
Asian Pacific Journal of Cancer Prevention, Vol 24 717

DOI:10.31557/APJCP.2023.24.2.717
Serum Level of IGF-1 and IGFBP-3 and the Risk of Breast Cancer

Asian Pac J Cancer Prev, 24 (2), 717-723

Introduction

Breast cancer (BC) has now surpassed lung cancer 
as the most common form of cancer worldwide (World 
Health Organization, 2021). In Palestine, BC is regarded 
as a serious public health concern; in 2021, the incidence 
rate was 17.8 cases per 100,000 people overall, while it 
was 36.2 cases per 100,000 females. In the West Bank, 
513 new BC cases were registered in 2021, which was 
15.2% of all newly registered cancer cases, while in the 
Gaza Strip, 363 new cases were registered, amounting to 
18.6% of all new cancer cases (Ministry of Health, 2022). 
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Insulin-like growth factor (IGF-1) and its binding 
proteins may have a major impact on the risk of various 
cancers (Rollison et al., 2006). IGF-1 and its primary 
binding protein (IGFBP-3) are known risk factors for 
BC due to their capacity to promote mitosis and prevent 
programmed cell death (Monson et al., 2020). The 
IGF-1 system, which includes IGF-1, IGF-binding proteins 
(IGFBPs), and the IGF-1 receptor (IGF-1R), is crucial 
for cellular proliferation and breast tissue development. 
The interaction of IGF-1 and IGF-1R promotes the 
phosphatidylinositol 3-kinase (PI3K) and mitogen 
activated protein kinase (MAPK) pathways, which are 
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two important signaling cascades for cell proliferation. 
Meanwhile, a family of IGF binding proteins (IGFBP-1 
to IGFBP-6) can compete with IGF-1R to bind circulating 
IGF-1 with high affinity and specificity, modulating IGF 
bioavailability and half-life (Christopoulos et al., 2015; 
Tong et al., 2020). 

According to studies, IGF-1 and IGFBP-3 levels in 
women are linked to both the development and recurrence 
of BC (Monson et al., 2020). Several studies have found 
that IGF-1 serum concentration is related to the risk of BC  
(Rodríguez-Valentín et al., 2022). Initial research found a 
link between high IGF-1 and IGFBP-3 plasma levels and 
an increased risk of BC in premenopausal women, but not 
in postmenopausal women. The European Prospective 
Investigation into Cancer and Nutrition research, on the 
other hand, found an elevated BC risk with rising IGF-1 
and IGFBP-3 blood concentrations exclusively in older 
women (age at diagnosis >50y.o) (Papadakis et al., 2017).

A pooled analysis of 17 prospective epidemiologic 
studies found that circulating IGF-I was related with a 
25% increased risk of BC in women ranging from the 
highest to the lowest quintile, and this relationship was 
not affected by menopausal status (Hada et al., 2019). The 
association between the serum concentration of IGFBP-3 
and the risk of BC has been inconsistent. Some studies 
have reported positive associations, while others have 
shown inverse relationships (Rodríguez-Valentín et al., 
2022). To our knowledge, no research has examined the 
link between serum levels of IGF-1 and IGFBP-3 and BC 
risk in the Gaza Strip. In this research, we looked at the 
association between the serum levels of IGF-1, IGFBP-3, 
and the risk of developing BC.

Materials and Methods

Study design and Setting
The study designed to be case-control study, carried 

out from January 2021 to August 2022. The participants in 
this research were selected from the newly diagnosed BC 
computerized medical records of women who attended the 
Oncology Department at Al- Shifa Hospital and Turkish 
Palestinian Friendship Hospital for cases and from the 
electronic records of the Screening Mammogram Unit at 
Al- Remal Clinic for controls.

Study Tool and Sampling
A questionnaire that conducted to fit the needs of the 

case and control groups was filled out during a face-to-
face interview using the International Physical Activity 
Questionnaire (IPAQ), and biochemical analysis. The 
questionnaire was divided into two main parts: The 
first part covers socio-demographic variables including 
age, education level, anthropometric measurements, 
reproductive history variables, data on the medical 
records, as well as the family and personal history of 
cancer; the second part included data regarding lifestyle.

The sample size was determined using the Power and 
Sample Size Calculator (PS). After considering the 10% 
anticipated dropout rate, and a 1:2 ratio of the case to 
control. The total number of participants required in this 
study was 334 (112 women with BC as cases, and 222 

women without BC as control).

Eligibility Criteria
The cases were newly diagnosed BC women confirmed 

on histopathology and not on any treatment (hormone 
therapy, chemotherapy, targeted therapy, radiotherapy, or 
alternative therapy), whereas, the controls were healthy 
women without BC whose screening mammography 
tested negative at Al- Remal Clinic. The cases and 
controls were frequency matched by age group, marital 
status, and governorate of residence. All individuals were 
subsequently recruited after providing written informed 
consent to participate.

Blood samples and biochemical analysis
The blood samples were collected at Al-Shifa Hospital, 

Turkish Palestinian Friendship Hospital, and Al- Remal 
Clinic. The samples were transferred under quality control 
and sterile conditions to Palestinian Medical Relief Society 
for biochemical analysis (IGF-1 and IGFBP-3). Under 
quality control and safety standards, venipuncture was 
used to obtain 5 ml of each participant’s whole blood, 
then the whole blood was placed into redtop tubes, and 
centrifuged for ten minutes at 3,000 rpm. The serum was 
separated and analyzed for quantitative determination 
of FBG using analytical kit on Respons 920 fully auto 
analyzer (DiaSys, Germany), serum Growth Hormone 
(IGF-I and IGFBP-3) using analytical kits on the 
MAGLUMI 800 series fully auto-chemiluminescence 
immunoassay analyzer (Snibe, China).

Statistical analysis
Data collection, anthropometric measurements, 

and questionnaire results were reviewed before being 
incorporated into the Statistical Package for the Social 
Sciences (SPSS version 26). Pre- and postmenopausal 
women’s data were evaluated independently. The 
socio-demographic characteristics were summarized 
using descriptive statistics. Numerical data like age of 
participant, waist circumference, body mass index (BMI), 
FBG, IGF-1 levels, and IGFBP-3, were presented as mean 
±SD. Categorical information was shown as frequency 
(percentage). For the comparison of categorical data, the 
chi-square test was utilized. Using an independent t-test, 
quantitative data from two groups were analyzed. 

To compare BC risk in women with high levels of 
IGF-1 and IGFBP-3 to those with lower levels, we utilized 
multiple logistic regressions on the 1:2 matched pairs of 
cases and controls. We adjusted for baseline factors such 
as menopausal status, gravidity, parity, BMI, smoking, past 
use of oral contraceptives (OC) and hormone replacement 
therapy (HRT), and dairy product intake. Two-sided 
testing was used to obtain each P-value, with a value (P ≤ 
0.05) deemed a statistically significant test result.

Results

In accordance with the case-control status, 
Table 1 displays the participant baseline characteristics. 
We identified 112 BC cases and 222 controls. Cases were 
less likely to be educated, to be between the ages of 19 
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Sociodemographic variables Cases n = 112 Controls n = 222 P value
N (%) N (%)

Educational level Illiterate 2 (1.8) 0 (0.0) 0.013
Primary school 6 (5.4) 8 (3.6)
Middle school (preparatory) 18 (16.1) 30 (13.5)
High school certificate (secondary) 51 (45.5) 81 (36.5)
Intermediate post high school diploma 11 (9.8) 13 (5.9)
Graduation (Bachelor's) Professional degree 22 (19.6) 85 (38.3)
Master’s and above 2 (1.8) 5 (2.3)

Marital status Single 10 (8.9) 16 (7.2) 0.694
Married 97 (86.6) 191 (86.0)
Divorced 3 (2.7) 6 (2.7)
Widow 2 (1.8) 9 (4.1)

Age at Menarche 9 years or younger 0 (0.0) 2 (0.9) 0.602
10-14 years 91 (81.3) 179 (80.6)
More than 14 years 21 (18.8) 41 (18.5)

Gravidity None 16 (14.3) 31 (14.0) 0.815
One 3 (2.7) 9 (4.1)
Two 5 (4.5) 15 (6.8)
Three 13 (11.6) 20 (9.0)
Four or more 75 (67.0) 147 (66.2)

Parity Nulliparous 20 (17.9) 33 (14.9) 0.863
1-2 14 (12.5) 25 (11.3)
3-5 36 (32.1) 78 (35.1)
>5 42 (37.5) 86 (38.7)

Age at first delivery Never 13 (11.6) 28 (12.6) 0.047
≤18 23 (20.5) 55 (24.8)
19-25 56 (50.0) 122 (55.0)
>25 20 (17.9) 17 (7.7)

Menopausal status Premenopausal 71 (63.4) 178 (80.2) £ 0.001
Postmenopausal 41 (36.6) 44 (19.8)

OC use No 86 (76.8) 173 (77.9) 0.813
Yes, previously 26 (23.2) 49 (22.1)

HRT use No 106 (94.6) 210 (94.6) 0.985
Yes, previously 6 (5.4) 12 (5.4)

Cigarette smoking Yes, current smoker 2 (1.8) 2 (0.9) 0.344
Passive smoking 37 (33.0) 55 (24.8)
No 71 (63.4) 159 (71.6)
Nargileh 2 (1.8) 6 (2.7)

First-degree relatives for BC No 97 (86.6) 207 (93.2) 0.045
Yes 15 (13.4) 15 (6.8)

Physical activity Low 66 (58.9) 99 (44.6) 0.014
Moderate 45 (40.2) 111 (50.0)
High 1 (0.9) 12 (5.4)

BMI category Underweight 0 (0.0) 3 (1.4) 0.624
Normal 22 (19.6) 54 (24.3)
Overweight 36 (32.1) 72 (32.4)
Obesity Class I 34 (30.4) 60 (27.0)
Obesity Class II 14 (12.5) 26 (11.7)
Obesity Class III 6 (5.4) 7 (3.2)

N, Frequency; BC, Breast Cancer; OC, Oral contraceptives; HRT, Hormone replacement therapy; BMI, Body mass index; P ≤ 0.05, Significant.

Table 1. Sociodemographic Features of the Study Participants
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the Gaza Strip. In this research, we found that women with 
IGF-1 concentrations above the average had a statistically 
significant higher risk of developing BC.

Regarding the age of participants and BC risk, the 
findings of this research displayed that for every year’s 
increase in age, participants were 1.03 times more likely 
to have BC among females in the Gaza Strip. Similar 
findings from earlier studies indicated that the incidence of 
BC increases with age and primarily affects older women 
(Butt et al., 2012; Pathy et al., 2011; Sandhu et al., 2010; 
Surakasula et al., 2014).

According to this study, women who exercise may 
have a decreased risk of BC than those who do not. 
Various research also indicated that exercise lowers the 
incidence of BC (Shuvo et al., 2017). Although there is 
less information on premenopausal women, more physical 
activity, especially recreational physical activity, was 
linked to lowering both pre-and postmenopausal women’s 
risk of BC (Chan et al., 2019). 

According to our research, women who consume milk 
and dairy products had a lower risk of BC. Our findings 
were similar to those of earlier researches, which indicated 
that consumption of milk and eggs was linked with a 
lower chance of developing BC, whereas consumption of 
all types of fish and meat was connected with a high risk 
(Bao et al., 2012; Shuvo et al., 2017). Additionally, dairy 
products include linoleic acid, a possible anticancer fat 
compound that can prevent the expansion and proliferation 
of cancer cells. These foods also contain vitamin D and 
calcium, which are known to have cancer-preventive 
properties. Meanwhile, a recent review published in 
the American Journal of Clinical Nutrition raises the 
possibility that intake of low-fat dairy products, including 
yogurt, cottage cheese, and skimmed milk may safeguard 
females from the condition (Rodríguez-Alcalá et al., 

and 25 years, to be premenopausal, to have no first-degree 
relatives with BC, and to engage in less intense physical 
activity than control participants. Marital status, age at 
menarche, gravidity, parity, use of HRT and OC, cigarette 
smoking, and BMI did not statistically differ between the 
two groups.

The average age of the study population was 45.4 for 
the cases and 41.8 for the controls. Additionally, cases 
had statistically significant higher IGF-1 levels and waist 
circumference than controls (P≤ 0.001), while serum 
IGFBP-3 levels were not statistically significant in cases 
vs. controls (P=0.261) as shown in Table 2.

Table 3 explores the BC risk linked with socio-
demographic data. The participants’ ages were linked to 
an elevated risk of BC (OR= 1.03; 95% CI, 1.007–1.060), 
each year’s increase in age participants was 1.03 times 
more likely to have BC risk. According to menopausal 
status, premenopausal women were associated with 
an approximate 0.5 time decrease in the BC risk than 
postmenopausal women. Consistent with the results, 
women who consume milk and dairy product have 
decreased risk of BC. In contrast to moderate or more 
vigorous physical activity, lower-intensity exercise 
was linked to an increased chance of developing 
BC. Additionally, there was an association between 
serum concentrations of FBG (OR= 1.027; 95% CI, 
1.013-1.042), IGF-1 (OR= 1.010; 95% CI, 1.006-1.015), 
and the risk of BC, while, IGFBP-3 serum concentrations 
and BC risks were not related (data not shown).

Discussion

This study set out to explore whether there was 
an association between the serum levels of IGF-1 and 
IGFBP-3 and the risk of BC among Palestinian women in 

Variables Cases Mean (SD) Controls Mean (SD) P value
Age of participant 45.4 (10.5) 41.8 (8.9) 0.002
Waist Circumference (cm) 91.1 (7.6) 88.7 (11.6) 0.029
BMI 29.8 (5.6) 29.0 (5.6) 0.221
IGF-1 (ng/ml) 119.5 (59.0) 92.3 (48.8) ≤0.001
IGFBP-3 (µg/mL) 5.8 (22.4) 3.4 (1.4) 0.261

Table 2. The Relationship between Serum Concentrations of IGF-1 and IGFBP-3 and BC Risk by Case-Control

BC, Breast Cancer; SD,Standard deviation; BMI, Body mass index; IGF-1, Insulin-like Growth Factor-1; IGFBP-3, Insulin-like Growth Factor 
binding protein-3; P ≤ 0.05, Significant.

Variables OR P-value Confidence Interval 95%
Age of participant 1.03 0.012 (1.007, 1.060)
Low physical activity 7.31 0.06 (0.921, 58.005)
Moderate physical activity 4.538 0.153 (0.569, 36.201)
Milk and dairy product 0.972 0.037 (0.947, 0.998)
Menopausal status 0.428 ≤0.001 (0.258, 0.710)
FBG (mg/dl) 1.027 ≤ 0.001 (1.013, 1.042)
IGF-1 (ng/ml) 1.01 ≤ 0.001 (1.006, 1.015)

FBG, Fasting blood glucose; IGF-1, Insulin-like Growth Factor-1; P ≤ 0.05, Significant.

Table 3. Multivariate Logistic Regression Model of Risk Factors and BC among Palestinian Females in the Gaza Strip.
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2017).
According to the study’s findings, BC is less likely to 

occur in females who have not yet reached menopause 
than it is in females who have (OR= 0.428, 95%CI, 0.258, 
0.710). Similarly, Arafat et al., (2021) reported the same 
findings in a meta-analysis on BC risk from modifiable 
and non-modifiable risk factors in Palestinian women 
(Arafat et al., 2021). Additionally, Sangrajrang et al., 
(2013) found a statistically significant link between higher 
BC risk and postmenopausal women.

When compared to healthy controls, our research 
found that women with high FBG levels were overall 
1.027 more likely to acquire BC. Similar findings were 
found in a study revealed that the fasting plasma glucose 
level was significantly increased in the BC patients 
(101.94±2.94 mg/dL) than the controls (90.75±2.02 
mg/dL), p=0.002 (Osman et al., 2022). 

Other studies (Alokail et al., 2009; Haseen et al., 
2015; Kabat et al., 2009; Sieri et al., 2012) have also 
found higher FBG, in BC cases when compared to the 
control group, in accordance with our findings. Contrarily, 
research from Sweden and Korea revealed that the risk of 
BC was not correlated with blood glucose levels (Haseen 
et al., 2015; Jiralerspong et al., 2009). Also, neither 
premenopausal nor postmenopausal women in research 
by Manjer et al. showed any correlation between blood 
glucose levels and risk of BC (Haseen et al., 2015). High 
glucose levels are crucial for the growth and development 
of BC cells (Jiralerspong et al., 2009; Zhao et al., 2020). 
Additionally, high glucose concentrations promote the 
in vitro invasiveness of human breast cancer cell line 
MDA-MB-435 by altering the expression of matrix 
metalloproteinase MMP-9/MMP-2/E-cadherin (Hou et 
al., 2017).

According to research, IGF-1 controls fuel metabolism 
and is a crucial regulator of BC cell growth, proliferation, 
survival, differentiation, and transformation in many types 
of cancer, including BC. IGF-1 promotes downstream 
pathways involved in cancerous processes such as the 
PI3K/AKT, RAS/RAF/MAPK, and STAT cascades 
(Rodríguez-Valentín et al., 2022). There is evidence from 
numerous research that there is a link between elevated 
BC risk and IGF-1 levels (Baglietto et al., 2007; Rinaldi et 
al., 2006; Vatten et al., 2008; Zhu et al., 2020). Our results 
are in line with a meta-analysis of 17 epidemiological 
studies that found circulating IGF-1 to be positively 
linked with BC risk (OR= 1.28; 95%CI, 1·14–1·44; P < 
0·0001) (Hormones et al., 2010). However, our finding 
is inconsistence with the study done by Abdulla et al, 
2018 suggests that there is no evidence of an increased 
level of IGF-1 among Kurdish BC women (Abdulla et 
al.; Grønbaek et al., 2004).

Meanwhile, there is no evidence of elevated serum 
levels of IGFBP-3 among Palestinian BC women that 
is comparable to the findings from several but not all 
epidemiological studies. According to Schairer et al, 
2010, there is no statistically significant association 
between IGFBP-3 levels and BC risk with OR of 1.01 
(95% 0.86–1.18) (Schairer et al., 2010). In line with other 
studies’ findings (Falk et al., 2006; Schernhammer et al., 

2006; Toniolo et al., 2000), IGFBP-3 concentrations and 
BC risk did not significantly correlate with one another. 
Contrary to our findings, Renehan et al., (2006) showed 
that levels of IGFBP-3 were positively linked to the risk 
of BC (OR= 1.96 (95%CI, 1.28- 2.99)) (Renehan et al., 
2006). This might be a result of genetic and lifestyle 
factors in the risk of BC and other chronic illnesses.

This research has various strengths including a high 
case and control participation rate, an age-matched 
case-control study design, and the enrollment of 
healthy volunteers and patients with newly diagnosed, 
histologically confirmed malignant BC who had not 
received any therapy. Furthermore, this is the first 
epidemiological research in the Gaza Strip on the 
association between serum levels of IGF-1 and IGFBP-3 
and BC risk.

In conclusion, this is the first study to look at the 
relationship between serum IGF-1 and IGFBP-3 levels 
and BC risk in Palestinian women in Gaza Strip. 
According to the study’s findings, women in the Gaza 
Strip are at an increased risk of BC as they age, engage 
in lower physical activity, and develop an increased level 
of FBG, and IGF- 1. Premenopausal women and dairy 
product consumption, meanwhile, are linked to a lower 
incidence of BC. Additionally, there was no link between 
IGFBP-3 and the risk of BC.

Weight loss, increased physical activity, or 
pharmacological methods may all be used to lower FBG 
or circulating IGF-1 levels, hence decreasing the BC risk. 
Additionally, raising of early detection rate of BC in the 
Gaza Strip necessitates efforts to spread the concept of 
BC screening among the public and healthcare sectors 
to save women’s lives and strengthen positive societal 
attitudes about breast health care. This includes support 
from family and friends.
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