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Abstract. Hypercalcemia is a frequently
encountered electrolyte abnormality with
a well-described differential diagnosis and
classic algorithm for evaluation. The treat-
ment for hypercalcemia is dependent on the
underlying etiology. Hypervitaminosis D is
an uncommon cause of hypercalcemia, but
the use of vitamin D supplementation has
expanded and case reports of supplemental
vitamin D induced hypercalcemia have be-
come more frequent. We present a case of
hypervitaminosis D-induced altered mental
status where diagnosis was delayed and ad-
ditional invasive testing was performed due
to an assumption regarding phosphatemia.

Introduction

Vitamin D is a steroid hormone crucial
for both bone health and calcium homeosta-
sis [1]. It can be obtained through dietary
sources in the form of vitamin D2 (ergocal-
ciferol) and vitamin D3 (cholecalciferol),
but the majority of vitamin D3 is synthesized
when 7-dehydrocholesterol is exposed to ul-
traviolet B rays at the epidermis [1]. Vitamin
D3 supplementation is commonly used for
musculoskeletal health, and there has been
an increase in use as studies report health
benefits including improvement in symp-
toms of depression and blood pressure, and
decreased respiratory infections and mortal-
ity [1, 2]. Although hypervitaminosis D is
uncommon, multiple studies have demon-
strated toxicity from high dose supplemen-
tation [3, 4, 5, 6, 7, 8]. Hypervitaminosis D
results in hypercalcemia and classically pres-
ents with hyperphosphatemia [9]. Hypercal-
cemia is broadly divided into parathyroid
hormone (PTH)-mediated, vitamin D-medi-
ated, and non-humoral etiologies [9]. Classic
symptoms of hypercalcemia include altered

mental status, constipation, shortened QT in-
terval, muscle weakness, nephrolithiasis, and
renal failure [9]. We present a case report of
hypervitaminosis D with hypercalcemia and
hypophosphatemia. This case underlines
the importance of lessening the reliance on
phosphatemia in guiding diagnostic testing.

Case report

A 64-year-old man with a history of
chronic obstructive pulmonary disease and
ethanol abuse use presented to the emer-
gency department with altered mentation.
He was obtunded on arrival, unable to pro-
vide any additional history. Presenting vitals
were notable for blood pressure of 150/93,
pulse of 69 beats per minute, temperature
of 97.3 °F (36.3 °C), respiratory rate of 18
BPM, and SpO, 95%. Physical exam re-
vealed bilateral upper extremity tremors and
obtundation. Pupils were symmetric and re-
active to light, and he periodically tracked
with his eyes. Neurological exam, including
reflexes, was limited due to altered mental
status. Cardiopulmonary exam was benign.
Chest X-ray was notable for a normal car-
diopulmonary silhouette. Electrocardiogram
revealed normal sinus rhythm with a QTc
interval of 409 ms. Computed tomography
of the brain without contrast showed normal
gray-white matter differentiation.

Laboratory evaluation revealed a sodi-
um 143 mEq/L (135 — 145 mEq/L), potas-
sium 3.0 mEq/L (3.6 — 5.1 mEq/L), chloride
105 mEq/L (98 — 110 mEq/L), bicarbon-
ate 27 mEq/L (22 — 32 mEq/L), blood urea
nitrogen 14 mg/dL (6 — 24 mg/dL), creati-
nine 1.11 mg/dL (0.64 — 1.27 mg/dL), un-
detectable blood ethanol level, blood glu-
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cose 95 mg/dL (67 — 99 mg/dL), calcium
12.8 mg/dL (8.5 — 10.5 mg/dL), ionized
calcium 6.3 mg/dL (4.2 — 5.2 mg/dL), phos-
phorus of 2.2 mg/dL (2.4 — 4.8 mg/dL), and
albumin 4.0 g/dL (3.5 — 5.0 g/dL). Initial
management consisted of volume expansion
with 3 L normal saline without improve-
ment in mentation. Calcitonin was given
on hospital day 2 and zoledronic acid was
given on hospital day 3, but hypercalcemia
persisted. Further labwork returned with in-
tact parathyroid hormone (iPTH) 17 pg/mL
(18—80 pg/mL), parathyroid hormone related
peptide (PTHrP) 9 pg/mL (pg/mL 14 — 27),
serum protein electrophoresis (SPEP) and
immunofixation (IFE) without evidence of
monoclonal protein, « light chains 85.4 mg/L
(3.3 - 19.4 mg/L), A light chains 40.8 mg/L
(5.7 — 26.3 mg/L), and B-2 microglobulin
3.75 mg/L (0.97 — 2.64 mg/L). The elevation
of k/A ratio in the setting of a normal glo-
merular filtration rate prompted evaluation
for a monoclonal gammopathy. Skeletal sur-
vey was negative for lytic lesions and bone
marrow biopsy was negative for plasma cell
dyscrasia. Finally, the following labs re-
sulted: 25-hydroxy vitamin D > 150 ng/mL
(30.0 = 100.0 ng/mL), 1,25-hydroxy vitamin
D 36 pg/mL (18 — 72 pg/mL). The patient
remained agitated and confused for the first
10 days of hospitalization, but mentation im-
proved thereafter with calcium normalizing
after 18 days. Upon recovery, he reported
misunderstanding medication instructions
and had been consuming 4 vitamin D 50,000
U tablets daily.

Discussion

This case highlights the risks of patho-
physiologic assumptions. The findings of hy-
percalcemia with appropriately suppressed
iPTH and low PTHrP resulted in an evalua-
tion for hypervitaminosis D. However, hypo-
phosphatemia directed the evaluation away
from hypervitaminosis D, leading to addi-
tional evaluation for paraproteinemia. The
finding of an abnormal k-to-A ratio and el-
evated -2 microglobulin, resulted in evalu-
ation for plasma cell dyscrasia with a bone
marrow biopsy. The patient had an elevated
vitamin D 250HD and normal calcitriol re-
vealing the ultimate diagnosis to be hypervi-
taminosis D.

The presentation of hypercalcemia
frequently varies with the level of serum
calcium. Individuals with mild hypercal-
cemia (< 12 mg/dL) are typically asymp-
tomatic [10]. Moderate hypercalcemia
(12— 14 mg/dL) classically presents with im-
paired concentration, as well as symptoms of
anorexia, constipation, polydipsia, and poly-
uria [10]. Severe hypercalcemia (> 14 mg/
dL) can present with nausea, vomiting, ar-
rhythmia, and altered mental status, and in
some cases, may result in coma and death
[10]. The patient in our report presented with
altered mental status due to hypercalcemia.
The most common causes of hypercalcemia
are primary hyperparathyroidism and malig-
nancy [9, 11]. The most important diagnostic
test is the measurement of parathyroid hor-
mone: high PTH indicates primary hyper-
parathyroidism, while normal or low PTH
indicates hypercalcemia of malignancy [9,
11].

Hypervitaminosis D classically presents
as hypercalcemia with hyperphosphatemia
and low PTH [8, 12]. Vitamin D3 is convert-
ed to 25 hydroxy-cholecalciferol (250HD)
in the liver, and subsequently to calcitriol
(1,25-dihydroxycholecalciferol (1,250HD))
in the kidney [2]. The vitamin D receptor
can be activated by calcitriol or 25 hydroxy-
cholecalciferol at supraphysiological levels
[8, 12]. Activation of vitamin D receptors is
known to increase small intestine absorption
of calcium and phosphorus, and also weakly
increases skeletal resorption of calcium and
phosphorus, as well as kidney reabsorption
of calcium [9]. A prospective study of hy-
pervitaminosis D found that some patients
receiving multiple intramuscular injections
of vitamin D3 developed hypervitaminosis
D with hypophosphatemia [6]. Additionally,
there is one case of hypervitaminosis D with
hypophosphatemia in an infant receiving liq-
uid supplementation of vitamin D3 [13].

Serum phosphorus regulation is likely
incompletely understood. Phosphate is reg-
ulated by PTH, fibroblast growth factor 23
(FGF23), and 1,250HD [14]. Phosphate is
filtered in the glomerulus, and ~ 85% is reab-
sorbed in the proximal tubule via type 2a and
2c¢ sodium-phosphate cotransporters [14, 15].
PTH and FGF23 decrease type 2a and 2c so-
dium-phosphate cotransporters at the proxi-
mal tubules and brush border resulting in de-
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creased serum phosphate [14, 15]. Although
PTH causes osteoclast-mediated release of
phosphate and calcium from bone, there is
a net hypophosphatemia due to decreased
renal reabsorption [10]. At the intestinal
brush border, 1,250HD promotes expres-
sion of type 2b sodium-phosphate cotrans-
porters which causes increased transcellular
phosphate absorption resulting in increased
serum phosphate [14, 15]. Although we un-
derstand that phosphorus levels are mediated
by PTH, 1,250HD, and FGF23, the exact
nature of this regulation has not been charac-
terized [10, 14]. Furthermore, how the body
senses phosphorus has yet to be elucidated
[10, 14]. It is important for hospital provid-
ers to recognize that hyperphosphatemia is
not always seen in hypervitaminosis D, and
though rare, hypervitaminosis D should al-
ways be considered in the differential for a
patient presenting with hypercalcemia with
low PTH.

Conclusion

This case highlights the importance of
having a broad differential for hypercalce-
mia. We recommend that hypervitaminosis
D be considered in patients with hypercalce-
mia and low PTH regardless of phosphorus
level.

Funding

The authors did not receive support for
this work.

Conflict of interest

The authors declare no conflict of interest.

References

[11  Norman AW.From vitamin D to hormone D: fun-
damentals of the vitamin D endocrine system es-
sential for good health. Am J Clin Nutr. 2008; 88:
491S-499S. CrossRef PubMed

[21  Rejnmark L, Bislev LS, Cashman KD, Eiriksdottir
G, Gaksch M, Griibler M, Grimnes G, Gudnason
V, Lips P, Pilz S, van Schoor NM, Kiely M, Jorde
R. Non-skeletal health effects of vitamin D sup-
plementation: A systematic review on findings

(31

(3]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

from meta-analyses summarizing trial data. PLoS
One. 2017; 12: e0180512. CrossRef PubMed
Lee JP, Tansey M, Jetton JG, Krasowski MD. Vi-
tamin D Toxicity: A 16-Year Retrospective Study
at an Academic Medical Center. Lab Med. 2018;
49:123-129. CrossRef PubMed

Kaur P, Mishra SK, Mithal A. Vitamin D toxicity
resulting from overzealous correction of vitamin
D deficiency. Clin Endocrinol (Oxf). 2015; 83:
327-331. CrossRef PubMed

Lowe H, Cusano NE, Binkley N, Blaner WS,
Bilezikian JP. Vitamin D toxicity due to a com-
monly available “over the counter” remedy from
the Dominican Republic. J Clin Endocrinol Metab.
2011; 96: 291-295. CrossRef PubMed

Misgar RA, Sahu D, Bhat MH, Wani Al, Bashir
MI. Vitamin D Toxicity: A Prospective Study
from a Tertiary Care Centre in Kashmir Valley.
Indian J Endocrinol Metab. 2019; 23 363-366.
CrossRef PubMed

Kaptein S, Risselada AJ, Boerma EC, Egbers PH,
Nieboer P. Life-threatening complications of vi-
tamin D intoxication due to over-the-counter
supplements. Clin Toxicol (Phila). 2010; 48. 460-
462. CrossRef PubMed

Araki T, Holick MF, Alfonso BD, Charlap E,
Romero CM, Rizk D, Newman LG. Vitamin D in-
toxication with severe hypercalcemia due to man-
ufacturing and labeling errors of two dietary sup-
plements made in the United States. J Clin
Endocrinol Metab. 2011; 96: 3603-3608. Cross-
Ref PubMed

Meng QH, Wagar EA. Laboratory approaches for
the diagnosis and assessment of hypercalcemia.
Crit Rev Clin Lab Sci. 2015; 52: 107-119. Cross-
Ref PubMed

Auron A, Alon US. Hypercalcemia: a consultant’s
approach. Pediatr Nephrol. 2018; 33: 1475-1488.
CrossRef PubMed

Endres DB. Investigation of hypercalcemia. Clin
Biochem. 2012; 45: 954-963. CrossRef PubMed
Deluca HF, Prahl JM, Plum LA. 1,25-Dihy-
droxyvitamin D is not responsible for toxicity
caused by vitamin D or 25-hydroxyvitamin D.
Arch Biochem Biophys. 2011; 505: 226-230.
CrossRef PubMed

Ketha H, Wadams H, Lteif A, Singh RJ. latrogenic
vitamin D toxicity in an infant — a case report and
review of literature. J Steroid Biochem Mol Biol.
2015; 148: 14-18. CrossRef PubMed

Fukumoto S. Phosphate metabolism and vitamin
D. Bonekey Rep. 2014; 3: 497. CrossRef PubMed
Huang X, Jiang Y, Xia W. FGF23 and phosphate
wasting disorders. Bone Res. 2013; /. 120-132.
CrossRef PubMed


https://doi.org/10.1093/ajcn/88.2.491S
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18689389&dopt=Abstract
https://doi.org/10.1371/journal.pone.0180512
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28686645&dopt=Abstract
https://doi.org/10.1093/labmed/lmx077
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29346630&dopt=Abstract
https://doi.org/10.1111/cen.12836
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26053339&dopt=Abstract
https://doi.org/10.1210/jc.2010-1999
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21123442&dopt=Abstract
https://doi.org/10.4103/ijem.IJEM_116_19
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31641640&dopt=Abstract
https://doi.org/10.3109/15563650.2010.486382
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20515399&dopt=Abstract
https://doi.org/10.1210/jc.2011-1443
https://doi.org/10.1210/jc.2011-1443
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21917864&dopt=Abstract
https://doi.org/10.3109/10408363.2014.970266
https://doi.org/10.3109/10408363.2014.970266
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25327435&dopt=Abstract
https://doi.org/10.1007/s00467-017-3788-z
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28879535&dopt=Abstract
https://doi.org/10.1016/j.clinbiochem.2012.04.025
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22569596&dopt=Abstract
https://doi.org/10.1016/j.abb.2010.10.012
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20965147&dopt=Abstract
https://doi.org/10.1016/j.jsbmb.2015.01.022
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25636720&dopt=Abstract
https://doi.org/10.1038/bonekey.2013.231
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24605214&dopt=Abstract
https://doi.org/10.4248/BR201302002
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26273497&dopt=Abstract

