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Abstract

Background: Vitamin D (mainly 25-hydroxyvitamin D, 25[OH]D) has stimulated in-
creasing interest in Saudi Arabia over the current years due to its association with
several different chronic diseases such as diabetes. This study aims to ascertain
whether the vitamin D level has any influence on glycemic control in Saudi patients
with type 2 diabetes (T2DM).

Method: This retrospective study included 200 patients with T2DM who vis-
ited Prince Sattam Bin Abdulaziz University Hospital between January 2015 and
December 2015. Venous blood was collected and examined for “serum/plasma levels
of 25(0OH)D” and related variables using kit methods. HbA1C levels <7% and 27%
were taken as indicators of good and poor glycemic control, respectively. An associa-
tion between vitamin D deficiency and poor glycemic control was determined using
multinomial logistic regression analysis.

Results: Among the total of 200 patients with type 2 diabetes, 118 (59%) were female
and 82 (41%) were males with the mean age 42.4 + 14.8 years. Good glycemic control
(HbA1c < 7) was observed in 127 (63.5%), and poor glycemic control (HbAlc > 7) was
found in 73(36.5%). The mean serum 25(OH)vit D was 20.27 + 8.66 ng/mL, with (52%
vs 82%; P < .001) of subjects identified to have vitamin D deficiency in good and poor
glycemic control groups, respectively.

Conclusion: Taken together, our results demonstrated an association of vitamin D
level with poor glycemic control in patients with type 2 diabetes. However, additional
studies with larger sample size from local population are warranted in future to con-

firm and extend the findings of the present study.
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1 | INTRODUCTION

Diabetes is considered as a foremost public health epidemic world-
wide that imposes a significant mortality and comorbidity attribut-
able to macrovascular and microvascular complications.® Effective
diabetes therapies have been proposed during the past few years.
While, novel insights to manage and prevent this condition remains
necessary because of an amplified disease prevalence. Vitamin D
has fascinated extensive interest in the past with respect to extra-
skeletal outcomes in several different disease conditions such as
diabetes.? Deficiency of vitamin D (ie also referred to as serum 25-
hydroxyvitamin D [25(OH)D] <50 nmol/L) is primarily prevalent in
the diabetic population.® In King Saud Bin Abdulaziz University,
the diabetes mellitus prevalence is estimated to be 23.7%.° World
Health organization7 reported diabetes to be 8.3% among the age
group of 20 and 70 years that was considerably expected to inten-
sify to 10.1% in 2035. A contemporary review on different Saudi
Arabia population by AI-Daghri8 suggested that deficiency of vita-
min D prevalence studied from 2011-2016 was 81%.% Glycated he-
moglobin (HbA1c) is one of the markers to analyze the glycemic state
of an individual over several years.9 At present, the levels of HbA1lc
are used to diagnose the diabetes and adjust therapies to manage
diabetes.!® The diagnosis of diabetes by HbA1c levels is advanta-
geous over fasting blood glucose or glucose tolerance test because
its levels are least affected by the changes in glucose concentrations
in response to illness or stress.!%!

Previous evidences from cross-sectional studies demonstrate
an inverse relationship between hyperglycemia prevalence and vi-
tamin D status.*'2 Conversely, longitudinal studies show that low
status of vitamin D is also a predictor for type 2 diabetes (T2DM)
incidence.®'* Further clarity to whether vitamin D together with
resistance from insulin is associated causally or whether they insti-
tute 2 autonomous features of patients with diabetes is needed. The
findings from the previous interventional studies with the vitamin D
supplementation have been contradictory. A meta-analysis and sys-
tematic review of fifteen studies examining the effects of Vitamin D
supplementation concludes that presently, there lies an inadequate
evidence about the beneficial effect in regard to recommending the
supplementation of vitamin D as a foundation to improve insulin re-
sistance and glycemia in patients with diabetes, normal fasting glu-
cose, and impaired glucose tolerance.’® A positive but weak vitamin
D supplementation effect was observed on insulin resistance and
fasting glucose in patients with diabetes. The inconsistency in these
findings may be because several studies using a different supple-
mentation regimen did not have glycemic control as a sole outcome
and had lack of power or failed to include patients with diabetes.
Overall, the causality of the relationship between glycemic control
and vitamin D in patients with diabetes has not been confirmed.

The poor status of vitamin D may play a critical role in T2DM
development. However, only some prospective studies on the asso-
ciation and mechanism exist and how vitamin D affects the T2DM
risk is specifically not clear.®'? Therefore, it is essential to explore
whether the vitamin D levels have any influence on glycemic control

in Saudi patients with T2DM diabetes. The study aims to determine
the frequency of good and poor glycemic control and an association
between vitamin D deficiency in addition to poor glycemia control
among patients presenting with T2DM.

2 | METHODS

2.1 | Study design and settings

Aretrospective study was undertaken at Prince Sattam Bin Abdulaziz
University Hospital located in the city of Al Kharj, Saudi Arabia, be-
tween January 2015 and December 2015.

2.2 | Sampling technique/enrollment and
patient selection

We used consecutive non-probability sampling design for recruit-
ment of the patients. Potential research subjects were determined
from the list of patients with T2DM in Prince Sattam Bin Abdulaziz
University Hospital at Al Kharj, based on the inclusion criteria. An
appointment was scheduled before enroliment, where the patients
were informed about the study and a written informed consent was
obtained from all the patients. The status of vitamin D was estab-
lished before including the patients in any group, to exclude patient
who were vitamin D sufficient.

2.3 | Sample size

Sample size of 200 cases is calculated with 95% confidence level,
7% margin of error together with capturing expected percentage of
poor glycemia control, that is, 65.2% among patients with T2DM.

2.4 | Data collection

The retrospective data were analyzed to identify patients having
low vitamin D levels and those with poor and good glycemic control.
Blood samples were obtained from all the patients for baseline inves-
tigation retrospectively. The samples were drawn at the same time
and sent to the hospital laboratory for blood analysis. These routine
laboratory test samples were processed immediately. The measure-
ments were documented from the hospital records retrospectively.
This included BMI, levels of vitamin D, fasting blood glucose, HbA1lc,
calcium, and creatinine levels in all patients. A Beckman Coulter AU

analyzer was used to examine HbA1c.

2.5 | Selection of participants (Criteria for
inclusion and exclusion)

Inclusion criteria enclosed T2DM patients, non-pregnant individu-
als, participants who did not receive any vitamin D supplementa-
tion during the past six months, and 18 years or older patients with
diabetes who visited the outpatient clinics within the specified time.
Exclusion criteria include pregnant females, hospitalized patients,
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or individuals having chronic diseases such as liver disease, ure-
mia, cancer, lung disease or Cushing syndrome or using any steroid
medicines.

2.6 | Operational definition

The participants had diabetes if clinical history and fasting serum
glucose concentration were > 126 mg/dL 1% mainly based on the
guidelines of International diabetes federation. Participants who
had vitamin D level less than 20 ng/mL were considered as having
vitamin D deficiency. Participants were considered to have a glucose
control if the HbA1c level was less than 7%.1

2.7 | Data analysis

Data were evaluated using Statistical Package for Social Science
(SPSS) software Version 23.0. Descriptive statistics that were ob-
tained as frequencies and percentages were used for continuous
variables. Independent sample t test was used for comparison. Chi-
square test was applied to examine the association between differ-
ent categorical variables. P-values < .05 were considered statistically
significant. Multinomial logistic regression was used to estimate the
strength of association between vitamin D deficiency and poor gly-
cemic control. Data were stratified for the effect modifiers by using

logistic regression.

2.8 | Ethical approval

The ethical approval was attained from the “Institutional Review
Board University Hospital of Prince Sattam Bin Abdulaziz University,
Al Kharj, Saudi Arabia.” A written informed consent was also ob-

tained from all the participants.

3 | RESULTS

The subjects enrolled in the study comprised of 200 patients [118
female and 82 males] with type Il diabetes having a mean age of
(42.4 + 14.8 years). Around 82 patients were male while 118 were
female. Table 1 represents the demographic and baseline laboratory
characteristics of the patients. The mean BMI was 29.0 + 6.5 kg/
m? with 32.5% patients being overweight and 42.5% obese. The
findings of this study have also shown the mean HbA1lc (%) level
among all patients was 7.1 + 1.98 of which good glycemic control
(HbA1c < 7%) was observed in 111(56%) patients and poor glyce-
mic control (HbAlc = 7%) was apparent in 89 (44.5%). The mean of
serum 25(OH) vitamin D was observed to be (20.27 + 8.66 ng/mL)
among all study participants.

On comparison between the two groups of glycemic control,
Table 2 described the insignificant differences for BMI, serum Ca++,
and creatinine (P-value > .05). However, the mean serum 25(OH)
vitamin D was significantly higher in the control glycemic group
(21.8 +£8.9 vs 17.6 + 7.5) as compared to study group with statistical
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TABLE 1 Baseline characteristics of the study participants

Characteristics N (%)
Age in years (N = 200) 42.4+14.8
(18-40) 85 (42.5)
(41-60) 94 (47.0)
(61-90) 21 (10.5)
Gender (N = 200)
Female 118 (59)
Male 82 (41)
BMI kg/m? (N = 200) 29.0+6.5
Underweight (<18 kg/mZ) 7 (3.5)
Normal weight (18-24.9 kg/m?) 43(21.5)
Overweight (25-29.9 kg/m?) 65 (32.5)
Obese (> 30 kg/m?) 85 (42.5)
Fasting Blood Glucose (mmol/L) 79+37
(<7mmol/L) 116 (58)
(27mmol/L) 84 (42)
HbA1c (%) 7.1+1.98
(<7) 127 (63.5)
(27) 73 (36.5)
Vitamin D level (hg/mL) 20.27 + 8.66
Calcium (mmol/L) 2.3+0.2
Creatinine (umol/L) 62.2+32.7

Note: Data are expressed as mean + SD or frequency (%).

difference P < .001. Mean FBS were lower in the type Il diabetes
patients with their controlled glycemic levels being (5.9 + 1.0 vs
11.3 + 4.3) as compared to poor glycemic control group (<0.001,
Student's t test). Table 2 also demonstrated a significant inverse re-
lationship between vitamin D deficiency and poor glycemic group.
The frequency of vitamin D deficiency was 63%, and insufficiency
was 23%. Results revealed that vitamin D deficiency was higher in
poor glycemic group [82% vs 52%; P < .001 (2 test)] as compared to
controlled glycemic group.

As illustrated in Table 3, multinomial logistic regression model
analysis showed an association between the dependent variable,
that is, 25(0OH)D3 levels and the independent variable HbAlc (B:
0.300 [0.114-0.790]) which shows a significant increase in odds
(70%) of having uncontrolled diabetes existing in patients with a vi-

tamin D deficiency, which is also adjusted for age, gender, and BMI.

4 | DISCUSSION

The objective of this study was to determine the association be-
tween vitamin D deficiency and poor glycemic control among
T2DM patients. Diabetes mellitus is increasing globally and has
posed severe health and financial threats.?® In United States, the
prevalence of diabetes from 1995 to 2004 increased from 14% to
23%.2! Saudi population tends to have high prevalence of type 2
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Poor glycemic control

Good glycemic control

TABLE 2 Comparison of biochemical
and anthropometric variables according

(n=73) (n=127) P-value to glycemia control among patients with

Male/female 42/31 40/87 <.05 type |l diabetes
Age (y) 45.3+14.2 40.8 £ 14.9 <.05
BMI (kg/m?) 29.3+6.4 289+ 6.6 >.05
Serum Ca (mmol/L) 2.30+0.1 2.26+0.2 >.05
Serum creatinine 68.6 +51.3 584 +12.2 >.05
Fasting blood glucose(mg/dL) 11.3+4.3 59+1.0 <.001
HbA1c (%) 91+1.8 58+0.5 <.001
Serum 25(OH)vit D (ng/mL) 17.6 +7.5 21.8+8.9 <.001

Deficiency (<20) 66 (52) 60 (82) <.001

Insufficient (20.0-29.9) 39 (31) 7 (10)

Sufficient (> 30.0) 22 (17) 6(8)

Note: Data are presented as mean + SD or frequency.

Chi-square test and independent sample t test are used for comparison of categorical and continu-

ous variables.
P-value < .05 indicates a significant difference.

TABLE 3 Association between vitamin D deficiency and poor
glycemia control in patients with type Il diabetes

Independent variables QOdds ratio (95% Cl) P-value
Vitamin D (ng/mL)
<20 0.300 [0.114-0.790] <.001

20 to 29 1.519 [0.453-5.091] .782

230 1.00 Reference
Age (y)

(16-40) 1.966 [1.054-3.669] .037

(41-60) 1.00 Reference

(61-90) 1.257[0.476-3.318] <.001
Gender

Male 0.339 [0.187-0.616] .200

Female 1.00 Reference
BMI (/kg/m?)

Normal weight 1.00 Reference

Under weight 3.923 .006

[0.433-35.530]
1.370[0.614-3.056] 517
0.981 [0.463-2.076] .020

Over weight
Obese

Note: Multinomial logistic regression was used to evaluate the role of
confounding variables for cases and controls.

DM and vitamin D deficiency. The incidence of diabetes increases
with advancing age and has been reported between 22% and
33% in adults over 65 years. A further increase of 4.5 times has
been projected by 2050 in US population.22 In Middle East, Saudi
Arabia is ranked at number 2 and worldwide at number 7 in terms
of diabetic population. Almost 7 million individuals are currently
diagnosed with diabetes while more than 3 million are classified
into pre-diabetic category.?® It has also become a leading cause of

morbidity among Saudi population.?°

While comparing our results, mean age was found to be statis-
tically significant with poor glycemic control (45.3 + 14.2) vs good
glycemic control (40.8 + 14.9) and P-value was less than and equal
to .05. Therefore, patients having higher age had poor glycemic con-
trol. This makes it evident that glycemic levels tend to rise with the
increasing age. Similarly, such trends were also observed in studies
conducted by Hawthorne in 2011.%

Moreover, the females were found to have good glycemic control
as compared with their male counterparts. The P-value was found
to be .05 which means both groups differ significantly with each
other. While studies conducted in India showed male predominance
in terms of poor glycemic control,?>2° this is possible because of the
fact that there were significantly more females than male diabetics
enrolled in the current study.

Though mechanism of action is unclear, vitamin D is associated
with the pathogenesis of T2DM. Vitamin D directly impacts the se-
cretion, resistance, sensitivity, and action of insulin.?”?° Vitamin D
through these functions helps in the regulation of glycemic state of
the body (HbA1c). There are many potential mechanisms concerning
vitamin D affecting glycemic control in diabetic population. Majority
of the cells, such as the pancreatic p-cells, comprise of vitamin D re-
ceptors while majority owns a capacity to yield biologically active
1,25-dihydroxyvitamin D [1,25(0OH)2D], that permits paracrine in
addition to intracrine functions. In vitro studies demonstrate an ac-
tive vitamin D metabolite 1,25(0H)2D stimulated insulin release by
the pancreatic p-cells.*® Moreover, vitamin D tends to have anti-in-
flammatory and immunomodulatory effects that may limit peripheral
insulin resistance by changing low-grade chronic inflammation.*®!
Insulin sensitivity together with insulin secretion is equally considered
to be calcium-dependent processes. Several cross-sectional studies
have suggested an inverse association between blood vitamin D levels
along with HbA1c not only in patients but also in normal adults.3*3°
Vitamin D deficiency has been reported worldwide and has

affected around one billion population.®® Its deficiency has been
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considered a potential risk factor for death in patients suffering from
cardiovascular diseases and cancers.?® Therefore, it is of great value
to diagnose the deficiency at earlier stage and look for optimal re-
medial measures to avoid such complications. In Kingdom of Saudi
Arabia, vitamin D deficiency is at rise along with increased incidence
of diabetes. For example, in western region, 80% of the female pop-
ulation is reported to be vitamin D-deficient.*® Similar results were
found in eastern region of the country where even population was
having sufficient dairy products and sun exposure.37 In this context,
the primary goal of this study was to measure and then correlate the
levels of vitamin D with HbA1c in patients with diabetes. Despite a
year-long plenty of sunlight in different countries for instance, Asia
and Middle East, deficiency of vitamin D7 is common among di-
verse populations in different age-groups.?>4%%” This was specifi-
cally observed in China, Thailand, Lebanon, Morocco, Jordan, Saudi
Arabia, and Indian sub-continent population. Poor dietary intake
and sunlight avoidance especially among Saudi nationals are possi-
bly the key risk factors for the deficiency of vitamin D. According
to Darraj,48 in Jazan City, Saudi Arabia, vitamin D deficiency (VDD)
is highly prevalent in individuals with T2DM and is associated with
poor glycemic control.

Our results showed that type 2 diabetic population had defi-
ciency of vitamin D. The mean HbA1c (%) level among all patients
was 7.06 + 1.98 of which good glycemic control (HbAlc < 7%) was
observed in 111 (55.5%) and poor glycemic control (HbAlc > 7%)
was apparent in 89 (44.5%). Mean values of serum 25(OH) vitamin
D were discernibly lower and HbA1c was higher than the respective
reference values used in our laboratory. These findings pose serious
questions regarding the well-being of the Saudi populations. As the
consequences of low vitamin D have been allied with progression of
diabetes and poor glycemic control, being consistent with the results
obtained in this study. This is evident in the study conducted by Kaya
et al*’that demonstrates that vitamin D deficiency was related to
poor glycemic control in patients with diabetes.

The risk of lower vitamin D is considerably higher in Saudi popu-
lation because of the climate and cultural reasons. For example, only
4.6% young school students (6-19 years) showed adequate levels
of vitamin D, whereas 95.4% had deficiency. Likewise, when adults
were screened (20-62 years), 89.1% were found deficient.®® This
high percentage of population warrants attention on this issue and
demands formulation of guidelines for proper dosage and duration
of vitamin D supplementation. The literature supports the idea that
even in healthy non-diabetic individuals’ proper administration of vi-
tamin D may help in lowering the HbA1c levels.)” In a recent study,
vitamin D supplementation has shown a decline in HbAlc levels
from 5.6% to 5.5% in non-diabetic patients with above average vita-
min D levels and those who were below baseline levels but improved
after vitamin D intake. Although a decline of 0.1% seems very small,
lowering of HbA1c levels from 0.1% to 0.2% have shown to reduce
the risk of diabetes development by 6% and 13%, respectively, in
self-reporting patients with diabetes.'® Further, 0.007% decrease in
HbA1c levels have been reported with every 25 nmol/L increase in

vitamin D levels.*?
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Despite several studies #°° have established an inverse re-
lationship between vitamin D and HbA1c levels, others fail to
demonstrate such association.*® Direct association between vita-
min D and HbA1c levels was not established but stimulated insulin
secretion was reported because of vitamin D supplementation.
Mechanism through which vitamin D can influence metabolism
of glucose in patients with diabetes comprises of improvement in
insulin sensitivity and B-cell survival, amplified secretion of insu-
lin from pancreatic p-cells, calcium flux regulation for normalizing
glucose tolerance, and p-cell protection against cytokine-induced
apoptosis.* Another study conducted by Ahmadieh et al in 136
diabetic patients demonstrated that serum 25-OHD is negatively
correlated with HbA1c.>?

The findings from the previous studies focusing on the treat-
ment of vitamin D through supplementation have been conflicting.
A meta-analysis/systematic review of fifteen research studies exam-
ined the impact of vitamin D supplementation. The results revealed
inadequate evidence of useful effect to recommend vitamin D sup-
plementation to improve glycemia in patients with normal fasting
glucose, impaired glucose tolerance, or diabetes.”? However, a weak
positive effect was also observed with vitamin D supplementation
on fasting glucose in T2DM patients. This inconsistency was be-
cause several studies included used different regimens for supple-
mentation, did not use glycemic control as a primary outcome, and
had lack of power. Conversely, in other studies, supplementation of
vitamin D had improved glucose control in patients with T2DM.>%>4

Our study had certain limitations. The study design made it hard
to create a causal association between HbA1c levels and vitamin D.
Moreover, the investigation is derived from solely a single HbA1lc
measurement and vitamin D levels. The study was also carried out at
Prince Sattam Bin Abdulaziz University Hospital using consecutive
non-probability sampling design for recruitment of the patient and
results cannot be generalized to the entire Saudi population. Despite
these limitations, our study provided evidence pertaining to the role
of vitamin D in glycemic control in Saudi patients with diabetes.
Nevertheless, our observations have opened future area of discus-
sion and research which requires systemic approach to measure the
levels of vitamin D and HbA1c not only in patients with diabetes
but also in non-diabetics on a larger scale. This will allow scientific
community to devise suitable guidelines for vitamin D therapy and
management of diabetes.

5 | CONCLUSION

We conclude that the poor status of vitamin D may play a critical role
in T2DM development. The population in Saudi Arabia is generally
insufficient in 250H vitamin D. We found an association of vitamin
D level with poor glycemic control in patients with type 2 diabetes.
This association points toward the role of vitamin D supplementa-
tion along with raising awareness about hypovitaminosis D in the
diabetic population that could possibly play a significant role in gly-
cemic regulation in these patients.



AL DOSSARI ET AL.

7 | wiLEY

6 | CLINICAL IMPLICATIONS AND
RECOMMENDATION FOR FUTURE
RESEARCH

Based on the results generated from our study, patients with T2DM
having poor glycemic control should be screened regularly for de-
ficiency of vitamin D in order to limit the burden of morbidity and
mortality in Saudi Arabia. Patients with T2DM also having vitamin
D deficiency should also be treated with vitamin D supplementation
to improve indirect health-related outcomes. Further studies with
larger sample size from local population as well as those on vitamin D
supplementation in T2DM patients are needed in future, to confirm

and extend the findings of the current study.
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