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 ■ Abstract 
AIM: The aim of this study was to examine the effects of vi-
tamin D supplementation in patients newly diagnosed with 
type 1 diabetes (T1D) assessed by insulin needs and 
changes in glycemic indices, as evidenced by randomized 
controlled trials (RCTs). METHODS: A total of 7 RCTs were 
retrieved from PubMed/Medline and EBSCO databases by 
MeSH term search, and were reviewed systematically. The 
RCTs included examined the effects of alphacalcidole (n = 
2), cholecalciferol (n = 2), and calcitriol (n = 3) supplementa-
tion on changes in daily insulin dose (DID), fasting C-
peptide (FCP), stimulated C-peptide (SCP), and HbA1c. In 

total, 287 individuals, diagnosed with T1D within a period of 
4 weeks to 1 year and aged between 5 to 38 years, were ex-
amined. RESULTS: Significant positive effects on DID, FCP, 
and SCP levels were observed after supplementation with 
alphacalcidole and cholecalciferol, whereas supplementation 
with calcitriol showed no effect. CONCLUSIONS: Vitamin 
D supplementation in the form of alphacalcidole and chole-
calciferol appears to be beneficial in the treatment of T1D 
patients by attenuating the natural history of the disease. 
 

 

Keywords: type 1 diabetes · new-onset diabetes · vitamin D 
· randomized control trial · insulin · HbA1c · pancreatic beta-
cell · stimulated C-peptide · fasting C-peptide 

 

1. Introduction 
 

 ype 1 diabetes (T1D) is an autoimmune dis- 
 ease leading to β-cell destruction in the pan- 
 creas and concurrent insulin deficiency [1, 2]. 

Data from large epidemiologic studies indicate 
that the incidence of T1D has been increasing by 
2-5% worldwide, and that the prevalence of T1D is 
approximately 1 in 300 US citizens over the age of 
18 [3]. This alarming trend has triggered extensive 
research to detect the mechanisms involved in T1D 
pathophysiology and develop new agents. This re-

search has led to the discovery of associations with 
multiple endocrine, paracrine, and immunological 
pathways, including those related to vitamin D [4]. 

Vitamin D, also known as calciferol, exists in 
two major forms, namely vitamin D2 or ergocalcif-
erol and vitamin D3 or cholecalciferol, which are 
mainly found in plant and animal products, re-
spectively [4, 5]. Cholecalciferol can also be syn-
thesized in the skin through ultraviolet B radia-
tion [4]. The inactive forms of vitamin D are trans-
ported to the liver where they are hydroxylated 
and converted into 25-hydroxyvitamin D 
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(25(OH)D) or calcidiol. Thereafter, calcidiol is con-
verted to the biologically active form of the vita-
min, 1,25-dihydroxyvitamin D (1,25(OH)2D) or cal-
citriol [6]. 

Alphacalcidole is another form of vitamin D3, 
which is used extensively in the treatment of renal 
osteopathy as it allows the ingestion of higher 
doses of vitamin D with a reduced risk of hypercal-
cemia, and it can be produced at relatively low 
costs compared to calcitriol [7]. Previous studies 
have demonstrated that the daily use of alphacal-
cidole is well tolerated with few observed adverse 
effects [8, 9]. Nevertheless, the recommended die-
tary allowance (RDA) published by the Food and 
Nutrition Board (FNB) at the Institute of Medicine 
of The National Academies (formerly National 
Academy of Sciences) for people between 1 and 70 
years, is no higher than 600 IU/day, while for the 
elderly (>70 years) it is 800 IU/day [10]. 

In vitro studies in human cell lines and animal 
studies indicate that vitamin D exhibits anti-
inflammatory and immunomodulatory properties 
[11-13]. Based on the findings of preclinical stud-
ies, vitamin D seems to play a regulatory role in 
insulin secretion, β-cell survival, and calcium flux 
within pancreatic β-cells [6]. Furthermore, numer-
ous studies have shown that vitamin D supple-
mentation may restore glucose-stimulated insulin 
[4, 14]. 

The potential biological mechanisms by which 
the insufficient levels of vitamin D might be asso-
ciated with the development of T1D remain un-
clear. Primary evidence from in vitro studies has 
shown that pancreatic tissue, specifically pancre-
atic islets, express vitamin D receptors (VDRs) and 
25-hydroxyvitamin D3-1α-hydroxylase (1α-OHase) 
[15], an enzyme that catalyzes the hydroxylation of 
25(OH)D (calcifediol) to 1,25(OH)2D3 (calcitriol). 
Furthermore, the pancreas responds to circulating 
levels of 1,25(OH)2D3 [13]. Thus, the expression 
and activity of 1α-OHase in pancreatic islets and 
the timely response of insulin-secreting cells to 
1,25(OH)2D3 suggest that locally produced 
1,25(OH)2D3 is vital for physiological islet function 
[15]. 

There is evidence supporting the hypothesis of 
a 1,25(OH)2D3-induced activation of insulin biosyn-
thesis. However, results remain divergent. While 
an in vitro effect was found, including the activa-
tion of pre-proinsulin messenger RNA (mRNA) in 
48-h cultured islets from fed rats, no effect of 
1,25(OH)2D3 on insulin biosynthesis was observed 
in vivo [16]. Furthermore, supplementation of vi-
tamin D-deficient animals with vitamin D restored 
insulin secretion [16]. 

 
Vitamin D may act synergistically or additively 

with other nutrients on insulin secretion, e.g. with 
calcium [15]. However, our understanding of the 
exact mechanism by which vitamin D and calcium 
or other nutrient-to-nutrient interactions may en-
hance β-cell function or improve insulin resistance 
remains limited. 

Despite a large amount of evidence from ex-
perimental and observational studies supporting 
the promising outcomes of the effects of vitamin D 
on glucose metabolism and the immune system, 
results from clinical studies remain inconsistent, 
which makes it impossible to recommend vitamin 
D supplementation for the treatment of T1D [1]. 
Thus, the aim of this systematic review was to ex-
amine the effects of vitamin D supplementation on 
insulin deficiency in newly diagnosed T1D pa-
tients, as reported by randomized controlled trials 
(RCTs). A secondary aim was to review informa-
tion on the most effective, safe, and appropriate 
type of vitamin D, as well as its dosage and dura-
tion of supplementation required for the potential 
treatment of T1D. 

2. Methodology 

2.1 Search strategy 

A systematic review was carried out using 
PubMed/Medline and EBSCO databases. The 
search strategy included medical subject heading 

Abbreviations: 
 

1,25(OH)2D 1,25-dihydroxyvitamin D 
1,25(OH)2D3 1,25-dihydroxyvitamin D3 
1α-OHase 25-hydroxyvitamin D3-1α-hydroxylase 
25(OH)D 25-hydroxyvitamin D 
CCBRG Cochrane Collaboration Back Review 

Group 
DID daily insulin dose 
FCP fasting C-peptide 
FNB Food and Nutrition Board 
HbA1c hemoglobin A1c 
HLA human leucocyte antigen 
LADA latent autoimmune diabetes of the adult 
mRNA messenger RNA 
PRISMA Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses guidelines 
PICOS Participants, Interventions, Comparisons, 

Outcomes, and Study design approaches 
RCT randomized controlled trial 
RDA recommended dietary allowance 
SCP stimulated C-peptide 
SMBG self-monitored blood glucose 
T1D type 1 diabetes 
T2D type 2 diabetes 
VDR vitamin D receptor 
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(MeSH) terms, as shown in Table 1. Chronologi-
cally limited RCTs were considered only. A secon-
dary scan of the lists of retrieved papers was per-
formed to identify any additional RCTs that met 
the inclusion criteria, as outlined below in subsec-
tion 2.2 “study selection”. When searching PubMed 
“title/abstract” was used as a filter, “AB Abstract” 
was used in the EBSCO database. 

2.2 Study selection 

This review was set up based on the Preferred 
Reporting Items for Systematic Reviews and Meta-
Analyses guidelines (PRISMA). PRISMA is an evi-
dence-based set of criteria applicable to the prepa-
ration of systematic reviews and meta-analyses; it 
can be used as a guideline for preparing system-
atic reviews of research interventions [17]. A struc-
tured approach was used to set up the research 
question for this review, using five components 
commonly known as the Participants, Interven-
tions, Comparisons, Outcomes, and Study design 
approach (PICOS) [18]: 

 
1. Participants: newly diagnosed T1D patients 

with standard insulin treatment; no restric-
tions were placed on gender, age, race, and 
geographical distribution of the individuals 
enrolled in the study. 

2. Interventions: vitamin D oral supplementa-
tion; the supplements used were vitamin D, 
1-α-hydroxyvitamin D3, ergocalciferol, chole-
calciferol, calcitriol, alphacalcidole or 1α,25-
dihydroxyvitamin D3. 

3. Comparisons: placebo and other non-vitamin 
D interventions. 

4. Outcome: changes in daily insulin doses 
(DID, IU/d); changes in glycemic indexes: 

hemoglobin A1c (HbA1c, %), fasting C-
peptide (FCP, nmol/l), and stimulated C-
peptide (SCP, (pmol/l), (ng/ml), (nmol/l×120 
min)). 

5. Study design: RCTs. 
 
Studies excluded from the selection were: 
 
- Clinical studies in patients with type 2 dia-

betes (T2D) 
- Animal studies 
- Clinical studies in healthy individuals 
- Clinical studies in which supplementation 

was combined with calcium and/or other vi-
tamins 

 
A p-value of <0.05 was considered statistically 

significant for all included studies. 

2.3 Assessment of methodological quality and 
data extraction 

Two authors (G.E. and C.S) extracted inde-
pendently the detailed information from the se-
lected trials. Qualitative and quantitative informa-
tion from each study was extracted, including au-
thor names, year of study, geographic study loca-
tion, study size, age of participants, type of expo-
sure (i.e. formulation), duration of study, and dos-
age of vitamin D supplementation. 

The methodological quality of the included 
RCTs was assessed by means of 11 predefined cri-
teria based on the updated Cochrane Collaboration 
Back Review Group (CCBRG) method (Table 2) 
[19]. The internal validity criteria that refer to the 
characteristics of the study are related to: 

 
- Selection bias (criteria 1 and 2) 

Table 1. Search strings and keywords used to select the studies 
 

No. Search string / keywords EBSCO PubMed 
1 ((((((((Vitamin D) OR 1-alpha-hydroxyvitamin D3) OR ergocal-

ciferol) OR cholecalciferol) OR calcitriol) OR alfacalcidol) OR 
alphacalcidole) OR 1alpha,25-dihydroxyvitamin D3) 

93,285 51,195 

2 (((((((Type 1 diabetes) OR pancreatic beta-cell) OR diabetes 
treatment) OR T1D) OR new-onset T1D) OR recent-onset T1D) 
OR T1D) OR beta-cell residual function) 

101,237 31,819 

3 (((((((((Stimulated C-peptide) OR AUC C-peptide) OR fasting C-
peptide) OR FCP) OR HbA1c) OR A1c) OR insulin requirement) 
OR daily insulin dose) OR DID) 

3,025,635 29,651 

4 (((Randomized control trial) OR RCT) OR randomized) 713,856 385,667 
5 1-4 combined 34 11 

 

Legend: AUC - area under the curve, DID - daily insulin dose, FCP - fasting C-peptide, HbA1c - glycated hemoglobin, RCT - randomized con-
trolled trial, T1D - type 1 diabetes 
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- Performance bias (criteria 4-8) 
- Attrition bias (criteria 9 and 11) 
- Detection bias (criteria 6 and 10) (Table 2) 
 
The above criteria were characterized as: “yes”, 

“no” or “unknown”. Two authors (G.E. and C.S.) 
used the assessment instrument independently to 
evaluate the quality of each study. Whenever there 
was a disagreement between the two investigators, 
a third author (M.I.) provided an additional 
evaluation. Accordingly, each study was assessed 
as high quality if the total score of positive re-
sponses was ≥8 out of 11; it was regarded as low 
quality if the total score of positive responses was 
≤7 out of 11. 

3. Results 

3.1 Search strategy and study selection 

The search strategy and study selection proc-
esses were performed according to the "PRISMA" 
method, as described above. The flow chart for in-
cluded studies is presented in Figure 1 [14]. 
Overall, 7 studies were deemed eligible for inclu-
sion in the current analysis [20-26]. 

The quality assessment of the studies included 
revealed 4 studies [23-26] of high methodological 
quality (≥8/11 validity criteria) and 3 studies [20-
22] of low quality (≤7/11) [19]. Table 2 shows the 
result of the quality assessment of the included 
studies. 

3.2 Description of study characteristics 

The study characteristics are summarized in 
Table 3. The studies were conducted in different 
geographic locations. Alphacalcidole, cholecalcif-
erol, and calcitriol were the main forms of vitamin 
D supplementation used in the studies. The time 
between diagnosis of T1D and initiation of vitamin 
D intervention varied, ranging between 4 weeks 
and 1 year. Similarly, the duration of vitamin D 
supplementation varied between 6 and 24 months. 

3.3 Effect on DID during and after treatment 

The study by Pitocco et al. (2006) showed that 
DID was significantly lower in the treatment than 
in the control group at month 3 and 6 of treatment 
(p = 0.03), but no effect was seen at 12 months 
[20]. In the study by Ataie-Jafari et al. (2013), the 
DID was significantly different between the two 
groups (p = 0.008) in the between-subject compari-
son, with lower values for DID in the treatment 
than in the control group [25]. Furthermore, in the 
study by Treiber et al. (2015), DID was signifi-
cantly increased in the control group after 12 
months of treatment (p < 0.001), while no change 
was observed in the treatment group [26]. The re-
sults of vitamin D supplementation effects on DID 
are shown in Table 4. 

3.4 Effects on glycemic indices 

There was no significant effect on HbA1c levels 
during or after treatment, but there was an effect 

Table 2. Quality assessment of seven randomized controlled trials using the 11 criteria proposed by van Tulder [19] 
 

RCT R 
ade-

quate 

Con-
cealed 

treatment 
allocation 

Similarity 
of groups 
at base-

line 

Patient 
blinded to 
interven-

tion 

Care pro-
vider 

blinded to 
intervention

Outcome 
assessor 

blinded to 
intervention

Cointerven-
tions 

avoided or 
similar 

Accept-
able 

compli-
ance 

Accept-
able 

drop-out 
rate 

Similar tim-
ing of out-
come as-
sessment 

Inten-
tion-to-
treat 

analysis

Over-
all 

score

Pitocco, 
2006 [20] 

U N Y N N N Y Y Y Y Y 6/11 

Li, 2009 
[21] 

U N Y N N N Y Y Y Y Y 6/11 

Bizzarri, 
2010 [22] 

U Y U Y Y N U Y Y Y Y 7/11 

Walter, 
2010 [23] 

Y Y Y Y Y N Y U Y Y Y 9/11 

Gabbay, 
2012 [24] 

Y Y N Y Y N Y Y Y Y N 8/11 

Ataie-
Jafari, 
2013 [25]  

Y Y Y Y N N Y Y Y Y N 8/11 

Treiber, 
2015 [26] 

Y Y Y Y Y N Y N Y Y N 8/11 

 

Legend: High quality: ≥ 8 out of 11 validity criteria. Low quality: < 8 out of 11 validity criteria [19]. Abbreviations: Y - yes, N - no, U - unknown. 
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on FCP. In the study by Gabbay et al. (2012), the 
cumulative incidence of progression to undetect-
able levels of FCP (≤0.1 ng/ml) during the 18 
months of monitoring was lower in the treatment 
than in the control group (p = 0.01) [24]. In the 
study by Ataie-Jafari et al. (2013), within-subject 
comparisons showed that the differences in FCP 
between the treatment group and the control 
group were highest at 3 and 6 months of treatment 
(p = 0.049) [25]. FCP levels were reduced in the 
treatment group compared to those of the control 
group. 

In the study by Li et al. (2009), FCP levels de-
creased significantly in the control group between 
baseline and months 6 and 12 of therapy (p = 
0.006), but no changes were observed in the treat-

ment group [21]. Also, FCP levels were maintained 
or increased in vitamin D-treated patients com-
pared to control subjects (p < 0.01). The results of 
the effect of vitamin D supplementation on the 
FCP are shown in Table 4. 

A positive effect on SCP was found by Gabbay 
et al. (2012). In this study, SCP increased in the 
first 12 months (p = 0.01), and showed reduced de-
cline after 18 months in the treatment group com-
pared to the control group (p = 0.03) [24]. The cu-
mulative incidence of progression to undetectable 
SCP (≤0.1 ng/ml) was observed in 6.2% of the pa-
tients in the treatment group and in 37.5% of sub-
jects in the placebo group (p = 0.047). The results 
of vitamin D supplementation on SCP are shown 
in Table 4. 

Records identified by database 
search 

(PubMed n = 11, EBSCO n=34)
Sc

re
en

in
g

In
cl

us
io

n
El

ig
ib

ili
ty

Id
en

ti
fi

ca
ti

on

Additional records identified 
through other sources

(n = 3)

Records after removal of duplicates 
(n = 21)

Records screened
(n = 21)

Records excluded
(n = 8)

Full-text articles 
assessed for eligibility

(n = 13)

Full-text articles excluded (no 
RCT: n=2; healthy human/pre-

vention: n=3; no new onset: n=1)

Studies included in 
qualitative synthesis

(n = 7)

Studies included in 
quantitative synthesis 
(meta-analysis, (n = -)

 
 
Figure 1. PRISMA flow diagram for the selection of studies of this systematic review. The search strategy was performed ac-
cording to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines [14]. 
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4. Discussion 
The current review shows that alphacalcidiole, 

cholecalciferol, and calcitriol are the main forms of 
vitamin D supplementation examined in patients 
with newly diagnosed T1D. This is a systematic 
review including studies of different population 
characteristics, from different countries (namely 
Italy, China, Germany, Brazil, Iran, and Austria), 
and with patients of different ages (children and 
adults). Moreover, the duration of supplementa-
tion varied between 6 to 24 months, and the doses 
of vitamin D differed between the studies. Al-
though all different types of supplementation were 
found to be safe, there was a considerable varia-
tion in their effectiveness.  Another factor that 
may have led to inconsistencies between the study 
results is the different quality of the studies in-
cluded, with some studies below the cutoff for high 
quality [20-22] and some above [23-26] (Table 2). 

4.1 Positive effect on T1D progression after al-
phacalcidole supplementation 

Alphacalcidole supplementation resulted in 
considerable differences in FCP and DID levels, 
which was possibly due to the effect of dosage and 
duration of supplementation [18, 25]. The current 
findings indicate that alphacalcidole appears to be 
the ideal form of supplementation in patients with 
newly diagnosed T1D. It is noteworthy that these 

are the only existing studies using alphacalcidole 
supplementation in patients with diabetes. There-
fore, more research is required to confirm the ef-
fectiveness of this particular treatment through 
well-designed, high-quality, randomized controlled 
trials. 

4.2 Positive effect on T1D progression after 
cholecalciferol supplementation 

Our review identified considerable differences 
in the effects of cholecalciferol supplementation on 
FCP [24], SCP [24], and DID levels [24, 26] in 
newly diagnosed T1D patients. These differences 
may be affected by the dosage and duration of 
cholecalciferol supplementation. For example, the 
positive effect shown in the study by Gabbay et al. 
(2012) may be explained by the relatively long pe-
riod of 18 months (with daily supplementation of 
2000 IU) [24], while in the study by Treiber et al. 
(2015) cholecalciferol was administered at a higher 
dose (70 IU/kg/day), but for a shorter period of 
time (12 months) [26]. 

After 12 months of treatment, cholecalciferol 
supplementation showed an indirect positive and 
potentially protective effect on DID, which was due 
to a negative effect in the control group (increase 
in DID). Although both studies [24, 26] are of high 
methodological quality, the positive effects were 
most pronounced in the first study [24]. These 
findings agree with previous studies showing that 

Table 3. Basic characteristics of the studies included 
 

Study Subjects (n) Age (yr) Insulin treatment  Diabetes duration 
(wk, yr) 

Outcome 

TG (n = 34) Pitocco, 2006, Italy 
[20] CG (n = 33) 

>5 Regular insulin at meals and NPH 
insulin at bedtime 

< 4wk DID, HbA1c, 
FCP, SCP 

TG (n = 17) 38.5 ± 12.5 1.0 (0.1–4.0) yr Li, 2009, China [21] 
 CG (n = 18) 42.8 ± 12.9 

Premixed human insulin (Novolin 
30 R or Humulin 70/30, Novo 

Nordisk or Eli-Lilly) twice daily 
0.5 (0.1–4.0) yr 

FCP, SCP 

TG (n = 15) Bizzarri, 2010, Italy 
[22] CG (n = 12) 

11-35 (mean: 18) Regular insulin at meals and NPH 
insulin at bedtime 

< 12 wk DID, HbA1c, 
FCP, SCP 

TG (n = 22) 31.4 ± 6.8 Walter, 2010, Ger-
many [23] 
 

CG (n = 18) 24.0 ± 6.0 
Normal insulin regimen as inten-

sive insulin therapy, unless 
changes were clinically indicated.

< 8 wk DID, HbA1c, 
FCP, SCP 

TG (n = 17) 7-30 (mean: 13.5) Gabbay, 2012, Brazil 
[24] CG (n = 18) 7-30 (mean: 12.5) 

Intensive insulin therapy (multiple 
(>3) daily injections) with SMBG 

< 24 wk DID, HbA1c, 
FCP, SCP 

TG (n = 29) 10.2±2.5 Ataie-Jafari, 2013, Iran 
[25] CG (n = 25) 11.1±1.6 

Short- and intermediate-acting 
(NPH) insulin as 2 to 3 injections 

daily depending on the SMBG 

< 8 wk DID, HbA1c, FCP

TG (n = 14) 11.0-17.5 (mean:12) Treiber, 2015, Austria 
[26] CG (n = 15) 9.5-15.5 (mean:13) 

No relevant information < 12 wk DID, HbA1c, 
FCP, SCP 

 

Legend: CG - control group, DID - daily insulin dose, HbA1c - glycated hemoglobin, FCP - fasting C-peptide, SCP - stimulated C-peptide, 
SMBG - self-monitored blood glucose, TG - treatment group. 
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dosages of 2000 IU/day given early in life may 
have a protective effect, and reduce the risk of T1D 
[8, 27, 28]. The results indicate that further inves-
tigation is required to evaluate whether a daily 
standardized dose of cholecalciferol equal to 2000 
IU for about 6 to 18 months is effective in improv-
ing pancreatic β-cell function in newly diagnosed 
T1D patients. 

4.3 Inconsistent effects on T1D progression af-
ter calcitriol supplementation 

Our review identified that short-term calcitriol 
supplementation in doses of 0.25 µg/day has no ef-

fect on glycemic indices at the end of the treatment 
[20, 22, 23]. Moreover, only one of the above-
mentioned studies was of high methodological 
quality [23], thus weakening the evidence of the 
potentially positive effect of calcitriol supplemen-
tation in these patients. The dose of supplementa-
tion seems to be too small to induce a significant 
effect. A review by Antico et al. (2012) indicated 
that the dose of vitamin administered in human 
studies is insufficient to attenuate the progression 
of the autoimmune disease [29]. Therefore, more 
studies are necessary to determine the most effec-
tive and safe dose of calcitriol in newly diagnosed 
T1D patients. 

Table 4. Assessment of study outcomes (DID, HbA1c, FCP, and SCP) during follow-up, before and after vitamin D supplementation 
 

Study Design Population Vitamin D dose 
in intervention 

group 

Comparator 
group treat-

ment 

Outcome Conclusions 

Pitocco, 2006  
[20] 

Open-labeled 
RCT 

70 T1D sub-
jects, <4 wk 
since diagnosis,  
age >5 yr  

Calcitriol 0.25 µg 
on alternate days 
plus insulin for 1 yr

Nicotinamide 25 
mg/kg daily 
plus insulin 

Increase in FCP of 0.13 nM from 
diagnosis to 1 yr. No difference 
among groups. DID lower in the 
treatment group (p<0.03). 

Minor effect at 
3 and 6 mo, no 
effect at 12 mo 
(DID) 

Li, 2009 
[21] 

RCT 
(parallel) 

35 LADA sub-
jects 
 

Alphacalcidole 0.5 
µg daily plus insu-
lin for 1 yr 

Insulin only FCP decreased in insulin-alone 
group (p = 0.006). 70% of patients 
treated with 1-α(OH)D3 main-
tained or increased FCP concen-
trations after 1 yr of treatment, 
while only 22% of patients treated 
with insulin alone maintained sta-
ble FCP levels (p < 0.01) 

Major effect 
(FCP)  

Bizzarri, 2010 
[22] 

RCT  
(double-
blinded) 

34 T1D sub-
jects, <12 wk 
since diagnosis, 
age 11-35 yr 

Calcitriol 0.25 µg 
per day plus insulin 
for 2 yr 

Insulin only No differences in HbA1c, FCP, 
and DID between treatment and 
placebo group at 6, 12, and 24 mo  

No effect 

Walter, 2010  
[23] 

RCT  
(double-
blinded) 

40 T1D sub-
jects, <2 mo on 
insulin therapy, 
age 18-39 yr 

Calcitriol 0.25 µg 
per day plus insulin 
for 9 mo 

Insulin only 
(placebo) 

Mean FCP and DID comparable 
in both groups 

No effect  

Gabbay, 2012 
[24] 

RCT  
(double-
blinded) 

38 T1D sub-
jects, <6 mo,  
age 7-30 yr 

Cholecalciferol 
2000 IU per day 
plus insulin for 18 
mo 

Insulin only 
(placebo) 

Cumulative incidence of progres-
sion to undetectable FCP (≤0.1 
ng/ml) 18.7% in treatment group 
and 62.5% in control group (p = 
0.01). SCP enhanced in the first 
12 mo (12% vs. -35%; p = 0.01), and 
less decay until 18 mo (-14% vs. -
46%) in treatment compared with 
placebo group (p = 0.03)  

Major effect 
(FCP, SCP) 

Ataie-Jafari, 
2013 [25] 

RCT  
(placebo-
controlled, sin-
gle-blinded, par-
allel) 

61 T1D sub-
jects, <8 wk,  
age 8-15 yr 

Alphacalcidole 0.25 
µg once or twice 
daily (based on 
serum Ca) plus 
insulin for 6 mo 

Insulin only 
(placebo) 

Lower DID in the treatment 
group in mo 0-3 (p = 0.05), but not 
overall (p = 0.285); lower DID 
preceded higher FCP in treat-
ment group in mo 3-6 (p = 0.049) 

Major effect 
(DID, FCP) 

Treiber, 2015  
[26] 

RCT  
(placebo-
controlled, dou-
ble-blinded) 

29 T1D sub-
jects, <12 wk, 
age >6 yr 

Cholecalciferol 70 
IU/kg body 
weight/day plus 
insulin for 12 mo 

Insulin only 
(placebo) 

DID significantly increased in the 
placebo group (p < 0.001); no sig-
nificant difference in FCP and 
SCP 

Major effect 
(DID) 

 

Legend: Significance at p < 0.05. Abbreviations: DID - daily insulin dose, FCP - fasting C-peptide, HbA1c - glycated hemoglobin, LADA - latent 
autoimmune diabetes of the adult, SCP - stimulated C-peptide, T1D - type 1 diabetes. 
 



 

Vitamin D Supplementation in T1D The Review of DIABETIC STUDIES  267 
  Vol. 14 ⋅ No. 2-3 ⋅ 2017 
 

www.The-RDS.org  Rev Diabet Stud (2017) 14:260-268  

5. Methodological considerations 
The key strength of the current review is the 

sole inclusion of RCTs, a study design which is less 
likely to be biased and affected by confounding 
variables. More than half of the studies included 
were assessed as high quality (4/7), which  rein-
forces reliability of the study outcomes. 

The limitations of the current study concern the 
diversity in ethnicity of the study populations in-
cluded, in length of treatment, and in type of sup-
plementation used. The studies included supple-
mentations ranging from 6 to 24 months. Long-
term follow-up studies of >24 months simply did 
not exist. Furthermore, factors such as history of 
diabetes control and baseline vitamin D levels 
prior to commencement of therapy were not exam-
ined in the studies, but could have affected out-
comes. 

The diversity in study populations regarding 
comorbidity, medical history, and medications, as 
well as the differing criteria for patient inclusion 
and exclusion in the studies are limitations that 
need to be eliminated in future clinical trials. Fu-
ture studies should also consider the genetic diver-
sity of the disease as this could be another factor 
impacting outcome. The human leukocyte antigen 
(HLA) region has numerous polymorphisms that 
are among the greatest contributors to the genetic 
susceptibility to T1D. Although many studies to 
date include data regarding genes associated with 
T1D, more research is necessary to reveal the ex-
act mechanisms by which HLA and other associ-
ated loci confer T1D susceptibility, and lead to al-
tered disease severity and progression [30]. 

Beside variations in the study population, the 
differences in outcomes may also be attributed to 
factors such as biomarker accuracy and efficiency 
in diagnosing and predicting T1D [31]. Further-
more, interaction with other medications may also 
blur the effect of vitamin D in T1D [32, 33], while 
iron status may further affect the level of HbA1c 
independent of glycemia [34]. Comorbidities and 
racial differences may further account for the ob-
served diversity in biomarker levels. Since all cur-

rently available glycemic biomarkers have advan-
tages and limitations, a more careful examination 
of the variables measured may yield better results, 
better decisions, and better claims for future 
therapeutic regimens. 

Finally, the lack of basic research regarding the 
biological mechanisms of action required to justify 
the observed correlation between vitamin D and 
T1D increases the need for experimental studies. 
These studies may elucidate the key mechanisms 
and provide reproducible results that lead to 
translational medicine and clinical practices in the 
future. 

6. Conclusions 
The current analysis showed that vitamin D 

supplementation has a short-term positive effect 
on newly diagnosed T1D patients. This has been 
found in most of the studies irrespective of the 
heterogeneity of the study characteristics (e.g. dif-
ferences in type, duration, and dosage of supple-
mentation) and differences in study populations 
(e.g. regarding age and ethnicity). 

In particular, alphacalcidole is a promising 
form for supplementation therapy as it has posi-
tive effects on pancreatic β-cell function. Cholecal-
ciferol is another safe and effective form of sup-
plementation. The effectiveness of calcitriol re-
mains controversial; it is assumed that it is less 
effective and safe than the other two forms of vi-
tamin D supplements. 

Finally, studies have shown evidence that vi-
tamin D intake early in life reduces the risk of 
T1D, although there is not enough evidence for an 
association between maternal intake of vitamin D 
and risk of T1D in the offspring [29, 30]. These re-
sults highlight the need for further research in 
this field. High-quality and long-term RCTs are 
required to elucidate further the role of vitamin D 
in pancreatic β-cell function and T1D in 
both pediatric and adult populations. 
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