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Abstract: Seventy six samples of blood were taken from 66 volunteers (38 male and 28 female) of type-

2-diabetic patients and 10 samples from intact subjects. Serum samples were collected from the lab of

French Teaching Hospital, Cairo, Egypt. The age of patients and control varied from 35 to 50 years.

Serum glucose, insulin and adiponectin levels were measured at fasting and postprandial states. There were

high serum glucose and insulin levels in diabetic patients comparing to control subjects. The serum

adiponectin levels in all type-2-diabetic patients (10.57-15.47µg/ml) were significantly less than that

present in control (23.35µg/ml). Serum adiponectin level was significantly and negatively correlated with

serum glucose. In male and female diabetic patients, the adiponectin levels varied from 13.45 to

15.05µg/ml and from 7.68 to 17.10µg/ml, respectively. A negatively significant correlation was present

between serum insulin and adiponectin levels in male patients. At postprandial state, the glucose level was

elevated with both insignificant increase in insulin level and decrease in adiponectin level. The data

suggest that blood adiponectin must be determind and increased to the normal level by medicin before

treatment of type-2-diabetic patients.
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INTRODUCTION

The pathophysiological hallmarks of type 2

diabetes mellitus are insulin resistance and beta cell

dysfunction . In healthy individuals, pancreatic insulin[1]

secretion is linked to peripheral insulin sensitivity

through a postulated negative feedback loop that allows

the beta cells to compensate for any change in whole-

body insulin sensitivity by a proportionate and

reciprocal change in insulin secretion. Accordingly, a

hyperbolic relationship exists between insulin secretion

and insulin sensitivity, such that the product of these

two parameters, which has been referred to as the

disposition index, is constant for a given degree of

glucose tolerance .[2,3]

In the pathogenesis of type 2 diabetes, progressive

deterioration of beta cell function leads to an inability

to secrete sufficient insulin to compensate for insulin

resistance, a process reflected by a concomitant decline

in the disposition index .[4,5]

Adipocyte-derived mediator, adiponectin, has been

proposed as a factor that may link insulin resistance or

excess obesity and beta cell dysfunction in type 2

diabetes . Adiponectin is a novel adipocytokine with[6]

plenary effects, including putative insulin-sensitizing,

anti-atherogenic and anti-inflammatory properties .[7,8]

Consistent with the low circulating levels of

adiponectin observed in type 2 diabetes, adiponectin

concentration is inversely related to both insulin

resistance and central adiposity . Moreover, low[9]

baseline adiponectin concentration can predict the

future development insulin resistance, while elevated

baseline levels have been shown to be protective

against the subsequent development of type 2

diabetes . Importantly, however, while adiponectin has[10]

emerged as an apparent mediator of insulin resistance,

its potential association with beta cell dysfunction has

received limited attention.

The increased plasma insulin concentration in type

2 diabetes is a limiting factor for developing colon

cancer, colorectal cancer and breast cancer in

premenopausal women .[11]

The present study aimed to do an apparently

practical survey about the increased blood insulin

concentration rate in Egyptian type 2 diabetic patients

and the concomitant decreased blood adiponectin

concentration rate using randomized patients treated or

not with different medical treatments, in fasting and

postprandial states.
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MATERIALS AND METHODS

Experimental Design: The Biological experiments

were carried out on subjects and serum samples were

collected from the lab of French Teaching Hospital,

Cairo, Egypt. The samples were analyzed immediately.

Seventy six samples of serum blood sugar were divided

to 66 samples of type 2 DM patients and 10 samples

of normal control. The 66 sample group contained 28

and 38 samples for female and male patients,

respectively. Seven fasting samples and 21 postprandial

samples were present in female group, while 8 and 30

samples were present in male group, respectively.

Another classification for female and male groups was

performed. The samples were divided, according to the

concentration of blood sugar, into less than 200 mg/dl

(3 females and 10 males), from 200 to 300 mg/dl (9

females and 12 males), from 300 to 400 mg/dl (8

females and 7 males), from 400 to 500 mg/dl (6

females and 7 males), from 500 to 600 mg/dl (2 for

both). 

All subjects had known that they are type-2-

diabetic patients and they had received or not different

clinical treatments which involved one or more of the

followings i) Medicines help in insulin release, such as

diamicron, amaryl or novonorm (sulphonylurea

derivatives) ii) Mitformin derivatives which increase

glucose consumption and utilization iii) Insulin

injection . All patients did not receive adiponectin-

induced drugs, such as glustin or diabetin (pioglitazone

hydrochloride). The age of patients varied from 35 to

50 years, and they were overweight. They suffered only

from type-2-diabetes mellitus without any complications

according to their medical histories. The control

samples were taken from male only to avoid the

disturbances in female sex hormones during menstrual

cycle, pregnancy, lactation or menopause.

Biochemical Analyses: Serum glucose level was

measured according to Trinder using Stanbio kit .[12]

Insulin and adiponectin levels were determined using

ELISA Biosource kits according to the methods of 

Templer et al. and Stefan et al., respectively . [13,14]

Statistical Analyses: Statistical analyses (standard

deviation ‘‘SD’’ and standard error ‘‘SE’’) was carried

out according to Fisher . LSD (Least significant[15]

difference) test was used to compare the significant

differences between means of treatment . The[16]

statistical package for social science S.P.S.S. program 

version was used for all analysis .[17]

RESULTS AND DISCUSSIONS

Results: Statistical analyses of Pearson correlation, in

Table (1), show the positively sensitive correlation (p

# 0.018) between glucose and insulin levels in control

samples. The slight increase in blood sugar due to food

intake encouraged secretion of insulin leading to a little

increase in the insulin concentration in blood and vice

versa, while these feeble variations in serum glucose

had also a positive  effect on adiponectin secretion

from adipocytes (p # 0.097), and subsequently the

serum adiponectin level was slightly increased.

Data in Table (2) show the concentrations of

serum glucose, insulin and adiponectin in all samples

classified according to serum glucose levels (less than

200 mg/dl, 200-300 mg/dl, 300-400 mg/dl, 400-500

mg/dl and 500-600 mg/dl). These data refer to less

serum glucose and insulin concentrations in normal

subjects than that in diabetic patients. The increased

serum insulin and glucose levels in diabetic patients

clearly indicate the insulin resistance in those subjects.

In type -2-diabetic patients, the decreased insulin level

greatly elevated serum glucose concentration especially

when insulin level had been dropped from 26.55 to

15.48 Iu/ml, indicating both an insulin resistance and

uncontrollable medical treatment. In another words, the

medical treatments were not proportional to the high

serum glucose level and insulin resistance. In addition,

the normal serum adiponectin level was significantly

higher than that in insulin resistance diabetic patients,

as shown in Table (2).

The present data clearly illustrate the insulin

resistance of all patients, since the concentrations of

serum insulin were higher than the control value

(10.51±1.81 Iu/ml) which permits normal glucose level.

Diabetic patients of first group (less than 200 mg/dl

serum glucose) were more obligations for medical

treatment than the others. Therefore, the serum insulin

level was the highest, while the corresponding glucose

level in serum was the lowest. The last group (500-600

mg/dl serum glucose) had increased insulin resistance,

in addition to the negligence in medical treatment,

therefore the concentration of insulin was significantly

decreased than that present in the first group. The

serum adiponectin levels in all type-2-diabetic patients

(10.57 – 15.47 µg/ml) were significantly less than that

present in normal subjects (23.35 µg/ml). The

concentration of adiponectin was decreased in the

presence of insulin resistance to about the half value of

control subjects . These data show also that[18,19]

induction of adiponectin release from adipocyte by

glustin or diabetin (pioglitazone and its analogous) is 
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Table 1: Pearson correlation between serum glucose, insulin and adiponectin levels in control subjects.

Glucose Insulin Adiponecin

Glucose
Pearson Correlation 1.000 0.701 0.805*

----------------------------------------------------------------------------------------------------------------------------------------------------
Sig. (1-tailed) 0.018 0.097

Insulin
Pearson Correlation 1.000 -0.946
----------------------------------------------------------------------------------------------------------------------------------------------------
Sig. (1-tailed) 0.105

Adiponecin Pearson Correlation 1.000
----------------------------------------------------------------------------------------------------------------------------------------------------
Sig. (1-tailed)

Correlation is significant at the 0.05 level (1-tailed).*

Table 2: Serum glucose, insulin and adiponectin levels in type-2-diabetic patients.

Group Glucose(mg/dl) Insulin(Iu/ml) Adiponectin(µg/ml)

Normal (n=10) 88.20 ±3.66 10.51±1.81 23.35±3.85

Diabetic patients glucose (mg/dl)

Group1(Less than 200, n=13) 153.15 ±6.34 26.55 ±6.71 15.47 ±1.57e a a

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Gruop2 (200-300, n=21) 248.19 ±4.13 16.65 ±2.99 12.19 ±1.73d ab ab

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Group3 (300-400, n=15) 345.87 ±5.17 18.42 ±3.77 14.36 ±2.26c ab ab

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Group4 (400-500, n=13) 438.69 ±9.56 19.46 ±5.41 10.57 ±2.20b ab b

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Group5 (500-600, n=4) 541.50 ±20.39 15.48 ±3.90 13.85 ±2.87a b ab

LSD 15.45 10.74 4.32

The values are means ± SE, n is number of subjects.
The mean values with different small letters within a column indicate significant differences (p< 0.05).

very important for improvement the insulin resistance,

but controlling the food intake and the other medical

treatments, such as sulphonylurea derivatives,

metformin derivatives and (or) insulin injection, are

also important for type-2-diabetes mellitus.

The relationship between serum glucose and

adiponectin levels in all type-2-diabetic patients is

shown in Figure (1). These data indicate that the serum

adiponectin level was negatively correlated with the

concentration of serum glucose (R  =0.462).It means2

that the serum adiponectin level may be significantly

decreased by increasing insulin resistance .[18,19]

Our data showed a constant serum adiponectin

(13.45 – 15.05 µg/ml) and insulin (18.05 – 23.92

Iu/ml) levels in male diabetic patients. Statistical

analyses in Table (3) show the negatively significant

correlation (at p # 0.023) between serum insulin and

adiponectin, indicating decrease the adiponectin level in

serum by increasing insulin resistance. The high insulin

level in male diabetic patients may be due to the

elevated endogenous insulin level and (or) the external

medical treatment, that failed to restore the serum

glucose level to the normal value, because the serum

adiponectin level was greatly decreased.

In mild diabetes mellitus of female patients (less

than 200 mg/dl serum glucose), the insulin level was

the highest, because the female patients received insulin

injection or (and) insulin-induced medicines before

sampling that declined the concentration of serum

glucose to almost the normal levels. In addition, the

serum adiponectin level (17.1 ± 1.88) was the highest

value among the patients. While, in sever female

diabetic patients (500-600 mg/dl serum glucose), the

insulin level was low due to the absence of medicinal

treatments. Serum adiponectin levels in female diabetic

patients were insignificantly decreased than that present

in male diabetic patients. These findings were differed

than that obtained by Huang et al. in Taiwan who

stated that the plasma adiponectin levels were

significantly higher in adolescent girls than boys .[20]

Figure (2) showed a negatively significant relation

(at p # 0.029) between serum adiponectin and glucose

levels in female type-2-diabetic patients.

The serum glucose, insulin and adiponectin levels

were measured in fasting and postprandial states, as

shown in Table (4). These data show that at

postprandial state the glucose level in serum was

expectedly elevated with increasing insulin level

normally by endogenous insulin release or (and) by

medicinal treatments. It means that these type-2-diabetic

patients suffer from insulin resistance, because the

insulin  concentration  in  serum  was  increased from 
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Table 3: Pearson correlation between serum glucose, insulin and adiponectin in type-2-diabetic patients.

Glucose Insulin Adiponecin

Glucose
Pearson Correlation 1.000 0.536 0.137
---------------------------------------------------------------------------------------------------------------------------------------------
Sig. (1-tailed) -0.582 0.113

Insulin
Pearson Correlation 1.000 -0.819*

---------------------------------------------------------------------------------------------------------------------------------------------
Sig. (1-tailed) 0.023

Adiponecin
Pearson CorrelationSig. (1-tailed) 1.000

Correlation is significant at the 0.05 level (1-tailed).*

Table 4: Serum glucose, insulin and adiponectin levels in fasting and postprandial states type-2-diabetic patients.

Group Glucose(mg/dl) Insulin(Iu/ml) Adiponectin(µg/ml)

Normal      (n=10) 88.20±3.66 10.51±1.81 23.35±3.85

Diabetic patients

FBS       (n=15) 225.60 ±19.35 15.09 ±4.14 14.82 ±1.55b a a

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
PPS      (n=51) 330.90 ±16.33 20.78 ±2.46 12.68 ±1.12a a a

LSD 43.06 6.82 2.76

The values are means ± SE, n is number of subjects.
The mean values with different small letter within a colum indicate significant difference (p< 0.05).
FBS (Fasting blood sugar), PPS (Postprandial blood sugar).

Fig. 1: The relationship between serum glucose and adiponectin levels in type-2- diabetic patients.

15.09±4.14 to 20.78±2.46 Iu/ml concomitant with

increasing serum glucose level. A slight and not

significant decrease in serum adiponectin level by

increasing glucose and insulin levels was observed.

Therefore, the patients of type-2-diabetes mellitus in

Egypt must be medicinal treated firstly with

adiponectin-induced drugs for increasing adiponectin to

normal level (23.35µg/ml) and then treated with

insulin-released medicines. Glucose levels in serum

were negatively related with adiponectin, as shown in

Figure (3).

The same trend was obtained in each male and

female patient with type 2 diabetes mellitus in both

fasting and postprandial states.

Discussion: In diabetes mellitus type Ð  (Insulin

resistance), the concentration of serum glucose and

insulin is elevated and this case is much complicated

in obesity. The strategy of medical treatment, in Egypt

till now, is using insulin secretion-induced medicines

(such as diamicron, amaryl, novonorm or another

sulphonylurea derivatives), metformin derivatives which 
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Fig. 2: Serum glucose and adiponectin relation in female type 2-diabetic patients.

Fig. 3: Relationship between glucose and adiponectin levels in normal, fasting and postprandial states of type-2-

diabetic patients.

increase metabolism and utilization of glucose and (or)

insulin injection. This strategy leads to much more

increase in serum insulin which may exceed than two

or three fold the normal concentration of insulin,

although the concentration of blood glucose may be

still higher than the normal level, as shown in Table

(2) and many investigations . [21,22,23]

There is now compelling evidence linking physical

inactivity and obesity with an increased risk of

developing colon cancer . Several studies suggest that[11]

this association between lifestyle factors and colon

cancer is mediated by hyperinsulinemia and insulin

resistance, via the insulin-insulin-like growth factor

(IGF) axis . Lending further support to this hypothesis[24]

is the fact that elevated plasma glucose and type Ð

diabetes are also recognized as risk factor for

developing colon cancer . Activation of the insulin-[25]

IGF axis may not only be an important risk factor for

developing colon cancer, but may also have important

prognostic implications in patients diagnosed with the

disease .[26]

This parallels what has been previously shown in

breast cancer where elevated levels of plasma insulin

or C-peptide, or the presence of the insulin resistance
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syndrome, can increase the risk of both breast cancer

recurrence and death . Understanding the insulin-[27,28,29]

IGF pathway and its role in colon cancer and breast

cancer is therefore of clinical importance.

The insulin-IGF pathway consists of four legends

1. (insulin, IGF1, and IGF2), 2. five receptors (insulin

receptor [IR] alpha [fetal], IR beta [adult], IGF

receptor [IGF-IR], hybrid [IGF-IR/IR] alpha and hybrid

[IGF-IR/IR] beta), 3. up to seven binding proteins and

4. binding protein proteases. Sridhar and Goodwin

stated that insulin (hyperinsulinemia and insulin

resistance) and high caloric intake encourage the IGF1

and 2 secretions from liver and inhibit biosynthesis of

IGF-binding proteins that mainly increase the

bioavailable IGF . IGF-1 mediated receptor activation[11]

leads to cell growth, proliferation and inhibition of

apoptosis . In the circulation, IGF-1 bioavailability[30]

may also have independent effects on cell proliferation

and apoptosis . IGF-1 binds and activates both insulin[11]

and IGF receptors that are repressed on a number of

cells including colon cancer cells and breast cancer

cells in the presence of estrogen (pre-menopausal) .[31]

Insulin, another member of this family, which is most

widely known for its metabolic effects, may also play

an important role in colorectal carcinogenesis and

progression. Preclinical studies have shown that insulin

not only promotes the growth and survival of colorectal

cancer cells, but can also promote IGF-1 biosynthesis

and enhance IGF-1 bioavailability by inhibiting the

production of IGF-BPs 1,2 and 3 . Insulin also[32]

directly stimulates in vivo mitogensis of cultured

normal colorectal epithelial cells and tumor

angiogenesis . Animals fed high-fat, high caloric diets[33]

have increased insulin levels, develop insulin resistance

and experience increased colon tumor growth when

compared with those fed calorie-restricted diets .[34]

There is also evidence linking elevated plasma

insulin and glucose with increased adenoma risk and

decreased apoptosis of colonic mucosal cells . Taken[32]

together, these results indicate that both IGF-1 and

insulin may play a key role in colon cancer

carcinogenesis and that further exploration is needed.

Wolpin et al. have demonstrated that among patients

with curatively restricted colorectal cancer, higher

levels of prediagnosis C-peptide and lower levels of

plasma IGFBP-1 were associated with increased

mortality. They performed a prospective observational

study nested within two large US cohorts to evaluate

the association between mortality and prediagnosis

circulating C-peptide, IGFBP-1, IGF-1 and IGFBP-3.

The use of C-peptide as a surrogate marker for plasma

insulin secretion is not ideal; though in the no fasting

state, it is probably a more accurate marker of insulin

resistance than insulin. There is growing evidence that

C-peptide can independently activate intracellular

signaling pathways that could affects cell growth and

proliferation, leading to the possibility that C-peptide

has effects that are not insulin related. In Wolpin’s

study, it is interesting to note that C-peptide levels

were associated with overall mortality but not

colorectal cancer-specific mortality, whereas IGFBP-1

was strongly associated with both overall and colorectal

cancer-specific death. Since, hepatic expression of the

IGFBP-1 gene is strongly regulated by insulin; IGFBP-

1 may actually be a better marker of insulin activity

than nonfasting C-peptide. However, like C-peptide,

IGFBP-1 may also exert direct effects on cellular

function and may play an independent role in

carcinogenesis and tumor progression .[35]

Wolpin et al. and Meyerhardt et al. reported that

the influence of IGFBP-1 levels on mortality appeared

to be the greatest in patients with a preadiagonosis

body mass index (BMI) above the cohort median,

supporting a link between obesity and colon cancer.

Obese patients (BMI >35kg/m ) especially with insulin2

resistance had a 27% statistically significant increase in

colon cancer recurrence or death . Several[35,36]

investigators suggest a link between hyperinsulinemia

and colon cancer . Insulin is currently the best[11,35]

established biochemical link between obesity and colon

cancer, and controlling hyperinsulinemical states, such

as insulin resistance syndrome and type 2 diabetes, may

decrease the risk of developing colon cancer and

improve prognosis in patients with colon cancer. From

a therapeutic standpoint, studies are now underway or

planned to examine whether lifestyle factors or drugs

such as metformin, which reduce circulating insulin

levels, may have a beneficial effect in the prevention

and treatment of cancer .[11]

In Egypt, the strategy of diabetes mellitus type Ð

(insulin resistance) treatment depending mainly on

administration of insulin secretion-induced drugs

(Diamicron, amaryl, novonorm, diaryl or other

sulphonyl urea derivatives) or insulin injection has to

be changed. Administration of the previous medicines

to Egyptian diabetic patients’ type Ð  highly elevated

plasma insulin levels, while the concentration of

adiponectin was still lower than normal. The increased

blood insulin in diabetes mellitus type Ð or obesity is

carcinogenic factor, as illustrated previously.

Adiponectin strongly increases the sensitivity or

signaling of insulin, therefore adiponectin release-

induced drugs (Glustin, diabetin or another pioglitazone

hypochloride  derivatives)  have to be given firstly to 
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raise the plasma adiponectin level to the normal value

by adjustable dose and then the insulin injection or

(and) insulin secretion-induced drugs have to be

administered by a controllable dose with low caloric

diet and exercises. But unfortunately, no medical lab in

Egypt till now can measure the plasma adiponectin

level. From the present investigation we adjure the

medical laboratory to start for measuring adiponectin

and the doctors to change the plan of cure. Natural and

pharmacological factors capable to increase adiponectin

release must be investigated. In addition, the scientists

of genetics must cooperatively study the proper

technique for production of adiponectin-producing

microorganism like insulin. 
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