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A B S T R A C T

Background: The role of chronic inflammation and oxidative stress in the development of diabetes and cancer
has been established. In this study, we aimed to investigate inflammatory and oxidative stress markers in pa-
tients with diabetes (DM) and endometrial carcinoma (EC) separately and in combination.
Methods: In a case-control study design, a total of 88 participants were enrolled including: 37 patients with EC
(19 with DM and 18 without DM), 29 with type2 diabetes and 22 healthy controls. Cancer patients were sampled
before treatment. Serum oxidative stress markers including: oxidized low density lipoprotein (ox-LDL,) nitric
oxide (NO), advanced glycation end-products (AGEs) and advanced oxidation protein products (AOPP), mal-
ondialdehyde (MDA); ferric reducing ability of plasma (FRAP), as an antioxidant marker, and inflammatory
markers including: Interleukin 6 (IL6), C reactive protein (CRP) and tumor necrosis factor alpha (TNFα) were
measured.
Results: Ox-LDL, NO, MDA, AOPP and AGE were increased in all patients either with endometrial carcinoma
and/or diabetes compared to healthy controls (p < 0.05). Patients with both EC and DM had higher oxidative
markers including: OX-LDL (17.47 ± 0.84 vs. 12.36 ± 0.91), NO (82.27 ± 5.75 vs. 76.34 ± 5.36), MDA
(3.3 ± 0.1 vs. 2.75 ± 0.48) and AGE (73.89 ± 5.71 vs. 69.02 ± 3.14) compared to those with EC alone
(ρ < 0.05). Levels of FRAP was lower in patients with both diabetes and cancer, cancer alone and diabetes alone
compared to healthy controls (p < 0.05). Inflammatory markers, TNFα, IL6 and hs-CRP, were also significantly
increased in patients with EC with and without DM compared to controls (ρ < 0.05). However, there were no
significant differences between two groups of EC regarding to inflammatory markers (ρ > 0.05). Patients with
DM had significantly higher levels of inflammatory markers compared to control group (all ρ < 0.05). In ad-
dition, significant subadditive interaction effect between EC and DM regarding levels of oxLDL, NO, AGE, AOPP
and FRAP) was observed (p < 0.05).
Conclusion: Increased levels of chronic inflammatory and oxidative stress markers were observed in both en-
dometrial carcinoma and diabetes. Additional effect of diabetes in patients with cancer was mediated more
significantly via increase in oxidative stress rather than inflammatory markers.

1. Introduction

According to clinical and epidemiological studies, diabetes (DM) is
associated with increased risk of several types of cancers including
endometrium, breast, liver, pancreas, colorectal, and bladder [1]. En-
dometrial carcinoma (EC) is the most frequently diagnosed gynecologic

malignancy [2]. Diabetes is associated with poorer prognosis in EC [3].
DM and EC share potential risk factors such as obesity and age [4,5].

Increased inflammatory markers such as, interleukin 6 (IL6), C re-
active protein (CRP) and tumor necrosis factor alpha (TNFα) have a
potential role in diabetes development and its complications [6]. Pre-
vious studies proposed role of inflammation in EC [7,8]. Serum levels of
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IL6 [9], CRP [10,11] and TNFα [12] are associated with increased risk
of EC. Oxidative stress markers also involved in diabetes complications
[13,14]. There are few studies concerning level of oxidative stress in
EC, which reported increased total oxidative stress and lipid perox-
idation [15,16].

Several mechanisms such as hyperglycemia, hyperinsulinemia,
chronic inflammation and oxidative stress are the possible biological
links between DM and cancer [17]. Furthermore, effect of co-occur-
rence of the two diseases in the same individual on cellular pathways
remains a great challenge. Whether the combined effect of the two
diseases on inflammatory and oxidative markers levels may be beyond
the separate effect of each disease has not been studied yet.

Here, we designed a case-control study to investigate markers of
lipid peroxidation (ox-LDL and MDA), protein oxidation (AOPP and
AGE), free radicals (nitric oxide), and anti-oxidant (FRAP) and also
inflammatory markers including IL6, TNFα and hs-CRP in patients with
endometrial cancer with and without diabetes and diabetes alone. We
also address interaction between DM and EC on measured serum mar-
kers.

2. Materials and methods

2.1. Study design and participants

This was a case-control study of 88 participants, stratified into four
groups including, 18 patients with endometrial carcinoma (EC) and
type2diabetes (T2DM), 19 patients with EC alone, 29 patients with
type2 DM alone and 22 healthy individuals.

Patients with suspicion of endometrial carcinoma who were sche-
dule to undergo hysterectomy were recruited from the gynecology
oncologic ward at Vali-Asr hospital, which is affiliated with Tehran
University of Medical Sciences. Patient’s serums were sampled before
surgery and were enrolled in the study after pathologic confirmation of
EC. Diabetes was diagnosed according to the criteria of the American
diabetes association (ADA) 2016. Patients with history of current
pregnancy, recurrent endometrial cancer, pre-surgical chemotherapy
and radiation and the presence of other cancer were excluded.
Demographic and anthropometric data including age, duration of dia-
betes, height, weight, blood pressure, menopausal status, number of
abortion and age at menopause were recorded. Quetelet formula used
to calculate BMI. The research was carried out according to the prin-
ciples of the declaration of Helsinki. The local ethics review committee
of Tehran University of Medical Science approved the study protocol.

2.2. Blood samples and laboratory evaluations

Morning, blood samples collected after almost 12 h fasting before
surgery, centrifuged, and were kept at −70 °C until analysis.
Measurement of IL6 was performed using a quantitative, sandwich,
ELISA (human IL-6 immunoassay, Quantikine, USA) with intra-assay
CV%: 2; inter-assay CV%: 3.8; sensitivity: 0.7 (pg/ml); ranged from 3.1
to 300 (pg/ml). Serum TNFα was performed using ELISA kit (Diaclone
Besancon, France) with intra-assay CV%: 3.2; inter-assay CV%: 10.9;
sensitivity: 8 (pg/ml); ranged from 25 to 800 (pg/ml). Serum Hs-CRP
was assessed using a two-site, ELISA (Diagnostic Biochem, London,
Ontario, Canada) with intra-assay CV%: 5; inter-assay CV%: 9.5; sen-
sitivity: 10 (pg/ml); ranged from 34 to 63,680 (ng/ml). Measurement of
oxLDL was performed using a commercially available sandwich ELISA
method (Mercodia, Uppsala, Sweden) with intra-assay CV%: 4; inter-
assay CV%: 7.3 (U/L); detection limit: 0.6 (mU/L); ranged from 1.4 to
22.5 (mU/L). Estradiol was measured using VIDAS, enzyme linked
fluorescent assay, (bioMerieux SA, France) with intra-assay CV%: 2.4;
inter-assay CV%: 6.4 (pg/ml); detection limit: 9 (pg/ml); ranged from 9
to 3000 (pg/ml). SHBG was measured, ELISA IBL kit with intra-assay
CV%: 2.3; inter-assay CV%: 5.7; sensitivity: 0.23 (nmol/L); detection
limit: 0.408 (nmol/L); ranged from 0.408 to 206 (nmol/L).serum AOPP

was determined with spectrophotometric methods (FLUOstar OPTIMA,
BMG, Germany) as described by Kalousova et al. (2002) [18]. In this
method, 200mL of serum is diluted by a factor of 5, in phosphate
buffered saline (PBS). In addition, 200mL of chloramin T
(0–100mmol/l) for calibration, and 200mL of PBS as blank is also
added to different micro plates. Finally, 10mL of acetic acid, and 20mL
of 1.16M potassium Iodide (KI) is added to preparations. Normal range
was 82.3–232.7 (µmol/L). FRAP was measured with spectrophotometry
as described by Benzie and Strain (1996) [19]. Based on this method,
FRAP reagent is prepared with mixing 300mmol/L of acetate buffer
(pH: 3.6), 10mmol/L of tripyridyl triazine (TPTZ) in 40mmol/L HCL,
and 20mmol/L FeCl3·.6H2O Twenty five mL of serum is then added to
750mL FRAP reagent and absorbance is recorded at 593 nm. Normal
range was 612–1634 (µmol/L). AGEs were assessed by the spectro-
photometric method of Kalousova et al. (2002)[18]. Patients’ sera were
diluted by a factor of 50 in PBS. Fluorescence intensity at 350 nm ex-
citation and 440 nm emission was recorded and is expressed as per-
centage of fluorescent emission. Serum MDA was measured using a
colorimetric method (Cayman, USA) with intra-assay CV%: 5.5; inter-
assay CV%: 5.9; range of 1.83 to 3.94 (µmol/L). NO was measured using
a calorimetric method (zellbio, germany) with assay range of 3.12 to
100 µmol. Glucose measurements were made using glucose oxidase
method (intra-assay coefficient of variants (CV)=2.1%, inter-assay
CV=2.6%). HbA1c was estimated by high-pressure liquid chromato-
graphy.

2.3. Statistical analysis

Statistical analysis were performed using the SPSS software
package, version 21 for windows (Chicago, IL, USA). The normality of
distribution was assessed using Kolmogorov-Smirnov Test. Variables
are presented as mean ± standard deviation (SD) or number (percent).
One-way ANOVA, independent sample t-test and chi-squared tests were
employed for group comparisons, as appropriate. Linear regression
modeling was used to address interaction analysis and data modeling. A
P value of< 0.05 was considered necessary to reject the null hypoth-
esis.

3. Results

Baseline characteristics of study population are presented in
Table 1. There were no significant differences between groups with
respect to age, BMI, systolic and diastolic blood pressure, age at me-
nopause, years after menopause, percent of abortion and serum SHBG
level. Percentage of postmenopausal women was significantly higher in
patients with EC with DM than three other groups (ρ < 0.05). Serum
estradiol levels were higher in EC groups with (27.11 ± 15.65) and
without (26.96 ± 11.45) DM compered to patients with DM
(14.05 ± 4.33) and healthy controls (13.97 ± 4.57) (ρ < 0.05).
Average duration of diabetes was higher in patients with DM without
EC (6.6 ± 4.63) than with EC (2.58 ± 2.34) (ρ < 0.05), but serum
FBS (171.67 ± 49.39 vs. 140.29 ± 41.97) and HbA1c (8.28 ± 1.68
vs. 7.24 ± 1.12) were not significantly different.

Markers of lipid peroxidation (oxLDL and MDA), protein oxidation
(AOPP and AGEs), free radical (NO), antioxidant index (FRAP) and
inflammation (TNFα, IL6 and hs-CRP) are presented in Table 2.

Ox-LDL, NO, MDA, AOPP and AGE were increased in all patients
either with endometrial carcinoma and/or diabetes compared to
healthy control (p < 0.01). There were also significant differences
between patients with EC with and without DM in levels of oxidative
markers including: OX-LDL (17.47 ± 0.84 vs. 12.36 ± 0.91), NO
(82.27 ± 5.75 vs. 76.34 ± 5.36), MDA (3.3 ± 0.1 vs. 2.75 ± 0.48)
and AGE (73.89 ± 5.71 vs. 69.02 ± 3.14) (ρ < 0.05), which were
higher in patients with both diseases. Levels of oxidative stress markers
were increased in patients with DM as much as increased in EC patients
without DM (ρ > 0.05), except for oxLDL which is higher in patients
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with DM (13.72 ± 1.38 vs. 12.36 ± 0.91, ρ < 0.05).
Level of FRAP, as an antioxidant marker, was decreased in EC pa-

tients with DM (1006 ± 203) and without DM (1124 ± 195) and also
patients with DM alone (1126 ± 187) compared to normal controls
(1463 ± 272) (p < 0.05) and there was no differences among patients
groups with each other (p > 0.05).

Inflammatory markers, TNFα, IL6 and hs-CRP, were also sig-
nificantly increased in patients with EC with and without DM than
controls (ρ < 0.05). However, there were no significant differences
between two groups of EC regarding to levels of TNFα (23.52 ± 9.64
vs. 22.1 ± 5.23, ρ > 0.05), il6 (22.6 ± 9.66 vs. 16.83 ± 9.19,
ρ > 0.05) and hs-CRP (4.04 ± 2.56 vs. 4.26 ± 2.45, ρ > 0.05). In
addition, levels of TNFα and hs-CRP, but not IL6, were higher in pa-
tients with EC alone compared to DM alone (ρ < 0.05). Patients with
DM had significantly higher levels of inflammatory markers compared

to control group, TNFα (15.13 ± 5.93 vs. 5.58 ± 2.1), IL6
(12.12 ± 6.15 vs. 3.24 ± 1.15) and hs-CRP (1.88 ± 1.91 vs.
0.43 ± 0.14) (all ρ < 0.05).

These results remained significant after adjusting for duration of
diabetes, estradiol and HbA1c levels, using linear regression model.

We also performed interaction analysis between EC and DM on
serum markers levels, Table 3. Three types of effects were obtained by
regression analysis: the effect of diabetes alone, the effect of en-
dometrial cancer alone and the joint effect of diabetes and cancer on
measured marker levels. Our results showed significant interaction ef-
fect between EC and DM on levels of oxLDL, NO, AGE, AOPP and FRAP
(p < 0.05), Fig. 1. Although, EC and DM had their own effects, a
company effect of both diseases was lower than simple quantitative
addition of each diseases effects that means the association between EC
and DM represented subadditive interaction effect on levels of above

Table 1
Baseline characteristics of study population.

Patients with endometrial carcinoma Patients with diabetes (n=29) Healthy controls (n= 22) p-value

With diabetes (n= 19) Without diabetes (n= 18)

Age (years) 58.37 ± 8.77 52.17 ± 9.49 53.17 ± 8.37 52.19 ± 5.48 NS
BMI (kg/m2) 30.41 ± 6.39 32.57 ± 6.32 28.68 ± 5.35 29.85 ± 4.71 NS
Duration of diabetes (year) 2.58 ± 2.34 – 6.60 ± 4.63 – p≤0.001
SBP (mmHg) 125.19 ± 13.04 120.14 ± 13.43 132.27 ± 19.17 126.47 ± 13.69 NS
DBP (mmHg) 76.63 ± 10.33 77.75 ± 8.05 80.00 ± 9.2 83.84 ± 7.77 NS
Age at menopause (year) 48.94 ± 3.54 46.56 ± 7.19 48.33(5.86 48.94 ± 4.88 NS
Years after menopause (year) 10.33(7.36) 8.33(7.03) 7.93(7.33) 5.68(4.82) NS
Abortion+, (%) 31.6 33.3 48.1 33.3 NS
FBS (mg/dl) 140.29 ± 41.97* 112.43 ± 17.7# 171.67 ± 49.39* 92.5 ± 14.3 p≤0.001
HbA1c (%) 7.24 ± 1.12*& 5.38 ± 0.78# 8.28 ± 1.68* 4.8 ± 0.61 p≤0.001
SHBG (nmol/ml) 87.13 ± 33.32 94.75 ± 30.32 88.05 ± 40.53 73 ± 23.92 NS
Estradiol (pg/ml) 27.11 ± 15.65*# 26.96 ± 11.45*# 14.05 ± 4.33 13.97 ± 4.57 p≤0.001

Data is presented as mean ± SD or percent.
* p≤0.05, vs. healthy control.
# p≤ 0.05, vs. patient with diabetes.
& p≤0.05, vs. patient with endometrial cancer without diabetes.
BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBS, fasting blood sugar; HbA1c, hemoglobin A1c; SHBG sex hormone-binding
globulin.
Bold p-values indicate presence of overall statistically differences between all study groups. In order to define post hoc tests and pairwise comparisons symbols are
used.

Table 2
Inflammatory and oxidative stress markers levels in studied groups.

Patients with endometrial carcinoma Patients with diabetes (n= 29) Healthy controls (n=22) p-value

With diabetes (n= 19) Without diabetes (n= 18)

Oxidative stress markers

Free radical NO(U/mL) 82.27 ± 5.75*#& 76.34 ± 5.36* 77.55 ± 5.09* 40.6 ± 5.56 p ≤ 0.001
Lipid peroxidation ox-LDL(mU/L) 17.47 ± 0.84*#& 12.36 ± 0.91*# 13.72 ± 1.38* 7.5 ± 1.55 p ≤ 0.001

MDA(µmol/L) 3.3 ± 0.1*#& 2.75 ± 0.48* 2.82 ± 0.63* 2.01 ± 0.15 p ≤ 0.001
Protein oxidation AOPP(µmol/L) 132.79 ± 11.59* 128.65 ± 6.37* 129.64 ± 16.1* 107.90 ± 26.54 p ≤ 0.001

AGES % 73.89 ± 5.71*& 69.02 ± 3.14* 70.42 ± 7.46* 49.76 ± 3.02 p ≤ 0.001

Anti-oxidant

FRAP (µmol/L) 1006 ± 203* 1124 ± 95* 1126 ± 187* 1463 ± 272 p ≤ 0.001

Inflammatory markers

TNF-α (pg/ml) 23.52 ± 9.64*# 22.1 ± 5.23*# 15.13 ± 5.93* 5.58 ± 2.1 p ≤ 0.001
Interleukin-6 (pg/ml) 22.6 ± 9.66*# 16.83 ± 9.19* 12.12 ± 6.15* 3.24 ± 1.15 p ≤ 0.001
hs-CRP (mg/L) 4.04 ± 2.56*# 4.26 ± 2.45*# 1.84 ± 1.71* 0.43 ± 0.14 p ≤ 0.001

Data is presented as mean ± SD.
* p ≤ 0.05, vs. healthy control.
# p≤ 0.05, vs. patient with diabetes.
& p≤0.05, vs. patient with endometrial cancer without diabetes.
NO, nitric oxide; ox-LDL, oxidized low density lipoprotein; MDA, malondialdehyde; AOPP, advanced oxidation protein products; AGE, advanced glycation end
products; FRAP, ferric reducing ability of plasma; TNFα, tumor necrosis factor α; IL6, interlukine6; hs-CRP, highly sensitive- C reactive protein.
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markers. There were no significant interaction between EC and DM on
serum levels of hs-CRP, IL6, TNFα and MDA (p > 0.05). However, the
observed levels in patients with both diseases represent subadditive
levels.

4. Discussion

Our data showed higher serum levels of oxidative stress markers in
patients with endometrial carcinoma and diabetes. Patients with both
diseases represented significantly higher levels of NO, oxLDL, MDA and
AGEs compared to patients having EC or DM alone and also healthy
controls. Serum levels of AOPP and FRAP had no significant difference
among patients with both diabetes and cancer, diabetes and cancer
alone. But AOPP was significantly higher and FRAP was lower in all
groups compared to healthy controls.

We also questioned whether presence of DM and EC together had a
joint effect beyond the separate effect of each, single disease on oxi-
dative stress marker levels. The net effect of DM and EC in combination
on NO, oxLDL, AOPP, AGEs and FRAP levels was interactive and sub-
additive. Presence of DM and EC together interfered with expression of
mentioned markers. Therefore, as presented in Fig. 1 observed coeffi-
cient of EC and DM together was less than quantitative sum of coeffi-
cients of each diseases. When two diseases underling mechanisms
overlap, disturbance leading to one disease will likely interfere in
pathways involved in the other diseases [20]. In this study, levels of
NO, oxLDL, AOPP, AGEs and FRAP were affected by presence of both
EC and DM. This suggests interaction in molecular roots, despite dif-
ferent mechanisms involved in diseases process [21]. It could be hy-
pothesized that the subadditive interaction may be due to adverse effect
of excessive oxidative stress beyond the cellular tolerance that leads to
cytotoxicity and apoptosis of tumor cells, which is observed in high
concentration of NO [22].

Hyperglycemia, oxidative stress and complications of diabetes are
closely linked together [23]. In consistent with our results, increased
level of oxidative stress markers such as oxLDL [14], MDA [13], AOPP
and AGEs [24] were reported in diabetes. Previous research has iden-
tified increased levels of AGEs in cancer [25]. A study of AGE receptor
(RAGE) in endometrial cancer indicated association of RAGE and mi-
crovascular formation and proliferation [26]. NO is also over expressed
in diabetes and many tumors [27], which could induced DNA damage
and is correlated with endometrial carcinoma angiogenesis [28].

Our results also showed significantly increased levels of IL6, hs-CRP
and TNFα in patients with EC. However, presence of DM in patients
with EC did not lead to a significant increase in inflammatory marker
levels. The achieved net effect of EC and DM in combination on IL6, hs-
CRP and TNFα was independent and subadditive and interaction effect
was not significant. This may be because of limitation in tissue re-
sponsiveness. Patients with EC alone had significantly higher hs-CRP
and TNFα levels compared to patients with DM alone.

Inflammatory markers such as IL6, TNFα and CRP are considered as
a predictor of diabetes [29]. Moreover, laboratory studies have de-
monstrated direct carcinogenic effects of IL6 and TNFα [11]. Previous
studies supported the role of inflammation in endometrial carcinogen-
esis [7,30].

In the current study, patients with DM or EC alone had similar in-
crease in oxidative stress markers including NO, MDA, AOPP and AGEs,
except oxLDL which was higher in diabetes. However, a different level
of inflammatory markers was observed and was higher in patients with
cancer alone. It may be concluded that intensity of inflammation was
higher in carcinoma.

Initial experiments on the role of ROS in tumor initiation have as-
sumed that direct DNA damaging agents leading to carcinogenesis [31].
However, recent evidence has revealed that ROS are involved in the
link between chronic inflammation and cancer by activating certain
signaling pathways [32]. Indeed, an important step in the onset and
progression of cancer is recruitment of inflammatory cells and ROS
generation stimulation. In the course of carcinogenesis key molecular
player is inflammation and the main chemical effectors are free radical
species [32,33]. Oxidative stress and chronic inflammation network is
interconnected and setting up a vicious cycle that maintains tumor
development. Diabetes by interacting in oxidative state maybe

Table 3
Regression modeling was obtained to study single and joint effects of EC and
DM on serum measured markers. Data is presented as coefficient.

Simple model Interaction model

Main effect of
EC and DM

Main effect of
EC

Main effect of
DM

Interaction effect
between EC and DM

NO 41.67* 35.74* 33.22* −27.28*

OX-LDL 9.97* 5.08* 6.22* −1.32*

MDA 1.29* 0.73* 0.81* −0.25
AOPP 27.92* 23.78* 22.53* −18.39*

AGEs 25.83* 19.89* 20.74* −14.80*

FRAP −456.49* −328.33* −336.95* 208.79*

TNF-α 34.87* 29.64* 16.07* −7.84
IL-6 38.28* 20.92* 6.91 10.14
Hs-CRP 3.36* 3.67* 1.30* −1.61

* p ≤ 0.05.
EC, endometrial carcinoma; DM, diabetes; NO, nitric oxide; ox-LDL, oxidized
low density lipoprotein; MDA, malondialdehyde; AOPP, advanced oxidation
protein products; AGE, advanced glycation end products; FRAP, ferric reducing
ability of plasma; TNFα, tumor necrosis factorα; IL6, interlukine6; hs-CRP,
highly sensitive- C reactive protein.
If joint effect of DM and EC compared to single disease effects was significant,
the coefficient presented in bold numbers.

Fig. 1. Interaction between endometrial cancer and diabetes on measured
markers levels. Main effect of individual diseases is indicated next to the arrows
and the observed effect in patients with both diseases is showed by the number
at the right of each pair. Interactive effect of DM and EC is indicated next to the
Two-way arrows. Data was presented as coefficient. (A) The effects of EC and
DM on serum level of MDA, TNFα, hs-CRP and IL6 were independent and in-
teraction analysis was not significant. (B) Endometrial cancer and diabetes in-
teracted significantly on serum levels of NO, oxLDL, AOPP, AGEs and FRAP
(ρ < 0.05). Although, EC and DM had their own effects, a company effect of
both diseases was lower than simple quantitative addition of each diseases ef-
fect. This pattern of interaction is called subadditivity with interference.
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associated with poorer survival and increased risk of all-cause death
and death from EC [3].

The principal limitation of the present study is limited sample size.
Despite the collection of patients within two years, the number of pa-
tients with endometrial carcinoma was limited. This may affect by our
exclusion criteria, which some patients had a history of chemotherapy
or surgery and were excluded.

In conclusion, levels of chronic inflammatory and oxidative stress
markers were increased in both endometrial cancer and diabetes. Effect
of EC and DM together on levels of oxLDL, NO, AGE, AOPP and FRAP)
was interactive and subadditive. It seems that Additional effect of
diabetes in patients with cancer was mediated more significantly via
increase in oxidative stress rather than inflammatory markers.
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