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Abstract 

     The present study aims to investigate the effects of duration and complications 

of type 2 diabetes mellitus on diabetic related parameters, adipocytokines and 

calcium regulating hormones. This study was conducted on eighty diabetic patients 

(41 male and 39 female) in Iraq, with an age range of 20-60 years and a disease 

duration range of 1-180 months. Blood samples were collected from the patients to 

determine three main types of biomarkers: diabetic-related parameters [Fasting 

blood sugar (FBS), glycated hemoglobin (HbA1c), insulin, and insulin resistance 

(IR)]; adipocytokines [adiponectin and tumor necrosis factor-α (TNF-α), and 

calcium regulating hormones [parathyroid hormone (PTH), calcitonin, and vitamin 

D]. 

     The results showed increased levels of some parameters with the increase in 

duration of disease. Levels of FBS and HbA1c increased significantly (P <0.05) in 

the second and the third categories of duration of disease (61-120 and 121-180 

month) compared with the first category (1-60 month). Levels of insulin and IR 

were increased with the increase in duration of disease; this increase was found to 

be significant (P<0.05) when a comparison was made between the second and the 

third categories with the first category. Also, a similar trend was observed when a 

comparison was made between the third category and the second category. There 

was a significant (P<0.05) increase in the levels of TNF-α and calcitonin in the last 

category compared with the other categories, and a significant (P<0.05) increase in 

vitamin D levels in the last category compared with the first category. Non-

significant (P>0.05) differences were found in the levels of adiponectin and PTH 

among all categories of duration of disease. 

     When a comparison was made between the two groups of patients (with 

complications and without complications), a significant (P<0.05) increase was 

found in the levels of FBG, HbA1c, insulin, and IR in patients with complications 

as compared with patients without complications. A significant (P<0.05) decrease 

was found in calcitonin levels in patients with complications as compared with 

patients without complications. Non-significant (P>0.05) differences were found in 

the levels of the other parameters (adiponectin, TNF-α, PTH and vitamin D) 

between the two groups of patients.  

     It can be concluded from the present study that duration of disease affects 

diabetic related parameters, TNF-α and some calcium regulating hormones 

(calcitonin and vitamin D), while complications of disease affect diabetic related 

parameters and calcitonin. It can be suggested that the duration of diabetes is one of 

the strongest determinants of complication risk. 
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 بالدكري، العلاقة ذات معاييرال على الثاني لنوعا الدكري  مرض ومضاعفات مدة تأثير
  للكالديوم المنظمة والهرمونات الخلوية الدهنية المحركات 

 

 *اللامي داود قاسم مكارم ، العتابي ذباح خالد اسيل

 العراق بغداد، بغداد، جامعة العمهم، كمية الحياة، عمهم قدم
 الخلاصة

 الطعايير عمى الثاني الظهع الدكري  مرض ومضاعفات مدة تأثير عن التحري  الى الحالية الدراسة تهدف     
 عمى الدراسة هذه اجريت  لمكالديهم. الطظظطة والهرمهنات الدهظية الخمهية الطحركات بالدكري، العلاقة ذات

 ومدى سظة( 02-02) عطارهما  مدى اناث( 93 و ذكهر 14) الدكري  بداء مصابا العراق في مريضا ثطانين
 لمطعمطات الرئيدية الثلاثة الانهاع لتحديد الطرضى من الدم عيظات جطعت شهر(. 482-4) الطرض مدة

 (،HbA1c) الدكري  الدم خضاب (،FBG) الصائم الدم سكر[ بالدكري  العلاقة ذات الطعايير الحيهية:
 الفا-الهرمي التظخر وعامل الاديبهنكتين[ لدهظيةا الخمهية الطحركات ؛](IR) الاندهلين ومقاومة الاندهلين،

(α-TNF)[ لمكالديهم الطظظطة والهرمهنات ؛ ] درقية الجار هرمهن (PTH)، ،د وفيتامين الكالديتهنين ( Vit.
D)[ . 

 الصائم الدم سكر مدتهيات اظهرت الطرض. مدة زيادة مع الطعايير بعض مدتهيات زيادة الظتائج اظهرت     
-404 و 402-04الطرض) لطدة والثالثة الثانية الفئات في (P<0.05) معظهية زيادة الدكري  الدم خضاب و

 زيادة مع الاندهلين ومقاومة الاندهلين مدتهيات ازدادت شهر(. 02-4الاولى) الفئة مع مقارنة شهر( 482
 وكذلك الاولى الفئة مع والثالثة الثانية الفئتين رنةمقا عظد (P<0.05)  معظهية كانت الزيادة هذه الطرض؛ مدة
 التظخر عامل مدتهيات في (P<0.05) معظهية زيادة هظاك كانت الثانية. الفئة مع الثالثة الفئة مقارنة عظد

 في (P<0.05) معظهية زيادة و الاخرى، الفئات مع مقارنة  الاخيرة الفئة في والكالديتهنين الفا-الهرمي
(P>0.05)  معظهية غير فروق  هظاك كانت بيظطا الاولى. الفئة مع مقارنة الاخيرة الفئة في د امينفيت مدتهيات

 الطرض. مدة فئات جطيع ضطن درقية الجار هرمهن و  الاديبهنكتين مدتهيات في 
 زيادة وجدت الطضاعفات(، وبدون  الطضاعفات )مع الطرضى مجطهعتي بين الطقارنة اجراء عظد     

 الاندهلين ومقاومة الاندهلين، ، الدكري  الدم خضاب ، الصائم الدم سكر مدتهيات في P<0.0)(5 معظهية
 معظهي  نقصان جد و مضاعفات. لديهم ليس الذين مع مقارنة مضاعفات لديهم الذين الطرضى في

(P<0.05) لديهم ليس الذين مع مقارنة مضاعفات لديهم الذين الطرضى في الكالديتهنين مدتهيات في 
 عامل )الاديبهنكتين، الاخرى  الطعايير في (P>0.05)  معظهية غير فروق  هظاك كانت بيظطا فات.مضاع
 .الطرضى مجطهتي بين  )د فيتامين و ، درقية الجار هرمهن  ، الفا-الهرمي التظخر

 عامل بالدكري، العلاقة ذات الطعايير عمى تؤثر الطرض مدة ان الاستظتاج بالامكان الحالية الدراسة من    
 مضاعفات اثرت بيظطا (،د وفيتامين )الكالديتهنين لمكالديهم الطظظطة الهرمهنات وبعض ، الفا-الهرمي التظخر
 هه الدكري  مرض مدة بان الاقتراح بالامكان الكالديتهنين. و بالدكري  العلاقة ذات الطعايير عمى الطرض

   الطضاعفات. لطخاطر الطحددة العهامل احد
Introduction 

     Diabetes mellitus (DM) is a common metabolic condition resulting in hyperglycemia and 

hyperglycemia-related chronic complications [1]. Glucose control remains a major focus in the 

management of patients with type 2 diabetes mellitus (T2DM). Glycated hemoglobin (HbA1c) gives 

a retrospective assessment of the mean plasma glucose concentration during the preceding 6-61 

weeks. In diabetic patients, plasma levels of insulin would be expected to be raised and T2DM results 

from insulin resistance (IR) [2, 3]. 

     Adipose tissue plays an important role in IR syndrome through the dysregulated production and 

secretion of adipocytokines, including adiponectin, tumor necrosis factor (TNF), leptin, and resistin 

[4]. Adiponectin is known to have a regulatory effect on the metabolism of glucose and lipid; it has 
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antidiabetic properties [5]. The assessment of TNF-α, which affects lipid metabolism and IR, could 

be beneficial in early detection of T2DM and prevention of its unfavorable complications [6].  

Three hormones are considered to be essential in the regulation of calcium homeostasis: parathyroid 

hormone (PTH), calcitonin, and vitamin D [7]. PTH increases blood levels of calcium by stimulating 

bones to release calcium, kidney to reclaim calcium from urine, and intestine to absorb calcium [8]. 

Most studies suggest that high level of PTH is associated with abnormal glucose metabolism and is 

related with the prevalence of DM [9]. Calcitonin has the opposite effect of PTH; it decreases 

osteoclastic activity and slows calcium release from bone [3]. It has been reported that calcitonin 

decreases insulin activity and promotes the development of IR [10]. Vitamin D increases body’s 

uptake of calcium from food and the release of calcium from the bones [8]. Low levels of vitamin D 

are associated with T2DM by impaired glucose metabolism and insulin sensitivity [11].   

     The duration of diabetes are significant predictors for development of severe hyperglycemia in the 

patients with T2DM [12]. Type 2 diabetes is considered as a major cause of mortality and morbidity 

for its micro-vascular (retinopathy, nephropathy, and neuropathy) and macro-vascular (coronary heart 

disease, peripheral vascular disease, and stroke and amputation) complications [13]. It was stated that 

complications of diabetes were present in approximately 30% of patients at clinical diagnosis of 

T2DM [14].  

     Diabetic retinopathy is accompanied by hyperglycemia, microvascular damage, inflammation, 

vascular permeability, and occlusion; all together resulting in blindness [15]. Diabetic nephropathy is 

clinically defined by the presence of albuminuria. Neuropathy is the most common and least 

understood complications of diabetes; some patients with T2DM may develop signs of diabetic 

neuropathy soon after they are diagnosed, while fifty percent of them will experience diabetic 

neuropathy when they had the disorder for 25 years or more [16].   

     The present study aims to investigate the effects of duration and complications of type 2 diabetes 

mellitus on diabetic related parameters, adipocytokines and calcium regulating hormones in a sample 

of Iraqi patients. 

Materials and Methods 

Patients 
     This study was conducted on 80 diabetic patients (41 male and 39 female) with an age range of  

20-60 years. The medical history and clinical data of the studied patients were collected to record 

duration and complications of disease such as retinopathy, neuropathy, nephropathy, and 

cardiovascular diseases. 

Collection of blood samples 

     Blood samples (5 ml) were collected from the patients by venipuncture after fasting overnight for 

(8-12) hours. The blood samples were divided into two aliquots (2 and 3 ml). The first aliquot was 

dispensed for vacuum tube containing EDTA and used for the estimation of HbA1c. The second 

aliquot was dispensed in a vacuum gel plain tube and left to clot at room temperature; then, it was 

centrifuged at 3000 rpm for 10 minutes to collect serum that was transferred to eppendrof tubes and 

stored at -20
º
C until used. 

Measurement of diabetic-related parameters 

     Fasting blood glucose (FBG) was measured by an enzymatic colorimetric method with a 

commercially available kit (Spinreact, Spain). Determination of HbA1c and insulin levels was 

performed with an available kit (Roche, Germany) using Roche Diagnostics Cobas e 411 analyzer. 

The homeostasis model assessment (HOMA) was used to quantify IR and calculated by using the 

following equation: 

                            Glucose (mg/dl) × Insulin (µIU/ml) 

HOMA (IR) = 

                                                    405 

Estimation of adipocytokines 

     Adiponectin and TNF-α levels were measured with available kits (Shaghai, China and Demeditec, 

Germany , respectively) using the enzyme-linked immune sorbent assay (ELISA) technique. 

Determination of calcium regulating hormones 

     Parathyroid hormone and calcitonin levels were estimated with available kits (Roche, Germany,) 

using Roche Diagnostics Cobas e 411 analyzer, while vitamin D level was estimated with available 

kit (Euroimmun, Germany) using ELISA technique. 
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Statistical analysis 

     The statistical analysis was performed using the statistical package of social sciences (SPSS), 

version 18, and a computer software. Data were expressed as mean ± standard error (mean ± SE), and 

a p value of < 0.05 was considered significant.  Differences between the groups were analyzed using 

the analysis of variance (ANOVA) test, whereas the least significant difference (LSD) test was used 

to analyse significant differences between means.  

Results and Discussion 

Effect of duration of disease on diabetic-related parameters  
     The effect of duration of T2DM disease on diabetic-related parameters is summarized in  Table- 1. 

The results clarified that the levels of FBS and HbA1c were significantly (P<0.05) increased in the 

second and the third categories of duration of disease (61-120 and 121-180 month) compared with 

the first category (1-60 month). The results showed increased insulin and IR levels with the increase 

in the duration of disease; this increase was found to be significant (P<0.05) when a comparison was 

made between the second and the third categories with the first category, as well as when a 

comparison was made between the third category and the second category. 

Table 1-Effect of duration of disease on diabetic-related parameters in T2DM patients 

Parameters 

(Mean ±SE) 

Duration of disease (month) 

LSD value 

1-60 61-120 121-180 

FBS (mg/dl) 184.19±12.52 
b
 252.45±24.46 

a
 255.31±29.39 

a
 54.935 

*
 

HbA1c (%) 8.43±0.31 
b
 9.46 ±0.56 

a
 9.76±0.40 

a
 1.008 

*
 

Insulin (μu/ml) 31.34±7.07 
c
 63.51±44.27 

b
 94.26±35.11 

a
 16.431

*
 

HOMA (IR) 14.54±3.63 
c
 41.49±31.63 

b
 59.24±44.41 

a
 17.502 

*
 

 

♦ Means in rows carrying similar small letters indicate non-significant differences (p< 0.05).  

♦ Means in rows carrying different small letters indicate significant differences (P< 0.05). 

♦ * (P<0.05).  

     Duration of diabetes is one of the strongest determinants of complication risk. A positive 

correlation between FBS and duration of diabetes in this study is in agreement with the results 

obtained by a previous study [12] which reported that the incidence of severe hyperglycemia 

increased with age and duration. The concentration of HbA1c in the blood depends on both the 

lifespan of the red blood cell and the blood glucose concentration [17]. Therefore, the significant 

increase in the HbA1c level of the T2DM patients in the present study is affected by the duration of 

disease, which is consistent with a previous study [18]. This finding might be related to the attending 

physician's inertia in which therapeutic changes are sometimes introduced after several years of 

uncontrolled HbA1c levels [19].  

     Regarding the results of insulin and IR, they are in agreement with a previous study [20] which 

reported that insulin sensitivity correlated inversely with fasting insulin and that insulin level 

increased with the duration of diabetes. The current finding might be due to the fact that the body 

becomes more resistant to insulin as the duration of disease increases, in addition to and the effect of 

drugs which might , with the increase in diabetes duration, decrease cells resistance to insulin [21]. 
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Effect of duration of disease on adipocytokines  

     As demonstrated in Table-2, no significant differences (P>0.05) were found in serum adiponectin 

levels among the three categories of duration of disease, whereas, TNF-α levels were elevated 

significantly (P<0.05) in the last category (121-180 month) compared with the other categories.  

 

Table 2-Effects of duration of disease on adipocytokines in T2DM patients 

Adipocytokines 

(Mean ±SE) 

Duration of disease (month) 
LSD 

value 
1-60 61-120 121-180 

Adiponectin (μg/ml) 11.35±0.53 
a
 10.50 ±0.55 

a
 11.54±1.09 

a
 2.315 NS 

TNF-α (ng/ml) 103.76±5.77 
b
 109.10 ±7.46 

b
 132.91±17.4 

a
 22.861 

*
 

♦ Means in rows carrying similar small letters indicate a non-significant difference (p< 0.05).  

♦ Means in rows carrying different small letters indicate a significant difference (P< 0.05). 

♦ * (P<0.05), NS: Non-Significant.  

 

     The current results of adiponectin agree with those from a previous study [22] which reported that 

the decrease of adiponectin levels in type 2 diabetic patients was attributed to factors other  than 

duration of disease, such as obesity. Also, another study [23] found that levels of adiponectin in type 

2 diabetic patients were decreased as albuminuria was increasing. It can be suggested that the 

duration of diabetes is one of the strongest determinants of complication risk.   

     Concerning TNF-α, the present results could be due to the fact that proinflammatory cytokines 

may be increased by hyperglycemia in subjects with impaired glucose tolerance [24]. This result, 

however, was strongly confirmed since all diabetics in the present study had elevated serum level of 

TNF-α. The raised level of TNF-α induces IR in adipocytes and peripheral tissues by impairing the 

insulin signaling through serine phosphorylation that leads to the development of T2DM [25].  

Effect of duration of disease on calcium regulating hormones  
     Table-3 summarizes the effect of duration of disease on calcium regulating hormones in T2DM 

patients. No significant (P>0.05) difference was found in PTH level among all categories of duration 

of disease. However, there was a significant increase (P<0.05) in calcitonin levels in the last category 

(121-180 month) compared with the other categories. There was a significant increase (P<0.05) in 

vitamin D level in the last category compared with the first category.  

 

Table 3-Effect of duration of disease on calcium regulating hormones in T2DM patients 

Hormones  

(Mean ±SE) 

Duration of disease (month)  

LSD value  

1-60 61-120 121-180 

PTH (pg/ml)  47.79±5.44 
a
  50.30±5.14 

a
  52.10±7.09 

a 
 5.437 NS  

Calcitonin (pg/ml)  1.056±0.12 
b 

 1.760±0.47 
b
  2.62±1.11 

a
  0.887 

*
  

Vitamin D (ng/ml)  15.72±0.82 
b
 16.04±0.56 

ab 
 17.52±2.09 

a
  1.503 

*
  

♦ Means in rows carrying similar small letters indicate a non-significant difference (p< 0.05).  

♦ Means in rows carrying different small letters indicate a significant difference (P< 0.05). 

♦ * (P<0.05), NS: Non-Significant.  
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     Regarding the present results of PTH, a similar result was also observed by a previous 

investigation [26] which reported no effects of duration of disease on serum PTH levels. PTH 

secretion in blood is stimulated by a decrease in ionized Ca
2+

 and, conversely, PTH secretion is 

stopped by an increase in ionized Ca
2+

 [27].  

     Concerning calcitonin, unlike other hormones, no specific developmental or metabolic 

abnormalities were associated with a deficiency or excess of calcitonin [28].  

     A significant increase in the level of calcitonin in the last duration category is in disagreement 

with a previous report [29] who showed that calcitonin levels remained within the normal range 

during the entire study period and during the follow-up after several years. 

     The elevated vitamin D levels with increased duration of disease can be attributed to the inverse 

associations between vitamin D levels and FBG. Also, it was mentioned that vitamin D can enhance 

the synthesis of insulin and its release from the β-cells; hence, it plays a role in glucose metabolism 

[30].  

Effect of complications on diabetic-related parameters  
     Table-4 shows the effect of complications on diabetic-related parameters in T2DM patients. A 

significant (P < 0.05) increase was found in FBS, HbA1c, insulin and IR levels in patients with 

complications as compared with patients without complications. 

 

Table 4-Effect of complications of disease (retinopathy, neuropathy, nephropathy, and 

cardiovascular diseases) on diabetic-related parameters in T2DM patients 

Parameters 

(Mean ±SE) 

Complications 

LSD value 

With Without 

FBS (mg/dl) 234.79±16.41 
a
 184.63±13.94 

b
 41.677 

*
 

HbA1c (%) 9.32±0.31 
a
 8.39±0.36 

b
 0.772 

*
 

Insulin (μu/ml) 69.92±28.81 
a
 27.03±7.02 

b
 9.624 

*
 

Insulin Res. (IR) 42.56±19.77 
a
 12.48±3.99 

b
 7.559 

*
 

♦ Means in rows carrying different small letters indicate a significant difference (P< 0.05). 

♦ * (P<0.05).  

 

     The present results of FBG are in agreement with those previously reported [31], which suggested 

that increased risk of fatal cardiovascular disease is mainly attributed to hyperglycemia. Regarding 

HbA1c, a similar result has been reported by another study [32] which stated that the complications 

were significantly associated with the duration of diabetes and HbA1c level. In patients with T2DM, 

the risks of the development of microvascular complications determine chronic hyperglycemia and a 

number of metabolic syndrome components. In accordance with HbA1c function as an indicator for 

the mean blood glucose level, HbA1c predicts the risk of diabetic complications in diabetes patients. 

Whereas, improving the glycemic control could reduce the risk of cardiovascular events in diabetic 

patients [32]. 

     The present findings of insulin and IR may be explained on the ground that people who develop 

type 2 diabetes at a younger age have the double burden of severe IR and severe insulin secretory 

defect and might be more likely to develop microvascular and macrovascular complications [33]. 

Also, defects in insulin signalling at the level of the IR were implicated in other complications such 

as diabetic nephropathy and retinopathy [34].  

 

 

Effect of complications of disease on adipocytokines  
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     Table-5 shows the effect of complications on some cytokines in T2DM patients. The results 

revealed that no significant differences (P> 0.05) were found in levels of serum adiponectin and 

TNF-α in patients with complications as compared with patients without complications.  

Table 5-Effect of complications of diseases (retinopathy, neuropathy, nephropathy, and 

cardiovascular diseases) on adipocytokines in T2DM patients. 

Adipocytokines 

(Mean ±SE) 

Complications 

LSD value 

With Without 

Adiponectin  (μg/ml ) 11.12 ± 0.64 
a
 11.32 ± 0.50 

a
 0.562 NS 

TNF-α (ng/ml ) 106.92 ± 7.29 
a
 114.69 ± 7.38 

a
 15.702 NS 

♦ Means in rows carrying similar small letters indicate a non-significant difference (P< 0.05).  

♦ NS: Non-Significant. 

  

     Although the current results revealed that levels of adiponectin and TNF-α were not affected by 

the presence of diabetic complications, a previous study stated that adiponectin is considered to be a 

defensive factor in the pathogenesis of a number of processes associated to cardiovascular 

complications including retinopathy lesions in both diabetics and non-diabetics [14]. Also, another 

study reported that TNF-α contributes to the impairment of glucose homeostasis, insulin signaling 

and development of IR and cardiovascular complications [35].  

Effect of complications on calcium regulating hormones  
     The data presented in Table-6 show a significant (P<0.05) decrease in calcitonin level in patients 

with complications as compared with patients without complications. However, no significant 

differences (P> 0.05) were found in levels of PTH and Vit D between patients with complications 

and those without complications.  

 

Table 6-Effect of complications of disease (retinopathy, neuropathy, nephropathy, and 

cardiovascular diseases) on calcium regulating hormones in T2DM patients 

Hormones 

(Mean ±SE) 

Complications 

LSD value 

With Without 

PTH (pg/ml ) 46.67 ± 6.55 
a
 51.27±3.96 

a
 6.023 NS 

Calcitonin (pg/ml ) 1.156±0.15 
b
 1.791±0.45 

a
 0.475 

*
 

Vit. D (ng/ml ) 15.64± 0.74 
a
 16.98±0.81 

a
 2.166 NS 

♦ Means in rows carrying similar small letters indicate a non-significant difference (p< 0.05).  

♦ Means in rows carrying different small letters indicate a significant difference (P< 0.05). 

♦ * (P<0.05), NS: Non-Significant.  

     The current results of PTH agree with a previous report [36] which stated that high level of PTH is 

associated with abnormal glucose metabolism in early stages of disease and is related with the 

predominance of DM, but not in later stages after complications occur. PTH seems to respond only to 

calcium, whereas calcitonin responds to both calcium as well as gastrointestinal hormones such as 

gastrin [28]. In the current study, the decreased levels of calcitonin in diabetic patients with 

complications may be due to that the patients are taking different treatment to control hyperglycemia 
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as well as the inhibiting effect of calcitonin on insulin-stimulated glucose consumption by muscles 

and adipose tissue [10]. Regarding the results of vitamin D, they are in agreement with the result 

from a previous study [28] which reported that vitamin D levels were significantly lower in the 

T2DM patients than in the control group regardless of the complications that occur later with T2DM. 

On the other hand, another study [37] reported that vitamin D deficiency was found to be 

significantly associated with retinopathy and nephropathy.  

In conclusion, this study demonstrated that the clinical history of diabetic patients such as duration 

and complications of disease affect diabetic related parameters, certain adipocytokines and certain 

calcium regulating hormones. 
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