www.nature.com/scientificreports

scientific reports

OPEN

W) Check for updates

Comprehensive prognostic
effects of systemic inflammation
and Insulin resistance in women
with breast cancer with different
BMI: a prospective multicenter
cohort

Guo-Tian Ruan?%328, Hai-Lun Xiel%38, Chun-Lei Hu'%38, Chen-An Liu%23,

He-Yang Zhang¥%3, Qi Zhang¥23, Zi-Wen Wang¥23, Xi Zhang¥23, Yi-Zhong Ge%23,

Shi-Qi Lin%%3, Meng Tang¥%3, Meng-Meng Song'>3, Xiao-Wei Zhang¥%3, Xiao-Yue Liu%23,
Kang-Ping Zhang'?3, Ming Yang¥%3, Kai-Ying Yul%3, Kun-Hua Wang“*, Wen Hu®,

Li Deng¥?3*, Ming-Hua Cong”* & Han-Ping Shi%3*

To investigate the prognostic value of systemic inflammation and insulin resistance in women with
breast cancer with different body mass index (BMI). This multicenter, prospective study included 514
women with breast cancer. Multivariate survival analysis showed that patients with high C-reactive
protein (CRP), high CRP to albumin ratio (CAR), high lymphocyte to CRP ratio (LCR), high low-density
lipoprotein cholesterol to high-density lipoprotein cholesterol ratio (LHR), and high triglyceride

to high-density lipoprotein cholesterol ratio (TG/HDL-c) were significantly associated with worse
prognosis. The mortality rate of patients with both high CAR and high LHR or both low LCR and high
LHR were 3.91-fold or 3.89-fold higher than patients with both low CAR and low LHR or both high
LCR and low LHR, respectively. Furthermore, the combination of LCR and LHR significantly predicted
survival in patients within the high BMI group. The CRP, CAR, LCR, LHR, and TG/HDL-c were associated
with poor survival in women with breast cancer. The combination of CAR and LHR or LCR and LHR
could better predict the prognostic outcomes of women with breast cancer, while the combination of
LCR and LHR could better predict the prognosis of those patients with overweight or obese patients.

The 2022 cancer statistics for the United States show that from 2014 to 2018, female breast cancer incidence
continued to increase (by 0.5% annually), and the number of new female breast cancer cases was 287,850 (31%),
ranking as the most prevalent new cancer in women. Female breast cancer had the second highest mortality
rate with 43,250 (15%) deaths'. In China, the incidence of female breast cancer still the highest among women?.
Inflammation and insulin resistance (IR) play important roles in a variety of chronic diseases, including cancer”.
Cancer is generally considered an inflammatory disease, and systemic inflammation is often a hallmark of cancer
and a major driver of metabolic alterations in cancer patients*®. The production of acute-phase proteins, such as
C-reactive protein (CRP), is considered an accurate measure of systemic inflammation and pro-inflammatory

!Department of Gastrointestinal Surgery/Department of Clinical Nutrition, Beijing Shijitan Hospital, Capital
Medical University, Beijing 100038, China. 2National Clinical Research Center for Geriatric Diseases, Xuanwu
Hospital, Capital Medical University, Beijing 100053, China. 3Key Laboratory of Cancer FSMP for State Market
Regulation, 10 Tie Yi Road, Beijing 100038, China. “Yunnan University, Kunming 650091, China. *General Surgery
Clinical Medical Center of Yunnan Province, Kunming 650032, China. ®Clinical Nutrition Department, Sichuan
University West China Hospital, Chengdu 610041, Sichuan, China. “Comprehensive Oncology Department,
National Cancer Center/Cancer Hospital, Chinese Academy of Medical Sciences and Peking Union Medical College,
Beijing 100038, China. ’These authors contributed equally: Guo-Tian Ruan, Hai-Lun Xie and Chun-Lei Hu. *email:
dengli070@foxmail.com; doccong@163.com; shihp@ccmu.edu.cn

Scientific Reports|  (2023) 13:4303 | https://doi.org/10.1038/s41598-023-31450-w nature portfolio


http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-023-31450-w&domain=pdf

www.nature.com/scientificreports/

cytokine activity®. Glucose intolerance is the earliest identified metabolic abnormality in cancer patients’, result-
ing in a type II diabetic state with IR®. Glicksman et al. showed that about 37% of cancer patients have a diabetic
glucose tolerance curve’. The characteristics of IR in cancer patients are distinct from those in type II diabetic
patients, in which normal fasting blood glucose is associated with high, normal, or low insulin levels'®, manifested
by increased hepatic glucose production and gluconeogenesis, possibly due to intracellular gluconeogenesis'*.
The redistribution of glucose to supply energy needs can lead to hypoglycemia, which in turn, leads to an increase
in compensatory hormonal signaling or glucagon.

In recent years, obesity has become the most common metabolic disease worldwide, and its incidence has
rapidly increased'?. Unfortunately, obesity is fast becoming an epidemic in developed and many developing
countries'®. Overweight or obesity is associated with an increased risk of recurrence or death in patients with
breast cancer'*!>. Some obesity-related cancers, such as those of the breast and internal organs, occur in or near
fat depots. This suggests that altered fat biology, typically found in the context of elevated BMI, locally contrib-
utes to the development of several cancers'®. Obesity-induced inflammation or inflammatory disturbances are
a major feature of adipose tissue dysfunction'. In fact, adipose tissue is not only a storehouse of excess energy
in the form of triacylglycerols (TAGs), but is also an active endocrine organ secreting different peptides called
adipocytokines'®. The production and expression of inflammatory adipocytokines, such as interleukin (IL)-6,
tumor necrosis factor a (TNF-a), and monocyte chemoattractant protein 1, are increased in obese and insulin-
resistant subjects'. Compared with lean people, adipose tissue in obese subjects was inflamed by inflammatory
macrophages®. Macrophages are important and key contributors to adipocyte inflammation®'. Inflammatory
macrophages typically accumulate within adipose tissue, and this accumulation leads to localized inflamma-
tion. This local inflammation leads to multiple metabolic disturbances, including atherosclerosis and systemic
inflammation®. In addition, CRP, another inflammatory marker, is elevated in the serum of individuals with
higher BMI*. IR is a common pathological condition in obese patients with impaired insulin action in adipose
tissue. During IR, insulin is significantly increased in the circulation to avoid hyperglycemia®. Therefore, insu-
lin is included in the study as a hormone, and insulin levels are often increased in the setting of obesity**. This
hyperinsulinemia is associated with BMI*.

Some reports showed that CRP alone**-? or in combination with other inflammatory markers, such as the
CRP to albumin ratio (CAR)***°, were associated with poor prognosis in breast cancer. Recently, Lymphocyte to
C-reactive Protein Ratio (LCR) has been reported to be related to cancer prognosis®~?, but there is no relevant
report on the relationship between LCR and breast cancer prognosis. Studies showed that elevated insulin levels
and hyperinsulinemia are associated with poor prognosis in breast cancer patients***. Some simple and feasible
IR surrogate indicators reported earlier have attracted attention relative to the homeostasis model assessment of
IR (HOMA-IR)*. These IR indicators included fasting triglyceride glucose (TyG) index*”*%, low-density lipopro-
tein cholesterol to high-density lipoprotein cholesterol ratio (LDL-c/HDL-c, LHR)*, triglyceride to high-density
lipoprotein cholesterol ratio (TG/HDL-c)*, and total cholesterol to high-density lipoprotein cholesterol ratio
(TC/ HDL-¢)*. Thus, in this study, we aimed to select the optimal IR index in breast cancer, and select the best
combination of inflammation index and IR index in breast cancer patients with different body mass index (BMI).
Finally, we selected the best combination of inflammation and IR indicators for combined survival analysis and
selected the best combination of indicators to predict the survival of patients with breast cancer with different
BMI. This study aimed to analyze the prognostic value of systemic inflammation and IR markers in women with
breast cancer, as well as their distribution and ability to predict survival in different BMI subgroups.

Results

Baseline characteristics. After excluding 3 male breast cancer cases and 27 missing TNM stage data, a
total of 514 women with breast cancer were included in our study. The detailed flow chart is showed in Fig. 1.
Their mean age was 53.72+10.87 years, and the population’s mean BMI was 24.36 kg/m?. Comparing the
baseline differences between patients in different BMI groups (low BMI group, BMI< 24 kg/m? vs. high BMI
group, BMI>24 kg/m?), the age (54.65 vs. 52.75, P=0.047), BMI (27.23 vs. 21.34, P<0.001), CRP (3.02 vs.
2.78, P=0.020), CAR (0.07 vs. 0.06, P=0.029), TyG (4.55 vs. 4.51, P=0.008), LHR (2.40 vs. 2.09, P<0.001), TG/
HDL-c (1.72 vs. 1.34, P<0.001), and TC/HDL-c (4.15 vs. 3.61, P<0.001) were all higher in the patients in high
BMI group than those in low BMI group. However, the LCR (6408.0 vs. 5254.9, P=0.029) was higher in the
patients in the low BMI group than those in high BMI group. Table 1 shows the baseline characteristics of the
women with breast cancer. The median follow-up time for patients was 43.1 (40.7-49.6) months, and the 5-year
overall mortality rate was 70 (18%), resulting in 41.4 mortality events per 1000 patient-year.

Differencesin the distribution of inflammation and IR markers in different BMI subgroups. The
distribution curves for systemic inflammation-related indicators in different BMI subgroups showed that the
CRP, CAR, and LCR values in the high BMI group were significantly higher than those in the low BMI group
(All P<0.05) (Fig. 2A-C). Similarly, we analyzed the differences in the distribution of different IR indicators in
different BMI subgroups and found that TyG, LHR, TG/HDL-c, and TC/HDL-c were all highly distributed in the
high BMI group compared with the low BMI subgroup patients (All P<0.05) (Fig. 2D-G).

Prognostic AUC curves and survival analysis correlated with systemic inflammatory markers
and IR markers. To select the optimal inflammatory index and IR index in female breast cancer, we drew
the prognostic area under the curve (AUC) curves of inflammatory index and IR index, respectively. The results
showed that the predictive ability of LCR and CAR was better than that of CRP among different inflammatory
indicators, while among different IR indicators, TyG showed the worst predictive ability of prognosis, compared
with LHR, TG/HDL-c, and TC/HDL-c (Fig. 3).
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Figure 1. Flowchart of patient selection for this study.

The survival curves of CRP, CAR, and LCR in women with breast cancer showed that patients with high CRP,
high CAR, or high LCR had a worse prognosis than patients with low CRP(P=0.0025), low CAR (P<0.001), or
low LCR (P<0.001), respectively (Fig. 4A-C). In addition, survival curves showed that compared with patients
with low TyG, low LHR, or low TG/HDL-c, patients with high TyG (P=0.03), high LHR (P=0.017), or high TG/
HDL-c (P=0.018) had worse prognosis, respectively. However, there was no significant difference in survival
between patients with low TC/HDL-c or high TC/HDL-c (P=0.085) (Fig. 5A-D).

Multivariate survival analysis of systemic inflammatory indicators in women with breast cancer indicated
that patients with high CRP [model 4: HR (95% CI) =2.21 (1.24-3.94), P=0.007] had a shorter OS than patients
with low CRP, patients with high CAR [model 4: HR (95% CI) =2.56 (1.46-4.47), P=0.001] had a shorter OS
than those with low CAR, and patients with high LCR [model 4: HR (95% CI) =2.43 (1.47-4.02), P=0.001] had
a shorter OS than patients with low LCR (Table 2).

Multivariate survival analysis of the IR index in women with breast cancer indicated that patients with high
LHR [model 4: HR (95% CI)=2.40 (1.25-4.61), P=0.008] had a shorter OS than those with low LHR and patients
with high TG/ HDL-c [model 4: HR (95% CI)=3.51 (1.08-11.36), P=0.036] had a shorter OS than those with
low TG/HDL-c. However, TyG [model 4: HR (95% CI) =1.42 (0.73-2.78), P=0.302] and TC/HDL-c [model 4:
HR (95% CI) =1.40 (0.85-2.30), P=0.185] were not significant survival predictors in women with breast cancer
(Table 2).

Survival analysis stratified by different BMI groups. We analyzed the prognostic value of sys-
temic inflammatory markers and IR markers in different BMI subgroups. In the BMI<24 kg/m? subgroup,
we observed that all markers did not show significant prognostic value (All P>0.05). In the BMI>24 kg/m?
subgroup, patients with high CRP [Adjusted HR (95% CI)=2.39 (1.00-5.71), P=0.049], high CAR [Adjusted
HR (95% CI)=2.85 (1.23-6.60), P=0.014], high LCR [Adjusted HR (95% CI)=4.32 (2.06-9.06), P<0.001],
high TyG [Adjusted HR (95% CI)=2.87 (1.20-6.85), P=0.017], or high LHR [Adjusted HR (95% CI)=2.91
(1.20-7.06), P=0.018] predicted worse prognoses, while TG/HDL-c and TC/HDL-c did not show significant
prognostic value (All P>0.05) (Table 3).

Combined analysis of prognostic systemic inflammatory indicators and IR index. We per-
formed a combined survival analysis with the prognostic systemic inflammatory index and IR index. In all
patients, CAR combined with LHR or LCR combined with LHR predicted a longer OS in women with breast
cancer. The prognosis of patients in the low CAR and high LHR or high CAR and low LHR group [Adjusted HR
(95% CI)=2.21 (1.27-3.87), P=0.005] and the high CAR and high LHR group [Adjusted HR (95% CI)=3.91
(1.56-9.81), P=0.004] was worse than in patients in the low CAR and low LHR groups. The prognosis of patients
in the high LCR and high LHR or low LCR and low LHR group [Adjusted HR (95% CI)=2.30 (1.36-3.87),
P=0.002] and the low LCR and high LHR group [Adjusted HR (95% CI) =3.89 (1.65-9.21), P=0.002] was worse
than in patients in the high LCR and low LHR groups. However, no prognostic information was generated by the
other combinations. In addition, when we performed a combined survival analysis in different BMI subgroups,
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Overall BMI<24 (kg/m?) | BMI>24(kg/m?) | P value
Variables (n=514) (n=251) (n=263)
Age (mean (SD)) 53.72 (10.87) 52.75 (11.40) 54.65 (10.28) 0.047
BMI (mean (SD)) 24.36 (3.80) 21.34 (2.02) 27.23 (2.70) <0.001
Tumor stage (%)
I-1I 283 (55.1) 132 (52.6) 151 (57.4) 0.312
-1V 231 (44.9) 119 (47.4) 112 (42.6)
Surgery (%) 420 (81.7) 195 (77.7) 225 (85.6) 0.028
Radiotherapy (%) 27 (5.3) 14 (5.6) 13 (4.9) 0.901
Chemotherapy (%) 328 (63.8) 149 (59.4) 179 (68.1) 0.050
Immunotherapy (%) 43 (8.4) 20 (8.0) 23 (8.7) 0.874
KPS (mean (SD)) 90.60 (10.29) 89.28 (11.57) 91.86 (8.73) 0.004
Tumor metastasis (%) 42 (8.2) 19 (7.6) 23 (8.7) 0.745
Family history of cancer (%) 100 (19.5) 40 (15.9) 60 (22.8) 0.063
Diabetes (%) 39 (7.6) 19 (7.6) 20 (7.6) 1.000
Hypertension (%) 78 (15.2) 26 (10.4) 52 (19.8) 0.004
CHD (%) 25 (4.9) 8(3.2) 17 (6.5) 0.128
Lymphocyte, *109/L (mean (SD)) 1.62 (1.14) 1.64 (1.48) 1.60 (0.66) 0.643
Albumin (mean (SD)) 40.60 (4.80) 40.60 (5.37) 40.59 (4.20) 0.975
CRP (median (IQR)) 3.01 (3.61) 2.78 (2.81) 3.02 (3.64) 0.020
LCR (median (IQR)) 5806.5 (12,301.7) | 6408.0 (13,677.6) | 5254.9 (10,204.5) 0.031
CAR (median (IQR)) 0.07 (0.09) 0.06 (0.07) 0.07(0.09) 0.029
Glucose (mean (SD)) 5.85(1.95) 5.77 (2.14) 5.93 (1.74) 0.343
TC (mean (SD)) 4.88 (1.55) 4.76 (1.57) 5.00 (1.52) 0.081
TG (mean (SD)) 1.79 (1.03) 1.61 (1.03) 1.96 (1.00) <0.001
HDL-c (mean (SD)) 1.32(0.33) 1.39 (0.36) 1.25(0.29) <0.001
LDL-c (mean (SD)) 2.83(0.79) 2.76 (0.83) 2.89 (0.75) 0.051
TyG (mean (SD)) 4.53(0.19) 4.51 (0.20) 4.55 (0.18) 0.008
LHR (mean (SD)) 2.25(0.73) 2.09 (0.71) 2.40 (0.71) <0.001
TG/HDL-c (mean (SD)) 1.54 (1.18) 1.34 (1.23) 1.72 (1.10) <0.001
TC/HDL-c (mean (SD)) 3.89 (1.44) 3.61 (1.33) 4.15 (1.49) <0.001
TSF (mean (SD)) 22.09 (7.91) 18.97 (7.20) 25.06 (7.42) <0.001

Table 1. Baseline characteristics. SD standard deviation, IQR interquartile range, BMI body mass index, KPS
karnofsky performance status, CHD coronary heart disease, CRP C-reactive protein, CAR C-reactive protein to
albumin ratio, LCR lymphocyte to C-reactive protein ratio, TC total cholesterol, TG triglyceride, HDL-c high-
density lipoprotein cholesterol, LDL-c low-density lipoprotein cholesterol, TyG triglyceride-glucose index, LHR
LDL-c/HDL-c ratio.

we only observed a significant survival difference in the combined analysis of LCR and LHR in the high BMI
subgroup. The prognosis of patients in the high LCR and high LHR or low LCR and low LHR group [Adjusted
HR (95% CI)=3.61 (1.69-7.69), P=0.001] and the low LCR and high LHR group [Adjusted HR (95% CI)=7.79
(2.42-25.11), P=0.001] was worse than that of the patients in the low LCR and low LHR groups (Table 4).

Discussion
In this study, we found that the levels of inflammation (CRP, CAR, and LCR) and IR (TyG, LHR, TG/HDL-c,
and TC/HDL-c) in breast cancer patients with BMI >24 kg/m? were significantly higher than those in patients
with BMI <24 kg/m? In other words, inflammation and IR levels in overweight or obese patients are high.
The expression of adipocytokines in human adipose tissue and their corresponding circulating concentrations
are influenced by human fat mass. In obese patients, there was also a positive correlation between adipocyte
TNF-a expression and plasma TNF-a concentration with BMI*. Plasma IL-6 and CRP concentrations were
also positively correlated with BMI***!. Obesity is a common cause of chronic inflammation, and white adipose
tissue (WAT) in obese patients is infiltrated by immune cells, including macrophages and lymphocytes, at the
systemic and tissue level. WAT inflammation is associated with increased circulating levels of CRP and IL-6'°.
Obesity is a well-established risk factor for IR and type II diabetes. With the rising prevalence of obesity, an
increasing number of patients at cancer diagnosis are overweight or obese and have impaired glycemic control.
Obesity and excess adipose tissue lead to increased production of free fatty acids, leptin, and cytokines, and these
metabolic abnormalities are associated with decreased physical activity and increased triglycerides, leading to
hyperinsulinemia and IR*.

We also examined the relationship between systemic inflammation and IR and breast cancer survival. Studies
have shown an increased risk of breast cancer in obese postmenopausal women, and it has been hypothesized
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Figure 2. The distribution of systemic inflammatory indicators and IR makers stratified by BMI in women with
breast cancer. (A) CRP; (B) CAR; (C) LCR; (D) TyG; (E) LHR; (F) TG/HDL-c; (G) TC/HDL-c. Notes IR insulin
resistance, BMI body mass index, CRP C-reactive protein, LCR lymphocyte to C-reactive protein ratio, CAR
C-reactive protein to albumin ratio, TyG triglyceride-glucose index, LHR LDL-c¢/HDL-c ratio, HDL-c high-
density lipoprotein cholesterol, LDL-c low-density lipoprotein cholesterol.

that circulating estrogen levels may be elevated in obese postmenopausal women*’. Therefore, considering these
potential interference factors, we separated patients into different age groups and adjusted the survival analyses
to reduce the interference caused by estrogen levels in different age groups. We found that elevated systemic
inflammatory markers (CRP, CAR, and LCR) were all significantly associated with reduced OS in breast cancer
patients. Similarly, we observed a significant association between increased IR markers (LHR and TG/ HDL-c)
and decreased OS in breast cancer patients.

Pierce et al. analyzed the prognostic value of inflammatory markers in women with stage 0 to IIIA breast
cancer in a multicenter, prospective, cohort study and found that CRP was associated with poor prognosis in
women with breast cancer compared with the highest and lowest tertiles [HR 2.27; 95% CI 1.27-4.08]*. Gunter
et al. and Albuquerque et al. also found that CRP levels were positively associated with breast cancer risk?”2.
Zhou et al. used propensity score matching to estimate the prognostic role of CAR in non-metastatic breast
cancer patients and found that elevated CAR levels were associated with increased age, postmenopausal status,
and a higher risk of recurrence or death in breast cancer patients. Elevated CAR was an independent risk factor
for long-term prognosis, predicting decreased disease-free survival [HR 2.225; P=0.024] and OS [HR 9.189;
P=0.003] of breast cancer patients?. Chen et al. found that preoperative CAR could be an important independ-
ent prognostic marker for HER2-negative, luminal breast cancer, and elevated CAR was associated with poorer
disease-free survival and cancer-specific survival®. In this study, for the first time, we found that LCR could
be used as an independent prognostic marker in breast cancer patients. Previous studies reported that LCR is
associated with poor prognosis in other tumors, such as colorectal cancer®, gastric cancer®?, and hepatocellular
carcinoma*!. As for IR prognostic indicators, previous studies have shown that LHR is associated with poor prog-
nosis in colorectal cancer*>*® and gastric cancer”. Dai et al. analyzed the relationship between TG/ HDL-c and
prognosis in triple-negative breast cancer patients and found that patients with high TG/ HDL-c was associated
with poor OS [HR: 1.935; 95% CI 1.032-3.629]*. Similar results showed that TG/ HDL-c was associated with
poor prognosis in other cancers, including in endometrial cancer* and gastric cancer™.

We observed markers of inflammation and IR in different BMI subgroups and found that LCR could predict
survival in different BMI subgroups. And CRP, CAR, TyG, LHR predict the prognosis of patients within the
high BMI subgroup. The results of the combined survival analyses showed that the inflammatory insulin com-
bination of LCR&LHR and CAR&LHR could differentiate the prognosis of breast cancer patients. Especially,
LCR&LHR could also significantly differentiate the prognosis of patients in the high BMI subgroup. Further-
more, the observation that breast WAT inflammation predicts a poorer clinical course in breast cancer patients is
consistent with earlier reports showing that TNF-a , IL-1beta, IL-6 and CRP promote tumor growth in a mouse
model of obesity and elevated levels of IL-6 and CRP were associated with the development and progression
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with female breast cancer'®. Inflammation and IR are closely related. The IR state that develops with increased
obesity is associated with activation of inflammatory responses in different organ sites, including adipose tissue,
liver, and skeletal muscle, which increases secretion and systemic levels of proinflammatory cytokines®'. Some
adipocytokines help regulate insulin action and are associated with IR syndromes®~. Leptin interferes with insulin
signaling, and in type II diabetes, plasma leptin levels correlate with the degree of IR, a relationship independent
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of BMI and body fat mass®***. Thus, the IR syndrome is associated with hyperleptinemia and hyperinsulinemia®,
which allows endocrine hyperactivity of these proteins at target sites, including mammary epithelial tissue and
vascular endothelial cells. Adipose tissue TNF-a expression was also positively correlated with plasma insulin
concentrations®®, and increased adipocyte secretion of TNF-a was associated with decreased insulin sensitivity
in obese individuals*'. In abdominal obesity, high circulating TNF-a levels are associated with hyperinsulinemia
and IR”. IR is also associated with human adipose tissue-derived IL-6*'. Adipose tissue has biological activities
that regulate appetite, inflammation, insulin sensitivity, fat metabolism, and energy balance®®. Excessive adipose
tissue will lead to the production of inflammatory cytokines and the upregulation of nuclear factor-«kB, leading
to increased nitric oxide and reactive oxygen species, resulting in IR, excess glucose, and increased free fatty
acid, thereby further spreading inflammation®.

Our study has several strengths. First, this is a prospective, cohort study of women with breast cancer based on
a multi-medical center trial to analyze the prognosis of different systemic inflammation and IR markers. Second,
our study analyzed the inflammation and IR levels in different BMI subgroups and examined high-inflammation
and high-IR status in overweight or obese female breast cancer patients to identify the best markers of inflamma-
tion and IR. Our study also has some limitations. First, we only collected a fasting blood sample and thus, cross-
sectional data. Longitudinal data is needed for a patient’s observation of inflammation and IR. Second, although
we consider the effect of hormonal levels in patients and make prognostic adjustments for different ages, we still
need to collect relevant data. Third, different pathological types of breast cancer may cause heterogeneity, and the
results of more pathological types need to be included. Fourth, our IR-related metric is only a surrogate metric,
and we cannot deny its simplicity and feasibility, but the assessment of patients’ IR status still needs to be done.

Conclusion

In conclusion, our data showed that higher CRP, CAR, LCR, LHR, and TG/ HDL-c were associated with increased
risk in women with breast cancer. Elevated BMI showed the higher inflammation and IR levels in women with
breast cancer. The combination of CAR and LHR or LCR and LHR could significantly predict the prognosis of
women with breast cancer, while the combination of LCR and LHR can significantly predict prognosis in those
patients with overweight or obese patients.

Materials and methods

Study population. The data collected in this study from women with breast cancer were obtained from a
prospective, multi-medical center-based cancer population study in China between 2013 and 2021. The hos-
pitals included Fujian Cancer Hospital, Bethune First Hospital of Jilin University, Zhejiang Cancer Hospital,
First Affiliated Hospital of Sun Yat-Sen University, Chongqing Daping Hospital, and Chongqing Third People’s
Hospital. The inclusion criteria for this study were: 1. Female patients aged not less than 18 years; 2. Pathologi-
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OS (model 0) OS (model 1) OS (model 2) OS (model 3) OS (model 4)

Crude HR (95% Adjusted HR Adjusted HR Adjusted HR Adjusted HR
Variables CI) Crude P | (95% CI) Adjusted P | (95% CI) Adjusted P | (95% CI) Adjusted P | (95% CI) Adjusted P
CRP
As continues | 1.12 (0.91-1.37) ‘ 0.288 ‘ 112 (0.91-1.37) | 0.290 1.15 (0.92-1.44) | 0.231 1.20 (0.96-1.50) | 0.115 1.20 (0.96-1.51) | 0.109
As binary
CRP<10 Ref Ref Ref Ref Ref
CRP>10 3.37(1.93-5.88) <0.001 |2.99(1.73-5.16) <0.001 1.8 (1.03-3.14) 0.039 2.21(1.24-3.94) | 0.007 2.21(1.24-3.94) | 0.007
As tertiles
T1 (<0.170) Ref Ref Ref Ref Ref
32525170’ 098 (0.52-1.84) | 0946 |0.96(0.51-1.82) | 0906 | 0.77 (0.41-1.45) | 0.416 0.77 (0.40-1.48) | 0.441 0.77 (0.40-1.48) | 0.439
T3 (>0.528) 1.84 (1.07-3.19) 0.029 | 1.81(1.04-3.15) 0.037 1.18 (0.67-2.06) | 0.565 1.25 (0.70-2.23) | 0.457 1.26 (0.71-2.26) | 0.433
P for trend 0.024 0.029 0.478 0.377 0.358
CAR Ref Ref Ref Ref Ref
As continues 1.13 (0.91-1.42) 0.275 |1.13(0.91-1.42) 0.273 1.14 (0.90-1.45) | 0.285 1.18 (0.93-1.50) | 0.179 1.18 (0.93-1.51) | 0.169
As binary
CAR<0.24
CAR>0.24 3.2(1.89-5.42) <0.001 |3.21(1.9-5.43) <0.001 2.05(1.2-3.52) | 0.009 2.56 (1.46-4.47) | 0.001 2.56 (1.46-4.47) | 0.001
As tertiles
T1 (<0.034) Ref Ref Ref Ref Ref
gf)ét;.)o%— 1.07 (0.57-2.00) 0.84 | 1.05(0.55-1.97) 0.89 0.78 (0.41-1.46) | 0.433 0.78 (0.41-1.50) | 0.461 0.78 (0.41-1.50) | 0.462
T3 (>0.087) 1.98 (1.13-3.45) 0.016 | 1.94 (1.11-3.41) 0.021 1.15 (0.65-2.04) | 0.635 1.27 (0.70-2.30) | 0.432 1.28 (0.71-2.32) | 0.415
P for trend 0.013 0.016 0.526 0.346 0.332
LCR
As continues 1.10 (0.52-2.30) ‘ 0.808 ‘ 1.12 (0.54-2.35) 0.762 1.45 (0.66-3.16) | 0.357 1.48 (0.69-3.15) | 0.315 1.46 (0.69-3.12) | 0.324
As binary
LCR<2321.9 Ref Ref Ref Ref Ref
LCR>2321.9 3.46 (2.17-5.52) | <0.001 | 3.44 (2.15-5.50) <0.001 2.03 (1.25-3.32) | 0.004 2.44 (1.47-4.03) | 0.001 2.43 (1.47-4.02) | 0.001
As tertiles
T1(>10,608.11) | Ref Ref Ref Ref Ref
"féyé‘(l)gOI()l—) 1.09 (0.57-2.1) 0.794 | 1.08 (0.56-2.08) 0.819 0.9 (0.47-1.73) | 0.745 0.9 (0.46-1.78) | 0.765 0.91 (0.46-1.79) | 0.782
T3 (<4000) 2.43 (1.38-4.29) 0.002 | 2.4(1.36-4.26) 0.003 1.34 (0.75-2.4) |0.322 1.47 (0.81-2.7) | 0.209 1.47 (0.81-2.7) | 0.209
P for trend 0.001 0.002 0.261 0.159 0.161
TyG
As continues | 1.08 (0.85-1.37) ‘ 0.534 ‘ 1.07 (0.84-1.36) |  0.587 1.03 (0.81-1.31) | 0.84 0.97 (0.75-1.25) | 0.789 0.97 (0.75-1.25) | 0.805
As binary
TyG<4.72 Ref Ref Ref Ref Ref
TyG>4.72 1.89 (1.06-3.40) 0.032 | 1.86 (1.03-3.35) 0.04 1.56 (0.85-2.87) | 0.149 1.38 (0.71-2.68) | 0.343 1.42 (0.73-2.78) | 0.302
As tertiles
T1 (<4.459) Ref Ref Ref Ref Ref
Zééi'f”’ 0.81(0.45-1.48) | 0497 | 0.79 (0.43-145) |  0.454 1.01 (0.55-1.84) | 0.976 1.00 (0.54-1.86) | 0.993 1.00 (0.54-1.87) | 0.993
T3 (>4.584) 1.15 (0.67-2.00) 0.607 | 1.12 (0.64-1.95) 0.683 1.03 (0.59-1.8) 0.907 0.94 (0.51-1.74) | 0.835 0.94 (0.51-1.74) | 0.850
P for trend 0.571 0.636 0.906 0.833 0.848
LHR
As continues 1.18 (0.94-1.47) ‘ 0.159 ‘ 1.16 (0.92-1.47) 0.196 1.05 (0.83-1.33) | 0.708 1.04 (0.82-1.33) | 0.735 1.04 (0.82-1.33) | 0.740
As binary
LHR<3.20 Ref Ref Ref Ref Ref
LHR>3.20 2.18 (1.17-4.06) 0.014 | 2.16 (1.16-4.02) 0.016 2.02 (1.08-3.79) | 0.028 2.42 (1.27-4.63) | 0.008 2.40 (1.25-4.61) | 0.008
As tertiles
T1 (< 1.925) Ref Ref Ref Ref Ref
’;2522)925_ 0.91 (0.51-1.63) 0.752 | 0.90 (0.50-1.61) 0.719 0.84 (0.47-1.51) | 0.552 0.89 (0.49-1.62) | 0.696 0.87 (0.47-1.59) | 0.649
T3 (>2.554) 1.13 (0.65-1.98) 0.659 | 1.10 (0.62-1.93) 0.751 0.93 (0.53-1.64) | 0.796 0.86 (0.48-1.54) | 0.612 0.86 (0.48-1.54) | 0.607
P for trend 0.646 0.738 0.813 0.617 0.616
TG/HDL
Continued
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OS (model 0) OS (model 1) OS (model 2) OS (model 3) OS (model 4)
Crude HR (95% Adjusted HR Adjusted HR Adjusted HR Adjusted HR

Variables CI) Crude P | (95% CI) Adjusted P | (95% CI) Adjusted P | (95% CI) Adjusted P | (95% CI) Adjusted P
As continues 0.97 (0.77-1.21) 0.771 | 0.95 (0.76-1.20) 0.693 0.99 (0.77-1.28) | 0.952 0.91 (0.71-1.17) | 0.478 0.92 (0.71-1.18) | 0.495
As binary

TG/

HDL-c<0.60 Ref Ref Ref Ref Ref

TG/ 4.31 (1.36- 4.25(1.33- 3.84 (1.20- 3.50 (1.08- 3.51 (1.08-
HDL-c>0.60 | 13.69) 0013 1 3756) 0015195 39y 0.24 11.32) 0370 11.36) 0.036
As tertiles

T1 (<0.912) Ref Ref Ref Ref Ref

T2 (0.912—

1.621) 1.64 (0.91-2.96) 0.098 | 1.61(0.88-2.94) 0.123 1.24 (0.68-2.29) | 0.484 1.31 (0.71-2.44) | 0.388 1.33(0.71-2.47) | 0.372
T3 (>1.621) 133 (0.73-2.44) | 0.356 | 1.30 (0.69-2.43) 0415 1.13 (0.60-2.10) | 0.705 1.10 (0.58-2.09) | 0.769 1.12 (0.59-2.14) | 0.731
P for trend 0.393 0.484 0.757 0.819 0.781
TC/HDL

As Continues | 1.14 (0.90-1.46) ‘ 0.279 ‘ 1.13 (0.88-1.45) 0.338 1.10 (0.83-1.46) | 0.508 1.04 (0.79-1.36) | 0.782 1.04 (0.79-1.36) | 0.785
As binary

TC/

HDL-c<3.81 Ref Ref Ref Ref Ref

TI:I%L-C>3 81 1.75 (1.09-2.82) 0.02 1.73 (1.07-2.81) 0.025 1.38 (0.85-2.23) | 0.195 1.38 (0.84-2.26) | 0.204 1.40 (0.85-2.30) | 0.185
As tertiles

T1 (<3.335) Ref Ref Ref Ref Ref

T2 (3.335-

4.158) 1.13 (0.63-2.03) 0.682 | 1.11(0.61-2.00) 0.735 1.03 (0.57-1.86) | 0.925 1.02 (0.56-1.86) | 0.947 1.02 (0.56-1.87) | 0.942
T3 (>4.158) 1.27 (0.72-2.24) 0.414 | 1.22 (0.68-2.20) 0.498 1.08 (0.61-1.93) | 0.787 1.04 (0.57-1.88) | 0.909 1.05 (0.58-1.90) | 0.885
P for trend 0.413 0.497 0.785 0.909 0.885

Table 2. Univariate and multivariate analysis. CRP C-reactive protein, CAR CRP/Albumin ratio, LCR
lymphocyte/CRP ratio, TyG fasting triglyceride glucose index, TG triglyceride, TC total cholesterol, LHR
LDL-c/HDL-c ratio, HDL-c high-density lipoprotein cholesterol, LDL-c low-density lipoprotein cholesterol,
HR hazards ratio, CI confidence interval, BMI body mass index, KPS karnofsky performance status, TSF
triceps skinfold thickness. *Model 0: Unadjusted. ®Model 1: Adjusted for BMIL “Model 2: Adjusted for

age, BMI and tumor stage. “Model 3: Adjusted for age, tumor stage, BMI, KPS, surgery, chemotherapy,
radiotherapy, immunotherapy, family history of cancer, tumor metastasis, diabetes, hypertension, and coronary
heart disease. “Model 4: Adjusted for age, tumor stage, BMI, KPS, surgery, chemotherapy, radiotherapy,
immunotherapy, family history of cancer, tumor metastasis, diabetes, hypertension, coronary heart disease,
and TSE.

cally diagnosed with breast cancer; and 3. Clearly conscious and able to communicate autonomously. There were
no strict exclusion criteria. The current study complied with the Declaration of Helsinki, was approved by the
Human Research Committees at the various medical centers, and all participants provided informed consent.

Anthropometric and laboratory measurements. At the start of the study, participants’ demographic
information, medical and family history, and quality of life assessment were collected through questionnaires
administered by trained investigators. All research centers, which participated in your study, had the same stand-
ards of biomarkers laboratory testing. Baseline clinical characteristics collected from patients included age, body
mass index (BMI), comorbidities (diabetes, yes/no; hypertension, yes/no; and coronary heart disease, yes/no),
tumor-related information (family history of cancer, tumor stage, surgery, yes/no; radiation therapy, yes/no;
chemotherapy, yes/no; immunotherapy, yes/no; and tumor metastasis, yes/no), Karnofsky performance status
(KPS), triceps skinfold thickness (TSF), and laboratory test indicators [C-reactive protein (CRP), fasting blood
glucose (FBQG), triglyceride (TG), total cholesterol (TC), low-density lipoprotein cholesterol (LDL-c), and high-
density lipoprotein cholesterol (HDL-c)].

The patient’s body measurements were obtained by clinicians or nurses, height and weight were measured
while the patients were wearing light hospital gowns and socks, and TSF was obtained by taking the average of
three measurements with a skinfold caliper. BMI was defined as the ratio of weight (kg) to height squared (m?).
Blood samples from patients were collected for analysis in the laboratory within 48 h prior to admission after
patients had fasted for at least 8 h prior to sample collection. The index of CAR and LCR were calculated by:
CRP/albumin and Lymphocyte/CRP, respectively. The TyG index was defined as Ln [TC (mg/dl) * FBG (mg/
dl)]/2. The ratios LDL-¢/HDL-c (LHR), TG/HDL-c, and TC/HDL-c were defined as: LDL-c/HDL-c, TG/HDL-c,
and TC/HDL-c, respectively.

Outcomes. Overall survival (OS), representing the study endpoint, was calculated from the date of diagno-
sis of cancer until death or last follow-up. Follow-up of patients was completed by follow-up staff.
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Variables ‘ BMI <24 (kg/m?)* ‘ Pvalue ‘ BMI >24 (kg/m?)* ‘ P value
CRP

CRP<10 1 1

CRP>10 1.81 (0.78-4.23) 0.170 2.39 (1.00-5.71) 0.049
CAR

CAR<0.24

CAR>0.24 2.06 (0.90-4.73) 0.089 2.85(1.23-6.60) 0.014
LCR

LCR<2321.9

LCR>2321.9 1.44 (0.67-3.12) 0.350 4.32 (2.06-9.06) <0.001
TyG

TyG<4.72 1 1

TyG>4.72 0.55(0.16-1.94) 0.350 2.87 (1.20-6.85) 0.017
LHR

LHR<3.20 1 1

LHR>3.20 2.06 (0.70-6.10) 0.192 2.91 (1.20-7.06) 0.018
TGH

TG/HDL-c<0.60 1 1

TG/HDL-c>0.60 3.78 (0.87-16.44) 0.077 2.61(0.34-19.92) 0.355
TCH

TC/HDL-c<3.81 1 1

TC/HDL-c>3.81 0.62 (0.26-1.48) 0.285 1.58 (0.77-3.25) 0.211

Table 3. Survival analysis stratified by different BMI groups. CRP C-reactive protein, LHR LDL-c/HDL-c
ratio, HDL-c high-density lipoprotein cholesterol, LDL-c low-density lipoprotein cholesterol, HR hazards
ratio, CI confidence interval, BMI body mass index, KPS karnofsky performance status, TSF triceps skinfold
thickness. *Adjusted for age, tumor stage, KPS, surgery, chemotherapy, radiotherapy, immunotherapy, family
history of cancer, tumor metastasis, diabetes, hypertension, coronary heart disease, and TSE.

Statistical analyses. Data are shown as percentages, mean + standard deviation, or median * interquartile
interval. Baseline characteristics of obese and nonobese populations were compared using the chi-square test
and Fisher’s exact test for categorical variables and a t-test for continuous normal distribution variables (Wil-
coxon test for non-parametric variables). Cutoft values were generated by largest selected rank statistical analysis
method for continuous data (see Supplementary Fig. S1 online).

The prognostic AUC curves were performed to selcet the optimal inflammation index and IR index. The sur-
vival curves were calculated using the Kaplan-Meier method, and the level of significance was assessed using the
log-rank test. Associations between prognostic factors and OS were examined using multivariable Cox propor-
tional hazards regression models, and results were reported as hazard ratios (HRs) and 95% confidence intervals
(95% ClIs). We assessed confounding covariates by adding each covariate sequentially to the base model. Model
0: unadjusted; model 1: adjusted for BMI; model 2: adjusted for age, tumor stage, and BMI; model 3: adjusted
for age, tumor stage, BMI, KPS, surgery, chemotherapy, radiotherapy, immunotherapy, family history of cancer,
tumor metastasis, diabetes, hypertension, and coronary heart disease.; model 4: adjusted for age, tumor stage,
BMI, KPS, surgery, chemotherapy, radiotherapy, immunotherapy, family history of cancer, tumor metastasis,
diabetes, hypertension, coronary heart disease, and TSE.

All P values were two-sided. P values less than 0.05 were considered statistically significant. All statistical
analyses were performed using the R software version 4.1.1.

Ethics approval. This study followed the Helsinki declaration. All participants signed an informed consent
form, and this study was approved by the Institutional Review Board of each hospital (Registration number:
ChiCTR1800020329).

Scientific Reports |

(2023) 13:4303 | https://doi.org/10.1038/s41598-023-31450-w nature portfolio



www.nature.com/scientificreports/

Variables

All patients#

BMI <24 (kg/m?)*

BMI>24 (kg/m?)*

Adjusted HR (95% CI)

P value

Adjusted HR (95% CI)

P value

Adjusted HR (95% CI) | Pvalue

CRP and LHR

Low CRP and low LHR

1

1

1

Low CRP and high LHR or
high CRP and low LHR

2.48 (1.44-4.27)

0.001

2.23 (0.95-5.27)

0.066

2.42 (1.15-5.09)

0.020

High CRP and high LHR

2.56 (0.88-7.51)

0.086

1.93 (0.39-9.54)

0.419

4.75(0.97-23.3)

0.055

P for trend

0.003

0.139

0.005

CAR and LHR

Low CAR and low LHR

1

1

1

Low CAR and high LHR
or high CAR and low LHR

221 (1.27-3.87)

0.005

2.05 (0.85-4.94)

0.111

2.13 (0.99-4.58)

0.054

High CAR and high LHR

3.91(1.56-9.81)

0.004

2.68 (0.66-10.88)

0.168

8.80 (2.19-35.31)

0.002

P for trend

<0.001

0.056

0.001

LCR and LHR

High LCR and low LHR

1

1

1

Low LCR and low LHR or
high LCR and high LHR

2.30 (1.36-3.87)

0.002

1.44 (0.64-3.25)

0.382

3.61 (1.69-7.69)

0.001

Low LCR and high LHR

3.89 (1.65-9.21)

0.002

2.32(0.59-9.14)

0.231

7.79 (2.42-25.11)

0.001

P for trend

<0.001

0.175

<0.001

CRP and TG/HDL-c

Low CRP and Low TG/
HDL-c

Low CRP and high TG/
HDL-c or high CRP and
low TG/HDL-c

2.64 (0.81-8.62)

0.109

2.55(0.57-11.52)

0.223

2.30 (0.3-17.71)

0.424

High CRP and high TG/
HDL-c

5.91 (1.69-20.61)

0.005

5.33 (1.07-26.69)

0.042

5.44 (0.62-47.42)

0.126

P for trend

0.001

0.021

0.032

CAR and TG/HDL-c

Low CAR and low TG/
HDL-c

Low CAR and high TG/
HDL-c or high CAR and
low TG/HDL-c

2.52(0.77-8.25)

0.127

2.46 (0.54-11.13)

0.242

2.24(0.29-17.32)

0.438

High CAR and high TG/
HDL-c

6.50 (1.88-22.44)

0.003

5.84 (1.18-28.92)

0.031

6.32 (0.73-54.51)

0.094

P for trend

<0.001

0.011

0.011

LCR and TG/HDL-c

High LCR and low TG/
HDL-c

Low LCR and low TG/
HDL-c or high LCR and
high TG/HDL-c

2.18 (0.66-7.17)

0.200

2.34(0.51-10.7)

0.273

1.56 (0.2-12.24)

0.673

Low LCR and high TG/
HDL-c

5.55 (1.64-18.72)

0.006

3.79 (0.79-18.11)

0.095

6.69 (0.84-53.17)

0.072

P for trend

<0.001

0.062

<0.001

Table 4. Combined survival analysis of prognostic systemic and IR indicators. CRP C-reactive protein, LHR
LDL-c/HDL-c ratio, HDL-c high-density lipoprotein cholesterol, LDL-c low-density lipoprotein cholesterol, HR
hazards ratio, CI confidence interval, BMI body mass index, KPS karnofsky performance status, TSF triceps

skinfold thickness. *Adjusted for age, tumor stage, KPS, surgery, chemotherapy, radiotherapy, immunotherapy,
family history of cancer, tumor metastasis, diabetes, hypertension, coronary heart disease, and TSE.

Data availability

The datasets generated during and/or analysed during the current study are available from the corresponding
author on reasonable request.
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