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Abstract: In this study we intended to determine serum level of the carcinoembryonic antigen (CEA) and to find out 
the correlation with oxidative stress parameters among diabetic female in comparison to control subjects. Methods: 
A total of 120 Saudi (type 2 diabetic “T2DM”, n = 60 and healthy non-diabetic, n = 60) nonsmokers females were 
enrolled in this study. Body mass index (BMI) was estimated using weight and height; CEA, superoxide dismutase 
(SOD), 8-hydroxy-deoxyguanosine (8-OHDG), malondialdehyde (MDA) were performed using enzyme-linked immuno-
sorbent assay (ELISA) kits. Blood glucose was estimated by GOD/POD method and, glycated haemoglobin (HbA1c) 
by immunoturbidimetric method. Results: The student’s t-test showed significant differences between the diabetics 
and controls in CEA, blood glucose, age, oxidative stress markers. Moreover, Pearson’s correlation coefficient (r) 
indicated significant correlations between CEA and age, BMI, blood glucose, HbA1, and MDA. No significant cor-
relation was found between CEA and 8-OHdG, SOD. Conclusions: In this study we confirmed that CEA influence with 
components of type 2 diabetes and glycemic control. We found correlation between Lipid peroxidation and CEA 
among diabetic female in comparison to control subjects. 
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Introduction 

Type 2 diabetes mellitus (T2DM) is a complex 
heterogeneous group of metabolic disorders 
characterized by hyperglycemia and impaired 
insulin action and/or insulin secretion [1]. 
Recently one study has indicated that the prev-
alence of diabetes among Saudi females is 
around 27.6% in all the participants. In Saudi 
population it represents a major clinical and 
public health problem [2]. Epidemiologic evi-
dence suggests that cancer incidence is asso-
ciated with diabetes as well as certain diabetes 
risk factors and diabetes treatments [3]. More 
recently, meta-analytic study concluded that 
almost 1.2 fold of risk of breast cancer among 
diabetic mellitus type 2 predominantly [4].

Carcinoembryonic antigen (CEA) is a 180 kDa 
oncofetal glycoprotein and a well-known solu-
ble tumor marker [5]. Although its presence in 
normal tissues is mainly limited to the large 
intestine, it is over expressed in most gastroin-

testinal malignancies, lung cancer, in almost 
50% of breast cancer and thyroid cancer [6, 7]. 
Studies indicated that in several non-neoplastic 
conditions like acute and chronic inflamma-
tions, benign tumors, renal or hepatic insuffi-
ciency serum levels of CEA is elevated [8]. A 
recent study has indicated that CEA values are 
increased in metabolic syndrome [9]; an 
increase which is dose- and duration-depen-
dent in Japanese men. Moreover, the increase 
in serum CEA was found to be associated with 
an increased prevalence of carotid plaque inde-
pendent of blood pressure, fasting glucose, 
serum lipids, and inflammatory markers [10]. 
Insulin resistance is associated with the 
increase of CEA. Second, visceral adiposity is 
positively correlated with clinical manifesta-
tions associated with insulin resistance, includ-
ing type 2 diabetes and dyslipidemia [11].

Oxidative stress, through the production of 
reactive oxygen species (ROS), has been pro-
posed as the root cause underlying the devel-
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opment of insulin resistance, β-cell dysfunc-
tion, impaired glucose tolerance and T2DM 
[12]. In our literature search we do not found 
any study conducted in diabetic females to 
assess the levels of CEA and association of oxi-
dative stress markers. Hence, in this study we 
intended to estimate the CEA level among dia-
betic females, in a situation with increased oxi-
dative stress and to find out the correlation of 
oxidative stress parameters with CEA. 

Materials and methods

Study design

This is a case-control study. 

Study population

Sixty adult female Saudi with type 2 diabetes 
mellitus (age 15-60 years) recruited from 

smoker females with no history of any type of 
cancer. 

Blood sampling & measurement of body mass 
index (BMI)

For blood sampling, BMI, glucose, HbA1c, we 
followed the same protocol for sample collec-
tion and processing, already reported else-
where [13].

Laboratory analysis

CEA (carcinoembryonic antigen), superoxide 
dismutase (SOD), 8-hydroxy-deoxyguanosine 
(8-OHDG) and malondialdehyde (MDA) were 
performed using ELISA kits from EIAab WUHAN 
EIAAB SCIENCES CO. LTD CHINA.

Statistical analysis

Results are expressed as mean ± SD. The 
Student’s t-test was performed to compare the 
parameters between non-diabetic and T2DM 
patients. Correlation between parameters was 
determined by Pearson’s correlation coefficient 
(r). A P value less than 0.05 was considered 
statistically significant.

Results

Characteristics of participants

Compared to controls, type 2 diabetics showed 
significantly increased age, blood glucose, and 
glycated hemoglobin. However, all participants 
in both groups were obese with body mass 
index around 31 Kg/m2.

Table 1. Basic demographic and clinical characteristics of 
type 2 diabetes compared to non-diabetic control subjects

Variable type 2 diabetes 
(T2DM) n = 60 

Controls (non-
diabetic) n = 60 *p-value

Age (yr) 56.54 ± 9.5 45.66 ± 11.3 .000*

Weight (kg) 75.97 ± 13.3 72.59 ± 15.4 .253
Height (cm) 160.9 ± 5.5 159.7 ± 14.6 .572
BMI (kg/m2) 31.92 ± 5.8 31.39 ± 8.1 .699
Blood Glucose (mg/dl) 225.01 ± 80.4 82.64 ± 24.1 .000*
HbA1c (%) 9.51 ± 2.3 4.97 ± 1.6 .000*
Duration of DM (years) 9.53 ± 6.2 ---- ……
CEA 4.36 ± 2.4 1.76 ± 1.4 0.011*
8-OHdG (ng/mL) 1.39 ± 1.2 0.38 ± 0.2 .000*
MDA (µmol/L) 2.94 ± 0.55 2.65 ± 0.57 0.023*
SOD (U/ml) 198.80 ± 39.9 221.54 ± 37.3 0.015*
*P value less than 0.05 was considered statistically significant.

Table 2. Correlation between Carcinoembry-
onic antigen (CEA) and age, BMI, blood glu-
cose, glycated hemoglobin in all participants

CEA
Age r = 0.384*

P = .036
BMI r = 0.415*

P = 0.025
Glucose r = .634*

P = .027
A1c r = .507**

P = .006
*Correlation is significant at the 0.05 level (2-tailed). 
**Correlation is significant at the 0.01 level (2-tailed).

Diabetes and Endocrinology Cen- 
tre, to participate in this study. 
Diabetes was defined as a fasting 
serum glucose ≥ 7.0 mmol/L (126 
mg/dL), the use of anti-diabetic 
agents, or both. All patients were 
non smokers and have no history 
of any type of cancer.

The non-diabetic control group 
included 60 age and sex-matched 
healthy individuals. The inclusion 
criteria for the control subjects 
were neither have been diagnosed 
by a physician as having diabetes 
or use hypoglycemic medication 
nor be hypertensive or have any 
known medical condition. Controls 
included with this study were non-
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Levels of CEA and oxidative stress markers

Type 2 diabetic patients characterized by sig-
nificantly high levels of CEA, 8-OHdG, MDA but 
low SOD when compared to controls. Data pre-
sented in (Table 1).

Correlation between CEA and selected param-
eters 

Pearson correlation test showed significant 
positive correlation between carcinoembryonic 
antigen (CEA) and age (P = 0.036, r = .0384), 
BMI (P = 0.025, r = 0.415), blood glucose (P = 
0.027, r = 0.634), glycated hemoglobin (P = 
0.006, r = 0.507) in all participants (Table 2). 
However, when CEA was compared with oxida-
tive stress markers (8OHdG, MDA, SOD) in all 
participants; no significant correlation was 
found between CEA and parameters of oxida-
tive stress (8-OHdG, SOD) except between CEA 
and MDA (r = .454*, P = .020) (Table 3).

Discussion

Carcinoembryonic antigen (CEA) is a highly gly-
cosylated cell surface glycoprotein [14]. CEA is 
one of the most widely used tumor markers 
worldwide. It is over expressed in adenocarci-
nomas in the colon and other organs including 
the pancreas, lung, prostate, urinary bladder, 
ovary and breast [15]. However, several non-
malignant conditions, including acute and 
chronic inflammation and other inflammatory-
related conditions such as aging and smoking 
are characterized by increased CEA concentra-
tions [16]. In our study, we found that there is a 

significant difference in the level of CEA 
between the type 2 diabetes compared to non-
diabetic control subjects. Recently, a study 
about elevated serum CEA level and metabolic 
syndrome (MS) in female Korean non-smokers 
was reported [17]. MS confers a greater risk of 
type 2 diabetes [18]. Pei-Chi Chen et al [19] 
reported a case of diabetic male with elevated 
CEA level. Also, Jeep-Yon Lee et al [20] found 
statistically significant levels of serum CEA 
level in around 8% diabetic vs. non diabetic 
Korean female’s subjects among all partici-
pants. In another study, it is reported elevated 
level of CEA in pancreatic cancer-associated 
diabetes [21]. 

Our results are in agreement with previous 
studies [16, 17] that CEA level show a positive 
correlation with and age, BMI, blood glucose, 
glycated hemoglobin in all participants. 
Moreover it is very much in agreement with Ure 
et al [22] about the glycemic control influences’ 
on CEA values.

Oxidative stress plays a pivotal role in the devel-
opment of diabetes complications [23]. Oxi- 
dative stress may be one pathway whereby 
obesity, insulin resistance, and the metabolic 
syndrome lead to T2DM in humans [24]. In this 
study we have found the level of oxidative 
stress markers among diabetic subjects as 
increased 8-hydroxy-deoxyguanosine (8-OHDG) 
[25], increased malondialdehyde (MDA) [26], 
but decreased superoxide dismutase (SOD) 
[27]. 

Our findings show that CEA value was positively 
correlated with the lipid peroxidation marker 
manolialdehyde (MDA). But no correlation was 
found with SOD, 8-OHDG, earlier studies has 
reported increased levels of CEA along with 
lipid peroxidation [22, 28]. It evident from the 
other studies that malondialdehyde is an 
endogenous genotoxic product of enzymatic 
and oxygen radical-induced lipid peroxidation 
and found to induce mutations [29]. MDA, the 
end product of lipid peroxidation, owing to its 
high cytotoxicity has been suggested to act as 
a tumor promoter and a co-carcinogenic agent. 
Previous reports states that abnormal glucose 
metabolism was associated with a statistically 
significantly increased risk of cancer overall in 
women at many sites [30]. In addition, glucose 
itself may support carcinogenic processes 
through the generation of free radicals, and the 

Table 3. Correlation between Carcinoembry-
onic antigen (CEA) and parameters of oxida-
tive stress markers (8OHdG, MDA, SOD) in all 
participants

CEA
8-OHdG r = 0.256

P = 0.172
MDA r = 0.454*

P = 0.020
SOD r = -0.136

P = 0.491
*Correlation is significant at the 0.05 level (2-tailed). 
None significant correlation was found between Carci-
noembryonic antigen (CEA) and parameters of oxidative 
stress (8-OHdG, SOD) except between CEA and MDA (r = 
.454*, P = 0.020).
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induction of oxidative damage to both DNA and 
to the enzymes involved in the repair and pro-
cessing of DNA. Insulin has recently obtained 
attention as metabolic factor related to risk of 
breast cancer and colon cancer [31]. Insulin 
has a mitogenic effect on mammary epithelium 
cells and it has been observed that the insulin 
receptor is over expressed in both human 
breast cancer and human breast tissues [32]. 

In addition, inflammation has been implicated 
as an important aetiological factor in the devel-
opment of both insulin resistance and T2DM 
[33]. There is an association between elevated 
levels of circulating acute phase inflammatory 
markers and indices of insulin resistance and 
the development of T2DM [34]. In the past 
three decades, both cardiovascular disease 
(CVD) and diabetes, in particular obesity-
induced T2D, have been recognized as inflam-
matory diseases [35]. The systemic low-grade 
inflammatory response that is often observed 
in obesity detrimentally affects both insulin sig-
naling and b-cell function and may thus contrib-
ute to the development of T2DM [36].

Previous studies have reported that elevated 
CEA level is related with metabolic syndrome 
and atherosclerosis as inflammatory deriving 
biological properties [20]. Adhesion molecule 
(ICAM-1 and VCAM-1) levels were correlated 
with the CEA level in colorectal cancer patients 
[37]. The CEA stimulates the monocytes and 
macrophages to release proinflammatory cyto-
kines and activate the endothelium, which 
induces adhesion molecules on endothelial 
cells and eventually facilitate the metastasis of 
malignant cells in colorectal carcinoma [38].  

Markers of inflammation, a well-recognized 
manifestation of oxidative stress, have also 
been observed to increase in response to inter-
mittent elevated glucose levels. In the recent 
years there are so many evidences in the litera-
ture that metabolic syndrome and diabetes and 
related predisposing risk factors have close 
association with the risk of cancer cases. As 
already postulated that the mammary epitheli-
um damage by ROS can lead to fibroblast prolif-
eration, epithelial hyperplasia, cellular atypia, 
and ultimately breast cancer [39]. In this study 
we confirm the association between CEA & gly-
cemic control of diabetic. We also found corre-
lation between MDA and CEA among diabetic 
female in comparison to control subjects. It can 
be presumed the severe oxidative stress condi-

tion among untreated or poor glycemic control 
that may affect the incidence of risk breast can-
cer or other cancer among diabetic females.

Moreover there is increasing the utilization of 
test performed for screening purpose in the 
diagnostic setting in the form of battery of clini-
cal laboratory tests. Keeping in the view, exact-
ly to find out the relevancy of such test among 
diabetic females for screening for cancer along 
with specific markers like CEA and CA15.3, 
CA19.9, CA125 with MDA, a possible combina-
tion to rule out early stage.

Conclusion

In this study we confirm that CEA influence with 
components of type 2 diabetic and glycemic 
control. In this study we find correlation with 
Lipid peroxidation with CEA among diabetic 
female in comparison to control subjects. Our 
findings collectively suggest that CEA may be a 
mediator that links metabolic disturbance and 
tumorigenesis in diabetic. Even then with all 
speculations; we are unable to draw a clear cut 
conclusion. Still we feel the necessity to eluci-
date the exact mechanism involved in future 
studies. 

Limitation of the study

We would express the possible limitations to 
our study. The results of this study are based on 
a relatively few number of diabetic females and 
we did not assess other possible diabetic com-
plication of subjects. There are some factors 
which may affect the measurement like sample 
storage for longer duration. At our end it was 
not possible to consider all probable confound-
ing factors. 
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