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Introduction
Vitamin D, the “sunshine vitamin,” is back in the limelight.1 Reemergence of rickets among
vulnerable infants (dark-skinned and/or breast-fed without vitamin D supplementation) and
reports of excessive prevalence of vitamin D deficiency and insufficiency among children
have reemphasized the importance of optimal intakes of vitamin D.2–5 The American
Academy of Pediatrics (AAP) increased its recommended dietary allowance (RDA) of
vitamin D for the prevention of vitamin D deficiency in infants and children from 200 IU to
400 IU in 2008.6–7 Recently, the Institute of Medicine (IOM) revised its RDA for vitamin D
from 200 IU to 400 IU in infants (0 to 12 months) and from 200 IU to 600 IU in children (1
to 8 years).8 Without fortification, very few foods are rich in vitamin D. Humans meet their
vitamin D needs from sunlight exposure, diet and/or supplements. Of these sources,
photosynthesized vitamin D is the major contributor to human vitamin D status.9–11

Vitamin D-fortified milk and infant formula remains the main dietary source of vitamin D.
An infant or a child must drink 4 servings (1 liter or 32 ounces) of vitamin D-fortified milk
to meet the AAP recommended intake of vitamin D (400 IU/day), which seems to be a tall
order for many. Therefore, vitamin D supplements become an important source of dietary
vitamin D. In order to meet consumer desires to prevent deficiencies or optimize health
benefits related to vitamin D, preparations of higher concentrations of over-the-counter
vitamin D supplements have become readily available for the general public, with the
potential for inadvertent overdosing in young infants and children.

Case Report
A 3-month-old Asian-American infant was evaluated by his primary care pediatrician for
parental concerns of vitamin D overdosing. The infant was born at term after an
uncomplicated pregnancy, labor, and delivery to a 43-year-old primiparous college-educated
mother. As the infant was exclusively breastfed, oral vitamin D supplementation was started
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on day 5 (400 IU once daily). During subsequent visits, the parents had confirmed that they
were administering 1 mL daily of D-Vi-Sol (400 IU/mL) infant vitamin D solution.

At 3 months, infant’s mother notified the pediatrician of a dosing error she had made in
administering a new brand of infant vitamin D liquid preparation. The new vitamin D
preparation was bought at a free-standing vitamin store. The concentration of vitamin D
varied significantly between the 2 preparations: the new preparation provided 400 IU of
vitamin D per drop, unlike D-Vi-Sol which had 400 IU of vitamin D per mL. Without
realizing the variation in the concentrations between the two preparations, the parent had
given the infant 1 mL daily of the new preparation for 20 days. Counting 30 drops in the 1
mL dropper, the mother correctly calculated that her infant had been receiving a 30-fold
overdose of vitamin D (12,000 IU) daily. The infant was clinically stable with no symptoms
and was feeding and acting well. Parents were advised to discontinue infant and maternal
vitamin D supplementation and have the infant evaluated in the office the following day.

The infant had no history of irritability, constipation or abnormal movements. Examination
revealed a calm, alert, well-appearing infant (wt 5.6 kg; 3rd–15th WHO percentile) with no
focal findings except slightly increased patellar deep tendon reflexes; no clonus was present.
Serum calcium (10.5 mg/dL, reference range 8.8 – 10.8 mg/dL), phosphorus (6.4 mg/dL,
reference range 4.5 – 6.5 mg/dL), electrolyte panel, creatinine, and blood urea nitrogen were
normal. Serum 25-hydroxyvitamin D [25(OH)D] was markedly elevated (422 ng/mL,
reference range 30 – 100 ng/mL12), 1,25-dihydroxyvitamin D [1,25(OH)2D] was normal (61
pg/mL, reference range 27 – 71 pg/mL) and parathyroid hormone (PTH) was suppressed (<3
pg/mL, reference range 15 – 65 pg/mL), (Figure 1).

In addition, the vitamin bottle was sent to the lab of one of the authors (MFH) to determine
the concentration of vitamin D. The average of three samples from the bottle was 374.3 IU
per drop, confirming the concentration stated on the bottle label.

The infant was frequently seen for clinical and laboratory follow-up over the next six
months. The baby has continued with normal growth and development, and no apparent ill
effects of the vitamin D overdose. There was a steady decline in serum 25(OH)D and return
of PTH to normal, and calcium and phosphorus levels remained normal throughout the
follow-up period (Figure 1).

The infant’s pediatrician (ECR) contacted the Food and Drug Administration (via a
MedWatch Report) and the vitamin distributor, and alerted the network of local pediatricians
about the potential risk for hypervitaminosis D arising from dosing errors with high-
concentration over-the-counter vitamin D preparations. One day after notifying the vitamin
store, the company decided to pull the product from its shelves and online store.

Discussion
Our case vignette highlights the potential risk for hypervitaminosis D, a prelude to vitamin
D intoxication, from accidental over-dosing with over-the-counter high concentration liquid
vitamin D preparations. Data regarding hypervitaminosis D (defined as above the reference
range of 25(OH)D >100 ng/mL) in infants are limited. In this infant, ingestion of 240,000 IU
of vitamin D3 (12,000 IU daily × 20 days) resulted in hypervitaminosis D with
concentrations of serum 25(OH)D greater than 400 ng/mL and was tolerated without
evidence of vitamin D toxicity, i.e. hypercalcemia and hyperphosphatemia.

The current IOM-set tolerable upper limit for vitamin D intake for infants aged 0 to 6
months is 1000 IU/day and for infants aged 6 to 12 months is 1500 IU/day.8 Pooled data
from vitamin D trials in adults have shown that intakes of vitamin D up to 10000 IU/day are
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safe13, however such data are not available for infants and children. Although vitamin D has
a significant safety profile, excessive intakes of vitamin D over prolonged period of time
poses the risk for hypervitaminosis D and subsequent vitamin D toxicity.

Vitamin D (cholecalciferol [vitamin D3] and ergocalciferol [vitamin D2]) are fat-soluble
vitamins with a long whole-body half-life (≈2 months), and when absorbed from the gut,
they are stored in body-fat depot and metabolized slowly.14 Therefore, when ingested in
excess, its intoxication effects can last for several months. Hypercalcemia is the primary
complication of vitamin D intoxication and is associated with increased circulating
concentrations of 25(OH)D.8,14 Symptoms of vitamin D intoxication are non-specific and
are due to hypercalcemia, and include reduced appetite, nausea, vomiting, fatigue, weakness,
weight loss, constipation, abdominal pain, polydypsia, polyuria, headache, depression or
apathy, confusion and disorientation.8, 14–16 Hypercalcemia associated with vitamin D
intoxication stems from increased absorption of calcium from the intestinal tract and
increased bone resorption.8, 14, 17 Hypercalcemia, when prolonged, can cause metastatic
vascular calcifications, nephrocalcinosis, nephrolithiasis, renal failure, and cardiac failure
and death.

It is recognized that 25(OH)D is the vitamin D metabolite that mediates the toxic effects of
hypervitaminosis D.8, 14 This is confirmed by our observation that serum 1,25(OH)2D was
normal when 25(OH)D was markedly elevated. At the 6 month follow-up, 1,25(OH)2D was
slightly elevated (81 pg/mL, reference range 27 – 71 pg/mL), which is most likely due to the
fact that PTH levels returned to normal. PTH is a recognized stimulator of 1-α
hydroxylase18–20, the enzyme that converts 25(OH)D to 1,25(OH)2D. The threshold levels
of 25(OH)D associated with vitamin D toxicity are not well characterized, and the
concentrations of 25(OH)D and the dose of vitamin D associated with toxic manifestations
have wide variability between subjects.21 Toxic effects of hypercalcemia secondary to
hypervitaminosis D is usually evident when intakes of vitamin D exceed 25,000 IU/day and
the concomitant serum 25(OH)D level is at least 200 ng/mL.8 However the toxicity
thresholds for vitamin D intake have varied from 10,000 IU to 40,000 IU/day, and have been
associated with concentrations of serum 25(OH)D up to 200 to 240 ng/mL, with a tendency
for frank toxicity at concentrations of 25(OH)D above 300 ng/mL.8

Hypervitaminosis D has been attributed to a variety of factors including over-fortification of
milk21–22, infant formula23, and over-the-counter vitamin D supplements16, 24–25,
contaminated foods26–28, and dosing errors.15, 29 Parents were recently warned about the
risk of infant overdose of liquid vitamin D due to inappropriately large droppers in the FDA
MedWatch Safety Alert.26 Such a packaging flaw [including a dropper marked to 1.0 mL
with a bottle containing high concentration vitamin D solution (400 IU/drop)] was precisely
the cause of the parent dosing error in this case.

Recognizing vitamin D intoxication can be difficult as the initial symptoms of toxicity are
non-specific. Clinicians should remain aware of this entity and elicit history regarding use,
brand and dosing of over-the-counter supplements in order to make a timely diagnosis and
initiate treatment. Pertinent treatment of hypervitaminosis D/vitamin D intoxication
associated with hypercalcemia would include preventing further ingestion of vitamin D and
reducing calcium intake. Various modalities of treatment of hypercalcemia associated with
vitamin D intoxication include intravenous hydration and administration of loop-diuretics,
calcitonin, glucocorticoids, and bisphosphonates.17, 29

Our vignette also highlights the advocacy role pediatricians can play in preventing
potentially harmful dosing errors from occurring. In this case, one phone call to the
distributor prompted a complete recall of the product. However, other high concentration
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vitamin D preparations remain on the market. Accordingly, pediatricians should continue to
educate caregivers about proper dosing of vitamin D supplements, specific to the product
concentration.

Conclusion
This case report illustrates the consequence of parental dosing error in the use of a high
concentration over-the-counter vitamin D preparation. Pediatricians should be cognizant that
over-the-counter high concentration vitamin D preparations pose the potential risk for
hypervitaminosis D if they are inappropriately dosed. Awareness of this possibility would
help in early recognition of hypervitaminosis D as its symptoms are often non-specific.
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Figure 1.
Timeline of changes in serum 25-hydroxyvitamin D [25(OH)D]; 1,25-dihydroxyvitamin D
[1,25(OH)2D]; parathyroid hormone (PTH); calcium (Ca), (-◆-); and phosphorus (PO4) (-
□-).
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