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Abstract: Vitamin D (Vitamine D), classically recognized as an important player in bone and phosphocalcic metabolism, has
shown, through recent studies, its involvement in the pathogenesis of insulin resistance in case of deficiency. The aim of this
work is to describe the profile of vitamin D in a type 2 diabetic population and to correlate the vitamin D status with the
different metabolic parameters in this population admitted in the University Hospital of Marrakech. It is a descriptive crosssectional study of a population of type 2 diabetic patients, coming for a follow-up assessment of diabetes and having
performed an evaluation of the level of 25 hydroxy vitamin D3 in blood. Demographic, clinical, evolutionary and biological
data were collected. The mean of 25 (OH) vitamin D3 was 12.55 ± 8.14 ng / ml for the group, and was 13.15 ± 8.93 ng / ml for
women and 11.82 ± 7.31 ng / ml for men. These patients were classified into three groups: Group 1: 25 (OH) D < 10 ng / ml
objectified in 37 patients (44%); group 2: 25 (OH) D between 10 and < 29 ng / ml in 43 patients (51.2%) and group 3: 25 (OH)
D > 30 ng / ml present in 4 patients in this population (4, 8%). Several studies have reported an association between vitamin D
status and the development of type 2 diabetes. Experimental studies have suggested that vitamin D deficiency decreases insulin
sensitivity, carbohydrate tolerance and β-pancreatic function. The data of this work underline the high frequency of vitamin D
deficiency in the Moroccan population suffering from type 2 diabetes.
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1. Introduction
Vitamin D (Vitamin D) has long been considered an
essential hormone for regulating phosphocalcic metabolism
and bone mineralization. The progression of the fundamental
and clinical knowledge made it possible to conclude to its
implication in the pathogenesis of insulin-resistance in the
event of deficiency [1]. This insulin resistance is a major risk
factor for diabetes contributing to its pathogenesis and
decreased glucose tolerance [2-4].
The concomitant association of vitamin D deficiency with
insulin resistance and their important metabolic
consequences has led to the hypothesis of a possible role of
vitamin D in the pathogenesis of type 2 diabetes [1].
The purpose of this work is to describe the blood levels of
vitamin D in a population of type 2 diabetes patients referred
to the Marrakech University Hospital Center for assessment
and to establish a correlation between the status of vitamin D

and the various metabolic parameters, as well as degenerative
complications in this population.

2. Patients and Methods
This is a descriptive cross-sectional study of a population
of patients with type 2 diabetes who performed outpatient
assessments at the laboratory's collection room. This work
was done at Mohamed VI University Hospital in Marrakech.
We included all the patients coming for a follow-up report
of the diabetes and having benefited from a dosage of
vitamin D. The demographic, clinical, evolutionary and
biological data were collected.
The clinical parameters studied were: age; sex; age of
diabetes, body mass index, blood pressure (measured with a
standard mercury manometer), degenerative complications.
Information on smoking and the use of medications
(including oral antidiabetic drugs, insulin, antihypertensives,
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lipid-lowering drugs) was obtained from all participants by
questionnaire. The biological assessment was performed on
venous blood sample, the morning after 12 hours of fasting, the
measurement of serum hydroxy-vitamin D (D2 + D3) [25 (OH)
vitamin D3] was performed by electro-chemiluminescence
(Elecsys Vitamin D total test, Roche, Cobas 6000). 25 (OH)
deficiency Vitamin D3 was defined by a serum 25 (OH) vitamin
D3 level < 10 ng / ml, and the deficiency of 25 (OH) vitamin D3
by a serum level of 25 (OH) vitamin D3 between 10 and 29 ng /
ml The glycated hemoglobin (HbA1c) was measured by
eletophoretic method on capillary automaton (SEBIA 2), normal
value [VN] from 4.0 to 5.9%).
The rest of the biochemical parameters were determined
by spectrophotometric method (Cobas 6000-Roche).
In addition, the search for diabetes-related complications
has been realized and we have selected: nephropathy in the
presence of micro-or macroalbuminuria; retinopathy in the
presence of fundus abnormalities, possibly supplemented by
retinal angiography; peripheral neuropathy in the presence of
neuropathic pain according to the DN4 questionnaire (see
appendix) or in case of neurological test abnormalities.
He was considered to be a hypertensive patient with AS >
140 mmHg, or adiastolic BP > 90 mmHg, or on
antihypertensive therapy, and all patients received an
electrocardiogram, supplemented if necessary by appropriate
cardiac investigations.
Statistical analysis and data entry were performed by
Microsoft Office Excel 2007.

3. Results
Eighty-four patients participated in the study. The average
age of the patients was 56 +/- 11, with a female
predominance (sex ratio: H/F: 0.68). The average body mass
index of this population was 27.83 ± 2.43 kg / m2 and
20.23% of patients were smokers. The mean duration of
diabetes was 8.9 ± 7.8 years and the mean HbA1c was 9.08 ±
2.28%. The average value of 25 (OH) vitamin D3 was 12.55

± 8, 14 ng / ml with an average rate of 13.15 ± 8.93ng / ml
for women and 11.82 ± 7.31 ng / ml for men. (Table 1)
Table 1. Mean values of some characteristics of the studied population.
Characteristics of the population
Results
abetes (Demographics)
- Age (years)
56 ans +/- 11
- Sex (men / women)
34/50
- Duration of diabetes (years)
8,9 ± 7,8 ans
- Smoking (%)
20,23%
- BMI (kg / m2)
27,83 ± 2,43 kg/ m2
Biology
– 25 (OH) D (ng/ml)
12,55 ± 8,14 ng/ml
– HbA1c (%)
9,08 ± 2,28 %
*% Patients with HbA1c ≤ 7 (Well Balanced): 16.67%
*% Patients with HbA1c> 7 patients (poorly balanced): 83.33%
– CT (g/l)
1,72 ± 0,79
– TG (g/l)
1,77 ± 1,08
– HDL-C (g/l)
0,39 ± 0,08
– LDL-C (g/l)
0,94 ± 0,67
Complications
- Diabetic retinopathy
46,4 %
- Diabetic neuropathy
11,9 %
- Diabetic nephropathy
33,3 %
- Ischemic coronary artery disease
21,4%
– AOM
14,2%
Treatments
- ADO
51,2%
- Insulin
48,8%
BMI: body mass index; (OH) D: 25-hydroxy vitamin D3; HbA1c: A1C
glycated hemoglobin; CT: total cholesterol; TG: triglycerides; HDL-C: highdensity lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol;
ADO: oral antidiabetic agents.

These patients were classified into three groups: Group 1:
25 (OH) vitamin D3 < 10 ng / ml objectified in 37 patients
(44%); group 2: 25 (OH) vitamin D3 between 10 and < 29 ng
/ ml in 43 patients (51.2%) and group 3: 25 (OH) vitamin
D3 > 30 ng / ml present in 4 patients in this population
(4.8%). (Table 2)

Table 2. Stratification of the study population according to the circulating levels of 25 (OH) vitamin D3 and description of their clinical and biological
parameters.
Characteristics of the population
Demographics
- Age (years)
- Sex (men / women)
- Duration of diabetes (years)
- Smoking (%)
- BMI (kg / m2)
Biology
– 25 (OH) D (ng/ml)
– HbA1c (%)
– CT (g/l)
– TG (g/l)
– HDL-C (g/l)
– LDL-C (g/l)
Complications
- Diabetic retinopathy
- Diabetic neuropathy
- Diabetic nephropathy

25 (OH) vitamine D3 < 10 ng/ml
(44%) (N) = 37

25 (OH) vitamine D310 and < 29
ng/ml (51, 2 %) (N) = 43

25 (OH) vitamine D3 > 30 ng/ml
(4, 8 %) (N) = 4

60± 2 ans
13/24
9,78 ans
8%
28,13 kg/m2

60± 1 ans
12/28
8,23 ans
18 %
27,43 kg/ m2

39± 1 ans
0/3
10ans
100 %
21kg/m2

5,38 ± 3,06 ng/ml
16,14 %
1,63
1,63
0,40
0,83

16,94 ± 4,78 ng/ml
8,9 %
1,8
1,87
0,38
1,85

31,72 ± 1,8 ng/ml
10,26 %
2
2,5
0,36
1,14

45,9 %
24,32%
32,4 %

39,5 %
11,6 %
30,2 %

66,7 %
0%
0%
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Characteristics of the population
- Ischemic coronary artery disease
– AOM
treatments
- ADO
- Insulin
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25 (OH) vitamine D3 < 10 ng/ml
(44%) (N) = 37
29,72%
21,6%

25 (OH) vitamine D310 and < 29
ng/ml (51, 2 %) (N) = 43
14 %
11,6 %

25 (OH) vitamine D3 > 30 ng/ml
(4, 8 %) (N) = 4
33,3 %
0%

49 %
51 %

56 %
44 %

33 %
67%

4. Discussion
Vitamin D deficiency is widespread worldwide including
in countries with significant sunlight. This is a public health
problem emerging [2].
Experimental work suggests that vitamin D is involved in
many cardiovascular processes: cell proliferation,
differentiation, apoptosis, oxidative stress, membrane
transport, homeostasis and cell adhesion. For this reason it
plays a significant role in the pathogenesis of
cardiometabolic diseases (metabolic syndrome, obesity,
diabetes, hypertension) [5].
Convincing studies suggest the role of vitamin D
deficiency in the pathogenesis of insulin resistance and then
type 2 diabetes mellitus. The mechanism of this link is
incompletely understood. In fact, vitamin D deficiency is
usually detected in obesity in which insulin resistance is also
present. The coexistence of insulin resistance and vitamin D
deficiency has generated several hypotheses [6, 7].
Several studies have reported an association between
vitamin D status and the development of type 2 diabetes.
Vitamin D deficiency decreases insulin sensitivity, glucose
tolerance and beta-pancreatic function [2].
The relationship between vitamin D status and the
different clinical and metabolic parameters of type 2 diabetic
patients is less well studied; similarly, the relationship
between the status of Vitamin D and the degenerative
complications of T2D is less well known.
In our series, the mean value of 25 (OH) vitamin D3 was
12.55 ± 8.14 ng / ml; 95.2% of our patients had a deficiency
or deficiency of Vitamin D. Our results are consistent with
the 25 (OH) D levels found in other studies. A study carried
out at the Moulay Ismail Hospital in Meknes (Morocco) in
2015 showed that the average concentration of 25 (OH) D in
diabetic patients was 10.95 ± 6.99 ng / ml, with a prevalence
of Vitamin D deficiency of 98.1% [2]. Nobécourt et al, [8]
had in a French population composed of 638 diabetic
patients, vitamin D deficiency (< 30 ng / ml) in 93% of cases,
and severe (< 10 ng / ml) in 20% of cases. The same results
were reported respectively by Lee et al. [9] and the Korean
Yu JR et al [10].
In contrast, two US studies reported higher average
values of 25 (OH) D in diabetic patients, 22.9 ng / mL 22.3
ng / mL each [11, 12]. These data show that the levels of 25
(OH) vitamin D in DT2 patients vary from country to
country and from one ethnic group to another, depending on
the context.
Regarding the correlation between vitamin D status and
glycemic control, the different treatments for diabetes and

these degenerative complications, Suzuki et al. [2, 13], in a
Japanese study of T2D patients with a mean duration of
diabetes of 12 years, found a negative correlation between
the levels of Vitamin D and HbA1c, proliferative diabetic
retinopathy, and the type of treatment (insulin) as well as the
number of microvascular complications.
Serum 25(OH) D was determined in 337 Kurd patients with
DM type2 and in 146 patients without DM type2 [14].This
study indicated that low vitamin D status was present in two
thirds of patients with type 2 diabetes, particularly among
patients with poor glycaemic control and in those with longer
diabetes durations. Vitamin D supplementation may be an
effective public health intervention means, to improve the
vitamin D status of the population.
In addition, a study by Yilmaz et al. [15], in 171 T2D
patients, found a negative correlation between vitamin D
levels (< 20 ng / ml), and duration of diabetes (p = 0.011),
fasting glucose (p = 0.037), and HbA1c (p = 0.026). In
contrast, in this study, vitamin D is not associated with sex,
age, BMI, HDL-C and LDL-C, hypertension, and smoking.
The majority of our patients had a vitamin D deficiency or
deficiency, only four patients had normal vitamin D levels. It
would be preferable to include a group of T2 D patients with
optimal vitamin D levels in order to be able to compare these
groups. and conclude on the relation between the vitamin D
status and the metabolic parameters of the type 2 diabetic
subject.

5. Conclusion
Beyond a well-demonstrated role in osteo-muscular
metabolism, Vitamin D appears to be an important health
parameter. Numerous epidemiological data corroborated by
a theoretical rationale suggest that a vitamin D deficiency
may be a risk factor for type 2 diabetes, other
cardiovascular risk factors and their micro and
macrovascular complications.
Further studies with similar study designs are needed to
confirm these findings in the absence of systematic
recommendations for supplementation in diabetics. Thus
awareness and prevention measures especially in the at-risk
population should be conducted.

References
[1]

T. Mezza, G. Muscogiuri, G. P. Sorice, A. Prioletta, E.
Salomone, A. Pontecorvi, A. Giaccari. Vitamin D Deficiency:
A New Risk Factor for Type 2 Diabetes?Ann Nutr Metab
2012; 61: 337–348.

73

Rachidi Meriem et al.: Type 2 Diabetes and Vitamin D Status

[2]

S. Safi, H. Ouleghzal, I. Khaldouni, H. Hassikou, L. Ballouch,
Y. Bamou, L. Hadri. Statut de la vitamine D chez les patients
diabétiques de type 2 marocains. Médecine des maladies
Métaboliques - Février 2015 - Vol. 9 - N°1.

[3]

Mitri J, Pittas AG. 25 (OH) D: 25-hydroxy-vitamin D.
Endocrinol Metab Clin North Am 2014; 43: 205-32.

[4]

Pilz S, Kienreich K, Rutters F, et al. Role of vitamin D in the
development of insulin resistance and type 2 diabetes. Curr
Diabetes Rep 2013; 13: 261-70.

[5]

P. E. Norman and J. T. Powell. Vitamin D and Cardiovascular
Disease. Circ Res. 2014; 114: 379-393.

[6]

Christy S Maxwell and Richard J Wood. Update on vitamin D
and type 2 diabetes. Nutrition Reviews 2011; Vol. 69 (5): 291–
295.

[7]

Cavalier E, Delanaye P, Souberbielle JC, Radermecker RP.
Vitamin D and type 2 diabetes mellitus: where do we stand?
Diabetes Metab. 2011; 37: 265-72.

[8]

Nobécourt E, Diedisheim M, Radu A, et al. Carence en
vitamine D chez les diabétiques. Conséquences sur le
métabolisme phosphocalcique. Diabetes Metab 2010; 36
(Special issue 1): A62 [Abstract P95].

[9]

Lee JI, Oh SJ, Ha WC, et al. Serum25-hydroxyvitamin D
concentration and arterial stiffness among type 2 diabetes.
Diabetes Res Clin Pract 2012; 95: 42-7.

[10] Yu JR, Lee SA, Lee JG, et al. Serum vitamin D status and its
relationship to metabolic parameters in patients with type 2
diabetes mellitus. Chonnam Med J 2012; 48: 108-15.
[11] Kos E, Liszek MJ, Emanuele MA, et al. The effect of
metformin therapy on vitamin D and vitamin B12 levels in
patients with type 2 diabetes mellitus. EndocrPract 2012; 18:
179-84.
[12] Payne JF, Ray R, Watson DG, et al. Vitamin D insufficiency in
diabetic retinopathy. EndocrPract 2012; 18: 185-93.
[13] Suzuki A, Kotake M, Ono Y, et al. Hypovitaminosis D in type
2 diabetes mellitus: Association with microvascular
complications and type of treatment. Endocr J 2006; 53: 50310.
[14] Al-Timimi DJ, Ali AF. Serum 25(OH) D in diabetes mellitus
type 2: relation to glycaemic control. J Clin Diagn Res 2013;
7: 2686-8.
[15] Yilmaz H, Kaya M, Sahin M, Delibasi T. Is vitamin D status a
predictor glycaemic regulation and cardiac complication in
type 2 diabetes mellitus patients? Diabetes MetabSyndr 2012;
6: 28-31.

