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Abstract

Inflammatory Effect of Leptin and C-reactive 
Protein with Vitamin D Deficiency in Type 2 
Diabetes Mellitus
Sanhareeb Wajdi Sabih AL-ROBAIEE1, Sura Zahim HUSSEIN2, Ahmed Sami FARHAN2

Background and objectives: Diabetes is a complex metabolic disorder affecting the glucose status of the human 
body. Immune system activation is highly related to type 2 diabetes incidence, progression, adaptive and innate 
immunity is involved in the inflammation. Vitamin D insufficiency causes insulin resistance as well as glucose in-
tolerance, which are symptoms of significant vitamin D deficiency. Increased inflammatory biomarkers and insulin 
resistance are prominent symptoms of this illness. Materials and methods: Serum specimens were taken from 
120 people, with 70 patients (35 males and 35 females) with type 2 diabetic individuals and 50 healthy controls (25 
males and 25 females) divided into two groups. Patients in the study population ranged from (18-50) years old and 
were hospitalized at Ballad and Salah Aldeen General Hospitals in Salah Aldeen province from August 2019 to Feb-
ruary 2020. Results: Vitamin D levels were considerably reduced in females and male diabetic patients compared to 
controls, while leptin levels were elevated with ALP levels that were slightly diminished in diabetic males compared 
to controls but higher in diabetic females. Both C-reactive protein and serum uric acid levels were significantly 
higher in male and female diabetic patients compared to controls. In addition, these were increased in male diabetic 
individuals when compared to female diabetic individuals. Conclusion: In type 2 diabetes individuals, severe vitamin 
D deficiency and increased leptin cause inflammation and complicate bone metabolic illness.
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INTRODUCTION 

Diabetes mellitus is a multifactorial, polygenic ill-
ness marked by an increase in fasting blood glucose 
due to an absolute or relative insulin insufficiency1. A 
relative or absolute insulin insufficiency is the etiolo-
gy of diabetes mellitus. Diabetes-induced changes in 
metabolism have a major impact on bone metabolism, 
increasing the possibility of fracture approximately six 
times for type 1 diabetics and two times for type 2 
diabetics. Osteoporosis and diabetes  are two illnesses 
that wreak havoc on the senior population, resulting in 
medical expenses that are two times greater than those 
of healthy elderly individuals2. Real impacts of hyper-
glycemia, or insulin resistance or insufficiency on the 
skeleton, and bone marrow environment may produce 
bone and minerals abnormalities in people with diabe-
tes mellitus. Advanced glycation end products (AGEs), 
aberrant cytokine, adipokine biosynthesis, their delete-
rious effects on osteocytes, and altered neuromuscular/
skeletal connections are all factors to consider3.

Vitamin D seems unusual amongst hormones in 
that it is produced in the skin as a result of sun expo-
sure4. There are two different types of vitamin D. Vita-
min D2 is made by irradiating the yeast sterol ergoster-
ol with ultraviolet light, and it may be detected within 
daylight mushrooms. Vitamin D3 is made in the skin 
and found in oily fish like herring, salmon, and mack-
erel. A commercially available product of vitamin D3 
is 7-dehydrocholesterol,  the cholesterol precursor, 
which is found naturally in the skin, or from lanolin5.

Leptin of human origin has a sequence of 167 ami-
no acids, the molecular weight of leptin is around (16 
kDa) and it has 67% sequence identity among diverse 
species. Leptin is coded by a specific gene called the 
obese (ob) gene that is expressed mainly in adipocytes; 
also small amounts of leptin are secreted by cells in 
the epithelium, stomach, and placenta. The secreted 
amount of leptin increases as the body fat increases, 
it is found that a higher concentration of the specific 
mRNA is present in adipocytes from obese compared 
to thin subjects6.

Even though the physiologic substrate inside the 
body is unknown, alkaline phosphatase is a concept 
that represents a set of enzymes that hydrolyze phos-
phate esters at an alkaline pH. The liver, bone, gut, and 
(throughout pregnancy, placenta) all contribute to the 
plasma component of alkaline phosphatase7. Osteo-
blasts, which form the collagen lattice and bony min-

eral matrix, have a high level of ALP enzyme activity. 
A rise in alkaline phosphatase action in a blood sample 
indicates increased osteoblastic action8.

Following stimulation of the multisystem stressor, 
hepatic synthesis of proteins switches from constituent 
proteins (e.g. transferrin and albumin) to acute inflam-
matory proteins (e.g. C-reactive protein (CRP) and 
fibrinogen). Therefore, they result in increased plasma 
levels of CRP, complement proteins, protease inhibi-
tors, and coagulation proteins. All such acute stage pro-
teins are randomly distributed into type I, e.g. α1-acid 
glycoprotein  and haptoglobin  that are  stimulated by 
TNF-like cytokines and IL-19. It’s very useful for de-
tecting infections in newborns. The normal physiologi-
cal response against infection, like fever and neutrophil 
leukocytosis, would not be evident in immunocompro-
mised individuals10. CRP serum  levels might be able 
to tell the difference between a fatal  and non-fatal 
acute heart attack. However, this has yet to be shown. 
Other disorders that predispose to cardiovascular dis-
eases, particularly diabetes, appear to have similar risk 
increases11.

Purine metabolism produces serum uric acid, which 
is processed for further water-soluble allantoin in most 
other animals12. Humans are unable to oxidize uric acid 
because they lack the uricase enzyme13. Uric acid in the 
blood, on the other hand, has lately been linked to in-
sulin resistance. Uric acid is a chemical that may have 
a wide range of biological actions, from antioxidant to 
strong prooxidant. As a result of its biological ambigu-
ity, decreasing uric acid levels are likely to be linked to a 
higher risk of death as a result of decreased antioxidant 
activity14. Uric acid, the most prominent antioxidant 
within the plasma, combines directly with nitric oxide 
(NO) in a quick irreversible process, forming 6-ami-
nouracil and depleting NO, an essential mediator for 
insulin action, while also improving blood supply and 
glucose distribution to skeletal muscles. Furthermore, 
uric acid  causes oxidative stress to the human vascu-
lar endothelium by activating the renin-angiotensin 
mechanism15.

MATERIALS AND METHODS 
  

The current study was approved by the Medical 
Ethics Committee of Tikrit University / College of 
Medicine and given the code number (IQ.TUCOM.
REC.2019.Bio75). All participants of the study 
signed an ethical acceptance form based on the World 
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Medical Association Declaration of Helsinki, amend-
ed in 2000, Edinburgh.

The study was conducted by collecting 120 blood 
samples from 70 patients (35 males and 35 females) 
with type 2 diabetic individuals and 50 healthy controls 
(25 males and 25 females). Individuals in the study pop-
ulation ranged (18-50) years old and were hospitalized 
at Ballad and Salah Aldeen General Hospitals in Salah 
Aldeen province from August 2019 to February 2020. 
A five ml blood specimen was taken in a plain  tube, 
then left to clot for 20-30 minutes before centrifug-
ing with a microcentrifuge at 4000 rpm for 5 minutes. 
Then collected fresh, non-hemolysed serum and stored 
inside the deep freezer. The serum was separated into 
two tubes, one of  the first series of tests (S. Alkaline 
Phosphatase and S. Uric Acid) which were performed 
utilizing spectrophotometer enzymatic procedures. The 
other second tube included the achieved (Vitamin D 
and leptin) test, which was performed using the En-
zyme-Linked Immunosorbent Assay (ELIZA) sand-
wich technique (Sunlong). As well as the CRP test 
that was performed utilizing the I-Chroma device and 
fluorescent immunoassay technology. The SPSS pro-
gram version 26 was used to conduct the current find-
ings statistical analysis. A p-value of less than 0.05 was 
deemed statistically significant.

 
RESULTS

As indicated in the table and figure (1), the mean ± SD 
of vitamin D for male diabetes patients and controls 
was (8.60 ± 3.35) and (20.14 ± 1.83) ng/ml, ranging 
within (3.3-17.1) and (14.9-24.7) ng/ml, respectively. 
Whereas the mean ± SD of vitamin D in female diabe-
tes cases and controls, as can be seen in table and figure 
(1), was (9.62±1.47) and (20.17±1.13) ng/ml, ranging 
from (3.0-69.6) and (18.0-23.5) ng/ml, respectively. 
When compared to controls, the results exhibited a 
highly significant difference (P≤0.01) between female 
and male diabetes patients.

Table 1. Serum vitamin D levels (ng/ml) in diabetic patients and control

P. 
valueRangeS.D ± MeanNumber  

of subjectGroups

P≤0.01
14.9 – 24.71.83 ± 20.1425Control males

3.3 – 17.13.35 ± 8.6035Diabetic males

P≤0.01
18.0 – 23.51.13 ± 20.1725Control females

3.0 – 69.61.47 ± 9.6235Diabetic females

As indicated in the table and figure (2), the mean 
±  SD of leptin levels for male diabetes patients and 
controls was (14.46±5.62) and (9.55±3.91) ng/ml, 
ranging within (6.0 – 25.0) and (4.0 – 15.0) ng/ml, re-
spectively. The mean ± SD of leptin for female diabetes 
cases and controls was (30.78±13.28) and (15.42±8.49) 
ng/ml, ranging from (10.0 – 55.0) and (5.0 – 30.0) ng/
ml, respectively. When compared to controls, the re-
sults exhibited a highly significant difference (P≤0.01) 
between female and male diabetes patients.

Table 2. Serum leptin levels (ng/ml) in diabetic patients and control

P. valueRangeS.D ± Mean Number 
of subjectGroups

P≤0.01
4.0 – 15.09.55 ± 3.9125Control males

6.0– 25.014.46 ± 5.6235Diabetic males

P≤0.01
5.0– 30.015.42 ± 8.4925Control females

10.0– 55.030.78 ± 13.2835Diabetic females

Figure 1.  Serum vitamin D levels in diabetic patients and control

Figure 2.  Serum leptin levels in diabetic patients and control

As shown in table and figure (3), the mean ± SD of 
serum uric acid for male diabetes patients and controls 
were (6.38±1.21) and (5.26±0.88) mg/dl, ranging from 
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(4.6-9.5) and (3.9-6.9) mg/dl, respectively. As indi-
cated in table and figure (3), the mean ±SD of serum 
uric acid for female diabetes patients and controls was 
(4.57±3.29) and (3.80±1.30) mg/dl, ranging from (2.9-
6.5) and (2.9-5.3) mg/dl, respectively. When a com-
parison with the control group was done, these findings 
of female and male diabetic patients exhibited a highly 
significant difference (P≤0.01) difference.

Table 3. Serum uric acid levels (mg/dl) in diabetic patients and control

P. valueRangeS.D ± Mean Number  
of subjectGroups

P≤0.01
3.9 – 6.90.88 ± 5.26 25Control males
4.6 – 9.51.21 ± 6.3835Diabetic males

P≤0.01
2.9 – 5.31.30 ± 3.80 25Control females

2.9 – 6.53.29 ± 4.5735Diabetic females
 

As indicated in table and figure (5), the mean ± SD 
of C-reactive protein in male diabetes patients and 
controls was (17.69±13.15) and (3.39±0.83) mg/dl, 
ranging from (8.76–70.0) and (2.2-5.0) mg/dl, respec-
tively. As indicated in table and figure (5), the mean 
±SD of C-reactive protein among female diabetes pa-
tients and controls was (16.46±9.38) and (4.04±1.31) 
mg/dl, ranging from (7.24-60.8) and (2.5-6.4) mg/
dl, respectively. When a comparison with the control 
group was done, these findings of female and male di-
abetic patients exhibited a highly significant difference 
(P≤0.01) difference.

Table 5. C-Reactive protein levels (mg/dl) in diabetic patients and control

P. valueRangeS.D ± Mean Number  
of subjectGroups

P≤0.01
2.2 – 5.00.83 ± 3.3925Control males

8.76 – 70.013.1 ± 17.6935Diabetic males

P≤0.01
2.5 – 6.41.31 ± 4.0425Control females

7.24 – 60.89.38 ± 16.4635Diabetic  
females

Figure 3. Serum uric acid levels in diabetic patients and control

Figure 5.  C-Reactive protein levels in diabetic patients and control.

Figure 4. Serum alkaline phosphatase levels in diabetic patients 
and control

As shown in the table and figure (4), the mean ± SD 
of serum ALP for male diabetes patients and controls 
was (9.40±2.55) and (9.56±0.93) K.A.U/dl ranging 
from (4.8-13.7) and (8.3-12.0) K.A.U/dl, respective-
ly. The mean±SD of serum ALP for female diabetes 
patients and controls, as demonstrated by table and 
Figure 4., was (10.63±4.19) and (9.30±0.78) K.A.U/
dl, ranging from (4.5-21.9) and (8.0-11.0) K.A.U/dl 
respectively. When female and male diabetic patients 
were compared to the control group, these findings ex-
hibited no significant differences (P≥0.05).

Table 4. Serum alkaline phosphatase (K.A.U/dl) levels in diabetic 
patients and control

P. valueRangeS.D ± Mean Number  
of subjectGroups

P≥0.05
8.3 – 12.00.93 ± 9.5625Control males

4.8 – 13.72.55 ± 9.4035Diabetic males

P≥0.05
8.0 – 11.00.78 ± 9.3025Control females
4.5 – 21.94.19 ± 10.6335Diabetic females
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DISCUSSION

Vitamin D levels in diabetes patients, both male and 
female, were found to be considerably lower than in 
the control group in this investigation. These findings 
were in agreement with those of Esteghamati A16, Fa-
tih S17, Rija F18, and Al-Jebawi AF19, although no con-
trary evidence had been discovered. The combination 
to Vitamin D receptors (VDRs) that induce expression 
of the  insulin receptors onto target tissues has been 
proven in several investigations to enhance insulin sen-
sitivity. Vitamin D3 conversion towards its derivative 
1,25 vitamin D3 is a complicated process that includes 
several hormones. 1,25 vitamin D3 is identified to be 
an efficacious regulator of the cell differentiation and 
proliferation by its receptor, that is existent in insu-
lin-forming beta cells. This could indicate that hypo-
vitaminosis D3 is linked to T2DM’s long-term, griev-
ously abnormal (carbohydrate) metabolism and muscle 
insulin resistance. Vitamin D may also enhance insulin 
release by regulating intracytoplasmic calcium con-
centration in beta cells and stimulating the exocytosis 
process. Vitamin D, on the other hand, has an apop-
totic and anti-insulinogenic action on neoplastic β-cell 
lines. In fact, calcitriol slows growth, induces apoptosis, 
and reduces cell viability, insulin content, gene expres-
sion,  and secretion in murine insulinoma β-cells, ac-
cording to several cellular researches20. 

Leptin levels were increased in male and female 
diabetic patients when compared with control. These 
results were agreed with the results found by Hussein 
SZ21, Peng X et al22, Huang J et al23, & Hussein SZ24 
but disagreed with that of Onyemelukwe OU et al25, 
Chen CC et al26.

Serum leptin level in male diabetic patients was 
found higher than in control because of decreasing 
testosterone level in male diabetic patients rather than 
control when male was associated negatively with se-
rum leptin independently of body fatness. Serum leptin 
level in female was found higher than in male and this 
is probably owing to adipose tissue in female being 
higher than that in male, the existence of negative cor-
relation between leptin and testosterone levels and the 
stimulation of mRNA production by 17 β-estradiol, 
which was one of the female sexuality hormones22.

Male and female diabetes individuals had greater 
serum uric acid level than control, while male diabet-
ic individuals had higher serum uric acid level than 
female diabetic individuals. These findings matched 

those of Kodama S27 and Zong J28 but did not match 
those of Taniguchi Y29, Abdalla MA et al30, and Hussin 
SJ et al 31. Uric acid is a significant water-soluble en-
dogenous antioxidant in the human body. Enhanced 
oxidative stress is linked to diabetes and associated 
vascular consequences, according to a growing body 
of research. As a result, higher plasma uric acid levels 
might indicate that the body is attempting to defend 
itself from the damage caused by free radicals by boost-
ing endogenous antioxidant compounds, such as uric 
acid. Throughout the oxidative stress, uric acid inhibits 
endothelial enzymes from being oxidized and retains 
the endothelium’s capacity to mediate vascular dilation. 
The metabolic syndrome was found to have a role in 
the relationship between diabetes and hyperuricemia28.

When compared to controls, ALP decreased some-
what in diabetes males but elevated in diabetic females, 
indicating that ALP elevated in diabetic females rather 
than diabetic males. These findings were in agreement 
with those of Zhang Y32, Sinambela TH33, Zhao C34 
and Rija FF35, but not with those of Hussein SZ36 and 
Nasir AH37. Insulin increases bone matrix production 
when combined with insulin-like growth factor. In-
sulin’s influence on the differentiation function of os-
teoblasts causes it to have a stimulatory effect on bone 
matrix. Normal bone mineralization requires insulin as 
well. Hyperglycemia accelerates alkaline phosphatase 
interaction and expression while decreasing osteocalcin 
activity. Osteoblasts regulate mineralization through 
controlling the transmission of phosphate and  calci-
um ions through their cell membrane. Those cells also 
possess alkaline phosphatase, which converts inorganic 
phosphates to phosphate ions38.

Female and male diabetes patients had considerably 
more C-reactive protein than controls, and male dia-
betic patients had significantly higher C-reactive pro-
tein than female diabetic patients. These findings were 
in agreement with Amanullah S39, Ali S40 and Hus-
sein SZ41; however there were no accessible findings 
that contradicted these findings. The major inflamma-
tory component generated by liver cells during an in-
flammation or  acute infection  is C- reactive protein 
(CRP). The CRP levels that are elevated are linked to 
the development of insulin resistance. CRP, a sensitive 
physiological measure of subclinical systemic inflam-
mation, is linked to hyperglycemia, insulin resistance, 
and observable type 2 diabetes mellitus, regarding to 
experimental findings and some cross-sectional data. 
Insulin resistance and decreased insulin secretion are 
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the most commonly associated abnormality in type 2 
diabetics; however the exact cause of these metabolic 
abnormalities is unknown. Inflammation is assumed to 
have a crucial role in the development of type 2 dia-
betes, connecting diabetes with  a variety of typically 
co-existing conditions thought to be caused by inflam-
matory mechanisms42-45.

CONCLUSIONS

 Patients with type 2 diabetes have severe vitamin D 
insufficiency and increased leptin levels, which leads to 
a rise in C-reactive protein and complicates bone met-
abolic illness due to an increase in serum uric acid and 
a change in ALP.

Compliance with ethics requirements: The authors 
declare no conflict of interest regarding this article. The 
authors declare that all the procedures and experiments 
of this study respect the ethical standards in the Hel-
sinki Declaration of 1975, as revised in 2008(5), as well 
as the national law. Informed consent was obtained 
from all the patients included in the study.
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