutrition Board
Gender Deficient  Insufficient Sufficient Possible harm
0-11 12-20 21-100 >100
ng/mL ng/mL ng/mL ng/mL
Female (n) 12,894 14,764 13,299 4
% 85.70% 69.70% 61.90% 50.00%
Male (n) 2155 6425 8186 4
% 14.30% 30.30% 38.10% 50.00%
Total 15,049 21,189 21,485 8
In terms of females 12,894 14,764 13,299 4
(n=40.966) (31.50%)  (36.04%) (32.46%) (0.01%)
In terms of males 2155 6425 8186 4
(n=16.765) (12.85%) = (38.30%) (48.83%) (0.02%)

Figure 2 illustrates the distribution of vitamin D levels
across different seasons. Outliers falling outside the 2.5-97.5
percentile range were excluded from the analysis. Participants
exhibited their highest 25(OH)D levels during the summer of
both 2021 and 2022. In contrast, the lowest 25(OH)D levels were
observed during the winter of 2022 and the spring of 2022.

A weak negative correlation was observed between age
and 25(OH)D levels (r=-0.038, P<0.001) (Figure 3). Table 3
presents the distribution of 25(OH)D levels across age decades.
Participants aged under one year exhibited the highest mean
25(0OH)D level (34.9 ng/mL), while those aged between 20 and
29 years had the lowest mean 25(OH)D level (15.7 ng/mL).
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Figure 2: The Distribution of 25(OH)D levels by season (2.5-97.5 percentile)
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Table 3: 25(OH)D levels in terms of decades
25(0OH)D | Age groups (years)
level <1 1-9 10-19  20-29  30-39  40-49  50-59  60-69  >70
(ng/mL) n=166 n=9679 n=7547 n=7456 n=7703 n=8968 n=7340 n=5120 n=3752
Min-Max |[3-120 3-120  3-100 | 3-100  3-108  3-119  3-104 | 3-100  3-120
Mean \ 34.9 24.7 16.4 15.7 17.7 18.8 20.1 21.1 20.5
SD \ 20.3 111 8.1 9.1 10.4 10.9 113 12.1 12.3

Median [321 231 15.3 14.0 15.8 17.0 18.4 19.2 18.4
Percent [03% 16.8% 13.1% |129% 13.3%  155% | 12.7%  8.9% 6.5%

Min: minimum, Max: Maximum

Discussion

The study investigated the distribution of 25(OH)D
levels among residents of Nigde Province, which is located in
proximity to both the Mediterranean and Central Anatolian
regions. Additionally, the study assessed 25(OH)D levels in
relation to the clinical decision points of the VDC, ES, and FNB.

Our results revealed a higher prevalence of vitamin D
insufficiency and deficiency among female participants
compared to their male counterparts. Furthermore, the findings
demonstrated significant variations in vitamin D deficiency with
respect to the clinical decision points of the VDC, ES, and FNB.
Notably, this study represents the inaugural investigation into the
distribution of 25(OH)D levels among residents of Nigde
Province.

Vitamin D deficiency and insufficiency are prevalent on
a global scale [9], and our findings align with previous studies
conducted among both general and local populations [10-13].
However, a discrepancy arises when different clinical decision
points are used to assess vitamin D status [14,15]. In our study,
we adopted the clinical decision points established by the ES, but
we also compared them to those specified by two other
organizations. Our results revealed that a significant majority of
participants (n=50,833; 88%) were classified as vitamin D
deficient according to the VDC criteria, which define vitamin D
insufficiency as levels below 30 ng/mL. Meanwhile, according to
the ES criteria, more than half of the participants (n=36,256;
62.8%) fell into the vitamin D deficient category, with vitamin D

insufficiency defined as levels below 20 ng/mL. Lastly, based on
the FNB criteria, over a quarter of the participants (n=15,049;
26.1%) were classified as vitamin D deficient, with vitamin D
insufficiency defined as levels below 11 ng/mL. Remarkably,
when categorized according to the criteria of these organizations,
the number of participants with vitamin D insufficiency or
optimal vitamin D levels appeared quite similar. Consequently,
this discrepancy in vitamin D deficiency classification may pose
diagnostic challenges.

Kader et al. [16] conducted a study in Karapimnar, a
neighboring settlement to Nigde province, where they reported
two significant findings. First, they observed a higher prevalence
of vitamin D deficiency and insufficiency among women
compared to men. Second, they noted that older adults exhibited
a higher incidence of vitamin D deficiency and insufficiency.

In a separate study conducted by Goktas et al. [11] in
the province of Bursa, Turkey, it was revealed that female
participants had significantly lower vitamin D levels than their
male counterparts. Additionally, they found that local residents
had the highest vitamin D levels between March and May but the
lowest levels between September and October.

Sezgin et al. [6] focused on vitamin D levels among the
population residing in the Marmara region, documenting that
three out of four people (75%) had vitamin D insufficiency (<20
ng/mL). Similarly, Hekimsoy et al. [12] conducted a cross-
sectional study in the Aegean region and reported that three out
of four individuals exhibited vitamin D insufficiency (74.9%)
(<20 ng/mL).

In a study carried out by Vurmaz et al. [17] in
Afyonkarahisar province, it was found that vitamin D
insufficiency was more prevalent among women compared to
men.

Finally, Solak et al. [18] conducted a large-scale study
in Central Anatolia, reporting two significant findings. First,
three out of four individuals had 25(OH)D levels below 20
ng/mL (76.25%). Secondly, women exhibited a lower mean of
vitamin D levels.

We found that three out of five participants were
vitamin D deficient (62.8%), according to the classifications of
three different organizations. Additionally, our findings revealed
that vitamin D deficiency was more common among female
participants than male participants, a trend consistent with
existing literature [6,11,12]. Research indicates that the
prevalence of vitamin D insufficiency in Turkey ranges from
58.9% to 66.6%. Furthermore, studies have shown that
newborns, pregnant women, and adult women are at an increased
risk of vitamin D insufficiency. Alpdemir et al. [19] recommend
that experts regularly monitor the 25(OH)D levels of Turkish
individuals and encourage the use of vitamin D supplements
when necessary.

In a large-scale study, Yesiltepe-Mutlu et al. [13]
assessed the effectiveness of the national vitamin D
supplementation program in Turkey. They reported two
significant findings. First, vitamin D deficiency was nearly
eliminated in children under one year of age. Second,
populations aged 11-18 years and 19-30 years had lower
25(0OH)D levels than other groups, with levels below 20 ng/mL.
Erol et al. [10] emphasized that vitamin D insufficiency is a
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critical issue among Turkish children and adolescents. They also
noted that vitamin D insufficiency persists from late winter
through late summer despite vitamin D treatment. Andiran et al.
[20] documented the widespread prevalence of vitamin D
deficiency in Turkish female adolescents.

Our findings indicate that the national vitamin D
program has effectively eradicated vitamin D deficiency in
children under one year of age, with a mean 25(OH)D level of
34.9 ng/mL. However, our data reveals that one in four children
aged 1-9 years exhibited an average 25(OH)D level of 24.6
ng/mL. Additionally, a notable decline in 25(OH)D levels during
adolescence was observed, resulting in vitamin D insufficiency
(25(0OH)D levels <20 ng/mL). Specifically, our study highlights
that individuals aged 2029 years displayed the lowest 25(OH)D
levels.

Turkey is situated between 36-42° north latitude and
26-45° east longitude. At higher latitudes, the solar zenith angle
becomes very oblique between November and February,
resulting in limited ultraviolet B (UVB) photon penetration to the
Earth’s surface. UVB radiation is crucial for synthesizing
25(0OH)D [21,22]. In Turkey, the window for vitamin D
synthesis falls between May and November. It is advisable for
people in Turkey to spend time outdoors between 10:00 and
15:00 to optimize their vitamin D synthesis, as this is when the
sunlight angle is most conducive [18].

Serum 25(OH)D levels are influenced by both dietary
intake and sun exposure. Therefore, research findings suggest
that deficiencies become more conspicuous as children grow
older [21-23]. Our results affirm that advancing age accentuates
vitamin D deficiency in adolescents and adults. Specifically, we
observed the two lowest mean 25(OH)D levels in April 2022
(15.6 ng/mL) and February 2022 (16 ng/mL). Conversely, the
two highest mean 25(OH)D levels were noted in July 2021 (22.7
ng/mL) and July 2022 (22.6 ng/mL).

Certain changes in 25(OH)D metabolism occur as
individuals age, including a reduction in vitamin D receptor
levels, renal 1.25(0OH)2D synthesis, and cutaneous 25(OH)D
production [24]. Caglayan et al. [25] and Senyigit et al. [26] have
corroborated these findings, confirming a decline in 25(OH)D
levels with increasing age. In our study, we identified a weak
negative correlation between age and 25(OH)D levels. Our
assessment of the geriatric population revealed a progressive
increase in vitamin D insufficiency with advancing age.

Limitations

This study presents four notable limitations. First, we
lack data regarding the duration of participants’ sunlight
exposure, their use of vitamin D supplements, their body mass
index, and their choice of attire. Second, comprehensive
information on parathyroid hormone, calcium, phosphorus, and
magnesium levels was not available for all patients. Third, we
did not possess data pertaining to rickets, osteomalacia status, or
bone mineral density. Nevertheless, despite these limitations, the
substantial dataset employed in this study allows for robust
conclusions regarding the relationship between age, sex, and
supplementation with 25(OH)D measurements.

Fourth, it’s worth noting that the number of female
participants significantly exceeded that of male patients, which
may have implications for assessing vitamin D insufficiency.

Had there been a larger number of male participants, it is
plausible that the average 25(OH)D levels might have been
higher. Nonetheless, the relatively balanced gender distribution
in our study remains an acceptable parameter for evaluating
vitamin D insufficiency. Further investigations with a more even
distribution of male and female participants are warranted to
explore the underlying causes of vitamin D deficiency or
insufficiency.

Conclusion

Our findings align with those of studies conducted in
various regions of Turkey. Consequently, vitamin D deficiency
appears to be a prevalent issue in Nigde province. Notably, the
prevalence of vitamin D deficiency is higher among female
participants compared to male participants. While the national
vitamin D supplementation program appears to be beneficial for
infants under one year of age, our data underscores that vitamin
D levels decline with increasing age. Consequently, there is a
need for the implementation of national supplementation
programs targeting other age groups as well. We assert the
importance of establishing population-based cutoff values to
guide the development of comprehensive national vitamin D
supplementation initiatives.

It is worth noting that although Turkey currently
employs the clinical decision points of the ES for assessing
vitamin D, variations in clinical decision points across different
organizations may lead to discrepancies, particularly in
diagnosing vitamin D deficiency. Therefore, fostering a
consensus among organizations regarding vitamin D deficiency
criteria could enhance the effectiveness of treatment strategies.
We advocate for further research to corroborate our findings in
future studies.
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Abstract

Constipation is one of the most common symptoms in childhood. Sodium-phosphate enemas are frequently
preferred for the treatment of constipation and bowel cleansing. We present a case of a 5-year-old boy who
presented to the Pediatric Emergency Department with complaints of constipation, abdominal pain,
abdominal distension and vomiting; had been constipated for about two years and had poor nutrition, and
received a full dose of CT enema® twice in the last 12 hours before admission to the hospital. Upon arrival
at the Pediatric Emergency Department, the patient was given a pediatric fleet enema because he had dense
stools according to radiographic evidence. Poisoning due to Sodium-phosphate enema was considered due
to severe hyperphosphatemia and hypocalcemia in the laboratory evaluation. Rapid intravenous hydration
and 1 mL/kg calcium gluconate intravenous infusion were started. Electrolytes returned to the normal range
at the 14" hour of follow-up without the need for additional treatment. This case is presented to emphasize
that due to the widespread use of sodium-phosphate enemas in the treatment of chronic constipation, these
enemas can cause phosphate poisoning even when used in healthy patients at therapeutic doses.

Keywords: sodium-phosphate enema, hyperphosphatemia, hypocalcemia, constipation

Introduction

Constipation is a common symptom that occurs in more than 10% of children. In chronic
constipation, gastrointestinal, endocrine, neurological, and metabolic system abnormalities are
primarily investigated. When no cause is found, the patient is diagnosed with functional
constipation [1].

Sodium-phosphate (Na-P) enemas are frequently used in the treatment of chronic
constipation and fecaloma in primary care, with hospitalized children, and in emergency
departments due to their small volume, effectiveness in relieving constipation, ease of use, and
safety [2-3]. Poisoning is rare after rectally administered hypertonic phosphate solutions in
healthy children [4]. Phosphate enema poisoning causes electrolyte disturbances, and
hyperphosphatemia is the most common [5].

This case is presented to emphasize that due to the widespread use of Na-P enemas in
the treatment of chronic constipation, these enemas can cause phosphate poisoning, even when
used in healthy patients at therapeutic doses.
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Figure 1: Standing Abdominal X-ray taken in the emergency service

Case presentation

A five-year-old male patient was admitted to the pediatric
emergency department with complaints of constipation,
abdominal pain, abdominal distension, and vomiting. The patient,
who did not have stool for about 15 days, also had widespread
abdominal pain and vomiting seven times, including what he ate.
From his history, it was learned that he had constipation for two
years, irregularly used oral laxatives, and had poor nutrition. The
family often induces defecation through enema.

He was a child with normal neurological development. It
was learned from his family history that he had second-degree
parental consanguinity. His mother had 10 pregnancies, three of
which died in the intrauterine period, and three died at the age of
one due to spinal muscular atrophy (SMA). Two of the other
children were healthy, and one had a history of operation due to
vesicourethral reflux.

At the initial evaluation, body temperature was 36°C,
pulse rate was 96/min, respiratory rate was 24/min, blood pressure
was 100/60 mmHg, and oxygen saturation was 96%. On physical
examination, the general appearance was good, and there was no
sign of dehydration. In his gastrointestinal examination, the
abdomen was distended, and there was no tenderness, defense,
rebound, or palpable mass. There was a small amount of stool
output during the rectal examination. Other system examinations
were normal. His body weight was 10" percentile (16 kilograms),
and his height was in the 10-25 percentile (105 centimeters).

In the standing direct abdominal X-ray, there was a dense
stool appearance and dilated bowel loops (Figure 1). The pediatric
surgery department was consulted because of abdominal
distention, lack of stool output, and preliminary diagnosis of
intestinal pseudo-obstruction, anorectal malformations, and
Hirschsprung’s disease. A Fleet pediatric enema® was applied to
the patient who was recommended to have an enema, and there
was copious stool output after 10 minutes. There was an increase
in the appearance of dense stool and dilated bowel loops in the
standing straight abdominal X-ray taken after the enema was
applied, and no distal transition was observed (Figure 2).
Abdominal ultrasonography revealed a “globe vesical, rectum
wall thickness of 6 mm ™.

In laboratory examination, blood gas was normal, blood
glucose 102 mg/dL, calcium 6.4 mg/dL (8.8-10.8), ionized
calcium 0.69, phosphorus 18.9 mg/dL (4-7), and magnesium was
in the normal range. The laboratory results and history of the
patient were re-evaluated, and it was learned that a full dose of CT
enema® was administered twice in the last 12 hours in an external
center. The patient was diagnosed with hyperphosphatemia and
hypocalcemia due to Na-P enemas based on his history, physical
examination, and laboratory results. Half saline intravenous (1V)
hydration at 3000 mL/m2/day was started, and 1 mL/kg calcium
gluconate 1V infusion was given. Phosphorus level at the second
hour of hydration was 11.3 mg/dL, at 6 hours 7.2 mg/dL, normal
limits at the 14™ hour.

Electrocardiogram (ECG) follow-ups were always
normal. The patient, who did not need intensive care, was
admitted to the pediatrics service and followed up to regulate the
etiology and treatment of constipation.

asip

Figure 2: Standing Abdominal X-ray taken following the administration of the enema

AR

In the examinations for the etiology of constipation, there
were no atypical cells in the peripheral smear; creatine kinase
(CK), lactate dehydrogenase (LDH), uric acid, and bilirubin
values were within normal limits. Thyroid function tests and
thyroid ultrasonography, vitamin D and parathormone, urinalysis,
and metabolic tests were normal.

Abdominal computed tomography for possible abscess,
malignancy, and mass exclusion noted the following: “Rectum,
sigmoid colon, more prominent in the transverse colon, diffuse
diameter increase in the colon, in the lumen in the distal part of
the rectum, with an enlarged appearance secondary to feces and
gas content, in the thickest part of the rectum wall on the left
lateral A wall thickness increase of 8 mm (secondary to
constipation)”. SMA gene analysis was sent due to sibling history,
and it was normal.

No significant disease was found in etiology, and
functional constipation was considered. The patient was started
regularly on lactulose as a treatment for constipation. In hospital
follow-up, it was observed that the patient did not have toilet
habits, and with pelvic floor muscle group exercises and toilet
training, defecation occurred spontaneously many times. He was
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discharged without sequelae on the fifth day with oral lactulose
treatment. Table 1 summarizes the patient’s laboratory follow-up
chart.

Table 1: Laboratory follow-up chart

Reference =~ O 5th gth 14" Discharge
values hour = hour = hour hour
Sodium (mmol/L) 135-145 145 142 140 137 139
Potassium (mmol/L) 3.5-5.5 3.2 3.1 3.4 3.6 4.1
Phosphorus (mg/dL) 4-7 18.9 11.3 7.2 6 4.2
Calcium (mg/dL) 8.8-10.8 6.4 9.3 8.4 8.7 9.5
lonized calcium 1.1-13 0.69 0.91
(mmol/L)
pH 7.35-7.45 7.39 7.49
Magnesium (mg/dL) 1.8-2.6 3.2 24 1.9

Verbal informed consent was obtained from the family of
the patient participating in the study.

Discussion

The occurrence of hyperphosphatemia due to Na-P
enema ingestion, which presents with different results, ranging
from complete recovery to severe neurological deficits, has been
included in the literature, with many case reports over 45 years. In
one study, a case series of children who developed severe
hyperphosphatemia after administration of Na-P containing
laxatives between 1968 and 2010 was presented, and a systematic
review of the literature was made. In that study, 28 publications
with a mean age of 2.83 years (8 days—17 years) were examined.
When the indications for administration were evaluated, it was
reported that 26 cases were due to acute or chronic constipation,
and 21 patients were administered rectally as the route of
administration. Considering the underlying diseases, four patients
had Hirschsprung’s disease, four patients had a congenital
anorectal malformation, three patients had chronic constipation,
one patient had gastroschisis, one patient had Crohn’s disease, and
nine patients had systemic diseases, such as urological pathology
and congenital syndromes. Ten patients were previously reported
to be healthy [5]. While our patient was being evaluated with
chronic constipation and abdominal distension, electrolyte
disturbance was detected, the history was questioned again and it
was learned that multiple rectal enemas were performed.

The most common cause of hyperphosphatemia is renal
failure. Because the cellular content of phosphorus is higher than
that of plasma phosphorus, it can release significant amounts of
phosphorus in cell lysis. This explains the etiology and
pathophysiology of hyperphosphatemia in tumor lysis syndrome
(TLS), rhabdomyolysis and acute hemolysis. Diabetic
ketoacidosis, vitamin D poisoning, hypoparathyroidism,
hyperthyroidism and excessive cow's milk intake in infants are
involved in the etiology of hyperphosphatemia [6]. Our case did
not have a history of chronic disease that could cause elevated
phosphorus. Renal function tests, CK, LDH, uric acid and
bilirubin values were within normal limits. Thyroid function tests
and thyroid ultrasonography, vitamin D and parathormone, as well
as urine and metabolic tests were normal. There were only three
enemas in the last 12 hours, which could explain the etiology.

Constipation is a common problem in childhood.
Although its prevalence is 10%, it constitutes 3% of general
pediatric  consultations and 25% of gastroenterology
consultations. One out of every three children with functional
constipation experiences an attack of fecaloma. Although there are
other options such as oral or enteral osmotic laxatives, osmotic

enemas, lubricants and glycerin suppositories for their cleaning,
Na-P enemas are commonly used in emergency departments [3].
We also use pediatric fleet enema® or Na-P enemas in our
pediatric emergency clinic.

Sodium-phosphate enemas are widely used for
constipation because they are hyperosmolar and are considered
safe [1]. Hypertonicity causes a large movement of fluid into the
intestinal lumen and the formation of a third space that allows
evacuation of rectosigmoid fecal contents. Dehydration due to
high osmolar effect and hypocalcemia secondary to high
phosphorus absorption occur as a result of errors in dosing,
administration and elimination of the enema. Phosphorus is often
absorbed in the duodenum and jejunum, but it is important to note
that colonic absorption may also occur at high concentrations in
the rectum. The rapid increase in phosphorus can lead to calcium
chelation and precipitation of calcium phosphate salts in soft
tissues and kidneys, which causes acute hypocalcemia. Excess
phosphorus as inorganic acid and loss of bicarbonate in the
intestinal lumen causes metabolic acidosis [3].

Hyperphosphatemia may develop in individuals who
receive appropriate doses of Na-P enemas, with an average
increase in serum phosphorus level of 1-1.3 mEg/L [7]. Changes
in serum phosphorus and calcium levels occur within
approximately 40 minutes of ingestion of a phosphate-containing
enema [2]. Various factors play a role in the pathophysiology of
hyperphosphatemia. Increased intake of sodium and phosphate,
possibly due to gastrointestinal pathologies, or decreased
elimination due to impaired renal function are two of the
mechanisms implicated [5]. Poisoning due to the use of phosphate
enemas is especially seen in children younger than 5 years old.
Conditions that alter intestinal motility such as constipation,
intestinal  pseudo-obstruction,  paralytic ileus, anorectal
malformations, Hirschsprung's disease, myelomeningocele,
colostomy, muscle abnormalities including SMA, and kidney
failure may increase the risk of toxicity. In rare cases, it can occur
in healthy children. In this case, the most common cause is dose
error [3,8]. Our patient had chronic constipation as a risk factor,
and in addition, adult dose BT enema® and pediatric fleet enema®
were administered twice in the last 12 hours. The SMA gene
analysis yielded normal results.

Symptoms of phosphate poisoning can range from mild
gastrointestinal symptoms to life-threatening fatal arrhythmias.
The most common symptoms include abdominal bloating,
vomiting, hypernatremic dehydration, QT prolongation and
arrhythmias. In severe cases, severe hypocalcemia may lead to
neurological symptoms such as irritability, paresthesia, tetany,
laryngospasm, altered consciousness, coma, and hyperthermia due
to hypothalamic dysfunction. The symptoms manifest within a
timeframe ranging from 30 minutes to 4 hours after the
administration of the enema [3]. Our patient had intermittent
enema intake. Electrolyte disturbances were detected in the
examinations performed 30 minutes after the last enema. Our case
had no symptoms secondary to hypocalcemia and
hyperphosphatemia.

The most common electrolyte imbalance in phosphate
poisoning is hyperphosphatemia, which may cause hypertonic
dehydration, hypocalcemia, hypokalemia and hypernatremia
[4,9]. First of all, if necessary, treatment should focus on
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emergency airway management and cardiovascular resuscitation.
Once hemodynamic stabilization is achieved, the treatment should
first focus on restoring fluid status and normalizing electrolytes.
Initial fluid therapy is crucial to ensure adequate perfusion and
glomerular filtration rate [4-5,9]. In our patient, rapid IV hydration
was administered first.

The effectiveness and safety of parenteral calcium
administration are still controversial because it causes Ca-P
precipitation in the kidney and other tissues, which remains a
dilemma for clinicians. in a study, approximately 70% of the cases
received 1V calcium gluconate therapy to alleviate the symptoms
of hypocalcemia [5]. Another publication reported that parenteral
calcium replacement should be applied in patients with
neuromuscular symptoms and cardiac arrhythmias [10]. Despite
having hypocalcemia, our case was lucky because he did not have
neurological or cardiovascular symptoms.

Conclusion

Sodium-phosphate enemas are commonly used in
chronic constipation. However, their use can lead to life-
threatening and even fatal consequences including
hyperphosphatemia and secondary hypocalcemia. They should be
used with more caution, especially in patients with underlying
gastrointestinal or renal abnormalities. Physicians should be
aware that phosphate poisoning may occur in healthy patients,
even at therapeutic doses, due to rectal administration of a
phosphate-containing enema. Neurological and cardiovascular
symptoms should be carefully monitored, even in patients who
have tolerated phosphate-containing enemas. The first step in
treatment is intravenous hydration and diuresis.
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