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ABSTRACT

Background: Recently, there has been an increasing interest towards the metabolic and clinical effects of
vitamin D deficiency. Vitamin D has been suggested to impact glucose homeostasis and, thus, metabolic
syndrome and type 2 diabetes mellitus (T2DM) seem to be linked to vitamin D deficiency.

Aim: To study serum “25-hydroxy vitamin D” levels in a group of T2DM patients and to investigate its
possible influence on the degree of glycemic control and lipid metabolism.

Methods: This is a case- control study which enrolled 65 known cases of T2DM and 65 non- diabetic
subjects. Blood levels of vitamin D, glycosylated hemoglobin (HbAlc), fasting serum lipids and plasma
glucose (FPG) were measured. The impact of vitamin D levels on the extent of glycemic control and serum
lipids was investigated.

Results: The mean serum level of vitamin D was significantly lower among T2DM patients compared to
controls (p<0.0001). Vitamin D was significantly and inversely correlated with HbAlc and FPG values in
diabetic patients (r= -0.54 and -0.578 respectively, p<0.0001). In addition, vitamin D showed negative
correlations with serum triglycerides, total cholesterol, VLDL- cholesterol and low density lipoprotein
cholesterol (LDL- c), but significant positive correlation with high density lipoprotein cholesterol (HDL- c).
Conclusions: Patients with T2DM frequently have vitamin D deficiency. Vitamin D insufficiency may be
linked to poor glycemic control and dyslipidemia in T2DM patients. Vitamin D therapy may, thus, improve
glycemic control in type 2 diabetes mellitus and ameliorate metabolic derangements.
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INTRODUCTION

he sunshine vitamin- vitamin D- plays a

crucial role in the creation of healthy well-
calcified vertebrates’ skeletons as well as having a
control over the production and the action of some
hormones (like estrogen and progesterone). When
exposed to sunshine, 7-dehydrocholesterol in the
skin is transformed into previtamin D3, which then
quickly isomerizes to vitamin D3. Once produced,
vitamin D3 is converted to 25-hydroxyvitamin D3
(the main vitamin D reservoir) in the liver, and to 1,
25-dihydroxyvitamin D3 in the kidneys, which is its
active form and is also known as calcitriol.
Calcitriol, which is considered as a hormone, plays
an important role in the metabolism of calcium and
phosphorus and maintain bone health '

Vitamin D interacts with its wide-spread receptors
(VDR) to elucidate its biological effects. Many
diseases have been linked to insufficient vitamin D
levels and/or defective D/ VDR interactions.
Maintaining appropriate levels of Vitamin D can be
a helpful preventive strategy pathophysiologically.
Early-life vitamin D supplementation has been
shown to lower risk of several diseases, with
immune-protective effects 2 Diabetes mellitus (DM)
is a metabolic condition characterized by
chronically high blood glucose levels %, Around the
world, the incidence of diabetes is expected to rise
by about ten percent by 2030 *, and is considered
as a big health concern. By now, DM is considered
as the tenth most common cause of death
worldwide, causing around one million fatalities
every year °. Good glycemic control in diabetes
can lower risk of macrovascular and microvascular
complications. In fact, HbAlc is a universally
accepted measure for long-term glycemic control
monitoring that not only indicates the likelihood of
complications development, but also serves as a
standalone heart disease risk factor ®’.

Over eighty- seven percent of handicapping in
low- income developing nations can be attributed
to type 2 diabetes mellitus (T2DM), which is also a
known cause for dyslipidemia and hypertension ®°.
In addition, it had been shown that pre-diabetes is
linked to a higher risk for various heart diseases ™.

People with T2DM frequently have abnormal lipid
profile which is referred to “diabetic dyslipidemia”
and the frequencies of various lipids abnormalities
can vary depending on ethnicity, socioeconomic
status, and access to medical treatment ***.
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According to a recently released meta-analysis,
aberrant levels of serum lipid could partially predict
risk of diabetes *°.

Investigations of individuals with T2DM revealed
significant correlations between atherosclerosis
and high serum triglycerides as well as low high
density IiPoerotein- cholesterol (HDL-c) levels
together ®17 The aim of this work is to study
serum vitamin D levels among Iraqi diabetic
patients and to investigate its possible relations
with serum lipids and the extent of glycemic control
as revealed by blood fasting plasma glucose (FPG)
and HbAlc levels.

MATERIALS AND METHODS

This is a case- control study that was approved by
the Medical Research Ethical Committee, College
of Medicine, University of Mosul
(UOM/COM/MREC/22-23/JL6). All  participants
were introduced to the study objectives and
procedures prior to their consent to participate and
the study was conducted in accordance to
declaration of Helsinki regarding the ethical
principles for medical research in humans.

A total of 130 subjects participated in this study.
They aged 25 to 71 years and were divided into
two groups; apparently healthy non- diabetic
controls (n=65) and known cases of T2DM on
regular hypoglycemic medications (n=65 people).
Cases were collected from private clinics. The
inclusion criteria for the group of diabetic cases
were:

1.Known cases of T2DM of any duration

2.Age of 25 yr and above

3.Consent to participate (verbal or written)

However, cases of T2DM were excluded upon
having one or more of the followings:
Type 1 diabetes mellitus
1.Receiving vitamin D supplements
2.Underlying liver and kidney diseases.
3.Malignant conditions and those with thyroid or
parathyroid abnormalities
4.Taking any medications that interacts with
vitamin D or affects its metabolism.

The control group enrolled apparently healthy age
and sex- matched subjects without any history of
type 1 or type 2 DM. They had no any history of
liver, kidney, thyroid and parathyroid diseases.
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They were not receiving any vitamin D
supplements or any medicines that interfere with
vitamin D metabolism and consented to volunteer.

All subjects were interviewed and asked to fast
overnight prior to blood collection as appointed. A
7- ml venous whole blood sample was collected
from each participant where two ml were
transferred into EDTA containing tubes for HbAlc
estimation, one ml was placed into sodium
fluoride/potassium oxalate tubes for plasma
glucose assessment while the rest 4 ml were
transferred into plain tubes, allowed to clot and
centrifuged at 4000 rpm for 5 minutes for serum
separation. Serum was aliquoted and frozen at —
20 °C for subsequent analysis of fasting lipid profile
and vitamin D determination.

Serum lipids, FPG and HbAlc levels were
measured with the principle of
electrochemiluminescence using Cobas c¢ 111
automated clinical chemistry analyzer and
reagents (Roche Diagnostics), in accordance with
manufacturer’s instructions. However, serum levels
of 25-hydroxyvitamin D were determined using
Cobas e 411 chemistry analyzer. According to the
guidelines of the Endocrine Society and the
Institute of Medicine, 25-hydroxyvitamin D levels
below 20 ng/mL indicated a deficiency, 20- 30
ng/mL indicated insufficiency, and over 30 ng/mL
were considered normal 18.

Statistical Analysis

Data were analyzed using the Statistical Package

of Social Sciences (SPSS) program (version 20.0).
Descriptive statistics were used to obtain the
mean, standard deviation (SD) and range
(minimum- maximum) values of the studied
variables. Unpaired Student's t-test was employed
to compare means of continuous parameters
between cases and controls. Chi- square test was,
however, used to compare categorical (non-
continuous) variables as indicated. Pearson
correlation test was performed to indicate whether
vitamin D levels are correlated to FPG, serum
lipids and HbAlc or not. Statistical significance
was considered at p<0.05.

RESULTS

Basic Characteristics of the Study Subjects
One hundred- thirty volunteers in total
participated. They formed two groups; 65 T2DM
patients (cases) and 65 non-diabetics (controls).
The T2DM cases were 30 females and 35 males
with mean age of 53.45+10.48 years. However the
control group was comprised of 36 females and 29
males with the mean age of 45.66+12.17 years,
Table (2).
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Table (1): Age and sex distribution of T2DM cases
and non- diabetic controls

2 (O]
—~~ o —~
S o f=pre) =)
ow c ®
Nz | 32| &
53.45+1 | 45.66+
Age Meanz SD 0.48 1217 0.0001
(Years) | Range i i
(min- max) 34-71 30-65
No. | 30 36
Females
s % 46.15 55.38
ex No. | 35 29 0.29
Males o ™ 5385 | 4461

Comparisons of Biochemical Variables

When the mean values of the measured
biochemical variables of diabetics were compared
to those corresponding values of controls, it was
revealed that FPG, serum total cholesterol, LDL-c,
VLDL-c and triglycerides mean values in addition
to HbAlc were significantly higher in the T2DM
patients’ group. However, HDL-c values were
significantly lower among cases compared to
control. The mean serum vitamin D level among
diabetics was significantly lower than that of the
control group (15.11+ 6.71 Vs 29.79+ 12.34 ng/mL,
p <0.0001), Table (2).

Table (2). Comparison of serum vitamin D, lipid
profile, HbAlc and FPG mean values of the study
groups. Data are expressed as meant SD.

T2DM Controls p-
(N=65) (N=65) value

Vitamin D 15.11+ 29.79+

(ng/mL) 6.71 12.34 <0.0001
222.25% 97.74+%

FPG (mg/dL) 94.96 997 <0.0001

HbAlc (%) 8.55+ 2.0 | 5.57+£ 0.33 | <0.0001

Total

cholesterol 2262§5i 542‘3& <0.0001

(mg/dL) ' '

HDL-c 43.11+ 48.19+

(mg/dL) 4.98474 | 4.20 <0.0001
120.65+ 91.09+

LDL-c (mg/dL) 47 85 29.0 <0.0001

VLDL-c 46.17+ 25.16+

(mg/dL) 36.0 9.10 <0.0001

Triglycerides | 211.23+ | 119.34+

(mg/dL) 11576 | 35.71 <0.0001

Atherogenic 5.51+

index 483 3.38+ 0.68 | <0.001
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Stratification of T2DM Patients and Controls by
Vitamin D State

In referral to the Endocrine Society and the
Institute of Medicine guidelines, as was already
described, about 71% of DM patients got vitamin D
deficiency, 29% showed insufficiency and 0% got
adequate vitamin D. Table (3) compares the
distribution of vitamin D state in the studied
diabetic patients and controls.

Table (3). Stratification of T2DM cases and
controls by serum vitamin D levels. Data are
expressed as N (%).

T2DM | Controls value
(N=65) | (N=65) p
Deficiency
itami 46 17
Vitamin D less
'Ehan 20ng/mL) | (70-76) | (26.15)
Insufficiency 19
(Vitamin D 20- (29.23) 13 (20) <0.00001
30ng/mL) :
Adequate
(Vitamin D > 30 0(0) 35
ng/mL) (53.84)

Relation of Serum Vitamin D with Indicators of
Glycemic Control

Among the diabetic patients, serum vitamin D
levels were negatively and significantly correlated
with levels of FPG and HbA1c (as short and long-
term glycemic control indicators) respectively,
Table (4) and Figure (1).

Table (4). Correlation between serum vitamin D
levels and glycemic control indicators among
cases and controls.
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HbA1c(%)

© Observed
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500.004

400,00 FPG
(mgldL)

500 1000 15.00 2000 2500 3000
Vit D (ng/mL)
B

Figure (1). Linear regression analysis of serum
vitamin D with HbA1c levels (A) and FPG levels (B)
among T2DM patients.

Relation of Serum Vitamin D with serum lipids

Using Pearson’s correlation test, serum vitamin D
levels were negatively and significantly correlated
with serum fasting levels of total cholesterol, LDL-
¢, VLDL-c and triglycerides among diabetic
patients. However, HDL-c was significantly and
positively correlated with serum vitamin D levels,
Table (5) and Figures (2-4).

Table (5). Correlation of serum vitamin D levels
with serum lipid profile among diabetic patients.

T2DM Controls

(N=65) (N=65)

r p- r p-
value value

HbAlc (%) -0.542 | 0.0001 | -0.047 | 0.71

FPG (mg/dL) | -0.578 | 0.0001 | -0.069 | 0.05

*Using Pearson correlation analysis.
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T2DM (N=65)

r p- value
Total cholesterol -0.123 0.328
LDL-c -0.067 0.594
VLDL-c -0.326 0.008
HDL-c 0.301 0.015
Triglycerides -0.387 0.000
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-+ opserves In the current study, it was revealed that diabetic
patients had significantly lower mean serum level
of “25- hydroxyvitamin D” compared to non-

diabetic controls (Table 2). Researchers had

Triglycerides revealed that lack of vitamin D resulted in reduced

fmataty insulin release and that its re-supply enhanced

pancreatic [3-cell activity and restored glucose
tolerance *. Chiu et al., in agreement with our

study, had also concluded that lack of vitamin D

increased the chance of developing diabetes and

T ™ e~ e metabolic syndrome .

VieP (ngfmt) A rising number of studies point to a connection

Figure (2). Linear regression analysis of serum between vitamin D state and risk of type 2

vitamin D and triglycerides levels among patients diabetes. Palomer et al.

with T2DM showed that having T2DM may be more likely

among those with insulin resistance and low

. I e vitamin D levels %

Prgg® The current study showed significantly higher

- levels of some serum lipids (total cholesterol, LDL-

¢, VLDL-c and triglycerides) among diabetic

VLDL.cholestorol patients compared to controls. This is attributed to

(mafdt) resistance to insulin and its shortage which
influence the important enzymes and molecular
= e pathways of lipid metabolism. Such alterations in

e LI e blood lipids in diabetes were also the findings of

- ", T e, S other investigators “°. Increased LDL-c, reduced

T HDL-cholesterol and/ or higher triglycerides levels

Ve (ngfme) are all examples of dyslipidemia in diabetes

Figure (3). Linear regression analysis of serum mellitus %’.

vitamin D and VLDL-cholesterol levels among The two disorders, dyslipidemia and vitamin D

patients with T2DM insufficiency, are extremely common and

independently linked to several cardiovascular risk

oo g factors *°.

An observational study has shown that adequate
<000 A PR levels of vitamin D are linked to a healthy lipid
profile, while low vitamin D levels are linked to an

HDL.cholastarol atherogenic lipid profile 29.

(motdt) According to the current study, vitamin D

800.00— R2

200.00-

250.00-]

150,00
3

45.00

word A A A deficiency was considerably more frequent in type
I - 2 diabetic patients than in the control group
i o B (70.76% Vs 26.15%), while insufficiency affected
" 29.23% of patients compared to 20% of controls,
o e Table (3). This is in agreement with Khudayar et al.
) i i i who demonstrated that vitamin D deficiency is
Figure (4). Linear regression analysis of serum more common in people with type 2 DM, and that
vitamin D and HDL-cholesterol levels among vitamin D supplementation may result in a better
patients with T2DM glycemic control %,
Lips et al., in their review, also showed that low
DISCUSSION vitamin D is associated with diabetes. They
The connection between vitamin D and different explained this association by two concepts; first,
metabolic disorders including T2DM has been the vitamin D stimulates insulin secretion from
subject of concern worldwide recently. Vitamin D pancreatic B cells (thus, vitamin D deficiency is
is linked to the breakdown of glucose, the associated with insulin resistance), and second,
emergence of type 2 diabetes, and the so-called vitamin D deficiency causes inflammation and
metabolic syndrome **?'. A research has increases inflammatory markers.
suggested that insufficient vitamin D intake may Moreover, it has been found that genetic
increase the likelihood of developing T2DM and polymorphism of VDRs may lead to impaired
metabolic syndrome . glycemic control **.
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Intriguingly, an inverse relationship between
vitamin D levels and glycemic control estimates
(HbAlc and FPG) was pointed out in our study
(Table 4, Figure 1; A&B). It seems that vitamin D
may be involved in glucose homeostasis in T2DM.
This is consistent with the outcomes of Laway et
al. who noticed a significant negative relationshig)
between vitamin D and HbAlc among diabetics *.
According to the study of Lau et al., there was also
a negative association between vitamin D levels
and glycosylated hemoglobin in women with
gestational diabetes *.

In their study, Pittas et al, found that
supplementing non- diabetic elderly people with
700 IU of vitamin D plus 500 mg of calcium daily
over three years resulted in a significantly lower
extent of elevation in plasma glucose levels than in
those received a placebo. This finding further
supports the link between vitamin D deficiency and
diabetes’ likelihood **.

In this study, there were negative correlations
between vitamin D levels and total cholesterol,
LDL-c, VLDL-c and triglyceride among cases of
T2DM (statistically significant regarding VLDL-c
and triglycerides), Table 5 and Figures (3 &4). This
is in agreement with Elshebiny et al. *°.

On the other hand, a significant positive
correlation was seen between vitamin D and HDL-
cholesterol levels in the cases group (Table 5 and
Figure 4). This is, again, in agreement with
Elshebiny et al. and Saedisomeolia et al, who also
revealed that serum levels of vitamin D had a
positive correlation with HDL-cholesterol 3.

CONCLUSIONS

Our research clearly shows an unfavorable
relationship between vitamin D levels and state of
glycemic control in diabetes as reflected by HbAlc
and plasma glucose. People with Type 2 diabetes
with inadequate vitamin D had a higher chance of
developing dyslipidemia. Therefore, vitamin D
testing should be recommended mainly for those
diabetics with poor glycemic control. This may
further support the need for vitamin D
supplementation and increased sun exposure for a
better glycemic control and lower rate of metabolic
derangements.

Acknowledgement

| would want to thank the University of Mosul,
College of Medicine, for helping me to complete
this research project. | also want to thank all the
individuals and organizations that helped to make
this study a success.

Funding
None.

Ann Coll Med Mosul December 2025 Vol. 47 No.2

Sura Khairialdeen Mohialdeen

Conflict of Interest
None

Ethical Consideration

University of Mosul, College of Medicine, Medical
Research Ethical Committee approved the project
(UOM/COM/MREC/22-23/JL6).

Author’s Contribution

Contribu | Contribu | Contribu | Contribu

Role tor 1 tor 2 tor 3 tor 4

Concepts | ¥ N N N

Design \ \ \ N

Definition of
intellectual v
content

2

Investigati
on

manuscrip
t writing,

Literature
search

Clinical
studies

Data
analysis

Statistical
analysis

Manuscrip
t editing

2| 2| 2| 2 2| 2| = | =

2| 2| <2 | <

Manuscrip
t review

REFERENCES

1.Rathish Nand Maseeh A. Vitamin D: The
“sunshine” vitamin. J Pharmacol
Pharmacother 2012; 3(2): 118-126
(doi: 10.4103/0976-500X.95506).

2.Harinarayan CV. Vitamin D and diabetes
mellitus. Hormones (Athens). 2014 Apr-
Jun;13(2):163-81. (doi: 10.1007/BF03401332.
PMID: 24776618).

3.Sapra A, Bhandari P. Diabetes. [Updated 2023
Jun 21]. In: StatPearls [Internet]. Treasure Island
(FL): StatPearls Publishing; 2023 Jan-. Available
from:
https://www.ncbi.nim.nih.gov/books/NBK551501/

4.Ampofo AG, Boateng EB. Beyond 2020:
Modelling obesity and diabetes prevalence.
Diabetes Res Clin Pract 2020; 167:108362 (doi:
10.1016/j.diabres.2020.108362).

5.Khan MAB, Hashim MJ, King JK, Govender RD,
Mustafa H, Al Kaabi J. Epidemiology of Type 2
Diabetes - Global Burden of Disease and
Forecasted Trends. J Epidemiol Glob Health
2020; 10(1):107-111 (doi:
10.2991/jegh.k.191028.001).

205



https://pubmed.ncbi.nlm.nih.gov/?term=Nair%20R%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Maseeh%20A%5BAuthor%5D
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3356951/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3356951/
https://doi.org/10.4103%2F0976-500X.95506
https://www.ncbi.nlm.nih.gov/books/NBK551501/

Sura Khairialdeen Mohialdeen

6.American Diabetes  Association.  Erratum.
Classification and diagnosis of diabetes. Sec. 2.
In Standards of Medical Care in Diabetes-2016.
Diabetes Care 2016; 39(9):1653. (doi:
10.2337/dc16-er09). Erratum for: Diabetes Care.
2016 Jan; 39 Suppl 1:S13-22. PMID: 27555625.

7.lkeda F, Doi Y, Ninomiya T, Hirakawa Y, Mukai
N, Hata J, et al Haemoglobin Alc even within
non-diabetic level is a predictor of cardiovascular
disease in a general Japanese population: The
hisayama study Cardiovasc Diabetol
2013;12:164 (doi:10.1186/1475-2840-12-164).

8.Preis SR, Pencina MJ, Hwang SJ, D’Agostino
RB, Savage PJ, Levy D, et al. Trends in
cardiovascular disease risk factors in individuals
with and without diabetes mellitus in the
Framingham  Heart  Study. Circulation 2009;
120:212-220
(doi: 10.1161/CIRCULATIONAHA.108.846519).

9.Yusuf S, Rangarajan S, Teo K, Islam S, Li W, Liu
L, et al. Cardiovascular risk and events in 17
low-, middle-, and high-income countries. N.
Engl. J. Med 2014; 371:818-827
(doi: 10.1056/NEJM0a1311890).

10. Huang Y, Cai X, Mai W, Li M, Hu Y.
Association between prediabetes and risk of
cardiovascular disease and all cause mortality:
Systemic review and meta-analysis. BMJ 2016;
355:i5953 (doi: 10.1136/bmj.i5953).

11. Mooradian AD. Dyslipidemia in type 2 diabetes
mellitus. Nat Clin Pract Endocrinol Metab. 2009;
5:150-159 (doi: 10.1038/ncpendmet1066).

12. Santos-Gallego CG and Rosenson RS. Role of
HDL in those with diabetes. Curr Cardiol
Rep 2014; 16:512 (doi: 10.1007/s11886-014-
0512-5).

13. Gerber PA, Spirk D, Brandle M, Thoenes M,
Lehmann R, Keller U. Regional differences of
glycaemic control in patients with type 2 diabetes
mellitus in Switzerland: A national cross-
sectional  survey. Swiss Med  Wkly 2011,
141:w13218 (doi: 10.4414/smw.2011.13218).

14. Joshi SR, Anjana RM, Deepa M, Pradeepa R,
Bhansali A, Dhandania VK. Prevalence of
dyslipidemia in urban and rural India: The ICMR-
INDIAB study. PLoS ONE. 2014; 9:e96808
(doi: 10.1371/journal.pone.0096808).

15. Zhu ZW, Denga FY, Lei SF. Meta-analysis of
Atherogenic Index of Plasma and other lipid
parameters in relation to risk of type 2 diabetes

mellitus. Prim. Care Diabetes. 2015; 9:60-67
(doi: 10.1016/j.pcd.2014.03.007).

206

Status of Vitamin D in Individuals with ..

16. Lee JS, Chang PY, Zhang Y, Kizer JR, Best
LG, Howard BV. Triglyceride and HDL-C
Dyslipidemia and Risks of Coronary Heart
Disease and Ischemic Stroke by Glycemic
Dysregulation  Status: The Strong Heart
Study. Diabetes  Care 2017; 40: 529-537
(doi: 10.2337/dc16-1958).

17. Rana JS, Liu JY, Moffet HH, Solomon MD, Go
AS, Jaffe MG, et al. Metabolic Dyslipidemia and
Risk of Coronary Heart Disease in 28,318 Adults
with  Diabetes Mellitus and Low-Density
Lipoprotein Cholesterol <100 mg/dl. Am J
Cardiol 2015; 116(11):1700-4. (doi:
10.1016/j.amjcard.2015.08.039).

18. Holick MF, Binkley NC, Bischoff-Ferrari HA,
Gordon CM, Hanley DA, Heaney RP, Murad MH,
Weaver CM; Endocrine Society. Evaluation,
treatment, and prevention of vitamin D
deficiency: an Endocrine Society clinical practice
guideline. J Clin Endocrinol Metab. 2011
Jul;96(7):1911-30. doi: 10.1210/jc.2011-0385.
Epub 2011 Jun 6. Erratum in: J Clin Endocrinol
Metab. 2011 Dec;96(12):3908. Erratum in: J Clin
Endocrinol Metab. 2024 Sep 16;109(10):e1991.
doi: 10.1210/clinem/dgae373. PMID: 21646368.

19. Maxwell CS, Wood RJ. Update on vitamin D
and type 2 diabetes. Nutr Rev. 2011
May;69(5):291-5. doi: 10.1111/j.1753-
4887.2011.00393.x. PMID: 21521231.

20. Mezza T, Muscogiuri G, Sorice GP, Prioletta A,
Salomone E, Pontecorvi A, Giaccari A. Vitamin D
deficiency: a new risk factor for type 2 diabetes?
Ann Nutr Metab. 2012;61(4):337-48. doi:
10.1159/000342771. Epub 2012 Dec 3. PMID:
23208163.

21. Kayaniyil S, Harris SB, Retnakaran R, Vieth R,
Knight JA, Gerstein HC, et al. Prospective
association of 25(OH)D with  metabolic
syndrome. Clin Endocrinol  (Oxf) 2014,
80(4):502-507 (doi: 10.1111/cen.12190).

22. Pittas AG, Dawson-Hughes B, Li T, Van Dam
RM, Willett WC, Manson JE, Hu FB. Vitamin D
and calcium intake in relation to type 2 diabetes
in women. Diabetes Care. 2006 Mar;29(3):650-6.
doi: 10.2337/diacare.29.03.06.dc05-1961. PMID:
16505521.

23. Boucher BJ, Mannan N, Noonan K, Hales CN,
Evans SJ. Glucose intolerance and impairment
of insulin secretion in relation to vitamin D
deficiency in east London Asians. Diabetologia.
1995; 38(10):1239-1245 (doi:
10.1007/BF00422375).

Ann Coll Med Mosul December 2025 Vol. 47 No.2



Status of Vitamin D in Individuals with ..

24, Chiu KC, Chu A, Go VL, Saad MF.
Hypovitaminosis D is associated with insulin
resistance and beta cell dysfunction. Am J Clin
Nutr. 2004 May;79(5):820-5. doi:
10.1093/ajcn/79.5.820. PMID: 15113720.

25. Palomer X, Gonzéalez-Clemente JM, Blanco-
Vaca F, Mauricio D. Role of vitamin D in the
pathogenesis of type 2 diabetes mellitus.
Diabetes Obes Metab. 2008 Mar;10(3):185-97.
doi: 10.1111/j.1463-1326.2007.00710.x. PMID:
18269634.

26. Mirhosseini N, Vatanparast H, Mazidi M,
Kimball SM. Vitamin D Supplementation,
Glycemic Control, and Insulin Resistance in
Prediabetics: A Meta-Analysis. J Endocr Soc.
2018; 2(7):687-709. doi: 10.1210/js.2017-00472.
PMID: 29951596; PMCID: PMC6016617.

27. Raslova K. Diabetes a dyslipidémia: preco
maju k sebe tak blizko? [Diabetes and
dyslipidemia: Why are they so closely related?].
Vnitr Lek. 2016 Fall;62(11):908-911. Czech.
PMID: 28128578.

28. Mirhosseini N, Rainsbury J, Kimball SM.
Vitamin D Supplementation, Serum 25(OH) D
Concentrations and Cardiovascular Disease Risk
Factors: A Systematic Review and Meta-
Analysis. Front Cardiovasc Med 2018; 5:87 (doi:
10.3389/fcvm.2018.00087).

29. Wang H, Xia N, Yang Y, Peng DQ. Influence of
vitamin D supplementation on plasma lipid
profiles: a meta-analysis of randomized
controlled trials. Lipids Health Dis. 2012 Mar
20;11:42. (doi: 10.1186/1476-511X-11-42. PMID:
22433171); PMCID: PMC3325888.

30. Khudayar M, Nadeem A, Lodi MN, Rehman K,
Jawaid Sl, Mehboob A, et al. The Association
between Deficiency of Vitamin D and Diabetes
Mellitus Type 2 (DMT2). Cureus 2022;
14(2):e22221 (doi: 10.7759/cureus.22221).

31. Lips P, Eekhoff M, van Schoor
N, Oosterwerff M, de Jongh R, Krul-Poel Y, et
al. Vitamin D and type 2 diabetes.
J Steroid Biochem Mol Biol 2017; 173:280-285
(doi: 10.1016/j.jsbmb.2016.11.021).

32. Laway BA, Kotwal SK, Shah ZA. Pattern of 25
hydroxy vitamin D status in North Indian people
with newly detected type 2 diabetes: A
prospective case control study. Indian J
Endocrinol Metab. 2014;18(5):726-730. (doi:
10.4103/2230-8210.139242).

Ann Coll Med Mosul December 2025 Vol. 47 No.2

Sura Khairialdeen Mohialdeen

33. Lau SL, Gunton JE, Athayde NP, Byth K,
Cheung NW. Serum 25-hydroxyvitamin D and
glycated haemoglobin levels in women with
gestational diabetes mellitus. Med J Aust.
2011;194(7):334-7. (doi: 10.5694/j.1326-
5377.2011.tb03000.x. PMID: 21470081).

34. Pittas AG, Harris SS, Stark PC, Dawson-
Hughes B. The effects of calcium and vitamin D
supplementation on blood glucose and markers
of inflammation in nondiabetic adults. Diabetes
Care. 2007;30(4):980-6. (doi: 10.2337/dc06-
1994).

35. Elshebiny A, AlHewishel MA, Al Ghadeer HA,
Alosaif N, Al Furaikh BF, ALHejji MS, et al.
Correlation of 25-Hydroxyvitamin D and Serum
Lipid Levels among Patients With Type 2
Diabetes. Cureus 2021; 13(11): el9667
(d0i:10.7759/cureus.19667).

36. Saedisomeolia A, Taheri E, Djalali M,
Moghadam AM, Qorbani M. Association between
serum level of vitamin D and lipid profiles in type
2 diabetic patients in Iran. J Diabetes Metab
Disord 2014;13(1):7 (doi: 10.1186/2251-6581-
13-7).

207


https://pubmed.ncbi.nlm.nih.gov/?term=Lips+P&cauthor_id=27932304
https://pubmed.ncbi.nlm.nih.gov/?term=Eekhoff+M&cauthor_id=27932304
https://pubmed.ncbi.nlm.nih.gov/?term=van+Schoor+N&cauthor_id=27932304
https://pubmed.ncbi.nlm.nih.gov/?term=Oosterwerff+M&cauthor_id=27932304
https://pubmed.ncbi.nlm.nih.gov/?term=de+Jongh+R&cauthor_id=27932304
https://pubmed.ncbi.nlm.nih.gov/?term=Krul-Poel+Y&cauthor_id=27932304

