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Abstract
Background: Cancer is the second important cause of death worldwide. Cancer is one of the top health priorities in Iran. We
aimed to study the socio-economic inequality of cancer incidence in Iran provinces. 

Methods: We conducted this cross-sectional study using provincial data. We obtained the required data from the statistical
yearbook report, the Statistics Center Report and the National Cancer Registration Program Report of Iran’s Ministry of Health
and Medical Education (MoHME) for 2018. Socio-economic inequality of cancer incidence was analyzed by estimating the
concentration index and extracting the concentration curve. Statistical analyzes were performed using STATA 14. 

Results: Our �ndings revealed that cancer incidence was unequally distributed in terms of the socio-economic status in Iranian
provinces. Cancer incidence is slightly concentrated in the provinces with higher than average literacy, per capita income and
insurance coverage and household size below average. The concentration of cancer incidence has been to the detriment of the
provinces that have a slightly better ranking in terms of the socio-economic index. The employment rate did not signi�cantly
affect cancer's distribution burden.

Conclusion: We recommend policymakers facilitate early cancer detection by providing insurance coverage for screening
services, payment exemptions, and public awareness.

Introduction
Cancer is the second important cause of death worldwide, with 18.1 million new cases and 9.6 million deaths in 2018[1–3].
Evidence from [4] estimates disclosed that 19.3 million new cases of cancer and approximately 10.0 million cancer attributed
deaths occurred worldwide in 2020. The most common cancers diagnosed worldwide were breast cancer (2.26 million cases),
lung cancer (2.21) and prostate cancer (1.41), and the most common causes of death were lung cancer (1.79 million deaths),
liver cancer (830000) and stomach cancer (769000). It is estimated that the number of newly diagnosed cancer patients will
increase to 27,500,000 by 2040, and 16,300,000 patients will die [5]. Cancer is also one top health priority in Iran. According to
a national report on cancer registration by Iran’s Ministry of Health and Medical Education (MoHME) (2021), in 2017–2018, the
number of new cancer cases in Iran was 134,704. 64,788 (48%) cases occurred in women and 6,916 (52%) of cancers in men.
According to this report, the crude incidence rate and the standardized age incidence of all cancers in the country's total
population were 166.54 and 168.56 per 100,000 people, respectively. The most common cancers in the population were breast,
prostate, colorectal, skin (non-melanoma) and stomach cancers. Also, 55,785 cases of cancer deaths were reported in Iran in
2018 [6]. Figure 1 illustrates the geographical distribution map of the standardized age incidence rate for all cancers in Iran in
2018. A gloomier color indicates a higher incidence. Two central provinces of Iran (Isfahan and Yazd) had the highest
standardized cancer incidence in 2018. In contrast, south Khorasan, Lorestan, Zanjan, Sistan-Baluchestan and Hormozgan
showed the lowest incidence rate.

Figure 2 demonstrates the age-speci�c incidence for the �ve most common cancers in Iran for 2018. Almost all cancers show
rapid growth from the age of 50. Only the incidence of breast cancer has accelerated from an early age.

The number of new cancer cases in Iran is expected to increase from 112,000 registered in 2016 to 160,000 in 2025. That
means an increase of 42.6 percent. 13.9 percent and 28.7 percent, respectively, will be due to the risk and population structure
changes. In terms of speci�c cancers, the most signi�cant increase is predicted in the thyroid (113.8%), prostate (66.7%),
breast (63.0%) and colon (54.1%). Breast, colorectal and stomach cancers were the most common cancers in Iran in 2016, and
it is predicted that by 2025, they will remain the leading cancers in the country. The increasing trend in the incidence of more
common cancers in Iran reinforces the need for proper national design and implementation[8]. Modirian et al. reported
1025,443 years of life-adjusted life with cancer (DALY) in Iran, with gastric cancer having the largest share in DALY[9]. Rahmani
et al. reported esophageal cancer burden in Iran from 1374 to 1394 74399 DALY[10]. One concern of health policymakers in
disease control at the national level is how diseases are distributed in terms of the socio-economic characteristics of
regions[11]. Socio-economic determinants can affect population health. The World Health Organization (WHO) (2008, 2019)
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identi�es social determinants as factors such as age and circumstances in which individuals are born, raised, live, work and
disease control systems formed based on the distribution of money, power and global, national and local resources [12, 13].
Siegel et al. (2019) state that despite a dramatic decline in overall cancer mortality rates from 1991 to 2016, social and
economic inequalities in cancer deaths have increased in the United States[14]. It is identi�ed that socio-economic status
(SES), race, ethnicity, and residence have been causes of social inequalities in various cancer outcomes[15]. For example, a
systematic review of eight studies by Redondo-Sánchez et al. [16] found that people with lower socio-economic status appear
to have a higher chance of developing lung cancer and death than those of higher socio-economic class. Patients in the lower
socio-economic class also have lower cancer survival. Mihor et al. [17] also con�rm in their study that belonging to low SES
increases the risk of cancers of the head and neck, esophagus, liver and gallbladder, pancreas, lungs, kidneys, bladder, penis
and cervix. Alcaraz et al. [11] have presented the social determinants of cancer equity as the conceptual framework of Fig. 3.

Given the importance of socio-economic factors in the burden of cancer, we aimed to study the distribution of cancer incidence
based on the socio-economic characteristics in Iran' provinces.

Methods & Material
This study is based on data from 2017 to 2018 and aims to describe and decompose the socio-economic distribution of
cancer incidence in Iran’s provinces. We examined the distribution of cancers reported by the MoHME based on provincial
variables such as average household income, population literacy rate, employment rate, insurance coverage percentage and
socio-economic index. We obtained the required data from the statistical yearbook report and the household income and the
Statistics Center’s expenditure report, and the national report of the National Cancer Registration Program of Iran’s MoHME for
2018. These data are reported annually for 31 provinces. Socio-economic index for each province was created using Principal
Component Analysis (PCA). PCA is a multivariate technique whose primary purpose is to reduce the dimension of a
multivariate data set as much as possible to explain the primary variables changes in the data set. This goal is achieved by
converting the primary variables into a new set of uncorrelated variables called principal components[18]. It is noteworthy that
the socio-economic index comprises annual per capita income, annual per capita expenditure, literacy rate, employment rate
and insurance coverage percentage for each province. The concentration index was estimated, and the concentration curve
was extracted to assess the distribution of cancer incidence based on the socio-economic characteristics of the provinces. A
concentration curve is used to identify socio-economic inequality in some health variables. The concentration index [19, 20] is
calculated from the concentration curve and measures health variables’ degree of socio-economic inequality[19, 21]. The
concentration index is equal to twice the area between the concentration curve and the 45-degree line. When there is no socio-
economic inequality in the distribution of a health variable, the concentration index is zero. When the curve is above the 45-
degree line, the index becomes negative. It indicates that the health variable is concentrated among the poor. A positive index
value means that the concentration curve is below the equality line, showing that the health variable is concentrated among
the rich. The concentration index is de�ned as:

hi is the health variable, µ is its mean, and ri = i/N is the fractional rank of individual i in the living standards distribution, with i 
= 1 for the poorest and i = N for the richest[22]. The index is limited between − 1 and 1. All estimates and calculations were
performed in the STATA 14.

Results
Table 1 shows the statistical parameters of the variables for 31 provinces. The average raw incidence for 2018 was 4344.61 ± 
5163.48, and the percentage of cancer incidence in the same year was 0.15 ± 0.04. The highest annual per capita income was
126,000,000 Rial, and the lowest was 40,500,000 Rial. Further, the highest and lowest indices of 2.76 and − 1.90 have been
calculated, respectively. Statistical descriptions of other variables are provided in Table 1.
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Table 1

Statistical description of variables
Variable Mean SD Min Max

N 2615129 2519337 586000 13,500,000

AHS 3.53 0.36 2.77 4.40

RI 4344.61 5163.48 868 27033

IR (%) 0.15 0.04 0.05 0.22

ER (%) 87.94 2.97 78.40 92.1

HIC (%) 105.64 7.69 77.43 118.81

LR (%) 86.41 3.55 76 92.9

AAPCI (Rial) 75,300,000 18,300,000 40,500,000 126,000,000

AAPCE (Rial) 66,900,000 14,600,000 35,800,000 105,000,000

SEI -9.68e-09 1.003 -1.90 2.76

N: Population, AHS: Average of household size, RI: Raw incidence, IR: Incidence rate, ER: Employment rate, HIC: Health
insurance coverage, LR: Literacy rate, AAPCI: Average of annual per capita income, AAPCE: Average of annual per capita
expenditure, SEI: Socio – economic index

Table 2 presents the mean and standard deviation of the variables based on socio-economic index quartiles. The fourth
quartile had the highest raw incidence (8408.37 ± 8084.37) and rate of cancer incidence (0.194 ± 0.025). While the lowest raw
incidence was in the second quartile, and the lowest rate of cancer incidence was in the �rst quartile. The average household
size in the �rst quartile (3.89 ± 0.36) was more signi�cant than the other quartiles.
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Table 2
Mean and standard deviation of variables based on socioeconomic index quartiles

Variable Quartile 1th Quartile 2th Quartile 3th Quartile 4th

Mean SD Mean SD Mean SD Mean SD

N 2637571 1325756 1798875 2150314 1814000 1291476 4212875 3962038

AHS 3.89 0.36 3.55 0.33 3.47 0.27 3.26 0.23

RI 3488.85 2119.82 2544.12 3491.14 2830.12 2633.48 8408.37 8084.37

IR (%) 0.131 0.037 0.132 0.036 0.143 0.029 0.194 0.025

ER (%) 85.6 3.37 89.51 1.54 88.17 3.83 88.20 1.67

HIC (%) 105.87 5.62 109.26 5.86 108.75 4.87 98.72 9.35

LR (%) 82.87 3.49 86.16 3.14 86.77 1.90 89.41 2.67

AAPCI
(Rial)

56,500,000 8,186,490 67,600,000 1,583,413 74,500,000 4,445,010 100,000,000 15,100,000

AAPCE
(Rial)

52,800,000 10,700,000 60,800,000 5,764,852 67,900,000 4,235,322 84,300,000 13,500,000

SEI -1.02 0.44 -0.42 0.08 -0.05 0.24 1.36 0.82

N: Population, AHS: Average of household size, RI: Raw incidence, IR: Incidence rate, ER: Employment rate, HIC: Health
insurance coverage, LR: Literacy rate, AAPCI: Average of annual per capita income, AAPCE: Average of annual per capita
expenditure, SEI: Socio – economic index

The concentration index of cancer incidence based on provincial socioeconomic variables is presented in Table 3. All
concentration indices except the employment rate index are statistically signi�cant (P < 0.05). The concentration index of
employment rates, insurance coverage and household size were negative. Only the last two indices were statistically
signi�cant (P < 0.05). Interestingly, the index related to the provincial socioeconomic index was estimated positive and
statistically signi�cant (P < 0.05).

 
Table 3

Erreygers concentration index of cancer incidence by provincial
explanatory socioeconomics variables

Concentration Index

Based on:

Obs Index value SE p-value

Literacy rate 31 0.37 0.15 0.021

Employment rate 31 -0.09 0.01 0.956

Per capita income 31 0.56 0.13 0.002

Per capita expenditure 31 0.55 0.13 0.003

Insurance coverage 31 -0.41 0.15 0.011

Household size 31 -0.49 0.14 0.002

Socio economic index 31 0.57 0.13 0.002
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Six graphs re�ected in Fig. 3 display the concentration curves of cancer incidence based on provincial socioeconomic
variables. Curve A displays that the cancer concentration has been very little in provinces with a higher than average literacy
rank. Curve B indicates that the cancer burden is concentrated almost equally between provinces regarding employment rate.
Curve C displays that the cancer incidence is concentrated in the provinces that are slightly better off in terms of annual per
capita income. Curve D shows that cancer incidence is concentrated in provinces ranked above average in annual per capita
expenditure. The E curve shows that cancer incidence is slightly concentrated in provinces with poorer insurance coverage.
Finally, The F curve demonstrates that cancer incidence is concentrated in provinces that are below average rank in terms of
household size.

According to Fig. 4, the distribution of cancer burden among provinces based on a socio-economic index is similar to that of
annual per capita income. The concentration of cancer incidence has been to the detriment of the provinces that have a
slightly better ranking in terms of the socio-economic index.

Discussion
Cancer has increased as an epidemiological consequence in Iran, and the best way to control this disease is to prevent it
through social policymaking and a healthy lifestyle[23]. In line with this goal, we aimed to study the socioeconomic inequality
in the distribution of cancer burden among Iran’s provinces. For this purpose, cross-sectional data for 2018 were analyzed
using the concentration index estimation and the extraction of the cancer incidence concentration curve. Evidence from our
analysis revealed that, according to the socioeconomic index, the burden of cancer had been unequally distributed among
Iran’s provinces in 2018. This inequality was to the detriment of the provinces that were slightly better off in this index.
Provinces with above-average socioeconomic status had a slightly higher burden of cancer. According to our search, very few
studies have been conducted on cancer burden inequality among Iranian provinces. In line with our �ndings, Enayat Rad et al.
[24], in an ecological study, found a positive correlation between colorectal cancer incidence and human development
index(HDI). Nouraeimotlagh et al. [25] also showed that the incidence of leukaemia is higher in areas with better socio-
economic status. In a study in Tehran, researchers concluded that areas with higher socio-economic status had more cancer
incidence[26]. Evidence from studies in other countries has also con�rmed the existence of socio-economic inequalities (SDI)
in the distribution of cancer burden. For example, in con�rmation of our �ndings, the highest age-standardized incidence rates
occurred in high SDI and high-middle SDI countries[27]. O’Connor et al. [28] also found signi�cant social and economic
inequalities in cancer mortality rates across US cities. Sharma [29] also concluded that the burden of colorectal was on the
shoulders of developed countries and positively correlated with HDI. A study by Pakzad et al. [30] in Asian countries also
con�rms the positive relationship between the HDI and the standardized incidence of lung cancer. A study in Italy indicated
that socio-economic status is directly and indirectly related to mortality from lung cancer[31]. Tweed et al. [32] also con�rmed
the relationship between socio-economic status and cancer incidence. In the case of colorectal cancer, it was shown that areas
with higher living standards and better socio-economic status have a higher incidence rate [33–35]. Contrary to our �ndings,
studies in the United States have shown that the risk of colorectal cancer is associated with low socio-economic status (SES)
at both the individual and regional levels[36–38]. Danos et al. [39] also, unlike us, found a signi�cant increase in CRC risk
among residents of areas with low SES. It is identi�ed that factors such as socio-economic status have been the cause of
social inequalities in various cancer outcomes[15]. A systematic review of eight studies by Redondo-Sánchez et al. [16] found
that people of lower socio-economic status appear to have a higher chance of developing lung cancer and death than those of
higher socio-economic class. Patients in the lower socio-economic class also have lower cancer survival. Mihor et al. [17] also
con�rm in their study that belonging to low SES increases the risk of cancers. Perhaps one reason for the heterogeneity among
the evidence from different studies is the type of cancer being studied. The other reason for discrepancies in our results with
the mentioned studies may be due to confounding variables and unobservable heterogeneities affecting the cancer incidence.
Various factors play a role in determining cancer risk and the likelihood of survival. These factors include genetic,
environmental, behavioral, health and social factors[40], lifestyle, geographical features[41, 42]. For example, based on
Ostadghaderi et al. �ndings [43], the spatial relationship of cancer with the variables of physical activity, body mass index and
smoking was con�rmed. Accordingly, the northern and central provinces had the highest risk of colorectal cancer compared to
other parts of the country due to these risk factors[43]. In a study in Tehran, the �ndings revealed that deaths from breast and
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colorectal cancers were concentrated in parts of the city that mainly used private vehicles for transportation and had low
walking ability indicators[42]. However, the authors declare that more research is needed on different scales to con�rm these
�ndings (block, neighborhood and urban area). The critical point in the published evidence is that the identi�ed inequality in its
distribution among socio-economic classes cannot be concluded. Socio-economic factors can lead to inequality in cancer
burden distribution in two ways. The �rst is through the impact on people’s lifestyles, and the second is through the impact on
effective access to preventive services. Cancer incidence can be affected by the rate of diagnostic procedures and access to
health care services[44]. In low SEI provinces, low access to cancer control and prevention services could lead to low incidence
registries, explaining our results. One contribution of our study was that we also examined the distribution of cancer by the
component of the index, besides the socio-economic index. Our �ndings indicated that the cancer incidence is concentrated in
the provinces that are slightly better off in terms of annual per capita income. There is mixed evidence about the relationship
between income and cancer outcomes. In line with our �ndings, the results of a study by Bradley et al. [45] disclosed that living
in areas with high-income inequality was directly related to mortality. Dos Santos Figueiredo and Adami [46] determined that
income inequality is positively associated with increased breast cancer mortality in Brazil. Another study showed a relationship
between household income and cancer risk concluding that this correlation could vary depending on the type of cancer[47].
The Coughlin et al. [33] study revealed that poverty and neighborhood deprivation factors play an important role in diagnosing
and surviving breast cancer. Contrary to our �ndings, Herrera-Serna et al. [44] found a negative correlation between income and
oral cancer. Studies have examined the relationship between income and cancer, show con�icting evidence. One reason for the
inadequate evidence could be the relationship between income and health[48]. We also found that the cancer incidence was
distributed unequally according to the literacy level, so the cancer incidence has been slightly concentrated in provinces with
higher than average literacy rates. Mohseni et al. [49] also found that the level of education was associated with breast cancer
survival. The researchers found that the prevalence of breast cancer increased with increasing education[50]. A signi�cant
association between the education index and oral cancer was not detected in the study of Herrera-Serna et al. [44]. Garner et al.
[51] did not �nd a statistically signi�cant difference in survival based on the adults with a high school degree. Khullar et al. [52]
also did not �nd a statistically signi�cant relationship between education and survival. Our �ndings differ from other studies
because those unobservable confounding variables can affect the relationship between education and cancer incidence[53].
The �nding that cancer incidence is concentrated in provinces with a higher than average literacy rate can be interpreted as
follows: people demand more screening services in provinces with higher literacy rates[54]. Our �ndings revealed that cancer
incidence is slightly concentrated in provinces with poorer insurance coverage. In line with our results, the researchers
systematically reviewed 29 observational studies and argued that de�ciencies in insurance coverage were signi�cantly
associated with receiving less cancer care and poorer cancer outcomes[55]. Studies in the United States have also shown that
lack of insurance coverage is one of the most important explanations for the poor consequences of cancer[56–58]. Compared
to people with health insurance coverage, uninsured people are less likely to receive health care, including prevention and
screening, diagnosis, and treatment[57, 58]. People without insurance are also more likely to have a poor diagnosis[59, 60].

Conclusion
Cancer incidence was unequally distributed in terms of the socio-economic status of Iranian provinces in 2018. The cancer
incidence is slightly concentrated in the provinces with higher than average literacy and per capita income and insurance
coverage and household size below average. The concentration of cancer incidence has been to the detriment of the provinces
with a slightly better socio-economic index ranking. The employment rate did not play a signi�cant role in the distribution of
the cancer burden. It is suggested that policymakers facilitate early detection of cancer by providing insurance coverage for
screening services, payment exemptions, and public awareness. Our study had two limitations. First, we could not examine the
temporal dynamics of the cancer burden inequality due to the unavailability of the data. It was not possible to study the cancer
burden distribution with offsetting the effect of screening uptake rate due to the lack of required data. We could not analyze
the cancer burden inequality by mortality due to a lack of data. It is suggested that researchers analyze changes in inequality
over time and between individuals in future studies, using longitudinal and individual mortality data.

Declarations



Page 8/15

Acknowledgments

Not applicable

Authors’ contributions

OKh contributed to the concept and design of the study, BAh to data collection and classi�cation. MAm, BMo and AMa also
contributed to the critical revision of the article and writing of the manuscript. All authors have read and approved the �nal
manuscript.

Funding

The authors did not receive any funding to compile and/or publish this review.

Availability of data and materials

All data generated or analyzed during this study are included in this article.

Ethics approval and consent to participate

The present study was approved by the ethical committee Qazvin University of Medical Sciences (ethics code
IR.QUMS.REC.1400.449). All methods were performed in accordance with the relevant guidelines and regulations.

Consent for publication

Informed consent was obtained from all subjects and/or their legal guardian(s).

Competing interests

There are no con�icts of interest.

References
1. Burden G, Fitzmaurice C, Akinyemiju T, Al Lami F, Alam T, Alizadeh-Navaei R, Allen C, Alsharif U, Alvis-Guzman N, Amini E:

Global, regional, and national cancer incidence, mortality, years of life lost, years lived with disability, and disability-
adjusted life-years for 29 cancer groups, 1990 to 2016: a systematic analysis for the global burden of disease study.
JAMA oncology 2018, 4(11):1553-1568.

2. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A: Global cancer statistics 2018: GLOBOCAN estimates of
incidence and mortality worldwide for 36 cancers in 185 countries. CA: a cancer journal for clinicians 2018, 68(6):394-424.

3. WHO: New Global Cancer Data: GLOBOCAN 2018. Available: https://gco.iarc.fr/today/data/factsheets/cancers/39-All-
cancers-fact-sheet.pdf. World Health Organization- Union for International Cancer Control 2018.

4. Ferlay J, Colombet M, Soerjomataram I, Parkin DM, Piñeros M, Znaor A, Bray F: Cancer statistics for the year 2020: An
overview. International Journal of Cancer 2021, 149(4):778-789.

5. WHO: Global Cancer Facts & Figures. Available at: https://www.cancer.org/research/cancer-factsstatistics/global.html.
World Health Organization 2020.

�. Iran IRo: Global Cancer Observatory. Available at: https://gcoiarcfr/today/data/factsheets/popu lations/364-iran-islamic-
republic-of-factsheetspdf 2018.

7. MoHME: National Report on the National Cancer Registration Program for 2017-2018. Ministry of Health & Medical
Education, National Secretariat for Cancer Management 2021.

�. Roshandel G, Ferlay J, Ghanbari‐Motlagh A, Partovipour E, Salavati F, Aryan K, Mohammadi G, Khoshaabi M, Sadjadi A,
Davanlou M: Cancer in Iran 2008 to 2025: Recent incidence trends and short‐term predictions of the future burden.



Page 9/15

International journal of cancer 2021, 149(3):594-605.

9. Modirian M, Rahimzadeh S, Cheraghi Z, SAEEDI MS, Rezaei N, Tohidinik HR, Kasaeian A, Jamshidi HR, Ghobadi R,
Kompani F: Burden of Cancers in Iran from 1990 to 2010: �ndings from the Global Burden of Disease study 2010. 2015.

10. Rahmani H, Asiabar AS, Niakan S, Hashemi SY, Faramarzi A, Manuchehri S, Vasokolaei GR: Burden of esophageal cancer
in Iran during 1995-2015: Review of �ndings from the Global Burden of Disease studies. Medical journal of the Islamic
Republic of Iran 2018, 32:55.

11. Alcaraz KI, Wiedt TL, Daniels EC, Yabroff KR, Guerra CE, Wender RC: Understanding and addressing social determinants to
advance cancer health equity in the United States: a blueprint for practice, research, and policy. CA: a cancer journal for
clinicians 2020, 70(1):31-46.

12. Mediterranean WHOROftE: Social determinants of health in countries in con�ict: a perspective from the Eastern
Mediterranean Region, vol. 32: World Health Organization; 2008.

13. WHO: About social determinants of health. World Health Organization 2019.

14. Siegel RL, Miller KD, Jemal A: Cancer statistics, 2019. CA: a cancer journal for clinicians 2019, 69(1):7-34.

15. Afshar N, English DR, Milne RL: Factors explaining socio-economic inequalities in cancer survival: a systematic review.
Cancer Control 2021, 28:10732748211011956.

1�. Redondo-Sánchez D, Petrova D, Rodríguez-Barranco M, Fernández-Navarro P, Jiménez-Moleón JJ, Sánchez M-J: Socio-
Economic Inequalities in Lung Cancer Outcomes: An Overview of Systematic Reviews. Cancers 2022, 14(2):398.

17. Mihor A, Tomsic S, Zagar T, Lokar K, Zadnik V: Socioeconomic inequalities in cancer incidence in Europe: a comprehensive
review of population-based epidemiological studies. Radiology and oncology 2020, 54(1):1.

1�. Wold S, Esbensen K, Geladi P: Principal component analysis. Chemometrics and intelligent laboratory systems 1987, 2(1-
3):37-52.

19. Kakwani NC: Measurement of tax progressivity: an international comparison. The Economic Journal 1977, 87(345):71-80.

20. Kakwani NC: Income inequality and poverty: World Bank New York; 1980.

21. Wagstaff A, Van Doorslaer E, Paci P: Equity in the �nance and delivery of health care: some tentative cross-country
comparisons. Oxford review of economic policy 1989, 5(1):89-112.

22. O'Donnell O, Doorslaer E, Wagstaff A, Lindelow M: Analyzing health equity using household survey data: a guide to
techniques and their implementation World Bank publications, the World Bank, number 6896. In.: January; 2008.

23. Torkashvand Moradabadi M, Soroush W, Torkashvand Z: Mortality rate and years of life lost due to cancer in Iran from
2011 to 2018. Payesh (Health Monitor) 2021:0-0.

24. Enayatrad M, Etemad K, Khodakarim S, Yavari P: Investigating the relationship between colorectal cancer incidence and
human development index in Iran: An ecological study. Iranian Journal of Epidemiology Available from:
https://wwwsidir/fa/journal/ViewPaperaspx?id=348470 2018, 13(3):244-252.

25. Nouraei Motlagh S, Heidari Orojlo P, Lot� F, Mohammadshahi M, Shaarbafchi Zadeh N: Investigating the Relationship
between Socioeconomic Factors and Incidence of Leukemia. Journal of Payavard Salamat 2016, 10(2):19-205.

2�. Rohani-Rasaf M, Moradi-Lakeh M, Ramezani R, Asadi-Lari M: Measuring socioeconomic disparities in cancer incidence in
Tehran, 2008. Asian Paci�c Journal of Cancer Prevention 2012, 13(6):2955-2960.

27. Alvarez EM, Force LM, Xu R, Compton K, Lu D, Henrikson HJ, Kocarnik JM, Harvey JD, Pennini A, Dean FE: The global
burden of adolescent and young adult cancer in 2019: a systematic analysis for the Global Burden of Disease Study 2019.
The Lancet Oncology 2022, 23(1):27-52.

2�. O’Connor JM, Sedghi T, Dhodapkar M, Kane MJ, Gross CP: Factors associated with cancer disparities among low-,
medium-, and high-income US counties. JAMA network open 2018, 1(6):e183146-e183146.

29. Sharma R: An examination of colorectal cancer burden by socioeconomic status: evidence from GLOBOCAN 2018. EPMA
Journal 2020, 11(1):95-117.



Page 10/15

30. Pakzad R, Mohammadian-Hafshejani A, Ghoncheh M, Pakzad I, Salehiniya H: The incidence and mortality of lung cancer
and their relationship to development in Asia. Translational lung cancer research 2015, 4(6):763.

31. Alicandro G, Sebastiani G, Bertuccio P, Zengarini N, Costa G, La Vecchia C, Frova L: The main causes of death contributing
to absolute and relative socio-economic inequality in Italy. Public Health 2018, 164:39-48.

32. Tweed E, Allardice G, McLoone P, Morrison D: Socio-economic inequalities in the incidence of four common cancers: a
population-based registry study. Public health 2018, 154:1-10.

33. Coughlin SS: Social determinants of breast cancer risk, stage, and survival. Breast cancer research and treatment 2019,
177(3):537-548.

34. Khazaei S, Rezaeian S, Khazaei S, Mansori K, Sanjari Moghaddam A, Ayubi E: Effects of human development index and
its components on colorectal cancer incidence and mortality: a global ecological study. Asian Paci�c Journal of Cancer
Prevention 2016, 17(S3):253-256.

35. Shadmani FK, Ayubi E, Khazaei S, Sani M, Hanis SM, Khazaei S, Soheylizad M, Mansori K: Geographic distribution of the
incidence of colorectal cancer in Iran: a population-based study. Epidemiology and health 2017, 39.

3�. Carethers JM, Doubeni CA: Causes of socioeconomic disparities in colorectal cancer and intervention framework and
strategies. Gastroenterology 2020, 158(2):354-367.

37. Danos DM, Ferguson TF, Simonsen NR, Leonardi C, Yu Q, Wu X-C, Scribner RA: Neighborhood disadvantage and racial
disparities in colorectal cancer incidence: a population-based study in Louisiana. Annals of epidemiology 2018, 28(5):316-
321. e312.

3�. Doubeni CA, Laiyemo AO, Major JM, Schootman M, Lian M, Park Y, Graubard BI, Hollenbeck AR, Sinha R: Socioeconomic
status and the risk of colorectal cancer: an analysis of more than a half million adults in the National Institutes of Health‐
AARP Diet and Health Study. Cancer 2012, 118(14):3636-3644.

39. Danos D, Leonardi C, Wu X-C: Geographic determinants of colorectal cancer in Louisiana. Cancer Causes & Control
2022:1-8.

40. Bronfenbrenner U: Toward an experimental ecology of human development. American psychologist 1977, 32(7):513.

41. Ezimand K, ABDOLAHI KA, Javanbakht M: Geographic distribution and incidence of skin cancer using the Geographically
Weighted Regression model. 2018.

42. Azadiqatar S, Meshkini A, Rokanuddin Eftekhari A, Mostafavi E, Ahdenjadadoshti M: Explaining the relationship between
pedestrian capability in urban areas and the spatial distribution of deaths from breast and colorectal cancers in Tehran.
Journal of Space Planning and Planning (Humanities Teacher) 2018, 21(3):55-94.

43. Ostadghaderi M, Hana� Bojd A, Nematollahi S, Holakoui-Naeini K: Spatial Analysis of Factors Affecting Colorectal Cancer
Using the Model of Geographical Weight Regression in Iran. Iranian Journal of Epidemiology 2021, 17(1):1-12.

44. Herrera-Serna BY, Lara-Carrillo E, Toral-Rizo VH, do Amaral RC, Aguilera-Eguía RA: Relationship between the human
development index and its components with oral cancer in Latin America. Journal of Epidemiology and Global Health
2019, 9(4):223.

45. Bradley CJ, Anderson-Mellies A, Borrayo EA, Doherty JA, Escontrías OA, Garcia DO, Mishra SI, Sussman AL, Thomson CA,
Wetter DW: Ethnicity, socioeconomic status, income inequality, and colorectal cancer outcomes: evidence from the 4C2
collaboration. Cancer Causes & Control 2022:1-14.

4�. dos Santos Figueiredo FW, Adami F: Income inequality and mortality owing to breast cancer: evidence from Brazil. Clinical
breast cancer 2018, 18(4):e651-e658.

47. Kim JM, Kim H-M, Jung B-Y, Park E-C, Cho W-H, Lee SG: The association between cancer incidence and family income:
analysis of Korean National Health Insurance cancer registration data. 2012.

4�. McCartney G, Hearty W, Arnot J, Popham F, Cumbers A, McMaster R: Impact of political economy on population health: a
systematic review of reviews. American journal of public health 2019, 109(6):e1-e12.

49. Mohseny M, Amanpour F, Mosavi-Jarrahi A, Jafari H, Moradi-Joo M, Monfared ED: Application of Cox and parametric
survival models to assess social determinants of health affecting three-year survival of breast cancer patients. Asian



Page 11/15

Paci�c Journal of Cancer Prevention 2016, 17(sup3):311-316.

50. Swaminathan R, Selvakumaran R, Vinodha J, Ferlay J, Sauvaget C, Esmy PO, Shanta V, Sankaranarayanan R: Education
and cancer incidence in a rural population in south India. Cancer epidemiology 2009, 33(2):89-93.

51. Garner EF, Maizlin II, Dellinger MB, Gow KW, Goldfarb M, Goldin AB, Doski JJ, Langer M, Nuchtern JG, Vasudevan SA:
Effects of socioeconomic status on children with well-differentiated thyroid cancer. Surgery 2017, 162(3):662-669.

52. Khullar K, Rivera-Núñez Z, Jhawar SR, Drachtman R, Cole PD, Hoppe BS, Parikh RR: Pediatric hodgkin lymphoma:
disparities in survival by race. Leukemia & Lymphoma 2020, 61(3):546-556.

53. Doubeni CA, Major JM, Laiyemo AO, Schootman M, Zauber AG, Hollenbeck AR, Sinha R, Allison J: Contribution of
behavioral risk factors and obesity to socioeconomic differences in colorectal cancer incidence. Journal of the National
Cancer Institute 2012, 104(18):1353-1362.

54. Shin D, Fishman MD, Ngo M, Wang J, LeBedis CA: The Impact of Social Determinants of Health on Lung Cancer Screening
Utilization. Journal of the American College of Radiology 2022, 19(1):122-130.

55. Yabroff KR, Reeder-Hayes K, Zhao J, Halpern MT, Lopez AM, Bernal-Mizrachi L, Collier AB, Neuner J, Phillips J, Blackstock
W: Health insurance coverage disruptions and cancer care and outcomes: systematic review of published research. JNCI:
Journal of the National Cancer Institute 2020, 112(7):671-687.

5�. Levit LA, Balogh E, Nass SJ, Ganz P: Delivering high-quality cancer care: charting a new course for a system in crisis:
National Academies Press Washington, DC; 2013.

57. Walker GV, Grant SR, Guadagnolo BA, Hoffman KE, Smith BD, Koshy M, Allen PK, Mahmood U: Disparities in stage at
diagnosis, treatment, and survival in nonelderly adult patients with cancer according to insurance status. Journal of
Clinical Oncology 2014, 32(28):3118.

5�. Ellis L, Canchola AJ, Spiegel D, Ladabaum U, Haile R, Gomez SL: Trends in cancer survival by health insurance status in
California from 1997 to 2014. JAMA oncology 2018, 4(3):317-323.

59. Halpern MT, Ward EM, Pavluck AL, Schrag NM, Bian J, Chen AY: Association of insurance status and ethnicity with cancer
stage at diagnosis for 12 cancer sites: a retrospective analysis. The lancet oncology 2008, 9(3):222-231.

�0. Ward E, Halpern M, Schrag N, Cokkinides V, DeSantis C, Bandi P, Siegel R, Stewart A, Jemal A: Association of insurance
with cancer care utilization and outcomes. CA: a cancer journal for clinicians 2008, 58(1):9-31.

Figures



Page 12/15

Figure 1

Map of the standardized age incidence rate (per 100,000 people) of total cancer in different provinces of Iran in 2018. Adapted
from the national report on cancer registration by Iran’s [7]
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Figure 2

Age-speci�c incidence of �ve common cancers in the population of Iran in 2018. Adapted from the national report on cancer
registration by Iran’s [7]

Figure 3

Integrated conceptual framework for cancer equity [11]
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Figure 4

Concentration curves of cancer incidence based on provincial socio-economic variables
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Figure 5

Concentration curve of cancer incidence based on provincial socioeconomic index


