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Introduction  

Type 2 diabetes mellitus (T2DM) is the 
most common chronic metabolic disorder 
around the world, is caused by a defect in 
the secretion of insulin by β-cells in              
the pancreas and the inability or insulin  
resistance.1 

Globally, T2DM is one of the top five        
non-communicable chronic diseases and is 
also one of the major causes of morbidity 
and mortality.2 Worldwide, around 90%          
of all patients diagnosed with diabetes 
mellitus are type two.

3 

Type two diabetes mellitus is caused by the 
complicated interaction between genetic, 
environmental, and behavior.4 Obesity and 
physical inactivity are the main factors that 

cause insulin resistance and then progress 
to type two diabetes.5 Loss of weight,            
increased appetite, frequent urination, 
thirst, and weakness, are the common 
symptoms of D2TM. 
Calcitonin (thyrocalcitonin) is a type of    
peptide hormone synthesized and secreted 
by c cells (parafollicular cells) in the thyroid 
gland.6 It has played a significant role                  
in maintaining and regulating calcium-
phosphorus balance and metabolism.7 

Increased concentration of calcium in the 
circulation stimulates CT secretion, which 
rapidly decreases calcium concentration by 
inhibiting osteoclast and elevated excretion 
of calcium from urine by kidneys.8,9                    

It reduced the level of calcium also by          
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diagnosed with type two diabetes mellitus and 50 control subjects without clinical signs of 
any diseases. The level of serum calcitonin, calcium, and phosphate was estimated for all 
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Results: The mean serum level of calcitonin was (2.35 ± 1.18) pg/mL in the case 
group, while the mean was (32.91 ± 3.88) pg/mL in the control group (P value = 0.001). 
The mean level of serum phosphate was (3.93 ± 0.08) mg/dL and (3.73 ± 0.09) mg/dL           
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level was (9.68 ± 0.10) mg/dL in the case group, and it was about (9.67 ± 0.14) mg/dL           
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altered in type two diabetic patients when compared with control participants. 
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inhibiting and limiting the absorption of        
calcium from the intestine to the blood          
vessel.10 Indirectly in the bone, CT is              
promoting the production of bone matrix 
and mineralization.11 
Calcium is one of the most important           
cationic minerals in the human body.12         
Approximately 99% of the calcium in the 
human body is deposited and stored in the 
teeth and bone.13 While about 1% of Ca2+  

is found in the soft tissues, extracellular 
fluid (ECF), and circulation system.14 

Calcium has played an essential role in 
many physiological processes in the body. 
It is necessary for the building of teeth         
and bone, metabolic pathways in the cell, 
contraction process in the muscle, and 
nerve conduction.15 Intracellular Ca2+ plays 
a critical role in proliferation (survival) and 
apoptosis (a program of cell death) of       
cancer cells as well as immune cells.16,17 

After calcium mineral, phosphate is            
represented as the second most crucial 
mineral for the human body.18 Vitamin D, 
Parathyroid Hormone (PTH), fibroblast 
growth factor 23 (FGF-23), and calcitonin 
have played a significant role in regulating 
phosphate homeostasis.

19 
Phosphate is 

responsible for several physiological           
functions in the body such as the            
mineralization of bone, it is involved in       
the generation and metabolism of energy 
through ADP and ATP, acting as a          
structure in the production of DNA, plasma 
membrane, and cell signaling, and          
maintaining acid-base balance.20,21 

 It acts as an integral component in the 
composition of carbohydrates, fat, and      
protein.22 Diabetes mellitus affects the         
function of calcitonin and parathyroid             
hormone.23 In type two diabetes mellitus, 
the concentration of calcitonin is low.

24 

Type two diabetes mellitus can affect         
electrolyte balances such as calcium,      
phosphate, magnesium, and potassium.25 

In diabetic patients, abnormal calcium           
homeostasis is related to impaired glucose 
metabolism.26 A diabetic patient has a low 
intracellular concentration of phosphate 
and hyperphosphouria because the             

intestinal brush border membrane is          
depolarized for reabsorption of inorganic 
phosphate by hyperglycemia and defect in 
homeostatic functions of the kidney.27       

The aim of the study for estimate serum 
calcitonin, calcium, and phosphate in type 
two diabetic patients compared with 
healthy (control) participants. 

A cross-sectional study was carried out at 
Layla Qasim Center for diabetes mellitus  
in Erbil city and Hemn private laboratory  
for collecting both cases and controls     
samples, respectively, from October 2021 
to January 2022. The individuals in the 
study included 100 participants (50 cases 
and 50 controls). Each group consisted        
of (32 females and 18 males) and also       
the age ranged from 40 to 69 in both 
groups. The case participants have already 
been diagnosed with type two diabetes 
mellitus by a specialized physician 
(endocrinologist).  
A specially designed questionnaire was 
used for the study. The first part of              
the questionnaire contained questions          
regarding the demographic data (age,    
gender, marital status, occupation, and    
educational level). The second part        
contained questions to measure the height 
and weight for calculating Body Mass           
Index (BMI). The third part was related         
to lifestyle as smoking status, diet, and  
exercise questions. The fourth part of the 
questionnaire composed questions related 
to the profile of diabetes mellitus as            
duration, family history, monitoring, and 
control of T2DM. 
Collection of Specimen  
Peripheral blood samples were collected 
by using standard phlebotomy procedures. 
Five ml of blood samples were drawn        
by using a disposable needle and then 
transferred to two tubes: an EDTA tube          
for estimation of HbA1c and a gel tube              
for investigating biochemical parameters 
(calcitonin, calcium, and phosphate).             
The gel tube was incubated at room          
temperature for 15 minutes, then the            

Methods 
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serum was separated by centrifugation at 
5000 rpm for six minutes. After that, the 
serum was transferred into Eppendorf 
tubes and stored at -20ºC. The sandwich 
ELISA and Cobas C 311 were used for 
measuring the biochemical parameters. 
Statistical Analysis 
Data were analyzed with SPSS (Statistical 
Package for Social Science) (Version 26). 
All descriptive data were expressed as 
mean ± standard error of the mean (SEM) 
for the selected variable. An independent          
t-test was used for statistical evaluation         
of numerical data between cases and       
controls, which included CT, Ca, and P. 
The probability value (P ≤0.05) statistically 
means a significant difference, while                
a P-value more than 0.05 was considered 
non-significant difference. In addition,             
a P-value of less than 0.001 statistically 
means a highly significant difference.  

Table 1 Demographic characteristics of the participants in control and case groups. 

Demographic characteristics of the       
participants. 
The study included 100 participants of both 
genders. The case group included those 
diagnosed with type two diabetes mellitus 
and the control group included healthy          
individuals. Each group included 50                 
participants, it consisted of 32 females and 
18 males. The (mean ± SE) of age in the 
case group was (55.06 ± 1.13) years and in 
the control group was (54.48± 1.16) years. 
The (Mean ± SE) BMI was (28.59 ± 0. 65)
Kg/m

2
 and (31.15 ± 0.78) Kg/m

2 
in the        

diabetic and healthy groups, respectively. 
Most diabetic patients had a family history 
of T2DM which was about 26 participants 
and most of the control participants              
did not have T2DM family history which     
included 30 individuals. The demographic 
characteristics of the study are shown in 
Table 1. 

Results  

Characterization Case Control P-value 

Gender No. (%)   1.000* 

Males 18 (50%) 18 (50%)  

Females 32 (50%) 32 (50%)  

Age (years) mean± SE 55.06 ± 1.13 54.48±1.16 0.721** 

BMI (Kg/m
2
) mean± SE 28.59 ± 0.65 31.15 ± 0.78 0.130** 

Family history of T2DM  No. (%)   0.229* 

Yes   26 (52%) 20 (40%)  

No   24 (48%) 30 (60%)  

*By Chi-square test for qualitative samples. 

**By t-test for two independent samples.  
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Calcitonin, Calcium, and Phosphate. 
The Mean ± Standard Error (SE) of             
calcitonin was (2.35 ± 1.18) pg/mL in the 
case participants, while in the control was 
about (32.91 ± 3.88) pg/mL and the data 
analysis showed a statistically highly          
significant difference (P ≤0.001) between 
the level of serum calcitonin when              
compared with type two diabetic patients 
and healthy individuals. The mean ± SE 
value for serum phosphate level in cases 
was (3.93 ± 0.08) mg/dL, while (3.73 ± 
0.09) mg/dL was the mean ± SE value for 
phosphate in controls. P-value was equal 
to (0.117) which means there was no           
statistically significant difference in (mean ± 
SE) of serum phosphate between case and 
control participants. Regarding, the mean ± 
SE levels of calcium in the serum was 
(9.68 ± 0.10) mg/dL for diabetic participants 
and (9.67 ± 0.14) mg/dL for healthy            

subjects (P = 0.955), and there was no  
statistically significant difference in the       
level of serum calcium between the case 
and control groups (Table 2).  
Effect of gender on the level of serum 
calcitonin, calcium, and phosphate in 
diabetic patients. 
The results showed that there was no         
relationship between gender and the level 
of serum calcitonin hormone and calcium 
in case participants. The (P ≥0.05) for        
calcitonin and calcium statistically               
considered that there was no significant 
difference in the mean serum calcium and 
calcitonin levels between males and             
females. Regarding, phosphate serum       
level (P ≤0.05) there was a significant      
statistical difference in the level of serum 
phosphate between both genders with type 
2 diabetes (see Table 3).  

208 

Table 2 The comparison of the level of serum calcitonin, phosphate, and calcium in 
diabetic patients with the control group. 

Biochemical parameters 

 Case 
 (N=50) 

Control 
 (N=50) P-value 

 Mean ± SE  Mean ± SE 

 Calcitonin (pg/mL) 2.35 ± 1.18 32.91 ± 3.88 
 

0.001* 

 Phosphate (mg/dL)  3.93 ± 0.08  3.73 ± 0.09 
 

0.117* 

 Calcium (mg/dL)  9.68 ± 0.10  9.67 ± 0.14 
 

0.955* 

*By t-test for two independent samples. 

Table 3 Mean ± SE of calcitonin, calcium, and phosphate between males and females 
with type 2 diabetes mellitus. 

Biochemical 
Parameters 

Gender 

P-value Males (Mean ± SE) 
N = 18 

Females (Mean ± SE) 
N =32 

 Calcitonin (pg/mL) 1.82 ±1.50  2.63± 1.65 0.747* 

Phosphate (mg/dL)  3.71 ± 0.18 4.06± 0.08 0.044* 

 Calcium (mg/dL) 9.57± 0.17 9.74 ± 0.13 0.424* 

*By t-test for two independent samples. 
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Correlation coefficient (r) between data 
variables. 
Correlation of HbA1c with calcitonin,          
phosphate, and calcium in type two             
diabetic patients showed that the P value 
was (≥ 0.05) for all of them which means 
that there was no statistically significant 
correlation of HbA1c with calcitonin,           
phosphate, and calcium. 
The findings showed that a positive (direct) 
correlation was present between glucose 
and calcium, and phosphate. Regarding, 
calcitonin there was a negative (inverse) 
correlation. As for the HbA1c correlation, 
the statistical evaluation (P value ≥0.05) for 
all biochemical parameters in the study 
showed no significant correlation between 
serum glucose level with calcitonin,            
phosphate, and calcium. 

14 (16.3%) failed to achieve CR,              
13 (15.1%) died during or before induction                   
chemotherapy and 9 (10.5%) of them were 
lost to follow up.  
The association between remission status 
post induction chemotherapy and the        
phenotype pattern expression is shown in 
Table 7.  
In comparison between the two groups 
(CR and No-CR) in relation to the type       
of aberrant CD marker, no significant           
association was noticed as most of them 
were associated with higher frequency           
of CR except CD56 and CD64, both        
were associated with No-CR when          
expressed but the significance level was 
not reached.  

209 

Table 4 Correlation between HbA1c and calcitonin, phosphate, and calcium               
represented by correlation coefficient (r) and P-value.  

Table 5 Correlation between serum glucose level with calcitonin, phosphate, and  
calcium represented by correlation coefficient (r) and P-value. 

Parameters HbA1c 

r P value 

 Calcitonin (pg/mL) -0.005  0.976 

 Calcium (mg/dL)  0.034 0.815 

 Phosphate (mg/dL)  0.220 0.126 

Parameters Serum glucose level 

 r P value  

Calcitonin (pg/mL)  -0.169 0.298 

Calcium (mg/dL) 0.176 0.222 

Phosphate (mg/dL)  0.002 0.989 

https://doi.org/10.15218/zjms.2023.023


Estimation of serum calcitonin, phosphate, and ...                        Zanco J Med Sci, Vol. 27, No. (2), August 2023 
https://doi.org/10.15218/zjms.2023.023 

6  

Throughout the world, Type 2 Diabetes 
Mellitus (T2DM) is a metabolic disease 
characterized by a defect in the secretion 
of insulin from the pancreas and reduces 
the sensitivity of insulin (insulin                    
resistance).28 

In the present cross-sectional study, we 
compared the serum calcitonin hormone 
(CT) level and minerals such as calcium 
and phosphate in type two diabetic patients 
with healthy individuals. Calcitonin (CT) is  
a peptide hormone produced and released 
by the thyroid gland from c-cells involved in 
increasing the calcium in the blood.8 
We demonstrated that the level of (CT)  
was significantly lower in type two diabetic 
patients when compared with healthy             
individuals. The mechanism by which 
T2DM affects the level of CT is unclear. 
The current findings is in disagreement with 
the results of the previous study, which 
showed that the level of serum calcitonin 
was significantly higher in type one and 
type two diabetes mellitus than in healthy 
individuals, it also described that calcium 
causes an elevated level of calcitonin.29 

However, a recent study showed that            
the level of calcitonin significantly                  
decreased in type two diabetic patients     
with complications.30 
Calcium (Ca) is one of the most crucial  
cationic minerals, and for building the 
body's skeletal structure it is one of the 
most crucial minerals.15 The results showed 
that there was no significant difference         
in the mean level of calcium between         
case and control participants. This is in 
agreement with the results of the previous 
study, which statistically (P value ≥0.05) 
found that there was no significant          
difference in the mean serum calcium l        
evel between patients and non-diabetic 
subjects.31 Phosphate has played an           
essential role in the body. It is involved            
in several metabolic processes with Ca 
stored in the bone.21 In the present study, 
the level of serum phosphate was not            
altered between diabetes and non-diabetes 
individuals. 

In 2014, Revathi and Amaldas reported        
a study about clinical study of serum           
phosphate and magnesium in type II              
diabetes mellitus, the analyzed data 
showed that the serum phosphate level 
was significantly lower in diabetic patients 
than the level in control subjects.                       
It is in disagreement with the present           
cross-sectional study.32 

The data analysis in this study                 
demonstrated that gender did not have       
an impact on altering the level of serum 
calcitonin and calcium in patients with        
type two diabetes mellitus. There was            
no significant difference in both levels         
between males and females (P-value ≥ 
0.05). Regarding calcitonin, no study           
indicated the effect of gender on serum 
calcitonin levels in diabetic individuals.  
Regarding calcium, the result is in               
accordance with a previous study that has 
shown no significant statistical difference in 
the mean serum calcium levels between 
females and males.33 

The present study demonstrated that           
gender has a significant effect on the mean 
serum phosphate level when comparing 
males with females (P value ≤0.05) as 
there was a significant difference in the 
mean serum phosphate level in comparing 
both genders.  
A previous study showed that there was  
no significant difference in the mean          
phosphate level in serum between males 
and females with type two diabetes.33          

Furthermore, the statistical analysis 
showed that the correlation of HbA1c         
with calcium and phosphate was a           
positive (direct) correlation, as P value was                
(≥ 0.05) indicating no significant correlation                
between HbA1c and phosphate as well        
as with calcium levels in serum of T2DM 
patients. 

The previous studies have shown                 
negative (inverse) correlation between 
HbA1c with phosphate and calcium                  
serum concentrations in type two diabetic 
patients, and this is in disagreement with 
the correlation result of the current 
study.27,34 
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Discussion 
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As for HbA1c correlation, the glucose          
correlation indicated a positive (direct)          
correlation was present between glucose 
with phosphate and calcium. At P value 
≥0.05 there was no statistically significant 
correlation present between serum glucose 
level with phosphate and calcium. This        
result is in agreement with the previous 
study that demonstrated the positive 
(direct) correlation of phosphate with serum 
glucose level.35 

Regarding the correlation between calcium 
and serum level of glucose, the prior study 
reported a negative (inverse) correlation 
between calcium and glucose in type two 
diabetic individuals.36 

This study found a negative (inverse)              
correlation between calcitonin and HbA1c 
as well as with glucose (P value ≥0.05). 
There were no available previous studies 
that reported the correlation of calcitonin in 
type 2 DM.  
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Conclusion 

The level of serum calcitonin is negatively 
correlated with the serum level of glucose 
and glycated hemoglobin. The level of         
calcitonin was reduced in case participants. 
The level of phosphate and calcium were 
not affected by hyperglycemia and insulin 
resistance in type two diabetic patients  
and a positive correlation was detected  
between glycated hemoglobin and glucose 
with phosphate and calcium. 
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