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Objective: To assess serum vitamin D status and its relations to other biochemical parameters in type 2
diabetic patients from Gaza Strip.

Materials and methods: This case-control study included 58 type 2 diabetic patients as well as 58 non-
diabetic controls. Patients and controls were matched for age and gender. 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
(25.9 + 11.0 versus 34.6 + 13.8 ng/dl, % difference =28.8%, P <0.001). The number of patients having
vitamin D deficient, insufficient and sufficient were 6 (10.4%), 35 (60.3%) and 17 (29.3%) compared to
controls of 3 (5.2%), 16 (27.6%) and 39 (67.2%), respectively (X2:14.672, P <0.001). Serum glucose,
glycated hemoglobin (HbA1c), serum alanine aminotransferase (ALT), aspartate aminotransferase (AST)
and triglycerides were significantly higher in patients than in controls whereas serum insulin, high
density lipoprotein cholesterol (HDL-C) and calcium were significantly lower in patients. Serum vitamin
D showed significant negative correlations with HbA1c (r = — 0.186, P = 0.046), ALT (r = — 192, P = 0.040)
and AST (r=- 0.188, P=0.044) whereas significant positive correlations were found with HDL-C
(r=0.188, P=0.044) and calcium (r =0.239, P =0.010).

Conclusion: The significant negative and positive correlations of vitamin D with HbA1c and calcium,
respectively suggests that vitamin D supplementation would be of potential therapeutic value in clinical
settings for controlling of type 2 diabetes and more importantly its complications. However, a well-
designed clinical trials are needed to define the contribution of vitamin D status and therapy in the
global diabetes problem.
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1. Introduction complications consist of cardiovascular disease, stroke, and pe-
ripheral artery disease [2].
Lack of insulin action and/or secretion in type 2 diabetes results

in hyperglycemia and promotes lipolysis in adipose tissue leading

Diabetes is a heterogeneous condition characterized by hyper-
glycemia. Historically patients with diabetes have been classified

into two main categories: type 1 diabetes mellitus, characterized by
a near-absolute deficiency of insulin secretion and type 2 diabetes
mellitus where the cause is a combination of insulin resistance and
an insulin secretory defect [1]. Diabetes complications are more
common among type 2 diabetic patients and are responsible for
significant morbidity and mortality. The chronic complications of
type 2 diabetes are broadly divided into microvascular and mac-
rovascular complications. Microvascular complications include
neuropathy, nephropathy, and retinopathy, while macrovascular
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to elevated circulating levels of free fatty acids. In addition, excess
fatty acids in serum of diabetic patients are converted into phos-
pholipids and cholesterol in liver. These two substances along with
excess triglycerides formed at the same time in liver may be dis-
charged into blood in the form of lipoproteins [3]. In addition,
disturbance in liver and kidney functions was also reported in type
2 diabetic patients [4,5].

Vitamin D is a fat-soluble prohormone that plays an essential
role in calcium homeostasis and the maintenance of normal func-
tion in multiple tissues. Humans obtain vitamin D either directly
from the diet or through exposure to solar ultraviolet B radiation
[6]. In addition to its well-recognized effects on skeletal health,
vitamin D has been suggested to have a potential role in other
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disease states and health conditions including type 2 diabetes,
cardiovascular disease, autoimmune disorders and cancer [7,8].

Regarding diabetes, several studies have found that patients
with type 2 diabetes or impaired glucose tolerance are significantly
more likely to have a lower serum vitamin D concentration
compared to those without diabetes [9,10]. In this context, some
authors revealed a strong negative correlation of serum vitamin D
with insulin resistance [11,12], and others reported a positive as-
sociation with B-cell function [13,14]. In Gaza Strip, the published
studies on vitamin D are very limited and restricted just to iden-
tifying the risk factors associated with its deficiency in children
[15]. To our best knowledge, no previous study linked vitamin D to
diabetes mellitus. Therefore, this study is the first to assess serum
vitamin D status and its relations to other biochemical parameters
in type 2 diabetic patients from Gaza strip.

2. Materials and methods
2.1. Study design and study population

The present study was a case-control design. The study popu-
lation included 58 type 2 diabetic patients (29 males and 29 fe-
males) who were referred to Diabetic Care Unit at Al Rimal Medical
Center (the representative clinic for diabetic patients in Gaza Strip)
and were previously diagnosed according to the current World
Health Organization diagnostic criteria for diabetes [16]. Patients
with type 1 diabetes, pregnant women and patients who take
hormone replacement therapy or corticosteroid therapy were
excluded. A total of 58 apparently healthy individuals (29 males and
29 females) with no personal history of diabetes were selected
randomly from general population and served as a control group.
All patients and controls were matched for age (40—65 years old)
and gender.

2.2. Ethical consideration

The research was undertaken according to the Declaration of
Helsinki and after the Local Research Ethics Committee had
approved the study. All participants provided written informed
consent prior to the study.

2.3. Questionnaire interview

A meeting interview was used for filling in the questionnaire
which designed for matching the study need for both patients and
controls. All interviews were conducted face to face by only one
researcher himself. During the survey the interviewer explained
any of the questions that were not clear. 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]. A 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,
smoking, family history of diabetes, physical activity, and diet.

24. Patients’ records

Clinical data including duration of diabetes and diagnosed dia-
betic complications (retinopathy, cardiovascular disease and neu-
ropathy) were obtained from the patients’ records.

2.5. 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
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.

2.6. Biochemical analysis

Serum Vitamin D was determined by enzyme-linked immuno-
sorbent assay [19]. The glucose oxidase/glucose peroxidase (POD)
method was used to measure serum glucose using Labkit Kits,
Spain [20]. HbA1C was determined by the colorimetric determi-
nation of glycated hemoglobin in whole blood using Stanbio Kit,
Texas-USA [21]. Serum insulin was measured by microparticle
enzyme immunoassay, using Abbott IMx Insulin assay [22]. Serum
ALT and AST were measured by using optimized UV-test according
to International Federation of Clinical Chemistry and Laboratory
Medicine using DiaSys reagent kits [23]. Serum urea and creatinine
were determined by the urease glutamate dehydrogenase/UV
method and by the alkaline picrate method, respectively, using the
BioSystems kit, Spain [24,25]. 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 [26,27]. High-density lipoprotein cholesterol
was determined by the precipitating method using Labkit kit, Spain
[28]. Low-density lipoprotein cholesterol was calculated using the
empirical relationship of Friedewald [29]. Serum calcium was
assayed following instructions of Randox reagent kit manual [30].
Serum phosphorus was determined by phosphomolybdate UV end
point, using Amonium Molybdate Diagnostic kit [31].

2.7. Statistical analysis

Data were analyzed using 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 (%2) was used to identify the difference
between variables. Yates's continuity correction test, xz(correaed),
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 pa-
tients and controls vitamin D. 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.

Percent difference = (| (V1 - V2) |[/((V1 + V2)/2)) X 100.

3. Results
3.1. Clinical and socio-demographic characters

Table 1 revealed no significant differences between diabetic
patients and controls for age, education, smoking and physical ac-
tivity (P > 0.05). However, employment and family income/month
were significantly lower among patients compared to controls
(y?>=4.275, P=0.039 and ?=8.309, P=0.016, respectively)
whereas family history of diabetes and diet were significantly
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Table 1
Clinical and socio-demographic characters of controls and diabetic patients.

Character Controls (n=58) Patients (n=58) Test P-value

Age (year) 51.9+7.5 51.8+7.3 t=0063  0.950

Education (year)
1-9 17 (29.3) 26 (44.8) v?=2.993 0084
>9 41(70.7) 32 (55.2)

Employment
Yes 30 (51.7) 19 (32.8) v*=4275 0039
No 28 (48.3) 39 (67.2)

Family income/month (NIS)
<1000 12 (20.7) 9 (15.5) 1*=8.309 0.016
1000—2000 15 (25.9) 30 (51.7)
>2000 31(53.4) 19 (32.8)

Smoking
Yes 9 (15.5) 12 (20.7) ¥*>=0523 0470
No 49 (84.5) 46 (79.3)

Family history of diabetes
Yes 21(36.2) 35 (60.3) v*=6.767  0.009
No 37 (63.8) 23(39.7)

Physical activity
Yes 17 (29.3) 27 (46.6) 1>=3.662 0.056
No 41(70.7) 31 (53.4)

Diet
Yes 9 (15.5) 19 (32.8) 1>=4.708 0.030
No 49 (84.5) 39 (67.2)

NIS: new Israeli Shekel (~0.27 $US).
Values are n (%) except age where values are expressed as means =+ SD.
P < 0.05: Significant, P> 0.05: not significant.

higher among patients (x*>=6.767, P=0.009 and y?=4.708,
P =0.030, respectively).

3.2. Duration of diabetes and diabetic complications

The mean diabetes duration among patients was 7.2 + 6.0 years,
distributed as follows: patients with diabetes < 5 years were 28
(48.3%), whereas those with diabetic duration of 6—11 years were
19 (32.7%). The rest of patients 11 (19.0%) had diabetes for more
than 11 years. Table 2 pointed out that retinopathy and CVD were
significantly higher in patients compared to controls (32 = 6.294,
P=0.012 and %?=3.980, P=0.046, respectively). On the other
hand, neuropathy showed no significant difference between the
two groups (% = 3.356, P = 0.067).

3.3. Serum vitamin D and its categories in controls and diabetic
patients

As indicated in Table 3, serum vitamin D was significantly lower
in diabetic patients with respect to controls (25.9 +11.0 versus
34.6 + 13.8 ng/dl, % difference = 28.8%, P <0.001). The number of

Table 2
Diabetic complications in controls and diabetic patients.
Complication Controls (n =58) Patients (n=58) %2 P-value
Retinopathy
Yes 4(6.9) 15 (25.9) 6.294 0.012
No 54 (93.1) 43 (74.1)
CVD
Yes 3(5.2) 11 (19.0) 3.980 0.046
No 55 (94.8) 47 (81.0)
Neuropathy
Yes 1(1.7) 7(12.1) 3.356 0.067
No 57 (98.3) 51(87.9)

CVD: Cardiovascular disease.

Values are n (%).

P-value of 2(corrected) test.

P < 0.05: Significant, P> 0.05: not significant.

patients having vitamin D deficient, insufficient and sufficient were
6 (10.4%), 35 (60.3%) and 17 (29.3%) compared to controls of 3
(5.2%), 16 (27.6%) and 39 (67.2%), respectively (x2:14.672 and
P <0.001).

3.4. Metabolic profile of controls and diabetic patients

Table 4 illustrates that serum glucose, HbAlc, serum ALT, AST
and triglycerides were significantly higher in patients
(208.2 + 113.0 mg/dl, 7.9 + 1.7%, 20.9 + 14.8 U/L, 22.6 + 10.6 U/L and
284.7 +120.2mg/dl) than in controls (100.5+24.4 mg/dl,
53+0.8%, 16.5+6.2 U/L, 179 +6.0 U/L and 234.2 + 134.6 mg/dl)
with P<0.001, P<0.001, P=0.045, P=0.004 and P=0.035,
respectively. In contrast, serum insulin, HDL-C and calcium were
significantly lower in patients compared to controls (13.0 +13.7
wU/ml, 34.5 + 7.1 mg/dl and 9.0 + 0.7 mg/dl versus 18.0 + 8.7 ulU/
ml, 41.3 + 10.9 mg/dl and 9.4 + 0.7 mg/dl, P =0.030, P <0.001 and
P =0.002, respectively).

3.5. Serum vitamin D in relation to the studied parameters

As shown in Table 5, Pearson correlation test revealed significant
negative correlations of serum vitamin D with HbA1lc (r=- 0.186,
P =0.046), ALT (r =- 192, P = 0.040) and AST (r =- 0.188, P = 0.044).
Conversely, significant positive correlation of serum vitamin D was
found with HDL-C (r=0.188, P=0.044) and calcium (r=0.239,
P =0.010).

4. Discussion

Despite the high morbidity and mortality cases of diabetes
mellitus in Gaza Strip [32], there is under-diagnosis and under-
reporting of the disease. Biochemical tests of diabetes are
restricted to monitoring blood glucose level when the patient visits
the clinic. This necessitated further assessment of other biochem-
ical parameters in blood such as vitamin D, aiming to speculate its
possible role, if present, in this metabolic disorder. Vitamin D
deficiency has been recently linked to type 2 diabetes [33,34]. This
study is the first to assess serum vitamin D status and its relations
to other metabolic parameters in type 2 diabetic patients in Gaza
strip.

Type 2 diabetes was more frequent among unemployed patients
and among low-income families. Similar results were previously
documented [35,36]. It was addressed that poverty increases type 2
diabetes incidence and inequality of care despite universal health
coverage [37]. Family history of diabetes and diet were significantly
higher in patients compared to controls. Indeed, family history is
well recognized as a risk factor for type 2 diabetes [38]. The finding
that about half of patients (48.3%) had diabetes for 5 years or less
does confirm the idea that type 2 diabetes has a long asymptomatic
pre-clinical phase which frequently goes undetected. At the time of
diagnosis, the patient could have one or more diabetes complica-
tions. Retinopathy and CVD were significantly higher in patients
compared to controls. It is worth mentioning that CVD associated
with diabetes is the leading cause of morbidity and mortality;
diabetic patients have up to a 3 times increase in mortality than
non-diabetics [39].

Serum vitamin D was significantly lower in patients with respect
to controls. When categorized, the number of patients having
vitamin D deficient and insufficient was significantly higher than
controls. This does support the finding that hypovitaminosis D is
prevalent in type 2 diabetic patients [10,40]. The precise role of
vitamin D in the pathophysiology of type 2 diabetes still ambiguous
and needs further clarification. The proposed mechanisms to
explain how vitamin D deficiency promotes type 2 diabetes
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Table 3

Serum vitamin D and its categories in controls and diabetic patients.
Category Controls (n=58) Patients (n =58) Test P-value
Vitamin D (ng/dl) (min - max) 34.6 +13.8 (10-70) 259+11.0(3.8-55) t=3.780 <0.001
Deficient (<10 ng/dl) 3(5.2) 6(10.4) %2 =14.672 <0.001
Insufficient (10—30 ng/dl) 16 (27.6) 35 (60.3)
Sufficient (>30 ng/dl) 39 (67.2) 17 (29.3)

Values are n (%) except vitamin D where values are expressed as means + SD.
P-value of y2(corrected) test.
P < 0.05: Significant.

Table 4

Metabolic profile of controls and diabetic patients.
Category Controls (n=58) Patients (n = 58) % Difference t-test P-value
Glucose (mg/dl) 100.5 +24.4 208.2+113.0 69.8 7.097 <0.001
HbA1c (%) 53+0.8 79+1.7 394 10.757 <0.001
Insulin (uIU/ml) 18.0+8.7 13.0+13.7 -32.2 2.028 0.030
ALT (U/L) 16.5+6.2 209+14.8 23.0 2.032 0.045
AST (U/L) 17.9+6.0 22.6+106 23.2 2.962 0.004
Urea (mg/dl) 33.7+9.0 36.9+10.9 9.1 0.817 0.087
Creatinine (mg/dl) 0.8+0.3 0.7+04 -11.8 1.726 0.416
Cholesterol (mg/dl) 1752 +48.7 185.0 +64.9 5.4 0.927 0.356
Triglycerides (mg/dl) 234.2+134.6 284.7 +120.2 9.7 2.130 0.035
HDL-C (mg/dl) 41.3+10.9 345+7.1 -17.9 3.975 <0.001
LDL-C (mg/dl) 86.5+704 95.0 +40.1 9.4 0.767 0.445
Calcium (mg/dl) 94+0.7 9.0+0.7 —4.3 3.246 0.002
Phosphorus (mg/dl) 44+0.9 43+0.6 -2.3 0.076 0.940

HbA1c: Glycated hemoglobin, ALT: Alanine aminotransferase, AST: Aspartate aminotransferase, 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
Serum vitamin D in relation to the studied parameters.

Parameter Serum vitamin D (ng/dl) P-value

Pearson's correlation (r)

Glucose (mg/dl) -0.143 0.130
HbA1c (%) —-0.186 0.046
Insulin (uIU/ml) 0.137 0.181
ALT (U/L) -0.192 0.040
AST (U/L) —-0.188 0.044
Urea (mg/dl) -0.104 0.286
Creatinine (mg/dl) -0.097 0.351
Cholesterol (mg/dl) —0.081 0.390
Triglycerides (mg/dl) —-0.150 0.109
HDL-C (mg/dl) 0.188 0.044
LDL-C (mg/dl) -0.123 0.190
Calcium (mg/dl) 0.239 0.010
Phosphorus (mg/dl) -0.102 0.448

HbAlc: Glycated hemoglobin, ALT: Alanine aminotransferase, AST: Aspartate
aminotransferase, 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.

included; 1) vitamin D appears to enhance directly insulin syn-
thesis via the nuclear vitamin D receptor (VDR) in B-pancreatic cells
[41], 2) vitamin D may also promote morphological improvement
in pancreatic islet cells, decrease apoptosis, and have nongenomic
effects mediated by messenger VDR [42], and 3) vitamin D acts to
reduce inflammation, which is a major process in inducing insulin
resistance [14].

Serum glucose, HbA1c, serum ALT, AST and triglycerides were
significantly higher in patients than in controls whereas serum
insulin, HDL-C and calcium were significantly lower in patients.
Such findings are in agreement with that reported by several

authors [43—45]. HbA1c has been used as an objective marker of
average glycemic control for many years, has an accepted place in
the monitoring of patients with diabetes, and is relied on for sig-
nificant management decisions, such as initiation of insulin therapy
[46]. Hypoinsulinemia observed in the present study minimizes the
utilization of glucose by the cell leading to hyperglycemia. Under
such circumstances, insulin resistance which is a well-established
feature in type 2 diabetes may exacerbate the condition [47].
Lipid metabolism will also be disturbed in the form of elevated
triglyceride levels and low HDL-C levels [48,49]. Elevation of ALT
and AST in patients could be explained by hepatotoxicity of excess
fatty acids and by oxidative stress from reactive lipid peroxidation,
peroxisomal beta-oxidation, and recruited inflammatory cells [4].
Association between liver enzymes and incident type 2 diabetes
have been recently admitted [50,51]. The observed hypocalcaemia
with the resultant hypoinsulinemia may be a possible mechanism
to explain the association between calcium insufficiency and the
risk of diabetes [52].

In this study, serum vitamin D showed significant negative
correlations with HbA1c, ALT and AST whereas significant positive
correlations were found with HDL-C and calcium. Similar findings
were reported in the literature [53,54]. The negative correlation
between vitamin D and HbA1c throughout the course of the disease
indicates the involvement of vitamin D deficiency in pathophysi-
ology of type 2 diabetes. This may have therapeutic implications as
vitamin D supplementation may improve glycemic control in type 2
diabetes. In this regard, further research is recommended to assess
serum vitamin D status and its relation to HbA1c in different stages
of diabetic nephropathy. The significant positive correlation of
vitamin D with calcium implies that vitamin D deficiency is asso-
ciated with hypocalcaemia in type 2 diabetic patients. As insulin
secretion is a calcium-dependent process [55], hypocalcaemia will
decrease its secretion from B-pancreatic cells. The significant
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decrease in insulin level observed in diabetic patients does support
this view. Therefore, one can say that cautious combined supple-
mentation with both vitamin D and calcium would be beneficial in
optimizing glucose metabolism in type 2 diabetes.

5. Conclusions

Serum vitamin D was significantly lower in diabetic patients
compared to non-diabetic controls. Serum glucose, HbAlc, serum
ALT, AST and triglycerides were significantly higher in patients than
in controls whereas serum insulin, HDL-C and calcium were
significantly lower in patients. Serum vitamin D showed significant
negative correlations with HbA1c, ALT and AST whereas significant
positive correlations were found with HDL-C and calcium.
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