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in acute distress. Her weight was 36 kg, 
height 149 cm (both in the 10th percen-
tile) and body mass index 16.2. Physical 
examination was notable for carpopedal 
spasm and positive Chvostek sign. Breast 
Tanner stage was II. No dysmorphic fea-
tures were noted. The rest of the physical 
examination was normal.

Laboratory studies on admission reveal-
ed mild microcytic anemia, hypocalcemia, 
hyperphosphatemia and hypomagnesemia 
[Table 1]. Glucose, blood urea nitrogen, 
creatinine, uric acid, sodium, potassium, 
chloride and albumin were normal. Urine 
biochemistry analysis revealed a calcium 
level of 46 mg/dl, with calcium-creatinine 
ratio of 0.5 (normal < 0.2); urine fractional 
excretion of Mg+2 was 4.5% (normal in 
hypomagnesemic state < 2%).

The patient was treated with intra-
venous fluids, calcium and magnesium, 
as well as oral calcitriol and aluminum 
hydroxide as a phosphate binder. After 
the vomiting ceased, calcium and mag-
nesium were begun orally. The clinical 
signs of hypocalcemia resolved, and the 
patient was discharged on oral therapy, 
including thiazide diuretics for treatment 
of hypercalciuria, to ambulatory follow-
up and completion of diagnostic workup.

Intact PTH (iPTH) was measured in 
plasma with the ADVIA Centaur assay 
(Siemens, Erlangen, Germany), a two-site 
sandwich immunoassay using direct che-
miluminometric technology. Plasma PTH 
was 14.6 pg/ml (normal > 12). Vitamin D 
25-OH was 8 ng/ml (normal 20–45). An 
endocrine workup, including thyroid-
stimulating hormone and free thyroxine, 
ACTH test and fasting blood glucose 

H ypoparathyroidism occurring spon-
taneously in children after the first 

few years of life is uncommon and is most  
often due to an autoimmune condition, 
such as autoimmune polyglandular syn-
drome type 1. Other etiologies include 
familial hypocalcemia with hypercalciuria 
and DiGeorge syndrome [1].

Hypomagnesemia is a well-established 
cause of secondary hypocalcemia, though 
its effect on parathyroid hormone (PTH) 
levels is variable. Numerous mechanisms 
have been suggested for the hypocalcemia, 
including end-organ unresponsiveness to 
parathyroid hormone, impaired synthesis 
and/or release of PTH, and impaired for-
mation of 25-dihydroxyvitamin D3 [2]. 
We present a case of hypomagnesemia sec-
ondary to celiac disease (CD) that result-
ed in refractory hypoparathyroidism, and 
describe the effect of a gluten-free diet.

Patient descriPtion

A previously healthy 12 year old female pre-
sented with a 1 day history of fever, head-
ache, vomiting and spasms of her hands and 
feet. Her family history included six sisters 
diagnosed with asthma, one of whom was 
also diagnosed with CD. No family mem-
bers were known to have suffered from 
hypoparathyroidism or hypocalcemia. 

In the emergency room she was not 

levels, were normal. The familial history 
of CD prompted a celiac workup: IgA 
anti-tissue transglutaminase (tTG) anti-
body test was highly positive at 110 U/ml, 
as was anti-endomysial antibody (EmA). 
Small bowel biopsy demonstrated moder-
ate villous atrophy, while gastric biopsy 
showed chronic follicular gastritis as well 
as the presence of Helicobacter pylori. A 
gluten-free diet and triple therapy for H. 
pylori eradication were introduced.

During the initial 6 months of therapy, 
calcium and magnesium levels were 
persistently low and phosphorus levels 
persistently high despite appropriate 
therapy. EmA at that time became nega-
tive, though tTG was still positive. The 
patient suffered repeated tetanic episodes 
and required several hospitalizations due 
to symptomatic hypocalcemia. When 
supervised drug administration during 
hospitalization failed to normalize levels 
despite increasing doses, oral therapy was 
replaced by prolonged parenteral therapy, 
resulting in only a partial improvement – 
even with maximal doses. Serum PTH 
levels, which were initially low to nor-
mal, became subsequently undetectable 
on two consecutive tests performed 3 
months apart [Table 1].

Nine months after the initial diag-
nosis, calcium levels became normal. 
Hemoglobin levels began to rise, magne-
sium levels gradually rose, and phosphorus 
levels progressively normalized as well. 
PTH returned to normal levels after 1 
year of therapy. Drug doses were gradually 
reduced. Twenty-two months after the ini-
tial diagnosis the patient discontinued all 
drug therapy, with hemoglobin, calcium, 

celiac disease (CD), 
hypocalcemia, hypomagnesemia, 
hypoparathyroidism 
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phosphorus and magnesium levels remain-
ing normal until the end of follow-up 7 
years later. Fractional excretion of Mg+2 
normalized and continues to be normal. 

comment

Our patient presented with hypocalcemia 
and hyperphosphatemia, a combination 
strongly suggestive of hypoparathyroid-
ism. Interestingly, PTH levels were initially 
at the low end of the normal range (though 
inappropriately low for a patient with 
hypocalcemia), and only later did they 
drop to undetectable levels. Magnesium 
levels, as well as calcium, phosphorus 
and PTH levels, ultimately normalized in 
response to a gluten-free diet. 

Two possible mechanisms could have 
contributed to the patient’s clinical presen-

tation: malabsorption causing hypomag-
nesemia and vitamin D deficiency, and 
an autoimmune mechanism. Inhibition of 
PTH release secondary to hypomagnesemia 
would plausibly explain the low PTH levels 
in our patient. A similar course was previ-
ously described in an adult patient with 
hypomagnesemia and low normal PTH 
level who responded to calcium therapy 
with a decrease in PTH to undetectable 
levels [3]. Although hypomagnesemia-
related hypoparathyroidism generally 
involves magnesium levels < 1 mEq, serum 
magnesium levels may not accurately reflect 
intracellular magnesium status. Additional 
mechanisms may include skeletal resis-
tance to PTH due to chronic magnesium 
depletion as well as vitamin D deficiency. 
Our patient’s hypomagnesemia was likely 
due to malabsorption resulting from CD. 

Magnesium levels, as well as calcium, phos-
phorus and PTH levels, ultimately normal-
ized in response to a gluten-free diet. 

We did consider an autoimmune etiol-
ogy such as the AIRE-mutation-related 
autoimmune polyglandular syndrome 
type 1 (APS-1), but a focused search in our 
patient found evidence of hypoparathy-
roidism alone without chronic mucocuta-
neous candidiasis or adrenal insufficiency.
At least two of the three must be present in 
order to define the disorder. Nonetheless, 
endocrine autoimmunity appears to be 
a spectrum because some patients with 
AIRE mutations may initially have only 
one manifestation.

The association of CD with idiopathic 
hypoparathyroidism has been described 
in a handful of patients [4]. A small num-
ber of adult patients have been described 
whose hypocalcemia and hyperphospha-
temia were poorly controlled by calcium 
and vitamin D therapy but ultimately 
responded to a gluten-free diet [4]. While 
hypomagnesemia is not a feature of either 
of the above entities, low PTH levels can 
interfere with renal magnesium absorption. 
An alternative autoimmune mechanism 
might involve the role of the calcium-
sensing receptor (CaSR). There has been 
accumulating evidence that the presence 
of CaSR antibodies as in APS-1 can lead 
to hypoparathyroidism. Similarly, previ-
ously described cross-reactivity of anti-
endomysial antibodies with parathyroid 
tissue could elegantly explain her clinical 
picture. However, since we did not test 
cross-reactivity in vitro, this must remain 
speculative for our patient. 

Since primary hypoparathyroidism is 
not likely to explain our patient’s hypo-
magnesemia, we believe that her hypo-
magnesemia contributed to the other 
clinical manifestations, including low 
calcium, high phosphorus and low PTH 
levels. CD seems to have been the cause of 
the hypomagnesemia and, therefore, treat-
ment of CD with a gluten-free diet was the 
key to resolving her hypoparathyroid state. 
Initially elevated fractional excretion of 
Mg+2 was likely due to intravenous mag-
nesium administration.

table 1. Laboratory values at admission and during follow-up

Blood value
(normal range) admission 3 months 6 months 14 months 22 months

Hemoglobin
(12–16 g/dl) 10.8 10.8 10.6 10.2 14.8

MCV
(78–102 fl) 70.4 73.9 73.4 81.1 81.0

Albumin
(3.5–5 g/dl) 4.0 4.6 4.1 4.1 4.4

Calcium
(8.4–10.4 mg/dl) 5.1 6.5 7.6 8.7 9.6

Phosphorus
(2.7–4.5 mg/dl) 7.4 10.2 8.6 5.8 4.7

Magnesium
(1.7–2.55 mg/dl) 1.47 1.49 1.25 1.45 1.97

PTH
(12–35 pg/ml) 14.6 13.8

< 3 
(two consecutive tests) 23.8

Vitamin D 25-OH
(20–45 ng/ml) 8 14

tTG
(0–30 u/ml) 110 50 22 Negative

EmA Positive Negative Negative Negative 

Urine value

Calcium
(5–36 mg/dl) 18.3 7.9 8.3 10.9

Creatinine
(90–300 mg/dl) 35.6 43.3 38.9 23.4

Ca2+/Creatinine ratio 
(mg/mg) 0.51 0.18 0.21 0.47

Fractional excretion 
of magnesium (%) 4.5%

MCV = mean corpuscular volume, PTH = parathyroid hormone, tTG = anti-tissue transglutaminase, 
EmA = anti-endomysial antibody 
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Survivors of Hodgkin’s lymphoma are at increased risk for 
treatment-related subsequent malignant neoplasms. The 
effect of less toxic treatments, introduced in the late 1980s, 
on the long-term risk of a second cancer remains unknown. 
Schaapveld and fellow researchers enrolled 3905 persons in 
the Netherlands who had survived for at least 5 years after 
the initiation of treatment for Hodgkin’s lymphoma. Patients 
had received treatment between 1965 and 2000, when 
they were 15 to 50 years of age. The authors compared 
the risk of a second cancer among these patients with the 
risk that was expected on the basis of cancer incidence 
in the general population. Treatment-specific risks were 
compared within the cohort. With a median follow-up of 
19.1 years, 1055 second cancers were diagnosed in 908 
patients, resulting in a standardized incidence ratio (SIR) of 
4.6 (95%CI 4.3–4.9) in the study cohort as compared with 
the general population. The risk was still elevated 35 years 
or more after treatment (SIR 3.9, 95%CI 2.8–5.4), and the 
cumulative incidence of a second cancer in the study cohort 
at 40 years was 48.5% (95%CI 45.4–51.5). The cumulative 
incidence of second solid cancers did not differ according 
to study period (1965–1976, 1977–1988, or 1989–2000) 

(P = 0.71 for heterogeneity). Although the risk of breast 
cancer was lower among patients who were treated with 
supradiaphragmatic-field radiotherapy not including the 
axilla than among those who were exposed to mantle-field 
irradiation (hazard ratio 0.37, 95%CI 0.19–0.72), the risk of 
breast cancer was not lower among patients treated in the 
1989–2000 study period than among those treated in the 
two earlier periods. A cumulative procarbazine dose of 4.3 
g per square meter of body surface area (which has been 
associated with premature menopause) was associated with 
a significantly lower risk of breast cancer (hazard ratio for 
the comparison with no chemotherapy (HR 0.57, 95%CI 
0.39– 0.84) but a higher risk of gastrointestinal cancer (HR 
2.70, 95%CI 1.69–4.30). The risk of second solid cancers 
did not appear to be lower among patients treated in the 
most recent calendar period studied (1989–2000) than 
among those treated in earlier periods. The awareness of an 
increased risk of second cancer remains crucial for survivors 
of Hodgkin’s lymphoma.
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second cancer risk up to 40 years after treatment for Hodgkin’s lymphoma

Few experimental cancer therapies have incited as much 
debate as vitamin C. Yet the mechanistic effect of vitamin C on 
cancer cells is still poorly understood. Yun and team studied 
human colorectal cancer cells with KRAS or BRAF mutations 
and found that they “handle” vitamin C in a different way 
than other cells, ultimately to their detriment. Because a 
certain receptor is upregulated in the mutant cells, they take 

up the oxidized form of vitamin C (dehydroascorbate). This 
leads to oxidative stress, inactivation of a glycolytic enzyme 
required by the mutant cells for growth, and finally cell death. 
Whether the selective toxicity of vitamin C to these mutant 
cells can be exploited therapeutically remains unclear.

Science 2015; 350: 1391
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getting all stressed out by vitamin c




