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Abstract

Breast cancer (BCa) remains one of the leading causes of cancer-related

death among women worldwide, and obesity has been increasingly

implicated in its development through metabolic and inflammatory pathways.

Fatty acid binding protein 4 (FABP4) has been proposed as potential mediator

linking obesity to cancer, while C- reactive protein (CRP) reflects systemic

inflammation. This cross-sectional study included 170 women, comprising 81

healthy controls and 89 breast cancer patients. Participants were classified

as obese and non-obese according to their body mass index (BMI). For each

group, serum levels of FABP4 and CRP were measured, and their diagnostic

performance was evaluated. FABP levels were significantly elevated in obese

cancer patients compared to both obese and non-obese controls,

demonstrating a progressive increase across study groups. CRP levels were

also higher in obese BCa patients. FABP4 showed moderate diagnostic

performance (AUC = 0.685), comparable to CRP (AUC = 0.661), while their

combination did not improve diagnostic accuracy. Collectively, these findings

shows that FABP4 is associated with obesity-related inflammation in BCa and

may have potential as a biomarker. However, its strong association with

adiposity indicates that it is likely reflects metabolic inflammation rather than

tumor specific process. Further large-scale studies are required to validate

clinical utility.
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INTRODUCTION
Breast cancer (BCa) ranks as the most

diagnosed cancer among women worldwide,

and leading cause of a cancer mortality .

Despite advances in screening and treatment,

accurate risk stratification and early detection

remain critical challenges, especially in

populations with increasing prevalence of

metabolic disorders. Among these,

epidemiological evidence consistently

demonstrates that obesity is associated with

higher incidence and poorer clinical outcomes,

particularly in postmenopausal women, largely

through its complex metabolic and

inflammatory effect .

Obesity is associated with chronic low-
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grade inflammation and altered lipid

metabolism, both of which contribute to tumor

initiation and progression . Adipose tissue,

beside energy storage acts as an active

endocrine organ that secretes a range of

bioactive factors such as adipokines and

inflammatory mediators . These mediators

can affect the TME, inducing cellular

proliferation, metastasis and angiogenesis .

Recently, increasing attention has been

directed toward lipid-binding proteins,

particularly Fatty Acid Binding Protein 4

(FABP4), a lipid chaperone primarily expressed

in adipocytes and macrophages involved in

intracellular fatty acid transport,

mitochondrial-oxidation, inflammatory

signaling pathway and metabolic regulation

.

Unlike many intracellular proteins, FABP4

is secreted into circulatory system via a non-

classical pathway linked to lipolysis .

Emerging evidence recommends that

circulating FABP4 plays an important role in

cancer biology by linking lipid metabolism

with inflammatory signaling pathways mainly

through enhancing lipid accumulation and

lipolysis in tumor associated macrophage .

Mechanistically, FABP4 has been revealed to

enhance pro-inflammatory signaling through

pathways such as NF-Κb and IL-6, hence

contributing to a tumor-promoting

microenvironment .

Recent studies have shown that FABP4

expression varies significantly across BCa

subtypes, with specifically high association

found in Luminal A and estrogen receptor

positive tumors . This relationship highlights

the potential impact of FABP4 as a moderator

of obesity-cancer axis . Accordingly, given

that FABP4 is strongly influenced by adiposity,

distinguishing its role as cancer-specific

biomarker versus a marker of metabolic

inflammation remains a key challenge. This is

particularly important because circulating

FABP4 levels may reflect obesity related

inflammatory status rather than tumor

specific alteration. However, despite growing

evidence, the diagnostic value of serum

FABP4 in BCa remains insufficiently

characterized, particularly when compared

with conventional inflammatory markers or

evaluated in combination with them .

Accordingly, the present study sought to

investigate the serum levels of FABP4 and

CRP in obese and non-obese BCa patients and

to evaluate their potential diagnostic

performance. By exploring the interplay

between metabolic and inflammatory

pathways, this study aims to provide further

insight into the role of FABP4 as a potential

biomarker in obesity-associated BCa.

MATERIALS and METHODS
Study Design and Participants

The present study is a cross-sectional

study conducted at Erbil Breast Center of Erbil-

Iraq between January 2025 and August 2025.

A total of 170 women were included,

comprising 81 healthy controls and 89

patients diagnosed with breast cancer.

The minimum sample size was assessed

using the method for comparison of two

independent means:

                              

where at a 95% confidence level and for 80%
power. Assuming a moderate effect size (d = 0.5),
the required sample size was estimated to be
approximately 63 participants per group. The
final enrolled sample surpassed this requirement.
Participants were categorized by BMI as non-
obese (BMI <30 kg/m ) or obese (BMI ≥30 kg/m ).

Inclusion criteria comprised women with

histopathologically confirmed BC and age-

matched healthy controls. Exclusion criteria
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included individuals with autoimmune disease,

chronic inflammatory conditions, liver or renal

disease, and those receiving anti-inflammatory

or lipid-lowering medications. The study

methodology was approved by Research and

Ethics Committee of Tishk International

University and written informed consent was

obtained from all participants before sample

collection.

Sample Collection and Preparation
Blood samples from venous were

collected into vacuum tubes specific for

serum with clot activator. After the sample

collection, it has been left to clot for 20-30

minutes at room temperature. Samples were

centrifuged at 3,000 × g for 15 minutes at 8°C,

Serum was isolated, aliquoted, and stored at

-80°C until further analysis. Each sample

underwent a single thaw cycle prior to

measurement.

Measurement of Serum Biomarkers
Serum level of FABP4 were quantified

using an enzyme -linked immunosorbent

assay (ELISA) kits (Solarbio, China) according

to manufacturer’s guidelines. The absorbance

was quantified at 450 nm using a microplate

reader. Serum C- reactive protein levels were

determined by immunoturbidimetry using the

Cobas c311 analyzer (Cobas, Roche

Diagnostic, Mannheim, Germany).

Statistical Analysis
Statistical analysis was conducted using

SPSS version 27.0 (IBM Corp.) and MedCalc

20, while GraphPad Prism9 was used for

graphical presentation of the data. Results

were presented as mean ± standard deviation

(SD). The distribution of data was assessed

for normality prior to analysis. Differences

among each group were assessed using one-

way analysis of variance (ANOVA). The

receiver operating characteristic (ROC) curve

was performed to assess the diagnostic

performance of FABP4, CRP, and their

combination in BCa patients. P<0.05 was

considered statistically significant.

RESULTS
Demographic and Clinical Characteristics

The demographic and clinical

characteristics of the study participants are

summarized in table 1. The mean age of non-

obese control and obese control groups were

41.40 ± 1.869 and 46.15 ± 3.559, respectively.

The mean age of non-obese BCa and obese

BCa groups were 51.80 ± 2.377 and 46.94 ±

3.019years, respectively. There was no

statistically significant difference in age

among groups (p=0.056) (Figure 1a).

Table 1. Demographic characteristics and serum biomarker levels among study groups.

Parameters
(N=81) (N=89)

p-value
Non-Obese Control Obese Control Non-Obese BCa Obese BCa

Age (years) 41.40 ± 1.869 46.15 ± 3.559 51.80 ± 2.377 46.94 ± 3.019 0.056

BMI 23.18 ± 0.458 31.01 ± 0.515 23.32 ± 0.587 36.25± 2.228 <0.0001

FABP4 (pg/ml) 190.3 ± 9.565 213.5 ± 10.15 217.5 ± 12.11 280.1± 19.46 0.0004

CRP (mg/L) 1.438 ± 0.2974 5.429 ± 1.192 4.936 ± 1.490 13.49 ±3.935 0.005

In contrast. BMI differed significantly

across all groups (p < 0.0001), with higher

values observed in obese participants

compared to non-obese individuals, (mean of

BMI=23.18 ± 0.458, 31.01 ± 0.515, 23.32 ±

0.587, and 36.25± 2.228 for non-obese control,

obese control, non-obese BCa, and obese BCa

groups, respectively) (Tables I and figure 1b).

Serum level of CRP showed statistically

significant increase in the obese BCa group
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compared to non-obese control group (p =

0.005) (Tables I and figure 1c). Concerning

FABP4, a significant increase was observed in

obese BCa group compared to both the non-

obese control group (280.1± 19.46 pg/ml vs.

190.3 ± 9.565 pg/ml, P=0.0004) and the obese

control group. Notably, FABP4 level

demonstrated a progressive increase across

groups, with the highest levels observed in

obese BCa patients (Tables 1 and figure 1d).

Figure 1. Comparison of age, BMI, and serum markers between groups of BCa patients and healthy controls. One-way
ANOVA was used for the comparison of (a) age; (b) BMI; (c) FABP4, and (d) CRP. CRP, C-reactive protein;

FABP4, fatty acidbinding protein 4. Probability (P)-value less than 0.05 was considered significant.

Diagnostic Value of Fabp4 and Crp
The ROC curve analysis was conducted

to assess the diagnostic potential of FABP4

and CRP in distinguishing BCa patients from

control.

For FABP4, the area under the curve

(AUC) for participant diagnosed with BCa was

0.685 (95% CI, 0.567–0.787). The optimal cut-

off value was 233.5, with a sensitivity of

71.43% and a specificity of 70.00%. On the

other hand, for serum CRP, the AUC was 0.661

(95% CI, 0.553–0.759), with a cut-off value

equals to 1.34, with sensitivity of 84.00%, and

specificity of 47.37%. Then, the two single

factors, CRP and FABP4, were used as

combinations in the diagnosis of BCa

patients. The AUC of this combination for the

diagnosis of BCa patients was 0.634 (95% CI,

0.513-0.744), the cut-off value was 0.46, the

sensitivity was 71.43% and the specificity was
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57.89% (Tables 2 and figure 2).

Table 2. Diagnostic performance of serum FABP4 and CRP in breast cancer patients based on ROC curve analysis

Variables AUC 95% CI P-value Cut-off Sensitivity 95% CI Specificity 95% CI PPV 95% CI NPV 95% CI

FABP4 0.685 0.567 to 0.787 0.004 >233.5 71.43 53.7 - 85.4 70.00 53.5 - 83.4 67.6 55.4 - 77.8 73.7 61.5 - 83.1

CRP 0.661 0.553 to 0.759 0.008 >1.34 84.00 70.9 - 92.8 47.37 31.0 - 64.2 67.7 60.3 - 74.4 69.2 52.3 - 82.2

FABP4+CRP 0.634 0.513 to 0.744 0.042 >0.460 71.43 53.7 - 85.4 57.89 40.8 - 73.7 61.0 50.5 - 70.6 68.7 54.9 - 79.9

ROC curve analysis was performed using

MedCalc 20. Participants were categorized

into two groups which are control and BCa

considering as status in the ROC curve

analysis. AUC, area under curve; CI,

confidence interval; CRP, C-reactive protein;

FABP4, fatty acid binding protein; NPV,

negative predictive value; PPV, positive

predictive value; ROC, receiver operating

characteristic curve. Probability (P)-value less

than 0.05 was considered as significant.

Figure 2. ROC curve analysis of CRP, FABP4, and their

combination to the diagnosis of BCa. ROC
curve analysis was drawn by SPSS 27. The
participants were classified into control and

BCa considering as status in the ROC curve
analysis. CRP, C-reactive protein; FABP4, fatty
acid-binding protein; ROC, receiver operating
characteristic curve.

DISCUSSION
Although substantial evidence has linked

obesity and inflammation to cancer initiation,

the molecular mechanisms driving this

relationship remain poorly understood . The

present study investigated the relationship

between obesity, inflammation and BCa by

evaluating serum levels of FABP4 and CRP in

obese and non-obese BCa patients in

comparison to obese and non-obese control.

Our findings demonstrated that FABP4 level

was significantly elevated (p -value = 0.0004)

in obese BCa compared to both control groups

which are obese and non-obese controls.

Notably, FABP4 levels revealed a progressive

increase across study groups, with the highest

levels observed in obese BCa patients. This

pattern suggests a combined effect of obesity

and cancer status rather than an isolated

tumor-specific alteration.

These results are consistent with earlier

studies demonstrating increased level of

FABP4 in breast and other malignancies ,

including ovarian, colorectal, lung, cervical,

and liver cancer . Mechanistically,

FABP4 has been shown to promote tumor

progression through enhancement of

inflammatory signalling pathways such as NF-

KB and IL-6 . In addition, FABP4 mediated

lipid metabolism and its interaction with

tumor-associated macrophages may facilitate

tumor growth, angiogenesis, and metastasis

 through the IL-6/STAT3/ALDH1 pathway.

These mechanisms support the biological

plausibility of FABP4 as a mediator linking

metabolic dysregulation and cancer

progression.

In parallel, CRP levels were also elevated

in obese BCa patients in our study,

highlighting the contribution of systemic

inflammation to tumor development. Chronic
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inflammation contribute to cancer progression

through activation of cytokines and immune

cells, particularly macrophages . After IL-6 is

synthesized in the initial stage of

inflammation, it moves to the liver through the

bloodstream, followed by the rapid induction

of an extensive range of acute phase proteins

such as C-reactive protein (CRP) . Consistent

with this mechanism, CRP levels were

increased in obese BCa patients in (p =

0.0004) the current study. Interestingly,

despite its lower specificity, CRP

demonstrated higher sensitivity in our study,

which is aligned with its role as sensitive but

nonspecific inflammatory marker in cancer .

Although CRP is a sensitive indicator of

systemic inflammation, it is highly nonspecific

and may be influenced by acute transient

infections or short-term inflammatory events

. In our study, participants with documented

chronic inflammatory and autoimmune

diseases were excluded; however, the absence

of acute infection at the same time of sample

collection was not specifically verified through

additional clinical or laboratory assessment.

Therefore, transient inflammatory conditions

may have contributed to baseline CRP

variability and representing a potential source

of confounding in the interpretation of the

inflammatory profile observed in this study.

However, an important consideration is

that FABP4 is strongly influenced by adiposity

. Several studies have suggested that

circulating FABP4 levels are closely

associated with obesity and metabolic

syndrome rather than cancer-specific

processes . Therefore, the elevated levels

observed in this study may partly reflect

obesity-related metabolic inflammation rather

than tumor-specific alteration. This further

supported by evidence demonstrating that

obesity- induced insulin resistance and

macrophage activation contribute to chronic

inflammatory states  and altered adipokine

secretion . Accordingly, distinguishing

whether FABP4 represents a cancer- specific

biomarker or a marker of metabolic

inflammation remains a key challenge.

In term of diagnostic performance,

FABP4 demonstrated a moderate ability to

distinguish BCa patients from control.

Although its performance was slightly higher

than that of CRP, the difference was modest,

indicating comparable rather than superior

diagnostic value. Furthermore, the

combination of FABP4 and CRP did not

enhance diagnostic accuracy, suggesting

potential overlap in their biological roles and

reflecting shared inflammatory pathways.

Previous studies have also reported variability

in the diagnostic performance of adipokines

and metabolic status .

This study has several limitations. First

of all, the cross-sectional design restricts the

ability to infer causal relationships. Second,

although the sample size was adequate, larger

multicenter studies are required to confirm

these findings. Additionally, potential

confounding factors such as medication use

and metabolic comorbidities were not fully

controlled. Furthermore, future studies should

investigate FABP4 alongside with IL-6, IL-23,

IL-1β, TNF-α, and CD86 to better distinguish

tumor-associated inflammation from obesity-

related metabolic inflammation.

These findings indicate that while FABP4

may serve as a promising biomarker in

obesity- associated BCa, it is unlikely to be

sufficient as standalone diagnostic marker.

Instead, its clinical utility may be enhanced

when integrated with additional markers or

clinical parameters. Therefore, FABP4 should

be interpreted cautiously in clinical settings,

particularly in populations with a high
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prevalence of obesity.

CONCLUSION
In conclusion, serum FABP4 and CRP

levels significantly elevated in obese BC

patients, supporting the relationship between

obesity-associated inflammation and BC.

FABP4 showed moderate diagnostic

performance, comparable to CRP, suggesting

its potential role as a biomarker in obesity-

associated BCa. However, because FABP4 is

strongly influenced by adiposity and metabolic

inflammation, its clinical interpretation should

be approached cautiously. Further large-scale

multicenter studies needed to confirm its

clinical utility.
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