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25 - Hydroxyvitamin D Status in
Type 1 Diabetic Adults and its
Relationship with Glycemic Control

Tip 1 Diyabetli Yetiskinlerde
25 - Hidroksivitamin D Durumu
ve Glisemik Kontrol ile Iligkisi

ABSTRACT

Objective:

To assess the vitamin D levels between adults with type 1 diabetes mellitus and the
healthy control group and evaluate the relationship between HbA 1¢ levels and vitamin
D status in the diabetic group.

Material and Methods:

Our cross-sectional, descriptive study included 98 type 1 diabetic patients over 18 years
old who applied to the Endocrinology Outpatient Clinic and 95 age- and sex-matched
individuals without chronic disease. Patients with advanced renal or liver disorders, pri-
mary hyperparathyroidism, metabolic bone disorders, or using medications that might
change vitamin D concentrations were excluded from the study. HbAlc and 25(OH)
Vitamin-D3 levels were measured three times in nine months, and the average of the
measurements was used. Diabetic patients and control individuals were separated into
three groups according to their vitamin D levels as follows: deficiency (<12 ng/ml),
insufficiency (12-20 ng/ml), and sufficiency (> 20 ng/ml).

Results:

Serum 25 (OH) vitamin D levels of diabetic patients were significantly lower than in
healthy individuals (p=0.024). However, when diabetic adults were separated into three
groups according to 25(OH) vitamin D levels, there was no significant difference re-
garding HbA 1¢ levels (p=0.905).

Conclusion:

Although preclinical data support the role of low serum vitamin D levels in the etio-
pathogenesis of type 1 diabetes mellitus, studies examining the connection between low
serum vitamin D levels and the prevalence of type 1 diabetes or glycemic control are
not sufficient to reach a clear conclusion, including our study.
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Amac:

Tip 1 diabetes mellituslu eriskinler ile saglikli kontrol grubu
arasinda D vitamini diizeylerini karsilastirmak ve diyabetik
grupta HbAlc ile D vitamini diizeyleri arasindaki iliskiyi
degerlendirmek amaglanmustir.

Gerec ve Yontemler:

Kesitsel, tanimlayici tipteki c¢alismamiza Endokrinoloji
Poliklinigi’'ne bagvuran 18 yas istii, 98 tip 1 diyabetli has-
ta ile yas ve cinsiyet olarak eslestirilen, kronik hastalig
olmayan 95 kisi dahil edildi. ileri derecede bobrek veya
karaciger hastaligi, primer hiperparatiroidizmi, metabolik
kemik hastaligi olan veya vitamin D konsantrasyonlarini
degistirebilecek ilag kullanan hastalar ¢alisma dis1 birakildi.
HbAlc ve 25(OH) Vitamin-D3 diizeyleri 9 aylik donemde
ti¢ kez 6l¢iildii ve dlgtimlerin ortalamasi kullanildi. Diyabe-
tik hastalar ve kontrol grubu D vitamini diizeylerine gore;
eksiklik (<12 ng/ml), yetersizlik (12-20 ng/ml) ve yeterlilik
(>20 ng/ml) olmak tizere ii¢ gruba ayrildi.

Bulgular:

Diyabetik hastalarin serum 25 (OH) D vitamini diizeyleri
saglikli bireylerden anlamli olarak daha diisiiktii (p=0,024).
Ancak, diyabetik eriskinler 25(OH) D vitamini diizeylerine
gore ii¢ gruba ayrildiginda HbAlc diizeyleri agisindan an-
lamli fark yoktu (p=0,905).

Sonug:

Preklinik veriler, tip 1 diabetes mellitus etiyopatogenezinde
diisiik serum D vitamini diizeylerinin roliinii desteklese de,
diisiik serum D vitamini diizeyleri ile tip 1 diyabet preva-
lans1 veya glisemik kontrol arasindaki baglantiy1 inceleyen
calismalar, bizim ¢alismamiz da dahil olmak {izere, net bir
sonuca ulagmak igin yeterli degildir.

Anahtar Kelimeler:
Tip 1 diabetes mellitus, D vitamini, Glisemik kontrol

INTRODUCTION

Type 1 diabetes mellitus (T1 DM) is a disease caused by au-
toimmune destruction of the pancreatic beta-cells. This de-
struction occurs with the triggering of environmental factors
in genetically predisposed individuals (1). Vitamin D may
be a possible trigger. Some studies have shown that vitamin
D has direct effects on pancreatic beta cells with different
mechanisms as well as positive immune-modulatory effects
(2, 3). Besides, there are numerous studies showing an in-
creased prevalence of vitamin D deficiency in patients with
T1 DM (4, 5). Some studies examining the relationship be-
tween prenatal exposure to 25-hydroxyvitamin D [25(OH)
D] and probability of developing T1 DM in later life have
suggested that vitamin D deficiency may be a causative fac-
tor in the development of T1 DM (6, 7). Several studies have
suggested that 25(OH)D deficiency in diabetic patients may
be associated with poor metabolic control (8, 9). Contrary
to these findings, some studies did not show any difference
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regarding vitamin D levels between individuals with T1 DM
and healthy controls (10-12). Additionally, a prospective co-
hort follow-up study has not shown a relationship between
prenatal vitamin D exposure and T1 DM risk (13). Besides,
two studies found no association between serum vitamin D
and HbAlc levels (14, 15). Additionally, that is not clearly
established whether low 25(OH)D levels are a consequence
of the disease or an environmental trigger of T1 DM (2).
Previous studies on this subject have shown conflicting re-
sults. Additionally, it is known that vitamin D levels can vary
internationally, regionally, and personally. Especially in Tur-
key, there are not many studies conducted on adult individ-
uals regarding the relationship between type 1 diabetes and
vitamin D. We thought that it would be important in terms
of creating a national and international database on this sub-
ject. Furthermore, the definition of vitamin D deficiency has
been made differently over the years, and different cut-off
values have been specified. According to the negotiation
results of the international conference in “Controversies in
Vitamin D”, held in Italy, in 2017, the cut-off value for the
non-skeletal effects of vitamin D was accepted as 20 ng/ml.
In our study, we made a classification based on these new
vitamin D levels (16). In this context, our study aims to
observe the serum vitamin D status in adults with T DM
and in the healthy control group, and to determine the rela-
tionship between vitamin D levels and glycemic control in
the diabetic group according to the newly proposed vitamin
D classification.

MATERIAL and METHODS

This cross-sectional study was conducted at the Trakya Uni-
versity Faculty of Medicine. The data of the patients who
applied to the Endocrinology and Metabolic Diseases Out-
patient Clinic were used. The research was carried out by
publication ethics and the Declaration of Helsinki. An in-
formed consent form was obtained from the patients. The
Ethics Committee of Trakya University Faculty of Medi-
cine approval was granted before the study (TUTF-BAEK
2021/205). Patients over 18 years of age with T1 DM were
included. Gender, age, follow-up characteristics, and labora-
tory values of the patients were obtained from the hospital
information systems and file records. People who applied to
our clinic for any reason and had no chronic diseases were
included in the control group. Ninety-eight T1 DM patients
(47 males and 51 females) and 95 control individuals (44
males, 51 females) were included in our study. Age and gen-
der were used as demographic data; serum 25(OH)D (che-
miluminescence method in KOBAS E801, ROCH), HbAllc,
phosphorus, creatinine, calcium levels were used as labora-
tory data (High-performance liquid chromatography method
for HbA Ic¢; spectrophotometry method for other laboratory
parameters). The patients with advanced renal or liver dis-
orders, primary hyperparathyroidism, metabolic bone dis-
orders, or using medications that might change vitamin D
concentrations were excluded from the study. Additionally,
patients with conditions that could cause falsely high or low
HbAlc levels, such as hemoglobinopathies, chronic liver
disease, iron and B12 deficiency, or their treatment, were not
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included in the study. Vitamin D classification was made ac-
cording to the recommendations of the international confer-
ence on “Controversies in Vitamin D held in Italy, in 2017;
deficiency (<12 ng/ml), insufficiency (12-20 ng/ml), and suf-
ficiency (> 20 ng/ml) (16). HbAlc and 25(OH) Vitamin-D3
levels were measured three times in a 9-month period and the
average of the measurements was used. Mean Hbalc levels
in each vitamin D group were used to assess the relationship
between vitamin D levels and glycemic control.

Statistical Analysis

Continuous variables with normal distribution were ex-
pressed as mean + standard deviation. Categorical variables
were stated as number (n) and percentage (%). The Shap-
iro-Wilk test was used to assess distribution for all variables.
The comparison between the study groups greater than two
was evaluated using Oneway ANOVA test for quantitative
data analysis with normal distribution. The comparison be-
tween study groups was evaluated using Mann-Whitney U
test for quantitative data analysis without normal distribu-
tion. Pearson Chi-square analysis was used for the com-
parison between the groups for qualitative data analysis. P
values of <0.05 were regarded statistically significant. Sta-
tistical analyses were carried out using SPSS 22.0 version
(IBM Corporation, Armonk, NY, USA).

RESULTS

Ninety-eight patients with T1 DM and 95 healthy partici-
pants were included. There was a significant difference in
serum 25(OH)D levels between diabetic patients and healthy
controls (p=0.024) (Table I).

Table I. Demographic and biochemical features of the patients and healthy
individuals

Diabetic Patients Healthy Individuals P

n=98 n=95

Age, Median (IQR) | 31.0 (19.0) 31.0 (19.0) 0.798

Gender (female/male) | 51(52%) / 47(48%) | 51(53.7%) / 44 (46.3%) | 0.819b

25(0H)Vitamin-D, | 14.6 (7.0) 17.5 (7.0) 0.024°
ng/ml, Median (IQR)

Creatinine, mg/dl 0.7(02) 0.7 (03) 0172
Median (IQR)

Calcium, mg/dl 9.4 (0.8) 9.6 (0.9) 0.174*
Median (IQR)

Phosphorus, mg/dl 37(1.0) 3.1(0.9) 0.001*

Median (IQR)

P<0.005=significant, a= Mann-Whitney U test, b=Pearson Chi-Square, IQR: interquartile range, n= number of
individuals

When vitamin D levels were divided into three groups as

deficiency, insufficiency, and sufficiency, no significant dif-
ference was observed between the patient group and healthy
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participants (p=0.148). Besides, most of the individuals
in both groups had vitamin D deficiency or insufficiency
(Table II).

Table II. Comparison of the diabetic patients and healthy control group in
terms of 25(OH)D levels

25(OH)D level (ng/ml) P

<12 12-20 =20
Diabetic Patients (n) 20 59 19

20.4% 60.2% 19.4%
( 5) | (¢ a) ( %) 0148
a

Healthy Controls (n) 12 55 28

(12.6%) | (57.9%) (29.5%)

a=Pearson Chi-Square, n= number of individuals

Mean Hbalc levels in each vitamin D group were used to
assess the relationship between vitamin D levels and glyce-
mic control. HbA1c levels were similar between the groups
(Table I1I).

Table III. Comparison of HbA lc levels between 25 (OH) D groups

25(OH)Vitamin-D level (ng/ml) P
<12 12-20 >20
n:10 n:56 n:32
HbAlc (%) 8.60+1.96 8.8442.09 8.70+1.63 0.905%
Mean + SD

a= Oneway Aneva, HbAlc= glycated hemoglobin Alc, SD= Standard Deviation, n: numbef of individuals

DISCUSSION

Vitamin D is thought to be actively involved in the ar-
rangement of the immune system and also some metabolic
pathways of diabetes mellitus (1). Calcitriol downregulates
mechanisms related to adaptive immunity and has anti-in-
flammatory effects. It leads to the induction of immune
tolerance and T cell anergy. These effects are thought to
possibly reduce the risk of autoimmune diseases, including
T1 DM (2). Additionally, vitamin D deficiency leads to im-
paired insulin secretion and glucose intolerance. The leading
cause of this impairment may be the direct effect of vitamin
D deficiency on the beta cells (3). Vitamin D has been the
subject of many studies regarding its relationship with T1
DM because of its effects on immune system regulation and



pancreatic beta cells. Conflicting results have been obtained
in these studies. A relationship was found between T1 DM
and underlying genetic polymorphisms related to vitamin
D deficiency in a case-control study (17). Some trials that
determined the association between prenatal exposure to
25(0OH)D and the T1 DM prevalence revealed the possibility
that vitamin D deficiency could be a causative factor in the
etiology of T1 DM (6,7). However, a meta-analysis of obser-
vational studies showed no effect of vitamin D supplemen-
tation during pregnancy on the incidence of T1 DM (18). In
some observational trials, it was found that serum 25(OH)D
levels in patients with T1 DM were lower than those in the
control group (4, 5). Similarly, we observed a significant dif-
ference in serum 25(OH)D levels between diabetic patients
and healthy participants. However, some other studies in the
literature showed no difference between the patients with
T1DM and the control groups (10-12). In a review of the in-
terviews of the expert panels of an international conference
on the “ Controversies in Vitamin D “ held in 2017, vitamin
D levels were categorized as follows: deficiency (<12 ng /
ml), insufficiency (12-20 ng/ml), and sufficiency (> 20 ng/
ml) (16).

However, when we divided our patients and the control
group into three groups in this way, there was a similarity
between diabetic patients and healthy individuals regarding
the number of patients in the vitamin D categories. Since the
vitamin D cut-off levels in this category are determined ac-
cording to the clinical effects of vitamin D on the body, it can
be concluded that vitamin D levels between diabetic patients
and healthy participants are not different enough to have a
clinical effect. Moreover, the fact that vitamin D levels are
below the adequate value of 20 ng/ml in both the patient
and healthy groups can be attributed to a lack of exposure
to appropriate and sufficient sunlight in Turkey. Additional-
ly, conflicting results in the literature evaluating vitamin D
levels between patients with T1 DM and healthy individuals
may result from nutritional intake, geographical distribution,
ethnic characteristics, genetic predisposition, and age differ-
ences of the subjects. Therefore, there is a need for extensive
prospective studies that consider these variations. Conflict-
ing results have also been obtained in studies examining the
relationship between glycemic control and 25(OH)D levels.
In two different studies, decreased blood 25(OH)D levels in
individuals with T1 DM were shown to be associated with
poor metabolic control (8, 9). On the other hand, no signifi-
cant correlation was observed between serum 25(OH)D and
HbA Ic levels in some studies (14, 15). Similarly, our study
showed no significant difference in HbAlc levels between
the patient groups with vitamin D sufficiency, deficiency,
and insufficiency.

Andac B. et al. NGB ERPIPZI0))

Study Limitations

As it is known, T1 DM is associated with Celiac disease.
Coexistence of Celiac Disease may affect vitamin D levels
in patients. One of the limiting factors of the study is that
the subjects’ data regarding Celiac disease are insufficient.
Since our study was conducted in a certain ethnic group
with a limited number of participants and vitamin D poly-
morphisms depend on region and ethnicity, the study results
are valid for this ethnicity, and it is difficult to generalize to
other regions and ethnic groups.

CONCLUSION

Vitamin D levels were found to be lower in T1 DM patients;
however, no relationship was found between vitamin D
levels and glycemic control. In addition, no significant dif-
ference was found between the patient group and healthy
participants in terms of vitamin D levels categorized as de-
ficient, insufficient, or sufficient. Although the preclinical
data support the possible link of serum vitamin D status in
the etiopathogenesis of T1 DM, literature data, including our
study, have revealed conflicting results between vitamin D
deficiency and the prevalence of T1 DM or glycemic con-
trol.

Acknowledgements

I would like to express my deep and sincere gratitude to my
research supervisor, Dr. Sibel Giildiken, Professor, Endocri-
nology and Metabolism, Medical Faculty, Trakya Universi-
ty, Edirne, Turkey.

Ethics Committee Approval:
This research complies with all the relevant national regu-
lations, institutional policies and, is in accordance with the
tenets of the Helsinki Declaration, and has been approved by
the Trakya University Faculty of Medicine Ethics Commit-
tee (TUTF-BAEK 2021/205).

Informed Consent:

All the participants’ rights were protected, and written in-
formed consent was obtained before the procedures accord-
ing to the Helsinki Declaration.

Author Contributions:

Concept - B.A., M.O.T.,, M.O,, S.Y.C,, B.E., M.C.; Design
- B.A., B.Y.B., M.C; Supervision - B.Y.B., M.C.; Data Col-
lection and/or Processing - B.A., M.O.T., B.E.; Analysis
and/ or Interpretation - B.A, M.O., S.Y.C., B.Y.B, M.C.;
Literature Search - B.A., B.Y.B., M.C.; Writing Manuscript
- B.A., M.C; Critical Review - All authors.

Conflict of Interest:
The authors have no conflict of interest to declare.

Financial Disclosure:

The authors declared that this study has received no financial
support.

287



—_
<
-
5]
Mm
Q
5]
F=
g
<
=
N
&
S
=
Y
[a\]
S
Q
=l
=
el
-~
<

288

Rewers M, Ludvigsson J. Environmental
risk factors for type 1 diabetes. Lancet 2016;
387(10035):2340-8.

Rak K, Bronkowska M. Immunomodulatory Ef-
fect of Vitamin D and Its Potential Role in the
Prevention and Treatment of Type 1 Diabetes
Mellitus-A Narrative Review. Molecules 2018;
24(1):53.

Norman AW, Frankel JB, Heldt AM, Grodsky GM.
Vitamin D deficiency inhibits pancreatic secretion
of insulin. Science 1980; 209(4458):823-5.

Littorin B, Blom P, Scholin A, Arnqvist HJ,
Blohmé G, Bolinder J, Ekbom-Schnell A, Eriks-
son JW, Gudbjornsdottir S, Nystrom L, Ostman
J, Sundkvist G. Lower levels of plasma 25-hy-
droxyvitamin D among young adults at diagnosis
of autoimmune type 1 diabetes compared with
control subjects: results from the nationwide Dia-
betes Incidence Study in Sweden (DISS). Diabe-
tologia 2006; 49(12):2847-52.

Federico G, Genoni A, Puggioni A, Saba A, Gallo
D, Randazzo E, Salvatoni A, Toniolo A. Vitamin
D status, enterovirus infection, and type 1 diabe-
tes in Italian children/adolescents. Pediatr Diabe-
tes 2018;19(5):923-9.

Serensen IM, Joner G, Jenum PA, Eskild A,
Torjesen PA, Stene LC. Maternal serum levels of
25-hydroxy-vitamin D during pregnancy and risk
of type 1 diabetes in the offspring. Diabetes 2012;
61(1):175-8.

Jacobsen R, Moldovan M, Vaag AA, Hypponen E,
Heitmann BL. Vitamin D fortification and season-
ality of birth in type 1 diabetic cases: D-tect study.
J Dev Orig Health Dis 2016;7(1):114-9. Erratum
in: J Dev Orig Health Dis 2016; 7(4):429.

Svoren BM, Volkening LK, Wood JR, Laffel
LM. Significant vitamin D deficiency in youth
with type 1 diabetes mellitus. J Pediatr 2009;
154(1):132-4.

Tunc O, Cetinkaya S, Kizilgun M, Aycan Z. Eval-
uation of the relation between vitamin D and in-
sulin requirements and frequency of osteopenia/
osteoporosis in childhood with type 1 diabetes.
49th Annual Meeting of the ESPE September 22-
25,2010. Espe; 2010.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Gogas Yavuz D, Keskin L, Kiyict S, Sert M,
Yazic1 D, Sahin 1, Yiiksel M, Deyneli O, Aydin
H, Tuncel E, Akalin S. Vitamin D receptor gene
Bsml, Fokl, Apal, Taql polymorphisms and bone
mineral density in a group of Turkish type 1 dia-
betic patients. Acta Diabetol 2011; 48(4):329-36.

Bierschenk L, Alexander J, Wasserfall C, Haller
M, Schatz D, Atkinson M. Vitamin D levels in
subjects with and without type 1 diabetes residing
in a solar rich environment. Diabetes Care 2009;
32(11):1977-9.

Massé PG, Pacifique MB, Tranchant CC, Arjman-
di BH, Ericson KL, Donovan SM, Delvin E, Cais-
sie M. Bone metabolic abnormalities associated
with well-controlled type 1 diabetes (IDDM) in
young adult women: a disease complication of-
ten ignored or neglected. J Am Coll Nutr 2010;
29(4):419-29.

Miettinen ME, Reinert L, Kinnunen L, Harjutsa-
lo V, Koskela P, Surcel HM, Lamberg-Allardt C,
Tuomilehto J. Serum 25-hydroxyvitamin D level
during early pregnancy and type 1 diabetes risk in
the offspring. Diabetologia 2012; 55(5):1291-4.

Mutlu A, Mutlu GY, Ozsu E, Cizmecioglu FM,
Hatun S. Vitamin D deficiency in children and ad-
olescents with type 1 diabetes. J Clin Res Pediatr
Endocrinol 2011; 3(4):179-83.

Janner M, Ballinari P, Mullis PE, Fliick CE. High
prevalence of vitamin D deficiency in children
and adolescents with type 1 diabetes. Swiss Med
Wkly. 2010; 140:w13091.

Giustina A, Adler RA, Binkley N, Bouillon R,
Ebeling PR, Lazaretti-Castro M, Marcocci C, Riz-
zoli R, Sempos CT, Bilezikian JP. Controversies
in Vitamin D: Summary Statement From an In-

ternational Conference. J Clin Endocrinol Metab
2019; 104(2):234-40.

Cooper JD, Smyth DJ, Walker NM, Stevens H,
Burren OS, Wallace C, Greissl C, Ramos-Lopez
E, Hypponen E, Dunger DB, Spector TD, Ouwe-
hand WH, Wang TJ, Badenhoop K, Todd JA. In-
herited variation in vitamin D genes is associated
with predisposition to autoimmune disease type 1
diabetes. Diabetes 2011; 60(5):1624-31.

Dong JY, Zhang WG, Chen JJ, Zhang ZL, Han
SF, Qin LQ. Vitamin D intake and risk of type 1
diabetes: a meta-analysis of observational studies.
Nutrients 2013; 5(9):3551-62.



