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Abstract
Background  Female breast cancer (FBC) is a well-known public health issue worldwide. However, male breast 
cancer (MBC), though rare, may be overlooked by both public health authorities and clinicians. Both diseases exhibit 
similarities, and understanding their behavior over time is crucial to grasping their annual impact on many citizens. 
Furthermore, analyzing if medical personnel are well allocated and influence disease outcomes in a limited setting 
such as the Public Health System (PHS) is of utmost importance.

Methods  This ecological study utilized secondary data from 2008 to 2020 to explore the relationship between the 
number of doctors per 100,000 inhabitants and mortality from FBC and MBC in Brazil. All data were sourced from 
Brazil’s PHS. Mortality rates were analyzed by age and standardized according to the World Health Organization’s 
population figures. The number of physicians was calculated per 100,000 inhabitants. A linear regression analysis was 
performed using a stepwise selection/backward elimination approach.

Results  Between 2008 and 2020, Brazil recorded 195,969 breast cancer-related deaths among adults, including 
2,220 male victims. The majority of these deaths occurred in the Southeast region among patients older than 50 
years. Although both MBC and FBC demonstrated increasing trends over the study period, no correlation was found 
between the number of physicians and mortality rates for MBC. Conversely, an increase in primary care physicians 
over the years was positively correlated with mortality rates for FBC (p < 0.05). In addition, the number of physicians in 
the PHS (β = -0.163; 95% CI: -0.240 to -0.085; p = 0.002), oncologists (β = -0.507; 95% CI: -0.881 to -0.134; p = 0.015), and 
radiotherapists (β = -6.402; 95% CI: -12.357 to -0.446; p = 0.039) all showed an inverse association with FBC mortality.

Conclusions  The increasing trends in FBC and MBC underscore the need for urgent monitoring. Lower FBC mortality 
correlates with higher numbers of physicians and specialized care, highlighting the critical role of healthcare 
workforce capacity and the strategic allocation of specialized personnel in enhancing patient outcomes.
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Introduction
Female breast cancer (FBC) is a well-known public health 
issue worldwide, affecting over 2  million women and 
resulting in 670,000 deaths globally in 2022 [1]. For 2023, 
it was estimated that 297,790 new cases would be diag-
nosed, and approximately 43,170 women would succumb 
to the disease in the US alone [2]. In Brazil, breast can-
cer is not only the most common cancer among women 
but also the leading cause of cancer-related deaths in the 
female population [3].

Male breast cancer (MBC), however, is a rare condition, 
accounting for approximately 0.2% of all male malignan-
cies [4] and a global estimated mortality risk of 0.34 per 
100,000 inhabitants. Remarkably, MBC was omitted from 
the GLOBOCAN estimates for 185 countries in 2020 and 
2022, complicating efforts to understand its behavior [5–
7]. In the US, for instance, about 2,800 cases are expected 
annually, many of which are diagnosed late, leading to 
high mortality rates [8]. Although data are sparse, Bra-
zil has noted an increase in MBC mortality from 2005 to 
20159. However, due to its rarity, MBC may still be over-
looked by public health authorities and clinicians.

Nevertheless, Brazil is a large and diverse country, 
marked by significant regional variations in healthcare 
quality and disease mortality [10, 11]. These disparities 
are influenced by various factors, including socioeco-
nomic status, access to medical services, and the avail-
ability of healthcare professionals. In the northern and 
northeastern regions, for example, limited resources and 
poorer infrastructure often lead to worse outcomes com-
pared to the more developed southern and southeastern 
regions. This underscores the importance of examining 
any phenomenon not only nationwide but also at the 
regional level [12–15].

Thus, the aim of this study was to analyze the trends in 
breast cancer mortality among both males and females in 
Brazil and its administrative regions from 2008 to 2020. 
The study also sought to correlate these trends with the 
number of physicians available to assess their impact on 
breast cancer outcomes.

Methods
Study design, variables, and data source
This ecological study used secondary data from 2008 
to 2020 to examine the relationship between the num-
ber of doctors per inhabitant and mortality from female 
and male breast cancer (FBC and MBC) in Brazil and its 
federative regions (North, Northeast, South, Southeast, 
and Midwest). All data were sourced from Brazil’s public 
health system, which boasts a data coverage of over 96% 
for the country [16].

The study included all deaths registered in the Brazil-
ian regions among the population aged 20 years and 
older—both male and female—from 2008 to 2020. These 

deaths were classified as breast cancer (C50) accord-
ing to the 10th revision of the International Classifica-
tion of Diseases (ICD-10) and recorded in the Mortality 
Information System. To ensure accuracy and avoid mis-
representation, all deaths were collected based on the 
residency of the deceased rather than the location of 
death [11].

The number of doctors was sourced from the National 
Registry of Health Establishments (Cadastro Nacional 
dos Estabelecimentos de Saúde do Brasil, CNES, in Por-
tuguese), and included all medical specialties directly 
linked to treatment, such as oncologists, radiotherapists, 
primary care physicians, gynecologists, and mastolo-
gists. Additionally, the resident population of each fed-
erative region was obtained from the Brazilian Institute 
of Geography and Statistics (IBGE, in Portuguese) [17]. It 
is important to note that the absolute number of doctors 
in the country is updated monthly; therefore, the aver-
age number of doctors per year was used for this analysis. 
The study period was chosen to ensure all variables were 
available and standardized, facilitating a better under-
standing of their dynamics.

All data were collected by two independent research-
ers (JHMS and LSP) between December 2022 and March 
2023. Although data were primarily extracted from pub-
lic health system databases, some variables required 
manual categorization. In cases of discrepancies, a third 
researcher (FA) was consulted to resolve the issue.

Statistical analysis
The mortality rate was calculated by dividing the total 
number of deaths by the resident population—by year, 
federative region, sex, and age group—and then multiply-
ing by 100,000 inhabitants. This rate was subsequently 
standardized using the World Health Organization 
(WHO) standard population [18]. Similarly, to enable 
more accurate comparisons, the number of physicians 
from the Public Health System (PHS) was converted 
into a rate per 100,000 inhabitants. For all variables stud-
ied, missing values were treated as null for calculation 
purposes.

Descriptive statistics were employed to characterize the 
rates by sex and age group for each federative region. The 
analysis utilized two measures of trend: the Percentage 
Change (PC) and the Annual Percentage Change (APC). 
To calculate the PC, the initial value of the adjusted rate 
for breast cancer mortality was subtracted from the final 
value; the result was then divided by the initial rate and 
multiplied by 100. For the APC, the slope (β) from the 
linear regression was used, as demonstrated by Fay et al., 
2006, and in previous studies [9, 19].

Linear regression was applied to examine the mortal-
ity trends over time. We then used multivariate regres-
sion using the stepwise forward selection strategy, where 
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mortality was the dependent variable, to evaluate its 
interaction with physician availability. The confidence 
level was set at 95%. Data tabulation and transformation 
were conducted using Microsoft Excel®, and statistical 
analysis was performed with Stata® (Stata Corp., College 
Station, USA) 15.0.

Ethical aspects
All data utilized in this project are secondary, sourced 
from the Brazilian Government. Given that the data are 
publicly accessible and available for unrestricted use, an 
ethical assessment by the Research Ethics Committee is 
not required, in accordance with the terms of Resolution 

No. 510 of the National Health Council (CNS), dated 
April 7, 2016 [20].

Results
Between 2008 and 2020, a total of 195,969 deaths from 
breast cancer were recorded among adults in Brazil, with 
2,220 of these fatalities occurring in males. During this 
period, the Southeast region accounted for nearly 50% of 
all recorded mortalities for both sexes, starkly contrast-
ing to the North region, where less than 5% of deaths 
were recorded. (Table  1) Additionally, age-wise analysis 
reveals that the majority of deaths occurred in individu-
als older than 50 years: 88.3% of male victims were over 
50, with 45.41% between 50 and 69 years of age; similarly, 
76.39% of female victims were over 50, with 45.68% in the 
50 to 69 age range. (Table 2)

Regarding the variation in mortality rates across the 
country, both male and female breast cancer showed 
upward trends over time; however, only the increase in 
male breast cancer was statistically significant (β = 0,146; 
CI95% 0,093–0,200; adjusted r² = 0,746; P < 0,001). 
(Fig. 1)

Finally, multiple regression models indicated diver-
gent findings for each type of cancer. No association 
was found between the number of physicians and mor-
tality rates for male breast cancer, suggesting no fit for 
the model. Conversely, both the year and the number of 
primary care physicians were positively associated with 
mortality rates for female breast cancer (β = 0.751; 95% 
CI 0.429–1.073; p-value = 0.001 and β = 0.174; 95% CI 
0.091–0.258; p-value = 0.002, respectively). In contrast, 
the total number of physicians in the Unified Health Sys-
tem (β = -0.163; 95% CI -0.240 to -0.085; p-value = 0.002), 
the number of oncologists (β = -0.507; 95% CI -0.881 to 
-0.134; p-value = 0.015), and radiotherapists (β = -6.402; 

Table 1  Male and female breast cancer mortality in Brazil during 2008–2020 according to federative region
Male Breast Cancer Mortality Standardized Mortality 

Rate
Absolute Number of Deaths Proportion of Deaths APC* AAPC (β) p value

2008 2014 2020 2008–2020 2008–2020
North 0,154 0,236 0,105 116 5,23% -31,82 0,00 0,772
Northeast 0,320 0,333 0,298 574 25,86% -6,83 0,01 0,044
Southeast 0,294 0,287 0,326 1047 47,16% 10,75 0,00 0,563
South 0,227 0,201 0,240 325 14,64% 5,51 0,00 0,472
Midwest 0,363 0,304 0,335 158 7,12% -7,94 0,00 0,916
Brazil 0,285 0,282 0,293 2220 100% 2,84 0,00 0,088
Female Breast Cancer Mortality Standardized Mortality 

Rate
Absolute Number of Deaths Proportion of Deaths APC* AAPC (β) p value

2008 2014 2020 2008–2020 2008–2020
North 12,666 14,233 15,766 7499 3,87% 24,48 0,41 < 0,001
Northeast 15,869 17,086 18,818 41,344 21,34% 18,58 0,31 < 0,001
Southeast 22,761 22,249 22,209 98,494 50,84% -2,43 0,54 0,103
South 21,617 22,604 22,284 34,077 17,59% 3,09 0,73 0,057
Midwest 18,348 20,788 19,942 12,335 6,37% 8,69 0,23 0,001
Brazil 20,031 20,491 20,835 193,749 100% 4,01 0,15 < 0,001

Table 2  Male and female breast cancer mortality in Brazil during 
2008–2020 according to standardized age group
Male Breast 
Cancer Mortality 
Standardized 
by age

Absolute 
number of 
deaths

Propor-
tion of 
deaths

APC AAPC 
(β)

p 
value

2008–2020 2008–
2020

20–39 years old 75 3,38% 30,56 0,003 0,833
40–49 years old 185 8,33% 12,16 0,359 0,262
50–69 years old 1008 45,41% -10,35 0,091 0,277
70 years and older 952 42,88% 20,37 0,132 0,060
Brazil 2220 100% 2,84 0,003 0,088
Female Breast 
Cancer Mortality 
Standardized by 
age

Absolute 
number of 
deaths

Propor-
tion of 
deaths

APC AAPC 
(β)

p 
value

2008–2020 2008–
2020

20–39 years old 14,152 7,30% 35,50517 2,739 < 0,001
40–49 years old 31,587 16,30% 6,593562 1,397 0,005
50–69 years old 88,504 45,68% 0,708872 3,321 0,005
70 years and older 59,506 30,71% 7,833479 4,578 < 0,001
Brazil 193,749 100% 4,01 0,146 < 0,001
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95% CI -12.357 to -0.446; p-value = 0.039) were all 
inversely associated with mortality from female breast 
cancer. (Table 3)

Discussion
Breast cancer remains a significant public health concern 
internationally, affecting both women and men [21]. This 
paper analyzes male and female breast cancer mortality 
among adults in Brazil from 2008 to 2020, finding a dis-
proportionate number of deaths in the South region of 
Brazil, with the majority occurring in individuals older 
than 50 years of age, regardless of sex. The multivariate 
regression model for female breast cancer identified mul-
tiple associations between physician numbers and mor-
tality rates.

Several considerations are necessary to interpret these 
findings. Firstly, the proportion of MBC deaths, approxi-
mately 1%, aligns with the literature [22]. However, the 
reported disproportion of deaths in the South region may 
reflect the uneven distribution of public health resources. 
Given that the Southeast is the wealthiest region, it is 
common for individuals to migrate there for better treat-
ment upon diagnosis, leading to an overrepresentation of 
deaths in this area—a phenomenon also observed with 
other diseases and neoplasms [11, 23, 24]. Although col-
lecting data based on residency rather than the location 
of death, as performed in this study, helps mitigate this 
effect, it is plausible that long-term migrants still artifi-
cially inflate mortality figures in more affluent regions.

Nevertheless, the prevalence of cases among older 
men aligns with current knowledge, as the average age 
of diagnosis is slightly younger than 71 years [22, 25–27]. 
Additionally, male breast cancer mortality has shown a 
positive trend across Brazil, indicating a gradual increase 
over time, although it did not reach statistical signifi-
cance. This trend corroborates findings from a previous 
time-trend analysis by our group, which also noted rising 
MBC mortality nationwide [9].

Furthermore, the vast majority of female deaths 
occurred in the 50–69 age group, which is the target 
demographic for breast cancer screening recommended 
by the country’s health guidelines [28]. However, the 
analysis reveals that all age groups experienced a rise 
in mortality from 2008 to 2020, confirming a general 
upward trend in breast cancer deaths nationwide. This 
has sparked discussions about broadening the screen-
ing age range to potentially reduce mortality rates [29]. 

Table 3  Multiple regression models for breast cancer mortality 
in men and women in Brazil during 2008–2020
Multiple regression.
Adjusted r² 0,000
Male Breast Cancer 
Mortality

No tendency fit for the model

Multiple regression
Adjusted r² 0,923
Female Breast Cancer 
Mortality

β CI95% p 
value

Amount of Physicians 
in the Unified Health 
System in Brazil

-0,163 -0,240 -0,085 0,002

Oncologists -0,507 -0,881 -0,134 0,015
Radiotherapists -6,402 -12,357 -0,446 0,039
Primary Care Physicians 0,174 0,091 0,258 0,002
Year 0,751 0,429 1,073 0,001

Fig. 1  Time Trend on Breast Cancer Mortality for women and men in Brazil during 2008–2020
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Currently, there is a discrepancy in screening recommen-
dations: the Ministry of Health advises mammograms for 
women aged 50–69—accounting for approximately 45% 
of all deaths in our study—while the Gynecology Soci-
ety recommends screening for all women over 40, which 
would cover more than 92% of cases [28, 30]. This differ-
ence underscores the need for further investigation into 
screening guidelines, considering factors like neoplasm 
aggressiveness associated with age and the cost-effective-
ness of expanding screening [31]. Moreover, treatment 
options and availability must also be considered, espe-
cially in light of significant advancements in breast can-
cer therapies, such as the use of targeted therapies, CDK 
4/6 inhibitors, and immunotherapy in selected cases. 
These treatments, while beneficial, come at a cost and 
pose challenges for integration into the public health sys-
tem and ensuring equitable access [32–39].

Third, it is noteworthy that the multiple regression 
model for male breast cancer did not reveal any asso-
ciation between the number of doctors and mortality 
rates nationwide. Given the rarity of MBC and the con-
sequently low number of cases—even over more than a 
decade—the detection of statistically significant trends 
remains challenging. In contrast, the model for female 
breast cancer mortality demonstrated high accuracy, with 
an adjusted R-squared greater than 0.9, and yielded sev-
eral compelling findings: positive associations with the 
progression over the years and the number of primary 
care physicians, alongside negative associations with the 
number of physicians in the unified health system, oncol-
ogists, and radiotherapists. Although these associations 
seem contradictory, they may indeed be complementary; 
a higher number of primary care doctors could correlate 
with increased death rates due to previously undiagnosed 
conditions, while more specialists likely lead to earlier 
and more effective treatments, thus reducing mortality 
rates. This suggests that the quantity and distribution of 
doctors might reflect broader disparities in healthcare 
across the country [40].

Finally, this paper has both strengths and limitations. 
To our knowledge, this is the first study to simultaneously 
examine the trends in female and male breast cancer 
mortality over time in Brazil and its regions in relation 
to the number of physicians. However, being an ecologi-
cal study, any extrapolation of these findings must be 
approached with caution: the results are not individu-
alized, and the models should serve as a foundation for 
future research to deepen understanding of the national 
context of breast cancer in Brazil rather than as definitive 
conclusions.

Conclusion
The observed trends of increasing female and male breast 
cancer (FBC and MBC) rates over time highlight the 
urgent need for continuous monitoring and enhanced 
interventions. Although the number of physicians did 
not correlate with mortality rates for MBC, a significant 
association was found between a lower FBC mortal-
ity rate and the overall number of physicians, as well as 
the availability of oncologists and radiotherapists. These 
findings underscore the critical role that medical work-
force capacity and specialized care play in improving 
patient outcomes, emphasizing the necessity for strategic 
resource allocation within the public healthcare system. 
These insights should inform future healthcare policies 
and support targeted efforts to reduce breast cancer mor-
tality rates for both men and women.
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