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The present study was conducted to evaluate the socioeconomic inequality related to lung cancer
mortality rates and trends between 2000 and 2015 according to gender in Brazil. We retrieved the
death records for cases of lung cancer (ICD-10 C33 C34) from 2000 to 2015 in adults age 30 years and
older in Brazilian Regions from official databases (DATASUS) and corrected for ill-defined causes. The
Prais-Winsten regression method and Pearson correlation were applied. The results were considered
statistically significant when p <0.05. The correlation between the lung cancer mortality rates and
the HDI decreased when the rates for the first and last years of the historical series were compared in
men (r=0.77; r=0.58) and women (r=0.64; r=0.41). However, the correlation between the trends in
the lung cancer mortality rates and the HDI was negative in men (r= - 0.76) and women (r= - 0.58),
indicating larger reductions (or smaller additions) among the Federative Units with the highest HDI,
in contrast to trends reflecting a greater increase in those with the lowest HDI. Our results suggest a

relevant inequality in the trends of mortality from lung cancer in Brazil.

Lung cancer is the leading cause of cancer death, accounting for 1.7 million deaths worldwide' and 26,498 deaths
in Brazil in 20152, Approximately 58% of lung cancer cases occur in less developed countries®.

Although smoking is acknowledged to be the main risk factor for lung cancer in the twentieth century*?, the
occurrence of the disease is also associated with air pollution, occupational exposures, socioeconomic status,

genetic factors, radiation and diet®.

Behavioral and environmental factors seem to influence lung cancer carcinogenesis’. According to the Global
Burden of Diseases, more developed regions, such as the United States and Europe, show higher lung cancer

mortality rates®. In Brazil, previous studies described higher disease mortality rates in the southern region

9,10

A study conducted in the city of Sdo Paulo found that mortality from this neoplasm is associated with socio-

economic factors’.

In contrast, previous studies reported larger reductions (or smaller increases) in lung cancer mortality rates
in regions with a highest human development index (HDI)'"'?, suggesting an unfavorable scenario. In Brazil,
reductions in the lung cancer mortality rates in men and increases in women were reported, with heterogeneity
in the rates according to region”'?. However, we did not find evidence of inequalities, as assessed by means of
the relationship between human development in the various regions and trends in lung cancer mortality in the
country. Little is known about the socioeconomic inequalities in lung cancer mortality rates among the Federative
Units of Brazil or about the changes that have occurred over time. Identifying inequalities in mortality trends,

and not just their magnitude, is important for identifying vulnerable populations.

Although Brazil has a successful history of decreased tobacco prevalence (GBD, 2017), due to the 1989 launch
of the national tobacco control program'*!4, studies are needed to evaluate the effectiveness of this public policy,
particularly if this policy has managed to equitably reduce lung cancer mortality rates across the country.

This study assessed the socioeconomic inequality related to the rates and trends in mortality from tracheal,

bronchial and lung cancer between 2000 and 2015 according to gender in Brazil.

IDepartment Epidemiology, School of Public Health, University of Sdo Paulo, Sdo Paulo, SP, Brazil. 2Department
of Health Education, Federal University of Sergipe, Lagarto, SE, Brazil. 3Institute of Natural Resources, Federal
University of Itajubd, Itajuba, MG, Brazil. “Group of Epidemiology and Statistics on Cancer, AC Camargo Cancer

Center, Sdo Paulo, SP, Brazil. “email: giseleunifei@gmail.com

Scientific Reports|  (2020) 10:19164 | https://doi.org/10.1038/s41598-020-76165-4

natureresearch


http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-020-76165-4&domain=pdf

www.nature.com/scientificreports/

Methods

We conducted a time-series study using lung cancer mortality information and population estimates for the
Federative Units and Brazil between 2000 and 2015. Mortality data were extracted from the Ministry of Health
Mortality Information System (SIM), provided by the Unified Health System Department of Informatics (Data-
sus)'. Population data were obtained from the Datasus website, which provides estimates from the Interagency
Health Information Network (RIPSA) at the expense of the Brazilian Institute of Geography and Statistics
(IBGE)'¢. HDI data were extracted from the United Nations Development Program (UNDP)". Records with
missing information about gender and age (0.06%) were excluded from the analysis.

Age-standardized mortality rates across the Federative Units and for Brazil were calculated for each of the
16 years in the series for both genders and for age groups 30 and older. Age-standardization was performed using
the direct method with the standard world population modified by Doll'®.

We included deaths from tracheal, bronchial and lung cancer, codes C33 and C34 of the International Clas-
sification of Diseases, 10th edition (ICD-10). Proportional redistribution was applied to correct for unknown,
incomplete or poorly defined diagnostic categories. This technique consists of proportionally redistributing the
deaths coded in each chapter of the ICD-10 among the deaths from specified causes, according to age groups
and excluding external causes. For example, all deaths from unspecified upper respiratory tract cancer were
redistributed according to age, year, gender, and Federation Unit among deaths from tracheal, bronchial and lung
cancer, according to the proportion of deaths from this cause among the total number of deaths with specified
causes. However, considering that cancer death records are often more satisfactorily reported than other causes
of death (due to their chronic nature and demand for medical and hospital care), and to avoid overestimation of
the number of cases, lung cancer was attributed to 50% of the calculated weight corresponding to neoplasms in
each gender, age, year, Federation Unit and cancer type group®. The process consisted of 3 steps:

(1) Redistribution of deaths certified as unspecified upper respiratory tract cancer (C39) according to the
proportion of lung cancer deaths originally certified among cancers of the respiratory tract and intrathoracic
organs (C30-C39); (2) Redistribution of cancer deaths with incomplete diagnoses (C76 to C80 and C97) accord-
ing to the proportion of lung cancer deaths among deaths from all cancers, except nonmelanoma skin cancer; (3)
Redistribution of deaths from ill-defined causes (R00-R99) according to the proportion of lung cancer deaths
among all-cause deaths, except external causes, multiplied by 50%"°.

After the death correction process, in each age, year and gender group, all deaths identified as resulting from
bronchial and lung tracheal cancer (ICD-10 C33-C34) were added.

The trend estimates followed the methodological guidelines presented by Antunes and Waldman?’. Annual
percent change (APC) was calculated using Prais-Winsten generalized linear regression, which predicts first-
order autocorrelation correction in time-series analysis. This procedure allowed for the classification of mortality
rates as either increasing, decreasing or stable and for the quantification of the annual average increase or decrease
in the rates and their respective 95% confidence intervals.

To examine the changes in lung cancer mortality-related inequality, we performed two distinct analyses: (1)
correlation between the HDI and age-standardized average lung cancer mortality rate in the first 5 (2000-2004)
and the last 5 years (2011-2015) of the historical series, considering that the lower the correlation is, the lower
the inequality is; and (2) correlation between the HDI and APC, considering that the lower the correlation is,
the lower the inequality in the rate trend is. Both analyses used the Pearson correlation test. The correlation
and trend analyses were conducted using STATA 14.1 (College Station, Texas, 2015), and a p-value <0.05 was
considered significant. Tabwin?' software was used to plot thematic maps to better visualize the results using the
quartiles of mortality rates to represent the description of mortality. The research ethics committee of the School
of Public Health of the University of Sdo Paulo approved this study under the protocol number 2.518.202 in 2018.

Results

In total, 230,933 lung cancer deaths were reported in men, and 106,526 lung cancer deaths were reported in
women, between 2000 and 2015 in Brazil. Men had a higher average age-standardized mortality rate (38.43 per
100,000 men) compared to women (16.77) at 16 years of follow-up. There was a declining trend in the mortality
rate among men and an increasing trend in women.

The distribution of the rates by Federative Units showed that lung cancer mortality in both genders was often
higher in those with a higher HDI compared to those with a lower HDI. At the end of the study period (between
2011 and 2015), among men, the highest rates were observed in Rio Grande do Sul, Santa Catarina, Acre, and
Rio de Janeiro, and the lowest were observed in Alagoas, Maranhdo, Bahia and Tocantins. Among women, the
highest rates were in Rio Grande do Sul, Acre, Santa Catarina, and Amazonas, and the lowest were in Bahia,
Maranhao, Para and Tocantins (Table 1; Fig. 1).

The Federative Units with the lowest HDI presented higher annual percentage changes in the lung cancer
mortality rates for both genders compared to those with the highest HDI. Although there was a reduction in
mortality from 2000 to 2015 among men in Brazil as a whole (APC = - 0.99; CI: - 1.30; — 0.67), there was an
increase in practically all of the Federative Units of the Northeast and Rond6nia. Among women, there was a
significant increase in the country (APC=2.17; CI: 1.98; 2.37) and stability in Rondo6nia, Amapd, Amazonas,
Federal District, Mato Grosso do Sul and Roraima (Table 1; Fig. 1). We found some heterogeneity in trends: Most
Federative Units showed increased mortality in women (21 out of 27) and reduced morality in men (8 out of 27).

The average lung cancer mortality rates in the first and last five years of the historical series positively corre-
lated with the HDI in men (2000-2004; r2=0.59, r=0.77, p<0.001; 2011-2015; r2=0.34, r=0.58, p=0.001) and
women (2000-2004; r2=0.41, r=0.64, p<0.001; 2011-2015; r2=0.17, r=0.41, p=0.030). This finding indicates
higher rates among the Federative Units with the higher HDI levels. However, the correlation decreased over
the historical series in both genders (Fig. 2).
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Male Female
ASR ASR
HDI 2010 | 2000-2004 |2011-2015 | APC (CI 95%) 2000-2004 |2011-2015 | APC (CI 95%)

North
Acre 0.663 22.94 42.92 4.56 (- 0.90;10.33) | 17.33 27.98 6.40 (3.14; 9.75)
Amapa 0.708 40.33 34.32 —1.62 (- 3.38;0.18) |17.86 15.73 3.03 (- 5.54; 12.37)
Amazonas 0.674 4559 4142 5(1)'19)1 175 - 22.86 24.08 0.12 (- 1.04; 1.29)
Paré 0.646 23.63 25.60 0.76 (- 0.05; 1.58) 11.72 13.90 1.55 (0.30; 2.82)
Rondénia 0.690 30.66 33.14 1.03 (0.02; 2.05) 21.60 19.12 —1.03 (- 3.04; 1.02)
Roraima 0.707 27.56 37.65 2.79 (- 3.18;9.12) 21.03 21.85 0.42 (- 4.09; 5.13)
Tocantins 0.699 21.40 24.02 1.91 (- 0.15; 4.02) 10.51 15.15 3.67 (2.005 5.37)
Northeast
Alagoas 0.631 16.97 20.58 1.86 (- 1.37; 5.20) 11.59 16.07 3.64 (0.98; 6.38)
Bahia 0.660 18.29 21.90 1.68 (0.94; 2.42) 8.53 12.79 3.85 (3.15; 4.56)
Cearé 0.682 25.60 32.87 2.38 (1.28; 3.49) 14.59 23.92 4.66 (3.99; 5.35)
Maranhéo 0.639 14.42 21.57 4.10 (2.96; 5.25) 6.89 13.00 6.23 (5.1157.37)
Paraiba 0.658 15.00 26.64 491 (3.42; 6.43) 7.20 18.23 8.54 (7.28; 9.81)
Pernambuco 0.673 27.69 32.09 1.16 (0.36; 1.97) 11.68 17.49 3.63 (2.40; 4.87)
Piaui 0.646 20.38 29.46 3.60 (2.07; 5.15) 8.31 15.86 6.09 (5.3; 6.89)
Rio Grande do Norte | 0.684 22.48 29.13 3.96 (- 0.03; 8.11) 12.93 19.71 4.00 (3.00; 5.01)
Sergipe 0.665 28.09 28.08 0.22 (- 1.57; 2.04) 12.98 16.02 1.93 (0.47; 3.41)
Center-West
Distrito Federal 0.824 46.98 36.07 I 2'9‘;1 (-3.23;- 19.10 19.44 0.11 (- 0.85; 1.08)
Goids 0.735 34.16 36.75 0.65 (0.17; 1.14) 19.55 22.76 1.55 (0.85; 2.26)
Mato Grosso 0.725 36.26 34.59 —0.46 (- 1.37;0.46) | 16.63 19.47 1.55 (0.65; 2.46)
Mato Grosso do Sul | 0.729 39.20 38.66 0.08 (- 1.09; 1.26) 17.83 21.12 1.44 (- 1.71; 4.69)
Southeast
Espirito Santo 0.740 39.49 34.86 o éjf)s (- 1.66; - 15.66 16.65 0.73 (0.06; 1.41)
Minas Gerais 0.731 31.24 31.65 0.10 (- 0.18; 0.38) 12.81 16.13 2.05 (1.48; 2.68)
Rio de Janeiro 0.761 60.71 42.51 ; ;;;1)5 (=341~ 20.00 21.99 0.98 (0.59; 1.38)
Sio Paulo 0.783 51.55 40.14 I 52;'71)7 (-248;- 17.88 21.36 1.59 (1.06; 2.12)
South
Parand 0.749 46.19 40.75 6;;;8 (- 1.50; - 21.29 23.49 0.93 (0.46; 1.40)
Rio Grande do Sul | 0.746 90.83 7278 Iig‘s (-2.43;- 26.57 33.24 1.84 (1.32;2.37)
Santa Catarina 0.774 69.34 58.07 6;';8 (-2.14;- 19.64 2454 2.12 (1.29; 2.96)
Brasil 0.727 43.19 38.43 62'79)9 (- 1.30; - 13.27 16.77 2.17 (1.98; 2.37)

Table 1. Age-standardized mortality rates for tracheal, bronchial and lung cancer and annual percentage
variation. Federative Units of Brazil, 2000-2015. HDI human development index, ASR age standardized rate,

APC annual percent change, CI confidence interval.

The lung cancer mortality rate APCs were negatively correlated with the HDI in men (12=0.57, r= - 0.76,
p<0.001) and women (r2=0.33, r= — 0.58, p=0.001), indicating a greater percentage reduction in mortality
rates among the Federative Units with higher HDIs (Fig. 3).

Discussion

In the present study, we found differences in lung cancer mortality according to gender, with higher rates in men
compared to women. A higher state HDI was related to higher lung cancer mortality rates, but this correlation
decreased between the beginning and the end of the period. There was an increasing trend among women and a
decreasing trend among men throughout Brazil, with heterogeneity among the Federation Units. The Federation
Units with the highest HDI had lower values of annual variation in lung cancer mortality.

The lung cancer mortality rates were significantly higher among men compared to women, but with decreas-
ing trends among men and increasing trends among women, in Brazil. This finding is in agreement with previous
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Figure 1. Average age-standardized mortality rates for lung cancer per 100,000 population in the first 5 years
of the historical series (left) and the last five years of the historical series (right): (A) male; (B) female. Federative
Units of Brazil, 2000—2015.

studies conducted in the country'®??-2* .International studies assessing worldwide lung cancer trends across five
continents have also found similar results*>?. The increase in disease mortality among women is partly attrib-
utable to an increase in tobacco use in recent decades?. It is believed that, in women, the increase in smoking
occurred later than it did in men. In Brazil, the increase in smoking among women was possibly associated with
the affirmation of female independence and the insertion of women in the labor market and society, and this
habit was stimulated by the media and movies”. In addition to smoking, other factors have been mentioned as
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Figure 2. (A) Correlation between the average age-standardized mortality rate for lung cancer in male per
100,000 population in the first 5 years of the historical series and the last 5 years of the historical series and
Human Development Index (HDI). (B) Correlation between the average age-standardized mortality rate for
lung cancer in female per 100,000 population in the first five years of the historical series and the last 5 years of
the historical series and Human Development Index (HDI). Federative Units of Brazil, 2000—2015.
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Figure 3. Correlation between annual percentage changes in age-standardized lung cancer mortality rates in
male and female, per 100,000 population and Human Development Index (HDI). Federative Units of Brazil,

2000—2015.
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relevant in the process of female lung carcinogenesis, such as physiological, hormonal and genetic mechanisms;
there may also be an interaction between these mechanisms as well as with smoking?.

The direct correlation between the HDI and lung cancer mortality rates could be explained by the higher fre-
quency of the exposure to risk factors, such as smoking (in previous years) and air pollution, in more developed
locations®. It is noteworthy that the risk of death from lung cancer reflects the cumulative exposure to risk factors
over previous decades®. Moreover, in the less developed Federative Units, mortality from preventable diseases or
acute conditions could precede the occurrence of cancer, reducing its incidence and mortality. Previous studies
have identified a dependency between trends in lung cancer mortality, human development, and smoking'%3!,

The correlation between the HDI and lung cancer mortality rates decreased when we compared 2011-2015
with 2000-2004. This result could indicate a reduction in the inequality related to this indicator. At the end of the
period (2011-2015), the correlation between the HDI and mortality rates was lower than the correlation between
the HDI and mortality trends. The interpretation of this finding warrants caution, since the highest rates were
initially observed among the Federative Units with the highest HDI at the beginning of the period. We found
decreasing trends among the Federative Units with the higher HDIs among men and increasing or stable trends
among the Federative Units with lower HDIs. A similar effect occurred among women. Ideally, the reduction
in the differences between the HDI rates would be due to a decrease in mortality among those at higher risk (in
this case, the Federative Units with the highest HDIs) rather than an increase in mortality among those initially
at the least risk (i.e., the Federative Units with the lowest HDIs).

The assessment of the inequality in the trends showed larger reductions (or smaller increases) in the rates
among the Federative Units with the higher HDIs and smaller reductions (or larger increases) in the rates among
the Federative Units with the lower HDIs, which indicates the possibility of improved notification of deaths from
lung cancer among those with a lower HDI. There is a need for careful monitoring by health managers to maintain
health actions to prevent smoking and, consequently, lung cancer in the Federative Units with lower HDIs, where
an increase in the rates was found and was more prominent. According to Antunes et al.” inequalities according to
gender and socioeconomic status in lung cancer mortality demonstrate evidence that the epidemiological profile
of this cancer can be improved through prevention and increased access to health technologies and services.

The decline in mortality in the Federative Units with high HDIs was possibly due to the successful implemen-
tation of the national tobacco control program, which led to a decrease in smoking trends in Brazil>'>!%. However,
this study provides evidence that the anti-smoking program may have benefited the Federative Units with greater
human development, which would explain the more favorable trends observed in these places. According to the
inverse equity hypothesis, public policies related to health education initially reach social groups with the highest
level of human development and later are absorbed by those with the least human development®. In the specific
case of anti-smoking policies and lung cancer, reducing the inequality in the mortality rates concomitant with
the major inequality in the mortality trends is consistent with the hypothesis that there is greater benefit from
smoking prevention policies in locations with high human development.

Despite a reduction in lung cancer mortality among men in Brazil, there was an increase among the Federa-
tive Units with low HDIs, such as those in the Northeast and Rondonia, while in the Federative Units with the
highest HDIs, there was a declining trend in mortality rates. Similar results were found by Guerra et al’ in a study
conducted between 1990 and 2015; however, these findings are in contrast to those from a study by Malta et all?,
conducted between 1996 and 2011, which found a decreasing trend in lung cancer mortality in the Northeast
and North.

These findings may serve as a point of reference, where preventive strategies for lung cancer should be rein-
forced across the country, especially in the Federative Units with low HDIs. In Brazil, for both genders, the cur-
rent highest prevalence of smoking is in the population with the lowest socioeconomic level and education®***
which demonstrates the vulnerability of these populations to advanced lung cancer in the next decades. Tobacco
control strategies are essential in these populations, as these individuals are often targeted by the tobacco industry
as a new market.

An inherent limitation of ecological studies is the impossibility of inferring causality at an individual level.
However, this design allows for relevant population inferences so that our results suggest the need for special
monitoring of lung cancer mortality and smoking prevalence, as well as health care, especially in the Federative
Units with a lower level of human development. Another limitation is the possibility of greater detection of the
basic cause of death in the Federative Units with higher HDI because of a more efficient data reporting system,
more effective early detection practices and increased access to health services*. However, to reduce potential
reporting biases, indicators were corrected for deaths from ill-defined causes.

In conclusion, the present study found a possible reduction in the relative inequality in lung cancer mortal-
ity rates. However, it was noted that this reduction was partly due to an increase in the rates of Federative Units
with less human development. This finding suggests a possible improvement in the notification of deaths from
lung cancer among the Federative Units with lower HDIs. This finding also suggests that the effect of smoking
cessation and prevention policies in Brazil was possibly enhanced among the Federative Units with the highest
HDIs, thus calling for interventions focused on the Federative Units with lower HDIs.

Received: 11 November 2019; Accepted: 27 August 2020
Published online: 05 November 2020

References
1. Fitzmaurice, C. Global Burden of Disease Cancer Collaboration. Global, regional, and national cancer incidence, mortality, years of
life lost, years lived with disability, and disability-adjusted life-years for 32 cancer groups, 1990 to 2015. JAMA Oncol. 3, 524-548,
https://doi.org/10.1001/jamaoncol.2016.5688 (2017).

Scientific Reports |

(2020) 10:19164 | https://doi.org/10.1038/s41598-020-76165-4 nature research


https://doi.org/10.1001/jamaoncol.2016.5688

www.nature.com/scientificreports/

10.

11.

12.

13.

14.

15.

16.

17.

18.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

. Instituto Nacional de Cancer. Atlas On-line de Mortalidade. Rio de Janeiro: INCA. https://www.inca.gov.br/MortalidadeWeb/pages

/Modelo10/consultar.xhtml#panelResultado . Accessed 21 Aug 2018.

. Ferlay, J. et al. Cancer incidence and mortality worldwide: Sources, methods and major patterns in GLOBOCAN 2012. Int. J.

Cancer 136, E359-E386. https://doi.org/10.1002/ijc.29210 (2015).

. Doll, R. & Hill, A. B. Smoking and carcinoma of the lung. Br. Med. ]. 2, 739-748. https://doi.org/10.1136/bmj.2.4682.739 (1950).
. Almeida, L. et al. Global adult tobacco survey data as a tool to monitor the WHO framework convention on tobacco control (WHO

FCTC) implementation: The Brazilian case. Int. J. Environ. Res. Public Health 9, 2520-2536. https://doi.org/10.3390/ijerph9072
520 (2012).

. Mao, Y., Yang, D., He, J. & Krasna, M. J. Epidemiology of lung cancer. Surg. Oncol. Clin. N. Am. 25, 439-445. https://doi.

0rg/10.1016/j.50¢.2016.02.001 (2016).

. Antunes, J. E. L. et al. Sex and socioeconomic inequalities of lung cancer mortality in Barcelona, Spain and Sao Paulo, Brazil. Eur.

J. Cancer Prev. 17, 399-405. https://doi.org/10.1097/CE].0b013e3282{75f17 (2008).

. Bray, E. et al. Global cancer statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185

countries. CA Cancer J. Clin. 68, 394-424. https://doi.org/10.3322/caac.21492 (2018).

. Guerra, M. R. G. et al. Magnitude e variagao da carga da mortalidade por cancer no Brasil e Unidades da Federagao, 1990 e 2015.

Rev. Bras. Epidemiol. 20, 102-115. https://doi.org/10.1590/1980-5497201700050009 (2017).

Malta, D. C. et al. Trends in corrected lung cancer mortality rates in Brazil and regions. Rev. Saude Publica 50, 33. https://doi.
0rg/10.1590/S1518-8787.2016050006209 (2016).

Fidler, M. M., Soerjomataram, I. & Bray, . A global view on cancer incidence and national levels of the human development index.
Int. ]. Cancer 139, 2436-2446. https://doi.org/10.1002/ijc.30382 (2016).

Youlden, D. R., Cramb, S. M. & Baade, P. D. The International Epidemiology of Lung Cancer: Geographical distribution and secular
trends. J. Thorac. Oncol. 8, 819-831. https://doi.org/10.1097/JTO.0b013e31818020eb (2008).

Reitsma, M. B. et al. Smoking prevalence and attributable disease burden in 195 countries and territories, 1990-2015: A systematic
analysis from the Global Burden of Disease Study 2015. Lancet 389, 1885-1906. https://doi.org/10.1016/S0140-6736(17)30819-X
(2017).

Monteiro, C. A., Cavalcante, T. M., Moura, C. E., Claro, R. M. & Szwarcwald, C. L. Population-based evidence of a strong decline
in the prevalence of smokers in Brazil (1989-2003). Bull. World Health Organ. 7, 527-534. https://doi.org/10.2471/blt.06.039073
(2007).

Ministério da Saude (BR). Datasus. Estatisticas Vitais. Brasilia (DF). https://www?2.datasus.gov.br/DATASUS/index.php?area=02
05&id=6937&VObj=https://tabnet.datasus.gov.br/cgi/deftohtm.exe?sim/cnv/obt10. Accessed 21 Aug 2018.

Ministério da Saude (BR). Datasus. Demograficas e Socioecondmicas. Brasilia (DF). https://www2.datasus.gov.br/DATASUS/
index.php?area=0206&id=6942. Accessed 11 Oct 2018.

Organizagio das Nagdes Unidas (ONU). Programa das Nagdes Unidas para o Desenvolvimento (PNUD). Atlas do desenvolvimento
humano no Brasil. https://www.atlasbrasil.org.br/2013/pt/consulta/. Accessed 1 May 2019.

Doll, R. & Cook, P. Summarizing indices for comparison of cancer incidence data. Int. J. Cancer 3, 269-279. https://doi.org/10.1002/
ijc.2910020310 (1967).

. Gamarra, C. ], Valente, J. G. & Silva, G. A. Corregao da magnitude da mortalidade por cancer do colo do utero no Brasil, 1996—

2005. Rev. Saude Publica 4, 629-638. https://doi.org/10.1590/S0034-89102010000400006 (2010).

Antunes, J. L. F. & Waldman, E. A. Trends and spatial distribution of deaths of children aged 12-60 months in Sao Paulo. Bull.
World Health Organ 80, 391-398 (2002).

Ministério da Saude (BR). Datasus. Apresentagio TabWin. Brasilia (DF). https://datasus.saude.gov.br/apresentacao . Accessed 10
Nov 2018.

Malta, D. C. et al. Tendéncia de mortalidade do cincer de pulmio, traquéia e bronquios no Brasil, 1980-2003. J. Bras. Pneumol.
33, 536-543. https://doi.org/10.1590/S1806-37132007000500008 (2007).

Fonseca, L. A. M., Eluf-Neto, J. & Wiinsch-Filho, V. Tendéncias da mortalidade por cincer nas capitais dos estados do Brasil,
1980-2004. Rev. Assoc. Med. Bras. 56, 309-312. https://doi.org/10.1590/S0104-42302010000300015 (2010).

Souza, M. C., Vasconcelos, A. G. G. & Cruz, O. G. Trends in lung cancer mortality in Brazil from the 1980s into the early 21st
century: Age-period cohort analysis. Cad. Saude Publica 28, 21-30. https://doi.org/10.1590/S0102-311X2012000100003 (2012).
Hashim, D. et al. The global decrease in cancer mortality: Trends and disparities. Ann. Oncol. 27, 926-933. https://doi.org/10.1093/
annonc/mdw027 (2016).

Toporcov, T. N. & Wiinsch-Filho, V. Epidemiological science and cancer control. Clinics 73, 627s. https://doi.org/10.6061/clini
¢s/2018/e627s (2018).

Malta, D. C. et al. Trends in tobacco consumption from 2006 to 2011 in Brazilian capitals according to the VIGITEL survey. Cad.
Saude Publica 29, 812-822. https://doi.org/10.1590/50102-311X2013000400018 (2013).

Devesa, S. S., Bray, E, Vizcaino, A. P. & Parkin, D. M. International lung cancer trends by histological type: Male: female differences
diminishing and adenocarcinoma rates rising. Int. J. Cancer 117, 294-299. https://doi.org/10.1002/ijc.21183 (2005).

La Vecchia, C. & Levi, F. Lung cancer in Europe: The leveling of an epidemic. Eur. J. Public Health 13, 1-2. https://doi.org/10.1093/
eurpub/13.1.1 (2005).

de Sdo José, B. P. et al. Mortalidade e incapacidade por doengas relacionadas a exposigdo ao tabaco no Brasil, 1990 a 2015. Rev.
Bras. Epidemiol. 20, 75-89. https://doi.org/10.1590/1980-5497201700050007 (2017).

Bray, F. I. & Weiderpass, E. Lung cancer mortality trends in 36 European countries: Secular trend sand birth cohort patterns by
sex and region 1970-2007. Int. J. Cancer 126, 1454-1466. https://doi.org/10.1002/ijc.24855 (2010).

Victora, C. G., Vaughan, ]. P, Barros, F. C, Silva, A. C. & Tomasi, E. Explaining trends in inequities: Evidence from Brazilian child
health studies. Lancet 356, 1093-1098. https://doi.org/10.1016/S0140-6736(00)02741-0 (2000).

Silva, G. A. Cancer de pulmao e as tendéncias atuais do tabagismo no Brasil. Cad. Saude Publica 28, 1620-1621. https://doi.
0rg/10.1590/50102-311X2012000900001 (2012).

Moura, E. C,, Silva, A. S., Malta, D. C. & Morais-Neto, O. L. Risk and protective factors for chronic non-communicable diseases:
The VIGITEL telephone disease surveillance system, Brazil, 2007. Cad. Saude Publica 27, 486-496. https://doi.org/10.1590/S0102
-311X2011000300009 (2011).

Sierra, M. S. et al. Cancer patterns and trends in Central and South America. Cancer Epidemiol. 44S, S23-S42. https://doi.
0rg/10.1016/j.canep.2016.07.013 (2016).

Author contributions

G.A.E: conceptualization, data curation, formal analysis, writing—original draft, and writing—review and edit-
ing. ES.M.: conceptualization, data curation, formal analysis, and writing—review and editing. L.ES.: supervi-
sion, writing—review and editing. J.L.EA.: conceptualization, supervision, writing—review and editing. T.N.T.:
conceptualization, supervision, data curation, formal analysis, and writing—review and editing.

Scientific Reports |

(2020) 10:19164 | https://doi.org/10.1038/s41598-020-76165-4 nature research


https://www.inca.gov.br/MortalidadeWeb/pages/Modelo10/consultar.xhtml#panelResultado
https://www.inca.gov.br/MortalidadeWeb/pages/Modelo10/consultar.xhtml#panelResultado
https://doi.org/10.1002/ijc.29210
https://doi.org/10.1136/bmj.2.4682.739
https://doi.org/10.3390/ijerph9072520
https://doi.org/10.3390/ijerph9072520
https://doi.org/10.1016/j.soc.2016.02.001
https://doi.org/10.1016/j.soc.2016.02.001
https://doi.org/10.1097/CEJ.0b013e3282f75f17
https://doi.org/10.3322/caac.21492
https://doi.org/10.1590/1980-5497201700050009
https://doi.org/10.1590/S1518-8787.2016050006209
https://doi.org/10.1590/S1518-8787.2016050006209
https://doi.org/10.1002/ijc.30382
https://doi.org/10.1097/JTO.0b013e31818020eb
https://doi.org/10.1016/S0140-6736(17)30819-X
https://doi.org/10.2471/blt.06.039073
http://www2.datasus.gov.br/DATASUS/index.php?area=0205&id=6937&VObj=http://tabnet.datasus.gov.br/cgi/deftohtm.exe?sim/cnv/obt10
http://www2.datasus.gov.br/DATASUS/index.php?area=0205&id=6937&VObj=http://tabnet.datasus.gov.br/cgi/deftohtm.exe?sim/cnv/obt10
http://www2.datasus.gov.br/DATASUS/index.php?area=0206&id=6942
http://www2.datasus.gov.br/DATASUS/index.php?area=0206&id=6942
http://www.atlasbrasil.org.br/2013/pt/consulta/
https://doi.org/10.1002/ijc.2910020310
https://doi.org/10.1002/ijc.2910020310
https://doi.org/10.1590/S0034-89102010000400006
http://datasus.saude.gov.br/apresentacao
https://doi.org/10.1590/S1806-37132007000500008
https://doi.org/10.1590/S0104-42302010000300015
https://doi.org/10.1590/S0102-311X2012000100003
https://doi.org/10.1093/annonc/mdw027
https://doi.org/10.1093/annonc/mdw027
https://doi.org/10.6061/clinics/2018/e627s
https://doi.org/10.6061/clinics/2018/e627s
https://doi.org/10.1590/S0102-311X2013000400018
https://doi.org/10.1002/ijc.21183
https://doi.org/10.1093/eurpub/13.1.1
https://doi.org/10.1093/eurpub/13.1.1
https://doi.org/10.1590/1980-5497201700050007
https://doi.org/10.1002/ijc.24855
https://doi.org/10.1016/S0140-6736(00)02741-0
https://doi.org/10.1590/S0102-311X2012000900001
https://doi.org/10.1590/S0102-311X2012000900001
https://doi.org/10.1590/S0102-311X2011000300009
https://doi.org/10.1590/S0102-311X2011000300009
https://doi.org/10.1016/j.canep.2016.07.013
https://doi.org/10.1016/j.canep.2016.07.013

www.nature.com/scientificreports/

Funding
This research was funded by Coordenagio de Aperfeicoamento de Pessoal de Nivel Superior—Brasil (CAPES)—
Finance Code 001, Grant number 88882.333575/2019-01.

Competing interests
The authors declare no competing interests.

Additional information
Supplementary information is available for this paper at https://doi.org/10.1038/s41598-020-76165-4.

Correspondence and requests for materials should be addressed to G.A.E
Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2020

Scientific Reports|  (2020) 10:19164 | https://doi.org/10.1038/s41598-020-76165-4 natureresearch


https://doi.org/10.1038/s41598-020-76165-4
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Inequalities in lung cancer mortality trends in Brazil, 2000–2015
	Methods
	Results
	Discussion
	References


