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Abstract

Vitamin D plays a vital role in the proper functioning of the hu-
man body. It is involved in the regulation of calcium-phosphate
metabolism. Currently, the problem of vitamin D deficiency is well-
known. Additional oral supplementation is widespread, further-
more the number of cases of vitamin D overdose is increasing. A
strong indication of toxicity is hypercalcemia. Excessive supplemen-
tation may lead to calcium deposits in tissues and organs and finally
lead to damage and conduction disorders. The presented patient
used high doses (over 10 000 units per day) of vitamin D for a few
months. He was admitted to the hospital with an increased serum
creatinine level of 352 umol/l. The progressive chronic kidney dis-
ease was diagnosed, and the replacement renal therapy was con-
sidered. After 13 days of treatment, the patient had a good clinical
response with the gradual normalization of kidney function and
decreased vitamin D and its metabolites serum concentrations. In
case of excessive vitamin D intake and symptoms of toxicity, it is es-
sential to monitor the patient for at least 6 months because of the
slow release of vitamin D from fat deposits.
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Introduction

discontinuing vitamin supplementation, intravenous hydration
and intake of the drugs decreasing serum calcium level.

Vitamin D is a well-known representative of a fat-soluble vi-
tamin group. It is released, absorbed and transported with di-
etary fat. The common name “vitamin D” includes, in fact, two
significant compounds - ergocalciferol (also known as vitamin
D2) and cholecalciferol (the other name is vitamin D3). Vitamin
D plays a vital role in the proper functioning of the human body,
especially in regulating calcium and phosphate metabolism
[1]. Sun exposure and oral intake are the two main sources of
the following vitamin. The first includes the natural synthesis
of cholecalciferol in the lower layers of the epidermis induced
by ultraviolet radiation, whereas oral intake involves diet and

Pathomechanism of Vitamin D Toxicity

In 2008, 3 main hypotheses were proposed regarding the
mechanism of Vitamin D Toxicity (VDT). All three involve in-
creased concentrations of a vitamin D metabolite reaching the
Vitamin D Receptor (VDR) in the nucleus of target cells and caus-
ing gene overexpression: 1. Toxicity is mediated by increased
serum concentrations of the active hormonal form, 1,25(0OH) 2
D, leading to increased intracellular concentration. 2. 1,25(0OH)

conscious supplementation. Vitamin D occurs naturally only in
a few comestible products, such as fish, meat, liver and eggs.
Consequently, supplementation is an essential issue as vitamin
D deficiency is a global problem. More than one billion people
worldwide are estimated to suffer from vitamin D deficiency [2].
Due to this, nowadays, a wide range of different supplements
containing vitamin D are widely available. However, many of
them have an unregulated composition. Moreover, the guid-
ance for their safe application is often insufficient. As a result of
both these factors, there is an increased number of cases with
excessive supplementation and possible symptoms of vitamin D
like apathy, vomiting, abdominal pain, polyuria, polydipsia and
dehydration [3, 4]. Treatment includes limiting calcium intake,

2D has a low affinity for Vitamin D Binding Protein (VDBP) and a
high affinity for VDR, making it an important ligand for accessing
the transcriptional signal transduction machinery. In hypervita-
minosis D, the concentrations of various vitamin D metabolites,
especially 25(0OH)D, are significantly increased, saturating the
binding capacity of VDBP, which allows other vitamin D metab-
olites to enter the cell nucleus. Of the various vitamin D me-
tabolites, 25(0OH)D at higher concentrations (a dose-dependent
effect) has the strongest affinity for the VDR, so a particular
metabolite at elevated serum concentrations stimulates tran-
scription. 3. Ingestion of vitamin D raises the concentration of
vitamin D itself and increases the concentration of many other
vitamin D metabolites, especially 25(OH)D. In vitamin D hypervi-
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taminosis, the concentrations of vitamin D metabolites, such as
vitamin D, 25(OH)D, 24,25(0H) 2 D, 25,26(0H) 2 D and 25(OH)
D-26,23 -lactone, increase significantly Abnormally elevated
concentrations of vitamin D metabolites exceed the binding ca-
pacity of VDBP and cause the release of free 1,25(0OH) 2 D; the
latter active metabolite enters target cells by diffusion and acts
through the vitamin D receptor [14,17].

Guidelines for Vitamin D Supplementation in Poland and
Europe

Poland and Central Europe: The initiation of vitamin D sup-
plementation should begin with the determination of vitamin D
requirements, the best determinant of which is the serum con-
centration of the liver metabolite 25(OH)D. According to the
Central European guidelines, suboptimal supply is assumed to
occur at a serum 25(OH)D concentration of 20-30 ng/ml (50-75
nmol/l). In contrast, maintaining a concentration of 30-50 ng/
ml (75-125 nmol/I) was considered to ensure the pleiotropic ef-
fect of vitamin D. The finding of higher serum concentrations
(above 100 ng/ml, i.e., above 250 nmol/l) may indicate impro-
per supplementation and is an indication for total discontinu-
ation of treatment [21].

According to the above recommendations, 20 to 50 ug/day
of vitamin D should be used. [22]

In 2021. The Chief Sanitary Inspectorate (GIS) in Poland re-
gulated the maximum doses of vitamin D in dietary supple-
ments. These are, respectively:

- 2,000 IU (50 pg) for dietary supplements intended for the
healthy adult population up to age 75 (01/2021);

- 4,000 IU (100 pg) for dietary supplements intended exclu-
sively for the healthy population of adults over 75 years of age.
(01/2021).

Europe: In western, southern European and Scandinavian
countries vitamin D supplementation is recommended after the
prior determination of serum concentrations of the hepatic me-
tabolite 25(0OH)D in 2019. Lips et al., in their publication based
on country-specific data, reported that vitamin D requirements
for adults (including older adults ranged from 0 to 20 ug/day.
(22]

Case Report

67-years old male was admitted to the hospital for diagnosis
of rapidly progressive chronic kidney disease (visualized inciden-
tally during laboratory tests performed by the GP who referred
the patient to the Nephrology consultation) with unclear aeti-
ology of kidney failure as well as for consideration of the pos-
sible need for renal replacement therapy. Previous blood tests
revealed increased serum creatinine levels and hypercalcemia.
The patient was diagnosed with hypertension, hypertriglyceri-
demia, liver steatosis, left acoustic neuroma and lichen sclero-
sis. At the time of admission, he did not report any symptoms
and signs. The patient stated that he had been using high doses
of vitamin D (over 10 000 units per day for a few months) as the
supplemental therapy. The patient was unaware of the threats,
and thought he was using the correct dosage. No alcohol use,
no herbal agents and no suspected drug use were reported.
Physical examination did not reveal any relevant abnormalities.
The patient appeared alert, oriented and cooperative. Ausculta-
tion showed normal heart sounds as well as normal symmetri-
cal vesicular sounds. No abdominal findings were referred. Vital
signs of the patient were also in the normal ranges with 36.6°C

body temperature, 75/min. heart rate and 96% blood oxygen
saturation without additional oxygen therapy, arterial blood
pressure was slightly increased 140/80.

Laboratory tests were performed during the admission.
The following results were obtained: serum creatinine level:
352 umol/l (normal range: 62-106 umol/l), eGFR: 16.03 ml/
min/1.73m? (normal value >60 ml/min/1.73m?), total vitamin
D >100 ng/ml, vitamin D metabolite 25(OH) > 308 ng/ml (con-
centration >100 ng/ml is considered potentially toxic), vitamin
D metabolite 1.25(0H),: 585 pg/ml (normal range: 25.00-86.50
pg/ml), parathormone: 7.76 pg/ml (normal range: 10-60 pg/ml),
HCT: 26,1% (normal range: 42-52%), RBC: 3.21 x10°%/ul (normal
range: 4.7-6 x10%/ul), HGB: 9.7 g/dI (normal range: 13.5-17 g/
dl), triglycerides: 1.94 mmol/I (normal range <1.7 mmol/l). The
arterial blood gases analysis was normal. There were also some
electrolyte disturbances such as hyponatremia: 120 mmol/I
(normal range: 135-145 mmol/l), hyperkalemia: 5.55 mmol/I
(normal range: 3.5-5.1 mmol/l) as well as hypercalcemia - the
total calcium level was 3.62 mmol/I (normal range: 2.12-2.62
mmol/l). The serum protein immunofixation was performed
and did not reveal the monoclonal gammapathy. The urinalysis
also did not show any abnormalities.

The performed12-lead electrocardiography record present-
ed the sinus rhythm with a frequency of 70/min. as well as the
left anterior hemiblock, probably caused by high calcium con-
centration.

The patient underwent a series of medical imaging to extend
the diagnostics of the reasons for kidney failure (figure 1, 2).

na stojgco

na stojaco

Figure 1: The patient’s skull radiograph.
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Figure 2: The patient’s chest radiograph.

Some of them were interpreted as normal and showed no signs
of osteolysis, such as the skull and pelvic radiographs. The chest
X-ray reported only minor abnormalities in the lung’s stroma.
During the hospitalization, abdominal ultrasonography was also
performed revealing slightly higher echogenicity of the liver,
pointing to steatosis, significantly elevated echogenicity of the
renal cortex and a small cortical cyst (6 mm) in the left kidney.

Because of unclear aetiology of the patient’s symptoms,
the renal biopsy was under consideration, however, patient’s
informed consent could not be obtained. For this reason, the
biopsy was abandoned.

During hospitalization, intravenous fluid therapy was imple-
mented. It consisted of 500 ml 0.9% NaCl with addition of 20
ml of 10% NaCl (on the first day of hospitalization for severe
hyponatremia). The aim of that therapy included the protective
impact on renal function, the minimalization of hyponatremia
and the treatment of hypercalcemia. A good response was ob-
tained progressively (table 1). The treatment also involved the
administration of 2000 ml 0.9 % NaCl, Furosemidum 2 x 40 mg
i.v., intravenous bisphosphonates (Pamindronate disodium 90
mg/ 500 ml 0,9% NaCl, 3 doses from the 7th to 9th day) and
glucocorticosteroids per os (Metyloprednisolonel6 mg- 8 mg
from 8th day). The aim was to reduce the calcium concentra-
tion. The impaired kidney function subsequently led to anae-
mia, with haemoglobin concentration decreased to 7.1 g/dl. For
that reason, blood transfusion was necessary. During hospital-
ization, the patient did not report symptoms of gastrointestinal
bleeding only persistent constipation. After laxative infusion,
blood-colored stool was observed (1 episode). He did not agree
to gastrointestinal endoscopic diagnostics, with the approval of
the patient (initially, he also did not agree), he obtained 4 units
of packed red blood cells after crossmatch.

After 11 days of hospitalization, we observed a decrease in
serum creatinine to 237 umol/L, eGFR 25.3 ml/min, serum total
calcium was 2.58 mmol/L, and haemoglobin was 12.1 g/dI. High

serum vitamin D levels (above the threshold of determination
in the hospital laboratory) persisted. On day 13, the patient was
released home in stable condition and was advised to avoid vi-
tamin D supplementation and receive regular treatment from a
nephrologist. However, he was absent for a follow-up visit.

Summary

Vitamin D is essential for the proper functioning of human
organisms. Due to this, the global problem of its deficiency
poses a huge medical challenge. The wide range of available
supplements seems to resolve that issue. However, the num-
ber of cases of vitamin D overdose is increasing. In a retrospec-
tive analysis of the data from the National Poison Data System
(NPDS), toxic exposure to vitamin D increased from a mean of
196 cases per year from 2000 to 2005, to a staggering mean
of 4535 exposures per year from 2005-2011 [16]. One of the
strongest markers of vitamin toxicity is hypercalcemia. Acute
vitamin D toxicity is usually caused by doses of vitamin D above
10 000 1U/day resulting in serum 25(0OH)D concentrations >150
ng/mL. Chronic vitamin D toxicity can potentially occur with the
administration of doses above 4 000 1U/day for extended pe-
riods. The main goal of treatment during vitamin D toxicity is
emergent resuscitation in an unstable patient and correction of
hypercalcemia. Vitamin D is stored in adipose tissue, and due
to this, it may be slowly released from fat deposits for approxi-
mately 18 months. Consequently, organ damage may appear
and lead even to death. [3]

A regimen for managing vitamin D poisoning has been pro-
posed in 2022. First of all, all vitamin D and calcium supple-
ments should be discontinued, but the patient's medication list
should also be reviewed to adjust any future doses of vitamin
D supplements. It is important to avoid excessive bed rest to
prevent immobilization-induced hypercalcemia. Use parenter-
al hydration with 0.9% NaCl. In cases of severe toxicity caus-
ing severe hypercalcemia, calcitonin and bisphosphonates can
be used. Intravenous calcitonin at a dose of 4 units/kg can be
administered, and calcium concentrations repeated after 6-12
hours. Intravenous bisphosphonates can be given at the same
time, but they are more beneficial in reducing hypercalcemia
in cancer. When choosing therapy, it should be kept in mind
that calcitonin can lead to tachyphylaxis, while the effects of
bisphosphonates can persist for longer. Calcium levels should
be carefully monitored when using these drugs. The use of in-
travenous corticosteroids is usually reserved for the treatment
of vitamin D toxicity associated with granulomatous disease. It
lowers plasma calcium levels by decreasing intestinal absorp-
tion and increasing urinary calcium excretion. In rare cases, pa-
tients may require hemodialysis to get rid of excess calcium due
to significant kidney damage. After treatment, patients should
be educated frequently to avoid the overuse of vitamin supple-
ments.

The Endocrine Society suggests monitoring 25-hydroxyvita-
min D and serum calcium levels in patients receiving high doses
of vitamin D [18].

Table 1: The results of the patient’s laboratory tests. Abbreviations: Cre-serum creatinine level.

Day of hospitalization 1 2 3 4 5 6 7 8 9 10 11 12

Cre [pmol/1] 352 - 340 355 - - 332 - 266 262 237 -

eGFR [ml/min] MDRD 16.0 i 16.6 15.8 i i 17.1 i 22.1 22.5 253 i
3 9 8 5 5 4 1

Total serum Ca [mmol/I] 3.62 - 3.37 3.35 - - 2.76 - 2.62 2.58 - -

Serum ionized Ca [mmol/I] - - 1.64 - - 1.45 1.41 - 1.28 - - -

Vitamin D [ng/ml] - - >100 - - - - - >100 - - -
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Table 2: Implemented treatment.

Day of hospitalization 1 ‘ 2 ‘ 3 ‘ 4 ‘ 5 ‘

s | 1| s

‘9‘10‘11‘12

i.v. fluid 2000 ml+ furosemidum

Treatment

Pamindronate disodium 90 mg/ 500 ml 0.9% NaCl ‘ ‘ ‘ ‘

‘ ‘ Metyloprednisolone 16 mg- 8 mg

Hypervitaminosis caused by vitamin D should be differenti-
ated from other causes leading to hypercalcemia or diseases
mimicking the symptoms of hypervitaminosis as follow: hy-
percalcemia of malignancy, hypercalcemia of granulomatous
diseases, vitamin A toxicity, thyrotoxicosis primary, secondary
and tertiary hyperparathyroidism, Paget disease, hypercalcemia
caused by prolonged immobilization and milk-alkali syndrome
[18].

The described patient used high doses of vitamin D supple-
mentation for several months (over 10 000 units per day) in or-
der to improve quality of life. The patient was unaware of the
risks of doing so thinking he was using the correct dosage. In-
stead, the excessive supplementation led to rapidly progressive
chronic kidney disease (in the spring of 2021, the patient had
normal serum creatinine levels). The quickly received treatment
resulted in the gradual normalization of kidney function and re-
nal replacement therapy was not necessary. During hospitaliza-
tion, the added difficulty was the patient’s non-compliance, as
periodically he did not consent to the proposed treatment and
medical tests. He also skipped the follow-up appointments. It
is considered that patients, who have overdosed on vitamin D,
should be under control for at least 6 months in nephrology
and endocrinology outpatient clinic. Furthermore, the serum
calcium concentration as well as 25(OH)D concentration should
be monitored regularly (at least for patients with symptoms of
acute kidney injury, chronic kidney disease, hypercalcemia and
hypercalciuria) [3,5].

Physicians should be reminded of and carry out a differential
diagnosis of vitamin D toxicity whenever a patient presenting
to primary care, specialized outpatient care or a hospital has a
positive history of use of oral vitamin D medications and reports
symptoms such as persistent vomiting, sensory disturbances,
anuria or oliguria, and additional tests can show hypercalcemia,
hypercalciuria, an increase in serum creatinine. Prompt diagno-
sis and implementation of treatment will avoid further kidney
damage and consequent renal replacement therapy [19,20].
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