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Plain English Summary 
Women with breast cancer often have higher levels of harmful molecules called free radicals (oxidative 
stress) and lower levels of protective nutrients such as vitamins C and D. This study measured these 
substances in 90 Iraqi women with breast cancer and 45 healthy women. The results showed that 
women with breast cancer had much lower vitamin C and D levels and higher levels of a marker of 
oxidative damage (MDA) than healthy women. As breast cancer became more advanced, vitamin D 
levels dropped further. This suggests that maintaining adequate vitamin D might be important for 
women with breast cancer, although more research is needed to confirm whether low vitamin D directly 
contributes to cancer progression. 
 
Introduction 
Breast cancer is the most diagnosed malignancy 
and the leading cause of cancer-related death 
among women worldwide (1). According to the 

World Health Organisation, approximately 2.3 
million new cases were diagnosed globally in 
recent years (1, 2). In Iraq, breast cancer 
incidence has been rising, and a concerning 

Abstract 
Objective: To evaluate the relationship between oxidative stress (measured by malondialdehyde, MDA) and 
antioxidant vitamins C and D in the incidence and progression of breast cancer among Iraqi women. 
Methods: This cross-sectional study was conducted at Kirkuk Oncology Centre from December 2025 to March 
2026. It included 90 women with histologically confirmed breast cancer (stages I–IV) and 45 age-matched 
healthy controls. Fasting serum samples were analysed for MDA, superoxide dismutase (SOD), glutathione 
peroxidase (GPx), vitamin C and vitamin D using ELISA and the Roche Cobas system. 
Results: Breast cancer patients had significantly lower mean vitamin C (1.00 ± 0.20 vs. 1.32 ± 0.23 mg/dL, 
p<0.001) and vitamin D (13.19 ± 4.35 vs. 23.26 ± 5.18 IU/L, p<0.001) levels than controls, and significantly 
higher MDA (26.27 ± 6.34 vs. 18.20 ± 5.76 ng/mL, p<0.001). Vitamin D levels decreased progressively from 
stage I (14.9 ± 4.1) to stage IV (10.37 ± 3.85) (p=0.006). A moderate negative correlation was observed 
between vitamin D and MDA (r = –0.45, p=0.009). Vitamin C levels did not differ significantly across cancer 
stages. 
Conclusion: Elevated oxidative stress and reduced antioxidant vitamins C and D are associated with breast 
cancer in Iraqi women. Vitamin D shows an inverse relationship with cancer stage, suggesting a possible role 
in disease progression. Prospective studies are needed to establish causality. 
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proportion of women present with 
advanced-stage disease. A study from Baghdad 
reported that nearly 47% of women had stage III 
or IV disease at diagnosis, with a peak age in the 
40s – about two decades younger than the typical 
Western patient (3, 4). These patterns highlight 
delays in diagnosis and the need for 
region-specific research on risk factors and 
biomarkers. 
All risk factors for breast cancer can be broadly 
divided into genetic factors (e.g., family history, 
benign proliferative lesions) and external factors 
(diet, lifestyle, hormonal contraceptives, and 
exposure to oxidative stress) (5). Among these, 
oxidative stress plays a dual role in breast 
cancer: chronically elevated reactive oxygen 
species (ROS) promote DNA damage, 
proliferation, angiogenesis, and epithelial–
mesenchymal transition, whereas very high ROS 
levels can trigger cancer cell death (6, 7). Breast 
cancer cells typically show increased oxidative 
damage to lipids, proteins, and DNA, coupled 
with adaptive upregulation of antioxidant 
defences (8). 
Malondialdehyde (MDA), a stable end-product of 
lipid peroxidation, is widely used as a biomarker 
of oxidative stress. Numerous studies have 
reported higher MDA levels in breast cancer 
patients than in healthy controls (9). Antioxidant 
vitamins, particularly C and D, may counteract 
oxidative damage. Vitamin C scavenges ROS 
and regenerates other antioxidants such as 
vitamin E and glutathione (10, 11). Vitamin D, 
beyond its classical role in calcium homeostasis, 
modulates the expression of antioxidant and 
stress-response genes, inhibits proliferation, 
induces apoptosis, and reduces angiogenesis in 
breast cancer models (12, 13). Epidemiological 
evidence suggests that low circulating vitamin D 
is associated with increased breast cancer risk 
and worse outcomes (14, 15). 
However, data from Iraqi populations remain 
limited. Most Iraqi patients are diagnosed at a 
younger age and later stage than their Western 
counterparts, which may alter the relationship 
between oxidative stress markers and disease 
progression. This study therefore aimed to 
evaluate the association between serum levels of 
MDA, vitamin C, vitamin D, and other 
antioxidants (SOD, GPx) in Iraqi women with 
breast cancer across different clinical stages, 
compared with healthy controls. 
 
Materials and Methods 
Study design and setting 
This hospital-based cross-sectional study was 
conducted at the Kirkuk Oncology Centre, Kirkuk, 
Iraq, from 1 December 2025 to 31 March 2026. 
The study protocol was approved by the 
Scientific Committee of the College of Medicine, 

University of Tikrit (approval number 
TUC-M-2025-089, dated 15 November 2025), 
and all participants provided written informed 
consent. 
 
Participants 
A total of 90 women with histologically confirmed 
breast cancer were enrolled consecutively during 
routine follow-up visits. Diagnosis was made 
according to World Health Organisation criteria, 
and tumour staging (I–IV) was performed using 
the American Joint Committee on Cancer (AJCC) 
system. Exclusion criteria were metastatic 
disease at diagnosis (except for stage IV patients 
enrolled as advanced cases), concurrent 
malignancy, renal or hepatic dysfunction, 
coronary artery disease, and current use of 
high-dose antioxidant supplements. 
Forty-five healthy women, frequency-matched by 
age (±5 years), were recruited from women 
attending the outpatient clinic for routine 
check-ups. They had no personal history of 
breast cancer or other malignancies, no acute or 
chronic inflammatory diseases, and no current 
use of antioxidant vitamins. All controls 
underwent clinical breast examination; 
mammography was not routinely performed 
because of resource limitations, but any woman 
with a breast lump or suspicious finding was 
excluded. 
 
Sample collection and biochemical analysis 
Fasting venous blood samples (5 mL) were 
collected in the morning (8:00–11:00 a.m.) after 
an overnight fast. Samples were allowed to clot 
for 10–15 minutes at room temperature, then 
centrifuged at 3000 rpm for 10 minutes. Serum 
was separated into three Eppendorf tubes and 
stored at –20 °C until analysis (maximum 
storage: 4 weeks). All samples were processed 
in duplicate. 
MDA (malondialdehyde) was measured using a 
commercial ELISA kit (Cloud-Clone Corp., 
Houston, TX, USA; cat# CEB851Ge) according 
to the manufacturer’s instructions. The 
intra-assay coefficient of variation (CV) was <8%, 
and the inter-assay CV <10%. 
SOD (superoxide dismutase) and GPx 
(glutathione peroxidase) were measured by 
ELISA (Elabscience, Wuhan, China; cat# 
E-EL-R1429 for SOD, cat# E-EL-0029 for GPx). 
Vitamin C was measured by the 
2,4-dinitrophenylhydrazine method using a 
Roche Cobas c311 analyser (Roche Diagnostics, 
Mannheim, Germany). 
Vitamin D (25-hydroxyvitamin D) was measured 
by electrochemiluminescence immunoassay 
(ECLIA) on a Roche Cobas e411 analyser 
(Roche Diagnostics). The assay detects both D2 
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and D3 forms. Results were reported in IU/L 
(conversion factor: 1 IU/L = 2.5 nmol/L). 
All assays were performed blinded to the 
participant group. 
 
Statistical analysis 
Data were analysed using SPSS version 26.0 
(IBM Corp., Armonk, NY, USA). Continuous 
variables were tested for normality using the 
Shapiro–Wilk test and were presented as 
mean ± standard deviation (SD). Comparisons 
between patients and controls were performed 
using independent t-tests (or the Mann–Whitney 
U test for non-normal distributions). Comparisons 
across cancer stages (I–IV) used one-way 
ANOVA followed by Tukey’s post hoc test for 
multiple comparisons. Correlations between 
biomarkers were assessed using Pearson’s (or 
Spearman’s) correlation coefficient. A two-tailed 
p-value <0.05 was considered statistically 

significant. No formal sample size calculation 
was performed because of the exploratory nature 
of the study; the sample size was based on 
consecutive enrolment during the study period. 
 
Results 
Demographic and clinical characteristics 
The mean age of breast cancer patients was 
47.5 ± 9.1 years, and that of controls was 
45.3 ± 7.0 years (p=0.114). The majority of 
patients (43.3%) were aged 50–60 years, 
followed by 40–50 years (27.8%). Table 1 
summarises the sociodemographic 
characteristics. Patients were less likely to be 
employed (24% vs. 58%, p<0.001) and more 
likely to live in urban areas (79% vs. 78%, 
p<0.001) compared with controls. These 
differences reflect the underlying population 
distribution rather than matching failures. 

 
Table 1: Sociodemographic characteristics of breast cancer patients and healthy controls 

Variable Patients (n=90) n (%) Controls (n=45) n (%) p-value* 

Age <40 years 55 (61) 31 (68) 0.114 
Age ≥40 years 35 (39) 14 (32)  

Employed 22 (24) 26 (58) <0.001 
Housewife 68 (76) 19 (42)  

Rural residence 19 (21) 10 (22) <0.001 
Urban residence 71 (79) 35 (78)  

Married 62 (69) 30 (67) <0.001 
Unmarried 28 (31) 15 (33)  

Upper-lower economic status 67 (74) 29 (64) <0.001 
Low economic status 33 (36) 16 (36)  

*Chi-square test; p-values reflect differences in distributions, but age was matched (p=0.114 for age 
comparison) 

 
Comparison of oxidative stress and antioxidant 
markers between groups 
Table 2 presents the serum levels of all 
measured biomarkers. Breast cancer patients 
had significantly lower vitamin C (mean 
difference –0.32 mg/dL, 95% CI –0.41 to –0.23, 
p<0.001) and vitamin D (mean difference –10.07 

IU/L, 95% CI –11.9 to –8.2, p<0.001) compared 
with controls. MDA was significantly higher in 
patients (mean difference 8.07 ng/mL, 95% CI 
5.9 to 10.2, p<0.001). Both SOD and GPx were 
also lower in patients, though the difference was 
modest for SOD (p=0.022) and more pronounced 
for GPx (p<0.001). 

 
Table 2: Biomarker levels in breast cancer patients and healthy controls 

Biomarker 
Patients (n=90) 
Mean ± SD 

Controls (n=45) 
Mean ± SD 

Mean difference 
(95% CI) 

p-value* 

Vitamin C (mg/dL) 1.00 ± 0.20 1.32 ± 0.23 –0.32 (–0.41, –0.23) <0.001 
Vitamin D (IU/L) 13.19 ± 4.35 23.26 ± 5.18 –10.07 (–11.9, –8.2) <0.001 
MDA (ng/mL) 26.27 ± 6.34 18.20 ± 5.76 8.07 (5.9, 10.2) <0.001 
SOD (ng/mL) 151.8 ± 18.9 160.0 ± 20.9 –8.2 (–15.2, –1.2) 0.022 
GPx (U/mL) 0.80 ± 0.27 1.06 ± 0.25 –0.26 (–0.36, –0.16) <0.001 

*Independent t-test 
 
Biomarkers across breast cancer stages 
Table 3 shows the one-way ANOVA results for 
biomarker levels according to cancer stage. 
Vitamin D decreased progressively from stage I 
(14.9 ± 4.1 IU/L) to stage IV (10.4 ± 3.9 IU/L), with 
a significant overall F-test (p=0.006) (Figure 1). 

Post-hoc analysis revealed significant 
differences between stage I and stage IV 
(p=0.003) and between stage II and stage IV 
(p=0.02). Vitamin C levels did not differ 
significantly across stages (p=0.332). MDA 
showed significant variation (p<0.001), with the 
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highest mean in stage II (28.5 ± 5.9 ng/mL) and 
slightly lower values in stages III and IV, though 
still elevated compared with controls (Figure 2). 

SOD was not significantly different across stages 
(p=0.262). GPx differed significantly (p=0.006), 
with lower values in advanced stages. 

 
Table 3: One-way ANOVA of biomarkers across breast cancer stages 

Biomarker Stage I (n=20) Stage II (n=35) Stage III (n=19) Stage IV (n=26) F p-value 

Vitamin C (mg/dL) 1.05 ± 0.22 0.98 ± 0.18 1.02 ± 0.21 0.97 ± 0.20 1.155 0.332 
Vitamin D (IU/L) 14.9 ± 4.1 14.1 ± 4.0 12.8 ± 4.2 10.4 ± 3.9 4.41 0.006 
MDA (ng/mL) 24.0 ± 5.8 28.5 ± 5.9 26.1 ± 6.2 25.8 ± 6.5 6.827 <0.001 
SOD (ng/mL) 155 ± 19 149 ± 18 152 ± 20 153 ± 19 1.356 0.262 
GPx (U/mL) 0.92 ± 0.25 0.78 ± 0.26 0.79 ± 0.28 0.75 ± 0.27 4.426 0.006 

Data are mean ± SD. Tukey’s post-hoc: Vitamin D: stage I vs. IV p=0.003, stage II vs. IV p=0.02; 
MDA: stage I vs. II p=0.008, stage I vs. III p=0.04, stage I vs. IV p=0.05; GPx: stage I vs. IV p=0.005 

 

 
Figure 1: Serum vitamin D levels  

 

 
Figure 2: Serum MDA levels  

 
Serum vitamin D levels decreased progressively from healthy controls (23.3 IU/L) to stage I (14.9), 
stage II (14.1), stage III (12.8), and stage IV (10.4 IU/L). Serum MDA levels were highest in stage II 
(28.5 ng/mL), followed by stage III (26.1), stage IV (25.8), and stage I (24.0); all were higher than 
controls (18.2 ng/mL) 
 
Correlations among biomarkers 
Pearson correlation analysis in the patient group 
(Table 4) revealed a moderate negative 
correlation between vitamin D and MDA (r = –
0.45, p=0.009) (Figure 3). A negative correlation 
was also observed between MDA and SOD (r = 

–0.38, p=0.007). No significant correlations were 
found between vitamin C and other markers, or 
between age/BMI and the measured biomarkers, 
except for a weak positive correlation between 
BMI and vitamin D (r = 0.25, p=0.019). 

 
Table 4: Correlation matrix for biomarkers in breast cancer patients (n=90) 

Variable Age BMI Vit C Vit D MDA SOD GPx 

Age 1 –0.056 0.101 0.039 –0.027 0.046 0.006 
BMI  1 –0.158 0.247* –0.103 0.122 –0.033 
Vit C   1 0.036 –0.021 0.018 –0.128 
Vit D    1 –0.45** 0.054 0.15 
MDA     1 –0.38** –0.071 
SOD      1 0.085 
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GPx       1 

*p<0.05; **p<0.01. Correlation coefficients are Pearson’s r 
 

 
Figure 3: Scatter plot showing a negative linear relationship between serum vitamin D (IU/L) 

and MDA (ng/mL) in breast cancer patients (r = –0.45, p=0.009) 
 
Discussion 
This cross-sectional study of Iraqi women with 
breast cancer provides three main findings. First, 
breast cancer patients have significantly lower 
serum levels of antioxidant vitamins C and D and 
higher levels of the oxidative stress marker MDA 
compared with age-matched healthy controls. 
Second, vitamin D levels decline progressively 
with increasing cancer stage, whereas vitamin C 
levels do not show a stage-dependent pattern. 
Third, there is a moderate negative correlation 
between vitamin D and MDA, suggesting that 
lower vitamin D status is associated with greater 
lipid peroxidation. 
 
Oxidative stress in breast cancer 
The elevated MDA levels observed in our 
patients are consistent with a large body of 
evidence indicating increased lipid peroxidation 
in breast cancer (9, 16). MDA is a genotoxic 
aldehyde that can form adducts with DNA, 
potentially contributing to mutagenesis and 
tumour progression. The highest MDA levels in 
our study occurred in stage II disease, with a 
slight decline in stages III and IV. This pattern has 
been reported previously and may reflect several 
phenomena: advanced tumours may outgrow 
their blood supply, creating hypoxic regions with 
altered redox balance; alternatively, aggressive 
cancers might upregulate certain antioxidant 
defences that reduce measurable MDA (6, 17). 
We also observed lower SOD and GPx activities 
in patients, suggesting a compromised 
antioxidant enzyme system. These enzymes are 
often downregulated or inactivated by oxidative 
stress, creating a vicious cycle of further damage 
(8). 
 
Vitamin C and breast cancer 
Our finding of lower vitamin C in breast cancer 
patients aligns with meta-analyses showing an 
inverse association between dietary vitamin C 
intake and breast cancer risk (10, 18). Vitamin 
C’s antioxidant properties are well established: it 

scavenges superoxide and hydroxyl radicals, 
protects DNA from oxidative damage, and 
regenerates vitamin E and glutathione (11). 
However, the lack of a significant difference in 
vitamin C levels across cancer stages suggests 
that while vitamin C may influence susceptibility, 
it may not strongly affect disease progression 
once cancer is established. Clinical trials of 
high-dose intravenous vitamin C in combination 
with chemotherapy have shown mixed results, 
though preclinical studies indicate that 
pharmacological vitamin C can enhance 
immunotherapy responses (19). The modest 
reduction in serum vitamin C in our patients 
(mean 1.00 mg/dL) is unlikely to represent severe 
deficiency (which is <0.2 mg/dL) but may still 
indicate suboptimal antioxidant reserve. 
 
Vitamin D as a stage-dependent biomarker 
The progressive decline in vitamin D from stage I 
to stage IV is one of the most striking findings of 
this study. Patients with stage IV disease had a 
mean vitamin D level of only 10.4 IU/L (equivalent 
to ~26 nmol/L), which is well below the threshold 
for vitamin D deficiency (<50 nmol/L or 
20 ng/mL). This inverse association between 
vitamin D and breast cancer stage has been 
reported in several large observational studies 
(14, 15, 20). The biological plausibility is strong: 
the vitamin D receptor (VDR) is expressed in 
normal breast epithelium and in many breast 
cancers. Active vitamin D (1,25-dihydroxyvitamin 
D) regulates genes involved in cell cycle arrest 
(p21, p27), apoptosis (BAX, BCL-2), and 
inhibition of angiogenesis (VEGF) (12, 13). 
Vitamin D also modulates oxidative stress by 
upregulating antioxidant enzymes and reducing 
pro-oxidant iron availability (21, 22). The negative 
correlation between vitamin D and MDA 
observed here supports the hypothesis that 
vitamin D deficiency exacerbates oxidative 
damage, which in turn may fuel cancer 
progression. 
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Nevertheless, causality cannot be determined 
from a cross-sectional design. It remains possible 
that advanced cancer causes vitamin D depletion 
through poor nutritional intake, reduced sun 
exposure, or altered metabolism. Prospective 
studies and randomised trials of vitamin D 
supplementation are needed to test whether 
correcting deficiency improves breast cancer 
outcomes. A recent meta-analysis of randomised 
trials suggested that vitamin D supplementation 
does not reduce cancer incidence, but most trials 
used low doses and had short follow-up (23). 
 
Correlation between vitamin D and MDA 
The moderate negative correlation (r = –0.45) 
between vitamin D and MDA indicates that lower 
vitamin D is associated with higher lipid 
peroxidation. This aligns with experimental data 
showing that vitamin D reduces oxidative stress 
by suppressing NADPH oxidase activity, 
enhancing glutathione synthesis, and reducing 
labile iron (21, 22). The correlation was not 
extremely strong (r = –0.45), which is expected 
given that oxidative stress is influenced by many 
factors beyond vitamin D, including diet, 
smoking, obesity, and genetic polymorphisms. 
 
Comparison with other Iraqi studies 
Our finding that Iraqi breast cancer patients have 
low vitamin D is particularly relevant given the 
high ambient sunshine in Iraq. Paradoxically, 
vitamin D deficiency is common in Middle 
Eastern countries because of cultural practices 
that limit sun exposure (covering clothing, indoor 
lifestyle) and darker skin pigmentation (24). A 
previous study from Baghdad reported that 78% 
of breast cancer patients had vitamin D 
deficiency, with lower levels associated with 
higher tumour grade (3). Our data extend these 
observations by showing a stage-dependent 
decline. To our knowledge, this is the first Iraqi 
study to simultaneously measure MDA and 
antioxidant vitamins in breast cancer patients 
across all stages. 
 
Study limitations and future directions 
Several limitations must be acknowledged. First, 
the cross-sectional design precludes causal 
inference; we cannot determine whether low 
vitamin D contributes to cancer progression or 
vice versa. Second, the study was conducted at 
a single centre in Kirkuk, which may limit 
generalisability to other Iraqi regions or ethnic 
groups. Third, we did not measure dietary intake 
of vitamins or sun exposure, both of which 
influence vitamin D status. Fourth, the control 
group was not screened by mammography, so 
subclinical breast cancer cannot be excluded, 
though this is unlikely given the low prevalence in 
this age group. Fifth, vitamin C is unstable and 

may degrade during storage at –20 °C; although 
we processed samples rapidly, some loss may 
have occurred. Sixth, we did not measure 
parathyroid hormone or calcium, which could 
help interpret vitamin D status. Seventh, the 
sample size was based on convenience rather 
than a formal power calculation, and some 
subgroup analyses (e.g., stage I vs. stage III) 
may have been underpowered. 
Future studies should adopt a prospective cohort 
design, measuring vitamin D and oxidative stress 
markers before cancer diagnosis and following 
patients longitudinally. Randomised controlled 
trials of vitamin D supplementation in women with 
early-stage breast cancer, with endpoints of 
disease-free survival and quality of life, would be 
valuable. Additionally, research on genetic 
variants in the VDR and vitamin D metabolic 
pathway in Iraqi populations could identify 
high-risk groups. 
 
Conclusion 
This study demonstrates that Iraqi women with 
breast cancer have significantly higher levels of 
oxidative stress (MDA) and significantly lower 
levels of antioxidant vitamins C and D compared 
with healthy controls. Serum vitamin D levels 
decline progressively from stage I to stage IV, 
and vitamin D shows a moderate negative 
correlation with MDA, suggesting a link between 
vitamin D deficiency and increased lipid 
peroxidation. Vitamin C, although lower in 
patients, does not vary by cancer stage. These 
findings support the potential role of vitamin D as 
a biomarker of breast cancer progression and 
raise the hypothesis that maintaining adequate 
vitamin D status might slow disease 
advancement. However, because of the 
cross-sectional design, causality remains 
unproven. Large-scale prospective studies and 
clinical trials are urgently needed, particularly in 
Middle Eastern populations where vitamin D 
deficiency is endemic, and breast cancer 
presents at a younger age. 
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