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A B S T R A C T

Background: Type 2 diabetes is resulting from insulin resistance and/or progressively reduced insulin
secretion. Vitamin D nuclear receptor present on the β cells of the pancreas promotes the growth,
synthesis and secretion of insulin. Furthermore, vitamin D deficiency has been associated with numerous
disorders, such as type 2 diabetes, cardiovascular diseases, arterial hypertension, cancer, multiple sclerosis,
depression, psychiatric diseases.
Aim: Determine the frequency of hypovitaminosis D among type 2 diabetes patients and those without
diabetes in Libreville.
Materials and Methods: The study population was composed of 92 type 2 diabetes patients (cases)
and 100 non-diabetics (controls). The vitamin D and glycated hemoglobin were performed using 25 OH
Vitamin D total kit and FIA8000 kit respectively. The blood glucose, calcemia and phosphorus were
performed using standard spectrophotometric assay.
Results: Insufficient vitamin D (<30ng/mL) was found among 55.2% of the study population that was
57.0% of insufficient vitamin D in cases and 53.3% in controls. In the general population vitamin D was
not correlated to blood glucose (r= -0.0270). Thus, with glycated hemoglobin, no correlation was found
with vitamin D among cases. However, a weak negative correlation of vitamin D with blood glucose has
been found in control group (r= -0.2798).
Conclusion: High hypovitaminosis D was found among cases and controls. Therefore and in regards of
studies based on vitamin D supplementation, with an appropriate concentration of vitamin D or calcitriol,
glucose homeostasis may be maintained. Moreover, implementation of preventive measures should be done
to avoid disastrous consequences of vitamin D insufficiency.

This is an Open Access (OA) journal, and articles are distributed under the terms of the Creative Commons
Attribution-NonCommercial-ShareAlike 4.0 License, which allows others to remix, tweak, and build upon
the work non-commercially, as long as appropriate credit is given and the new creations are licensed under
the identical terms.
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1. Introduction

Type 2 diabetes (T2DM) is a multifactorial disease
characterized by a disturbance in carbohydrate, lipid and
protein metabolism. This disturbance may be associated
with serious complications such as myocardial infarction,
stroke and renal failure.1
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E-mail address: rnikiemandong@gmail.com (R. Nikiema-Ndong).

According to the International Diabetes Federation, in
2021, 537 million adults worldwide were living with
diabetes mellitus. An estimated 6.7 million people aged 20
to 79 died of diabetes-related causes in 2021. In Africa,
the number of people with diabetes was 23.6 million, with
a prevalence of 4.5% in 2021. This could rise to 54.9
million by 2045, with a prevalence of 5.2%.2 In Gabon, a
Central African country with a population of 2.3 million in
2022, prevalence was estimated at 5-6%.3 Type 2 diabetes
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is resulting from insulin resistance and/or progressively
reduced insulin secretion.4 Insulin resistance leads to
chronic hyperglycemia, with increased oxidative stress and
pro-inflammatory cytokine production, impairing insulin
signalling pathways, lipid metabolism, protein synthesis and
cell differentiation. It can also alter body concentrations of
micronutrients.5,6

In view of this, maintaining glycemic control in patients
with T2DM requires strategies that combine appropriate
dietary hygiene measures with drug therapy. A balanced
diet with adequate vitamin and trace element content could
reduce glycated hemoglobin levels in T2DM patients by
0.3-2%.7 Vitamin D has a nuclear receptor which is present
on the β cells of the pancreas. This receptor promotes
the growth, synthesis and secretion of insulin through its
important role in the regulation of several genes, notably
those involved in insulin production.8 Some studies have
shown that vitamin D deficiency defined as a serum
concentration of 25-hydroxyvitamin D (25(OH)D) below 20
ng/mL is a factor that promotes glycemic imbalance.9–11

Furthermore, vitamin D deficiency has been associated
with numerous disorders, such as cardiovascular diseases,
arterial hypertension, cancer, multiple sclerosis, depression,
psychiatric diseases, and others.12,13 However, vitamin D
deficiency has been reported to be prevalent in the general
population. Data showed 15.7%, >20%, 13%, 7.4% and
5.9% of vitamin D deficiency respectively in worldwide,
India, Europe, Canada and United States of America.14,15

Setting of strategies to deal with this deficiency was
important to improve the health status of the population.
What is the current state of this deficiency among type 2
diabetes patients and non-diabetic’s patients at Libreville?
The aim of this study was to determine the frequency of
hypovitaminosis D among patients suffering from type 2
diabetes and those without diabetes in Libreville.

2. Materials and Methods

2.1. Site and type of study

The study took place in Libreville, the administrative and
political capital of Gabon. Patients were recruited from the
endocrinology and metabolic diseases department of the
Centre Hospitalier Universitaire de Libreville (CHUL). The
study was a cross-sectional, analytical case-control study
conducted from January to September 2022.

2.2. Ethics

This work was carried out in accordance with the
recommendations of the Declaration of Helsinki on the
use of living beings.16 Authorization was obtained from
the head of the CHUL. Moreover, informed consent was
obtained from all participants. They were assured of the
confidentiality of data collected during the survey.

2.3. Inclusion and non-inclusion criteria

The population was divided into cases representing
patients with diabetes hospitalized or consulting the CHUL
Endocrinology and Metabolic Diseases Department, and
controls from the general population. Cases were all with
type 2 diabetes and controls over 25 years of age who agreed
to take part in the study and signed an informed consent
form beforeh and.

Excluded from the study were breastfeeding or pregnant
women with or without gestational diabetes, immune-
compromised patients, sickle-cell patients, dialyzed patients
and those with systemic diseases, parathyroid diseases.

2.4. Patient and sample selection

Participants were recruited on a voluntary basis. Following
consent and verification of non-inclusion criteria, the
clinical examination allowed socio-demographic data
collection. This was followed by a general examination and
anthropometric measurements.

Venous blood samples were then taken to measure blood
glucose, glycated hemoglobin, calcium, phosphorus and
vitamin D.

2.5. Dosage of vitamin D, blood glucose, calcemia,
phosphorus and HbA1c

Biological assays were performed at the Biochemistry
Laboratory of the University of Health Sciences.

The vitamin D assay was performed using the
Biomerieux VIDAS 25 OH Vitamin D total kit. This is a
quantitative test for the determination of 25-hydroxyvitamin
D total in human serum and plasma. The blood glucose,
calcemia and phosphorus assay was performed using
a Biolabo kit in accordance with the manufacturer’s
recommendations. Glycated hemoglobin was determined
using FIA8000 kit.

2.6. Statistical analysis

Statistical analysis was carried out using Epi info 7.2.5.0.
Proportions, means with standard deviations and correlation
were calculated. In addition, Mann-Witney/wilcoxon and
ANOVA tests were used to compare quantitative and
qualitative variables. For a P-value < 0.05, the tests were
significant.

3. Results

Socio-demographic data of the study population showed
that mean age was 52.3±13.5 years, and women accounted
for 55.7% (Table 1).

Mass index and abdominal circumference were 27.1±5.5
kg/m2 and 89.4±12.9 cm respectively in the general
population (Table 1).
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Moreover, arterial hypertension was more found in
cases (n=56.0%) compared to controls (n=12.0%) P=0.000.
Physical activities were practiced by 18.2% of the general
population with 6.2% for type 2 diabetes patients and 12.0%
for control patients.

Alcohol consumption accounted for 75.0% with control
and 37.0% with cases (P=0.000) (Table 1).

Mean average of vitamin D among control and cases
was comparable (P=0.467). Mean blood glucose was higher
among patients with diabetes (8.8±4.1mmol/L) compared to
control (4.8±0.6mmol/L) (Table 2).

Furthermore, insufficient vitamin D was found among
55.2% of the study population that was 57.0% of insufficient
vitamin D in cases and 53.3% in controls (Table 2). All
controls group subjects had normoglycemia (n=100%). But
only 32.0% of diabetic’s population was on normoglycemia
(Table 2). Normal calcemia was found in most majority of
the population. On the other hand, near 50% of subject has
abnormal phosphorus concentration (Table 2).

In the general population vitamin D was not correlated
to blood glucose (r= -0.0270). However, a weak negative
correlation of vitamin D with blood glucose has been
found in control group (r= -0.2798). Thus, with glycated
hemoglobin, no correlation was found with vitamin D
among type 2 diabetes patients (Table 3).

4. Discussion

The aim of our study was to investigate the distribution of
vitamin D among type 2 diabetes patients and non-diabetics
with a view of improving the management of people healthy.
In the total population, hypovitaminosis D of 55.2% was
found, with P=0.052. This value is not significant but
indicates a high proportion of hypovitaminosis D in the
population representing more than half. Hypovitaminosis
is common in the general population. In a meta-analysis
study carried out in South Asia in 2021 by Siddiqee et al.
on the prevalence of vitamin D in adults, they reported that
68% of this population had hypovitaminosis D and more
specifically 73% of people with hypovitaminosis were from
Pakistan, 67% from Bangladesh and India, 57% from Nepal
and 48% from Sri Lanka, a proportion close to our study.17

Furthermore, in the study conducted by Forrest KY and
colleagues in 2011 on the prevalence of diabetes in adults
in the USA, the frequency of hypovitaminosis D was 41.6%
with 82.1 in blacks and 69.2% in Hispanics.18 In Africa,
a meta-analysis by Mogire and colleagues found 58.54%
hypovitaminosis for vitamin D levels below 75mmol/L
(<30ng/L).19 These studies corroborate our findings and
suggest that hypovitaminosis D is common in the general
population. However, the different variations observed from
one country to another are due, among other things, to
several factors such as genetics, skin color, seasons, latitude,
environment, diet and disease.20,21

In the present study, vitamin D levels were determined
in patients with type 2 diabetes and healthy individuals
(controls). The proportion of hypovitaminosis D in people
with type 2 diabetes and healthy people was 57.0% and
53.3% respectively. Several authors have reported high
rates of hypovitaminosis D in people living with type 2
diabetes. Indeed, in Nigeria, Anyanwu et al., in 2020, found
a frequency of hypovitaminosis D varying from 63.2% in
type 2 diabetics.22 Similarly, Lei Zhang et al., reported
48.8% vitamin D deficiency in type 2 diabetics in China.23

However, in the present study, vitamin D levels in
people with type 2 diabetes compared with controls were
not significant. These results have been reported by other
authors.22 This may suggest that vitamin D is not a
predictive factor in the occurrence of type 2 diabetes.
Indeed, several studies of vitamin D supplementation in
people living with type 2 diabetes have been conducted to
see the impact of vitamin D in the occurrence of type 2
diabetes. In a multicentric randomized trial conducted by
Pittas AG et al., people with pre-diabetes were given a
dose of 4000 IU/day of vitamin D3 corresponding at 100ug.
The recommended daily dose is 15ug/day for people aged
between 1 and 70, and the harmful dose is over 50.000
IU/day24 for a total of 1211 people. Another group of people
(1212) were given a placebo for 2.5 years. At the end of
this period, as many people in the placebo group as in the
vitamin D group developed diabetes.25 Furthermore, in our
study, vitamin D3 levels were not correlated with HbA1c.
The mean glycated hemoglobin level in our population of
people living with diabetes was 7.4±2.1%, indicating that
our population had unbalanced diabetes. This could indicate
that the pathology was not being monitored optimally. In our
study, vitamin D supplementation was not carried out; only
oral anti-diabetic treatment, diet and sports activities were
prescribed. This had no impact on glycemic control as we
found 47% patients with >7% HbA1c.

A randomized controlled trial conducted in Montenegro
by Milena Cojic et al. in 2021 on 130 patients with
type 2 diabetes on anti-diabetic treatment including
metformin, high-dose vitamin D supplementation was
carried. In the vitamin D supplementation group, those
with hypovitaminosis D (25-hydroxyvitamin D <20ng/ml)
received 50000 IU/week for the first 3 months and 14000
IU/week for the following 03 months, and those with
vitamin D >20 ng/ml received 14000 IU/week for the
06 months of the study. At the end of this study, the
recommended doses of vitamin D significantly reduced
HbA1c levels after 6 months of vitamin D supplementation
in supplemented patients compared with not supplemented
patients.26 However, vitamin D3 is only active in the body
once it has been converted to calcitriol by vitamin D
25-hydroxylase. Thus, if this enzyme is not synthesized,
supplementation with vitamin D3 will not be effective. For
this reason, a study conducted by Xu J et al., in 2015 on
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Table 1: Characteristics of the study population

Parameters Toal N=192 Case N=100 Controls N=92 P value
Age (years) 52.3±13.5 58.2±11.8 46± 12.3 0.000
Gender N (%) 0.411
Female 107 (55.7) 57 (57.0) 50 (54.3)
Male 85 (44.3) 43 (43.0) 42 (45.7)
Weight (kg) 73.5±14.7 74.3±14.5 72.6±15.0 0.446
Size (m) 1.6±0.1 1.6±0.1 1.6±0.1 0.182
Abdominal Perimeter (cm) 89.4±12.9 91.6±12.4 86.9±12.9 0.010
Body Mass Index (kg/m2) 27.1±5.5 27.7±5.4 26.5±5.6 0.137
Physical activities
Yes 35 (18.2) 12 (12.0) 23 (25.0) 0.015
No 157 (81.8) 88 (88.0) 69 (75)
AH (%) 0.000
Yes 67 (34.9) 56 (56.0) 11 (12.0)
No 125 (65.1) 44 (44.0) 81 (88.0)
SBP (mmHg) 139.4±21.2 146.6±20.7 131.6±19.1 0,000
DBP (mmHg) 88.3±12.2 88.9±12.7 87.8±11.5 0.529
Alcohol N (%) 0.000
Yes 106 (55.2) 37 (37.0) 69 (75.0)
No 86 (44.8) 63 (63.0) 23 (25.0)
Tobacco N (%) 0.176
Yes 18 (9.4) 7 (7.0) 11 (12.0)
No 174 (90.6) 93 (93.0) 81 (88.0)
Duration of diabetes 8.8±9.6
(years ±SD)

AH: Arterial hypertension, SBP: Systolic blood pressure, DBP: Diastolic blood pressure, SD: Standard deviation

Table 2: Comparison of means and proportions of biological data between cases and controls

Parameters Total Cases (N=100) Controls (N=92) P value
Vitamin D (ng/mL) (mean±SD) 27.4±9.4 28.6±12.9 0.467
Blood glucose (mmol/L)
(mean±SD)

8.8±4.1 4.8±0,6 0.000

Glycated hemoglobin (%) NA 7.4±2.1 NA NA
Vitamin D (ng/mL) (%) 106 57 (57.0) 49 (53.3) 0.707
Insufficient (55.2) 43 (43.0) 43 (46.7)
Sufficient 86 (44.8)
Blood glucose (mmol/L) (%) 01 (0.5) 01(1.0) 0 (0.0) 0.000
Hypoglycemia 124 32 (32.0) 92 (100.0)
Normoglycemia (64.6) 67(67.0) 0(0.0
Hyperglycemia 67 (34.9)
Calcemia (nmol/L) 0.046
Normal 166 (86.5) 82 (82.0) 84 (91.3)
Abnormal 26 (13.5) 18 (18.0) 8 (8.7)
Phosphorus (nmol/L)
Normal 92 (47.9) 46 (46.0) 46 (50.0) 0.341
Abnormal 100 (52.1) 54 (54.0) 46 (50.0)

N: number of subjects; NA: not applicable, SD: Standard deviation

Table 3: Correlation between vitamin D with glycemia and HbA1c

Glycemia HbA1c

Vitamin D
Total -0.0270 NA
Cases 0.0573 -0.0221

Controls -0.2798 NA

HbA1c: glycated hemoglobin; NA: not applicable
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the effect of calcitriol in diabetics noted that the HbA1c
percentage improved.27 Similarly, in the study by Eftekhari
et al., who supplemented patients with type 2 diabetes over
12 weeks with low levels of calcitriol, 0.25ug/day, noted that
supplementation attenuated the rise in blood glucose and
increased insulin production.28

Thus, calcitriol would appear to play a role in glucose
homeostasis, including beneficial effects on pancreatic β-
cell function and insulin action. A vitamin D3 effect was
only observed at very high doses in these studies. In the
controls group of the present study, the weak negative
correlation observed with vitamin D and blood glucose may
explain the fact that with an appropriate concentration of
vitamin D or calcitriol, blood glucose could be maintain
normal.

5. Conclusion

High hypovitaminosis D was found among type 2 diabetes
patients and non-diabetics. Blood glucose and glycated
hemoglobin among cases was not correlated to vitamin D.
however, a weak negative correlation with vitamin D and
blood glucose in controls was found.

Therefore, and in regards of studies based on vitamin
D supplementation, with an appropriate concentration
of vitamin D or calcitriol, glucose homeostasis may
be maintained. Moreover, implementation of preventive
measures should be done to avoid disastrous consequences
of vitamin D insufficiency.
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