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Abstract 

Background 

Type 1 myotonic dystrophy (DM1) patients have a higher incidence of hypercalcemia 

compared to the general population. The nature and effects of dysregulated calcium 

metabolism underpinning this phenomenon have not been fully characterised. 

Aims  

To determine the characteristics of dysregulated calcium metabolism in DM1 

patients and its association with bone mineral density. 

Methods 

Retrospective review of medical records of  DM1 patients attending a DM clinic at 

Logan Hospital, Brisbane, Queensland between 2005 and 2018 and who had 

concurrent serum assays performed of corrected calcium (cCa), 25 hydroxyvitamin D 

(25 Vit D), parathyroid hormone (PTH), and phosphate (PO4), and for whom results 

were available for estimated glomerular filtration rate (eGFR), bone mineral 

densitometry (BMD) tests and urinary calcium clearance to creatinine clearance ratio 

(UCCR). 

Results 

Forty-four patients with DM1 (22 females, 22 males) were reviewed of whom 14 

(32%) had elevated cCa and inappropriate PTH. Another ten patients (23%) had 

raised PTH with normocalcemia. Eighteen of 19 (94.7%) patients with hypercalcemia 

or high PTH level completed 24-hour urinary calcium. All had UCCR ≤0.02. Twelve 

patients had UCCR <0.01. Seven of 44 (16%) had low 25 Vit D. All patients had 

normal eGFR. None were osteoporotic.  
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Conclusions 

One in three patients with DM1 were hypercalcemic with unsuppressed PTH. Their 

clinical features and biochemical pictures resemble those of familial hypocalciuric 

hypercalcemia (FHH) and raises the possibility that impaired activity of calcium 

sensing receptors (CaSR), due to abnormal splicing of the CaSR m-RNA in DM1, 

causes a FHH like syndrome (“Pseudo-FHH of DM1”). 

 

Key words 

type 1 myotonic dystrophy, hypercalcemia, bone mineral densitometry, osteoporosis, 

calcium sensing receptors 
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Introduction  

Myotonic dystrophy type 1 (DM1) is the most common inherited muscular dystrophy 

in adults with a prevalence of 1 in 8000.1 DM1 is an autosomal dominant inherited 

disorder caused by an expansion of a CTG trinucleotide repeat in the 3'-untranslated 

region of the dystrophia myotonica protein kinase gene (DMPK gene) on 

chromosome 19q 13.3 leading to disruption of normal messenger RNA (mRNA) 

metabolism.2 The mutated mRNA sequesters and depletes RNA-binding proteins of 

the muscle blind-like (MBNL) family which then often favours formation of the foetal 

form of MBNL- dependent m-RNAs, a so-called splicopathy at the mRNA level.3,4 

This results in production of a foetal form of protein responsible for many of the 

clinical manifestations of the disease.3  

DM1 is characterized by weakness of all skeletal muscle, dystrophic changes in 

neuromuscular tissues, frontal baldness, cataracts, cardiac disorders, impaired 

respiration, gastrointestinal dysmotility, cognitive impairment and autism spectrum 

disorder. Endocrine and metabolic disorders in DM1 include the metabolic 

syndrome, impaired glucose handling, dyslipidaemia, primary hypogonadism and 

adrenocortical secretory insufficiency.5 Hypercalcemia secondary to primary 

hyperparathyroidism (PHPT) has been anecdotally reported,6,7,8 with a recent 

literature review noting 34 reports of isolated PHPT due mainly to parathyroid 

adenomas.9 The authors of this review suggested PHPT may be more prevalent in 

patients with DM1 than previously recognized. In addition, it is noted that very few 
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studies describe the nature of dysregulated calcium metabolism in such cases and 

its effects on bone health.   

The aims of this study were to determine the frequency and pathophysiological 

characteristics of dysregulated calcium metabolism in DM1 patients and its 

association with measures of bone mineral density.  

Methods 

Patients, setting and investigations 

We undertook a retrospective review of DM1 patients attending the Myotonic 

Dystrophy Clinic at Logan Hospital in Brisbane between 0ctober 2005 and November 

2018. This clinic is a tertiary referral clinic supervised by a consultant endocrinologist 

which services people with type 1 Myotonic Dystrophy living in Brisbane and 

throughout Queensland. Patients attend the clinic generally twice a year for ongoing 

review. Among this cohort, we identified 44 patients who each had complete and 

concurrent investigations related to calcium metabolism consisting of the following:  

1. Serum assays of total and corrected serum calcium (cCa), parathormone 

(PTH), 25-hydroxycholecalciferol (25 Vit D), phosphate (PO4) and estimated 

glomerular filtration rate (eGFR). Assays were performed in one public 

laboratory (Queensland Health Pathology Service) and two private 

laboratories (Sullivan and Nicolaides Pathology and Queensland Medical 
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Laboratories Pathology), and the normal references range (RR) of values for 

each of these laboratories were used, corrected for sex and age. 

2. Results of bone mineral densitometry (BMD) performed at Princess Alexandra 

Hospital and Queensland Xray to which the age and sex adjusted reference 

range from the Geelong Osteoporosis study was applied in categorizing bone 

health as normal (T-score of −1.0 or higher), osteopenia (T score between 

−1.0 and −2.5) and osteoporosis (T score of −2.5 or lower). Z score was 

applied to premenopausal women and men under the age of 50. Osteoporosis 

was defined Z score ≤ -2.10 

We also identified 26 of 44 patients who had completed 24-hour urinary calcium 

collections and urinary calcium clearance to creatinine clearance ratio (UCCR) was 

calculated. We reviewed 1, 25-dihydroxy Vitamin D (1,25 Vit D) levels in patients with 

25 Vit D deficiency. Risk factors for osteoporosis and clinical course over a five-year 

period were ascertained from clinical history. 

The study was approved by Metro South Human Research Ethics Committee, 

Brisbane, Australia on 04/09/2018(HREC/17/QPAH/143) (AM/2018/QMS/34745).  

This low risk study was considered appropriately for wavering of patient’s consent by 

the HREC. 

Statistical analysis 

Descriptive statistics were used to estimate frequencies. Scatterplots were used to 
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assess the associations between cCa, PTH, 25 Vit D levels and BMD scores. 

 

Results 

The cohort comprised 44 patients, 22 males and 22 females whose mean age was 

48 (+/- SD 13.46) years with range 22 to 69 years. The complete investigational 

profile of each patient is listed in table 1. 

Of 44 patients, 14 (32%) had an increased cCa (mean 2.66 mmol/l +/- SD 0.10; RR 

2.15-2.55 mmol/l), all of whom had elevated or inappropriately normal PTH (mean 

8.43 +/-SD 4.36; RR 1-7 pmol/L) (figure 1) with only three having low 25 Vit D levels 

between 34 - 46 mmol/L (RR: 50-150nmol/L). All patients had normal PO4, and 

eGFR. Elevated PTH (mean 10 +/- SD 2.45; RR 1-7 pmol/L) was also seen in ten of 

30 (33.3%) patients with normal cCa and only one had low 25 Vit D level with normal 

PO4 and kidney function. Of seven (16%) patients with reduced 25 Vit D, all had a 

normal cCa and eGFR, with three of these patients demonstrating elevated PTH with 

or without hypercalcemia (figure 2). Twenty-six patients completed 24hour urinary 

calcium collections. Of those, 19 patients with hypercalcemia or normocalcemic high 

PTH level had UCCR ≤ 0.02. Twelve patients of these 19 had UCCR < 0.01. Seven 

of these 12 were hypercalcemic with unsuppressed PTH, of which 3 patients were 25 

Vit D deficient. The remaining 5 were normocalcemic with a high level of parathyroid 

hormone. One of these five showed 25 Vit D deficiency. 1,25 Vit D was reviewed in 
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those with 25 Vit D deficiency who had abnormal cCa, PTH and/or low UCCR. All of 

these had normal level of 1,25 Vit D, ranging from 95- 163 pmol/L (RR 40-190 

pmol/L) except one, who was not tested. 

Six of the 14 patients with hypercalcemia had raised calcium levels over five years 

which had not substantially changed during that time. The remaining eight patients 

had raised calcium levels for at least a one-year period.  None of these patients had 

episodes of polyuria, polydipsia or any major complications such as renal stones or 

kidney damage. Of ten patients who underwent sestamibi parathyroid scans, only 

one had a positive result, but surgery to remove a postulated parathyroid adenoma 

did not cure the hypercalcemia.  

None of 44 patients were osteoporotic based on BMD T score and z score (figure 3) 

(figure 4) and only six (13.6%) were osteopenic based on the T score of their femoral 

neck, of whom four had elevated PTH levels, which caused elevated cCa in one 

patient.  

 

Discussion 

In this cohort of patients with DM1, we found one in three demonstrated 

hypercalcemia associated with PTH assays that were either elevated or insufficiently 

suppressed, and, therefore, consistent with PHPT. This compares to an incidence of 

PHPT in the normal population ranging from one per hundred to three per 
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thousand.11 Elevated PTH levels were also seen in one of three normocalcemic 

patients in whom vitamin D deficiency as the cause was ruled out by normal or near-

normal vitamin D assays.   

The calcium sensing receptor (CaSR) plays a key role in the maintenance of calcium 

homeostasis. It is expressed in many different tissues which include the parathyroid 

glands, kidneys, bones and gastrointestinal tract.12 The CaSR senses small changes 

in the serum calcium level, regulates PTH production and reabsorption of calcium in 

the kidneys, with the aim of normalizing serum calcium concentration.  

Familial hypocalciuric hypercalcemia (FHH) is a condition which demonstrates 

autosomal dominant inheritance and is characterized by mutations of the CaSR gene 

which result in a less sensitive receptor, leading to parathyroid glands being less 

sensitive to calcium and consequently less sensitive to calcium-induced PTH 

secretory suppression.  This defect leads to an increase in tubular calcium 

reabsorption in the kidney. The net effect is hypocalciuria, hypercalcemia and 

inappropriately high or normal levels of PTH.13 FHH is an exceedingly rare condition 

with an estimated prevalence of 1 in 78,000  and is a benign cause of hypercalcemia 

with no major clinical complications.13,14  

In our patient group, UCCR was calculated in those who completed 24-hour urinary 

calcium. According to guidelines of The Endocrine Society (US) for asymptomatic 

PHPT, UCCR helps to distinguish PHPT from FHH. A low value <0.01 suggests 

evaluations for FHH. UCCR between 0.01- 0.02 represents either FHH or PHPT.15 
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After 25 Vit D deficiency was excluded as a cause of calcium metabolism 

abnormalities, 4 patients in our cohort had UCCR < 0.01. Another 6 patients with 

hypercalcemia had UCCR between 0.01-0.02 that could be explained by a diagnosis 

of FHH or mild PHPT. 

On review of clinical consequences of abnormal calcium metabolism related 

complications, the phenotype of our DM1 patients with hypercalcemia or high PTH 

levels with normocalcemia is similar to that of patients with FHH, as described in 

table 2. Interestingly, we had one case with hypercalcemia and a CaSR mutation 

found on genetic testing, (using bi-directional Sanger sequencing of polymerase 

chain reaction (PCR) amplified genomic DNA encompassing CaSR exons 2 – 7), to 

have an unclassified variant CaSR gene, c.1288G>A p.(Ala430Thr). According to the 

American College of Medical Genetics and Genomics (ACMG) guidelines, this is a 

variant of uncertain significance.16  

 

In summary, we found evidence of a syndrome of elevated or normal cCa in 

association with raised or inappropriately normal PTH levels, and a low UCCR in 

DM1 patients. They were otherwise asymptomatic and had normal vitamin D levels 

in the majority of patients. All had normal kidney function, no history of renal stones 

and no evidence of osteoporosis. This syndrome may suggest the presence of a 

calcium sensing receptor with decreased sensitivity to serum calcium. We further 

postulate that abnormal splicing of a normal CaSR m-RNA, caused by sequestration 

of RNA-binding protein of the muscle-blind family by the m-RNA of the mutated 
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DMPK gene, leads to an abnormal foetal form of mRNA for CaSR. This may cause 

these patients to be less sensitive than normal to calcium levels.  

DM1 patients are at high risk of osteoporosis due to poor mobility, lack of exposure 

to sunlight, sarcopenia, poor nutrition due to GI disorders and gonadal insufficiency. 

Despite this, and even in those with hypercalcemia and/or elevated PTH, our 

patients demonstrated better than expected bone mineral density, suggesting benign 

effects on bone health from dysregulated calcium metabolism. This suggests 

management of hypercalcemia in patients with DM1 should be less aggressive than 

that in non-DM1 patients given little evidence of complications or detrimental effects 

on bone health over prolonged observation in our patients. 

Other studies of patients with DM also report a one in four to one in five prevalence 

of hypercalcemia, a slightly lower incidence compared to our findings.17,18,19 

However, these studies differ as to the cause, with vitamin D deficiency being seen in 

more than 80% of patients, a finding not replicated in our study, suggesting 

significant heterogeneity in calcium metabolism in DM patients.17,18  

This study has several limitations. It was a retrospective audit of patients with DM1 

who underwent complete investigations of calcium metabolism, with the exception 

that 24-hour urinary calcium excretion studies were not performed in 41% of patients. 

Accordingly, our results suggesting a high prevalence of hypercalcemia and raised or 

inappropriately normal range of PTH among DM1 patients may not generalize to all 

patients with this disorder. We have identified normocalcemic patients with raised 
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PTH in this population. However, the fact that in nine out of 10 of those patients’ 

sestamibi parathyroid scans did not show a parathyroid adenoma, raise the 

possibility of an insensitive CaSR, either due to FHH or an FHH like syndrome 

(“Pseudo-FHH of DM1”). Therefore, a unique finding of our study was the 

characterization of a syndrome of abnormal calcium metabolism that resembles 

FHH. There was no family history of FHH in our cohort, and we are unaware of this 

condition ever having been reported in DM1 patients. This raises the hypothesis that 

a new diagnosis, which we term “Pseudo-FHH of DM1” may be mediated by 

abnormal splicing of CaSR mRNA caused by the known propensity for DM1 tissues 

to show mRNA splicing abnormalities, leading to an altered, less sensitive CaSR 

protein. 

Conclusions   

In an Australian cohort of DM1 patients, we found a third had biochemical and 

hormonal features consistent with PHPT or FHH. However, none had osteoporosis. It 

is postulated that decreased sensitivity of the CaSR in DM1 as a consequence of 

abnormally spliced CaSR mRNA, may underpin the observed hypercalcemia and 

elevated PTH. The mechanism of relative bone protection in these patients may also 

be explained by the renal calcium retaining phenomenon due to an insensitive 

CaSR, as in FHH.13 
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Table 1 Investigational profile of 44 patients with DM1*

No: SEX AGE

(year)

PTH

(RR 

1-7 pmol/L)

cCa

(RR 

2.15- 2.55

mmol/L)

25 Vit D

(RR 

50-150

nmol/L)

PO4

(RR 

0.8- 1.5

mmol/l)

eGFR

(mL/min/1.73m2)

BMD Femur

T score

BMD Femur

Z score

Urinary Calcium 

clearance to creatinine 

clearance ratio (UCCR) 

1 M 42 10.4 2.41 92 0.9 90 -0.1

2 M 22 2.8 2.34 77 0.8 90 -1.2

3 M 29 4.3 2.33 21 1 90 1

4 F 43 10 2.31 135 0.98 90 0.0 0.009 

5 M 51 4 2.34 100 1.04 90 0.8

6 M 61 2.6 2.57 79 1.1 90 -1.3 0.02 
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7 M 22 4.7 2.39 81 1.2 90 -0.1

8 M 57 2 2.41 75 1.1 90 -0.6

9 F 52 9.1 2.74 126 1.4 90 0.9 0.004 

10 F 54 15.4 2.74 63 1 90 0.4 0.02 

11 F 36 15.7 2.78 69 0.96 90 -1.7 0.02 

12 F 58 10.8 2.62 87 1 90 0.32 0.004 

13 F 63 7.1 2.73 46 0.99 90 -0.46 0.004 

14 F 39 4.6 2.59 42 0.9 90 1.1 0.004
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15 M 50 7.9 2.21 71 0.9 90 -0.88 0.01 

16 M 69 5.3 2.7 78 1.2 90 -0.6 0.009 

17 F 57 5.7 2.56 95 1.3 90 0.0 0.02 

18 M 55 7.3 2.35 128 1.15 90 0.9 

19 F 39 15 2.58 57 1 90 -0.18 0.01 

20 M 27 3.4 2.35 58 1.23 90 1.7

21 F 38 4.9 2.48 79 0.9 90 0.4 0.01 

22 F 63 8.1 2.64 75 1 90 -1
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23 F 52 8.6 2.18 56 1.2 83 -1.9 0.009

24 M 54 4.5 2.44 112 1 90 0.04

25 M 40 4.6 2.34 20 1 90 0.63

26 M  45 4 2.42 85 1.22 90 -1.4

27 M 65 4.2 2.27 97 1.3 90 -0.9 0.01 

28 F 53 6.2 2.93 79 0.9 76 0.2 0.01 

29 F 28 5.2 2.46 40 1.4 90 0.54

30 F 31 11.4 2.48 25 1.1 90 -0.15 0.005
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31 M 55 2.4 2.3 112 1.26 90 0.0

32 F 62 7.3 2.41 105 0.93 63 -1.9 0.007

33 F 57 13 2.3 108 0.9 90 -0.6

34 M 64 3 2.45 142 1.2 83 1 0.01 

35 M 53 6.3 2.28 94 0.9 90 -2.12

36 M 50 9.9 2.28 98 1.3 90 0.2

37 F 27 3 2.49 88 1.16 90 -1.4 0.008 

38 F 54 3.5 2.57 89 1.12 79 0.7 0.002 
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39 F 63 6.5 2.31 96 0.95 90 -0.4

40 M 58 4.3 2.48 83 1.02 90 1.8 0.003

41 F 24 1.9 2.47 87 1.2 90 -1.29 0.01 

42 F 61 3.7 2.33 66 1.06 90 1 0.01 

43 M 64 14.7 2.41 70 1 90 -1.1 0.001 

44 M 34 9 2.62 34 1.2 90 -0.2 0.004 

*Abnormal and inappropriately normal values are bold and italicized; DM1, Myotonic dystrophy type 1; RR, normal reference 

range; PTH, parathyroid hormone; cCa, corrected calcium; 25 Vit D, 25 hydroxyvitamin D; PO4, phosphate; eGFR, estimated 

glomerular filtration rate; BMD, bone mineral densitometry; Ca, calcium.
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Table 2 Characteristics of hypercalcemia between PHPT, FHH and DM1

PHPT FHH DM1

Calcium high high high

PTH Not suppressed Not suppressed Not suppressed

24hour urinary 

calcium 

high Low low

BMD low normal normal

Vitamin D normal normal normal

Renal stones common uncommon uncommon

Other clinical 

symptoms and 

complications

Can be 

symptomatic

Asymptomatic Asymptomatic

PHPT, primary hyperparathyroidism; FHH, familial hypocalciuric hypercalcemia; 
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DM1, type 1 myotonic dystrophy; PTH, parathyroid hormone; BMD, bone mineral 

densitometry
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