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Introduction

Female Breast cancer is the most frequently diagnosed 
cancer and is the fifth leading cause of cancer deaths 
worldwide [1]. There is a global increase in the incidence 
of breast cancer; in 2008, the estimated number of breast 
cancer new cases was 1.4 million [2], this number rose to 
2.3 million new cases in 2020 [1]. An increase of incidence 
occurs as well in regions where the rates have been 
formerly low such as observed in many African countries 
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[3, 4]. This rise could be attributed to westernization of 
lifestyle and health behaviours including the changes in 
dietary habits and lack of physical activity [5,6]. 

 Sudan is one of the low income African countries 
that lack a reliable national cancer registry, this results 
in unidentified incidence, prevalence, and death rates of 
breast cancer. A few studies [7-10] were conducted in 
Sudan and shed some light on the burden, pattern and 

1Department of Biochemistry and Nutrition, Faculty of Medicine, University of Gezira, Wad Medani, Sudan. 2Department of 
Medical Laboratory Sciences, Faculty of Applied Medical Sciences, University of Bisha, Bisha, Saudi Arabia. 3Department of 
Molecular Biology, National Cancer Institute, University of Gezira (NCI-UG),Wad Medani, Sudan.

Corresponding Author:
Dr. Hiba Mahgoub Ali Osman
Department of Biochemistry and Nutrition, Faculty of Medicine, University of Gezira, Wad Medani, Sudan. Department of Medical Laboratory
Sciences, Faculty of Applied Medical Sciences, University of Bisha, Bisha, Saudi Arabia 
Email: hibamahgoub94@gmail.com 

RESEARCH ARTICLE

  Asian Pac J Cancer Biol, 7 (4), 289-295 Submission Date: 05/05/2022       Acceptance Date: 07/22/2022



290 Asian Pacific Journal of Cancer Biology• Vol 7• Issue 4

apjcb.waocp.com                                          Hiba Mahgoub Ali Osman, et al: Fasting Plasma Glucose and Breast Cancer in Sudanese Women

distribution of the disease, although not covering the whole 
country. The main source of data is the two specialized 
oncology centers (Radiation Isotope Center Khartoum 
(RICK) and National Cancer Institute- University of 
Gezira (NCI-UG)), both are located in central Sudan. 
Hospital‐based case series revealed that the burden of 
breast cancer is noticeably increasing accounting for 
almost one third of the cancer problem. Sudanese women 
with breast cancer are characterized by young age, late 
stage and high grade tumors [11,12].

Established risk factors of breast cancer include family 
history and many reproductive factors [13-15]. Obesity 
contributes to development of breast cancer, and this 
may be due to its associated metabolic changes such as 
high estrogen level, hyperinsulinemia, insulin resistance, 
high levels of insulin-like growth factor-1, and metabolic 
syndrome [16-19]. 

Malignant cells are characterized by high uptake of 
nutrients especially glucose because it is the principal fuel 
for them, besides they change their metabolic pathways 
to produce the macromolecules needed to support their 
proliferation. For their energy production process, 
malignant cells preferentially depend on converting 
glucose into lactate rather than mitochondrial glucose 
metabolism even under high oxygen environments 
[20]. Hexose Mono Phosphate shunt is one of the main 
oxidative pathways of glucose in cancer cells because 
it is essential for nucleic acid synthesis and many other 
synthetic pathways [21].   

Inconsistent findings about the link between blood 
glucose and the risk of breast cancer were reported by 
studies that explored this relationship. Some studies 
revealed a relationship between elevated fasting blood 
glucose levels and increased breast cancer risk [22-24]; 
however, others showed no association [25,26].

In Sudan, despite that breast cancer is the most 
common type of cancers among females, little is known 
about the factors related to the disease. Therefore, the 
present study was performed to assess whether markers 
of glucose specifically fasting plasma glucose and insulin 
levels are associated with breast cancer in Sudanese 
women. 

Materials and Methods 

This was a case-control study conducted at National 
Cancer Institute–University of Gezira (NCI-UG), Sudan, 
during the period from December 2012 to December 
2014. A total of one hundred seventy four women 
were enrolled into the study. Seventy-seven women 
with newly diagnosed breast cancer in different ages, 
menopausal status, BMI, and stages of breast cancer were 
categorized as the patients’ group. Patients who received 
chemotherapy and/or hormonal treatment, diabetic, 
hypertensive, cachexic, or patients on medications or have 
a disease that might interfere with study parameters were 
excluded.  A control group of 97 healthy female volunteers 
participated in the study. Demographic and reproductive 
data were collected from all participants through a 
structured questionnaire. The study was conducted under 

the ethical guidelines approved by Ethics Committee at 
NCI-UG. All participants gave an informed consent before 
commencement of the study.

Blood samples were collected from all participants 
after an overnight fasting. For fasting plasma glucose 
measurement, samples were collected into fluoride acetate 
containers then plasma was prepared and measured 
immediately by Biosystems A15 automated analyzer 
(Biosystems, Barcelona, Spain) using glucose oxidase 
peroxidase method. The remaining blood samples were 
collected into plain containers. Sera were separated 
and stored at -20◦C and used later for determination 
of insulin by electrochemiluminescence immunoassay 
(ECLIA) using Cobas e 411 automated analyzer (Roche 
Diagnostics, Germany). The Homeostasis Model 
Assessment for Insulin Resistance index (HOMA-IR) 
was used to estimate insulin resistance using the formula:

HOMA–IR= Fasting insulin (μU/ml) × fasting glucose 
(mg/dL) / 405

Anthropometric measurements i.e., weight (Wt), hight 
(Ht), and waist circumference (WC) were measured and 
the BMI was calculated. 

Women having BMI less than 25 kg/m2 were classified 
as a non–obese group, whereas women with BMI 
more than or equal to 25 kg/m2 were categorized in the 
overweight-obese group.

The statistical analysis was done by statistical package 
for social science software (IBM SPSS version 20). 
Numerical data were presented as mean ± standard error 
of mean (SEM). Independent t-test was used to compare 
between means of patients and controls, and to compare 
between the mean levels of biochemical parameters in the 
subgroups of patients with their matched subgroups of 
the controls. To estimate the risk of breast cancer, binary 
logistic regression was done with dependent variables 
(patients versus controls), and independent variables 
(BMI, WC, age, menopausal status, glucose, insulin 
and HOMA-IR) to calculate odds ratios (OR) with 95% 
confidence intervals (CI). The cut-off values for BMI 
and WC were based on WHO classification. Glucose, 
insulin, and HOMA-IR were categorized according to 
75th percentile of the study group. Further analysis was 
done by stratifying patient and control groups according 
to BMI (overweight-obese group vs. non-obese group) and 
menopausal status (premenopausal vs. postmenopausal 
group). Two-tailed p value was considered significant 
at 0.05.

Results

The main characteristics of the study groups
The mean age and BMI in the cases and control 

group were similar. The mean waist circumference was 
significantly higher in the patient group compared to the 
controls. Fasting plasma glucose mean concentration was 
significantly increased in the patient group than controls. 
Fasting serum insulin level in the patient group was lower 
than in the control group, though the difference was not 
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premenopausal status (95% CI: 0.688 – 2.312, p= 0.454), 
but with no statistical significance (Table 2).

Subgrouping of study groups according to BMI and 
menopausal status

To test whether or not there a relation between 
BMI and menopausal status on one hand and glucose 
and insulin levels on the other hand; the study groups 
were categorized according to BMI into two subgroups 
as non-obese and overweight-obese subgroups, and 
according to menopausal status into premenopausal 
and postmenopausal subgroups. Comparing the patients 
and controls within each subgroup, revealed that only 
the glucose level was significantly increased in the 
overweight-obese patients compared to controls. In the 
non-obese subgroup, serum insulin level was significantly 
decreased in patients. With regard to menopausal status 
subgroups fasting plasma glucose level was significantly 
increased in premenopausal patients compared to their 
control counterparts (Table 3).

significant (Table 1).  

Factors associated with risk of breast cancer 
Regarding the BMI, 51.3% of patients were non-obese 

in contrast to 45.4% of controls. On the other hand, 
48.7% of patients were overweight-obese and 54.6% 
were overweight-obese in their counterparts of controls. 
A percentage of 52.0% and 57.7% were premenopausal 
women in patient and control groups, respectively. 
Postmenopausal women represented 48.0% and 42.3% 
of the patients and controls, respectively. Patients with 
elevated fasting plasma glucose had a 2.5 fold increased 
risk of breast cancer (95% CI: 1.313 – 4.760, p= 0.005). 
Patients having higher waist circumference had a 1.7 times 
increased risk of breast cancer (95% CI: 0.891 – 3.1584, 
p= 0.109), however this was statistically not significant. 
Insulin level was inversely associated with breast cancer, 
but with no statistical significance (OR 0.6, 95% CI: 0.264 
– 1.232, p= 0.153). Postmenopausal status was found to be 
linked to 1.3 times increased risk of breast cancer as for 

Variable Mean ± SEM p value
Patient group Control group 

(n=77) (n=97)
Age (years) 45.32 ± 1.34 44.61 ± 1.21 0.692
Weight (kg) 63.59 ± 1.61 64.32 ± 1.41 0.734
BMI (kg/m2) 25.20 ± 0.65 25.47 ± 0.51 0.576
WC (Cm) 90.93 ± 1.49 85.55 ± 1.28 0.007
Glucose (mg/dl) 101.94 ± 2.94 90.75 ± 2.02 0.002
Insulin (µU/ml) 5.69 ± 0.64 7.42 ± 1.14 0.187
HOMA-IR 1.50 ± 0.19 1.81 ± 0.35 0.439

Table 1. Comparison of Age, Anthropometric and Biochemical Measurements between Patient and Control Groups

SEM, standard error of mean. n, number. p, probability. BMI, body mass index, WC, waist circumference, HOMA-IR, homeostasis model 
assessment for insulin resistance

Parameters Cut-off Patient group Control group OR 95% CI p value
N (%) N (%) 

BMI (kg/m2) < 25 39 (51.3) 44 (45.4) 1 (Ref) 0.437
≥25 37 (48.7) 53 (54.6) 0.788 0.432-1.438

WC <88 26 (38.8) 50 (51.5) 1 (Ref) 0.109
≥ 88 41 (61.2) 47 (48.5) 1.678 0.891-3.158)

Age (years) <45 40 (51.9) 51 (52.6) 1 (Ref) 0.934
≥ 45 37 (38.1) 46 (47.4) 1.026 0.563-1.867

Menopausal status Pre 39 (52.0) 56 (57.7) 1 (Ref) 0.454
Post 36 (48.0) 41 (42.3) 1.261 0.688-2.312

Glucose (mg/dl) < 97.75 42 (54.5) 72 (75) 1 (Ref) 0.005
≥97.75 35 (45.5) 24 (25) 2.500** 1.313-4.760

Insulin (µU/ml) <7.86 64 (84.2) 73 (75.3) 1 (Ref) 0.153
≥ 7.86 12 (15.8) 24 (24.7) 0.57 0.264-1.232

HOMA-IR <1.7 56 (73.7) 71 (74.0) 1 (Ref)    0.968
≥ 1.7 20 (26.3) 25 (26.0) 1.014 0.512-2.011

Table 2. Association of Investigated Parameters with Risk of Breast Cancer in the whole Group of Participants 

N, number. OR, odds ratio. CI, confidence intervals. p, probability. BMI, body mass index. Ref, reference group. WC, waist circumference. 
HOMA-IR, homeostasis model assessment for insulin resistance. **, significant at 0.05.
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Risk estimation of breast cancer regarding BMI and 
menopausal status   

Fasting blood glucose level was significantly 
increased in the presence of breast cancer by 4.4 times 
in overweight-obese and 4.5 times in premenopausal 
women. On the other hand, overweight-obese breast 
cancer patients had higher HOMA-IR scores by 1.9 times 
compared to their controls, but statistically this was not 
significant as shown in Table 4. 

The non-obese women exhibit significant inverse 
relationship between insulin level and risk of breast 
cancer. Also, HOMA-IR showed an inverse relationship 
with the risk of breast cancer but did not reach statistical 
significance. Glucose levels are more likely to increase in 
non-obese patients by 1.7 times than the control although 
this was not significant (p=0.258). In the postmenopausal 
women subgroups, insulin level was inversely related to 
occurrence of breast cancer, yet statistically not significant 
(Table 4).

Discussion

The risk factors of breast cancer remain obscure 
among Sudanese women thus extensive research is needed 
in this regard. The current study was designed to assess 
the relation of high fasting glucose and insulin levels to 
the risk of breast cancer in Sudanese women.

In the present study we found higher levels of 
fasting plasma glucose in breast cancer patients than 
controls. Elevated glucose increased the risk of breast 
cancer by 2.5 folds similar to other studies [22] [24]. 
High glucose plays an essential role in the proliferation 
and progression of breast cancer cells [20] [27]. 
Moreover, high concentrations of glucose stimulate the 
in vitro invasiveness of human breast cancer cell line 
MDA-MB-435 by changing the expression of matrix 
metalloproteinase MMP-9/MMP-2/E-cadherin [28]. 
In breast cancer patients, hyperglycemia was shown to 
be associated with aggressive phenotype of disease [29], 
and increased mortality in hormone receptor positive 
cases [30]. It was reported that the elevation of fasting 
blood glucose levels reduced the response to neoadjuvant 
chemotherapy in diabetic and non-diabetic breast cancer 
patients [31], while use of metformin together with 
neoadjuvant chemotherapy in the treatment of diabetic 

patients with breast cancer improved their pathologic 
complete response [32]. Studies from Sweden and Korea 
showed that the glucose level was not associated with 
breast cancer risk [25] [33]. Other researchers showed 
a relationship in the diabetic patients but not in the non-
diabetics [34].

Other factors that might affect the level of plasma 
glucose such as BMI and menopausal status were 
investigated by stratification of the whole study group. For 
this purpose, classification was made into two subgroups 
according to BMI (non-obese and overweight-obese 
subgroups). Another categorization was based on the 
menopausal status (premenopausal and postmenopausal 
subgroups) to ensure a more homogenous patients 
and controls within each BMI and menopausal status 
subgroup. We found that glucose level was significantly 
increased in the patients than controls in the overweight-
obese subgroup, whereas no difference was seen between 
patients and controls in non-obese subgroup. It was shown 
that high fasting plasma glucose level was associated 
with breast cancer risk in the premenopausal patients 
and only in overweight postmenopausal women [22]. 
Increased blood glucose was found to be associated with 
poor prognosis in breast cancer patients; shorter overall 
survival time and shorter time to tumor recurrence were 
reported in patients with elevated random blood glucose 
[35]. 

Concerning the menopausal status, a significant 
association was shown between impaired glucose-insulin 
homeostasis and the risk of breast cancer in overweight 
and obese premenopausal women but not in normal 
weight premenopausal women [36]. In the current 
study, we showed higher fasting plasma glucose levels 
in premenopausal breast cancer patients compared to 
controls, in agreement with Muti et al [22]. We observed 
no difference in the postmenopausal subgroup. Previously, 
a significant relationship has been stated only in 
postmenopausal women with high BMI [22]. On the 
other hand, another study showed that high blood glucose 
level increases the risk of breast cancer in both pre- and 
postmenopausal women [24]. Manjer et al had reported 
no association between glucose levels and risk of breast 
cancer neither in premenopausal nor postmenopausal 
women [25].  

Many  s tud ies  showed  an  assoc ia t ion  o f 

Subgroup Parameter Non-obese p value Overweight-obese p value
Patients controls patients controls

Glucose (mg/dl) 98.90 ± 4.38 92.30 ± 3.15 0.225 105.35 ± 4.06 89.44 ± 2.62 0.001
Insulin (µU/ml) 3.76± 0.40 6.11 ± 1.00 0.034 7.75 ± 1.17 8.50 ± 1.91 0.737
HOMA-IR 0.94 ± 0.11 1.59 ± 0.34 0.079 2.11 ± 0.35 2.00 ± 0.58 0.878
Subgroup Parameter Premenopausal p value Postmenopausal p value

Patients controls patients controls
Glucose (mg/dl) 99.64 ± 4.06 86.38 ± 2.44 0.007 104.53 ± 4.51 96.88 ± 3.23 0.173
Insulin (µU/ml) 6.23 ± 0.79 8.16 ± 1.83 0.338 5.15 ± 1.09 6.41 ± 0.99 0.396
HOMA-IR 1.60 ± 0.23 1.80 ± 0.55 0.643 1.42 ± 0.33 1.72 ± 0.35 0.529

Table 3. Comparison of Insulin, Glucose, and HOMA-IR Levels According to BMI and Menopausal Status

Variables are shown as (Mean ± SEM), SEM, standard error of mean. p, probability. HOMA-IR, homeostasis model assessment for insulin resistance.
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hyperinsulinemia with the risk of breast cancer [16] 
[37, 38]. In our study, we found no association of insulin 
level with breast cancer in Sudanese women similar to 
other authors [34] [39]. Only in the non-obese subgroup of 
women, we observed a statistically significant association 
between insulin level and incidence of breast cancer, 
patients with increased insulin level had more than 
four-folds lower risk of breast cancer. A large prospective 
study with 5 years duration revealed the risk of breast 
cancer was associated with the levels of insulin-like 
growth factor-1 (IGF-1), but moderately associated with 
insulin level [22]. Insulin may exert its mitogenic effect 
mediated by insulin receptor or IGF-1 receptor. Insulin has 
critical roles in cancer development including stimulation 
of cell growth through activation of the insulin receptor 
and IGF-1 receptor [40,41]. Heredity has an important 
role in the association of glucose and insulin traits with 
the risk of breast cancer development [42].

HOMA-IR is a more valuable marker – than the 
measurement of insulin or glucose level alone – to 
identify patients with insulin resistance and those who 
have high risk of breast cancer [18]. In this regard, our 
results demonstrated a decreased HOMA-IR in non-obese 
breast cancer patients compared to controls, with a 
trend towards significance. Luque et al. (2017) showed 
a significantly increased HOMA-IR in the overweight 
breast cancer patients [36]. In the present study, neither 
premenopausal nor postmenopausal subgroups of 
patients revealed an elevation of HOMA-IR compared 

to controls, whereas another study had reported that 
especially in postmenopausal women [18]. However, the 
association between insulin resistance and breast cancer 
in premenopausal women is related to high BMI [36].

The limitations of this study are that it was a case-
control study of a small sample size, with no follow-up 
of patients. A larger longitudinal prospective study could 
assess the relation of glucose markers to breast cancer 
incidence, prognosis, and response to treatment. To 
address questions about breast cancer risk factors, a cohort 
study design is more valuable and informative. However, 
our present findings draw attention to the link between 
glucose metabolism and female breast cancer in Sudanese.

In summary, our study revealed a significant 
association between high fasting plasma glucose levels 
and breast cancer in Sudanese women in the whole group 
of patients as well as in the premenopausal subgroup, and 
in the overweight-obese women. Thus, lowering of both 
blood glucose level and BMI by alteration of lifestyle is 
suggested to reduce the risk of breast cancer in Sudanese 
women, particularly in the premenopausal women in 
addition to the overweight-obese women.
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Subgroup Parameters Cut off Cases N (%) Control N (%) OR CI p value

Non-obese

Glucose (mg/dl) < 97.75
≥97.75

25 (59.52)
32 (71.11)

17 (40.48)  
13 (28.89)

1 (Ref)
1.674

0.686-4.083 0.258

Insulin (µU/ml) <7.86
≥ 7.86

38 (90.48) 
31 (68.89)

4 (9.52)  
14 (31.11)

1 (Ref)
0.233

0.070-0.780 0.019

HOMA-IR <1.7
≥ 1.7

35(83.34)  
32 (71.11)

7 (16.66)  
13 (28.89)

1 (Ref)
0.492

0.175-1.388 0.18

Overweight-obese

Glucose (mg/dl) < 97.75
≥97.75

16 (43.24)
21 (56.76)

40 (76.92)
12 (23.08)

1 (Ref)
4.375

1.750-10.935 0.002

Insulin (µU/ml) <7.86
≥ 7.86

27 (72.97)
10 (27.03)

41 (77.36)
12 (22.64)

1 (Ref)
1.265

0.480-3.337 0.634

HOMA-IR <1.7
≥ 1.7

22 (59.46)
15 (40.54)

38 (73.08)
14 (26.92)

1 (Ref)
1.851

0.754-4.542 0.179

Premenopausal

Glucose (mg/dl) < 97.75
≥97.75

21 (53.85)
18 (46.15)

47 (83.93)
9 (16.07)

1 (Ref)
4.476

1.729-11.589 0.002

Insulin(µU/ml) <7.86
≥ 7.86

31 (79.49)
8 (20.51)

41 (73.21)
15 (26.79)

1 (Ref)
0.705

0.266-1.873 0.484

HOMA-IR >1.7
≥ 1.7

26 (66.67)
13 (33.33)

40 (71.43)
16 (28.57)

1 (Ref)
1.25

0.517-3.022 0.62

Postmenopausal

Glucose (mg/dl) < 97.75
≥97.75

20 (55.56)
16 (44.44)

24 (58.54)
16 (41.46)

1 (Ref)
1.2

0.482-2.988 0.695

Insulin (µU/ml) <7.86
≥ 7.86

30 (83.34)
5 (16.66)

31 (75.61)
10 (24.39)

1 (Ref)
0.517

0.158-1.690 0.275

HOMA-IR >1.7
≥ 1.7

27 (75.00)
8 (25.00)

30 (73.17)
10 (26.83)

1 (Ref)
0.889

0.306-2.580 0.828

Table 4. Association between the Biochemical Parameters and Breast Cancer Risk in the BMI and Menopausal status 
Subgroups 

N (%), number of cases in group (percentage). OR, odds ratio.CI, confidence interval. p, probability. HOMA-IR, homeostasis model assessment 
for insulin resistance. Ref, reference.



294 Asian Pacific Journal of Cancer Biology• Vol 7• Issue 4

apjcb.waocp.com                                          Hiba Mahgoub Ali Osman, et al: Fasting Plasma Glucose and Breast Cancer in Sudanese Women

Conflicts of interest
The authors declare that there is no conflict of interest.

References

1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram 
I, Jemal A, Bray F. Global Cancer Statistics 2020: 
GLOBOCAN Estimates of Incidence and Mortality 
Worldwide for 36 Cancers in 185 Countries. CA: a cancer 
journal for clinicians. 2021 05;71(3):209-249. https://doi.
org/10.3322/caac.21660

2. Ferlay J, Shin H, Bray F, Forman D, Mathers C, Parkin 
DM. Estimates of worldwide burden of cancer in 2008: 
GLOBOCAN 2008. International Journal of Cancer. 
2010 Dec 15;127(12):2893-2917. https://doi.org/10.1002/
ijc.25516

3. Adeloye D, Sowunmi OY, Jacobs W, David RA, Adeosun AA, 
Amuta AO, Misra S, Gadanya M, Auta A, Harhay MO, Chan 
KY. Estimating the incidence of breast cancer in Africa: a 
systematic review and meta-analysis. Journal of Global 
Health. 2018 06;8(1):010419. https://doi.org/10.7189/
jogh.08.010419

4. Azubuike SO, Muirhead C, Hayes L, McNally R. Rising 
global burden of breast cancer: the case of sub-Saharan 
Africa (with emphasis on Nigeria) and implications for 
regional development: a review. World Journal of Surgical 
Oncology. 2018 03 22;16(1):63. https://doi.org/10.1186/
s12957-018-1345-2

5. Chlebowski RT. Nutrition and physical activity influence on 
breast cancer incidence and outcome. Breast (Edinburgh, 
Scotland). 2013 08;22 Suppl 2:S30-37. https://doi.
org/10.1016/j.breast.2013.07.006

6. Tan M, Ho W, Yoon S, Mariapun S, Hasan SN, Lee DS, 
Hassan T, Lee S, Phuah S, Sivanandan K, Ng PP, Rajaram 
N, Jaganathan M, Jamaris S, Islam T, Rahmat K, Fadzli 
F, Vijayananthan A, Rajadurai P, See M, Thong M, Mohd 
Taib NA, Yip C, Teo S. A case-control study of breast 
cancer risk factors in 7,663 women in Malaysia. PloS One. 
2018;13(9):e0203469. https://doi.org/10.1371/journal.
pone.0203469

7. Abuidris DO, Elsheikh A, Ali M, Musa H, Elgaili E, Ahmed 
AO, Sulieman I, Mohammed SI. Breast-cancer screening 
with trained volunteers in a rural area of Sudan: a pilot study. 
The Lancet. Oncology. 2013 04;14(4):363-370. https://doi.
org/10.1016/S1470-2045(12)70583-1

8. Saeed IE, Weng H, Mohamed KH, Mohammed SI. Cancer 
incidence in Khartoum, Sudan: first results from the Cancer 
Registry, 2009-2010. Cancer Medicine. 2014 08;3(4):1075-
1084. https://doi.org/10.1002/cam4.254

9. Elamin A, Ibrahim ME, Abuidris D, Mohamed KEH, 
Mohammed SI. Part I: cancer in Sudan—burden, distribution, 
and trends breast, gynecological, and prostate cancers. 
Cancer Medicine. 2015 03;4(3):447-456. https://doi.
org/10.1002/cam4.378

10. Elbasheer MMA, Alkhidir AGA, Mohammed SMA, Abbas 
AAH, Mohamed AO, Bereir IM, Abdalazeez HR, Noma 
M. Spatial distribution of breast cancer in Sudan 2010-
2016. PLoS ONE. 2019 09 16;14(9):e0211085. https://doi.
org/10.1371/journal.pone.0211085

11. Elbasheer MMA, Alkhidir AGA, Mohammed SMA, Abbas 
AAH, Mohamed AO, Bereir IM, Abdalazeez HR, Noma M. 
Spatial distribution of breast cancer in Sudan 2010-2016. 
PloS One. 2019;14(9):e0211085. https://doi.org/10.1371/
journal.pone.0211085

12. Elgaili EM, Abuidris DO, Rahman M, Michalek AM, 
Mohammed SI. Breast cancer burden in central Sudan. 

International Journal of Women’s Health. 2010 08 09;2:77-
82. https://doi.org/10.2147/ijwh.s8447

13. Mariani-Costantini R, Elhassan MA, Aceto GM, et al 
2017. Epidemiology, Pathology, Management and Open 
Challenges of Breast Cancer in Central Sudan: A Prototypical 
Limited Resource African Setting, London, UK, Intechopen.

14. Bain C, Speizer FE, Rosner B, Belanger C, Hennekens 
CH. Family history of breast cancer as a risk indicator 
for the disease. American Journal of Epidemiology. 1980 
03;111(3):301-308. https://doi.org/10.1093/oxfordjournals.
aje.a112901

15. Liu Y, Gao C, Ding J, Li S, Cao H, Wu J, Tang J, Qian Y, 
Tajima K. Physiological, reproductive factors and breast 
cancer risk in Jiangsu province of China. Asian Pacific 
journal of cancer prevention: APJCP. 2011;12(3):787-790.

16. Khalis M, Charbotel B, Chajès V, Rinaldi S, Moskal A, 
Biessy C, Dossus L, Huybrechts I, Fort E, Mellas N, Elfakir 
S, Charaka H, Nejjari C, Romieu I, El Rhazi K. Menstrual 
and reproductive factors and risk of breast cancer: A 
case-control study in the Fez region, Morocco. PloS One. 
2018;13(1):e0191333. https://doi.org/10.1371/journal.
pone.0191333

17. Lawlor DA, Smith GD, Ebrahim S. Hyperinsulinaemia and 
increased risk of breast cancer: findings from the British 
Women’s Heart and Health Study. Cancer causes & control: 
CCC. 2004 04;15(3):267-275. https://doi.org/10.1023/
B:CACO.0000024225.14618.a8

18. Cleary MP, Grossmann ME. Minireview: Obesity and breast 
cancer: the estrogen connection. Endocrinology. 2009 
06;150(6):2537-2542. https://doi.org/10.1210/en.2009-0070

19. Capasso I, Esposito E, Pentimalli F, Montella M, Crispo A, 
Maurea N, D’Aiuto M, Fucito A, Grimaldi M, Cavalcanti 
E, Esposito G, Brillante G, Lodato S, Pedicini T, D’Aiuto 
G, Ciliberto G, Giordano A. Homeostasis model assessment 
to detect insulin resistance and identify patients at high risk 
of breast cancer development: National Cancer Institute 
of Naples experience. Journal of Experimental & Clinical 
Cancer Research : CR. 2013 03 14;32(1):14. https://doi.
org/10.1186/1756-9966-32-14

20. Zhao P, Xia N, Zhang H, Deng T. The Metabolic Syndrome 
Is a Risk Factor for Breast Cancer: A Systematic Review and 
Meta-Analysis. Obesity Facts. 2020;13(4):384-396. https://
doi.org/10.1159/000507554

21. Warburg O. [Origin of cancer cells]. Oncologia. 1956;9(2):75-
83.

22. Vander Heiden MG, Cantley LC, Thompson CB. 
Understanding the Warburg effect: the metabolic 
requirements of cell proliferation. Science (New York, N.Y.). 
2009 05 22;324(5930):1029-1033. https://doi.org/10.1126/
science.1160809

23. Muti P, Quattrin T, Grant BJB, Krogh V, Micheli A, 
Schünemann HJ, Ram M, Freudenheim JL, Sieri S, Trevisan 
M, Berrino F. Fasting glucose is a risk factor for breast cancer: 
a prospective study. Cancer Epidemiology, Biomarkers & 
Prevention: A Publication of the American Association for 
Cancer Research, Cosponsored by the American Society of 
Preventive Oncology. 2002 Nov;11(11):1361-1368.

24. Sieri S, Muti P, Claudia A, Berrino F, Pala V, Grioni S, 
Abagnato CA, Blandino G, Contiero P, Schunemann 
HJ, Krogh V. Prospective study on the role of glucose 
metabolism in breast cancer occurrence. International 
Journal of Cancer. 2012 02 15;130(4):921-929. https://doi.
org/10.1002/ijc.26071

25. Haseen SD, Khanam A, Sultan N, Idrees F, Akhtar N, 
Imtiaz F. Elevated fasting blood glucose is associated with 
increased risk of breast cancer: outcome of case-control 



295

 

Asian Pacific Journal of Cancer Biology• Vol 7• Issue 4

apjcb.waocp.com                                        Hiba Mahgoub Ali Osman, et al: Fasting Plasma Glucose and Breast Cancer in Sudanese Women

This work is licensed under a Creative Commons Attribution-
Non Commercial 4.0 International License.

study conducted in Karachi, Pakistan. Asian Pacific journal 
of cancer prevention: APJCP. 2015;16(2):675-678. https://
doi.org/10.7314/apjcp.2015.16.2.675

26. Manjer J, Kaaks R, Riboli E, Berglund G. Risk of breast 
cancer in relation to anthropometry, blood pressure, blood 
lipids and glucose metabolism: a prospective study within 
the Malmö Preventive Project. European journal of cancer 
prevention: the official journal of the European Cancer 
Prevention Organisation (ECP). 2001 02;10(1):33-42. 
https://doi.org/10.1097/00008469-200102000-00004

27. Kabat GC, Kim M, Caan BJ, Chlebowski RT, Gunter MJ, 
Ho GYF, Rodriguez BL, Shikany JM, Strickler HD, Vitolins 
MZ, Rohan TE. Repeated measures of serum glucose 
and insulin in relation to postmenopausal breast cancer. 
International Journal of Cancer. 2009 Dec 01;125(11):2704-
2710. https://doi.org/10.1002/ijc.24609

28. Hou Y, Zhou M, Xie J, Chao P, Feng Q, Wu J. High glucose 
levels promote the proliferation of breast cancer cells through 
GTPases. Breast Cancer (Dove Medical Press). 2017;9:429-
436. https://doi.org/10.2147/BCTT.S135665

29. Li J, Zhang H, Guo X, Sun X, He Y, Liu C, Cui S, Liu H. 
[Effects of high glucose on in vitro invasiveness of human 
breast cancer cell line MDA-MB-435]. Zhonghua Yi Xue 
Za Zhi. 2013 01 08;93(2):89-92.

30. Santos JM, Hussain F. Higher Glucose Enhances Breast 
Cancer Cell Aggressiveness. Nutrition and Cancer. 
2020;72(5):734-746. https://doi.org/10.1080/01635581.2
019.1654527

31. Minicozzi P, Berrino F, Sebastiani F, Falcini F, Vattiato R, 
Cioccoloni F, Calagreti G, Fusco M, Vitale MF, Tumino R, 
Sigona A, Budroni M, Cesaraccio R, Candela G, Scuderi T, 
Zarcone M, Campisi I, Sant M. High fasting blood glucose 
and obesity significantly and independently increase risk of 
breast cancer death in hormone receptor-positive disease. 
European Journal of Cancer (Oxford, England: 1990). 
2013 Dec;49(18):3881-3888. https://doi.org/10.1016/j.
ejca.2013.08.004

32. Arici S, Geredeli C, Secmeler S, Cekin R, Sakin A, Cihan 
S. The effects of diabetes and fasting plasma glucose on 
treatment of breast cancer with neoadjuvant chemotherapy. 
Current Problems in Cancer. 2020 02;44(1):100485. https://
doi.org/10.1016/j.currproblcancer.2019.05.007

33. Jiralerspong S, Palla SL, Giordano SH, Meric-Bernstam F, 
Liedtke C, Barnett CM, Hsu L, Hung M, Hortobagyi GN, 
Gonzalez-Angulo AM. Metformin and pathologic complete 
responses to neoadjuvant chemotherapy in diabetic patients 
with breast cancer. Journal of Clinical Oncology: Official 
Journal of the American Society of Clinical Oncology. 
2009 07 10;27(20):3297-3302. https://doi.org/10.1200/
JCO.2009.19.6410

34. Jee SH, Ohrr H, Sull JW, Yun JE, Ji M, Samet JM. Fasting 
serum glucose level and cancer risk in Korean men and 
women. JAMA. 2005 01 12;293(2):194-202. https://doi.
org/10.1001/jama.293.2.194

35. Mink PJ, Shahar E, Rosamond WD, Alberg AJ, Folsom 
AR. Serum insulin and glucose levels and breast cancer 
incidence: the atherosclerosis risk in communities study. 
American Journal of Epidemiology. 2002 08 15;156(4):349-
352. https://doi.org/10.1093/aje/kwf050

36. Monzavi-Karbassi B, Gentry R, Kaur V, Siegel ER, 
Jousheghany F, Medarametla S, Fuhrman BJ, Safar AM, 
Hutchins LF, Kieber-Emmons T. Pre-diagnosis blood 
glucose and prognosis in women with breast cancer. Cancer 
& Metabolism. 2016;4:7. https://doi.org/10.1186/s40170-
016-0147-7

37. Luque RM, López-Sánchez LM, Villa-Osaba A, Luque IM, 

Santos-Romero AL, Yubero-Serrano EM, Cara-García M, 
Álvarez-Benito M, López-Mirand A J, Gahete MD, Castaño 
JP. Breast cancer is associated to impaired glucose/insulin 
homeostasis in premenopausal obese/overweight patients. 
Oncotarget. 2017 Oct 06;8(46):81462-81474. https://doi.
org/10.18632/oncotarget.20399

38. Goodwin PJ, Ennis M, Bahl M, Fantus IG, Pritchard KI, 
Trudeau ME, Koo J, Hood N. High insulin levels in newly 
diagnosed breast cancer patients reflect underlying insulin 
resistance and are associated with components of the insulin 
resistance syndrome. Breast Cancer Research and Treatment. 
2009 04;114(3):517-525. https://doi.org/10.1007/s10549-
008-0019-0

39. Gunter MJ, Hoover DR, Yu H, Wassertheil-Smoller S, Rohan 
TE, Manson JE, Li J, Ho GYF, Xue X, Anderson GL, Kaplan 
RC, Harris TG, Howard BV, Wylie-Rosett J, Burk RD, 
Strickler HD. Insulin, insulin-like growth factor-I, and risk 
of breast cancer in postmenopausal women. Journal of the 
National Cancer Institute. 2009 01 07;101(1):48-60. https://
doi.org/10.1093/jnci/djn415

40. Jernström H, Barrett-Connor E. Obesity, weight change, 
fasting insulin, proinsulin, C-peptide, and insulin-like growth 
factor-1 levels in women with and without breast cancer: 
the Rancho Bernardo Study. Journal of Women’s Health & 
Gender-Based Medicine. 1999 Dec;8(10):1265-1272. https://
doi.org/10.1089/jwh.1.1999.8.1265

41. De Leon DD, Wilson DM, Powers M, Rosenfeld RG. Effects 
of insulin-like growth factors (IGFs) and IGF receptor 
antibodies on the proliferation of human breast cancer cells. 
Growth Factors (Chur, Switzerland). 1992;6(4):327-336. 
https://doi.org/10.3109/08977199209021544

42. Resnik JL, Reichart DB, Huey K, Webster NJ, Seely 
BL. Elevated insulin-like growth factor I receptor 
autophosphorylation and kinase activity in human breast 
cancer. Cancer Research. 1998 03 15;58(6):1159-1164.


