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Abstract

We aimed to evaluate the Vitamin D, Vitamin B12 and Hemoglobin Alc Levels in patients with T1DM. This study is a retrospective cross-sectional study. We classified
patients as <7.0% (good glycemic control) and >7% (poor glycemic control) based on HbAlc levels. Moreover, we divided the patients into four groups based on serum
vitamin D concentrations. This study included 468 patients (257 females and 211 males) with T1IDM. The present study revealed that the prevalence of vitamin D deficiency
among children with TIDM was very high (49.57%). We found that the vitamin D, vitamin B12, ferritin, HGB and RBC levels were significantly lower in women than in
men. The overall prevalence of poor glycemic control was 6.4%. When the groups we divided according to HbAlc levels were compared; we found that the fasting blood
glucose and vitamin B12 were significantly lower, while insulin and Mg levels were significantly higher in the good glycemic control group compared to the poor glycemic
control group. We found that as vitamin D increases, HbAlc, insulin and creatinine levels decrease, and vitamin B12 levels increases. The negative correlation of vitamin
D levels with insulin levels (r:-0.320, p<0.01) and HbA1c levels (r:-0.187, p<0.01) was statistically significant . Our findings showed that, keeping the vitamin D levels high
in T1DM patients is important in regulation of glycemic control. Considering the frequency of pernicious anemia in patients with TIDM, it is important to follow vitamin
D, vitamin B12 and HbA1c levels in these patients.
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Introduction is glycemic control. Since type 1 diabetes patients have to
use insulin, it is very important to adjust the insulin dose in
maintaining glycemic control [5,6]. Long-term glycemic control
is achieved by measuring glycosylated hemoglobin (HbAlc)
[7]. While the HbAlc level is below 6% in the people without

diabetes, it can exceed 10% in uncontrolled diabetic patients [8].

Diabetes mellitus (DM) is a chronic disease with an increasing
prevalence worldwide. Two main groups of DM have been
defined as Type 1 (immune-based) and Type 2 [1,2]. Type 1
DM occurs when the beta cells in the pancreas that produce the
insulin are damaged as a result of an autoimmune process, and its

pathogenesis is multifactorial. In general, 5-10% of the diabetes
cases in the society are T1DM cases. The prevalence of T1DM
in childhood differs between countries (regions) [3,4]. Although
there are many factors that predispose children to chronic
complications of diabetes, the strongest predictor of diabetes
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Vitamin D deficiency is very common in patients with DM. In
recent years, the extraskeletal effects of vitamin D have attracted
attention [9]. It has been suggested that the vitamin D directly
affects beta cells in the pancreas and is therefore associated with
the pathogenesis, treatment, and prognosis of T1DM and T2DM
[10,11]. It is thought that the active vitamin D increases insulin
sensitivity in target cells, and has a direct and indirect protective
effect on beta-cells with its effect on the immune response [11,12].
The country where TIDM is most common in the world is Finland,
and it has been found that the vitamin D levels are lower in people
especially in the northern part of the country, which is exposed to
less sunlight. In a Finnish study on the effect of adding vitamin D

1603


http://orcid.org/0000-0003-4088-8932
http://orcid.org/0000-0003-1304-7767
http://orcid.org/0000-0001-9481-8759
https://creativecommons.org/licenses/by-nc-nd/4.0/

doi: 10.5455/medscience.2022-08-184

to the diet, it was shown that vitamin D supplementation reduced
the risk of developing TIDM [13]. A remarkable reduction in
vitamin D levels in patients with TIDM has been demonstrated in
various epidemiological studies [14,15].

Patients with TIDM are approximately three times more likely
to develop the vitamin B12 deficiency compared to the general
population. As a result of the studies carried out in Type 1 Diabetes,
it has been understood that some genes that are important for the
control of the body's immune system play a role in this type of
diabetes. Immunological factors and autoantibodies caused by
genetic differences prevent vitamin B12 absorption by binding to
intrinsic factor. Intrinsic factor deficiency or non-function means
that the vitamin B12 cannot be absorbed properly. Pernicious
anemia is also common due to the vitamin B12 deficiency in
patients with TIDM [16,17].

Considering the fact that individuals with T1DM have multiple risk
factors, HbAlc, vitamin D and vitamin B12 levels of individuals
in this population have special importance in childhood. Based on
this information, we aimed to evaluate vitamin D, vitamin B12,
HbAlc levels in patients with T1DM and compare them with other
laboratory parameters.

Material and Methods
Study population

The study was carried out retrospectively. After the approval of the
ethics committee, patients diagnosed with TIDM in the Necmettin
Erbakan University between January 1, 2012 and January 1, 2022
were retrospectively analyzed. A total of 468 patients with T1IDM
were included in the study. The age, gender and laboratory data
of the patients were scanned retrospectively from the hospital
automation system and the data were exported in the excel.

The inclusion criteria for the study were: aged <18 years, being
diagnosed with T1DM, having no other additional disease
diagnosis in the system, and having vitamin D, vitamin B12 and
HbAlc results.

The exclusion criteria for the study were: aged >18 years, having
diagnosed with T2DM, having other additional disease diagnosis
in the system and patients who were missing data for serum
vitamin D, vitamin B12 and HbA Ic.

According to the publication of the American Diabetes Association
and the International Pediatric and Adolescent Diabetes
Association (ISPAD), it should be aimed to keep HbAlc levels
below <7.0% in T1DM patients [18]. Guided by this resource,
we divided our patients into 2 groups according to their HbAlc
levels. We categorized the HbA1c levels as <7.0% (good glycemic
control) and >7% (poor glycemic control). Moreover, we divided
the patients into four groups (quartiles) based on serum vitamin D
concentrations as follows: quartile (Q)1, serum vitamin D <11.77
ug/L; Q2, serum vitamin D between 11.77 and 16.30 ug/L; Q3,
serum vitamin D between 16.30 and 22.28 ug/L; and Q4, serum
vitamin D >22.28 ug/L.

Statistical analysis

Statistical analysis of the data was performed using the SPSS 27.0
(IBM Corp, Armonk, N.Y., USA) package program. The conformity
of'the data to the normal distribution was examined using analytical
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methods (Kolmogrorov-Smirnov/Shapiro-Wilk tests). In the
evaluation of numerical data, arithmetic meantstandard deviation,
median (1st quartile-3rd quarter), minimum and maximum values
were used; Frequency distributions and percentages were used
to summarize categorical data. Chi-square (y2) test was used to
compare categorical data. The relationship between non-normally
distributed numerical data and categorical data was evaluated
with the Man-Whitney U test. Kruskal-Wallis test was used to
evaluate three or more groups that were not normally distributed
with numerical data. Posthoc Man-Whitney U test and Bonferroni
correction were performed for pairwise comparisons between
groups with significant Kruskal Wallis test results. Spearman
correlation coefficient was used in the correlation analysis of non-
normally distributed numerical variables. Type-1 error level was
accepted as 5% for statistical significance.

Ethics committee approval was obtained from the Ethics
Committee of KTO Karatay University, Faculty of Medicine, Non-
Pharmaceutical and Medical Device Researches. (No: 2022/014
E.28194, Date: March,03,2022). The study was carried out in
accordance with the Declaration of Helsinki.

Results

This study included 468 participants (257 females and 211 males)
with TIDM with a median age of 11£4.00 (3.0-17.0). The mean
of vitamin D levels of the patients was 16.30+£9.50 and the mean
of vitamin B12 levels was 404+199.99. While the vitamin D level
was above the reference value (30ug/L<) in 7.47% of the patients,
the vitamin D level was below the reference value (20-100 ug/L)
in 49.57% of the patients. Vitamin B12 levels were above the
reference range (197 ng/L<) except for 29 (6.19%) patients.

In the comparison of male and female patient groups, there was
a statistically significant difference between the groups in terms
of vitamin D, vitamin B12, fasting blood glucose, urea, aspartate
aminotransferase (AST), alanine aminotransferase (ALT),
hemoglobin (HGB), Mean corpuscular volume (MCV), Red Blood
Cells (RBC) and ferritin (Table 1).

Table 1. Comparison of some laboratory parameters in terms of gender

Female (median+SD) Male (median = SD) p

Laboratory findings (n: 257) (n: 211) value
Age 11.00+14.15 10.35+3.82 0.84
Vitamin D (ug/L) 15.60+9.08 18.50+9.87 0.00%*
Vitamin B12 (ng/L) 389.80+212.06 430.00+183.90 0.02*
Fasting glucose (mg/dL) 86.40+48.11 89.20+34.78 0.01%*
HbAlc (%) 5.30+1.41 5.40+0.97 0.58
Insulin (mU/L) 13.97+10.11 15.90+15.90 0.77
Urea (mg/dL) 21.35+7.69 24.70+5.62 0.00%*
Creatinine (mg/dL) 0.53+0.45 0.56+0.15 0.29
AST (U/L) 19.60+10.21 22.55+11.39 0.00**
ALT (U/L) 13.70+7.33 15.00+22.64 0.01*
TSH (mU/L) 2.39+6.15 2.49+2 81 0.98
Mg (mg/dL) 2.02+0.28 2.07+0.17 0.06
Fe (ug/dL) 72.80+30.08 81.30+37.87 0.28
Ferritin (ug/L) 31.10+28.12 37.91+30.23 0.01*
HGB (g/dL) 13.50+1.06 13.80+1.56 0.00*
MCYV (fL) 82.40+5.98 79.50+1.56 0.00*
MCH (pg) 27.30+2.16 26.80+2.37 0.10
RBC (10%mm?) 4.90+0.42 5.1840.44 0.00**

#p<0.05, **p<0.01
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The overall prevalence of poor glycemic control was 6.4%. When
the groups we made according to HbA 1¢ levels were compared; the
difference between the groups was significant in terms of vitamin
B12, fasting blood glucose, insulin and Mg levels (Table 2).

When we compared the laboratory parameters in our grouping
according to serum vitamin D levels, there were a significant
difference between the groups in terms of age, vitamin B12, HbA c,
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insulin, creatinine, AST and MCV. Table 3 summarizes the results
of comparisons of demographics and laboratory measurements
across different serum vitamin D quartiles. There were 116, 118,
117, and 117 subjects in Q1, Q2, Q3, and Q4, respectively. In Table
3 and Table 4, where some important correlations are given, we
found that as vitamin D increases, HbAlc, insulin and creatinine
decrease, and vitamin B12 increases.

Table 2. The comparison of the laboratory data between those with good and poor glycemic control

Laboratory findings  Good glycemic control (HbAlc <7.0%)(median + SD) (n: 438) Poor glycemic control (HbAlc >7%)(median + SD) (n: 30) p value

Age 11.00 +4.03 11.50+3.58 0.33
Vitamin D (ug/L) 16.33£9.49 15.81+9.83 0.60
Vitamin B12 (ng/L) 398.50 +201.22 476.10+173.88 0.03*
Fasting glucose (mg/dL) 87.00 + 18.85 173.70 £ 116.78 0.00**
Insulin (mU/L) 14.50 + 8.62 6.90+ 3.2 0.00%*
Urea (mg/dL) 2330+ 6.97 22.20+ 5.50 0.48
Creatinine (mg/dL) 0.54+0.35 0.56+0.12 0.81
AST (U/L) 21.15 £11.11 17.50 +£ 5.64 0.17
ALT (U/L) 14.40 £ 16.92 11.60 £ 5.62 0.07
TSH (mU/L) 248 +6.41 1.69 +1.63 0.12
Mg (mg/dL) 2.06+0.24 1.91+0.10 0.00%*
Fe (ug/dL) 75.65 +32.53 104.62 +20.18 0.23
Ferritin (ug/L) 33.73+£22.13 22.23 +10.69 0.08
HGB (g/dL) 13.60 + 1.33 14.00 + 1.42 0.53
MCV (fL) 81.00 £ 6.03 81.80 +5.82 0.93
MCH (pg) 27.10 +£2.24 27.11+2.61 0.91
RBC (10%mm?) 5.02 £ 0.46 5.07+0.23 0.55
*p<0.05, **p<0.01
Table 3. Association between demographics and laboratory data with Vitamin D concentration

Laboratory findings Q1 (n: 116) Q2 (n: 118) Q3 (n: 117) Q4 (n: 117) p value
Age 13.00+ 3.730 11.0043.60° 10.00+3.78 9.00+4.45° 0.00%*
Vitamin B12 (ng/L) 334.80+158.412° 385.50+175.79¢ 430.00+198.25% 497.00+£228.59b¢ 0.00%*
F. Glucose (mg/dL) 89.00+36.65 88.35+41.61 88.10+58.28 85.45+19.92 0.05
HbAlc (%) 5.40 £ 1.44%0 5.40+1.46 5.30+ 1.05¢ 5.20+0.84° 0.00%*
Insulin (mU/L) 19.32+7.95° 14.42+9.68 13.65+12.79 8.66+8.93* 0.00**
Urea (mg/dL) 21.30+4.79 22.25+5.62 25.30+9.42 23.95+6.12 0.11
Creatinine (mg/dL) 0.60 +£0.16° 0.54+0.11 0.54+0.60 0.47+0.14° 0.00%*
AST (U/L) 20.65 +16.61 19.55+5.90° 20.80+7.34 24.30+9.23* 0.03*
ALT (U/L) 14.40 + 14.88 14.20+7.13 14.65+22.66 13.35+17.25 0.77
TSH (mU/L) 2.53+3.52 2.63 £3.30 2.47+3.20 2.34+1.94 0.12
Mg (mg/dL) 2.02+0.37 2.06+0.18 2.00+0.15 2.08+0.11 0.34
Fe (pg/dL) 71.30 £26.62 99.30+28.30 65.50+40.05 76.00+30.90 0.38
Ferritin (ug/L) 38.28+41.15 33.73+32.10 28.80+39.32 37.47+26.93 0.51
HGB (g/dL) 13.60+ 1.39 13.80 + 1.27 13.50+1.42 13.60+1.23 0.67
MCV (fL) 83.10+ 7.10° 79.50+4.40° 81.40+5.50 80.30+6.19 0.03*
MCH (pg) 27.40 + 2.66 26.50+ 1.76 27.25+2.10 27.20+2.42 0.13
RBC (10%mm?) 4.91 +£0.42 5.11 +£0.38 5.06+0.46 5.04+0.50 0.21

Quartile (Q)1, serum vitamin D <11.77 ug/L; Q2, serum vitamin D between 11.77 and 116.30 ug/L; Q3, serum vitamin D between 16.30 and 22.28 ug/L; and Q4, serum
vitamin D >22.28 ug/L; A,b,c,: Differences between pairs are indicated by the same letters; *p<0.05 **p<0.01
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Table 4. Pearson’s correlation coefficients within the patients

Correlations Correlation coefficient (r) Level P value
Age- Creatinine 0.753 High
Age-AST -0.606 Moderate
Insiilin-Folic acid -0.429 Weak
Age-HGB 0.382 Weak
HGB-Fe 0.342 Weak
Age- HbAlc 0.323 Weak
Insiilin-Vitamin D -0.320 Weak p=001
Vitamin D- Vitamin B12 0.318 Weak
Insiilin-Vitamin B12 -0.249 Weak
Age-Vitamin D -0.240 Weak
Vitamin D- Creatinine -0.231 Weak
HbA lc- Vitamin D -0.187 Low

AST: aspartate aminotransferase; HGB: hemoglobin; p<0.05 statistical significance

Discussion

Diabetes mellitus is a chronic disease that affects glucose
metabolism, which is the body's most important energy source,
and can cause dysfunction in various organs in the long term. As in
our study, the prevalence is higher in female than in male [19]. In
our study, we found that the vitamin D, vitamin B12, ferritin, HGB
and RBC levels were significantly lower in women than in men.
Age, exposure to sunlight, diet and weight, as it is a fat-soluble
hormone, are important factors that change vitamin D levels. We
think that HGB and RBC levels are lower in female compared to
male due to menstrual bleeding. In a study conducted with 100 (50
female, 50 male) TIDM patients in 2019, it was emphasized that
vitamin D levels in female were lower than in male (p< 0.05) [3].
Koshy et al., in their study with 90 patients with T1DM, stated that
they did not find any difference between male and female groups
in terms of vitamin B12 levels [20].

Glycosylated hemoglobin (HbAlc) is a good indicator of
metabolic control in the initial diagnosis and subsequent follow-
up of diabetes. In our study, in the grouping we made according to
HbA 1c levels, we found that the fasting blood glucose and vitamin
B12 were significantly lower, while insulin and Mg levels were
significantly higher in the good glycemic control group compared
to the poor glycemic control group. Regular use of insulin in the
good glycemic control group may have regulated HBAlc levels
and fasting blood glucose. There are many factors that affect
Vitamin B12 levels for TIDM. Autoimmune factors, nutrition,
malabsorption and external vitamin supplements can change the
blood levels of this vitamin. A limited number of studies have
reported low levels of vitamin B12 in patients with TIDM [16,20],
but no comparison has been made according to HbAlc levels. In
the results of a study conducted with 90 patients with TIDM in
2012, it was reported that the vitamin B12 levels are low in TIDM,
and there is a negative but insignificant correlation (r: -0.21, p:
0.11) between HbAlc and vitamin B12 [20]. Magnesium (Mg) is
an essential mineral. In TIDM and T2DM, circulating Mg levels
decrease with increased urinary magnesium excretion due to
diabetic ketoacidosis and glucosuria [21,22]. A study conducted
with 241 patients with TIDM in 2022 emphasized that as Mg
levels increase, HbAlc levels decrease and mg is important in
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glycemic control [23].

Vitamin D is limitedly produced and stored in the organism. It is
very valuable to synthesize the vitamin D from the cholesterol in
the body with the effect of healthy cholesterol intake and sunlight.
Ultraviolet B rays from the sun are the strongest source of the
vitamin D. Body mass index, climatic differences and nutrition
play an key role in vitamin D levels. The significance of vitamin
D in diabetes has been repeatedly emphasized in various studies
[10,11,13,24]. In their study, Hyppdnen et al. evaluated 10,366
babies in terms of TIDM after about 30 years; they reported
that the 9124 (88%) infants were given vitamin D regularly until
the age of one, and the development of TIDM in these infants
decreased by 80% in the future. This indicates that the vitamin D
has an inhibitory role in the development of TIDM [13]. In our
study, we found that the patients with high vitamin D levels were
younger and had lower HbAlc, insulin and creatinine levels. In
terms of correlations, there was a positive correlation (p<0.01)
between vitamin D and vitamin B12. The negative correlation
(p<0.01) of vitamin D levels with insulin levels and HbAlc levels
was also among our remarkable results.

The results of a study conducted with 100 TIDM in 2019 showed
that the 70% of T1DM children had low vitamin D levels [3]. In
their study conducted in 2018, Bae et al. reported that the patients
with T1DM had significantly lower levels of vitamin D compared
to controls. In addition, the researchers divided the patients with
T1DM into 3 groups according to their vitamin D levels and
reported that although the statistical difference was not significant,
the HbAlc levels were lower in the group with high vitamin D
[25]. Contrary to these studies, there are also studies reporting
that there is no relationship between serum vitamin D levels and
T1DM [26,27]. Climate differences, dietary habits, presence of
chronic diseases affect vitamin D levels significantly and these
may be the reasons for the differences between studies. Studies in
the literature have reported that groups with vitamin D deficiency
have higher insulin levels [28,29]. Savastio et al. found that when
children and adolescents with TIDM are given the vitamin D,
there is a decrease in the fasting blood sugar and HbAlc levels [9].
The results of our study also support the importance of vitamin D
in TIDM and are compatible with most studies in the literature.

Limitations of the study

Among the limitations of study are the retrospective nature of the
study, the lack of information about the nutritional habits of the
patients, the vitamin and mineral supplements they take, and the
insulin dose they use. The fact that T1DM and other chronic disease
presence information is obtained from the hospital automation
system is our other important limitations. In addition, we do not
have data on how many years patients have been using insulin.

Conclusion

Type 1 Diabetes is a disease characterized by vitamin D and vitamin
B12 deficiency. HbAlc is important in glycemic control. The
present study revealed that the prevalence of vitamin D deficiency
among T1DM children was very high. Our study results revealed
the significance of vitamin D in TIDM. We found that the higher
the vitamin D levels, the higher the vitamin B12 levels. Since
the disease starts at an early age in type 1 DM, we recommend
frequent monitoring of serum vitamin D, vitamin B12 and HbAlc
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levels in these patients.
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