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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 Irag, 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 (HbAlc), insulin, and insulin resistance
(IR)]; adipocytokines [adiponectin and tumor necrosis factor-a (TNF-a), 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 HbAlc 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-o 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, HbAlc, 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-a, 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-o 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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hormones

*Email: makarimgassim@yahoo.com
1353


mailto:makarimqassim@yahoo.com

Al-Attaby and Al-Lami Iragi Journal of Science, 2019, Vol. 60, No. /1, pp: 2353-2361

(Gl ABal) @ jmlaal) Ao SBY goil) (GSull (ase Cilisliaag Baa il
p sallSUl Aadiial) i gayedly Auglad) duiaall S aal)

T 291 aald alSa ¢ liad) L3 S S
Ahall calaiy calaiy daala caslall 4S Blal) asle aud
ladal
Dbl e ) ol (Sl (e Slisliaag s il e (gl ) Adla Al Cangs
Slo bl oda Cujal L asullSl dasiall Ciligayglly Auaall sl GlSHad) (g<all A @l
a3 (1 60-20) pajlact s2e (D) 39 5 1583 41) =l el Llas GBhal) (& Liasye Gl
lalaall Aoyl DN V) il apall o pall Sl Cien (el 180-1) sl 52
((HbAIC) <ull aall ilad (FBG) alall adll K] (o<l Adall iy julaall tdigal)
W= sl Laml daley (iSisuaV)] dsaall Auglall lSpmall ¢[(IR) culpu¥) dasliny ¢cplguy)
Vit. ) 5 Gsalisdy g U ((PTH) 2850 Jlall (s08] asaual Sl dalaial) ciligasells ¢ [(TNF-a)
. [(D
plall aall S cligise ciyglal gyl 8ae 83L) aa ulaall (ans Sl 5305 iGN &yl
~121 5 120-61) el 52l 22l 3 il b (P<0.05) dsina 531 @Sl a2l lind
8al) ae Olpec¥) dagliay Gl gadY) Ciligie b))+ (Lgd 60— 1) ts¥) 25l ae d3)lie (e 180
Ay ) A e 23y A0 i) Ajlee die (P<0.05) Lisiee il 52U 038 ¢yl e
Al dale clbigins & (P<0.05) Ligina 8l llia <ol Aol ) ae ZIEN 3 23lke N
&* (P<0.05) dsina 8Ly 5 oA lid) e Ajlae 5aY) Al A GugundSly Wi oyl
(P>0.05) digine e (g llia culS Loty - Jg¥) 25l po d5)lke 5aY) Ll 8 3 (el Ciligicsa
o) Bae Gl aan e L850 Hlall Ogeps GESIguaY) Gl b
ol s (Qlieladl) Ogny Dlieladl) ae) apadl Jegens G Apkdl chal die
Olget¥) dagliag calgnty) ¢ (Sl aall Glimd ¢ ailaall sl Su cligins (A (P<0.05) digina
oo Ol 3» 5 cliclme sl Gal Gl ae Alae Clicliae agd ) oyl b
el Gl G pe plie clisline agudl Al iyl B GuisundSl) Glgiee G (P<0.05)
dale ¢SisaYl) GAY) Lulaall & (P>0.05) digina s (g5 llia culS Lawy liclias
sl Fgana Gn (2 0nelid 5 e LBy Jlall s ¢ Wl aysll Al
dale (@Sl Al iy julaall e 55 (mpall 5ae o Y] GV Adlad) duhall (e
Glieliae il Lty o3 cpalidy G sundSl) o sadlSll dadaial) iligaygl) amsy ¢ W= oasl) il
3 S (e Bae Ol V) GG L sl 5 (oSl A @iy uladl e )
cilie Liadl lalad sasad) Jalgall as)
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 (HbALc) gives
a retrospective assessment of the mean plasma glucose concentration during the preceding 6-12
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-a, 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 HbAlc. 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°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 HbAlc 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) x Insulin (uIU/ml)
HOMA (IR) =

405

Estimation of adipocytokines

Adiponectin and TNF-a 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 HbAlc 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 Duration of disease (month)
(Mean +SE) LSD value
- 1-60 61-120 121-180
FBS (mg/dl) 184.19+12.52° | 252.45+24.46° | 255.31+29.39° 54.935 "
HbA1lc (%) 8.43+0.31° 9.46 +0.56 9.76+0.40 1.008
Insulin (pu/ml) 31.34+7.07 ¢ 63.51+44.27° 94.26+35.11° 16.431°
HOMA (IR) 14.54+3.63 ¢ 41.49+31.63° 59.24+44.41° 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 HbAlc 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 HbAlc 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-a 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

. . Duration of disease (month)
Adipocytokines LSD
(Mean £SE) 1-60 61-120 121-180 el
Adiponectin (pug/ml) 11.35+0.53 ¢ 10.50 +0.55 11.54+1.09 ¢ 2.315NS
TNF-a (ng/ml) 103.765.77 ° 109.10 +7.46 ° 132.91+17.4° 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-a, 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-a. The raised level of TNF-a 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

Duration of disease (month)
Hormones LSD value
(Mean £SE)

1-60 61-120 121-180
PTH (pg/ml) 47.7945.44 2 50.3045.14 ° 52.10+7.09 5.437 NS
Calcitonin (pg/ml) 1.056+0.12 ° 1.760+0.47 ° 2.62+1.11° 0.887 "
Vitamin D (ng/ml) 15.72+0.82° 16.04+0.56 17.52+2.09 * 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®* and, conversely, PTH secretion is
stopped by an increase in ionized Ca?* [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 p-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, HbAlc, 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

Complications
Parameters LSD value
(Mean +SE) . .
With Without

FBS (mg/dl) 234.79+16.41 ° 184.63+13.94° 41.677"

HbA1c (%) 9.32+0.31° 8.39+0.36 " 0.772"
Insulin (pu/ml) 69.92+28.81 ° 27.03+7.02° 9.624 "
Insulin Res. (IR) 42.56+19.77 2 12.48+3.99° 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 HbAlc 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 HbAlc function as an indicator for
the mean blood glucose level, HbAlc 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-a 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 complications
(Mean +SE) LSD value
With Without
Adiponectin (ug/ml) 11.12+0.64° 11.32+0.50° 0.562 NS
TNF-a (ng/ml) 106.92+7.29° 114.69+7.38° 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-o 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-a 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 Complications
LSD value
LRt With Without
PTH (pg/ml) 46.67 £ 6.55 ° 51.27+3.96 ° 6.023 NS
Calcitonin (pg/ml ) 1.156+0.15 " 1.791+0.45° 0.475"
Vit. D (ng/ml) 15.64+0.74 ® 16.98+0.81° 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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