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Introduction

Breast cancer is the most frequently diagnosed cancer and leading cause of
cancer mortality among women globally. In 2022, China accounted for 18.2%
of global new cases and 18.6% of deaths, bearing the heaviest absolute burden.
While global survival rates are improving, these gains are concentrated in high-
income countries, leaving a widening gap with low- and middle-income regions.

The Human Development Index (HDI), a composite metric of life expectancy,
education, and income, is a powerful tool to explore socioeconomic disparities
in health outcomes. Although national-level ecological studies exist, large-scale,
multicenter analyses within a single country that adjust for individual clinical
characteristics are lacking.

China exhibits vast internal regional disparities, with HDI ranging from 0.53 to
0.88. This study aims to fill this critical gap by investigating the association
between prefecture-level HDI and breast cancer prognosis in a large, real-
world Chinese cohort, adjusting for key clinical and demographic confounders.

Methods and Materials

Study Design & Population: A retrospective cohort study using data from 40
breast cancer centers across 184 Chinese cities (2000-2021). After exclusions
(n=8,585), 25,514 patients were included.

Exposure: Residential Human Development Index (HDI) at the prefecture-level
city, sourced from the China Human Development Report. HDI was analyzed
both as a continuous variable (per 0.05-unit increase) and categorized into
tertiles: Low (£0.762), Medium (0.763-0.818), High (=0.819).

Outcomes: Progression-Free Survival (PFS) and Overall Survival (OS).
Statistical Analysis:

Survival Analysis: Kaplan-Meier curves with log-rank tests.

Association: Multivariate Cox proportional hazards models to calculate Hazard
Ratios (HR) and 95% Confidence Intervals (Cl). Models were sequentially
adjusted for pathological type, Ki67, molecular subtype, TNM stage, age, family
history, and history of other tumors (Model 3 = fully adjusted).

Subgroup Analysis: Stratified by age, pathological type, Ki67, molecular
subtype, TNM stage, family history, and tumor history.
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both as a continuous variable (per 0.05-unit increase) and categorized into
tertiles: Low (£0.762), Medium (0.763-0.818), High (=0.819).

Outcomes: Progression-Free Survival (PFS) and Overall Survival (OS).
Statistical Analysis:

Survival Analysis: Kaplan-Meier curves with log-rank tests.

Association: Multivariate Cox proportional hazards models to calculate Hazard
Ratios (HR) and 95% Confidence Intervals (Cl). Models were sequentially
adjusted for pathological type, Ki67, molecular subtype, TNM stage, age, family
history, and history of other tumors (Model 3 = fully adjusted).

Subgroup Analysis: Stratified by age, pathological type, Ki67, molecular
subtype, TNM stage, family history, and tumor history.

This study demonstrates that even within a single country with a unified
healthcare framework, subtle regional socioeconomic disparities, as measured
by HDI, are a powerful and independent predictor of long-term breast cancer
survival. The 46% lower mortality risk in high-HDI regions highlights a profound
structural determinant of health.

The effect is most evident in "intervenable" disease stages (I-111) and subtypes
(Luminal, HER2+), suggesting high-HDI regions excel in the full cancer care
continuum: upstream (public health literacy, screening), midstream (access to
specialists, standardized/targeted therapy), and downstream (follow-up,
adherence support).

These findings underscore that improving breast cancer outcomes requires
more than just clinical guidelines; it necessitates addressing the underlying
social and economic determinants of health through targeted resource
allocation and policies aimed at reducing regional development gaps.
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Regional Human Development Index (HDI) is a significant and independent
prognostic factor for breast cancer survival among Chinese women. Higher HDI
is robustly associated with superior progression-free and overall survival, even
after adjusting for key clinical and biological variables. This quantifiable
relationship provides a crucial foundation for developing differentiated
prevention and control strategies, optimizing healthcare resource allocation,
and ultimately advancing health equity in breast cancer care across diverse
regions.
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Figure 1. Flow chart of patients enrolimentfor the
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Figure 2. The geographical distribution map of
Chinese breast cancer patients diagnosed

Figure 5. Box plots showing (a)
progression-free survival (PFS)
and (b) overall survival

(OS) by tertiles of residential

Time

Figure 3. Kaplan—Meier survival curves of (a) PFS
and (b) OS in breast cancer patients stratified by

residential HDI tertiles. in breast cancer

patients. *P < 0.05, **P < 0.01,
***p < 0.001.
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Prognosis Analysis

PFS OS
Variable Count HR (95% CI) P value P for interaction HR (95% CI) P value P for interaction
Overall 15428 - : 0.884 (0.847 to 0.923) <0.001 - 0.861 (0.807 to 0.919) <0.001
Age E 0.732 0.25
>40 12855 =ia 0.883 (0.841 to 0.927) <0.001 0 0.855 (0.796 to 0.918) <0.001
<40 2573 - 0.895 (0.811 to 0.987) 0.026 . 0.886 (0.757 to 1.037) 0.131
Pathological Type : 0.042 0.034
Non-Invasive Cancer 1034 —;—-— 1.096 (0.864 to 1.389) 0.449 1.956 (0.961 to 3.981) 0.064
Invasive Cancer 14394 = E 0.878 (0.840 to 0.918) <0.001 = 0.853 (0.799 to 0.911) <0.001
Molecular Subtyping - 0.157 0.863
HER2 4331 - 0.857 (0.790 to 0.928) <0.001 e 0.751 (0.661 to 0.854) <0.001
Luminal 9316 - 0.896 (0.843 to 0.951) <0.001 - 0.914 (0.832 to 1.004) <0.002
TNBC 1781 - 0.901 (0.815 to 0.996) 0.041 —-t 0.902 (0.794 to 1.024) 0.111
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Figure 4. Forest plot of subgroup analyses to explore the impact of human development index (HDI)
per 0.05-unit higher on prognosis in breast cancer patients.

Table 1. Hazard ratios (95% Cls) for breast cancer prognosis per 0.05-unit higher
HDI and by HDI tertiles in four adjustment models.

American Assoclation

human development index (HDI)

PFS HDI
Per 0.05 increase Low Medium High P trend
Model 0 (N=25515) 0.828(0.798 o 0.859) 1. O(referent) O0.889%(0.8161t00.970) 0.545(0.492 to 0.604) <0.001
Model 1 (N=15823) 0.879(0.843 10 0.917) 1. O(referent) 0.868(0.789 t0 0.955) 0.620(0.549 to 0.699) <0.001
Model 2 (N=15823) 0.886(0.849 10 0.924) 1. O(referent) 0.875(0.795t0 0.963) 0.633(0.561to0.715) <0.001
Model 3 (N=15428) 0.884(0.847 10 0.923) 1 O(referent) 0.871(0.788 to 0.962) 0.628(0.555t00.711)  <0.001
05 HDI
Per 0.05 increase Low Meidium High P trend
Model 0 (N=25515) 0.830(0.785 1o 0.878) 1.0(referent)  0.823(0.722 t0 0.938) 0.509(0.436 to 0.595) <0.001
Model 1 (N=15823) O0.871(0.819 to 0.927) 1.0(referent)  0.799(0.696 to 0.918) 0.535(0.445to 0.644) <0.001
Model 2 (N=15823) 0.871(0.818 to 0.927) l.0{referent)  0.798(0.695 10 0.917) 0.534(0.444 to 0.644) <0.001
Model 3 (N=15428) 0.861(0.807 to 0.919) 1.0{referent)  0.765(0.661 to 0.886) 0.538(0.444 to 0.651) <0.001

a low: =0.762; Medium: 0.763 to 0.818; High:= 0.819
Cl ,confidence interval; HR, hazard ratio; HDI, Human Development Index

b model 0: Models adjusted for Pathological type

c model 1: Models adjusted for ki67, Pathological type, Molecular subtyping, stage

d model 2: Models adjusted for ki67, Pathological type, Molecular subtyping, stage, age

e model 3: Models adjusted for ki67, Pathological type, Molecular subtyping, stage, Family

history of breast cancer, History of tumors, age
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