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Abstract. The present study aimed to assess the risk of post-
menopausal breast cancer in women based on a combination
of body mass index (BMI) and high-sensitivity C-reactive
protein (hs-CRP) levels. A total of 20,400 participants were
investigated as part of the ‘Kailuan Study’ clinical trial.
Participants were classified into four groups based on BMI
(BMI 224 or <24 kg/m?) and hs-CRP level (hs-CRP =3 or
<3 mg/l). Cox proportional hazards models were used to
evaluate the association between the combination of BMI and
hs-CRP and the risk of postmenopausal breast cancer. A total
of 19,540 participants met the inclusion criteria. The median
follow-up time was 14.97 years, with a cumulative follow-up
period of 283,599.43 person-years. Among the participants,
269 individuals were diagnosed with postmenopausal breast
cancer. Individuals with a high BMI (BMI =24 kg/m?) and
a high hs-CRP level (hs-CRP =3 mg/) had a greater risk of
postmenopausal breast cancer compared with individuals with
alow BMI (BMI <24 kg/m?) and a low hs-CRP level (<3 mg/l)
(hazard ratio, 1.75; 95% confidence interval, 1.25-2.47). The
sensitivity analysis showed findings consistent with the primary
results. In conclusion, the combination of high BMI and high
hs-CRP level is associated with an increased risk of postmeno-
pausal breast cancer. The present study is part of the Kailuan
Study. Trial registration number: ChiCTRTNCR11001489
(Chinese Clinical Trial Registry, https://www.chictr.org.cn/
showproj.html?proj=8050). Date of registration: 19/07/2015.
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Introduction

Breast cancer currently has the highest incidence among all
malignant tumours worldwide, with >2.26 million new cases
in 2020 (1). The main risk factors for breast cancer include
genetic mutations (2) and non-genetic risk factors, such as
smoking, alcohol consumption, hormonal contraception,
hormone replacement therapy, dense breasts, reproductive
history, lack of physical activity and unhealthy weight (3-6).

Obesity is a significant contributor to various chronic
diseases (7). Body mass index (BMI) is commonly used to
assess if an individual is overweight or obese. The associa-
tion between unhealthy BMI and breast cancer risk has been
extensively studied (8-12). The impact of BMI on breast cancer
risk varies depending on menopausal status. Obesity signifi-
cantly increases the risk of postmenopausal breast cancer
(10-12). However, a study published in 2019 (13) suggested that
BMI alone may not accurately indicate breast cancer risk, as
postmenopausal women with normal weight may still have an
increased risk if they have high levels of body fat. Therefore, it
is important to identify high-risk subgroups based on different
BMI categories.

Increasing evidence supports the role of inflam-
mation in cancer development and progression (14).
C-reactive protein (CRP) is a commonly used inflammatory
biomarker (15). Several studies have shown a positive asso-
ciation between CRP levels and breast cancer risk (16-18).
A French study also revealed a positive association between
CRP levels and postmenopausal breast cancer risk in obese
women (19). The associations between unhealthy body weight
(being overweight or obese), inflammation and the risk of
postmenopausal breast cancer require further investigation.
Therefore, a prospective cohort study was conducted as part of
the Kailuan study to explore the impact of the combination of
BMI and hs-CRP levels on breast cancer risk.

Materials and methods
Study cohort. The Kailuan Study is a large cohort study

conducted in the Kailuan community population; its main
objective is to identify the risk factors for chronic diseases,
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such as cancer. The Kailuan Community is located in the
city of Tangshan in Northern China. Between July 2006 and
December 2007, a total of 101,510 adults from the Kailuan
community participated in the initial survey. Since 2006,
they have consistently completed questionnaires and health
assessments every 2 years. The questionnaire collected
information on demographic characteristics, medical comor-
bidities, medication history, lifestyle choices and more. All
participants were closely monitored until death, and the design
and methodology of the Kailuan Study have been described
in previous studies (20,21). The BMI and hs-CRP data of the
Kailuan Study participants were obtained at baseline (between
July 2006 and December 2007). The continuous follow-up
data, including breast cancer diagnoses, was analysed from the
establishment of the cohort to the present. Also in the present
study, the associations between BMI, hs-CRP levels and breast
cancer incidence were investigated. The inclusion criteria for
the study were as follows: i) Female participants who partici-
pated in the baseline survey of the Kailuan Study; and ii) those
who signed the informed consent form. The exclusion criteria
were as follows: 1) A history of malignancy; and ii) incomplete
BMI or hs-CRP data. This study was approved by the Ethics
Committee of Kailuan General Hospital (Tangshan, Hebei;
approval no. KS-2006-5) and conducted in accordance with
The Declaration of Helsinki.

Collection of exposure information. Using a standardised
protocol through questionnaire interviews and health exami-
nations, well-trained physicians or nurses collected data at
baseline, including sociodemographic characteristics (age,
occupation, education, income and marital status), lifestyle
characteristics (smoking, alcohol consumption, salt intake,
sitting time, physical activity and high-fat diet), history of
previous diseases (hypertension, diabetes mellitus and malig-
nant tumour), history of drug treatment (treatment with statins,
antihypertensive drugs and glucose-lowering drugs), family
history of cancer, physical examination data (height and weight)
and blood test data (hs-CRP level). The height and weight of
the participants, who removed their hats and shoes, and wore
thin clothes, were measured. BMI was calculated as follows:
BMI=weight (kg)/height (m?). Subjects were instructed to fast
for 8 to 12 h the night before, and then early morning fasting
blood samples (3-5 ml venous blood) were collected to measure
serum hs-CRP using a high-sensitivity nephelometry test (Cias
Latex CRP-H, Kanto Chemical Co. Inc.).

Definition of variables. According to the Working Group on
Obesity in China, normal weight is defined as a BMI <24 kg/m?,
and abnormal weight is defined as a BMI 224 kg/m? (22).
When hs-CRP was = 3 mg/l, the subjects were identified as
having low-grade inflammation (23). The participants were
divided into four groups based on their BMI and hs-CRP
levels as follows: i) BMICRP" group (BMI <24 kg/m? and
hs-CRP <3 mg/l); ii) BMI*CRP"€" group (BMI <24 kg/m?
and hs-CRP =3 mg/l); iii) BMI"$"CRP"™ (BMI =24 kg/m? and
hs-CRP <3 mg/l); and iv) BMI"e"CRP"¢" (BMI =24 kg/m? and
hs-CRP =3 mg/l).

Smoking status was defined as smoking one or more ciga-
rettes per week in for =1 year, and subjects were classified as
never smokers, former smokers or current smokers. Alcohol

consumption was defined as drinking at least one alcoholic
drink per month for >6 months, and subjects were classified as
never drinkers, former drinkers or current drinkers. Physical
activity was classified as never, occasionally or frequently
(four times/week or more, for =20 min/session).

Collection of endpoint event information. The starting point
of the follow-up was the time when the participants were
recruited to the Kailuan Cohort (July 2006 to December 2007).
The follow-up endpoints were newly diagnosed breast cancer,
death or administrative censoring (December 31, 2021),
whichever occurred first. First, information on the medical
records of individuals was obtained through the Tangshan
City Health Insurance System, after obtaining patient consent.
Professionally trained investigators then went to the hospitals
where the subjects were treated to collect medical history
information. The diagnosis of breast cancer was confirmed
and refined by clinicians via pathology, imaging (including
magnetic resonance imaging, computed tomography and
colour Doppler ultrasonography) and blood biochemical
examinations. Tumour cases were sorted according to the
International Classification of Diseases, Tenth Revision (24),
and breast cancer was coded as C50. Information on fatal
events was obtained from the Kailuan Group and Tangshan
City Social Insurance System.

Statistical analysis. Continuous variables are presented
as the mean + standard deviation, and one-way analysis of
variance (ANOVA) with Tukey's post hoc test was used to
compare the differences among the groups. Categorical vari-
ables are described as the number of cases (percentages) and
were compared using the x* test. Multivariate Cox proportional
hazards models were applied to calculate hazard ratios (HRs)
and 95% confidence intervals (CIs) to estimate the impact of
BMI and CRP alone and in combination on the risk of breast
cancer. A cross-product interaction term between BMI and
CRP level was introduced into the model, and the statistical
multiplicative interaction was assessed using the likelihood
ratio test. Sensitivity analysis was conducted by applying Cox
proportional hazards models to evaluate the consistency of
the findings after excluding participants who developed breast
cancer within the first 2 years of follow-up, those who received
previous treatment with statins, those who received previous
treatment with antihypertensive drugs or those who received
previous treatment with glucose-lowering drugs.

All the statistical tests were considered statistically signifi-
cant at P<0.05 (two-sided). SAS 9.4 (SAS Institute, Inc.) was
used for the statistical analysis.

Results

Baseline characteristics. A total of 20,400 female individuals
participated in the 2006-2007 baseline survey, of which 115
with a history of malignancy and 745 lacking baseline BMI
and/or hs-CRP data were excluded. Overall, 19,540 female
participants were included in the statistical analysis. The flow
diagram of this study is shown in Fig. 1. The mean age of the
observed subjects was 48.95+11.47 years. The cumulative
follow-up time is expressed in person-years, which is calcu-
lated by adding the individual exposure times of each cohort
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Excluded subjects with a history of cancer at baseline (n=115)

A

Subjects free of cancer (n=20285)

> Excluded subjects without data of BMI and/or hs-CRP (n=745)

Subijects included for assessing the
association between BMI, hs-CRP, and the risk
of developing breast cancer (n=19540)

Figure 1. Flow diagram of the study population. BMI, body mass index; hs-CRP, high-sensitivity C-reactive protein.

member. In this study the cumulative follow-up period was
283,599.43 person-years, the median duration of follow-up
was 14.97 years [interquartile range (IQR), 14.68-15.18 years]
and 269 patients with new-onset postmenopausal breast cancer
were identified in this study.

All participants were classified into four groups
(BMIYCRP"¥, n=7,655;, BMI"YCRP"" n=1,406;
BMI"e"CRP"¥, n=7,668; and BMI"¢"CRP"¢" n=2,811) in
accordance with BMI and hs-CRP levels. Significant differ-
ences were found between the groups for age, smoking status,
alcohol consumption, occupation, education level, income,
marital status, salt intake, sitting time, physical activity, high-fat
diet and family history of cancer. The baseline characteristics
of the participants are presented in detail in Table I.

Associations of BMI and hs-CRP with the risk of postmeno-
pausal breast cancer. Multivariate Cox proportional hazards
models were used to evaluate the associations between BMI
or hs-CRP level alone and the risk of postmenopausal breast
cancer. Compared with the BMI' and hs-CRP™ groups,
after adjustment for age, smoking status, alcohol consumption,
occupation, education level, income, marital status, salt intake,
sitting time, physical activity, high-fat diet and family history
of cancer, the HR (95% CI) of participants in the BMI"€" group
was 1.44 (1.11-1.85); the BMI"¢" group had a significantly
increased risk of postmenopausal breast cancer. Moreover, a
significantly increased and borderline risk for postmenopausal
breast cancer according to BMI and CRP per IQR increase
was observed in multivariate analyses (HR, 1.23; 95% CI,
1.06-1.43; and HR, 1.03; 95% CI, 0.99-1.07, respectively).
Furthermore, no significant interaction was detected between
BMI and the hs-CRP level (P=0.102) (Table II).

Effect of BMI combined with hs-CRP on the risk of post-
menopausal breast cancer. Compared with individuals in
the BMICRP"" group, participants in the BMI"e"CRPhieh
group had a significantly increased risk of postmenopausal

breast cancer, with a HR (95% CI) of 1.70 (1.21-2.39; P=0.002;
adjusted for age) and 1.75 (1.25-2.47; P=0.001; further adjusted
for smoking status, alcohol consumption, occupation, educa-
tion level, income, marital status, salt intake, sitting time,
physical activity, high-fat diets and family history of cancer)
(Table IIT).

Sensitivity analysis. The results of the sensitivity analysis were
consistent with the study findings. The risk of breast cancer
was significantly greater in the BMIM&"CRP"¢" group than that
in the BMI""CRP"" group after excluding participants who
developed breast cancer within the first 2 years of follow-up,
those who received treatment with statins, those who received
treatment with antihypertensive drugs or those who received
treatment with glucose-lowering drugs (Table IV).

Discussion

To the best of our knowledge, the present study is the first
prospective cohort study to explore the associations between
BMI and hsCRP levels and the risk of postmenopausal breast
cancer. The findings showed that abnormal weight (BMI
>24 kg/m?) and low-grade inflammation (hs-CRP =3 mg/l)
synergistically increased the risk of postmenopausal breast
cancer. The results of this study suggest the importance of
controlling weight and inflammation for the prevention of
postmenopausal breast cancer.

In the present study, the subjects were first grouped by
BMI. Compared with women with a normal BMI (BMI
<24 kg/m?), women with a high BMI (BMI =24 kg/m?) had a
1.44-fold greater risk of postmenopausal breast cancer, which
was statistically significant. In addition, a significant associa-
tion was observed between BMI (per IQR increase) and the
risk of incident postmenopausal breast cancer according to
multivariate analyses. The association between BMI and
breast cancer risk has been widely studied. A randomised
controlled trial conducted in America revealed that obesity
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Table I. Baseline characteristics of the participants by BMI and hs-CRP status.

Total cohort ~ BMI®*CRP°* BMI°*CRP"¢" BMI'e"CRPl BMI"iehCRPhish

Characteristics (n=19,540) (n=7,655) (n=1,406) (n=7,668) (n=2,811) P-value

Mean age + SD, years 48.95+11.47 45.51+11.80 48.95+12.57 50.64+10.24 53.68+10.41 <0.001

Smoking status, n (%) <0.001
Never 19,084 (97.67) 7,540 (98.50) 1,376 (97.87) T7A455(97.22) 2,713 (96.51)

Former 86 (0.44) 23 (0.30) 4(0.28) 36 (0.47) 23 (0.82)
Current 370 (1.89) 92 (1.20) 26 (1.85) 177 (2.31) 75 (2.67)

Alcohol consumption, n (%) <0.001
Never 18,229 (93.29) 7,064 (92.28) 1,309 (93.10) 7,202 (93.92) 2,654 (94.41)

Former 85 (0.44) 45 (0.59) 4(0.28) 21 (0.27) 15 (0.53)
Current 1,226 (6.27) 546 (7.13) 93 (6.61) 445 (5.80) 142 (5.05)

Occupation, n (%) <0.001
White collar 2,667 (13.65) 1,199 (15.66) 220 (15.65) 888 (11.58) 360 (12.81)

Blue collar 16,873 (86.35) 6,456 (84.34) 1,186(84.35) 6,780 (88.42) 2451(87.19)

Education level, n (%) <0.001
Illiteracy and primary 1,066 (5.46) 209 (2.73) 80 (5.69) 493 (6.43) 284 (10.10)

Middle school 16434 (84.10) 6,310(8243) 1,114(79.23) 6,670 (86.98) 2,340 (83.24)
College and above 2,040 (1044) 1,136 (14.84) 212 (15.08) 505 (6.59) 187 (6.65)

Income in Yuan per

person per month, n (%) <0.001
<600 3,658 (18.72) 1,386 (18.11) 205 (14.58) 1,565 (20.41) 502 (17.86)
=600 to <1,000 14,083 (72.07) 5,592 (73.05) 1,017(72.33) 5,507 (71.82) 1,967 (69.98)
=>1,000 1,799 (9.21) 677 (8.84) 184 (13.09) 596 (7.77) 342 (12.17)

Marital status, n (%) <0.001
Single 1175 (6.01) 532 (6.95) 85 (6.05) 374 (4.88) 184 (6.55)
Married/cohabiting 18365 (93.99) 7,123 (93.05) 1,321(93.95) 7,294 (5.12) 2,627 (93.45)

Salt intake, n (%) <0.001
Light 1838 (9.41) 741 (9.68) 148 (10.53) 674 (8.79) 275 (9.78)

General 16390 (83.88) 6488 (84.76) 1,174 (83.50) 6,397 (83.42) 2,331(82.92)
Heavy 1312 (6.71) 426 (5.56) 84 (5.97) 597 (7.79) 205 (7.29)

Sitting time in h/day, n (%) <0.001
<4 14375 (73.57) 5,541 (72.38) 1,077 (76.60) 5,654 (73.74) 2,103 (74.81)
>4 to <8 4433 (22.69) 1,773 (23.16) 292 (20.77) 1,760 (22.95) 608 (21.63)
=8 732 (3.75) 341 (4 .45) 37 (2.63) 254 (3.31) 100 (3.56)

Physical activity, n (%) <0.001
Never 976 (4.99) 356 (4.65) 89 (6.33) 348 (4.54) 183 (6.51)
Occasionally 15932 (81.54) 6,426(83.95) 1,178 (83.78) 6,099 (79.54) 2,229 (79.30)
Frequently 2,632 (13.47) 873 (11.40) 139 (9.89) 1221 (15.92) 399 (14.19)

High-fat diet, n (%) <0.001
Seldom 1,867 (9.55) 790 (10.32) 130 (9.25) 695 (9.06) 252 (8.96)
Occasionally 16,698 (85.46) 6,531 (85.32) 1,222 (8691) 6,535(85.22) 2410 (85.73)
Frequently 975 (4.99) 334 (4.36) 54 (3.84) 438 (5.71) 149 (5.30)

Family history of cancer, n (%) 0.007
No 18,653 (95.46) 7,337(95.85) 1,359 (96.66) 7,284 (94.99) 2,673(95.09)

Yes 887 (4.54) 318 (4.15) 47 (3.34) 384 (5.01) 138 (4.91)

hs-CRP, high-sensitivity C-reactive protein; BMI, body mass index; BMI*Y, BMI <24 kg/m?; BMI"¢" BMI 224 kg/m? CRP™", hs-CRP <3 mg/l;

CRP"e" hs-CRP =3 mg/l.

was associated with an increased risk of invasive breast cancer
in postmenopausal women (10). A study based on the Korean

National Health Insurance System Cohort showed that the risk
of invasive breast cancer in postmenopausal women with a BMI
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Table II. HRs for the association of BMI or hs-CRP levels with breast cancer risk.

Newly
diagnosed
postmenopausal
Cumulative breast cancer
follow-up cases during the Model 1* Model 2°
Total  period, person- follow-up
Groups cases, n years period, n HR (95% CI)  P-value HR (95% CI)  P-value
BMI
BMI'"ov 9,061 132,205.44 93 Reference Reference
BM[hieh 10479 151,393.99 176 141(1.09-1.82) 0.008 1.44(1.11-1.85) 0.006
BMI (per IQR) 1.22(1.05-142) 0.008 1.23(1.06-1.43) 0.006
hs-CRP
CRPM 15,323 223.383.77 194 Reference Reference
CRPhich 4217 60,215.66 75 1.26 (0.96-1.65) 0.097 1.28(0.97-1.67) 0.078
hs-CRP (per IQR) 1.03(0.99-107) 0.148 1.03(0.99-1.07) 0.130
P-value for interaction® 0.106 0.102

"Model 1 was adjusted for age; ®model 2 was further adjusted for smoking status, alcohol consumption, occupation, education level, income,
marital status, salt intake, sitting time, physical activity, high-fat diet and family history of cancer. ‘Interaction between BMI and hs-CRPhs-
CRP, high-sensitivity C-reactive protein; BMI, body mass index; BMI¥, BMI <24 kg/m2; BMI"¢" BMI =24 kg/m2; CRP"*, hs-CRP <3 mg/l;
CRP"&" hs-CRP =3 mg/l; HR, hazard ratio; CI, confidence interval; IQR, interquartile range.

Table III. HRs for the association of BMI and hs-CRP with breast cancer risk.

Newly
diagnosed
postmenopausal
Cumulative breast cancer
follow-up cases during the Model 1* Model 2°

Total  period, person- follow-up
Groups cases, n years period, n HR (95% CI) P-value HR (95% CI) P-value
BMI°YCRP"¥ 7,655 111,931.87 80 Reference Reference
BMI°"CRPhit 1,406 20,273.57 13 0.80 (0.44-144) 0455 0.81(045-145) 0470
BMI"s"CRP¥ 7,668 111,451.90 114 1.23(092-1.65) 0.154 1.25(0.94-1.67) 0.129
BMI"is"CRPhigh 2811 39.942.09 62 1.70 (1.21-2.39)  0.002  1.75(1.25-2.47) 0.001

"Model 1 was adjusted for age; *model 2 was further adjusted for smoking status, alcohol consumption, occupation, education level, income,
marital status, salt intake, sitting time, physical activity, high-fat diet and family history of cancer. hs-CRP, high-sensitivity C-reactive protein;
BMI, body mass index; BMI'", BMI <24 kg/m? BMI"", BMI =24 kg/m?, CRP"", hs-CRP <3 mg/l; CRP"&" hs-CRP >3 mg/l; HR, hazard

ratio; CI, confidence interval.

of 23-25,25-30 or =30 kg/m?increased linearly compared with
that in women with a BMI of 18.5-23 kg/m? (11). In another
prospective cohort study of Taiwanese women, the risk of
breast cancer increased with increasing BMI in the enrolled
women after menopause. Obesity significantly promoted the
development of late-onset breast cancer after menopause (12).
The present findings regarding the association between BMI
and postmenopausal breast cancer incidence were consistent
with those of previous research (10-12). Although obesity is
considered a risk factor for postmenopausal breast cancer by a
number of studies (10-12), there is also contrasting data in an
Asian study. Wang et al (25) conducted a case-control study

and found that obesity is significantly associated with breast
cancer in premenopausal women, but not in postmenopausal
women. These differences in findings may be related to differ-
ences in the ethnicities of the subjects and the study design.
In the present study, regardless of BMI status, partici-
pants were grouped according to the presence (hs-CRP
=3 mg/l) or absence (hs-CRP <3 mg/l) of low-grade inflam-
mation. Multivariate analysis revealed that subjects with
low-grade inflammation (hs-CRP level =3 mg/l) showed
a slightly increased risk of developing postmenopausal
breast cancer (HR, 1.28; 95% CI, 0.97-1.67), but this did not
reach statistical significance. A study with a small sample
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Table IV. Sensitivity analyses of the association of BMI and hs-CRP with breast cancer risk.

A, Excluding participants who developed breast cancer within the first 2 years of follow-up

Newly
diagnosed
postmenopausal
Cumulative breast cancer
follow-up cases during the
Total period, person- follow-up
Variable cases, n years period, n HR (95% CI) P-value
BMI**CRP*" 7,649 111,925.59 74 Reference
BMI*CRP"¢" 1,405 20,273.40 12 0.81 (0.44-1.49) 0.496
BMIiehCRPY 7,658 111,441.44 104 1.26 (0.93-1.70) 0.140
BMI"enCRPhieh 2,802 39,936.28 53 1.67 (1.16-2.40) 0.006
B, Excluding participants who received treatment with statins
Newly
diagnosed
postmenopausal
Cumulative breast cancer
follow-up cases during the
Total period, person- follow-up
Variable cases, n years period, n HR (95% CI) P-value
BMI**CRP*" 7,607 111,243.02 80 Reference
BMI*CRP"&" 1,397 20,137.34 13 0.81 (0.45-1.45) 0476
BMIiehCRPlY 7,561 109,886.11 112 1.25 (0.93-1.66) 0.147
BMI"enCRPhieh 2,741 39,023.44 61 1.76 (1.25-2.48) 0.001

C, Excluding participants who received treatment with antihypertensive drugs

Newly
diagnosed
postmenopausal
Cumulative breast cancer
follow-up cases during the
Total period, person- follow-up
Variable cases, n years period, n HR (95% CI) P-value
BMI“CRP"¥ 7,310 107,103.25 73 Reference
BMI°“CRPhien 1,305 18,843.53 13 091 (0.50-1.64) 0.748
BMI"e"CRP™ 6435 93,839.22 97 1.32 (0.97-1.79) 0.079
BMI"iehCRPhieh 2211 31,670.16 48 1.77 (1.22-2.56) 0.003

D, Excluding participants who received treatment with glucose-lowering drugs

Newly
diagnosed
postmenopausal
Cumulative breast cancer
follow-up cases during the
Total period, person- follow-up
Variable cases, n years period, n HR (95% CI) P-value
BMIP°YCRP"" 7,535 110,385.64 78 Reference
BMI*CRP"¢" 1,376 19,847.30 13 0.84 (0.46-1.51) 0.553

BMIMe"CRPPY 7,379 107,507.05 106 1.23 (0.92-1.66) 0.168
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Table I'V. Continued.
Newly
diagnosed
postmenopausal
Cumulative breast cancer
follow-up cases during the
Total period, person- follow-up
Variable cases, n years period, n HR (95% CI) P-value
BMI"enCRPhieh 2,664 37,964.06 59 1.79 (1.26-2.53) 0.001

The model was adjusted for age, smoking status, alcohol consumption, occupation, education level, income, marital status, salt intake, sitting
time, physical activity, high-fat diets and family history of cancer. hs-CRP, high-sensitivity C-reactive protein; BMI, body mass index; BMI",
BMI <24 kg/m? BMI"e" BMI =24 kg/m?* CRP"", hs-CRP <3 mg/l; CRP"&" hs-CRP =3 mg/l; HR, hazard ratio; CI, confidence interval.

size conducted in Norway showed a positive association
between prediagnostic hs-CRP and the risk of breast cancer
among postmenopausal women (16). Wang et al (17) found
through a case-control study in the Nurses' Health Study
that the risk of breast cancer was increased in individuals in
the highest vs. the lowest quintile of CRP levels. A further
meta-analysis (including 5,371 cases from 11 studies) then
revealed an increased risk in women in the highest vs. lowest
category of CRP. Guo et al (26) also found that elevated CRP
levels were associated with increased breast cancer risk in
a meta-analysis (26). However, a French case-control study
showed that although no association was observed between
CRP levels and overall breast cancer risk or breast cancer
risk in women with a normal BMI, a significantly increased
risk of breast cancer (odds ratio, 1.92; 95% CI, 1.20-3.08) in
overweight and obese women (BMI =25 kg/m?) with CRP
>=2.5 mg/l was found compared with that in patients with CRP
<1.5 mg/1 (19). Therefore, being overweight or obese may be
associated with inflammation that promotes postmenopausal
breast cancer.

To the best of our knowledge, the effect of the co-occur-
rence of BMI"¢" and CRP"¢" status on the risk of breast cancer
has not been reported in previous studies. The present study
analysed the effect of the combination of BMI and CRP level
on the occurrence of postmenopausal breast cancer, aiming
to identify subgroups at increased risk. The study found that
high BMI combined with increased CRP levels has a greater
influence on the incidence of new-onset postmenopausal
breast cancer compared with normal BMI (BMI <24 kg/m?)
and CRP levels (hs-CRP <3 mg/l). These results were robust
after adjusting for confounding factors. Questions were
raised as to whether there were some subjects at baseline
who already had breast cancer but had not been diagnosed
or were in the preclinical phase of the disease, and whether
the baseline data results of BMI and CRP of these subjects
were affected by the preclinical disease, causing a reverse
causal relationship between the independent and dependent
variables. Another query was whether the long-term use of
certain medications interfered with the impact of BMI and
CRP on the occurrence of breast cancer in certain chronic
disease patients. Therefore, in order to eliminate this reverse
causal relationship and potential impact of certain medica-
tions, a sensitivity analysis was conducted after excluding

participants who developed breast cancer within the first
2 years of follow-up, those who received treatment with
statins, those who received treatment with antihypertensive
drugs or those who received treatment with glucose-lowering
drugs. The risk of postmenopausal breast cancer was signifi-
cantly greater in the BMI"e"CRP"€" group than that in the
BMI"CRP"" group, thus demonstrating the reliability of the
main study results.

Although the pathophysiological mechanisms by which
BMI combined with low-grade inflammation increases the
risk of postmenopausal breast cancer remain unknown,
some preliminary explanations based on previous studies
may be inferred. In obese individuals, cells in adipose
tissue undergo changes in number, phenotype and secretion
that affect systemic metabolism, leading to hyperglycemia
and insulin resistance, promoting local inflammation and
shaping the tumour microenvironment (27,28). Adipose
tissue produces numerous bioactive factors, including
steroid hormones, growth factors, proinflammatory media-
tors and adipokines (27). Most of these factors promote
the expression of aromatase. In adipose tissue, aromatase
can induce the synthesis of large amounts of estrogens that
sustain breast cancer cell growth (28,29). In obese indi-
viduals, proinflammatory mediators, such as leptin, CCL2,
IL-1b, IL-6, and TNF-a, are released by dysfunctional
adipose cells, inducing the recruitment and differentia-
tion of monocytes/macrophages (30). Macrophages within
adipose tissue aggregate into inflammatory foci, where
they release proinflammatory mediators that sustain an
inflammatory feedback loop (30,31). Several inflammatory
mediators, such as adipokines, CRP and IL-6, are elevated
in patients with breast cancer with white adipose tissue
inflammation (32).

The primary strength of the present study is that it is a
prospective cohort study with long-term follow-up. In addi-
tion, serum hs-CRP levels were measured in accordance
with standard procedures to minimise detection bias.
Moreover, the physical examination data (e.g., height and
weight) were obtained by well-trained physicians or nurses
using a standardised protocol rather than based on the
subjects' self-reports, thereby avoiding misclassification bias.
Nevertheless, this cohort study had some limitations. First,
certain information is lacking, such as information on other
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chronic inflammatory factors, including interleukins, the use
of hormone therapy, age at first pregnancy and the number
of children, which may be confounding factors. Second,
only baseline BMI and CRP data were used to analyse their
effects on postmenopausal breast cancer risk, and time-
dependent changes in BMI and CRP during follow-up were
not considered. Third, the limited number of patients with
breast cancer and the statistical differences in covariates
among the groups in this study may have limited the ability to
conduct interaction analyses. Although there are certain limi-
tations, it is undeniable that this study involved a long-term
rigorous follow-up, and the results presented after statistical
analysis and covariate adjustment are worth reporting. It is
hoped that in-depth subsequent studies with assessment of
the molecular mechanism, a larger cohort, a longer follow-up
time, a dynamic state of the independent variable and more
covariates will be conducted to explore the risk of developing
breast cancer in women.

In conclusion, the present study showed that the combi-
nation of BMI and inflammation significantly increased the
risk of developing postmenopausal breast cancer. The findings
of this study will help researchers identify other high-risk
individuals who should be targeted for focused screening and
prevention of breast cancer.
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