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2 ABREVIATIONS 
 

1,25(OH)2 D 1,25 dihydroxivitamin D 

25(OH) D 25-hydroxivitamin D 

BMI Body Mass Index 

Ca Calcium 

CV Cardiovascular 

DM Diabetes Mellitus 

FPG Fasting Plasma Glucose 

HbA1c Glycated hemoglobin 

OGTT Oral Glucose Tolerance Test 

P Phosphorus 

PG Plasma Glucose 

PTH Parathyroid Hormone 

RCT Randomized Controlled Trial 

SD Standard Deviation 

SEEP Sociedad Española de Endocrinología Pediátrica 

T1DM Type 1 Diabetes Mellitus 

T2DM Type 2 Diabetes Mellitus 

UVB ultraviolet B radiation 

VDBP Vitamin D Binding Protein 

Vit D Vitamin D 
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3 ABSTRACT 
 

Background It has been discovered that 3% of the human genome is regulated 

directly or indirectly by the vitamin D and that with adequate levels 

of vitamin D, if the established relations with cancer and others are 

correct, death rate would drop a 7%. Several studies show a high 

prevalence of vitamin D deficiency in children and adolescents with 

type 1 diabetes, ranging between 43 and 91%. Currently, the 

screening and treatment of vitamin D deficiency is not considered 

standard of care for T1DM patients. 

Justification Vitamin D is required for and improves the production of insulin, and 

also improves insulin sensitivity. On this basis, vitamin D repletion 

should improve glycemic control in T1DM patients.  

Purpose The goal of the present work is to evaluate improvement in glycemic 

control after vitamin D repletion in T1DM pediatric population with 

vitamin D levels ranging below normality. Glycemic control will be 

evaluated on basis of glycated hemoglobin. 

Design This protocol is for a multicenter, prospective, randomized, double 

blind, placebo controlled 12 months clinical trial in pediatric patients 

with T1DM. 

Participants T1DM pediatric population with vitamin D levels ranging below 

sufficiency from Pediatric Endocrinology Unit in Hospital Josep 

Trueta, Hospital de Palamós, Hospital de Calella, Hospital de 

Figueres and Hospital de Blanes. 

Method 158 T1DM patients with vitamin D levels below sufficiency (<30 

µg/ml) will be randomized into treatment or placebo group (1:1) 

receiving 25.000 IU of cholecalciferol or placebo respectively.  

Measurements will be collected at month 0, 6 and 12, coinciding 

with T1DM follow up visit. 

Key words Type 1 Diabetes, vitamin D, deficiency, supplementation, repletion, 

trial. 
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4 INTRODUCTION 

4.1 VITAMIN D 

4.1.1 DEFINITION AND TYPES 

 

Vitamin D or calciferol refers to a group of liposoluble substances, which actually 

consists of six compounds named from D2 to D7. Receives the name of “vitamin” 

because in case of lack of diet supplies or endogen cutaneous synthesis, can be cured 

through oral supplementation. But it is also considered a hormone, because its actions 

take place through a union to nuclear receptors inside a cell, while most vitamins act as 

cofactors in specific biochemical reactions. 

 

The clinically relevant substances are vitamin D3 (cholecalciferol, “sun vitamin”) and 

vitamin D2 (ergocalciferol, “diet vitamin”) (1). Vitamin D3 or cholecalciferol is the 

main source of vitamin D in the nature and can be obtained endogenous through 7-

dihydrocholesterol (a liver synthesized cholesterol derivate) deposited in the dermis or 

through diet. On the other hand vitamin D2 or ergocalciferol comes from plant’s 

ergosterol and can only be obtained through diet (2,3).  

 

4.1.2 SYNTHESIS AND CATABOLISM 

 

Vitamin D requires 2 hydroxylation in order to become functional.  

 

- First one, in the liver, turns vitamin D into 25-hydroxivitamin D or calcidiol 

(25(OH)D) which is the circulating form of the vitamin D and the one that 

should be taken into account to determine the levels of vitamin D.  

 

- Second one, in the renal tubule, where it turns into 1,25-dihydroxyvitamin D or 

calcitriol, which is the active metabolite. This metabolite is ten times more 

powerful than 25(OH) D but the circulating concentration is 1000 times inferior. 
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1,25(OH)2 D levels are regulated by parathyroid hormone (PTH), which increases or 

decreases 1-α hydroxylase. Therefore, if PTH increases the action of 1-α hydroxylase, 

also does the synthesis of 1,25(OH)2 D, hence PTH is in charge of avoiding excessive 

production of 1,25(OH)2 D. 

 

The half-life of the vitamin D varies depending on the metabolite. 25(OH) D usually 

lasts 15 days. On the other hand, 1,25(OH)2 D half-life is much shorter, a few hours.  In 

non-deficient vitamin D states, 25(OH) D conversion is low, because most of the 

vitamin (50% approximately) is distributes in the muscular and fat compartment (3). 

Therefore, high doses of vitamin D are deposited in the fat tissue, which can last 

months. Due to this fact, 25(OH) D is the substance that should be measured in order to 

assess vitamin D levels (4). 

 

Inactivation of vitamin D and its metabolites depends on a complex system of 

esterifying enzymes present in the microsomal liver cells. Some exogenous factors, such 

as anticonvulsants and barbiturates, can activate systems responsible for the degradation 

of vitamin D. For this reason, children receiving anticonvulsant or barbiturates 

treatment may end up suffering from a vitamin D deficiency. 1,25(OH)2 D would be the 

best biomarker of negative feedback, i.e., the higher the level of this metabolite, the 

more active is the enzyme (24-hydroxylase) to calcitroic acid. 
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Figure 1. Vitamin D metabolism 

 

4.1.3 MECHANISM OF ACTION 

 

1,25(OH)2 D is characterized by acting as a steroid hormone because is secreted by an 

endocrine organ (kidney) and is transported to target tissues (intestine, bone, kidney, 

etc). There is unified with specific receptors, inducing protein synthesis and thereby, 

executing the physiological action of the hormone. 

 

The vast majority of its effects are regulated through a nuclear transcription factor 

called vitamin D receptor (VDR). Discovered in 1969, VDR is present in over 30 

tissues and organs and acts as a high affinity and specificity 1,25(OH)2 D receptor. 

1,25(OH)2 D is associated with vitamin D binding protein (VDBP) in the blood, it 
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dissociates from its carrier in order to enter the cell. Thanks to its liposoluble nature, 

1,25(OH)2 D crosses the cell membranes and the cytoplasm to reach the nucleus, where 

it binds to the VDR. As consequence, phosphorylation of calcitriol occurs, followed by 

the association of VDR-calcitriol complex to a protein, that acts as the retinoic acid X 

receptor (RXR) and, with the vitamin and the receptor, forms an heterodimer. The 

resulting set (VDR-calcitriol-RXR) unifies small DNA sequences known as elements of 

vitamin D response (VDREs), initiating multiple molecular interactions which finally 

modulate transcription of specific genes. It has been found that up to 200 genes in 

tissues throughout the body are regulated by 1,25(OH)2 D (5). Furthermore, the VDR 

has an affinity 1000 times greater with calcitriol than with calcidiol (3). 

  

 



 

11 

 

Table 1. Tissues with VDR presence (3,4). 

Tissue distribution 

Adipose Muscular, embrionary 

Suprarenal Muscle, smooth 

Bone Osteoblast 

Bone marrow Ovary 

Brain Pancreatic beta cell 

Mammary gland Parathyroid gland 

Cancer cells Parotid gland 

Cartilage Hypophysis 

Colon Placenta 

Gland eggshell Prostate 

Epididymis Retina 

Pileus follicle Skin 

Intestine Stomach 

Kidney Testicle 

Liver (fetal) Thymus 

Lung Thyroid gland 

B & T lymphocytes Uterus 

Muscle, cardiac Yolk sac (bird) 

 

 

 

4.1.4 FUNCTION 

 

Vitamin D2 and D3 have identical biological functions, because they are hydroxilated in 

the liver at the same time, becoming one substance, 25(OH) D. Nevertheless, studies 

suggest that vitamin D3 could be 2 or 3 times more powerful regarding the 25(OH) D 

levels maintenance. Moreover, 25(OH) D3 could bind to the transporting protein with 

more affinity than 25(OH) D2. 
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Traditionally, the function of vitamin D has been related to the regulation of the 

metabolism of calcium and phosphorus and maintaining a healthy bone mineralization. 

In the last years, other functions have been highlighted in several other physiological 

processes. Vitamin D receptors have been found all around in our organism and it is 

estimated that vitamin D directly regulates 200 genes and indirectly close to 2000. 

Furthermore, its precursor, 25(OH)D can be turned into calcitriol in other non-renal 

tissues, such as immune cells, bone, parathyroid gland and Langerhans islets in the 

pancreas, among others, performing specific paracrine and autocrine functions for those 

tissues. Therefore, vitamin D also modulates growing and cell differentiation in several 

tissues, endocrine activity of the pancreas and kidney and enhances innate immune 

system, among other functions (1). 

 

4.1.5 SOURCES 

 

80-90% of vitamin D is produced by the action of sun exposure, while through diet we 

receive only a 10-20% (1). Any solar cream with a SPF (Sun Protection Factor) of 15 or 

above absorbs 98% of UVB radiation, therefore, in the same amount, vitamin D 

production is reduced (1,3). 

 

The capacity of the skin to produce vitamin D decreases as time goes by, because the 

concentration of 7-dehydrocholesterol in the skin decreases. By the time we become 70 

years old, the capacity may be reduced to a 30% (1). 

 

4.1.6 VITAMIN D BINDING PROTEIN 

 

 

The main vitamin D carrier protein is VDBP, binding 85 to 90% of total circulating 25-

OH D. The non-vitamin D-binding protein fraction (bioavailable 25(OH) D) consists 

primarily of albumin-bound 25(OH) D (10 to 15% of total 25(OH) D), with less than 

1% of total 25-OH in the free form. Bioavailable 25(OH) D is defined as circulating 

25(OH) D not bound to VDBP, which is analogous to the definition of bioavailable 

testosterone, of which formula was based vitamin D free equation (6). Clinical assays 
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measure the level of total 25(OH) D without distinguishing fractions bound to carrier 

proteins (see Limitations in Table 6). 

 

When bound to VDBP, vitamin D may be unavailable to act on target cell and some 

actions of vitamin D would become inhibited. VDBP prolongs the half-life of 25(OH) D 

by serving as a reservoir and aiding in the reabsorption of filtered vitamin D through 

nephron in the kidney (6).  

 

It was observed that black Americans consistently have lower levels of total 25-OH D 

than white Americans, and they are frequently given a diagnosis of vitamin D 

deficiency (6). However, when comparing PTH levels and bone densitometry, these 

parameters are found normal, or even better, in black Americans, which lead to the 

hypothesis that another factor was playing an important role in this scenario. 

 

Common genetic polymorphisms in the VDBP gene produce variant proteins that differ 

in their affinity for vitamin D. The prevalence of these polymorphisms differs between 

racial groups. A study was conducted to determine whether VDBP genotypes and 

concentrations of circulating VDBP differ between black Americans and white 

Americans (6). 

 

In the study, blacks were more likely than whites to have the T allele of the VDBP 

polymorphisms, which was associated with decreased levels of VDBP and total 25(OH) 

D; whereas whites were more likely to have the G allele at this locations, which relates 

to higher levels of VDBP. Moreover, allele A, which characterizes for with higher 

levels of VDBP both in black and whites, was less likely found in blacks than in whites, 

and in the last ones, allele A was related to decreased levels of total 25(OH) D. 

 

In conclusion, black Americans may have lower levels of total 25(OH) D, but they also 

present lower levels of VDBP, resulting in levels of bioavailable 25(OH) D that are 

equivalent to those in whites. 
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Levels of total 25(OH) D are, in part, genetically determined. The effect of VDBP 

polymorphisms on total 25(OH) D concentrations appeared to be mediated by the 

concentration of VDBP; therefore it should be taken into account.  

 

Nevertheless, levels of VDBP only partially explained racial differences in levels of 

total 25(OH) D; other factors including skin pigmentation and other polymorphisms, 

probably contribute to low levels of total 25(OH) D in blacks (6). 

 

4.1.7 SUFICIENCY, INSUFICIENCY AND DEFICIENCY 

 

The normal levels of vitamin D are defined from 30ng/ml (50nmol/l) to 100ng/ml, even 

though vitamin D intoxication is not usual. Under the lower limit we define: 

 

Table 2. Vitamin D levels correlation (1). 

SUFICIENCY >30 µg/ml (>75 nmol/l) 

INSUFICIENCY 20-30 µg/ml (50-75 nmol/l) 

DEFICIENCY <20 µg/ml (<50 nmol/l) 

 

Thresholds for vitamin D sufficiency have been based on total 25-OH D levels at which 

calcium absorption declines or PTH levels increase (3,6).Nevertheless, experimental 

data are inconclusive; controversy surrounds the precise level of total 25-OH D at which 

these changes occur. Moreover, in 2010 the Institute of Medicine, Food and Nutrition 

board, redefined vitamin D insufficiency as 25(OH) D below 20 µg/ml (50 nmol/l) and 

below 16 µg/ml in infants (7). However, consensus hasn’t been reached yet; therefore, 

previous vitamin D values will be applied in this protocol in order increase evidence 

whether definitions should be changed or not. 

 

Vitamin D deficiency can be sub classified according to several biochemical analysis 

parameters into moderated or severe: 
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 Moderate Vitamin D deficiency 10-20 ng/ml 

Ca Normal 25-OH D ↓ 

P ↓ 1,25 (OH)2 D ↑ 

AP ↑ PTH ↑ 

 

 Severe Vitamin D deficiency (<10 ng/ml) 

Ca ↓ 25-OH D ↓↓ 

P ↓↓ 1,25 (OH)2 D ↓ 

AP ↑↑ PTH ↑↑ 

Figure 2. A. Moderate Vitamin D deficiency (10-20 ng/ml). B. Severe Vitamin D 

deficiency (<10 ng/ml) (1). 

 

Only severe vitamin D deficiency (<10ng/ml) may lead to symptomatology, producing 

rickets, in children, and osteomalacia, in adults. Nevertheless, insufficient levels of 

vitamin D can be objectified, as discussed previously, in a lab analysis through the PTH 

determination, which rises to compensate the low levels of vitamin D. Therefore, even 

though insufficient levels of vitamin D may go by as asymptomatic through the 

bone/calcium function of the vitamin D due to the PTH compensation, the vitamin D 

levels are still low and that may have a negative effect in the immune function of 

vitamin D. However, as exposed previously, elevated levels of PTH are more common 

in white population than black, due to different levels of VDBP. Therefore, the relation 

between levels of PTH and total 25(OH) D may differ between blacks and whites (6). 

 

How common is vitamin D deficiency in pediatrics? 

 

Surprisingly, it has made resurgence in neonates and young children, in part because of 

the campaign to encourage all women to provide all of their infants’ nutrition through 

breastfeeding. Because there is very little, if any, vitamin D in human milk, infants, 

especially infants of woman of color, are at high risk of developing vitamin D 

deficiency and rickets if they are not given vitamin D supplement (8,9). 
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It is important to recognize vitamin D deficiency not only because of the vital role that 

vitamin D plays in bone formation, but also its extra-skeletal effects. Vitamin D 

deficiency is being linked to broadening field of health problems including several types 

of cancer and autoimmune or metabolic diseases (6,10–12). When low vitamin D levels 

are present, the innate immune system dysfunctions, with defects in chemostaxis, 

phagocytosis and killing of bacteria and viruses, whereas the adaptive immune system 

seems hyperactive (12). 

 

Without vitamin D, the small intestine absorbs no more than 10-15% of dietary calcium. 

In a person with vitamin D sufficiency, the small intestine absorbs, on average, 30% of 

dietary calcium; during growth, lactation and pregnancy, the efficiency increases to 

80%. Due to this fact, vitamin D deficiency during bone development and growth 

causes the bone-deforming disease rickets, previously introduced (8). 

 

Vitamin D deficiency often goes undiagnosed or, worse is misdiagnosed. There are 3 

reasons for this. First, it is believed that both exposure to sunlight or dietary intake is 

adequate, therefore, that first world citizens are not at risk of vitamin D deficiency. 

Second, physicians who perform routine blood work-ups often obtain a blood calcium 

value. If they find it to be normal, they assume that the patient is vitamin D sufficient. 

Third, some physicians may erroneously order an analysis for the active form of vitamin 

D, 1,25(OH)2 D, to determine the vitamin D status of a patient. Unfortunately, 1,25 

(OH)2 D not only is not a measure of vitamin D status, but its measurement also can 

mislead the physician into thinking that the patient is vitamin D sufficient. The reason 

for this is that, as a person becomes vitamin D deficient, there is an increase in the 

concentration of PTH, which increases the renal production of 1,25(OH)2 D, the 

circulating concentrations of which often become normal or even elevated (8). 

 

 

Gender, age, race and season of the year need to be taken into account due to variations 

in the reference levels: 
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Table 3. Percentage of variability in 25(OH) D levels depending on (1): 

Gender 2% Male/Female 

Race 67% White/Black 

Age 33% Young/Old 

Season 8% Winter/Summer 

 

The supply of vitamin D is limited by the reduced exposure to solar UVB due to indoor 

living, clothing, and the use of sunscreen, as well as by the geographical and seasonal 

variations in UVB irradiance (12). 

 

Obesity is often associated with vitamin D deficiency. It is now recognized that, 

whether vitamin D is ingested in the diet or obtained from exposure to sunlight, it is 

efficiently deposited in the large body fat stores and is not bioavailable (8,13). 
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4.2 DIABETES MELLITUS TYPE 1 

4.2.1 DEFINITION AND CLASIFICATION 

 

T1DM is a group of metabolic diseases characterized for hyperglycemia secondary to a 

partial or complete defect in insulin secretion, which produces also alteration of the lipid 

and protein metabolism leading to microvascular and macrovascular effect in different 

organs such as eyes, kidney, nerves, heart and vessels. 

 

Previously known as insulin-dependent or juvenile diabetes mellitus in which the 

destruction of pancreatic beta cells lead to an absolute insulin deficiency, T1DM is now 

divided in T1DM A or autoimmune or T1DM B or idiopathic: 

 

- T1DM A or autoimmune: autoimmune disease in which takes place a beta cell 

selective destruction mediated by activated T lymphocytes in HLA predisposed 

subjects. After a preclinical period of variable duration, in which the patient 

remains asymptomatic, when the insulin producer cell mass reaches a critical 

value the patient presents the classical symptomatology: polyuria, polydipsia, 

polyphagia, weight loss and progressive ketosis which can lead to ketoacidosis if 

treatment with exogenous insulin is not provided. 

- T1DM B or idiopathic: contrary to T1DM A, T1DM B contains those patients 

with same or alike characteristics, but without any kind of autoimmune data or 

HLA predisposition. As it has been recently described, little is known about its 

etiology, evolution or prognosis. 

 

4.2.2 EPIDEMIOLOGY 

 

Incidence of T1DM in childhood is increasing at about 3% per year. T1DM is the most 

common metabolic disease in the young (12,14,15). 

 

T1DM results from cellular-mediated autoimmune destruction of the beta cells of the 

pancreas. DM has been recognized as a main independent risk factor for cardiovascular 

diseases. Clinical studies indicate that most diabetic patients die due to cardiovascular 
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diseases, with atherosclerosis accounting for 8% to 10% of all diabetic deaths. DM is a 

complex, progressive disease, accompanied by multiple complications. Hyperglycemia 

has been accepted as being essential for the development of diabetic complications. The 

Diabetes Control and Complication Trial (DCCT) established that prolonged exposure 

to hyperglycemia is considered the primary factor associated with the development of 

diabetic microvascular and macrovascular complications in T1DM. The DCCT showed 

that improvement of glycemic control, as measured by reduction in glycosylated 

hemoglobin levels, significantly reduced the risk of development and/or progression of 

all diabetic complications and also reduced the mortality and morbidity due to 

cardiovascular diseases in T1DM patients (14,16). 

 

Increased hypoglycemia is a well-known complication of improved glucose control, and 

an important goal of therapy is to minimize this risk. Therefore, hypoglycemic events 

should be registered and related, if there is the case, to insulin dosage requirements. 
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4.2.3 DIAGNOSIS 

 

Table 4. Criteria for the diagnosis of diabetes (16) 

 

HbA1c>6.5%. The test should be performed in a laboratory using a method that is 

NGSP certified and standardized to the DCCT assay.* 

OR 

FPG >126 mg/dL (7.0 mmol/L). Fasting is defined as no caloric intake for at least 8 h.*  

OR 

2-h PG >200 mg/dL (11.1 mmol/L) during an OGTT. The test should be performed as 

described by the WHO, using a glucose load containing the equivalent of 75 g 

anhydrous glucose dissolved in water.* 

OR 

In a patient with classic symptoms of hyperglycemia or hyperglycemic crisis, a random 

plasma glucose >200 mg/dL (11.1 mmol/L). 

 

*In the absence of unequivocal hyperglycemia, results should be confirmed by repeat 

testing. 

 

4.2.4 GLYCEMIC CONTROL 

 

The risk of arterial disease and microvascular complications in T1DM is related with an 

inadequate metabolic control sustained long terms. Glycated hemoglobin (HbA1c) has 

proved being a good measure regarding metabolic control, but, given a very strict 

control relates with an increased number of hypoglycemic events, it is important to 

identify the optimal value for this parameter which should guide the medical treatment 

for T1DM patients. 

 

A randomized clinical essay published by Diabetes Control and Complications Trial 

Research Group and the follow up of that same cohort, which measured the apparition 

of microvascular complications, compared a group of 638 insulin-dependent patients 

receiving intensive therapy  (7% HbA1c average level)  vs. another group containing 
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638 diabetic patients receiving conventional therapy (8,8% HbA1c average level) (17). 

After a follow up of 6,5 years, it was observed that the group which followed an 

intensive therapy reduced the risk of retinopathy apparition a 75% and a 54% its 

progression, the risk of microalbuminuria decreased a 56%, and the risk of neuropathy 

apparition a 69% and its progression a 57%. However, 3 times more risk of 

hypoglycemia was observed, as well as a higher overweight rate, in the intensive 

therapy group than in the conventional therapy group. 

 

In conclusion, intensive therapy with 7% HbA1c average levels reduces the risk of 

microvascular complications even though it increases the risk of hypoglycemia. HbA1c 

levels higher than 7% increase the risk of death due to cardiovascular event and all other 

causes. 
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Table 5. Plasma Blood glucose and HbA1c goals for T1DM by age-group (16). 

 Plasma blood glucose goal 

range (mg/dl) 

  

Values by age 

(years) 

Before 

meals 

Bedtime/overnight HbA1c Rationale 

Toddlers and 

preschoolers  

(0-6) 

100-

180 

110-200 <8,5%  Vulnerability to 
hypoglycemia 

    Insulin sensitivity 

    Unpredictability in 
dietary intake and 
physical activity 

    A lower goal (<8,0%) 
is reasonable if can be 
achieved without 
excessive 
hypoglycemia 

School age  

(6-12) 

90-180 100-180 <8%  Vulnerability of 
hypoglycemia 

     A lower goal (<7,5%) 
is reasonable if can be 
achieved without 
excessive 
hypoglycemia 

Adolescents 

and young 

adults (13-19) 

90-130 90-150 <7,5%  A lower goal (<7%) is 
reasonable if can be 
achieved without 
excessive 
hypoglycemia 

Key concepts in setting glycemic goals: 

• Goals should be individualized and lower goals may be reasonable based on 

benefit-risk assessment. 

• Blood glucose goals should be modified in children with frequent hypoglycemia 

or hypoglycemia unawareness. 

• Postprandial blood glucose values should be measured when there is a 

discrepancy between preprandial blood glucose values and HbA1c levels and to 

help assess glycaemia in those on basal-bolus regimens. 
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Clinical Practice Guideline of T1DM of the Sociedad Española de Endocrinología 

Pediátrica and Diabetes Care 2015 publication recommends informing the T1Dm 

patients and their families of the benefits of a long-term metabolic control with HbA1c 

levels lower than 7% (46 mmol/mol) without disabling hypoglycemic events. Therefore, 

the healthcare program should be designed to reach those targets. The objectives of the 

treatment must be individualized and negotiated with the patients, taking into account 

risks and benefits (14,16). 
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4.2.5 ROLE OF INSULIN RESISTANCE IN T1DM 

 

Intensive diabetes management is associated with both improved insulin sensitivity and 

beta cell function (18,19). Investigators interested in the pathogenesis of T1DM have 

appropriately focused on the role of insulin secretion. However, the maintenance of 

normoglycemia is actually the result of the interplay of islet beta cell secretion and 

insulin sensitivity of the periphery and liver (with additional contributions from the 

effect of glucose to facilitate its own uptake). 

 

Though insulin resistance is a prominent clinical feature in patients with T2DM, defects 

in insulin secretion must also be present in this population before glucose abnormalities 

ensue. In the face of a stable deficit in insulin secretion, therapies that reduce insulin 

resistance such as diet and exercise changes, and treatment with thiazolidinediones, 

result in improved glucose tolerance. However, in most patients with T2DM, 

progression of the beta cell defect eventually reduces de clinical benefit of this 

interventions and insulin therapy is required. 

 

In contrast, defects in insulin secretion through both beta cell loss and dysfunction are 

the prominent feature of T1DM.However, the physiological relationship between 

secretion and resistance still holds and determinates the state of glucose tolerance. Thus, 

baboons with reduced beta cell mass induced by the beta cell toxin, streptozotin, have 

reduced insulin secretion but do not demonstrate markedly abnormal glucose tolerance 

until either additional loss of beta cells or induction of insulin resistance (20). 

 

A study of 53 T1DM patients grouped at 2-10 years, 11-20 years, and >20 years from 

diagnosis demonstrated a significant reduction in insulin sensitivity as compared with 

control subjects and T1DM patients during the first year of disease. These subjects also 

had a decrease in fasting C-peptide, an increase in insulin dose, and an increase in 

HbA1c as compared with type 1 subjects during the first year of disease (21). 

 

As insulin action is the net effect of circulating insulin and tissue sensitivity to insulin. 

Improvements in insulin sensitivity are unlikely to have significant clinical effect in 

subjects without residual beta cell function. However, early in the disease process, most 
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subjects maintain a limited capacity to secrete insulin and thus could theoretically 

benefit from treatments that increase insulin sensitivity. A small improvement in 

diabetes control and decrease in insulin requirement has been reported in two small 

studies using metformin in subjects with early T1DM, but also showed an increase of 

hypoglycemia. In addition, improvements in insulin resistance can be seen with changes 

in diet and exercise. Though most pronounced in T2DM in whom only a small change 

in weight and/or increase in exercise is beneficial, it is possible that these factors are 

important in some subjects with T1DM. 

 

It has been observed an increased incidence of clinical T1DM during puberty and the 

anecdotal reports of a precedent illness, which could be attributed to the influence of 

relative insulin resistance during these time periods (19). 
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4.3 VITAMIN D AND DIABETES MELLITUS 
 

Few literature can be found regarding the relation between vitamin D supplementation 

and improvement of glycemic control in T1DM, however that would not be the case 

between vitamin D repletion and T2DM (22–24). A systematic review of 8 

observational cohort studies and 11 RCTs (25), concluded that an inverse association 

between the vitamin D status (25(OH) D or self-reported vitamin D intake) and the 

development of type 2 diabetes could be observed in the observational longitudinal 

studies. In RCTs, vitamin D supplementation did not show any beneficial effects on 

glycemic measures among persons with normal glucose tolerance, however there were 

beneficial effects among patients with glucose intolerance or insulin resistance at 

baseline. 

 

As discussed previously, insulin resistance plays a larger role in the T1DM disease 

process than is commonly recognized. Subsets of people with mild manifestations of the 

T1DM could benefit from treatments aimed at improving the insulin-resistant state 

(2,18,19).  

 

Several studies show a high prevalence of vitamin D deficiency in children and 

adolescents with type 1 diabetes, ranging between 43 and 91% (2,10,26). In adults, low 

25-OH D concentration is found to be associated with high risk of hyperglycemia, 

insulin resistance and T2DM (2,13).  Vitamin D is required for and improves the 

production of insulin, and also improves insulin sensitivity (27). Insulin secretion is 

impaired when levels of vitamin D are low, but hypocalcemia that accompanies vitamin 

D deficiency also plays a role in this phenomenon (12,28).  

 

In vitro, vitamin D acts as an immunosuppressive agent, reducing lymphocyte 

proliferation and cytokine production (9). On this basis, a 2015 clinical trial evaluated 

vitamin D repletion effect on T cell attack on beta pancreatic cell (29). Concluded that 

cholecalciferol supplementation improves suppressive capacity of T regulatory cells in 

T1DM patients, but not enough to stop beta cell downfall. Nevertheless, on the process, 

less insulin requirements were observed in vitamin D supplemented group. However, 
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the trial was designed for another purpose; therefore, conclusions should not be drawn 

but could be taken into account. 
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5 CURRENT STUDIES 

 

Due to recent progress, vitamin D is a booming topic. When searching for “vitamin D” 

in http://www.ncbi.nlm.nih.gov/pubmed results in 65.374 items. Last year, another  trial 

protocol was elaborated through University of Girona aiming to evaluate the relation 

between vitamin D and obesity in pediatric patients (30). Similarly, a 2014 high school 

research project objectified vitamin D insufficiency in 75% in 108 adolescents from 

Girona, which was the seed that originated this protocol (31). 

 

Regarding current literature relating glycemic control in T1DM and vitamin D repletion, 

19 studies were found through search in https://clinicaltrials.gov/ using as keywords: 

“vitamin D” AND “type 1 diabetes”. Of those 19, only 3 met similar characteristics 

with the purpose this protocol proposes. None of them had results nor publications 

posted. 

 

In the same way, a search was performed in https://www.clinicaltrialsregister.eu/ctr-

search/search. 6 studies were found, none of which aimed to study the effect of vitamin 

D repletion in glycemic control in vitamin D insufficient T1DM patients. 

 

Finally, same search was performed through http://www.ncbi.nlm.nih.gov/pubmed 

resulting in 426 studies. In order to pin down the search it was modified to: "vitamin D" 

AND "type 1 diabetes" AND "glycemic control", resulting into 17 studies, of which 4 

met characteristics with this protocol. The studies found are summarized in the table 6 

(2,10,32,33). 

 

During the elaboration of this protocol, pediatric endocrinologists from Hospital Dr. 

Josep Trueta, Dra. Ruiz-Cuevas and Dr. López, attended the European Society of 

Pediatric Endocrinology (ESPE) in Barcelona. 3 study posters were presented, with 

similar features to this protocol. Even though, no publication of these studies has been 

yet released, information obtained from the posters has been included in the following 

table and added to Annex 5: Posters European Society of Pediatric Endocrinology 

(ESPE). 

 

https://clinicaltrials.gov/
https://www.clinicaltrialsregister.eu/ctr-search/search
https://www.clinicaltrialsregister.eu/ctr-search/search
http://www.ncbi.nlm.nih.gov/pubmed
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6 JUSTIFICATION 
 

It has been discovered that 3% of the human genome is regulated directly or indirectly 

by the vitamin D and that with adequate levels of vitamin D, if the established relations 

with cancer and others are correct, death rate would drop a 7% (1). Moreover, it has 

been estimated that more than 30-50% of all children and adults are at risk of vitamin D 

deficiency (12,34). Literature suggests that T1DM patients may be even at a higher risk 

of vitamin D insufficient levels (23,26,35). 

 

On this basis, 24 frozen serums from T1DM patients, ages ranging between 1 to 14 

years old, were analyzed. The serums were obtained on the diabetic debut, before any 

medical intervention in the daily routine of the patients was applied. Informed consents 

were signed by each guardian of the patient and approved by the Ethic Committee of 

Hospital Dr. Josep Trueta, allowing the serums to be frozen and being used in any 

possible future investigation. The analysis results are printed in the following graphic: 

 

 
Figure 3. 25(OH) D levels in T1DM onset. 

 

 

Even though this data is not representative of T1DM population, because no sample was 

calculated in order to draw conclusions from the results, data reinforce the idea that 

vitamin D levels in T1DM pediatric population may be below normality. 
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A Diabetes Care publication from 2015 exposed that there is no clear evidence of the 

benefit from vitamin or mineral supplementation in people with diabetes who do not 

have underlying deficiencies (16). Nevertheless, this conclusion does not contemplate 

whether T1DM patients with levels below sufficiency would benefit from vitamin D 

repletion. 

 

Likewise, the publication reports a lack of evidence to support the routine use of 

micronutrients such as chromium, magnesium, and vitamin D to improve glycemic 

control in people with diabetes. However, this conclusion is drawn from 4 trials 

evaluating vitamin D supplementation in T2DM patients and another assessing the 

effect in diabetic subjects with normal serum 25(OH) D levels (36–40). Instead, this 

trial aims to evaluate the effect of vitamin D repletion in T1DM pediatric patients, given 

it has been observed a higher incidence of insufficient levels also in that population. 

 

Currently, the screening and treatment of vitamin D deficiency is not considered 

standard of care for T1DM patients (14). When contacted, pediatric endocrinologists of 

Hospital Sant Joan de Déu and Hospital Vall d'Hebron, expressed interest in this 

protocol, and given the current evidence on the benefits of vitamin D, are considering 

include the determination of vitamin D in the diagnosis and monitoring protocol of 

children with DM1. 
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7 HYPOTHESIS 
 

7.1 MAIN HYPOTHESIS 
 

Vitamin D repletion in T1D pediatric patients with vitamin D deficiency improves 

glycemic control. 

 

8 OBJECTIVES 
 

8.1 MAIN OBJECTIVE 
 

The goal of the present work is to evaluate glycemic control after vitamin D repletion in 

T1DM pediatric population with vitamin D levels ranging below normality. Glycemic 

control will be evaluated on basis of glycated hemoglobin. 

 

8.2 SECONDARY OBJECTIVES 
 

- To determine the effect of vitamin D repletion on insulin requirement of T1DM 

pediatric population. 

 

- To evaluate levels of PTH after vitamin D repletion in T1DM pediatric 

population. 
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9 METHODOLOGY 
 

9.1 STUDY DESIGN 
 

This protocol is for a multicenter, prospective, randomized, double blind, placebo 

controlled 12 months clinical trial in pediatric patients with T1DM. The study will be 

conducted in Hospital Josep Trueta, Hospital de Palamós, Hospital de Calella, Hospital 

de Figueres and Hospital de Blanes, being the first one the center of reference. A 

principal investigator will be assigned in each of the involved centers, in order to form a 

Steering Trial Committee and enhance communication between the centers. 

 

9.2 STUDY POPULATION 
 

This is a multicentric study of pediatric T1DM subjects. The participating centers were 

consulted regarding the actual number of T1DM pediatric patients in order to evaluate 

the viability of this protocol: 

 

- Dr. Josep Trueta Hospital: 202 

- Hospital of Palamós: 26 

- Hospital of Calella: 19 

- Hospital of Figueres: 16 

- Hospital of Blanes : 11 
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9.3 SAMPLE SELECTION 
 

Table 7. Inclusion & exclusion criteria. 

INCLUSION CRITERIA 

 Vitamin D levels  <30 µg/ml. 

 Age ≥ 4 years old. 

 Prepuberal Tanner <2. 

 T1DM >12 months evolution. 

 HbA1c 7-9%. 

 Caucasian ethnicity. 

EXCLUSION CRITERIA 

× Currently receive vitamin D supplementation. 

× Vitamin D severe deficiency defined as <10 µg/ml or Rickets 

× Subjects with severe chronic disease. 

× Other Disorders of calcium metabolism or hypercalcemia. 

× Kidney dysfunction (serum creatinine >1,2 mg/dl).  

× Hepatic dysfunction (AST and ALT >2,5 times the upper limit of normal. 

× Known or suspected malabsorption (such as celiac disease). 

× Subjects receiving chronic medical treatment or hyperglycemic drug (14,41): 

o Sympatico mimetic hormones (Antihypertensive) 

o Antiarrhythmic or antiepileptic 

o Immunosuppressive or immunomodulative 

o Antiviral 

o Miscellany 

× Subjects without signed informed consent. 
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9.3.1 INCLUSION CRITERIA JUSTIFICATION 

 

• Vitamin D levels <30 µg/ml: 

 
As discussed earlier, even though the Institute of Medicine defined vitamin D 

insufficiency as <20 µg/ml, controversy still surrounds this topic. Therefore, in order to 

provide more evidence to the subject, previous values have been selected to define these 

criteria. 

 

• Age ≥ 4 years old: 

 
Glycemic control targets differ depending on the age of the patient (see table 5), also 

there are factors, such as physical activity, which affect glycemic control and differ 

considerably between ages. Therefore, age will be taken into account during 

randomization in order to achieve balanced groups. 

• Prepuberal Tanner <2 (42): 

 

During adolescence, T1DM have showed a decrease of glycemic control due to 

hormonal changes to adulthood. For example, the secretion of growth hormone during 

adolescence relates to an increase of insulin resistance. In order to avoid heterogeneity 

produced by this hormonal instability it has been decided to exclude pubertal patients. 

 

• T1DM >12 months evolution: 

 

10% to 30% of the functional beta-cell mass remains at the time of diagnosis (12). 

Therefore, during the initial period after diagnosis of T1DM, some insulin is still being 

produced, which lead to a decreased even no demand of exogenous insulin requirement 

with maintenance of relatively normal glucose levels. This period, usually peaking 3 

months after diagnosis, is commonly known as “honeymoon remission phase”, which 

has been reported to occur in up to 50% of individuals within the first year after 

diagnosis (14,18,19). Whether is result from improved insulin secretion due to 

resolution of the acute inflammatory response or from improved insulin sensitivity is 
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still on debate. In order, to avoid confusing this situation with the effect of the vitamin 

D we will select research subjects who have passed this period.  

• HbA1c 7-9% (53-75 nmol/mol): 

 

Only subjects within a HbA1c range (7-9%, 53-75nmol/mol) will be evaluated. Upper 

limit was selected in order to minimize effects of extremely poor control and avoid 

other variability produced by a heterogeneous sample. On the other hand, lower limit is 

the established by Clinical Practice Guidelines as target for a proper glycemic control, 

therefore once achieved little effect may be observed from vitamin D (14,16).  

 

• Caucasian ethnicity: 

 

There is evidence that in Asian Indian there is increased 24-hydroxylase activity, which 

inactivates the hormone 1,25 (OH)2 D (43). Dr. Sánchez Muro, evaluated vitamin D 

levels in 310 children attending Primary HCS in Salt. Results show higher incidence of 

deficiency levels in immigrant population, fact the investigation relates  more to cultural 

reasons that to nutritional ones (44). Furthermore, due to differences of VDBP levels, 

therefore total 25-OH D, between racial groups, it was decided to limit the study to the 

most prevalent one in order to avoid confusion produced by these factors (6). 

 

9.3.2 WITHDRAWAL CRITERIA 

 

Subjects may be withdrawn from the study for the following reasons: 

 

 - Patient is not willing to comply with the protocol. 

 - For medical reasons (adverse event) under investigator criteria.  

 - Participant retires consent to continue in the study.  

 

Subjects withdrawn from the trial will not be replaced. 
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9.4 SAMPLE SIZE 
 

Accepting an alpha risk of 0.05 and a beta risk of 0.2 in a two-sided test, 79 subjects are 

necessary in first group and 79 in the second to recognize as statistically significant a 

difference greater than or equal to 0.6 units. The common standard deviation is  

assumed to be 1.2 and the correlation coefficient between the initial and final 

measurement as 0.5. It has been anticipated a drop-out rate of 20%. 

The source where the sample was calculated is: 

 

http://www.imim.cat/ofertadeserveis/software-public/granmo/ 

 

A total of 158 patients should be recruited in order to perform this trial and Hospital Dr. 

Josep Trueta disposes of 202 patients, some of which may not be included inside the 

trial. Therefore, other centers were contacted, turning the trial into multicentric, in order 

to raise the patient selection pool to 274, value expected to fulfill the required sample 

size.  

  

 

http://www.imim.cat/ofertadeserveis/software-public/granmo/
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9.5 ENROLLMENT AND PATIENT SELECTION 
 

Consecutive non-probabilistic sampling will be applied. Potential research subjects will 

be determined from the lists of T1DM pediatric patients in the hospitals participating in 

the study, based on inclusion criteria available in clinical history. An appointment will 

be scheduled, in which the investigator will inform the patient and guardians about the 

study and sign written informed consent (see Annex 4: Consents and Patient 

Informative Sheet). 

 

Vitamin D status must be established before including participants in any group, in 

order to exclude vitamin D sufficient patients and exclude and treat those patients with 

severe deficiency. Therefore, 4 weeks before the start of the study, potential research 

subjects will meet the investigators for a complete history and physical examination and 

to have baseline laboratory measurements, including HbA1c, 25(OH) D, calcium, 

phosphorus, magnesium, parathyroid hormone and VDBP. Creatinine, AST and ALT 

will also be measured as they are exclusion criteria. 

 

The estimated time of recruitment will be of 6 months. Due to variability vitamin D 

levels depending on the season, patients with levels close to insufficiency during spring-

summer period may turn out insufficient during winter. Therefore, those patients with 

normal levels tested during spring-summer, will be retested during autumn-winter 

period. On the other hand, patients who test insufficient levels during spring-summer, 

will most probably test insufficient also during autumn-winter period, and hence will be 

directly included in the study if they meet the rest of inclusion criteria. 

 

9.6 RANDOMIZATION 
 

Eligible participants will be randomized 1:1 using block randomization into treated and 

placebo groups.  

 

Because of the variability produced by age, sex and BMI in DM1 disease and vitamin D 

levels, to guarantee the randomization, the sample will be balanced by:  
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- Age (one group with ages between 4 and 8 years and second group with ages ≥ 9 

years and Tanner <2 ). 

- Sex (male and female). 

- BMI (BMI-SDS over 2 SD will be balanced between treatment and placebo 

group). 
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9.7 VARIABLES AND INSTRUMENTATION 
 

Table 8. Variables and instrumentation 

VARIABLE TYPE INSTRUMENTATION UNITS 

Independent Vitamin D supplementation or placebo DcQV Deltius® Cholecalciferol 25000 

IU/ 2,5 ml oral solution (Annex 

3) or placebo 

- 

 

Dependent 

HbA1c CQV Siemens DCA Vantage Analyzer % 

Insulin dosage requirement CQV Total daily insulin dosage Units/kg/day 

PTH CQV SEIMENSE chemiluminoscence pg/ml 

BMI CQV Scale and stadiometer SDS 

 

Covariates 

Geographical latitude NQV Cartographic map - 

Sun exposure NQV Questionnaire (Annex 2) Score 

Season NQV Follow up analysis date - 

Age CQV Clinical exploration - 

Sex DcQV Clinical exploration - 

Weight CQV Calibrated scale (45) Kg 

Height CQV Harpenden stadiometer (45) Cm 

Waist circumference CQV Measuring tape Cm 

Diet NQV Questionnaire (Annex 2) Score 

Physical activity NQV Questionnaire (Annex 1) Score 

Family history diabetes NQV Clinical medical history - 

Laboratory NQV Lyason, Roche or DiaSorin (1) - 

Vitamin D binding protein CQV Commercial enzyme linked 

immunosorvent assay (R&D 

Systems) 

ng/mL 

Free vitamin D CQV Vitamin D equation (6) % 

Hypoglycemic events  (<72mg/dl) DcQV Accu-Check Aviva ® (46) - 

 Acute episode DcQV Clinical medical history - 

Safety Urine calcium/creatinine ratio CQV Colorimetric method. Express 

plus analyzer (Chiron) 

mg/mg 

*DQV: Discrete quantitative variable. *CQV: Continuous quantitative variable. *NQV: nominal qualitative variable. 

*DcQV: Dichotomy qualitative variable 
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10 INTERVENTION 

10.1 ORGANIZATION AND DATA COLLECTION 
 

The intervention visits will take place during the routine follow-up visits for diabetic 

patients established every 6 months. By not adding new visits, the trial should not affect 

patients’ routine; therefore, less drop outs are expected. 

 

In order to optimize study adherence, guardians and subjects will receive text message 

or e-mail reminders on a weekly basis to take the vitamin D/placebo during the 

treatment period. Also, 1 week in advance, guardians and subjects in both groups will 

receive text message or e-mail reminders about their upcoming appointments. 

Treatment bottles will be tallied following completion of the treatment period, as an 

indicator of adherence. 

 

At each visit, follow-up measurements below will be tallied: 

 

Table 9. Follow up measurements 

- HbA1c - Insulin dosage requirement 

- Hypoglycemic event 

- 25(OH) D - PTH 

- Sun exposure - Season 

- Diet - Physical activity 

- Weight - Height 

- Waist circumference - BMI 

- Calcium/creatinine ratio 

 

The follow-up measurements should not be realized when the patient presents acute 

symptomatology (such as any pulmonary infection, very common in pediatrics). Acute 

symptomatology increases the demand of insulin; therefore it needs to be taken into 

account when registering data. 
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As established by protocol, venous blood sampling will be drawn with the child in 

fasting state. All serum samples will be obtained between 8:00 a.m. and 10:00 a.m. in 

order to avoid variability produced by circadian hormones. 

 

Measurements and questionnaires will be taken during follow up visit in all children and 

will be performed by the same observer who will be unaware of the subjects’ clinical 

and laboratory vitamin D characteristics.  

 

- Weight should be measured with the child wearing light clothing on a calibrated 

scale. 

 

- Height should be measured with the child wearing no shoes on a Harpenden 

stadiometer.  

 

- BMI will be calculated as weight divided by the square of height in meters. Age- 

and sex-adjusted z-score values for current weight, height, and body mass index 

[BMI] will be calculated using regional normative data (45).  

 

- Waist circumference will be measured at the umbilical level with the child in the 

supine position with a measuring tape. 
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10.2 QUESTIONNAIRIES 
 

Vitamin D questionnaire 
 

Garabedian test (1999) provides information on the daily intake of vitamin D through a 

system score, by which a value of vitamin D is associated with each food according to 

the amount ingested. After the survey, all the points are added, obtaining a result 

expressed as IU of vitamin D per week. At this point, it is just required to pass that 

value to IU / day to obtain vitamin D obtained by nutrition daily. The drawback of the 

test is that Garabedian Scoring is based on the recommendations of the time (1999). 

However, recent recommendations have increased the intake of vitamin D in order to 

ensure benefits of vitamin D both bone and extra bone. For example, in the original test, 

an intake of vitamin D of 201 IU / day was considered a high amount, when nowadays 

would be considered low. In addition, some foods have changed the amount of vitamin 

D that provide, such as fortified milk, and for that reason, those values had to be 

modified. Current vitamin D content of the products was researched in order to establish 

new scores (7). 

 
 

Garabedian test score: 
 

Modified Garabedian test score: 
 

Max. punctuation: 51,5 points. 
 

Max. punctuation: 94,5 points. 
 

1 point = 100 IU vitamin D/week. 
 

1 point = 100 IU vitamin D/week. 
 

 
 
 

Vitamin D intake recommendations in 1999 
(44): 

Current Vitamin D intake 
recommendations: 

- Low intake <5,6 (<80 IU/day) - Low intake <28 (<400 IU/day) 
- Medium intake 6,6-14 (80-200 IU/day) - Medium intake 28-42 (400-600 IU/day) 
- High intake >14 (>200 IU/day) - High intake >43 (>600 IU/day) 
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Calcium questionnaire 
 
Calcium assessment is included in this survey because it is one of the most important 

nutritional factors and is closely related with vitamin D. A calcium intake ensures 

proper bone remodeling and the absorption capacity depends not only on the amount of 

calcium offered, but the content of vitamin D in the body. Calcium intake is measured 

with the same scoring system that vitamin D, and therefore changes in the test are 

similar. The maximum score changes, and supplemented foods such as calcium fortified 

milk are added to the questionnaire. The results are obtained in milligrams of calcium 

per week, so must be converted to milligrams calcium/day in order to meet daily intake. 

 

Garabedian test score: 
 

Modified Garabedian test score: 
 

Max. punctuation: 120 points. 
 

Max. punctuation: 153 points. 
 

1 point = 120 calcium mg/week. 
 

1 point = 120 calcium mg/week. 
 

 

Current recommendations for calcium intake for children between 9 and 18 of age have 

not changed so much as with vitamin D are considered a those adequate levels of 

around 75 points, which means an intake of 1300 mg / day. 
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Solar exposure questionnaire 
 

This section discusses issues that assess time of sun exposure, season during which the 

individual is exposed to the sun, the time slot, location during exposure and finally, if 

the person wears sunscreen or not. For Garabedian, the maximum score is 9, and if the 

individual would be wearing a sunscreen with a protection factor (PF) greater than 15 in 

exposure, only 1 point of the total valuation would be deducted. Given that with a cream 

than 15 FP 94% of the sun's rays are not absorbed to vitamin D synthesis, the score is 

the total should be deducted (3). For this reason, the item regarding sunscreen was 

modified. 

 

Modified Garabedian questionnaires can be found in Annex 2.  
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10.3 STUDY TREATMENT 
 

10.3.1 INTERVENTION DRUG 

 

Calcitriol or 1,25(OH)2 D, the active metabolite of vitamin D, would not be the best 

option as therapy drug. As commented before, 1,25(OH)2 D half-life is much shorter, 

therefore constant administration should be provided and levels tested. Also, as the 

active metabolite, ten times more powerful than 25(OH) D, could more easily lead to 

hypercalcemia. 

 

On the other hand, 25(OH) D can deposit in fat and muscular compartments extending 

the time inside the organism from 15 days to months. Moreover, being an intermediate 

metabolite, and as the negative feedback of vitamin D metabolism is regulated by 

1,25(OH)2 D, its accumulation will not develop a blockage of the calcitriol synthesis. 

 

However, a 25(OH) D drug is not available, but substances prior to the hepatic 

hydroxylation that produces calcidiol are, such as, ergocalciferol (plant derived) and 

cholecalciferol (animal derived). Studies postulate that cholecalciferol may have higher 

affinity for VDBP, which translates into a higher potency than ergocalciferol (2,47,48). 

Moreover, Vitamin D2 has several unknown metabolites with unknown effects. 

 

In conclusion, the selected experimental drug will be Deltius ®, produced by 

Italfarmaco S.A. (Madrid), consists in cholecalciferol 25.000 IU/ 2,5 ml oral solutions. 

Further information regarding Deltius® can be found in Annex 3: Deltius Public 

Datasheet. 

 

10.3.2 VITAMIN D DOSAGE 

 

In 2011, Food and Nutrition Board of the Institute of Medicine published a large 

actualized guide regarding vitamin D nutritional needs in the different stages of life (7): 
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Table 10. Vitamin D intake recommendations 

Age group EAR (IU/day) RDA (IU/day) Tolerable upper intake (IU/day) 

0-6 months 400 400 1000 

6-12 months 400 400 1500 

1-3 years 400 600 2500 

4-8 years 400 600 3000 

9-18 years 400 600 4000 

*EAR: Estimated Average Requirement *RDA: Recommended Dietary Allowances 

 

 

The age of the subjects will range between 4 and 12, this last one depending on pubertal 

development state. Therefore, RDA should be 600 IU/day. However, in order to correct 

vitamin D levels faster and develop an easier routine for the subjects, the 25.000 IU of 

cholecalciferol will be given every month, which translates into 833,33 IU/day, value 

inside the safety range established by the Institute of Medicine. 

 

Also, literature postulates that supplementing with ≤ 250 µg/week (≤ 10000 IU/week) 

can improve or maintain vitamin D status in healthy populations without the risk of 

hypercalciuria, but 24 h urinary Ca excretion should be evaluated in healthy persons 

receiving Vitamin D3 supplementation in weekly single doses of 1250 µg (50000 IU) 

(49). The study treatment (25000 IU/month or 833,33 IU/day) would be placed inside 

the range. 

 

10.3.3 TREATMENT DURATION 

 

In a 2015 clinical trial performed in the University of Graz (Austria), cholecalciferol 

supplementation was given to patients with new-onset T1DM during 12 months, in 

order to assess the suppressive capacity of regulatory T-cells (29). A cholecalciferol 

dose of 140 IU/kg/day were given the first 3 months, 70 IU/Kg/day afterwards, doses 

higher than those planned to give in this study. Results regarding the safety of 12 

months cholecalciferol were: 50% of patients in the treatment group had a serum of 

25(OH) D level above 150 nmol/L after 3 months, 64% after 6 months and 36% after 12 
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months. Nevertheless, calcium concentrations were similar in the treatment and placebo 

group during the whole study period and stayed within the normal range in all 

participants. In conclusion, it would be safe to assume that long term cholecalciferol 

supplementation would have little negative effects in study subjects. 

 

In order to evaluate vitamin D3 repletion effect in glycemic control, a long period of 

sufficient vitamin D levels are required. Therefore, a 12 months supplementation was 

established. Moreover, difference in vitamin D levels between seasons has been 

observed (35,50), due to sun exposure differences. A 1 year duration may allow the 

gathering of enough data to compare between seasons, characteristic which some actual 

studies have not taken into account (2,10,33).  

 

10.3.4 DRUG CHARACTERISTICS 

 

CONTRAINDICATIONS 

 

• Hypersensitivity to cholecalciferol or any of the excipients. 

• Hypercalcemia or hypercalciuria. 

• Hypervitaminosis D. 

• Kidney stones (nephrolithiasis, nephrocalcinosis) in patients with chronic 

hypercalcemia. 

 

INTERACTIONS 

 

- Antiepileptic drugs (phenytoin) or barbiturates: hepatic enzyme-inducing drugs 

may reduce the effect of vitamin D3 through its metabolic inactivation. 

- Thiazide diuretics: can reduce urinary calcium excretion, therefore monitoring of 

serum calcium concentrations is recommended.  

- Glucocorticoids: can decrease the effect of vitamin D. 

- Medications containing digitalis or other cardiac glycosides: administration of 

vitamin D may increase the risk of digitalis toxicity (arrhythmia). In these cases, 
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strict medical supervision is necessary as well as monitoring of serum calcium and, 

if necessary, electrocardiographic controls. 

- Ion exchange resins or laxatives: gastrointestinal absorption of Vitamin D can be 

reduced by simultaneous treatment. 

- Some cytotoxic agents such as actinomycin and imidazole antifungals: interfere 

with vitamin D activity of inhibiting the conversion of 25(OH) D to 1,25(OH)2 D 

by renal 25(OH) D hydroxylase enzyme. 

 

ADVERSE EFFECTS 

 

Frequencies of adverse reactions are defined as:  

 

Uncommon (> 1 / 1,000 to <1/100): 

- Metabolism and nutrition disorders: hypercalcemia and hypercalciuria 

Rare (> 1 / 10,000 to <1 / 1,000): 

- Disorders of the skin and subcutaneous: itching, rash and urticaria. 

 

It is important to report suspected adverse drug reactions after approval. This allows 

continuous monitoring of the benefit / risk of the drug. If suspected new adverse 

reactions are detected, they will be reported through the Spanish Pharmacovigilance 

System for Medicinal Products for Human Use: 

www.notificaRAM.es 

 

OVERDOSE 

 

Deltius treatment should be stopped when the serum calcium exceeds 10.6mg / dl (2.65 

mmol / l) or calciuria exceeds 300mg / 24 hours in adults or 46 mg / kg / day in 

children.  

Overdose is manifested by hypercalcemia and hypercalciuria, whose symptoms include: 

- Nausea - Vomiting 

- Thirst - Constipation 

- Polyuria - Polydipsia 

- Dehydration  

 

http://www.notificaram.es/
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Chronic overdoses can lead to vascular and organ calcification as a result of 

hypercalcemia. 

 

TREATMENT IN CASE OF OVERDOSE 

 

Discontinue Deltius® and initiate rehydration. 

 

Further information can be found in Deltius® Public Datasheet (Annex 3: Deltius 

Public Datasheet) or via web (51). 

 

10.4 TREATMENT MONITORING 
 

Vitamin D overdose can be monitored through three different methods: 24 hour calcium 

in urine, urine calcium/creatinine ratio or serum calcium. In 24h urine calcium, urine 

sample must be collected along the day several times, meanwhile, more practically, 

urine calcium/creatinine ratio and serum calcium requires to collect a single sample 

once. However, serum calcium metabolism interferes in the masking of the trial, 

because treated patients would increase their calcium levels due to increase of 

absorption. In conclusion, the best method to monitor vitamin D overdose would be 

through urine calcium/creatinine ratio, which will be measured at 0, 6 and 12 months. 

Urine will be collected from the second urination of the morning the day of the visit. 

 

Normal limit of calcium/creatinine ratio is: 

- Children ≥ 4 years: < 0,20 mg/mg (52).  

 

If the value of this coefficient is higher, they will be diagnosed as having hypercalciuria. 

 

The treatment will be discontinued in the case of any of the adverse effects previously 

described and/or ratio calcium/creatinine >0,20 mg/mg. 

 

10.5 MASKING 
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10.5.1 PATIENT MASKING: PLACEBO 

 

Control group will receive placebo. Same price and excipients formula than Deltius® 

will shape placebo, but without the active ingredient. Communications have been 

initiated with Italfarmaco S.A. in order to synthesize this placebo. 

 

10.5.2 INVESTIGATOR MASKING: FROZEN SERUM 

 

If, in follow up measurements, 25(OH) D levels and PTH were established, it would 

become clear which subjects were receiving treatment and which were not. Therefore, 

serum samples will be frozen, in order to be analyzed at the end of the study in Hospital 

Josep Trueta, to where will be sent through message service. This way, several 

advantages are gained. The most clear one being blinding the investigators, but also, 

analyzing serum in badges and in one single laboratory will reduce variability produced 

by different lab techniques. 
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11 FLOW CHART 
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12 STATISTICAL ANALYSIS 
 

UNIVARIANT DESCRIPTIVE ANALYSIS 

 

Results for quantitative variables assuming a normal distribution will be summarized as 

mean ± standard deviation (SD), and those for variables without a normal distribution 

will be expressed as median and interquartile range (IQR). Non-parametric variables 

will be mathematically transformed to improve symmetry. Frequencies (n) and 

percentages for each category will be used to describe categorical variables. 

 

BIVARIANT ANALYSIS 

 

Results for major variables at baseline will be compared using Mann-Whitney test (for 

continuous unpaired variables) and Fisher exact test (for categorical unpaired variables) 

in order to ensure that comparable treatment groups were produced through the 

randomization process. 

 

MULTIVARIANT ANALYSIS 

 

General linear model (GLM) will be applied for repeated measures in order to perform 

the analysis of response to treatment for endpoint variables (HbA1c, Insuline 

requirement, PTH and BMI) between independent treatment and control groups (main 

objective of the proposal). The interaction term among the intervention variable and the 

endpoint variables of the study will be applied in order to highlight differences in 1-year 

changes across intervention groups. Models will be adjusted for potential confounders 

(see “covariates” in Table 8). “Intention-to-treat” (ITT), “as treated” and “per protocol” 

analyses will be applied, in the case of: 

 

- Protocol violations. 

- Losses to follow up. 

- Withdrawals from the study. 

- Non-compliance. 

- Refusal of the allocated treatment. 
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- Other deviations from established protocol. 

 

Imputation of missing values for endpoints variables will be performed using the latest 

observed values for each variable and subject. 

 

A p value <0.05 will be considered statistically significant.  
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13 ETHICAL CONSIDERATIONS 
 

The trial will be sent the local independent ethics committee of Hospital Josep Trueta 

(Girona), in order to be reviewed and approved, before any further procedure. 

 

As actual recommendations postulate, the trial will be registered with an International 

Standard Randomized Controlled Trial Number (http://www.controlled-trials.com) and 

will be submitted to ClinicalTrials.gov (http://clinicaltrials.gov.com). 

 

The trial will be conducted in accordance with the four principles for medical research 

involving human subjects defined by the Declaration of Helsinki. 

 

Before any trial-related activities, all patients and guardians, as all will be under 18 

years of age, will be provided with all needed information. Written informed consent 

will be provided their guardians. However we will obtain informed assent from all 

children, in order to enroll their participation in the study. 

 

The information of clinical history, names and surnames, will be confidential, 

guaranteeing the anonymity of the patients involved in the study according to “Ley 

Orgánica 15/1999, 13 de Diciembre, Protección de Datos de Carácter Personal. 

 

The protocol must be approved by the European Medical Agency (EMA) and 

Asociación Española de Medicamentos y Productos Sanitarios (AEMPS) before final 

approval of the clinical trial.   
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14 LIMITATIONS 
 

Several limitations should be acknowledged: 

 

- Regarding the patient selection, a consecutive non-probabilistic method is going 

to be applied. Instead of waiting for the follow-up visit to introduce the study to 

the patients, an appointment will be scheduled. It is expected to reach all 

patients. Therefore, a non-response rate should be taken into account. 

 

- Regarding inclusion criteria: 

o Honeymoon phase: Even though this period can sometimes last 2 years, 

we plan to avoid heterogeneity produced by this event through the next 

inclusion criteria (HbA1c 7-9%), therefore those who are already in 

“honeymoon” phase (characterized by low or no insulin requirement 

with correct metabolic control) will not affect the data. 

o Establishing >7% HbA1c as a criteria, limits the applicability of the 

results of the study in those below the limit. But literature suggests that 

they may benefit of other aspects of the study, such as a lower insulin 

dosage requirement. 

 

- Regarding sun exposure, the most precise method to measure would be to ask 

the patients to wear a meter, not only impractical for the patients but also 

expensive. Therefore, it was decided to apply a questionnaire, even though it 

may be subject to survey bias, it would be enough to assess this variable.  

 

- Regarding vitamin D variability, polymorphism of VDBP is not taken into 

account. Nevertheless, direct measures of VDBP will be performed, which can 

be related to the different polymorphisms. 

 

- Differences between measurement techniques could cause lack of comparability 

between the different centers participating in the study. Therefore, as discussed 

in blinding paragraph, frozen serum analyses will be performed only in Hospital 
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Josep Trueta. Moreover, variability between glucose testers will be controlled 

providing the same tester for all subjects. 

 
- Regarding questionnaires, last validated questionnaire to assess vitamin D 

intake, calcium intake and solar exposure is Garabedian Test (1999). However, 

this test, as discussed in questionnaires section, is outdated and has been 

modified in order to adapt current data. Validation of the questionnaires should 

be sought if possible before application to the trial.  
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15 WORK PLAN 
 

Personnel: 

- Investigators: as exposed previously, a principal investigator will be assigned in 

each of the participating centers: Hospital Universitari de Girona Josep Trueta, 

Hospital de Palamós, Hospital de Figueres and Hospital de Blanes. They will 

form the Trial Steering Committee (TSC). TSC is responsible for trial overall 

supervision. Research associates (RA) will be selected in each center.  

- Collaborators: statistician (ST), pharmacist (PH), laboratory (LA), nursery staff 

(NU) and data manager (DA). 

 

The trial has been designed in 5 phases: 

 

PHASE 1 - Coordination phase. Development of theoretical framework (6 

months): TSC and RA center will be involved in this phase.  

 
- PROTOCOL ELABORATION (Accomplished): objectives will be established 

in order to answer a formulated hypothesis. A comprehensive literature search 

will be conducted, followed by a detailed definition of study variables and study 

design. Theoretical methodology of data collection will be elaborated. 

 

- ORGANIZATIONAL MEETING will be held in order to schedule a study 

chronogram and establish a timeline. Data collection circuits and 

communication systems between the involved centers will be set up. 

 

- PILOT TEST will take place in order to evaluate the protocol, to identify 

problems and to apply corrections. 

 

- AUTHORIZATIONS: administrative and ethical authorization will be asked 

before any further activity. 
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PHASE 2 - Field research (18 months): All the study staff from each center will be 

involved. 

 

- RECRUITMENT PERIOD (6 months): sample selection will be made applying 

inclusion and exclusion criteria. A member in charge of patient flow analysis 

evaluates the recruitment time in order to prove that the rate of inclusion of 

patients is being fulfilled. Informative documents regarding the study must be 

exposed to subjects and informed consent signed before any further activity in 

the trial. 

 

- GROUP ASSIGNMENT: randomization procedure, masking method and 

allocation type will be performed. 

 

- INTERVENTION (12 months): study variables will be recorded in a common 

database between the involved centers. In each follow up visit, serum samples of 

the patients will be frozen in order to evaluate and enter in database dependent 

variables at the end of the trial. 

 
PHASE 3 – Database processing and statistical analysis (4 months): TSC and RA 

from each center along with ST and DA will be involved. 

 

- DATABASE PROCESSING (2 months): data results will be evaluated looking 

for possible errors in the data collection circuits. 

- STATISTICAL ANALYSIS (2 months): appropriate statistical test will be 

applied for all collected data. Descriptive and bivariate analysis will be 

performed first, followed by the multivariate analysis. 

 

PHASE 4 - Analysis of the results (2 Months): TSC will be involved.  

 

The outcomes of the trial will be interpreted and conclusions will be drawn and 

discussed. 
 

PHASE 5 - Finalization and results publication (3 Months): TSC will be involved.  
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A final clinical trial resolution report will be elaborated. Whether results support or not 

initial hypothesis will not affect publication of the results. Dissemination strategy 

consists on an open access online publication and study results presentation in Sociedad 

Española de Endocrinología Pediatrica Conference in 2018.  
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16 TIMELINE 
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17 BUDGET 
 QUANTITY COST TOTAL 

1. Staff costs 

- Statistical consulting 100 h 35 €/h 3.500 € 

- Data manager 80 h 20 €/h 1.600 € 

- Meetings organization 28 h 50 €/h 4.200 € 

SUBTOTAL 9.300€ 

2. Implementation costs 

Inventory material costs: 

- Accu-Check Aviva ® 158 39,95 € 6.312,1 € 

Services and disposable items costs: 

- Laboratory parameters: 

o Calcium (Urine) 474 4.44 €/u 2104,56 € 

o Creatinine (Urine) 474 1,274 €/u 603,88 € 

o Phosphorus (Serum) 474 3.181 €/u 1.507,79 € 

o PTH (Serum) 474 10,795 €/u 5.116,83 € 

o Total 25(OH) D (Serum) 474 20,948  €/u 9.929,35 € 

o Vitamin D-binding protein (Serum) 158 9,075 €/u 1.433,85 € 

Liability insurance 1 7.000 € 7.000 € 

Drug purchase (Cholecalciferol and placebo pills) 474 packs 3,90 €/pack 1848,6 € 

Administrative permits (AGEMED) - 3.948,1 € 3.948,1 € 

MRW messenger to send serum samples to Hospital 

Dr. Josep Trueta (Girona) 

- - 350,0 € 

SUBTOTAL 40.155,06 € 

3. Dissemination of the results 

Congress of the Spanish Society of Pediatric Endocrinology 2016: 

- Inscription 2 pers. 500 €/pers. 1.000 € 

- Travel expenses 2 pers. 100 €/pers. 200 € 

- Accommodation expenses 2 pers. 200 €/pers. 400 € 

Publication fees  

- Translation services 50 h 30 €/h 1.500 € 

- Open access - 1500 € 1.500 € 
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Software and bibliography - 1.000 € 1.000 € 

SUBTOTAL 5.800 € 

4. Subcontracting of professional services 

- Contracting of nursing services   1.720 € 

SUBTOTAL 1.720 € 

5. Indirect and added costs*   11.051,01 € 

TOTAL COSTS 66.306,07 € 

 

*IDIBGI research center receives a 20% of the total expenses, in order to cover the account 

management services at the research institute and for the use of research offices, examination 

rooms and laboratory. 

 

 

BUDGET SPECIFIC ASPECTS 

 

- T1DM management costs: 

 

T1DM management is included in Spanish Social Healthcare System, therefore no costs 

will result from related consumables. 

 

- Accu-check ® Aviva:  

 

This glucometer allows the user to download the data into a database directly, 

facilitating further data management. Moreover, as explained in Limitations section, by 

using the same glucometer with all patients, machine variability in glucose 

measurements is avoided. 

 

- Laboratory parameters quantity:  

 
Samples of the 158 patients will be performed drawn at 0, 6 and 12 month (158 patients 

* 3 measurements = 474). Therefore, 474 samples will need to be analyzed. 

 

- Vitamin D Binding Protein measurement:  
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VDBP only needs to be measured once (Quantity = 158). Measurement can only be 

done in a research laboratory, such as the disposing one in Hospital Dr. Josep Trueta. 

Determinations of VDBP are performed in badges of 80 samples and cost 726 €, IVA 

included (726 € / 80 samples = 9,075 €/sample).  

 
- Drug and placebo quantity: 

 

Deltius® pack has a cost of 3,90 €, which includes 4 vials for administration. Placebo is 

believed to have the same cost and presentation. Patients will be instructed to take one 

vial per month; therefore a pack will be needed every 4 months. Taking into account the 

intervention phase will take 12 months and 158 patients will be receiving the drug or 

placebo, 474 packs will be needed. 

 

- Frozen serums costs: 

 

Frozen serums cost is included in the indirect costs, which covers the expenses of 

IDIBGI research facilities utilization. 
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18 HEALTH IMPACT OF THE PROJECT 

 
As discussed previously, poor glycemic control is considered to be the main factor to 

develop complications in T1DM patients. These complications have been related to 

death in T1DM patients and account for the bulk of economic overload that causes 

T1DM in the healthcare system (14). A Vitamin D level below sufficiency is a common 

situation in T1DM, which could be corrected easily. If vitamin D repletion would 

translate into improvement in glycemic control, it is assumed that microvascular and 

macrovascular complications should decrease, resulting, both short and long term, into a 

decrease in mortality and an improvement in quality of life. 

 

Moreover, given the new extra-bone functions discovered in vitamin D more advantages 

could be gained from normal levels of vitamin D. Vitamin D deficiency has been related 

to the treatment and pathogenesis and/or progression of several disorders including 

cancer, hypertension, multiple sclerosis, rheumatoid arthritis, osteoporosis or muscle 

weakness (53). 

 

The introduction of vitamin D measurement into T1DM patients follow up control 

would result in advantages regarding T1DM disease control, but also regarding other 

aspects: hypertension, CV diseases, etc. Moreover, it would also translate in a decrease 

of resources spent in order to treat this chronic disease.   
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19 VITAMIN D POTENTIAL TARGETS 
 

Relation between vitamin D and T1DM has been discussed since the 90s, even   

stablished. In animal models of T1DM (in particular the NOD mouse), vitamin D 

deficiency in early life leads to an increase in risk for development type 1 diabetic 

disease in later life. When these NOD mice received 1,25(OH)D3 throughout their life, 

their risk of developing T1DM was reduced by 80%. In humans, epidemiology also 

points to this correlation (12).  

 

On this basis, Elina Hyppönen promoted a large scale (n=10.821) birth-cohort study in 

Finland, which proved that vitamin D supplementation during first year reduced risk of 

developing T1DM by about 80% compared with those receiving less (9). Nowadays, 

newborns receive vitamin D supplementation during their first year of life. However, 

vitamin D is not taken into account further on. 

 

During the literature check performed for this protocol, some of the results aimed to 

assess the effect of vitamin D supplementation on autoimmune pancreatic cell 

destruction during T1DM onset. But given the high prevalence that seems to be 

affecting the whole population, it may be interesting to study the effect of vitamin D 

repletion in reducing incidence of T1DM, by expanding vitamin D supplementation to 

all pediatric ages. 
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- Annex 1: Physical Activity Questionnaire (54). 

- Annex 2: Modified Garabedian Test (44). 

- Annex 3: Deltius ® Public Datasheet (51). 

- Annex 4: Consents and Patient Informative Sheet. 
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ANNEX 2: MODIFIED GARABEDIAN 
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ANNEX 3: DELTIUS TECHNICAL DATA 
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HOJA DE INFORMACIÓN PARA EL PACIENTE 

 

Nombre del estudio:  

 

EFECTO DE LA NORMALIZACIÓN DE LOS NIVELES DE VITAMINA D EN EL 

CONTROL GLICEMICO DE PACIENTES PEDIÁTRICOS DIABÉTICOS TIPO 1. 

 

Agradecemos su interés respecto a su colaboración en el estudio realizado por las 

unidades de endocrinología pediátrica de los hospitales Dr. Josep Trueta, de Palamós, 

de Calella,  de Figueres y  de Blanes. A continuación, le explicamos en que consiste el 

estudio. Además, puede dirigirse al equipo de investigación para cualquier duda o 

cuestión que le pueda surgir. 

 

¿Cuál es el objetivo del estudio?  

 

Este estudio tiene como principal objetivo evaluar si la normalización de los niveles de 

vitamina D se traduce en un mejor control glicémico para el paciente con diabetes 

mellitus tipo 1 con niveles por debajo de la normalidad. Actualmente, la determinación 

de vitamina D no se encuentra incluida en el protocolo de control de los pacientes 

diabéticos. Estudios recientes son sugestivos de que niveles por debajo de la normalidad 

se relacionan con un aumento de la resistencia insulínica, dificultando el control 

glicémico. 

 

¿Qué pasará si participo?  

 

En primer lugar, 4 semanas antes de iniciar la suplementación con vitamina D se les 

citará para realizar una analítica y establecer los niveles de vitamina D. De estar por 

debajo de la normalidad, no asociarse comorbilidades o tratamientos farmacológicos 

crónicos y cumplir criterios de inclusión, se les ofrecerá participar en el estudio. De 

aceptar, su hijo será asignado de forma aleatoria en un grupo para recibir 

suplementación con vitamina D o placebo. 
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Su hijo/a seguirá con el control habitual de su diabetes mellitus. La suplementación se 

realizará cada mes de forma autónoma mediante unas ampollas que podrán recoger en la 

farmacia del hospital. En las dos próximas visitas de seguimiento, establecidas cada 6 

meses, se les pedirá que retornen dichas ampollas para valorar la adherencia al 

tratamiento. Se les realizará una valoración de calcio y creatinina para asegurar que el 

tratamiento no excede los niveles de toxicidad de vitamina D. Se añadirán los 

parámetros relacionados con la vitamina D (calcidiol total, hormona paratiroidea) en la 

analítica de control, que incluye la hemoglobina glicosilada para valorar el control. 

Además, se les realizarán unos cuestionarios para valorar la actividad física, la ingesta 

de vitamina D y calcio y la exposición solar. 

 

¿Y si a mi hijo/a le toca el grupo placebo? 

 

Niveles de vitamina D por debajo de la normalidad pero por encima de deficiencia 

severa no han mostrado afectación clínica a corto plazo. Por esta razón, de estar los 

niveles de vitamina D de su hijo por debajo del rango de deficiencia severa, éste será 

tratado directamente sin incluirse en el estudio. Le recordamos la importancia de 

cumplir el placebo a lo largo del estudio, que permite objetivar el beneficio que supone 

la suplementación de vitamina D para los pacientes diabéticos. 

 

¿La participación es obligatoria?  

 

La participación en el estudio es totalmente voluntaria. Si decide participar, se le pedirá 

que firme el consentimiento informado según el cual usted conoce y entiende todo lo 

que implica la participación en este estudio. Contrariamente, si decide no participar, ello 

no afectará ni modificará el plan asistencial establecido para su hijo.  

 

¿Qué debo realizar para participar? 

 

Para llevar a cabo este estudio y acorde a las disposiciones legales vigentes, le 

solicitamos que rellene el consentimiento informado. Recuerde que, antes y después de 

firmar el documento, puede usted preguntar todo lo que le parezca conveniente al 

personal sanitario responsable del estudio.  
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¿Se manejarán los datos de mi hijo/a de forma confidencial?  

 

Sí. La información recogida para este estudio será tratada y regulada en concordancia a 

la Ley Orgánica de Protección de Datos de Carácter Personal (15/1999) según la cual, 

sus datos serán manejados de forma confidencial y solamente serán utilizados con 

finalidad de investigación. La identificación personal de su hijo estará codificada a 

través de una serie numérica aleatorizada.  

 

¿Qué pasará si cambio de opinión durante el estudio?  

 

Si renuncia a seguir participando en el estudio una vez éste iniciado, no supondrá 

ningún castigo ni penalización ni para usted ni para su hijo/a. Se le pedirá que continúe 

con los controles y seguimientos habituales. 

 

¿Qué se realizará con la información obtenida en el estudio?  

 

Los resultados serán publicados en revistas de interés científico relacionadas con el área 

de conocimiento correspondiente a la patología endocrinológica pediátrica, con el fin de 

que otros centros y pacientes puedan beneficiarse de los resultados de este estudio. 

Recuerde que todos los datos de su hijo/a de carácter personal serán anonimizadas 

mediante una serie numérica aleatorizada.  

 

Muchas gracias por su atención, 

 

 

 

Comité Directivo del Ensayo Clínico 
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ANNEX 5: Posters European Society 
of Pediatric Endocrinology (ESPE)  
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