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Abstract
Background: Recent research indicated the involvement of vitamin D in the pathophysiology of type 1 diabetes. In this study, we investigated serum vitamin D status
and its relation to metabolic profile in type 1 diabetic patients from Gaza Strip.
Methods: This study was a case-control design and included 44 type 1 diabetic patients as well as 44 non-diabetic controls. Patients and controls were matched for
age, gender and body mass index (BMI). Data were obtained from questionnaire interview, and biochemical analysis of blood samples.
Results: Serum vitamin D was significantly lower in diabetic patients compared to non-diabetic controls (34.1 ± 19.1 versus 43.9 ± 16.9 ng/dl, P=0.012). The number
of patients having vitamin D deficient, insufficient and sufficient were 5 (11.4%), 20 (45.5%) and 19 (43.2%) compared to controls of 0 (0.0%), 13 (29.5%) and 31
(70.5%), respectively (χ2(corrected)=6.711, P=0.035). Serum glucose, glycated hemoglobin (HbA1c), serum insulin, alkaline phosphatase (ALP), cholesterol, triglycerides
and low-density lipoprotein cholesterol (LDL-C) were significantly higher in patients than in controls whereas serum calcium was significantly lower in patients.
Serum vitamin D showed significant negative correlations with HbA1c (r=-0.258, P=0.015), insulin (r=-0.257, P=0.016) and LDL-C (r=- 0.281, P=0.008) whereas
significant positive correlation was found with calcium (r=0.251, P=0.018).
Conclusion: The relationship of vitamin D with HbA1c, LDL-C and calcium suggests that vitamin D and/or calcium system may represent a future target for the
design of novel therapeutic strategies for patients with type 1 Diabetes.

Background
Diabetes mellitus is a chronic and complex health condition
characterized by hyperglycemia. Two main types of diabetes were
identified: type 1 diabetes, associated with lack of or sever reduction in
insulin secretion and type 2 diabetes where the cause is a result of both
insulin resistance and insulin deficiency [1]. Type 1 diabetes is due to
autoimmune or viral destructions of the pancreatic β-cells and usually
strikes children and young adults, although disease onset can occur at
any age [2]. Patients with type 1 diabetes accounts for 5-10% of diabetes
and usually require insulin therapy [3].
In type 1 diabetes where insulin secretion is defective, the
combination of increased hepatic glucose output and reduced peripheral
tissues uptake leads to elevated blood glucose levels [4]. The increased
availability of free fatty acids and ketone bodies exacerbates the reduced
utilization of glucose, furthering the ensuing hyperglycemia. Production
of ketone bodies in excess of the body’s ability to utilize them leads
to ketoacidosis [5]. Diabetic ketoacidosis is a state of severe insulin
deficiency, with reduced lipoprotein lipase activity as a consequence, as
insulin usually stimulates its activity. This reduced enzyme activity leads
to profound decreases in triglyceride-rich lipoproteins (chylomicrons,
very low-density lipoproteins) catabolism which is, by far, the main
factor leading to hypertriglyceridemia [6]. In addition, disturbance in
blood electrolytes was also reported in diabetic patients [7].
Vitamin D, a lipid-soluble vitamin, plays an essential role in
maintaining skeletal integrity and function. Since foods containing
natural vitamin D are rare, the primary source of vitamin D remains
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its nonenzymatic dermal synthesis through exposure to ultraviolet rays
in sunlight [8]. Recently, extraskeletal effects of vitamin D have been
recognized, and are now attracting interest of medical and nutritional
communities as knowledge emerges of its association with many
chronic diseases. Accumulating data showed that vitamin D status is
positively correlated with health conditions such as cancer, immunity
disorders, diabetes, muscle disorders and cardiovascular disease [9].
In the last decade, special interest has been paid to the involvement
of vitamin D in type 1 diabetes. Epidemiologic studies showed that
the population in countries with a high prevalence of type 1 diabetes
is commonly vitamin D deficient, suggesting a strong relationship of
vitamin D with type 1 diabetes [10,11]. Indeed, patients with type 1
diabetes are significantly more likely to have a lower serum vitamin D
levels compared to non-diabetics [12]. In this context, global studies
revealed a strong positive association of vitamin D with β-cell function
[13]. It is hypothesized that vitamin D may have a therapeutic role in
type 1 diabetes via its immune-modulatory properties [14]. In Gaza
Strip, the published studies on vitamin D and diabetes are rare. To the
best of our knowledge, only one study has recently been published on
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vitamin D status in type 2 diabetes [15]. Therefore, this study is the first
to assess serum vitamin D and its relation to metabolic profile in type 1
diabetic patients from Gaza strip.

without anticoagulant to allow blood to clot. Then, serum samples
were obtained by centrifugation at 4000 rpm/10 min using a Rotina 46
Hettich Centrifuge, Japan.

Methods

Biochemical analysis

Study design and study population

Serum vitamin D was determined by enzyme-linked immunosorbent
assay which is designed by Calbiotech, Inc for the quantitation of total
vitamin D in human serum and plasma [20]. Anti-vitamin D antibody
coated wells were incubated with vitamin D standards, controls,
samples, and vitamin D-biotin conjugate at room temperature for 90
min. During the incubation, a fixed amount of biotin-labeled vitamin
D competes with the endogenous vitamin D in the sample, standard, or
quality control serum for a fixed number of binding sites on the antivitamin D antibody. Following a wash step, bound vitamin D-biotin was
detected with streptavidin- horseradish peroxidase enzyme (SA-HRP).
SA-HRP conjugate immunologically bound to the well progressively
decreases as the concentration of vitamin D in the specimen increases.
Unbound SA-HRP conjugate was then removed and the wells were
washed. Next, a solution of 3,3′,5,5′-Tetramethylbenzidine (TMB)
reagent was added and incubated at room temperature for 30 minutes,
resulting in the development of blue color. The color development
was stopped with the addition of stop solution, and the absorbance
was measured spectrophotometrically at 450 nm. A standard curve
was obtained by plotting the concentration of the standard versus the
absorbance. The glucose oxidase/glucose peroxidase (POD) method
was used to measure serum glucose using Labkit Kits, Spain [21].
HbA1C was determined by the colorimetric determination of glycated
hemoglobin in whole blood using Stanbio Kit, Texas-USA [22]. Serum
insulin was measured by microparticle enzyme immunoassay, using
Abbott IMx Insulin assay [23]. Serum cholesterol and triglycerides were
measured by the cholesterol oxidase/POD method and by the glycerol
phosphate oxidase/POD method, respectively, using the BioSystems
kit, Spain [24,25]. High-density lipoprotein cholesterol was determined
by the precipitating method using Labkit kit, Spain [26]. Low-density
lipoprotein cholesterol was calculated using the empirical relationship
of Friedewald [27]. Serum ALP was measured by kinetic photometric
test, according to the international federation of clinical chemistry and
laboratory medicine, using DiaSys reagent kits [28]. Serum calcium
was assayed following instructions of Randox reagent kit manual [29].
Serum phosphorus was determined by phosphomolybdate UV end
point, using Amonium Molybdate Diagnostic kit [30].

The present study is a case-control design. The study population
comprised type 1 diabetic patients aged 18-35 years who were referred
to various diabetic care units in Gaza Strip (the representative clinics
for diabetic patients in Gaza Strip). Patients with type 2 diabetes,
pregnant women and patients who take hormone replacement therapy
or corticosteroid therapy were excluded. Control group included nondiabetic apparently healthy persons.

Sampling and sample size
Non-probability accidental sample of type 1 diabetic patients,
previously diagnosed according to the World Health Organization
diagnostic criteria for diabetes [16], were selected as cases from diabetic
care units at El-Shifa hospital, Al-Aqsa hospital, the Palestinian medical
relief center and Al-Nusairat clinic in Gaza strip. Controls were selected
from the general population. Cases and controls were matched for age,
gender and BMI. There were no family relationship between cases and
controls. The sample size calculations were based on the formula for
case-control studies. EPI-INFO statistical package version 3.5.1 was
used with 95% CI, 80% power and 50% proportion as conservative and
OR > 2. The sample size in case of 1:1 ratio of case control was found to
be 41:41. For a no-response expectation, the sample size was increased
to 44 patients (22 males and 22 females). The controls also consisted of
44 non-diabetic individuals (22 males and 22 females).

Questionnaire interview and patients’ records
A meeting interview was used for filling in the questionnaire which
was designed for matching the study requirement for both patients
and controls. All interviews were conducted face to face by only one
investigator. The questionnaire was based on diabetic clinic questions
of the Palestinian Ministry of Health with some modifications [17].
Most questions were the yes/no type, which offer a dichotomous choice
[18]. The questionnaire was validated, and piloted with 8 individuals
not included in the population sample, and modified as necessary.
The questionnaire included questions on age, education, employment,
family income, family history of diabetes, diet, physical activity,
frequent testing of blood glucose level, and insulin injection among the
cases (frequency of insulin injection/day and insulin dose). Duration of
diabetes and diabetic complications were obtained from the patients’
records.

Body mass index
The body weight and height of each individual dressed in light
clothing without shoes were measured using a carefully calibrated
balance (Detecto, CAP-180 Kg, USA) for weight and a vertical
measuring rod for height and the BMI was calculated as Kilogram (kg)
body mass/height in meter squared [19].

Blood sampling and processing
Fasting blood samples (about 8 ml each) were collected from
patients and controls. About 2 ml blood was placed into EDTA
vacutainer tube to perform HbA1c. The remainder quantity of blood
(about 6 ml) was placed into a plastic tube and was left for a while
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Statistical analysis
Data were analyzed using the Statistical Package for Social Science
Inc., Chicago, IL (SPSS) computer program version 23 for windows.
A Simple distribution of the study variables and cross tabulation was
applied. Chi-square (χ2) was used to identify the difference between
variables. Yates’s continuity correction test, χ2(corrected), was used when not
more than 20% of the cells had an expected frequency of less than five
and when the expected numbers were small. The independent sample
t-test procedure was used to compare means of quantitative variables by
the separated cases into two qualitative groups such as the relationship
between vitamin D levels of controls and patients. The one-way
ANOVA test was used for analysis of variance. Pearson's correlation
test was applied. The results were accepted as statistically significant
when P<0.05. The percentage difference was calculated according to the
formula: Percentage difference equals the absolute value of the change
in value, divided by the average of the 2 numbers, all multiplied by 100.
Percentage difference=(|(V1-V2)| / ((V1+V2)/2)) × 100.
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Results

Table 1. Clinical and socio-demographic characters of controls and diabetic patients

Clinical and socio-demographic aspects

Character

Table 1 showed no significant differences between diabetic patients
and controls in terms of age, BMI, education, employment, family
income/month and physical activity (P > 0.05). However, family history
of diabetes, diet and frequent testing of blood glucose were significantly
higher among patients than controls (χ2=14.012, P<0.001; χ2=13.477,
P=< 0.001 and χ2=40.994, P<0.001, respectively).

Age (year)

28.4 ± 5.4

29.1 ± 6.6

t=0.481

0.632

BMI (kg/m2)

24.3 ± 3.4

24.8 ± 3.1

t=0.314

0.758

Education
University
Secondary school
Preparatory school
Primary school

26 (59.1)
16 (36.4)
1 (2.3)
1 (2.3)

23 (52.3)
13 (29.5)
7 (15.9)
1 (2.3)

Employment
Yes
No

12 (27.3)
32 (72.7)

18 (40.9)
26 (59.1)

χ2=1.821

0.177

Family income/month (NIS)
< 1000
1000-2000
> 2000

5 (11.4)
4 (9.1)
35 (79.5)

6 (13.6)
9 (20.5)
29 (65.9)

χ2=1.621

0.445*

Family history of diabetes
Yes
No

19 (43.2)
25 (56.8)

36 (81.8)
8 (18.2)

χ2=14.012

< 0.001

Diet
Yes
No

10 (22.7)
34 (77.3)

27 (61.4)
17 (38.6)

χ2=13.477

< 0.001

Physical activity
Yes
No

21 (47.7)
23 (52.3)

14 (31.8)
30 (68.2)

χ2=2.325

0.127

Frequent testing of blood glucose
Yes
No

8 (18.2)
36 (81.8)

38 (86.4)
6 (13.6)

χ2=40.994

< 0.001

Duration of diabetes, diabetic complications and insulin
therapy
As depicted from Table 2, the mean diabetes duration was 9.1 ±
7.0 years; distributed as follows: patients with diabetes<7 years were
25 (56.8%), whereas those with diabetic duration of 7-14 years were
11 (25.0%). The rest of patients 8 (18.2%) had diabetes for more than
14 years. Retinopathy was the only complication found in patients 2
(4.5%). Six (13.6%), 28 (63.6) and 10 (22.7%) patients received one, two
and three insulin doses/day, respectively with the mean of 49.4 ± 20.5
UL.cc/ml.

Serum vitamin D and its categories in controls and diabetic
patients
Table 3 revealed significant decrease of serum vitamin D in
diabetic patients compared to controls (34.1 ± 19.1 versus 43.9 ± 16.9
ng/dl, P=0.012). The number of patients having vitamin D deficient,
insufficient and sufficient were 5 (11.4%), 20 (45.5%) and 19 (43.2%)
with respect to controls of 0 (0.0%), 13 (29.5%) and 31 (70.5%),
respectively (χ2(corrected)=6.711 and P=0.035).

Metabolic profile of controls and diabetic patients
Serum glucose (P<0.001), HbA1c (P<0.001), serum insulin
(P=0.001), ALP (P=0.023), cholesterol (P<0.001), triglycerides
(P<0.001) and LDL-C (P<0.001) were significantly higher, whereas
calcium was significantly lower (P=0.024) in patients than in controls
(Table 4). Stratification of vitamin D levels according to glycemic
control as judged by HbA1c levels in patients is presented in Table 5.
Vitamin D deficient group has the highest levels of HbA1c (F=12.626,
P<0.001).

Serum vitamin D in relation to the metabolic profile
As indicated in Table 6, Pearson correlation test displayed
significant negative correlations of serum vitamin D with HbA1c (r=0.258, P=0.015), insulin (r=-0.257, P=0.016) and LDL-C (r=-0.281,
P=0.008), while significant positive correlation was found with calcium
(r=0.251, P=0.018).

Discussion
Diabetes mellitus is one of the most dangerous and well-recognized
chronic disease worldwide as it is a gateway to other diseases. In
Gaza Strip, the incidence and mortality rates of diabetes are high:
224.1/100,000 population and 2.71/1000 patients, respectively [31].
Despite that, there is a lack of a proper hospital and clinic recording
system of the disease. In addition, research on diabetes has been
focused on type 2 and only one recent study suggested a therapeutic
value of vitamin D in clinical settings for controlling of type 2 diabetes
[15]. Although type 1 diabetes strikes an important segment of society
represented by children and young adults, there was no previous study
linked such metabolic disorder with vitamin D in Gaza Strip.
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Controls
(n=44)

Patients
(n=44)

Test

χ2=3.845

P-value

0.279*

kg: kilogram, m: meter, BMI: body mass index: People with BMI=18.5-24.9 were
considered to have normal weight [19].
NIS: new Israeli Shekel (~ 0.27 $US).
Values are n (%) except age and BMI where values are expressed as means ± SD.
*P-value of χ2(corrected) test, P < 0.05: Significant, P > 0.05: not significant.
Table 2. Duration of diabetes, diabetic complications and insulin therapy in patients (n=44)
Item
Diabetes duration (year)
<7
7-14
>14

No.

%

25
11
8

56.8
25.0
18.2

Mean duration ± SD (year)

9.1±7.0

Retinopathy
Yes
No

2
42

4.5
95.5

Insulin injection/day
One dose
Two doses
Three doses

6
28
10

13.6
63.6
22.7

Dose /day ± SD (UL.cc/ml)

49.4 ± 20.5

Table 3. Serum vitamin D and its categories in controls and diabetic patients
Category

Controls
(n=44)

Patients
(n=44)

Test

P-value

Vitamin D (ng/dl) (minmax)

43.9 ± 16.9
(19-82)

34.1 ±
19.1(7.2-72)

t=2.584

0.012

χ2=6.711

0.035

Deficient (< 10 ng/dl)

0 (0.0)

5 (11.4)

Insufficient (10-30 ng/dl)

13 (29.5)

20 (45.5)

Sufficient (>30 ng/dl)

31 (70.5)

19 (43.2)

Values are n (%) except vitamin D where values are
expressed as means ± SD.
P-value of χ2(corrected) test.
P < 0.05: Significant.

Family history of diabetes, diet and testing of blood glucose
were more frequent in patients than controls. It is well-accepted that
family history is associated with type 1 diabetes [32,33]. In this regard,
Alhonen and his colleagues concluded that type 1 diabetes not only
cluster in the nuclear families of children with type 1 diabetes but is
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Table 4. Metabolic profile of controls and diabetic patients
Category

Controls
(n=44)

Patients
(n=44)

% Difference

t-test

P-value

Glucose (mg/dl)

75.0 ± 14.4

212.2 ± 101.2

95.5

7.097

< 0.001

HbA1c (%)

5.9 ± 1.2

7.7 ± 1.8

26.5

5.863

< 0.001

Insulin (µIU/ml)

13.0 ± 12.9

23.4 ± 16.4

-57.1

3.311

0.001

ALP (U/L)

116.6 ± 42.5

164.2 ± 129.6

33.9

2.317

0.023

Cholesterol (mg/dl)

152.9 ± 30.7

197.0 ± 45.6

25.2

5.318

< 0.001

Triglycerides (mg/dl)

94.0 ± 51.3

142.1 ± 63.5

40.7

3.916

< 0.001

HDL-C (mg/dl)

57.7 ± 12.8

57.1 ± 23.0

-1.1

0.149

0.882

LDL-C (mg/dl)

56.5 ± 24.6

88.5 ± 50.6

44.1

3.770

< 0.001

Calcium (mg/dl)

9.38 ± 0.56

9.04 ± 0.41

-3.7

2.293

0.024

Phosphorus (mg/dl)

4.21 ± 0.91

4.32 ± 0.1.14

2.6

0.441

0.659

HbA1c: Glycated hemoglobin, ALP: Alkaline phosphatase, HDL-C: High density lipoprotein cholesterol, LDL-C: Low density lipoprotein cholesterol.
Values are expressed as means ± SD.
P < 0.05: Significant, P > 0.05: not significant.
Table 5. Stratification of vitamin D levels according to glycemic control as judged by HbA1c levels in patients
Category of vitamin D

Patients
No.

HbA1c
mean±SD (min-max)
10.6 ± 3.1 (5.5-13.3)

Deficient (< 10 ng/dl)

5

Insufficient (10-30 ng/dl)

20

7.0 ± 1.1 (5.4-9.8)

Sufficient (>30 ng/dl)

19

7.8 ± 1.1 (6.0-9.5)

Total

44

7.7 ± 1.8 (5.4-13.3)

F

P-value

12.626

< 0.001

HbA1c: Glycated hemoglobin.
Values are expressed as means ± SD.
P < 0.05: Significant.
Table 6. Serum vitamin D in relation to the metabolic profile
Parameter

Serum vitamin D (ng/dl)
Pearson's correlation (r)

P-value

Glucose (mg/dl)

-0.155

0.149

HbA1c (%)

-0.258

0.015

Insulin (µIU/ml)

-0.257

0.016

ALP (U/L)

-0.145

0.177

Cholesterol (mg/dl)

-0.178

0.097

Triglycerides (mg/dl)

-0.114

0.289

HDL-C (mg/dl)

0.128

0.234

LDL-C (mg/dl)

-0.281

0.008

Calcium (mg/dl)

0.251

0.018

Phosphorus (mg/dl)

-0.153

0.322

HbA1c: Glycated hemoglobin, ALP: Alkaline phosphatase, HDL-C: High density lipoprotein cholesterol, LDL-C: Low density lipoprotein cholesterol.
The correlation was analyzed using Pearson's correlation coefficient (normally distributed data).
P < 0.05: Significant, P > 0.05: not significant.

also overrepresented in their extended families [34]. Diet and testing
of blood glucose are important in the management of people living
with diabetes. However, the specific types of diet were not assessed.
A beneficial relationship exists between frequency of blood glucose
monitoring and lower HbA1c in pediatric patients with type 1 diabetes
[35].
The result that more than half of patients (56.8%) had diabetes for
7 years or less may imply that type 1 diabetes affects young individuals.
It is well-known that type 1 diabetes usually strikes children and young
adults, although disease onset can occur at any age [36]. Retinopathy as
a diabetic complication found in this study was previously reported in
the literature [37]. About two-thirds of the patients received two insulin
doses/day. Such a relatively intense insulin therapy was observed in
type 1 diabetic patients [38]. Irrespective of this finding, intense insulin
therapy is aimed at improving metabolic control in patients with type 1
diabetes [39]. The mean insulin dose treatment/day in this study (49.4
± 20.5 UI.cc/ml) was around the treatment dose of 43.2 ± 12.8 UI.cc/ml
in type 1 diabetic Japanese patients [40].
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Serum vitamin D was significantly lower in patients than controls.
When categorized, the number of patients having vitamin D deficient
and insufficient was significantly higher with respect to controls. The
possibility of vitamin D deficiency/insufficiency has been explored
before in larger cohorts of patients with type 1 diabetes of different ethnic
origins. Whereas some of these studies do find a higher prevalence of
vitamin D deficiency/insufficiency among type 1 diabetic patients from
China and Saudi Arabia [12,41], others from Italy and Turkey do not
[42,43]. Such discrepancy may be explained in that few if any of these
studies analyze data taking into consideration the occupation of the
patients, which could be important given the effect of sun exposure.
However, this point was beyond the scope of the present study.
Nevertheless, Tomasello and his colleagues concluded that vitamin D
supplementation in early childhood may offer protection against the
development of type 1 diabetes [44]. This suggests that hypovitaminosis
D may play a critical role in the development of autoimmune diseases
such as type 1 diabetes. The underlying proposed pathogenesis is
that vitamin D deficiency promotes β-cells destruction by immune
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system attacks, directly by its action on β-cells or indirectly by acting
on different immune cells [45]. The detection of vitamin D receptors
(VDR) in most cells of the immune system as well as in pancreatic cells
may support this idea and led to the suggestion of a potential role for
vitamin D as an immuno-and/or β-cell modulator [46]. Vitamin D
may also promote morphological improvement in pancreatic islet cells,
decrease apoptosis, reduce inflammation, and have nongenomic effects
mediated by messenger VDR [47,48].
Serum glucose, HbA1c, serum insulin, ALP, cholesterol,
triglycerides and LDL-C were significantly higher in patients than in
controls whereas serum calcium was significantly lower in patients.
Similar results were documented in the literature including Arab
countries such as Egyptian and Algerian population [49-51]. The levels
of HbA1c in the blood reflect the glucose levels to which the erythrocyte
has been exposed during its lifespan [52]. Therefore, the HbA1c test is
attractive as it measures chronic glycaemia, rather than instantaneous
blood glucose levels and is relied on for initiation of insulin therapy
[53]. Hyperinsulinemia could be a consequence of intense insulin
therapy accompanied with insulin resistance which is a prominent
feature of patients with type 1 diabetes and involves hepatic, peripheral
and adipose tissues [54]. In such condition, alteration in ALP activity
and disturbance of lipid metabolism would be expected. A defect in
LDL-C uptake by cells was reported in low levels of vitamin D [55].
The observed hypocalcaemia in diabetic patients may be associated to
renal impairment and/or low levels of blood vitamin D, an enhancer of
intestinal calcium absorption [56,57].
When related to serum vitamin D, HbA1C, insulin and LDL-C
showed significant negative correlations with vitamin D. Conversely, a
significant positive correlation was found with calcium. In this context,
vitamin D-deficient diabetic group has the highest levels of HbA1c.
These findings are in agreement with that obtained by other authors
[58,59]. A poor glycemic control may affect directly on vitamin D
metabolism and activity [60] and/ or vitamin D has an indirect role
via regulation of calcium homeostasis on various mechanisms (like
pancreatic beta-cell dysfunction, impaired insulin action and systemic
inflammation) related to the pathophysiology of type 1 diabetes [61].
However, this needs further investigation as . The inverse relationship of
vitamin D with HbA1c and LDL-C may indicate that it is the long-term
abnormal carbohydrate and lipid metabolism of type 1 diabetes that
may be associated with hypovitaminosis D. Therefore, supplementation
of vitamin D may be useful in the improvement of glycemic control
and dyslipidemia in type 1 diabetes. Hence, one can say that vitamin
D could be of clinical relevance in glucometabolic control in type 1
diabetes [62]. In another study, vitamin D supplementation did not
improve glycemic control in type 2 diabetes [63]. Irrespective of this
controversial outcomes, public health message on the importance
of vitamin D status; especially in diabetic children and adolescents,
should be disseminated to the public. The direct relationship of vitamin
D deficiency with hypocalcaemia suggests the inseparable involvement
of both metabolic alterations in the pathogenesis of type 1 diabetes and
implies the efficient role of vitamin D in intestinal calcium absorption.
Consequently in addition to vitamin D implications in the control of
type 1 diabetes, the strategy of calcium therapy should not be ruled out.
In this regard, further research is required on the status of calcium and
its relation to the metabolic profile in type 1 diabetes.

Conclusions

Declarations
Acknowledgments
Not applicable.

Authors' contributions
This work was carried out in collaboration between all authors.
Maged Yassin designed the study, wrote the protocol, helped in the
statistical analysis and wrote the first draft of the manuscript. Said
Alghora managed the analyses of the study and revised the final draft
of the manuscript. Inass Elhamalawi performed the experimental work.
Mohammed Yasin managed the literature searches. All authors read
and approved the final manuscript, and they have taken due care to
ensure the integrity of the work.

Funding
We do not have any grant money and this work was not supported
by grant funding.

Availability of data and materials
All data and materials are fully available and are shown within the
manuscript.

Ethical Consideration
The research was undertaken according to the Declaration of
Helsinki and after the Local Research Ethics Committee had approved
the study (No. 14/991). All participants provided written informed
consent prior to the study.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.
References
1. Baynest HW (2015) Classification, pathophysiology, diagnosis and management of
diabetes Mellitus. J Diabetes Metab 6: 5.
2. American diabetes association (2017) Classification and diagnosis of diabetes. Diabetes
Care 40: S11-S24.
3. American diabetes association (2019) Classification and diagnosis of diabetes:
standards of medical care in diabetes - 2019. Diabetes Care 42: S13-S28.
4. Ozougwu JC, Obimba KC, Belonwu CD (2013) The pathogenesis and pathophysiology
of type 1 and type 2 diabetes mellitus. J Physiol Pathophysiol 4: 46-57.
5. Dhatariya K (2016) Blood ketones: measurement, interpretation, limitations, and utility
in the management of diabetic ketoacidosis. Rev Diabet Stud 13: 217-225.
6. Vergès B (2009) Lipid disorders in type 1 diabetes. Diabetes Metab 35: 353-360.
7. Anago EAA, Medehouenou TCM, Akpovi CD (2016) Electrolyte disturbances in
diabetic patients in Cotonou, Benin. Int J Res Med Sci 4: 5430-5435.
8. Harinarayan CV (2014) Vitamin D and diabetes mellitus. Hormones 13: 163-181.
9. Zmijewski MA (2019) Vitamin D and human health. Int J Mol Sci 20: 145.

Serum vitamin D was significantly lower in diabetic patients
compared to non-diabetic controls. Serum glucose, HbA1c, serum
insulin, ALP, cholesterol, triglycerides and LDL-C were significantly

Integr Food Nutr Metab, 2020

higher in patients than in controls whereas serum calcium was
significantly lower in patients. Serum vitamin D showed significant
negative correlations with HbA1c, insulin and LDL-C whereas a
significant positive correlation was found with calcium.

doi: 10.15761/IFNM.1000286

10. Janner M, Ballinari P, Mullis PE, Flück CE (2010) High prevalence of vitamin D
deficiency in children and adolescents with type 1 diabetes. Swiss Med Wkly 140:
w13091. [Crossref]

Volume 7: 5-7

Yassin MM (2020) Vitamin D and its relation to metabolic profile in type 1 diabetic patients from Gaza Strip

11. Al-Agha AE, Ahmad IA (2015) Association among vitamin D deficiency, type 1
diabetes mellitus and glycemic control. J Diabetes Metab 6: 9.

38. Tibuni-Sanders S, Nader S (2012) PCOS and hyperandrogenism in type 1 diabetes.
Open J Obstet Gynecol 2: 76-80.

12. Liu C, Wang J, Wan Y, Xia X, Pan J, et al. (2018) Serum vitamin D deficiency in
children and adolescents is associated with type 1 diabetes mellitus. Endocr Connect
7: 1275-1279. [Crossref]

39. Codner E, Eyzaguirre F, Iñíguez G, López P, Pérez-Bravo F, et al. (2011) Ovulation
rate in adolescents with type 1 diabetes Mellitus. Fertil Steril 95: 197-202.
[Crossref]

13. Seshadri KG, Tamilselvan B, Rajendran A (2011) Role of vitamin D in diabetes. J
Endocrinol Metab 1: 47-56.

40. Miyoshi A, Nagai S, Takeda M, Kondo T, Nomoto H, et al. (2013) Ovarian morphology
and prevalence of polycystic ovary syndrome in Japanese women with type 1 diabetes
mellitus. J Diabetes Investig 4: 326-329. [Crossref]

14. Li J, Xiao B, Xiang Y (2014) Immune function of vitamin D in type 1 diabetes mellitus.
IJBM 4: 67-71.
15. Yassin MM, Masoud AD, Yasin MM (2019) Serum vitamin D status in type 2 diabetic
patients from Gaza Strip. Diabetes Metab Syndr 13: 1865-1870.

41. Al Zahrani AM, Al Shaikh A (2019) Glycemic control in children and youth with type
1 diabetes mellitus in Saudi Arabia. Clin Med Insights: Endocrinol Diabetes 12: 1-5.

16. World Health Organization (2006) Definition and diagnosis of diabetes mellitus and
intermediate hyperglycemia Report of a WHO/IDF Consultation. Geneva: WHO.

42. Cipponeri E, Vitturi N, Mariano V, Boscari F, Galasso S, et al. (2019) Vitamin D status
and non-alcoholic fatty liver disease in patients with type 1 diabetes. J Endocrinol
Invest 42: 1099-1107. [Crossref]

17. Palestinian Ministry of Health (2006) Diabetic questionnaire, Diabetic clinic records.
Palestine: Gaza Strip.

43. Dogan B , Oner C, Feyizoglu G, Yoruk N, Oguz A (2019) Vitamin D status of Turkish
type 1 diabetic patients. Diabetes Metab Syndr 13: 2037-2039. [Crossref]

18. Backestrom C, Hursh-Cesar G (2012) Survey research. Pennsylvania, United States:
Literary Licensing, LLC.

44. Tomasello G, Sinagra E, Raimondo D, Cappello F, Damiano G, et al. (2015) The
complex interplay between vitamin D deficiency and Diabetes. Prog Nutr 17: 3-14.

19. World Health Organization.Ten facts on obesity. 2014. Available on: http://www.who.
int/features/factfiles/obesity/en/. Accessed February 9, 2020.

45. Takiishi T, Gysemans C, Bouillon R (2010) Vitamin D and diabetes. Endocrinol Metab
Clin North Am 39: 419-446.

20. Bikle DD (2010) Vitamin D and the skin. J Bone Miner Metab 28: 117-130.
21. Trinder P (1969) Determination of glucose in blood using glucose oxidase. Ann Clin
Biochem 6: 24-33.

46. Infante M, Ricordi C, Sanchez J, Clare-Salzler MJ, Padilla N, et al. (2019) Influence of
vitamin D on islet autoimmunity and beta-cell function in type 1 diabetes. Nutrients 11.

22. Trivelli LA, Ranney HM, Lai HT (1971) Hemoglobin components in patients with
diabetes mellitus. N Engl J Med 284: 353-357.

47. Wolden-Kirk H, Overbergh L, Christesen HT, Brusgaard K, Mathieu M (2011) Vitamin
D and diabetes: Its importance for beta cell and immune function. Mol Cell Endocrinol
347: 106-120.

23. Travis JC (1980) Clinical radioimmunoassay - State of the art. Scientific Newsletters,
Inc. Radioassay-Ligand Assay, Anaheim: Publishers, pp: 89-92.

48. Savastio S, Cadario F, Beux S (2010) Vitamin D and type 1 diabetes. Open Rheumatol
J 12: 289-299.

24. Meiatlini F, Prencipe L, Bardelli F, Tarli P (1978) The 4-hydroxybenzoate/4aminophe
nazone chromogenic system used in the enzymic determination of serum cholesterol.
Clin Chem 24: 2161-2165. [Crossref]

49. Sarhadi NA, Fakhreddin-nejad M, Rajabi M, Mokarrari S, Naghipour E, et al. (2019)
Evaluation of fasting bloods and lipid profile in patients with type 1 and type 2 diabetes
and normoglycemic individuals in Gorgan, Northeastern Iran. JCBR 3: 6-10.

25. Bucolo G, David H (1973) Quantitative determination of serum triglycerides by use of
enzymes. Clin Chem 19: 476-482. [Crossref]

50. Hasan ZA, Abaza DM, Khalid MM (2013) Bone mineral density in Egyptian patients
with type 1 diabetes mellitus. Med J Cairo Univ 81: 71-81.

26. Grove TH (1979) Effect of reagent pH on determination of HDL cholesterol by
precipitation with sodium phosphotungstate-magnesium. Clin Chem 25: 560-564.
[Crossref]
27. Friedewald WT, Levy RI, Fredrickson DS (1972) Estimation of the concentration of
LDL-C in plasma without use of the preparative ultracentrifuge. Clin Chem 18: 499502. [Crossref]

51. Mihoubi E, Raache R, Amroun H, Azzouz M, Galleze A, et al. (2019) Metabolic
imbalance and vitamin D deficiency in type 1 diabetes in the Algerian population.
Endocr Metab Immune Disord Drug Targets 19: 1172-1176. [Crossref]
52. Goldstein DE, Little RR, Lorenz RA, Malone JI, Nathan D, et al. (2004) Tests of
glycemia in diabetes. Diabetes Care 27: 1761-1763. [Crossref]

28. Soldin JS, Brugnara C, Wong CE (2007) Pediatric reference intervals. sixth ed.
Washington, USA: AACC press.

53. Phillips PJ, Leow S (2014) HbA1c, blood glucose monitoring and insulin therapy. Aust
Fam Physician 43: 611-615.

29. Barnett RN, Skodon SB, Goldberg MN (1973) Performance of "Kits" used for clinical
chemical analysis of calcium in serum. Am J Clin Pathol 59: 836-845.

54. Donga E, Dekkers OM, Corssmit EP, Romijn JA (2015) Insulin resistance in patients
with type 1 diabetes assessed by glucose clamp studies: systematic review and metaanalysis. Eur J Endocrinol 173: 101-109. [Crossref]

30. Tietz NW (1994) Specimen collection and processing; sources of biological variation.
Textbook of Clinical Chemistry. second ed. Philadelphia, USA: WB Saunders.
31. Palestinian Ministry of Health. Health Annual Report, Palestine 2018. Palestinian
Health Information Center, Diabetes mellitus, May 2019;38-39.
32. Parkkola A, Härkönen T, Ryhänen SJ, Ilonen J, Knip M (2013) Extended family history
of type 1 diabetes and phenotype and genotype of newly diagnosed children. Diabetes
Care 36: 348-354. [Crossref]
33. Chiarelli F, Giannini C, Primavera M (2019) Prediction and prevention of type 1
diabetes in children. Clin Pediatr Endocrinol 28: 43-57.
34. Alhonen S, Korhonen S, Tapanainen P, Knip M, Veijola R (2011) Extended family
history of diabetes and autoimmune diseases in children with and without type 1
diabetes. Diabetes Care 34: 115-117. [Crossref]
35. Davey B, Segal DG (2015) Self-monitoring of blood glucose measurements and
glycaemic control in a managed care pediatric type 1 diabetes practice. S Afr Med J
105: 405-407.
36. van Belle TL, Coppieters KT, von Herrath MG (2011) Type 1 diabetes: etiology,
immunology, and therapeutic strategies. Physiol Rev 91: 79-118.
37. Melo LGN, Morales PH, Drummond KRG, et al. (2018) Current epidemiology of
diabetic retinopathy in patients with type 1 diabetes: a national multicenter study in
Brazil. BMC Public Health 18: 989. [Crossref]

Integr Food Nutr Metab, 2020

doi: 10.15761/IFNM.1000286

55. Cutillas-Marco E, Prosper AF, Grant WB, Morales-Suárez-Varela MM (2013) Vitamin
D status and hypercholesterolemia in Spanish general population. Dermatoendocrinol
5: 358-362. [Crossref]
56. Ahn C, Kang J, Jeung E (2017) Calcium homeostasis in diabetes mellitus. J Vet Sci
18: 261-266.
57. Christakos S, Li S, De La Cruz J (2020) Vitamin D and the intestine: Review and
update. J Steroid Biochem Mol Biol 196: 105501.
58. Gannagé-Yared MH, Chedid R, Khalife S, Azzi E, Zoghbi F, et al. (2009) Vitamin D in
relation to metabolic risk factors, insulin sensitivity and adiponectin in a young MiddleEastern population. Eur J Endocrinol 160: 965-971. [Crossref]
59. Buhary BM, Almohareb O, Aljohani N, Alrajhi S, Elkaissi S (2017) Association of
glycosylated hemoglobin levels with vitamin D status. J Clin Med Res 9: 1013-1018.
[Crossref]
60. Zoppini G, Galletti A, Targher G, Brangani C, Pichiri I (2013) Glycated haemoglobin
is inversely related to serum vitamin D levels in type 2 diabetic patients. Plos One 8:
e82733. [Crossref]
61. Al-Shoumer KA, Al-Essa TM (2015) Is there a relationship between vitamin D with
insulin resistance and diabetes mellitus? World J Diabetes 6: 1057-1064.

Volume 7: 6-7

Yassin MM (2020) Vitamin D and its relation to metabolic profile in type 1 diabetic patients from Gaza Strip

62. Bogdanou D, Penna-Martinez M, Filmann N, Chung TL, Moran-Auth Y, et al. (2017)
T-lymphocyte and glycemic status after vitamin D treatment in type 1 diabetes: A
randomized controlled trial with sequential crossover. Diabetes Metab Res Rev 33:
e2865. [Crossref]

63. Krul-Poel YH, Westra S, ten Boekel E, ter Wee MM, van Schoor NM, et al. (2015)
Effect of vitamin D supplementation on glycemic control in patients with type 2
diabetes (SUNNY Trial): A randomized placebo-controlled trial. Diabetes Care 38:
1420-1426. [Crossref]

Copyright: ©2020 Yassin MM. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted
use, distribution, and reproduction in any medium, provided the original author and source are credited.

Integr Food Nutr Metab, 2020

doi: 10.15761/IFNM.1000286

Volume 7: 7-7

