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Abstract Myotonic dystrophy type 1 (DM1) is a multi-

systemic disorder affecting, among others, the endocrine

system, with derangement of steroid hormones functions.

Vitamin D is a steroid recognized for its role in calcium

homeostasis. In addition, vitamin D influences muscle

metabolism by genomic and non-genomic actions,

including stimulation of the insulin-like-growth-factor 1

(IGF1), a major regulator of muscle trophism. To verify

the presence of vitamin D deficit in DM1 and its possible

consequences, serum 25-hydroxyvitamin D (25(OH)D),

calcium, parathormone (PTH), and IGF1 levels were

measured in 32 DM1 patients and in 32 age-matched

controls. Bone mineral density (BMD) and proximal

muscle strength were also measured by DXA and a

handheld dynamometer, respectively. In DM1 patients,

25(OH)D levels were reduced compared to controls, and a

significant decrease of IGF1 was also found. 25(OH)D

levels inversely correlated with CTG expansion size,

while IGF1 levels and muscle strength directly correlated

with levels of 25(OH)D lower than 20 and 10 ng/ml,

respectively. A significantly higher percentage of DM1

patients presented hyperparathyroidism as compared to

controls. Calcium levels and BMD were comparable

between the two groups. Oral administration of cholecal-

ciferol in 11 DM1 patients with severe vitamin D defi-

ciency induced a normal increase of circulating 25(OH)D,

ruling out defects in intestinal absorption or hepatic

hydroxylation. DM1 patients show a reduction of circu-

lating 25(OH)D, which correlates with genotype and may

influence IGF1 levels and proximal muscle strength. Oral

supplementation with vitamin D should be considered in

DM1 and might mitigate muscle weakness.

Keywords Myotonic dystrophy type 1 � Vitamin D �
IGF1 � Parathormone � Muscle strength � CTG repeat

expansion

Introduction

Myotonic dystrophy type 1 (DM1) is the most common

adult form of muscular dystrophy, caused by a CTG

expansion in the 3’ untranslated region of DMPK gene on

chromosome 19. DM1 is a multi-systemic disorder affect-

ing skeletal muscle, with myotonia and prominent muscle

weakness and atrophy, as well as eye, heart, endocrine, and

central nervous systems. Abnormal levels of steroid hor-

mones, such as testosterone and DHEA have been reported

in DM1 [1–3]. Moreover, recent studies showed that in

DM1 patients there is an increased risk of calcium

metabolism disorders such as hyperparathyroidism that

seem to correlate with CTG expansion size [1].
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Vitamin D is a steroid hormone produced in the skin,

through the conversion of 7-dehydrocholesterol into pre-

vitamin D3 under the action of ultraviolet-B radiation. In

the skin, pre-vitamin D3 is converted to vitamin D3

(cholecalciferol) before its subsequent conversion to

25-hydroxyvitamin D [25(OH)D] in the liver. Current

routine laboratory methods detect levels of circulating

25(OH)D. Further hydroxylation of 25(OH) D to its active

form, 1,25 hydroxyvitamin D (1,25(OH)2D), occurs in the

kidney [4].

It is well known that vitamin D, in conjunction with

parathyroid hormone (PTH), plays a critical role in calcium

homeostasis [5]. Moreover, vitamin D status has been

described to influence muscle strength, performance, and

mass, exerting both an indirect action via regulation of

calcium and phosphate metabolism, and a direct effect

through its receptor VDR, present in many human tissues,

including skeletal muscle [6]. Vitamin D receptor has

genomic and non-genomic effects, all promoting muscle

differentiation and proliferation. Interestingly, one of its

genomic actions is through the stimulation of the insulin-

like growth factor-1 (IGF1) axis [7]; accordingly, vitamin

D administration in children with vitamin D deficiency

resulted in an increase of circulating levels of IGF-1 [8].

The aim of our study was to evaluate 25(OH)D levels

and their relationships with CTG expansion size, IGF1,

PTH, calcium, bone mineral density (BMD), and muscular

impairment in a cohort of adult DM1 patients.

Patients and methods

Thirty-two patients with adult-onset DM1 were studied: 16

premenopausal women and 16 men, mean age 41 years

(29–53 years) and 32 age-matched normal subjects: 14

men and 18 premenopausal women, mean age 42 years

(24–55 years). Diagnosis of DM1 was confirmed in all

patients by means of molecular analysis as previously

described [9]. Only patients with musculoskeletal symp-

toms, implying a Muscular Impairment Rating Scale

(MIRS) score C2, but self-sufficient in daily activity and

controls with low sun exposure (indoor workers) were

selected. None of the patients reported pathological bone

fractures, but two had suffered from traumatic fractures due

to falls at least 1 year prior to being recruited for this study.

Hepatic or renal insufficiency and vitamin D supplemen-

tation were considered exclusion criteria. The patients were

informed about the experimental procedures and signed an

informed consent form before participating in the study.

The study was approved by Tor Vergata University Ethics

Committee.

Serum 25-hydroxyvitamin D [25(OH)D], PTH, calcium,

and IGF1 levels were quantified by routine clinical

laboratory methods (Vista, Centaur and Immulite Siemens

Healthcare Diagnostic, Milan, Italy). To avoid seasonal

variability, 25(OH)D levels in DM1 and controls were

measured during the same season.

Quantitative muscle testing (QMT) was performed with

a handheld dynamometer (Citec, Haren, The Netherlands)

assessing isometric force in two proximal muscle groups of

the upper and lower extremities in patients and controls:

shoulder abductors for upper limbs and hip flexors for

lower limbs. We chose to assess strength in proximal

muscles, which are more sensitive to vitamin D deficiency

[6]. QMT was performed by the same examiner in all

subjects and repeated three times in order to overcome the

possible effect of myotonia. The best performance on the

weakest side per each muscle group was considered,

according to the manufacturer’s instructions. Bone mineral

density (BMD) was evaluated by dual-energy X-ray

absorptiometry (DXA) measured at the femoral neck on the

non-dominant side, as previously described [10].

Standard statistical procedure was used to calculate

mean and standard error (SE) of age, CTG(n…), 25(OH)D,

PTH and IGF1 levels, and of QMT and BMD values. The

significance of the differences in 25(OH)D, PTH, and IGF1

levels between DM1 and controls was evaluated by Stu-

dent’ t test. Correlation analysis was performed using the

Pearson product moment correlation test; p values lower

than 0.05 and 0.01 were considered significant and highly

significant, respectively.

Results

It is generally accepted that 25(OH)D levels of 20–30 ng/

ml represent insufficiency, whereas levels below 20 and

10 ng/ml represent deficiency and severe deficiency,

respectively [7, 11]. Our results showed that vitamin D

values were not statistically different between males and

females among DM1 and normal subjects. In DM1

patients, 25(OH)D levels showed a highly significant

(p \ 0.001) reduction, with a mean value of

16.3 ± 9.3 ng/ml compared to controls (30.4 ± 17.1 ng/

ml). About 38 % of DM1 patients had levels of 25(OH)D

lower than 10 ng/ml, representing severe deficiency, and

34 % had a 25(OH)D deficiency with values between 10

and 20 ng/ml (Fig. 1). No correlation between age and

25(OH)D was observed either in DM1 or control subjects.

On the other hand, 25(OH)D levels inversely correlated

with CTG expansion size (correlation coefficient r = -0.5,

p \ 0.05) (Fig. 2).

Calcium levels were normal in DM1 patients with all

values within the normal range (n.v. 8.8–10.2 mg/dl).

Parathyroid hormone levels showed a pathological increase

(higher than 72 pg/ml) in 20 % of patients and 10 % of
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controls (p = 0.005). The apparently high prevalence of

hyperparathyroidism (HPT) in healthy subjects might be

secondary to the high percentage of individuals with low

25(OH)D values, which is in accordance with data on

Italian general population [12]. In our DM1 population,

IGF1 was reduced compared to controls (p \ 0.05), with

mean values of 138.2 ± 9.6 ng/ml and 180.8 ± 9.9 ng/ml,

respectively; indeed, six out of 32 patients (19 %) as

opposed to one out of 32 controls had an IGF1 value lower

than reference value for age and sex [13].

BMD values/T-score were indicative of osteopenia in a

similar percentage of patients (22 %) and normal subjects

(24 %). Muscle strength, expressed in Newtons (N), was

reduced in DM1 patients both in shoulder abductors

(86 ± 7.0 N in DM1 and 166 ± 22.9 N in controls,

p \ 0.001) and hip flexors (129 ± 12.5 N in DM1 and

210 ± 12.1 N in controls, p \ 0.05).

In order to detect alterations related to the pathological

levels of 25(OH)D found in our DM1 population, we

divided patients into three subgroups on the basis of their

25(OH)D levels: insufficiency (\30 ng/ml), deficiency

(10–20 ng/ml), and severe deficiency (\10 ng/ml). Inter-

estingly, in patients with deficiency or severe deficiency of

25(OH)D, a fair direct correlation between 25(OH)D and

IGF1 was found (r = 0.46, p \ 0.05) (Fig. 3), whereas in

the severe deficiency subgroup a strong direct correlation

between 25(OH)D levels and strength measured in shoul-

der abductors was detected (r = 0.77, p \ 0.01) (Fig. 4).

For the other muscle group tested, no significant correlation

was found with 25(OH)D levels (r = 0.53, p = 0.07),

although the lowest performances were observed in

patients with severe 25(OH)D deficiency. In addition, PTH

values showed a trend to increase proportionally to the

vitamin D decrease, but no significant correlation was

observed. Similarly, BMD values were lower in patients

with low levels of 25(OH)D, although again no significant

correlation was observed (Table 1). In an attempt to

understand if the low 25(OH)D levels detected in our DM1

patients were due to an altered cutaneous transformation of

the pre-vitamin D3 in cholecalciferol or to an impaired

intestinal absorption or liver hydroxylation of vitamin D,

we orally administered 25,000 UI of cholecalciferol in 11

DM1 patients with severe vitamin D deficiency and in ten

Fig. 1 Prevalence of DM1 (a) and normal subjects (b) with different degrees of vitamin D deficit

Fig. 2 Linear regression graph showing an inverse correlation

between vitamin D levels and CTG expansion size in DM1

Fig. 3 Linear regression graph showing a direct correlation between

vitamin D and IGF1 blood levels in the ‘‘deficiency’’ and ‘‘severe

deficiency’’ (vitamin D B 20 ng/ml) subgroups of DM1
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healthy controls. One week after administration, we

detected the same increase of circulating 25(OH)D in

patients and controls (about 20 % in both populations).

This result suggests that in DM1 the intestinal absorption

of vitamin D and its hepatic hydroxylation are not

impaired.

Discussion

Our study shows that 25(OH)D is markedly reduced in

DM1 patients, with a high prevalence of severe deficiency,

and this seems to be related to the CTG expansion length.

On the other hand, calcium homeostasis, evaluated by

calcium and PTH dosage, and BMD evaluation, appears to

be only marginally influenced by this 25(OH)D reduction.

In spite of normal calcium levels, DM1 patients presented

higher levels of PTH than normal controls, especially in the

severe deficiency subgroup. Increased PTH levels have

been reported in DM1, and interpreted as primary HPT [1],

however our data show that in this disease, HPT is more

likely secondary to vitamin D deficiency. The observed

changes in PTH levels in DM1 were probably insufficient

to induce bone mineral loss since BMD values were similar

in DM1 and control subjects.

In accordance with previous reports [14], we detected

low levels of IGF1 in our DM1 population. IGF1 is a

peptide hormone similar to insulin that is considered one of

the major muscle growth factors. Human recombinant

IGF1 has been proposed as a therapeutic tool for muscle

weakness in DM1 [14]. Vitamin D has been described to

condition IGF1 by a genomic effect and probably values

below a putative threshold have to be reached in order to

cause a relevant change in circulating IGF1 levels. A sig-

nificant direct correlation between 25(OH)D and IGF1

levels was found in patients with a 25(OH)D deficiency or

severe deficiency. Similarly, Soliman et al. [8] demon-

strated a direct correlation between 25(OH)D and IGF1

levels, before and after administration of vitamin D, in

children with rickets, a disease caused by a severe

25(OH)D deficit. The 25(OH)D-related IGF1 reduction

found in DM1 might partially influence muscle metabolism

and performance in those patients, although direct non-

genomic effects of vitamin D on skeletal muscle mediated

by its receptor should be also considered. Further studies

on larger cohorts of patients are needed to confirm this

finding.

According to our results, severe 25(OH)D deficiency

seems to affect muscle strength in proximal muscles in

DM1 patients. This is in accordance with the preferential

sensitivity of proximal muscles seen in rickets-associated

myopathy [6, 15, 16].

Cholecalciferol is mainly produced by the cutaneous

conversion of 7-dehydrocholesterol, and partially absorbed

with diet, then it undergoes hydroxylation to 25(OH)D in

the liver, the form of vitamin D usually measured in the

blood [4]. Therefore, reduced levels of 25(OH)D in DM1

Fig. 4 Linear regression graph showing a direct correlation between

vitamin D levels and shoulder abductors strength in the ‘‘severe

deficiency’’ (vitamin D B 10 ng/ml) subgroup of DM1

Table 1 Laboratory and

instrumental data in DM1

patients stratified for vitamin D

levels

Values are mean ± SE

Vitamin D B 10

(ng/ml)

Vitamin D [ 10 B 20

(ng/ml)

Vitamin D [ 20 B 30

(ng/ml)

Patients 12 11 7

CTG (n…) 893 ± 107 573 ± 102 373 ± 71

VIT.D (ng/ml) 7.5 ± 0.57 15.1 ± 0.96 27.3 ± 2.25

IGF1 (ng/ml) 138.6 ± 15.70 145.8 ± 13.23 146.0 ± 24.59

PTH (pg/ml) 71.7 ± 9.89 42.2 ± 5.49 39.8 ± 6.73

Calcium (mg/dl) 9.5 ± 0.14 9.3 ± 0.14 9.45 ± 0.26

Shoulder abductors (N) 84.0 ± 11.28 86.7 ± 11.27 93.3 ± 15.91

Hip flexors (N) 122.8 ± 23.15 124.9 ± 14.50 140.0 ± 26.75

BMD (g/cm2) 0.931 ± 0.05 1.017 ± 0.04 1.043 ± 0.04
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patients could be due to an insufficient cutaneous synthesis,

to an altered gastro-intestinal absorption or to an abnormal

hepatic hydroxylation of vitamin D. Our data on 25(OH)D-

deficient patients administered with oral cholecalciferol

showed a normal increase of circulating 25(OH)D, ruling

out malabsorption and liver dysfunction and making an

impaired cutaneous pre-vitamin D3 transformation the

main candidate mechanism of vitamin D deficiency found

in DM1. Skin changes, such as baldness and epithelial

tumors, are common in DM1 [17, 18], sustaining the

hypothesis that cutaneous alterations might be responsible

for 25(OH)D deficiency in this disease. Further studies are

required to clarify the exact mechanisms underlying vita-

min D deficiency in DM1.

In conclusion, DM1 patients show a significant reduc-

tion of 25(OH)D blood levels, and this is correlated with

the severity of genotype and seems to influence the circu-

lating levels of IGF1 and proximal muscle strength. The

25(OH)D reduction in DM1 could be due to an impaired

skin production of cholecalciferol rather than a defective

liver hydroxylation. Vitamin D administration has been

described to improve physical performance in elderly

subjects [19, 20]. Therefore, vitamin D supplementation

should be considered in DM1 patients to prevent endocrine

and bone modification due to vitamin D deficit, and in the

attempt to increase IGF1 levels and to ameliorate muscle

performance.
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