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Abstract
Objective  The main goal of the present research is to explore the potential link of body mass index (BMI) with different 
survival metrics in breast cancer patients. Our aim is to offer the latest and most thorough meta-analysis, assessing the strength 
and reliability of the connection that BMI has with prognostic indicators in this disease.
Patients and methods  As of January 2024, we conducted a systematic literature search across PubMed, Embase, Web of 
Science, and the Cochrane Library databases. Our search aimed to identify studies examining BMI as an exposure factor, with 
breast cancer patients constituting the study population, and utilizing adjusted hazard ratio (HR) as the data type of interest.
Results  The evidence synthesis incorporated a total of 61 eligible articles involving 201,006 patients. Being underweight 
posed a risk factor for overall survival (OS) in breast cancer patients compared to normal weight (HR 1.15, 95% CI 0.98–1.35; 
P = 0.08). Overweight or obesity, in comparison to normal weight, was a risk factor for OS (HR 1.18, 95% CI 1.14–1.23; 
P < 0.00001), disease-free survival (DFS) (HR 1.11, 95% CI 1.08–1.13; P < 0.00001), relapse-free survival (RFS) (HR 1.14, 
95% CI 1.06–1.22; P = 0.03), and breast cancer-specific survival (BCSS) (HR 1.18, 95% CI 1.11–1.26; P < 0.00001), but not 
for progression-free survival (PFS) (HR 0.91, 95% CI 0.76–1.10; P = 0.33). Notably, in subgroup analyses, overweight patients 
achieved prolonged PFS (HR 0.80, 95% CI 0.64–0.99; P = 0.04), and compared to the obese population, the overweight cohort 
exhibited a significant difference in OS (HR 1.11, 95% CI 1.05–1.16; P < 0.00001) and DFS (HR 1.06, 95% CI 1.03–1.10; 
P = 0.0004), with a considerably stronger association. Furthermore, compared to HER- patients, HER + patients exhibited a 
greater predictive value for OS (HR 1.23, 95% CI 1.10–1.37; P = 0.0004), RFS (HR 1.30, 95% CI 1.03–1.64; P < 0.00001), 
and DFS (HR 1.10, 95% CI 1.03–1.17; P = 0.003).
Conclusions  The results of our meta-analysis reveal a notable association between BMI and various survival measures in 
breast cancer prognosis. These findings provide a solid basis for predicting breast cancer outcomes and implementing more 
effective therapeutic approaches.
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Introduction

Breast cancer remains the most prevalent cancer type 
and the primary cause of cancer-related deaths among 
women worldwide [1]. The latest global cancer statistics 
from 2022 reveal a shift where female breast cancer has 
surpassed lung cancer, becoming the most common form 
of cancer [2]. Projections suggest that the global incidence 
of breast cancer in women is likely to continue rising by 
2035 [3]. Epidemiological research has highlighted a 
notable increase in breast cancer incidence rates among 
women under 50 who balance professional careers and 
family obligations [4]. Identifying risk factors associated 
with the incidence and prognosis of breast cancer is, 
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therefore, a pressing issue. Recent research has explored 
various risk factors, including age [5], dietary habits [6], 
smoking [7], alcohol consumption [8], among others, 
that may influence the development and outcomes of this 
disease. Alcohol consumption, obesity, physical inactivity, 
and excess weight play crucial roles in about 21% of breast 
cancer fatalities worldwide [9]. Numerous investigations 
have examined the influence of body mass index (BMI) on 
survival outcomes in breast cancer patients.

BMI, a globally recognized metric for assessing physical 
obesity and overall health status, has been identified as a 
prognostic risk factor for breast cancer in postmenopausal 
women [10]. Numerous investigations have demonstrated 
that interventions, such as exercise, weight loss through 
dietary changes, increased physical activity, and 
psychosocial support, can significantly enhance the quality 
of life for breast cancer survivors [11].

In a retrospective analysis of a research involving 
3891 primary breast cancer cases (stages I to IV), Chen 
et al. [12] concluded that a low BMI was an independent 
prognostic factor for overall survival (OS) among younger 
patients. However, in a retrospective analysis of 418 triple-
negative breast cancer (TNBC) patients, the relationship 
between BMI and OS or relapse-free survival (RFS) was 
not statistically significant [13]. A separate retrospective 
analysis involving 501 TNBC patients corroborated this 
finding, concluding that the presence of diabetes and BMI 
did not significantly impact the survival outcomes of TNBC 
patients [14]. Additionally, Pezo et al. determined through 
a large retrospective cohort analysis of 11,601 breast cancer 
patients that BMI had no significant effect on OS [15].

The relationship between baseline BMI and patient sur-
vival is complex, as its prognostic significance can be influ-
enced by factors, such as hormone receptor status [16], meno-
pausal status [17], and different treatment modalities. In the 
non-docetaxel-based chemotherapy group, no significant cor-
relation was observed between BMI and disease-free survival 
(DFS) or OS [18]. Conversely, within the docetaxel-based 
adjuvant chemotherapy group, an increase in BMI category 
was associated with a decrease in both DFS and OS. Similarly, 
overweight or obese premenopausal patients did not exhibit a 
statistically significant benefit from anastrozole treatment in 
the ABCSG-12 trial [19]. However, in the large international 
trial BIG 1-98, BMI was found to have no impact on the effi-
cacy of trozole compared to tamoxifen over a 5-year period 
[20]. Thus, the association between BMI and breast cancer 
prognostic risk remains a topic of ongoing debate. To address 
this, we present a pooled analysis involving the retrieval and 
extraction of current data, categorizing patients into under-
weight, normal weight, overweight, and obese groups based 
on their BMI values. Our objective is to enhance the accuracy 
and reliability of our findings through a more comprehensive 
synthesis and analysis of the data.

Materials and methods

Data sources and search

We conducted the study in accordance with the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA 2020) [21] guidelines, and it was prospectively 
registered with PROSPERO (CRD42023492002). We 
performed a systematic literature search in PubMed, 
Embase, Web of Science, and Cochrane Library up to 
January 2024 for English language studies that compared 
the effect of BMI on breast cancer patients. The search 
terms used were “breast neoplasms”, “Body Mass Index”, 
“obesity”, “prognosis”, “randomized controlled trial”, 
“controlled clinical study” and “clinical study”. Detailed 
search strategies are provided in Supplementary Table S1. 
Additionally, we carefully reviewed the reference lists of 
all eligible studies. Two researchers independently searched 
and evaluated the literature, and all discrepancies during the 
literature search were resolved by consensus.

Identification of eligible studies

The studies included research meeting specific criteria: 
(1) studies involving women diagnosed with breast cancer 
through histopathology, aged 18 or older; (2) incorporation 
of BMI as an exposure factor with clear definitions and 
stratification criteria; (3) availability of adequate data 
to report hazard ratios (HR); (4) evaluation of at least 
one survival indicator, such as overall survival (OS), 
recurrence-free survival (RFS), progression-free survival 
(PFS), disease-free survival (DFS), or breast cancer-specific 
survival (BCSS); (5) adoption of randomized controlled, 
cohort, or case-control study designs. Studies were excluded 
primarily for: (1) patients with severe illnesses impacting 
survival outcomes other than breast cancer; (2) inability to 
extract BMI-related data; (3) data unattainability; (4) lack 
of full-text access; (5) inclusion of reviews, letters, editorial 
comments, case reports, conference abstracts, pediatric 
articles, unpublished, or non-English articles.

Data extraction

Two researchers independently extracted data, resolving 
discrepancies through discussion or consultation with a 
third reviewer (Qiu-Shuang Li). The extracted information 
from studies encompassed the first author, publication 
year, study duration, country, design, sample size, age, 
BMI classification, breast cancer type, overall prognosis-
related data, and subgroup data. Studies related to BMI 
data included OS PFS, DFS, RFS, and BCSS. When data 
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were missing or unreported, corresponding authors were 
contacted for complete information. Pre-diagnostic HR data 
took precedence over post-diagnostic HR data. Furthermore, 
when studies presented both univariate and multivariate 
analyses, the multivariate analysis data were selected.

Quality assessment

Data extraction was independently carried out by two 
researchers, Yu-huan Kong and Jing-yi Huang, utilizing 
predefined tables to assess quality. The Newcastle–Ottawa 
Scale (NOS) [22] evaluated the included cohort studies' 
quality. For randomized controlled trials (RCTs) inclusion, 
the Cochrane Collaboration tool assessed six bias domains: 
selection, performance, detection, attrition, reporting, and 
other biases [23]. Studies were graded low, moderate, or 
high quality based on NOS or Cochrane scores. NOS scores 
ranged 0–3 (low), 4–6 (moderate), 7–9 (high), while RCTs 
were categorized as low, unclear or high risk across the 
aforementioned domains.

Exposure definition

BMI was computed using the formula: weight (kg) divided 
by the square of height (m2). Following the World Health 
Organization (WHO) classification criteria, BMI categories 
were defined as: underweight (BMI < 18.5 kg/m2), normal 
range (18.5 kg/m2 ≤ BMI ≤ 24.9 kg/m2), overweight (25.0 
kg/m2 ≤ BMI ≤ 29.9 kg/m2), and obese (BMI ≥ 30 kg/m2).

Statistical analysis

In the meta-analysis of BMI-related data, the HR 
value for any survival indicator was utilized. The study 
categorized participants into four groups: underweight, 
normal weight, overweight, and obese. If there are HRs 
for multiple comparison groups in an article, all of them 
will be extracted and included in the meta-analysis. Data 
synthesis was conducted using Review Manager version 
5.4 (Cochrane Collaboration, Oxford, UK), with all 
metrics reported along with a 95% confidence interval 
(CI). The I2 value and Cochran's Q statistic were utilized 
to evaluate the heterogeneity across studies and quantify 
the extent of inconsistency. Substantial heterogeneity was 
defined as an I2 > 0.5 or P < 0.1 in the Q test [24]. In 
instances where substantial heterogeneity was present, the 
fixed effects model was utilized. Conversely, the random 
effects model was employed in other circumstances [25]. 
Sensitivity analyses were also performed to assess the 
influence of individual studies on outcomes with significant 
heterogeneity. Funnel plots were generated using Review 
Manager version 5.4 (Cochrane Collaboration, Oxford, UK) 

to evaluate publication bias, while Egger's regression test 
[26] was conducted using Stata version 17.0 (Stata Corp, 
LLP, College Station, TX, authorized by School of Public 
Health, Zhejiang Chinese Medicine University). P < 0.05 
indicated statistically significant publication bias.

Results

Study selection and characteristics

The process of researching and screening results is 
illustrated in Figure 1. 8764 records were identified from 
PubMed (n = 2118), Embase (n = 2370), Web of Science (n 
= 3136), and Cochrane Library (n = 1133). After removing 
duplicates, 5759 titles and abstracts underwent screening. 
Subsequently, 61 full-text articles were selected for meta-
analysis, excluding non-original studies and those lacking 
HR values for relevant outcome indicators. Among these, 
3 were randomized controlled trials [18, 27, 28] and 58 
were cohort studies, comprising 48 retrospective cohort 
studies [12,15, 20, 29–73] and 10 prospective cohort studies 
[74–83].

The characteristics and quality scores of each study are 
detailed in Supplementary Table S2. The median quality 
score for cohort studies was 8 (range 6–9), with 2 studies 
scoring 9, 15 scoring 8, and 15 scoring 7, indicating a 
moderate overall quality level. Regarding the randomized 
controlled trials, one was classified as low-risk, and two 
as medium-risk. Supplementary Table S3 provides further 
information on the quality assessment of cohort studies 
and Supplementary Figure S1 shows details of the quality 
assessment of RCTs.

Impact of BMI on OS

The data presented in Figure  2 demonstrate a significant 
association for patients with higher BMI compared to those 
with normal BMI. A total of 50 studies [12, 15, 18, 20, 27, 
28, 30–37, 39–42, 45–53, 55, 56, 59–66, 68–70, 72, 74–80, 
82, 83] (including 96 data points) reported HR for OS. The 
combined analysis revealed an HR of 1.18 (95% CI 1.14–1.23; 
P <0.00001), indicating a statistically significant difference 
between the two groups, with BMI and OS being negatively 
correlated (Figure  2A). Considerable heterogeneity was 
observed between these groups (I2 = 59%, P <0.00001). 
Visual assessment of the funnel plot did not reveal substantial 
publication bias (Supplementary Figure S2A), whereas the 
Egger test yielded statistical significance (P = 0.001).

Figure 2B illustrates the analysis outcomes comparing 
underweight and normal weight patients. The inclusion of 
8 studies [12, 37, 42, 46, 53, 55, 69, 82] (including 10 data 
points) with an I2 value of 0% revealed a HR of 1.21 (95% 
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CI: 1.11–1.31; P <0.00001), indicating a statistically signifi-
cant difference between these two groups at a P threshold 
of 0.05. Visual inspection of the funnel plot did not suggest 
substantial publication bias (Supplementary Figure S2B), 
and the Egger test result was not statistically significant (P 
= 0.068).

Impact of BMI on RFS

A total of 6 studies [41, 45, 55, 71, 81, 84] (including 
10 data points) reported the RFS data comparing high 
BMI to normal BMI patients. The synthesized evidence 
demonstrated that high BMI was significantly associated 
with shortened RFS (HR: 1.14; 95% CI: 1.06–1.22; P = 
0.0002), without substantial heterogeneity (I2 = 11%, P = 
0.35) (Figure 2C). Furthermore, no statistical (Egger's test, 
P = 0.584) or visual (Supplementary Figure S2C) evidence 
of publication bias was observed.

Impact of BMI on PFS

Merely 7 studies [29, 54, 57, 65, 74, 78, 80] (comprising 
9 data points) reported PFS data. The pooled analysis 

demonstrated a hazard ratio of 0.91 (95% CI 0.76–1.10; 
P = 0.33), suggesting no significant association between 
PFS and high BMI. However, substantial heterogeneity 
existed between the two groups (I2 = 73%, P = 0.0003) 
(Figure 2D). Visual examination of the funnel plot did 
not indicate significant publication bias (Supplementary 
Figure S2D), corroborated by the non-significant Egger's 
test result (P = 0.628).

Impact of BMI on DFS

An analysis of 31 studies [12, 18, 20, 27, 30–32, 34–36, 
38, 41–44, 48, 51–53, 59, 60, 62–64, 67, 68, 70, 72, 76, 
79,   83] (encompassing 58 data points) investigated the 
impact of high BMI versus normal BMI on DFS. The 
synthesized evidence revealed a hazard ratio of 1.11 (95% 
CI 1.08–1.13; P <0.00001), suggesting that high BMI was 
associated with shortened DFS. Significant heterogeneity 
existed between the two groups (I2 = 34%, P =0.008) 
(Figure 2E). While visual inspection of the funnel plot did 
not indicate substantial publication bias (Supplementary 
Figure S2E), the Egger's test detected the presence of 
publication bias (P = 0.032).

Fig. 1   Flowchart of study selection
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Impact of BMI on BCSS

A total of 6 studies [37, 46, 56, 69, 82, 84] (encompassing 
13 data points) were included for analyzing the outcome 
indicator of BCSS. The combined analysis yielded a HR 
of 1.18 (95% CI 1.11–1.26; P <0.00001), suggesting that 
higher BMI was associated with shorter BCSS (I2 = 43%, P 
=0.05) (Figure 2F). Visual assessment using the funnel plot 
(Supplementary Figure S2F) and the Egger's test did not 
indicate significant publication bias (P = 0.118).

Subgroup analysis

The investigation into the source of heterogeneity involved 
analyzing seven factors: BMI categorization, study 
design, study population, treatment discrepancies across 
regions, age distribution, and menopausal status. These 
precise details are documented in Table  1. In the BMI 
categorization subgroups, depicted in Table 1, all studies 
were categorized into three groups according to the World 
Health Organization (WHO) guidelines for elevated BMI, 
utilizing the specific BMI thresholds from each study. Since 
there was a lack of data for BMI ≥ 40 kg/m2 in the included 
studies, it was combined with the BMI ≥ 35 kg/m2 category.

The initial segment investigated the comparison between 
high BMI and normal BMI. In the examination of OS, 
irrespective of study type, population demographics, 
geographical region, treatment, and age, the subgroup 
analysis consistently indicated a negative correlation 
between high BMI and OS, with statistically significant 
differences. Nevertheless, the statistical significance 
diminished within the BMI range of 25 to 29.9 kg/m2 and 
across different menopausal statuses. Regarding RFS, 
subgroup data from the HER2-negative subgroup, Asian 
region, standard treatment group, and all menopausal status 
categories contradicted the overarching conclusion that 
"high BMI is not significantly linked to RFS." Conversely, 
the subgroup analysis of PFS did not reveal a significant 
association between PFS and BMI in hazard ratios from both 
prospective and retrospective studies, the HER2-positive 
population, all classified regions (Africa, Asia, Europe, and 
America), and all age groups. Notably, within the BMI range 
of 25 to 29.9 kg/m2 and the group with BMI ≥ 50, higher 
BMI corresponded to a prolonged PFS. In the examination 
of DFS data, the findings were largely consistent, except for 
discrepancies in the HER2-negative subgroup and standard 
therapy group; all other cohorts corroborated the general 
observation that high BMI inversely correlated with DFS. 
Lastly, across analyses of BCSS, all subgroup assessments 
aligned with the overarching conclusion that high BMI was 
associated with reduced BCSS.

The second segment involves comparing lower BMI with 
normal BMI in subgroup analysis, considering factors, such 

as study type, treatment, and age. The consistent finding was 
that low BMI was associated with a shortened OS. However, 
within the HER2-positive subgroup in the American region 
and among premenopausal individuals, the data did not 
demonstrate an inverse relationship between low BMI and 
OS.

Sensitivity analysis

We conducted sensitivity analyses for OS and PFS to 
evaluate the impact of individual studies on the overall 
combined effect size by excluding them one by one. The 
results remained stable even after excluding any OS/PFS 
data indicating that our findings were robust and stable, as 
illustrated in Supplementary Figure S3A and Supplementary 
Figure S3B.

Discussion

The prevalence of obesity has seen a marked rise in recent 
decades [85], with projections signaling that obesity rates 
will touch 20% by 2025 [86]. BMI is widely accepted as a 
significant risk factor for the development and progression 
of breast cancer [87]. Despite recent studies indicating a 
potential link, the relationship between BMI and breast 
cancer prognosis continues to be extensively debated. 
Research by Tan X et al. demonstrated that BMI does not 
notably impact the prognosis of breast cancer patients in 
Asian populations [88]. However, recent meta-analyses 
involving breast cancer patients [89] and 22,362 Asian 
premenopausal women [90] both underscored that elevated 
BMI significantly influences prognosis. Within this specific 
context, we undertook an updated and comprehensive 
systematic review and meta-analysis of 60 studies, 
encompassing a total of 201,006 patients. Our findings have 
yielded several significant insights.

The current meta-analysis investigated the correlation 
between BMI and the prognosis of breast cancer patients. 
Our results indicate that being underweight, rather than hav-
ing a normal weight, significantly reduces OS in breast can-
cer patients. Furthermore, the forest plot analysis illustrated 
that a high BMI poses a risk for OS, DFS, RFS, and BCSS. 
However, no significant link was found between high BMI 
and PFS. Sensitivity analyses evaluating publication bias 
indicated a low risk for the outcome measures of OS and 
PFS. Hence, we suggest that BMI status could be considered 
as one of the prognostic factors for breast cancer.

To further evaluate the predictive value of BMI 
for outcomes in breast cancer patients with different 
characteristics, we conducted subgroup analyses. Compared 
to other survival outcome measures, notable differences 
were observed across most subgroups of OS, DFS, and 
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BCSS, indicating that BMI may hold greater relevance for 
these particular measures. The heterogeneity within the 
obese patient group results in varying effects on patient 
prognosis, may depend on the degree of obesity [30]. We 
performed analyses of different BMI ranges and found that, 
in terms of OS and DFS, high BMI had a more significant 
impact on the overweight group (25 ≤ BMI ≤ 29.9 kg/m2) 
compared to the other two groups: 30≤BMI≤34.9 kg/m2 and 
BMI ≥ 35 kg/m2. This finding contradicts previous studies 
suggesting a U-shaped association between BMI and OS 
[91]/DFS [92]. The inconsistent conclusion may be partially 
attributed to variations in the inclusion of studies. Moreover, 
the subgroup analysis revealed a noteworthy finding that 
overweight patients demonstrated significantly prolonged 
PFS (HR 0.80, 95% CI 0.64–0.99; P = 0.04), which is 
similar to the results of previous meta-analyses [93]. Further 
subgroup analysis showed that, across different breast cancer 
subtypes, high BMI was significantly associated with OS HR 
1.23, 95% CI 1.10–1.37; P = 0.0004), RFS (HR 1.30, 95% 
CI 1.03–1.64; P < 0.00001), and DFS (HR 1.10, 95% CI 
1.03–1.17; P= 0.003) in HER2+ patients. In HER2- patients, 
DFS was non-significant (HR 1.03, 95% CI 0.92–1.15; P 
= 0.58), so it is speculated that BMI may have a higher 
predictive value in HER2+ patients. Our research findings 
also suggest that the impact of obesity varies across different 
age groups. Specifically, patients aged ≥50 demonstrated 
a more pronounced correlation in terms of RFS (HR 1.15, 
95% CI 1.04–1.27; P = 0.005). The correlation may stem 
from the exacerbation of overweight issues as individuals 
age [12].

Elevated BMI poses a risk factor for OS, DFS, RFS, 
and BCSS in this meta-analysis, potentially due to delayed 
diagnosis linked with advanced cancer stages or larger tumor 
sizes resulting from obesity [94]. The research findings 
have consistently revealed a positive association between 
high BMI and advanced breast cancer stages, alongside 
an amplified tendency for lymph node metastasis among 
patients [56]. The study results demonstrate a consistent 
positive relationship between elevated BMI, advanced 
breast cancer stages, and an increased likelihood of lymph 
node metastasis in patients. According to mechanistic study 
findings [42], the escalation in lymph node metastases 
among obese patients is associated with heightened 
aromatase activity in hypertrophic adipose tissue and 
augmented peripheral transforming androgen precursors 
of estradiol, owing to diminished sex hormone-binding 
globulin levels. Additionally, obesity contributes to an 

upsurge in insulin concentrations, as well as insulin growth 
factor and obesity-related regulatory proteins, thereby 
prompting the development of insulin resistance [95, 96]. 
Furthermore, reports indicate that obesity can induce a 
phenotypic conversion of PD-1-CD8+ non-depleting T 
cells to PD-1+ CD8+ depleting T cells, thus facilitating the 
progression of breast cancer [97]. In HER+ patients, OS 
and DFS exhibited a more pronounced predictive capacity, 
which may be related to the fact that crosstalk between 
leptin and IGF-1 can lead to overactivation of the HER2 
pathway, regulate the phosphorylation of HER2, diminish 
the sensitivity of targeted therapy, and heighten the risk of 
disease recurrence [98–100]. It is important to discuss that 
patients with a higher BMI show prolonged PFS compared 
to RFS and DFS. Obesity generally has a detrimental 
effect on cancer progression by altering adipokines, 
insulin metabolism, sex hormone levels, and causing 
inflammation[101, 102]. The "obesity paradox" might be 
attributed to less aggressive tumor biology and enhanced 
tumor reactivity [103]. Related studies have indicated that 
higher levels of adiponectin and estrogen can sustain chronic 
inflammation [104, 105]. This chronic inflammatory state 
can activate the immune system to attack tumor cells and 
temporarily control cancer progression [106]. Moreover, 
research has indicated that certain inflammatory molecules 
can have anti-tumor effects [107]. Furthermore, taking into 
account the scarcity of literature and the definitions of the 
three outcome measures, it is clear that PFS, in comparison 
to RFS and DFS, highlights the phase during which breast 
cancer does not show significant progression, but this 
does not necessarily reflect overall disease control [108]. 
When the disease progresses or treatment ends, factors 
that extend PFS may not prevent relapse, leading to shorter 
RFS and DFS. The findings of this study concur with other 
scholars' conclusions that methods to improve PFS might 
not effectively prevent tumor recurrence and should not be 
considered definitive indicators of cancer control [108]. 
Although PFS is widely used in clinical practice, researchers 
must assess whether extending PFS results in better long-
term disease outcomes [109].

The research also uncovered a noteworthy association 
between low BMI and diminished overall survival rates. At 
the outset, individuals categorized as underweight exhibit 
reduced physiological reserves, rendering them more 
susceptible to adverse events [110]. Moreover, underweight 
patients face an elevated likelihood of experiencing severe 
complications stemming from medications or surgical 
interventions [111, 112]. Being underweight hinders the 
healing process [113] and compromises the immune system's 
functionality, thereby weakening the body's capability to 
combat cancer [114]. Nevertheless, it is crucial to analyze 
each case individually, as the underweight category 
encompasses genetically slender yet healthy individuals, 

Fig. 2   Forest plots of outcomes: A overall survivala, B overall 
survivalb, C relapse-free survival, D progression-free survival, E 
disease-free survival, and F breast cancer-specific survival. Overall 
Survivala High BMI vs Normal BMI; Overall Survivalb Low BMI vs 
Normal BMI
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which may not entirely reflect their nutritional status 
accurately [12, 46].

It is important to recognize certain constraints associated 
with our present investigation. Despite analyzing nearly 
200,000 women, our statistical capacity was constrained 
when stratifying the study population by BMI, breast 
cancer type, age, menstrual status, and other variables. This 
constraint is notably prominent in the subgroup analysis 
exploring diverse treatments and their impacts on breast 
cancer prognosis. The unavailability of data in the report 
hindered our ability to conduct a detailed treatment survival 
analysis. Additionally, the insufficiency of data for studies 
involving low BMI could potentially introduce bias into our 
conclusions. Additionally, the meta-analysis did not consider 
confounding factors like dietary habits and physical activity 
in relation to BMI. It is crucial to highlight that BMI may not 
precisely reflect muscle mass or the distribution of relative 
fat mass.

Therefore, upcoming studies should contemplate 
integrating additional obesity metrics in conjunction with 
BMI. The primary robustness of this study emanates from 
its basis in a large-scale, top-notch, contemporary, multi-
regional meta-analysis of breast cancer patients—the 
most extensive to date—enabling result extrapolation. 
Furthermore, we have conducted a thorough analysis by 
simultaneously exploring the correlation between various 
survival metrics and breast cancer prognosis, surpassing 
the limitation of assessing only one metric. Moreover, we 
performed a multifactor subgroup analysis to evaluate the 
robustness of conclusions across diverse populations.

Conclusion

In summary, our research findings unveil a correlation 
between BMI and outcome measures for breast cancer 
patients. First, a significant association exists between 
elevated BMI (overweight and obesity) and diminished OS, 
DFS, RFS, and BCSS. Second, a low BMI poses a risk factor 
for reduced OS in breast cancer patients when compared 
to those with a normal BMI. Owing to restricted access 
to study data and potential bias, further investigations are 
necessary to substantiate the associations between outcome 
measures and varying BMI levels.
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