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Abstract

The aim of this study was to examine the serum levels of 25(OH)vitamin
D in pediatric patients with type 1 diabetes and controls, and to determine
whether patients had higher prevalence of vitamin D alterations and if they
were correlated to disease duration/metabolic control.

A cross-sectional study of 123 patients (65 females) aged 11.84 +3.86 years
and 46 non-diabetic controls (23 females), aged 10.2+4.69 years was performed.
25(OH)vitamin D level was determined by electrochemiluminescence detection
technology.

There was no statistically significant difference between 25(OH)vitamin
D levels in diabetic patients and in controls (p = 0.17). The mean level of
25(OH)vitamin D in patients was lower — 71.61 £ 32.34 nmol/L than in con-
trols — 78.32 £ 26.49 nmol/L. We used the Bulgarian Society of Endocrinol-
ogy recommended ranges to define vitamin D deficiency and insufficiency as
25(OH)vitamin D level < 25 nmol/L and 25-49 nmol/L, respectively. None of
the patients and 4.3% of controls (n = 2) had vitamin D deficiency. Vitamin D
insufficiency was observed in 19% of patients (n = 23) and in 8.7% of controls
(n=4).

Mean level of HbAlc in all patients was 78 mmol/mol (9.28% =+ 1.85)
whereas the mean duration of the disease was 5.25 +4.03 years. No correlation
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between metabolic control and disease duration on the one hand, and vitamin
D levels on the other, was found.

To our knowledge this is the first study to examine vitamin D levels in
Bulgarian pediatric patients with type 1 diabetes. Presence of disease does not
influence vitamin D levels — we found no correlation with metabolic control
(HbA1lc), nor with disease duration. Our results show no significant differences
between 25(OH)vitamin D levels in diabetic patients and in controls. Vitamin
D insufficiency is slightly but not significantly prevalent in diabetic patients.
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Introduction. Diabetes mellitus type 1 is one of the most common chronic
diseases in childhood with constantly increasing incidence. In many Western coun-
tries, type 1 diabetes (T1D) accounts for over 90% of childhood and adolescent
diabetes, while across the life span, T1D accounts for 5% to 10% of the individuals
with diabetes [!].

Worldwide there is a parallel rise in incidence of both T1DM and vitamin
D deficiency. This raises the possibility that vitamin D may play a role in the
pathogenesis of TIDM [?.

There is an increasing awareness that the skeleton is also adversely affected
by T1D with impaired bone quality, resulting in a lifelong increased risk for frac-
tures. Recent study reveals that the increased fracture risk is already evident in
childhood and extends across life span [3].

The contemporary hypothesis [4] of the pathogenesis and natural history of
T1D incorporates genetic susceptibility, environmental triggers and immune dys-
regulation in the autoimmune destruction of pancreatic islet cells.

Vitamin D has a classic role in calcium-phosphate metabolism and bone for-
mation. Its non-classic role includes regulation of the expression of over 500
genes, while over 150 of them are immune-related genes in human monocytes [5]
Thus vitamin D has pleiotropic extra-skeletal effects like regulation of immunity,
protection against infection and inhibition of autoimmune disease, although the
causal role of vitamin D deficiency with these extraskeletal systems remains to be
established [°].

Vitamin D insufficiency and deficiency are common in youth, especially in
youth with diabetes — both type 1 and type 2 [7]. Possible mechanisms [*] of
an increased prevalence of vitamin D insufficiency and deficiency include genetic
inheritance, increased body mass index (BMI), and concurrent albuminuria with
enhanced excretion of vitamin D binding protein and less healthy diets in youth
with diabetes.

In addition to bone health, youth with diabetes may have additional benefits
from being vitamin D sufficient. Past research has demonstrated that vitamin D
insufficiency /deficiency in pediatric diabetes may contribute to insulin resistance,
poor glycemic control and the development of microvascular and macrovascular
complications [7].
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There is increasing evidence that maternal vitamin D status is an important
risk factor for occurrence of T1D in offspring. Dietary supplementation with
vitamin D during infancy reduces the risk of development of T1D in at risk subjects
in later life [*]. A number of studies have shown that patients with T1D have low
levels of vitamin D [* 1], although other studies have conflicting results.

Thus our aim was to examine the serum levels of 25(OH)vitamin D in chil-
dren and adolescents with T1D and in controls and to determine if patients with
diabetes had higher prevalence of vitamin D deficiency/insufficiency and whether
it was correlated to the disease duration and/or metabolic control.

Materials and methods. Blood samples were drawn from 123 patients and
46 controls between 6 and 8 h a.m. after overnight fasting. Patients with T1D were
hospitalized in Endocrinology and Diabetes Department of University Children’s
Hospital in Sofia, Bulgaria from March 2011 to November 2014. Their diagnosis
was based on laboratory measurement of plasma blood glucose and presence of
symptoms according to ISPAD Guidelines [12]. Controls were children and ado-
lescents hospitalized during the same period. Those who had conditions altering
their bone metabolism were excluded. The controls had mainly acute illnesses,
e.g. laryngitis. All were enrolled in the study after their legal guardians signed
an informed consent. Demographic information was retrieved from the medical
records and included: age at onset, disease duration, longstanding metabolic con-
trol expressed as mean HbAlc level measured from diabetes onset until current
hospitalization.

Levels of 25(OH)vitamin D were determined by electrochemiluminescence de-
tection technology on Cobas 411 analyzer (Roche Diagnostics, Rotkreuz, Switzer-
land). The accuracy of the used method is up to 7.5 nmol/L with range of detec-
tion 7.50-175 nmol/L. Level of HbAlc was determined by immunoassay method
on Cobas Integra Analyzer (Roche Diagnostics, Rotkreuz, Switzerland).

Blood samples in 43% (n = 56) of the patients were drawn during a period
with abundant sunlight (May-September), compared to 37% (n = 18) of the
samples of the controls.

Mann—Whitney U test was used for the analysis of the quantitative data.
Correlations between 25(OH)vitamin D level and other variables were evaluated
by Spearman’s correlation.

Results. The mean age of all patients (65 females) was 11.84 £ 3.86 years
and that of the healthy controls (23 females) was 10.2 &+ 4.69 years.

Mean level of 25(OH)vitamin D in patients was 71.61 nmol/L and in healthy
controls — 78.32 nmol/L, p = 0.17.

When analyzing the data we used the reference values for vitamin D evalua-
tion proposed by the Bulgarian Society of Endocrinology [!?:

e Recommended normal level > 20 ng/mL (> 50 nmol/L)

e Insufficiency 10-19 ng/mL (25-49 nmol/L)

e Deficiency < 10 ng/mL (< 25 nmol/L )
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Table 1

25(OH)vitamin D levels among patients and controls

25(OH)vitamin
D nmol/L
SD
Group n Mean | Median | Lowest | Highest | (standard P
deviation)
Patients 123 71.61 68.27 29.22 175 26.49 0.17
Controls 46 78.32 70.76 14.47 175.75 32.34 ’
Patients
9%
+ Normal level
= Insufficiency
- Deficiency

n=100; 81%

Fig. 1. Distribution of the examined patients according to their
25(OH)vitamin D level

In the patients’ group 81% had normal level of 25(OH)vitamin D, whereas
19% were vitamin D insufficient. There were no patients with vitamin D deficiency.

In the controls group 87% showed normal level of vitamin D whereas 8.7%
were insufficient and only 4.3% showed vitamin D deficiency.

Influence of T1D on 25(OH)vitamin D level. The patients had mean
disease duration 5.25+4.03 years (from 0.00 to 15.65). The mean level of their
metabolic control, expressed as HbAlc was 78 mmol/mol (9.28% + 1.85).

When performing correlation analysis we did not find any significant correla-
tions between the level of 25(OH)vitamin D and duration of disease (r = 0.125,
p > 0.05), nor with HbAlc level (r = 0.085, p > 0.05).

Discussion. To the best of our knowledge this is the first study in Bulgaria
to investigate 25(OH)vitamin D levels in pediatric patients with T1D.

The mean levels of 25(OH)vitamin D in both patients’ and controls’ groups
are within the recommended range. Among the patients there is a tendency
towards lower levels but the difference is insignificant. In the patients’ group there
is a bigger proportion of vitamin D insufficient patients but interestingly there are
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Controls

~Normal level
# Insufficiency
> Deficiency

87%, =40

Fig. 2. Distribution of the examined controls according to their
25(0OH)vitamin D level

no patients with vitamin D deficiency. At the same time, bigger proportion of
healthy controls have normal vitamin D levels (87%) and only 8.7% of them are
vitamin D insufficient. In the same group vitamin D deficiency is more prevalent
(4.3% of all). The proportion of children and adolescents with alterations in
vitamin D metabolism is quite similar between the two groups. This means that
despite their chronic condition patients with T1D manage to achieve vitamin D
levels not significantly different from these of non-diabetic children.

Most of the recent studies of vitamin D status among Bulgarian adults with
or without diabetes found low levels of 25(OH)vitamin D [*7'°]. Of interest is
the study of BAKALOV et al. ['] who used the same method for 25(OH) vita-
min D determination in adults with type 2 diabetes. They found a mean level of
27.9 + 15.8 nmol/L (7.5-85.1). Another large, Bulgarian population-based study
[*9] found a mean level of 25(OH) vitamin D of 38.75 nmol/L. Interestingly the
highest level was observed among the youngest group (20-44 years old), though
the differences were not significant. Since the method for 25(OH)vitamin D deter-
mination was different, we cannot directly compare our results. Nevertheless the
proportions of vitamin D deficiency, insufficiency and sufficiency estimated in the
study were 21.3%, 54.5% and 24.2%, respectively. Although there are many con-
founding factors, we may say that the vitamin D status of the examined children
with T1D is not much different from that of the healthy controls on the one hand,
and better than that of Bulgarian adults, both healthy and with type 2 diabetes,
on the other. This is probably due to the more active lifestyle of the pediatric pop-
ulation, including more time spent outdoors and an effective prevention strategy
as well.

There are many contradictions regarding levels of 25(OH)vitamin D among
diabetic patients and non-diabetic controls on the one hand, and the influence
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of disease, expressed as HbAlc and disease duration, on the other. Regarding
the difference between diabetic and non-diabetic patients, our results are simi-
lar to those of other authors [*4716] who also did not find such. But our results
are in contrast to others who found significantly lower 25(OH)vitamin D levels
in T1D patients ["17| However, the mean level of 25(OH) vitamin D in our pa-
tients tended to be lower than that of the controls. Besides, most of their blood
samples were drawn during a period of abundant sunshine, compared to controls.
One may speculate that this difference would become significant if the number of
investigated patients and controls was bigger.

When comparing the mean level of 25(OH)vitamin D in our patients with
other T1D patients, our results are lower than those found by some authors [?],
but higher compared to others, conducted at similar latitude [5]

The same is with the prevalence of vitamin D alterations. Our results show
lower prevalence of vitamin D insufficiency and deficiency compared to those found
in a large multi-centre study [*].

Level of 25(OH)vitamin D was not influenced by the presence of T1D, ex-
pressed as HbAlc and diabetes duration, which is in agreement with other stud-
ies [317].

There are other authors who found inverse association between vitamin D
level and HbAlc [*122).

Lack of correlation between metabolic control and 25(OH)vitamin D, may be
due to the fact that both parameters represent a temporal state of metabolism
and are probably a subject to different regulating mechanisms. This and the
lack of correlation with the disease duration could be explained, at least partly,
by the heterogeneity of the examined patients in terms of diabetes duration and
metabolic control as well.

Limitations. The results should be interpreted with caution because of
the small number of controls. Another limitation is that our control group may
not be representative of the whole population. It is likely that the mean serum
25(OH)vitamin D of the hospital control group would be lower, not higher, than
the general population.

Conclusions. Presence of T1D does not influence 25(OH)vitamin D levels
in the examined patients. We did not find correlation with diabetes’ duration,
nor with metabolic control (HbAlc). Our results show no significant differences
between 25(OH)vitamin D levels in diabetic patients and in controls. Vitamin D
insufficiency is slightly but not significantly prevalent in diabetic patients.

The evaluation of vitamin D status should be considered in pediatric patients,
especially in those with diabetes. Additional research is needed to confirm whether
youth with diabetes would have benefits, such as improved insulin resistance,
glycemic control and prevention of diabetes-related complications from vitamin D
supplementation.

C. R. Acad. Bulg. Sci., 75, No 9, 2022 1361



B

]
M
]

]

]

1362

REFERENCES

MAYER-DAvIS E. J., A. R. KAHKOSKA, C. JEFFERIES, D. DABELEA, N. BALDE et
al. (2018) ISPAD Clinical Practice Consensus Guidelines 2018: Definition, epidemi-
ology, and classification of diabetes in children and adolescents, Pediatric diabetes,
19, 7-19.

MatHIEU C., C. GYSEMANS, A. GIULIETTI, R. BOUILLON (2005) Vitamin D and
diabetes, Diabetologia, 48, 1247-1257.

WEBER D. R., K. HAYNES, M. B. LEONARD, S. M. WiLLi, M. R. DENBURG
(2015) Type 1 diabetes is associated with an increased risk of fracture across the
life span: a population-based cohort study using The Health Improvement Network
(THIN), Diabetes care, 38(10), 1913-1920.

ATKINSON M. A.; G. S. EISENBARTH (2001) Type 1 diabetes: new perspectives on
disease pathogenesis and treatment, Lancet, 358, 221-229.

FEDERICO G., A. GENONI, A. PUGGIONI, A. SABA, D. GALLO et al. (2018)
Vitamin D status, enterovirus infection, and type 1 diabetes in Italian chil-
dren/adolescents, Pediatric diabetes, 19(5), 923-929.

Rvyan J. W., P. H. ANDERSON, H. A. MoORRIS (2015) Pleiotropic Activities of
Vitamin D Receptors — Adequate Activation for Multiple Health Outcomes, Clin.
Biochem. Rev., 36(2), 53-61.

Woob J. R., C. G. CONNOR, P. CHENG, K. J. RUEDY, W. V. TAMBORLANE et
al. (2016) Vitamin D status in youth with type 1 and type 2 diabetes enrolled in the
Pediatric Diabetes Consortium (PDC) is not worse than in youth without diabetes,
Pediatric diabetes, 17(8), 584-591.

GREER R. M., S. L. PorrELLI, B. S. HUNG, G. J. CLEGHORN, S. K. MCMAHON
et al. (2013) Serum vitamin D levels are lower in Australian children and adolescents
with type 1 diabetes than in children without diabetes, Pediatric diabetes, 14(1),
31-41.

BAuMGARTL H. J., E. STANDL, H. SCHMIDT-GAYK, H. J. KoLB, H. U. JANKA
et al. (1991) Changes of vitamin D3 serum concentrations at the onset of immune-
mediated type 1 (insulin-dependent) diabetes mellitus, Diabetes Res., 16(3), 145—
148.

Horick M. F. (2004) Vitamin D: importance in the prevention of cancers, type 1
diabetes, heart disease, and osteoporosis, Am. J. Clin. Nutr., 79(3), 362-371.
PozziLil P., S. MANFRINI, A. CRINO et al. (2005) Low levels of 25-hydroxyvitamin
D3 and 1,25-dihydroxyvitamin D3 in patients with newly diagnosed type 1 diabetes,
Horm. Metab. Res., 37, 680-683.

Cralc M. E.; A. HATTERSLEY, K. C. DONAGHUE (2009) Definition, epidemiology
and classification of diabetes in children and adolescents, Pediatric diabetes, 10,
3-12.

Borissova A. M., A. SHINKOV, J. VLAHOV, L. DAKOVSKA, T. TODOROV et al.
(2013) Vitamin D status in Bulgaria — winter data, Arch. Osteoporos., 8, 133.
Bakarov D., M. BoyaNov, A. TSAKOVA (2014) Lack of correlation of the serum
25(OH)vitamin D levels with the glycated hemoglobin Alc and the lipid profile in
type 2 diabetes patients on oral antidiabetic drugs — preliminary data, Acta Medica
Bulgarica, 41(2), 12-19.

O. Slavcheva-Prodanova, M. Konstantinova, A. Tsakova et al.



]
]

]

]
]
]
]

]

Borissova A. M., A. SHINKOV, J. VLAHOV, L. DAKOVSKA, T. TODOROV et al.
(2012) Determination of optimal level of 25(OH)D in Bulgaria, Endocrinology, 3,
135-142 (in Bulgarian).

BoJANOVA V. (2016) Serum level of 25(OH)vitamin D and its influence on calcium-
phosphorus metabolism and bone turnover in children with idiopathic nephrotic
syndrome, Medical University Pleven (in Bulgarian).

MaGccio A. B., S. FERRARI, M. KRAENZLIN, L. M. MARCHAND, V.
SCHWITZGEBEL et al. (2010) Decreased bone turnover in children and adoles-
cents with well controlled type 1 diabetes, Journal of Pediatric Endocrinology and
Metabolism, 23(7), 697-708.

GaLruzzi F.; S. Stacl, R. Sarri, S. Toni, E. PISCITELLI et al. (2005) Osteopro-
tegerin serum levels in children with type 1 diabetes: a potential modulating role in
bone status, European Journal of Endocrinology, 153(6), 879-885.

BIERSCHENK L., J. ALEXANDER, C. WASSERFALL, M. HALLER, D. SCHATZ et al.
(2009) Vitamin D levels in subjects with and without type 1 diabetes residing in a
solar rich environment, Diabetes care, 32(11), 1977-1979.

GENNARI L., D. MERLOTTI, R. VALENTI, E. CECCARELLI, M. RUVIO et al. (2012)
Circulating sclerostin levels and bone turnover in type 1 and type 2 diabetes, The
Journal of Clinical Endocrinology, 97(5), 1737-1744.

Forp E. S., G. ZHAao, J. Tsar, C. L1 (2011) Associations between concentrations
of vitamin D and concentrations of insulin, glucose, and HbAlc among adolescents
in the United States, Diabetes Care, 34(3), 646—648.

KositsawaT J., V. L. FREEMAN, B. S. GERBER, S. GERACI (2010) Association
of A1C levels with vitamin D status in US adults: data from the National Health
and Nutrition Examination Survey, Diabetes care, 33(6), 1236-1238.

University Children’s Hospital — Sofia *Central Clinical Laboratory

Medical University Sofia Alexandrovska Hospital
11 Akad. Ivan Geshov Blvd Medical University Sofia
1612 Sofia, Bulgaria 1 St. Georgi Sofiiski St

e-mail: o.slavcheva@edu.mu-sofia.bg 1431 Sofia, Bulgaria

maiakonstantinova@gmail.com e-mail: adelina_d@abv.bg
savova_radka@yahoo.com
archinkova@yahoo.com

C. R. Acad. Bulg. Sci., 75, No 9, 2022 1363



