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ARTICLE INFO ABSTRACT

Keywords: Background: The results regarding the association between insulin-like growth factor binding
Insulin-like growth factor binding protein 1 protein 1 (IGFBP1) expression and cancer risk were controversial. We performed a meta-analysis
(IGFBP1)

to provide novel evidence on relationship between IGFBP1 expression and cancer risk.

Methods: PubMed, Embase, Cochrane library and Web of science were searched for relevant
cohort and case-control studies exploring the relationship between IGFBP1 expression and cancer
risk. Odds ratios (ORs) were pooled in this meta-analysis using random model. Subgroup analyses
were performed based on ethnicity, tumor types, publication year, study type, Newcastle-Ottawa
Scale (NOS) score and sex.

Results: A total of 27 studies including 16 cohort and 11 case-control studies were identified by
literature search. No significant association was found between IGFBP1 expression and risk of
various cancers [0.90, 95% confidence interval (CI): 0.79, 1.03]. The overall results showed that
the pooled ORs were 0.71 (95% CI: 0.57, 0.88] for prostate cancer risk and 0.66 (95%CI: 0.44,
0.99) for colorectal cancer (CRC) risk. However, there is no significant association between
IGFBP1 expression and risk for ovarian cancer (1.70, 95%CI: 0.41, 6.99), breast cancer (1.02,
95%CI: 0.85, 1.23), endometrial cancer (1.19, 95%CI: 0.64, 2.21), colorectal adenoma (0.93; 95%
CIL: 0.81, 1.07), lung cancer (0.81, 95%CI: 0.39, 1.68) or multiple myeloma (1.20, 95%CI: 0.98,
1.47).

Conclusion: In this study, compared with individuals at low IGFBP1 expression adjusted for age,
smoking status, alcohol intake and so on, risk of the prostate cancer and CRC were decreased
among individuals of high IGFBP1 expression. There needs further study to confirm this issue.
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1. Introduction

Cancer has been recognized as a prickly global public problem widely and there were 24.5 million incident cancer cases and 9.6
cancer deaths worldwide. Especially lung cancer and colorectal cancer rank first and seconding the top 10 causes of death among
various cancers respectively [1]. In the next 40 years the current epidemiological data show that the burden of malignant tumor is and
will maintain a high proportion for a long time [2]. In consideration of this situation, a growing number of researchers attempted to
seek risk factors of cancer to provide basis for cancer prevention. Moreover, numerous studies have indicated that several factors such
as tobacco, alcohol, dietary habits and gene alterations are associated with high cancer risk [3,4]. Besides, tumor markers are also
explored to predict prognosis, which provides a personalized treatment plan for cancer patients.

Insulin-like growth factor binding protein 1(IGFBP1) that contains 4 exons is located at chromosome 7q12.3 and its length is
5173bp, which belongs to IGF system [5]. The IGF system consists of several elements including two ligands, insulin-like growth factor
1(IGF-1) and insulin-like growth factor 2(IGF-2), two cell-membrane receptors, IGF-1 receptor and IGF-2 receptor, and six IGF-binding
proteins, IGFBP1-IGFBP6 [6]. As a secreted protein, IGFBP1 is the most predominant IGFBP in amniotic fluid and expressed steadily
and normally in the liver, endometrium and placenta among them [7]. But insulin that can inhibit IGFBP1 expression through the
insulin receptor and growth hormone can regulate IGFBP1 expression [8]. In addition, the IGF-dependent mechanism is to be related
with tumor behaviors including proliferation, migration, invasion and adhesion [5].

The relationship between IGFBP family (IGFBP1-6) and various cancers have been studied in increasing literatures. But study
numbers of IGFBP4-6 were too few to perform the meta-analysis to assess cancer risk. For IGFBP1-3, their association with cancer risk
was extensively studied. In 2022, we performed a meta-analysis, and showed that high IGFBP2 expression was significantly associated
with worse prognosis in glioma and colorectal cancer patients [9]. IGFBP3 was studied widely, of which the associations with the risk
of various cancers have been evaluated by several meta-analyses [10,11]. Several meta-analyses about the risks of IGFBP1 expression
with single cancer type rather than various cancer types were reported. Chi and Rowlands et al. found that IGFBP1 expression was not
significantly associated with prostate cancer and colorectal cancer risk [11,12], but Travis et al. discovered a significant correlation
with prostate cancer risk [13]. What is more, several studies showed that the results of IGFBP1 expression correlated with risk of cancer
were opposite or insignificant [14-17], and none of these meta-analyses explored the relationship between IGFBP1 expression and
breast cancer and endometrial cancer. To address these issues, we aimed to combine all available evidence to further comprehensively
judge the relationship between IGFBP1 expression and various cancers risk in the present meta-analysis [14-40].

2. Method

This systematic review and meta-analysis was conducted according to PRISMA Guidelines [41]. The protocol was developed with
the International Prospective Register of Systematic Reviews-PROSPERO (Registration No. CRD42021245902).

2.1. Search strategy

Related studies were searched by PubMed, Embase, Web of science and Cochrane library databases up to April 2023. The search
strategy was performed following Medical Subject Heading terms and the free keywords: (“Insulin-Like Growth Factor Binding Protein
1” OR “Insulin Like Growth Factor Binding Protein 1” OR “IGFBP-1” OR “IGF-Binding Protein 1” OR “IGF Binding Protein 1”) AND
(“Neoplasms” OR “Tumor*” OR “Cancer*” OR “Malignancy*” OR “Malignant Neoplasm*” OR “Benign Neoplasm*””) AND (“Follow-Up
Studies” OR “Case-Control Studies” OR “Prospective Studies”).

2.2. Inclusion and exclusion criteria

Two authors read each study and assessed whether it met inclusion criteria independently. The eligible study should meet the
following criteria: (1) Cohort studies or Case-control studies; (2) Studies that described the association between IGFBP1 expression
level and risk of cancer; (3) Studies that displayed the available HR, OR, RR data. Duplicated publications, letters to the editor, case
studies, reviews, meta-analyses, conference proceedings and without available data were excluded.

2.3. Data extraction and quality assessment

Two reviewers independently extracted necessary data according to inclusion criteria. If any disagreement appeared, it should be
settled through discussion. Following information were extracted from the included studies: name of the first author, year of study
publication, country of participants, sex and age of participants, cancer type, number of case or control group, detection method,
outcome measure, study type, NOS score, adjustment factors. Quality assessment of the included studies was performed by Newcastle-
Ottawa Scale (NOS) scale [42]. A study which the NOS score is greater than or equal seven will be considered as high quality, otherwise
it is low quality.

2.4. Statistical analysis

Extracted data were analyzed using Stata 12.0 software (Stata, College Station, College USA). The ORs and corresponding 95% CI
were pooled using the Tierney’s method [43]. Cochrane Q and Higgins’s I2 statistics were used to evaluate the heterogeneity among the
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included studies. When I2 >50%, random effect model was used, otherwise fixed effect model. To explore the source of heterogeneity
about study, the subgroup analysis based on ethnicity, cancer type, publication year, study type, NOS score and sex and
meta-regression were performed. In addition, we performed a sensitivity analysis by omitting each study to evaluate the stability of the
pooled results. The Begg’s regression test was used to assess if there is a publication bias in this meta-analysis [44].

3. Results
3.1. Literature selection and study characteristics

As shown in Fig. 1, we identified 395 articles using search strategy from PubMed, Embase, Cochrane library and Web of science.
Due to duplicated articles, there were 346 articles after excluding 49 articles by EndNote X9. Then we further read title and abstract to
evaluate the remaining articles. 304 articles were excluded owing to the following reasons: 23 articles were reviews; 15 articles were in
relation to animal or cell experiment; 245 articles did not focus on association between IGFBP1 expression and various tumor risk; 8
articles were reported by comment; 13 were duplicated articles. In addition, 15 articles were removed by reading full-text article.
Finally, 27 articles were included in this meta-analysis altogether.

The general characteristics of the included studies were summarized in Table 1. These studies published between 2000 and 2023
enrolled a total of 6899 cases and 18243 controls which were 20-82 at age from Italy, USA, China, Sweden, France, Swedish, Greece,
UK, and covered over Brest cancer, prostate cancer, ovarian cancer, lung cancer, multiple myeloma, colorectal cancer, colorectal
adenoma and endometrial cancer. 11 were case-control studies and 16 were cohort studies among the included studies. With regard to
quality assessment, these studies mainly divided into high quality study with NOS score higher than or equal to 7 and study of low
quality with NOS score lower than 7. Besides, the level of IGFBP1 expression was detected by Elisa, Inmunoradiometric, RIA or
Double-antibody. The pivotal outcome measure was ORs that were adjusted for age, education, parity, smoking status, BMI, physical
activity, pack-years smoked, and alcohol intake as continuous variables, etc.

3.2. Association IGFBP1 expression and various cancer risk

The combined effect estimation for OR using random model was illustrated in Fig. 2. After a series of screening, a total of 27 studies
were included in this meta-analysis to assess the association between IGFBP1 expression and various cancers risk. The result showed
that there was no significant association between IGFBP1 expression and various tumors risk (OR = 0.90; 95%CI: 0.79,1.03), with high
heterogeneity @ = 55.6%, P < 0.000) (Fig. 2).

3.3. Subgroup analyses and meta-regression analysis

Subgroup analyses were performed to explore source of the heterogeneity based on ethnicity, cancer type, publication year, study
type, NOS score and sex in Table 2. The significant association between IGFBP1 expression and cancer risk did not remain in Asian (OR
= 0.64; 95%CI: 0.32, 1.26) and Caucasian (OR = 0.92; 95%CI: 0.81, 1.06) about the subgroup analyses of ethnicity (Fig. 3A). With
regard to cancer type (Fig. 3B), high IGFBP1 expression could substantially reduce the risk of prostate cancer (OR = 0.71; 95%CI: 0.57,
0.88) and CRC (OR = 0.66; 95%CI: 0.44, 0.99). However, no significant association was found in ovarian cancer (OR = 1.70; 95%CI:
0.41, 6.99), breast cancer (OR = 1.02; 95%CI :0.85, 1.23), endometrial cancer (OR = 1.19; 95%CI: 0.64, 2.21), colorectal adenoma
(OR = 0.93; 95%CI: 0.81, 1.07), lung cancer (OR = 0.81; 95%CI: 0.39, 1.68), or multiple myeloma (OR = 1.20; 95%CI: 0.98, 1.47). At
the same time, significant association was observed in cohort study (OR = 0.86; 95%CI: 0.76, 0.97), but not case-control study (OR =
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Fig. 1. Flow diagram of study selection.
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Table 1
The main characteristic of included studies in this meta-analysis.
Study Year Country  Cancer type Case/ Age Sex Detection method Outcome  Study type NOS
control
Augustin 2004  Italy Endometrial 73/108 61 Female  Elisa OR Case- High
cancer control
Birmann 2012 USA Multiple myeloma  354/709 NA Both Elisa OR Cohort Low
Cao 2015 USA Prostate cancer 957/1021 63.2 Both Elisa OR Cohort Low
Chokkalingam 2001  China Prostate cancer 191/304 NA Female  Elisa OR Case- High
control
Chokkalingam 2001  China Prostate cancer 128/306 72 Both Elisa OR Case- High
control
Dalmaso 2004  Italy Ovarian cancer 59/108 55 Female  Elisa OR Case- High
control
Jenab 2007  Western  Colorectal cancer 180/213 NA Both Immunoradiometric ~ OR Cohort High
Kaaks 2002  Sweden Brest cancer 513/987 NA Female Immunoradiometric =~ OR Cohort High
Kaaks 2000 USA Colorectal cancer 102/200 35-65 Female Immunoradiometric =~ OR Cohort Low
Keinan-boker 2003  France Brest cancer 149/333 50-69  Female Immunoradiometric =~ OR Cohort Low
Krajcik 2003  USA Brest cancer 66/66 31-82 Female Immunoradiometric =~ OR Case- High
control
Lacey 2004 USA Endometrial 174/136 20-74  Female  Elisa OR Case- High
cancer control
Lukanoua 2003 USA Ovarian cancer 132/263 30-69 Both Immunoradiometric OR Cohort High
LUKANOVA 2001 USA Lung cancer 93/186 32-70 Female Immunoradiometric =~ OR Cohort High
LUKANOVA 2001  USA Endometrial 91/173 NA Female  Immunoradiometric =~ OR Cohort High
cancer
Muti 2002  Italy Brest cancer 69/265 35-69 Female Immunoradiometric =~ OR Cohort High
PALMQVIST 2003  Sweden Colorectal cancer 168/336 NA Female  Double-antibody OR Cohort High
Schemhammer 2004 USA Brest cancer 178/272 60.5 Female  Elisa OR Case- High
control
Schemhammer 2004 USA Brest cancer 78/157 45 Female  Elisa OR Cohort High
Vidal 2012 USA Colorectal cancer 190/448 56 Both Elisa RR Case- High
control
Wei 2005 USA Colorectal 182/350 30-55 Female Elisa RR Cohort Low
adenoma
Wei 2006  USA Colorectal 380/380 30-55 Female Elisa OR Cohort Low
adenoma
Weidrepass 2003  Swedish ~ Endometrial 288/392 50-74  Female RIA OR Case- High
cancer control
Yamali 2012  Japan Colorectal 74/76 40-75  Both Elisa OR Case- Low
adenoma control
Pazaitou- 2007  Greece Brest cancer 74/76 NA Female  Elisa OR Case- Low
panayiotou control
Dong 2019 USA Colorectal 1234/9172 55 Female  Immunoradiometric =~ OR Cohort High
Adenoma
Eleanor 2023 UK Prostate cancer 722/1106 61 Both NA OR Cohort High

NOS: Newcastle-Ottawa Scale, OR: odds ratios, BMI: body mass index, IGF-I: Insulin-like growth factor I, USA: United States of America, NA: Not
available.

1.09; 95%CI: 0.76, 1.58) (Fig. 3D). In subgroup analyses concerning publication year (Fig. 3C), there was still no significant association
between IGFBP1 expression and cancer risk about studies published before (OR = 0.92; 95%CI: 0.76, 1.11) and after 2011 (OR = 0.88;
95%CI: 0.72, 1.07). Meta-regression analysis showed that there were no variables which might account for heterogeneity between
included studies in Table S1.

3.4. Sensitivity analysis and publication bias

Sensitivity analysis which removed each study in turn showed that the overall result was stable and no study could influence the
combined OR in this meta-analysis (Supplementary Fig. 1). Publication bias were performed by funnel plot and Begg’s test. There was
no obvious asymmetry from the shape of funnel plot in Supplementary Fig. 2A. Besides, Begg’s test demonstrated that there was no
significant publication bias in this meta-analysis (Supplementary Fig. 2B).

4. Discussion

To the best of our knowledge, we failed to find significant association between IGFBP1 expression and risk of cancer. In addition,
subgroup analyses were performed based on cancer types, ethnicity, publication year, study type, NOS score and sex. We found that
there was no significant association between IGFBP1 expression and risk of ovarian cancer, breast cancer, endometrial cancer,
colorectal adenoma, lung cancer or multiple myeloma, but a significant association between IGFBP1 expression and risk of prostate
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Fig. 2. Forest plots showing the association between IGFBP1 expression and cancer risk. The squares and horizontal line crossing the square
represent hazard ratios and 95% confidence interval respectively. The diamonds represent the pooled HR and 95%CI.

Table 2

The result of subgroup analyses in this meta-analysis.

Variables No of studies Model Pooled OR and 95%CI Heterogeneity

P value 1%(%)
Cancer type
Prostate cancer 4 Fixed 0.71 (0.57-0.88) 0.174 39.7%
Ovarian cancer 2 Ran 1.70 (0.41-6.99) 0.013 83.8%
Colorectal cancer 4 Ran 0.66 (0.44-0.99) 0.166 40.9%
Brest cancer 7 Fixed 1.02 (0.85-1.23) 0.574 0%
Endometrial cancer 4 Ran 1.19 (0.64-2.21) 0.038 64.5%
Colorectal Adenoma 4 Fixed 0.93 (0.81-1.07) 0.422 0%
Lung cancer 1 - 0.81 (0.39-1.68) - -
Multiple myeloma 1 - 1.20 (0.98-1.47) - -
Ethnicity
Asian 3 Ran 0.64 (0.32-1.26) 0.093 57.9%
Caucasian 24 Ran 0.92 (0.81-1.06) 0.000 56.3%
NOS score
>7 19 Ran 0.94 (0.80-1.10) 0.006 52.9%
<7 8 Ran 0.83 (0.64-1.09) 0.005 65.6%
Publication year
Before 2011 21 Ran 0.92 (0.76-1.11) 0.008 47.6%
After 2011 6 Ran 0.88 (0.72-1.07) 0.001 74.9%
Study type
Cohort study 16 Ran 0.86 (0.76-0.97) 0.025 45.4%
Case-control study 11 Ran 1.09 (0.72-1.58) 0.002 63.5%
Sex
Female 19 Ran 0.97 (0.82-1.14) 0.016 46.5%
Both 8 Ran 0.84 (0.68-1.03) 0.006 67.1%

OR: odds ratio, Ran: Random.
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Fig. 3. Forest plots showing the odds ratios (OR) for the cancer risk by subgroups based on (A) ethnicity, (B) cancer type, (C) publication
year, (D) study type. The squares and horizontal line crossing the square represent hazard ratios and 95% confidence interval respectively. The
diamonds represent the pooled HR and 95%CI.

cancer and CRC.

The study provided by Travis et al. indicated that a significant association between circulating levels of IGF-I and prostate cancer
risk was observed [45]. Besides, Wei et al. found high serum IGFBP1 level was significantly associated with lower risk of CRC in women
[46,47]. This may be attributed to the fact that IGFBP1 may reduce the biological activity of IGF-I, resulting in a reduction in CRC risk
[48]. But other studies showed a distinct different result, of which indicated that IGFBP1 expression had no association with risk of the
CRC [31,49]. With regard to the relationship between IGFBP1 expression and breast cancer, many studies had shown that IGFBP1 was
not associated with breast cancer risk in premenopausal or postmenopausal women, regardless of circulating IGFBP1 or single
nucleotide polymorphisms and haplotype markers [26,33,47,50-53]. Several studies showed IGFBP1 expression was significantly
associated with risk of endometrial cancer [54], which is inconsistent with our finding. However, McGrath et al. found single
nucleotide polymorphisms of IGFBP1 gene had no association with risk of endometrial cancer among Caucasian women [55]. In
addition, there was no significant correlation between serum IGFBP1 level and lung cancer risk in women [56].

Latest progress showed that the role of IGFBP1 in cancer development remain controversial results. Although IGFBP1 was widely
regarded as to exerts an inhibitory effect on cancer development, it has been proposed that IGFBP1 play a positive role in tumor growth
or migration through IGF-independent pathway [57,58]. Bach et al. has demonstrated that the IGF system was involved in the normal
process of biological metabolism, as well as in the development and progression of various cancers [58]. Several studies have shown
that IGFBP1 might inhibit the proliferation of tumor cell [48,59,60]. IGFBP1 expression might be induced by ursolic acid through p38
mitogen activated kinase-like protein to inhibit the proliferation of hepatocellular carcinoma [61]. The overexpression of aldehyde
dehydrogenase 1A1 and IGFBP1 could significantly reduce cell proliferation and invasiveness of SW480 cell line in vitro assays [25]. In
addition, Luo et al. found IGFBP1 overexpression could inhibit the migration of BGC-823 cells. However, they also demonstrated that
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up-regulation of IGFBP1 can increase cell migration in gastric cancer cell line with H. pylori inflection [62].

There was a highly significant heterogeneity between the included studies in this meta-analysis. Therefore, we explore the potential
possible source of the heterogeneity through subgroup analyses and meta-regression analysis. From the subgroup analyses, we found
ethnicity and NOS score were unlikely to explain the reason of the high heterogeneity. In addition, publish year, study type and sex
might be source of heterogeneity in this meta-analysis, but it should be interpreted with caution because of the low decline of the
heterogeneity. Compared to publish year, study type and sex, cancer type was most likely to be the main source of heterogeneity.
Besides, due to the result of p > 0.05, the meta-regression showed none of ethnicity, cancer type, publish year, study type, NOS score
and sex were the source of the heterogeneity. Different adjusted factors with OR for each study might lead to existence of
heterogeneity.

Unsimilar to previous meta-analyses, our study reported IGFBP1 expression was associated with prostate cancer and CRC risk and
there was no significant correlation between IGFBP1 expression and ovarian cancer. Our study comprising of 1276 prostate cancer
patients and 1631 controls used the same detection method (Elisa) to measure the level of IGFBP1. But previous meta-analysis included
three literature, one of which was a brief communication, showed the patients and controls only were 1224 and 1780 respectively and
the detection method measuring the level of IGFBP1 was different [11]. Although there was no significant association between IGFBP1
expression and CRC risk, the upper limit of corresponding 95%CI was 1.03 (OR = 0.85, 0.7-1.03) and p value was 0.101 [12].
Therefore, the result should be explained cautiously. Mean difference was used to estimate the strength of connection between level of
IGFBP1 and ovarian cancer risk, which was different from the method of OR used in our meta-analysis [63].

There were some strengths in this meta-analysis. First, this meta-analysis consists of 27 studies with 25142 participants, which
might increase statistical power of this meta-analysis. Second, there was no significant publication bias about included studies ac-
cording to the result of Begg’s test. Third, the OR estimated outcome measure was used after adjusting for variables. Therefore, we infer
that the results based on these studies were relatively reliable.

This meta-analysis also has several limitations. First, there were some confounding factors in the relationship between IGFBP1
expression and cancer risk. However, confounding factors could not be fully excluded because several studies were based on case-
control studies, although adjusted ORs were adopted. Second, the significant high heterogeneity existed among included studies,
though we conducted the pooled meta-analysis with random-effect model. However, the result which we performed subgroup analysis
and meta-regression analysis to explore the sources of high heterogeneity could not explain heterogeneity. Third, the result of each
cancer might be less powerful, because number pooled particular type of prostate tumor, ovarian cancer, endometrial cancer, lung
cancer and multiple myeloma was <5. Finally, dose-response analysis was unable to be conducted to evaluate the relationship between
grades of IGFBP1 level and cancer risk.

In conclusion, we found that high IGFBP1 expression was significantly associated with lower risk of prostate cancer and CRC. This
study did not find significant association between IGFBP1 expression and risk of ovarian cancer, breast cancer, endometrial cancer,
colorectal adenoma, lung cancer or multiple myeloma. Therefore, IGFBP1 may be a potential diagnostic and prognostic tumor marker
in CRC and prostate cancer.
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