
Archives de Pédiatrie xxx (xxxx) xxx–xxx

G Model

ARCPED-4911; No. of Pages 4
Research paper

Vitamin D intoxication due to misuse: 5-year experience
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1. Introduction

Vitamin D plays an important role in maintaining bone health
and calcium levels. The active form of vitamin D, 1,25-dihydro-
xyvitamin D, binds with high affinity to vitamin D receptors, and
increases intestinal absorption of both calcium and phosphorus.
Circulating 1,25-dihydroxyvitamin D inhibits serum parathyroid
hormone (PTH) levels by a negative feedback mechanism and by
increased serum calcium levels. It also regulates bone metabolism
through activation of the vitamin D receptors found in osteoblasts
and leading to the formation of mature osteoclasts [1].

Vitamin D deficiency leads to hypocalcemia and disorders of
bone mineralization. According to the American Academy of
Pediatrics recommendations of 2008, all children should receive
400 IU/day of vitamin D from birth to puberty [2]. With increasing
awareness of health problems caused by vitamin D deficiency,

preparations containing vitamin D have become popular. Hyper-
vitaminosis D and vitamin D intoxication (VDI), which was
previously extremely rare, is growing in frequency today with
increasing vitamin D intake [3,4]. Serum vitamin D levels above
100 ng/mL (250 nmol/L) are described as hypervitaminosis D and
serum levels above 150 ng/mL (375 nmol/L) as VDI [5].

Symptoms and signs resulting from VDI are associated with age,
serum calcium concentration, and duration of hypercalcemia [6]. The
main symptoms of admission are nausea/vomiting, weakness,
polyuria, polydipsia, dehydration, confusion, apathy, nephrolithiasis,
nephrocalcinosis, bone pain, constipation, and weight loss [7,8]. VDI
is a well-known cause of hypercalcemia in children and leads to
serious kidney, heart, and neurological problems. In the treatment of
VDI, the goal is to correct hypercalcemia. To do so, loop diuretics,
bisphosphonates, low-calcium diet, intravenous (iv) hydration,
glucocorticoids, and calcitonin are used [9–12].

In this study, we aimed to evaluate the clinical features of
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A B S T R A C T

Introduction: Vitamin D intoxication (VDI) is a well-known cause of hypercalcemia in children and leads

to serious kidney, heart, and neurological problems. In the treatment of VDI, the goal is to correct

hypercalcemia. Our aim was to evaluate the clinical features of patients with VDI, identify the causes of

VDI in our region, and help guide precautions and treatment of VDI.

Materials and methods: The medical records of patients with VDI presenting between January 2015 and

December 2019 were retrospectively analyzed.

Results: In total, 38 patients aged 0.3–4 years including 20 males (52.6%) were included in the study.

Vomiting (65.8%), loss of appetite (47.4%), and constipation (31.6%) were the most common symptoms.

The cause of intoxication was prescribed D3 vials in 23 patients, non-prescribed D3 vials in nine patients,

and incorrectly produced fish oil supplement in six patients. Admission serum calcium and 25 (OH) D

levels were 3.75 � 0.5 mmol/L and 396 � 110 ng/mL, respectively. A statistically significant correlation was

found between the serum calcium levels at the time of diagnosis and the dose of vitamin D received, serum 25

(OH) D, phosphorus, and parathyroid (PTH) levels. Nephrocalcinosis was present in 15 (39.5%) patients. The

mean time to achieve normocalcemia was 6.18 � 2 days. The mean time to achieve normocalcemia in

patients treated with pamidronate was 5.94 � 0.7 days.

Conclusion: Stoss therapy should not be administered for children of families with problems of adherence

to treatment. It should be noted that VDI may develop as a result of improperly produced nutritional

supplements. General practitioners and pediatricians must be aware of VDI risks and explain them to

parents. Pamidronate is effective for treating VDI in children.
�C 2021 French Society of Pediatrics. Published by Elsevier Masson SAS. All rights reserved.
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. Materials and methods

This retrospective study was conducted at a tertiary academic
istrict hospital. The study was conducted in compliance with the
eclaration of Helsinki and was approved by Aksaray University
chool of Medicine, Aksaray Education and Research Hospital
cientific Research Evaluation Committee (2020/01-07).

.1. Study design, setting, and patient selection

The medical records of patients under 18 years of age treated at
ur hospital for having vitamin D levels � 150 ng/mL between
anuary 1, 2015 and December 31, 2019 were retrospectively
eviewed. Patients with incomplete medical data, patients who
ere referred to another healthcare center, and patients older than

8 years were excluded from the study.

.2. Data collection

The medical records of all patients were collected by the authors
sing a standard data collection form. In addition to the age and sex
f the patients, information on the admission method, complaints at
dmission, intoxication cause, laboratory values at the time of
dmission–25-hydroxyvitamin D [25(OH)D], calcium, phosphorus,
TH, alkaline phosphatase (ALP)–presence of nephrocalcinosis on
enal ultrasonography, the treatment administered, and the time to
chieving normocalcemia was recorded. All patients’ 6-months
ost-discharge follow-up data were also collected and the presence
f nephrocalcinosis on renal ultrasonography was recorded. During
he 5-year study period, all PTH measurements were made at the
ame laboratory using the same assay. The time to achieving
ormocalcemia was defined as the time from admission to the first
alcium level in the normal range (2.1–2.6 mmol/L). The primary
ndpoint was the elapsed time to achieving normocalcemia.

.3. Data analysis

Data were analyzed using the Statistical Package for the Social
ciences (SPSS Inc., version 22.0, Chicago IL, USA). Visual
histogram and probability graphs) and analytical methods
Shapiro–Wilks tests) were used to determine normal distribution
f the data. Descriptive statistics are expressed as mean � standard
eviation for normally distributed variables, and as median and
terquartile range (IQR) for those lacking normal distribution. In
tergroup comparisons, the chi-square test was used for categorical

ariables, while Student’s t test was used for continuous variables.
he Mann–Whitney U test was used for nonnormally distributed
ontinuous variables and sequential variables. Correlation tests were
erformed using the Pearson correlation test for normal distribution
nd Spearman’s correlation test nonnormal distribution. A P value
f < 0.05 was considered statistically significant.

. Results

In our hospital, 45 children were diagnosed with VDI during the
-year study period. Six patients who had missing data and one
atient who was referred to another center at the request of her

amily were excluded from the study. Finally, 38 patients aged 0.3–
 years (median, 1.4 [1.8]) including 20 males (52.6%) were

(26.3%), hypotonia (21.1%), fever (18.4%), abdominal pain (10.5%),
and bone pain (7.9%). There were three asymptomatic patients.

A total of 32 patients were intoxicated by vials containing
7.5 mg (300,000 IU) D3. Nine of these patients used vitamin D vials
without prescription and without consulting a physician for
various reasons (delayed teething, late walking, or bandy legs) and
had been exposed to 600,000–1,800,000 IU of vitamin D. Overall,
23 patients were prescribed stoss therapy of D3 vials. The
mistakenly repeated use of vitamin D3 by the families contributed
to the occurrence of VDI; these patients were exposed to 600,000–
2,400,000 IU of vitamin D. The cause of intoxication in the
remaining six patients was improperly produced fish oil sup-
plements, which contained approximately 400 mg (16 million IU)
of vitamin D3 per bottle and these patients were exposed
to1,000,000–2,000,000 IU of vitamin D. The median dose of
vitamin D received by all patients was 1,200,000 (range: 600,000–
2,400,000) IU. The minimum dose of vitamin D received that
caused VDI was 600,000 IU.

Admission serum calcium and 25(OH)D levels were
3.75 � 0.5 mmol/L and 396 � 110 ng/mL, respectively (Table 1).
Except for two patients with mild hypophosphatemia (1 mmol/L),
the serum phosphorus levels (1.5 � 0.2 mmol/L) were within normal
range in all patients. The serum ALP levels (237 � 27 U/L) were also
within normal range in all patients. All PTH measurements were
made at the same laboratory using the same assay. The serum PTH
levels were decreased as expected (median, 4.65 [4.5] pg/mL), except
for three patients with mild hypercalcemia. All patients’ laboratory
findings are summarized in the supplementary table.

There was a statistically significant correlation between the
serum calcium levels at the time of diagnosis and the dose of
vitamin D received, serum 25(OH)D, phosphorus, and PTH levels.

Table 1
Characteristics of patients with vitamin D intoxication at the time of admission.

Age (years), median (range) 1.4 (0.3–4)

Male gender, n (%) 20 (52.6)

Pediatric emergency department

admission, n (%)

31 (81.6)

The dose of vitamin D received (units),

median (range)

1,200,000 (600,000–2,400,000)

25(OH)D (mg/dL), mean � SD 396 � 110

Calcium (mmol/L), mean � SD 3.75 � 0.5

Phosphorus (mmol/L), mean � SD 1.5 � 0.2

Alkaline phosphatase (IU/L), mean � SD 237 � 27

Parathyroid hormone (pg/mL), median

(IQR)

4.65 (4.5)

Elapsed time to achieving normocalcemia

(days), mean � SD

6.18 � 2

Normal ranges: calcium (mmol/L), 2.1–2.6; phosphorus (mmol/L), 1.15–2.15 (1–12

months), 1–1.95 (1–4 years); alkaline phosphatase (U/L), 48–406 (newborns), 82–

383 (1 month to 2 years), 69–325 (2–8 years); 25(OH)D (ng/mL), 20–100;

parathyroid hormone (pg/mL), 15–88. 25(OH)D: 25-hydroxyvitamin D; SD:

standard deviation; IQR: interquartile range

Table 2
Correlation analyses of various variables at the time of admission.

R P

Calcium–Dose of vitamin D received 0.437 < 0.01

Calcium–25-hydroxyvitamin D 0.691 < 0.001

Calcium–Phosphorus �0.637 < 0.001
Calcium–Alkaline phosphatase �0.146 0.382

Calcium–Parathyroid hormone �0.604 < 0.001

Alkaline phosphatase–Parathyroid hormone 0.097 0.562

25-Hydroxyvitamin D–Phosphorus �0.586 < 0.001

25-Hydroxyvitamin D–Alkaline phosphatase �0.251 0.129

25-Hydroxyvitamin D–Parathyroid hormone �0.352 < 0.05

R: Pearson–Spearman correlation coefficient.
ncluded in the study (Table 1).
In total, 31 patients were admitted to the pediatric emergency

epartment and seven patients were admitted to the outpatient
linic. The symptoms and findings of patients at the time of
dmission included vomiting (65.8%), loss of appetite (47.4%),
onstipation (31.6%), dehydration (23.7%), polyuria–polydipsia
2
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No correlation was detected between serum calcium and ALP
levels (Table 2).

Nephrocalcinosis was present in 15 (39.5%) patients. In
10 patients, nephrocalcinosis was observed during admission;
the other five patients developed nephrocalcinosis during the
course of treatment. There was a statistically significant difference
between patients with and without nephrocalcinosis in terms of
serum calcium, the dose of vitamin D received, 25(OH)D, and PTH
levels. There was no significant difference in terms of age, sex, and
serum phosphorus and ALP levels (Table 3).

The dietary calcium intake of all patients was restricted until
normocalcemia was achieved. In our study, 10 patients with
nephrocalcinosis and nine patients without nephrocalcinosis on
admission were treated with pamidronate, iv normal saline, and
furosemide. A total of 16 patients were treated with oral
prednisolone, iv normal saline, and furosemide. The remaining
three patients with mild hypercalcemia were treated with iv
normal saline only. In five of the patients receiving prednisolone,
nephrocalcinosis developed during their follow-up, and pamidro-
nate treatment was started. The mean time to achieving
normocalcemia was 6.18 � 2 days. The mean time to achieving
normocalcemia in patients treated with pamidronate was
5.94 � 0.7 days. Ultrasonographic examination at the end of the 6-
month period showed nephrocalcinosis in three patients. Nephro-
calcinosis was not observed in 12 patients.

4. Discussion

In the treatment of nutritional rickets, vitamin D is usually
recommended in daily doses of 1000–10,000 IU for a period of 2–3
months (low dose, long-term treatment), as well as a single high
dose of 100,000–600,000 IU (stoss therapy) [5,13]. Stoss therapy is
an option for long-term therapy if treatment is not adhered to by
the patient or his/her family. However, many people believe that
vitamins are harmless, that higher doses yield better results, and
that they can use vitamin D vials repeatedly. VDI has become
widespread with improperly produced dietary supplements and
their increasing popularity [14–16]. Kara et al. reported seven
pediatric cases of VDI developing as a result of the intake of
improperly produced dietary supplements containing high doses
of vitamin D [14]. In our study, 23 patients were intoxicated due to
stoss therapy, nine patients as a result of their families’
carelessness, and six patients due to improperly produced dietary
supplements. It should be kept in mind even 600,000 IU vitamin D
could cause intoxication. Physicians and parents alike should take
care during vitamin D treatment to prevent VDI.

The age of the patient, the dose of vitamin D received, and the
level of vitamin D before the patient’s intoxication contribute to

improper use of the prescribed vitamin D, and the pre-intoxication
serum 25(OH)D levels were known in these patients (< 30 ng/dL).
The pre-intoxication serum 25(OH)D levels were unknown in the
other 15 patients.

Hypercalcemia is responsible for a large part of the symptoms in
VDI. In the early stages of VDI, gastrointestinal tract symptoms
(nausea, vomiting, constipation, loss of appetite) are observed. Bone
pain, persistent headache, arrhythmia, and joint pain are observed
within a few weeks, while frequent urination at night, excessive
thirst, and nephrocalcinosis are the late symptoms of VDI
[8,21]. Some studies have reported that most of the symptoms
associated with nephrocalcinosis caused by VDI persist for years
[22]. Furthermore, VDI can result in pancreatitis, although it is very
rare [23]. In our study, the most common symptoms were related to
the gastrointestinal tract and included vomiting (65.8%), loss of
appetite (47.4%), and constipation (31.6%). Pancreatitis did not
develop in any of the patients. The most common clinical finding
was nephrocalcinosis (39.5%). In this study, nephrocalcinosis was
eliminated in the majority of affected cases (92.1%) within 6 months.

Hypercalcemia caused by VDI is an emergency condition that
can be life threatening if left untreated. Intravenous hydration with
normal saline is the basis of treatment for hypercalcemia. Loop
diuretics can increase pre-existing dehydration; hence, they
should be administered cautiously [23]. Other treatment options
in VDI include calcitonin, prednisolone, alendronate, pamidronate,
and hemodialysis [19,24]. Glucocorticoids play an important role
in the treatment of VDI and reduce both renal reabsorption and
intestinal absorption of calcium. It can take up to 3 days for the
effects to be noted. Bisphosphonates can reduce calcium levels in
patients with VDI via their antiresorptive effects on bones
[19]. Hatun and Cizmecioğlu reported that normocalcemia was
not achieved after glucocorticoid therapy of >1 month in two
infants who had serum calcium levels of 14.9 mg/dL and 18 mg/dL
at the time of admission and that bisphosphonates were needed
[25]. Sezer et al. reported that four infants with VDI were initially
administered prednisolone and two patients with admission
calcium levels of 16.5 and 19.1 mg/L needed alendronate therapy
for normocalcemia [26]. Demir et al. divided their patients into five
groups and compared treatment regimes. They reported that
prednisone treatment had a weak effect in patients with severe
hypercalcemia and that no further therapy was required in
patients treated with alendronate (in-group baseline calcium
median, 14.5 mg/dL) or pamidronate (in-group baseline calcium
median, 16.1 mg/dL) [27]. In our study, pamidronate was effective
in VDI and hypercalcemia treatment. No alternative treatment was
needed in any of the patients treated with pamidronate. Five of the
patients treated with prednisolone developed nephrocalcinosis
and pamidronate was used as an alternative.

Table 3
Comparison of patients with and without nephrocalcinosis at the time of admission.

With nephrocalcinosis (n = 15) Without nephrocalcinosis (n = 23) P

Age (years) 1.3 (1.7) 1.4 (2.1) 0.329

Male gender 10 (43.5) 10 (66.7) 0.162

Calcium (mmol/L) 4.07 � 0.3 3.54 � 0.4 0.001*

25-Hydroxyvitamin D (mg/dL) 459 � 68 356 � 115 0.001*

Phosphorus (mmol/L) 1.41 � 0.2 1.56 � 0.3 0.131

Alkaline phosphatase (IU/L) 235 � 36 238 � 20 0.822

Parathyroid hormone (pg/mL) 3.5 (4.5) 6.6 (6.1) 0.006*

Data are median (IQR), n (%) and mean � SD. *P < 0.01. SD: standard deviation; IQR: interquartile range.
the development of hypercalcemia [5,17,18]. Furthermore, calcium
intake in the diet and the presence of conditions leading to
hypersensitivity to vitamin D can contribute to the development
and severity of VDI-related hypercalcemia [5,19,20]. All of the
patients in our study were younger than 4 years and had no known
chronic diseases. In 23 patients, intoxication was the result of
3

Our study has some limitations as it was retrospective in
nature:

� pre-intoxication 25(OH)D levels and dietary conditions were
unknown in 15 patients. Therefore, the dose of vitamin D that
caused intoxication was not investigated;
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 it was unknown how long the patients had been exposed to high
doses of vitamin D.

. Conclusion

Vitamin D deficiency treatment requires caution. Stoss therapy
hould not be administered for children in families with problems
f adherence to treatment. Replacement therapy should be
voided before the vitamin D level is measured. It should be
oted that VDI may develop as a result of improperly produced
utritional supplements. General practitioners and pediatricians
ust be aware of the risks of VDI and explain them to the parents.

amidronate is effective in treating VDI in children.
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