
Urban-rural differences in breast cancer incidence in Egypt
(1999–2006)

Subhojit Deya,*, Amr S. Solimana, Ahmad Hablasb, Ibrahim A. Seifeldeinc, Kadry Ismailb,
Mohamed Ramadanc, Hesham El-Hamzawyc, Mark L. Wilsona, Mousumi Banerjeed, Paolo
Boffettae, Joe Harfordf, and Sofia D. Merajverg

a Department of Epidemiology, School of Public Health, University of Michigan, 109 Observatory
Street, Ann Arbor, MI 48109, USA
b Gharbiah Cancer Society, Tanta, Gharbiah, Egypt
c Tanta Cancer Center, Tanta, Gharbiah, Egypt
d Department of Biostatistics, School of Public Health, University of Michigan, 109 Observatory
Street, Ann Arbor, MI 48109, USA
e The Tisch Cancer Institute, Mount Sinai School of Medicine, New York, NY
f Office of International Affairs, National Cancer Institute, Bethesda, MD, USA
g University of Michigan Comprehensive Cancer Center, 1500 East Medical Center Drive, Ann
Arbor, MI, USA

Abstract
Objective—To describe urban-rural differences in breast cancer incidence in Gharbiah, Egypt
and to investigate if these differences could be explained by known risk factors of breast cancer.

Methods—We used data from the population-based cancer registry of Gharbiah, Egypt to assess
breast cancer incidence from 1999 through 2006. The Egyptian census provided data on district-
specific population, age, and urban-rural classification. Incidence patterns of breast cancer by
district and age-specific urban-rural differences were analyzed.

Results—Overall, incidence rate of breast cancer was three to four times higher in urban areas
than in rural areas (60.9/105/year for urban areas versus 17.8/105/year for rural areas; IRR = 3.73,
95% CI = 3.30, 4.22). Urban areas had consistently higher incidence of breast cancer across all
age-groups for all years. Higher incidence of breast cancer was also seen in the more developed
districts of Tanta and El-Mehalla.
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Conclusions—Higher incidence of breast cancer in urban and more developed populations
might be related to higher xenoestrogens, as well as other endocrine disruptors and genotoxic
substances.
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INTRODUCTION
Breast cancer (BC) is the most common lethal malignancy accounting for nearly 23% of all
female cancers worldwide, with more than a million new cases each year.1 The incidence
rates (IRs) of BC vary worldwide, with high rates in North America, Northern and Western
Europe, intermediate rates in South America and Southern Europe, and low rates in Africa
and Asia.2 Developing countries show a higher incidence of BC in urban than in rural areas,
a pattern that has not been fully explained.1–3 For example BC incidence in urban areas of
Shanghai was 27.2/105 respectively compared to 9.1/105 in the nearby rural area of Jiashan.2
Similarly in India, BC incidence in rural registry of Barshi was 7.2/105 compared to the
31.3/105 in adjoining city of Mumbai (Bombay).3 While hereditary causes account for only
5–10% of BC risk, a significant portion of BC risk is environmental or non-hereditary in
nature as shown by studies of women who migrate from low incidence to high incidence
settings.4,5 Known risk factors of BC including environmental risk factors that modulate a
woman’s exposure to endogenous estrogens, such as age of menarche, age of first full term
pregnancy, number of children, duration of breastfeeding, and age of menopause, only
explain up to little more than half of BC risk.6,7 It is reasonable to hypothesize that other
unknown exogenous estrogenic factors may contribute to elevated incidence in
industrialized countries since BC is associated with estrogenic exposures, and endogenous
estrogens cannot explain the total non-hereditary risk. 6,7

Exogenous estrogens, or xenoestrogens, are environmental chemicals that mimic the action
of hormones or directly affect pathways of endogenous hormones. Important among such
chemicals because of their ubiquity and activity strength are those estrogen mimetics present
in plastics such as bisphenol-A (BPA), phthalates and polyvinyl chloride (PVC), pesticides
and insecticides like DDTs, polychlorinated biphenyls (PCBs) etc. and parabens, and
placental extracts, aromatic amines, and industrial solvents like benzene and toluene.8
Mounting evidence from various parts of the world shows that use and exposure to
xenoestrogens accompanies economic development. Many studies have demonstrated that
various xenoestrogens are more abundant in urban areas,9–17 but widespread exposure in
developed countries makes epidemiological investigation difficult.18

Comparisons between urban and rural populations that are fairly genetically homogeneous
in developing countries such as Egypt, are ideally suited for studying environmental
exposures, since differential rates of economic development translates into differential
exposure to environmental risk factors of BC. Within Egypt, data on environmental
exposures is very limited. However it is known that intensive agricultural practices have led
to the use of thousands of metric tons of various pesticides which are present in large
quantities in soil and water.19 Many of these pesticides such as toxaphene, endrin, DDT and
lindane are persistent organic pollutants (POPs) as well as xenoestrogens.19 This has led to
extensive human exposure to various chemicals, mainly in the Nile Delta Region (NDR)
with most pesticides found in appreciable quantities in human milk as observed even in our
own studies.20,21 We documented lower levels of these pesticides in Egyptian women who
breastfed more.21
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Thus it is quite possible that urban women, who have fewer children and breastfeed less than
rural women, are exposed to higher levels of these xenoestrogens.21 Given the probable high
exposure of urban populations to various xenoestrogens in addition to changing reproductive
and lifestyle-related risk factors, we hypothesized that BC incidence is higher in urban than
in rural areas of Egypt.

MATERIAL AND METHOD
Study Population

The study population consisted of all women diagnosed with primary BC during the eight
years from 1999 through 2006, who were in the Gharbiah Population-Based Cancer
Registry. For each case, the following information from routinely collected registry data was
obtained: registry number, age at diagnosis, address, address code, smoking status,
occupation, basis of diagnosis, tumor grade, stage, morphology, medical record number, and
place of referral. Data were stripped of all personal identifiers and their analyses were
approved by the University of Michigan Institutional Review Board and the Gharbiah
Cancer Center Ethics Committee.

Gharbiah Population-Based Cancer Registry
The Gharbiah population-based cancer registry, founded in 1998 as a part of the Middle East
Cancer Consortium (MECC) and funded by the U.S. National Cancer Institute (NCI), is
located in Tanta, the capital of Gharbiah province.22, 23 Through an active registration
process, data on cancer cases are collected from various sources in the province. For this
study, most BC cases came from three locations; the Tanta Cancer Center (40–50%),
Gharbiah Cancer Society (10–12%) and Tanta University Hospital (10–12%). Data obtained
from these hospitals and centers using the International Agency for Research on Cancer
(IARC) software CanReg4. Registrars were trained in data extraction and entry methods,
and are periodically monitored by faculty of Emory School of Public Health, IARC, and the
MECC.22, 23

Most of the BC cases in the registry (95.8%) were diagnosed by histopathological
confirmation of the primary tumor.24 Cases were registered with the American Joint
Committee on Cancer (AJCC) staging from 2003 onwards, while those from 1999–2002
employed the SEER staging, but were replaced by AJCC staging.

Gharbiah Province
The Gharbiah province is an administrative region located 90 kilometers north of Cairo in
the Nile delta region and has eight districts, each with a capital city (Figure 1). Tanta city
also serves as the capital of the province. Gharbiah has a population of more than 4 million
people, 49% of whom are women. Approximately 30% of the population resides in urban
areas and almost 47% of the female population is below the age of 20, according to the 2006
Central Agency for Public Mobilization and Statistics (CAPMAS) national census of Egypt.
25

Census Data
The 1996 and 2006 CAPMAS censuses were used to obtain data on women residing in
Gharbiah,26 and linear regression was used to estimate the population during each study
year. The linear growth rates of eight districts were applied to the urban and rural
populations within those districts to determine urban and rural populations from 1999
through 2006. Twelve age categories were obtained from the census (one representing less
than 24 years of age and eleven subsequent categories each comprising a 5-year interval).
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These population figures per age interval formed the denominators to calculate the various
age-specific incidence rates of BC.

Urban-Rural Classification
Urban and rural designations were made according to the CAPMAS definitions.25 Urban
areas consisted of all the capital cities of the eight districts of the province, while the
remaining areas in the province were considered rural. Each case in the registry was
assigned a residence code based on their residential address that follows the CAPMAS
coding which was used to classify cases as urban or rural.

Statistical Analysis
Descriptive statistics and rate analyses were completed using SAS (Version 9; SAS Institute,
Cary, NC). Yearly raw and age-adjusted incidence rates were calculated for Gharbiah
province, each of the eight districts, and urban and rural areas for the province. Crude annual
incidence rates were calculated by dividing the number of cases each year by the respective
population estimate for that year. Age-specific incidence rates for the entire study area and
for urban vs. rural areas were calculated for each of the twelve age categories. Direct age-
adjusted incidence rates were calculated by using Gharbiah’s 2006 population as the
standard. Trends in BC incidence were compared overall, and by urban-rural status, age
categories and districts.

Incidence Rate Ratios (IRRs) and P-values for trend were calculated using negative
binomial regression by the GENMOD procedure in SAS. Although age, histology and stage
at diagnosis are potential confounders, histology was uniform in distribution across urban-
rural strata and stage at diagnosis did not affect IRRs by more than 10%. Therefore, we
computed age-standardized IRRs and 95% confidence intervals (CI). However, stage at
diagnosis was a confounder for overall incidence trend and therefore we reported the IRR
for overall incidence after adjusting for age, stage and year of diagnosis. In addition we also
controlled for urban-rural status when computing P-value for trend for overall incidence.

To control for known reproductive factors that may have contributed to urban-rural
differences, the following formula26 was used:

Where

Inc(Urban): Urban incidence rate of BC

Inc(Rural): Rural incidence rate of BC

n(Urbanj) and n (Ruralj): The number of urban and rural women respectively in the jth risk
factor category

n(Urban) and n(Rural): The total number of urban and rural women respectively

RRj: The risk ratio or odds ratio (OR) associated with jth risk factor category

Age-adjusted urban and rural incidences of BC, ORs from an earlier Egyptian case-control
study of BC27 and prevalence data from the Egyptian Health and Demographic Survey
(EDHS)28 were employed in the formula. Due to potential differences in reproductive habits
and diet, we investigated age at first birth or age at first full term pregnancy (FFTP), number
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of children, and duration of breastfeeding as potential variables to control for urban-rural
incidence difference. However, the case-control study27 and EDHS28 indicated that the
number of children and duration of breastfeeding did not confer much risk for BC, nor were
these factors different for urban and rural women in Egypt. Therefore, we controlled only
for age at FFTP.

RESULTS
A total of 4,794 female cases of BC with an average age of 50 (± 11.4) years were identified
(Table 1). Tanta and El Mehalla, the two largest districts of Gharbiah, contributed the most
cases, their contributions being 35.0% and 30.6% of cases, respectively. Most cases were
either stage II (33.7%) or stage III (45.9%) while 4.4% and 16% of cases were in Stage I and
IV respectively. Majority of cases had been diagnosed by pathological confirmation (94.4%)
(Table 1).

Overall incidence of BC in Gharbiah ranged from 30.2 per 100,000 women in 1999 to 34.5
per 100,000 women in 2006 and increased during the study period (P = 0.02) (Table 2)
(Figure 2). We also observed a trend of decreasing breast cancer incidence in urban areas (P
< 0.0001) while breast cancer incidence seems to be increasing in rural areas (P = 0.11)
(Table 2). Age-specific BC incidence rates increased in the younger age categories, peaking
around 45–55 years, and then declined in ages over 55 years. This pattern was consistent
across the eight years of study (Figure 3). We also observed an increasing age of peak
incidence across the eight years of this study (Figure 3). Incidence of BC across the eight
districts of Gharbiah was highest in Tanta and lowest in Kotour and Zefta (Table 3) (Figure
1).

Urban-rural BC incidence rates showed a consistent pattern with urban rates being higher
than rural rates (1999 – IRR = 4.63, 95% CI = 4.04, 5.31 and 2006 – IRR = 2.71, 95% CI =
1.91, 3.83) (Table 2). Overall, and throughout the eight years, the urban incidence rates were
higher than rural incidence rates (Overall IRR = 3.73, 95% CI = 3.30, 4.22) (Table 2). Urban
populations showed higher age-specific incidence of BC than rural locations, for all age
categories (Figure 4). On adjusting for age at FFTP, we observed a reduction in urban-rural
IRR by 8.9%.

DISCUSSION
This first study ever investigating BC trends in Egypt from a population-based cancer
registry provided evidence of increasing BC incidence during the study period. Previously, a
small-scale, hospital-based study from Alexandria, Egypt had suggested an increase in
incidence rate of BC there.29 Rising BC incidence has been reported from most places in the
world,1 with rapid increases observed in developing countries30, including those in the
Middle-East.31 Apart from increasing exposure to known risk factors of BC it is likely that
the Gharbiah registry is relatively new and the increased BC incidence observed in our study
was due to an increase in the number of diagnostic and treatment centers in Gharbiah.32

We observed three-to-four times higher incidence of BC in urban than in rural areas. The
higher urban incidence was consistent across eight years and for all age groups. Although
known risk factors might be responsible for the observed higher urban incidence, EDHS
findings indicated that urban and rural Egyptian women had similar reproductive risk
factors.28 Furthermore, when we controlled for FFTP, one of the most important
reproductive risk factors affecting BC risk, the urban-rural IRR changed slightly.

We considered that the elevated BC incidence in urban areas relative to rural areas could be
due to limited access to diagnostic facilities in rural areas, possibly causing many rural
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women to die with BC undiagnosed. However, we did not find any significant difference in
stage distribution of BC between urban and rural areas (Table 4) which ruled out late
detection of cases from rural areas. Primary healthcare coverage in Egypt is reported to be
100%, with rural areas possibly having good access to physicians and primary care
hospitals.22 Also, rural areas in Gharbiah are no further than 50 kilometers from Tanta, the
capital city, and are mostly well-connected by readily available, inexpensive public
transportation. Thus, difficulties in health care access and non-detection of cases cannot
explain urban-rural or district-level differences reported in this study. EDHS results28 and
our recent follow-up study (unpublished data) indicate that health seeking behavior of
women in northern Egypt does not differ significantly between urban and rural areas. As
such, health education programs related to breast health awareness must be incorporated
equally in both urban and rural areas.

Urban- rural differences in BC incidence in Egypt and other developing countries are
qualitatively analogous to the pattern of differences in incidence reported between
developed and developing countries. This analogy is consistent with the patterns seen in
age-specific BC incidence, where urban age-specific BC incidence is higher for all ages with
patterns similar to developed countries. In contrast, the lower incidence in rural areas in this
study showed a decrease in incidence in later years of life, similar to that seen in developing
countries.30 We pose that the absence of a decline in incidence in older women in developed
countries and urban areas could be due to sustained increased exposure to estrogenic factors
throughout the lifetime. The increasing peak age of BC incidence that we observed is
consistent with the above explanation since chronic estrogenic exposures throughout life
increases BC incidence in later years of life.

We also observed an apparent decrease in urban BC incidence while rural BC incidence
seemed to increase steadily across the study period though not significantly. The decrease in
urban BC incidence occurred in the last four years (2003–2006) of our study and we believe
that it is associated with 3–5% annual missing cases in these years since the data for these
years wasn’t completely available at the time of our analysis. According to our assessment
of the source of these cases, almost all of these cases were urban. The steady increase in
rural BC incidence is consistent with our hypothesis since rural women are increasingly
adopting urban lifestyles, reproductive habits and are also increasingly exposed to similar
environmental factors as urban women due to economic development. Thus, it is quite
probable that the urban-rural gap in BC incidence will become narrower in the coming
decades.

BC incidence between the different Gharbiah districts also varied by as much as three-folds.
Since the geographic distance between an incident case’s dwelling and the registry does not
appear to affect the probability that the case will be detected and, by the procedures in place
to track records, it does not affect the registration, we propose that perhaps exposures related
to the relative economic development and industrialization between the districts are more
relevant in causing these inter-district differences. Tanta and El-Mehalla, are the largest
cities and are home to most of the industries and commercial centers of the province.
Therefore, we speculate that women in these two districts may experience greater exposure
to environmental risk factors such as xenoestrogens, a hypothesis that needs further
investigation.

Although the link between xenoestrogens and BC has not been thoroughly explored, the
evidence available suggests that exposure to xenoestrogens is high and increasing across the
world. World pesticides sales have increased most in developing countries, and are two to
three times higher than the current world average.33 Of further concern is exposures to
plastics, which contain BPA and phthalates, is increasing in urban areas.34 These
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compounds are being detected in the urine of people in developed countries, 35–38

universally across the population. This can probably be ascribed to massive increases in
plastic usage worldwide.39, 40

Short-acting xenoestrogens are also seen in other categories of products, such as food
preservatives, cosmetics, and detergents.41–43 Recently, many studies have shown the
greater presence and exposure to xenoestrogens in urban areas across many parts of the
world.9–17 In our own work in Egypt, we previously discovered that urban women had
higher levels of 7,8-dihydro-8-oxo-2’-deosyguanine (8-oxo-dG),44 suggesting greater
exposure to carcinogenic influences. Within Gharbiah province, studies have shown
dangerously high levels of heavy metals and inorganic pollutants in the Damietta branch of
Nile River that flows along the east border of the province.45 There is also additional
evidence of sewage and industrial wastewater polluting the Nile River mostly in the urban
areas of Gharbiah province.46, 47 Thus, in addition to xenoestrogens, carcinogenic exposures
in urban areas might also involve other endocrine-disruptors and genotoxic substances.
Further research is clearly warranted about these environmental risk factors in Egypt and
other developing countries.

One of the biggest strengths of this study derives from the fact that we saw a consistent
pattern across eight years between urban-rural populations, in all age categories and
districts, based on data from a population registry. However, this study also had a few
limitations. As mentioned earlier, we had 3–5% of cases were missing for the years 2003–
2006 and we determined that most of these missing cases were urban (results not shown).
This could have resulted in a seeming reduction in the urban BC incidence and a consequent
underestimation of the urban-rural IRR for the years 2003–2006. Also, the absence of
information on individual risk factors as well as environmental exposures related to BC is a
limitation. However, such information is not usually a part of the data collected by cancer
registries, so this limitation is not particular to our study.

To our knowledge, no previous studies in developing countries have yet shown such a stark
contrast in BC incidence between urban and rural populations. Future studies investigating
the association of environmental risk factors such as xenoestrogens and BC at the individual
level must consider that urban-rural populations in developing countries provide an ideal
setting in terms of contrasting populations to analyze such exposures.
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Selected Abbreviations and Acronyms

AJCC American Joint Committee on Cancer

BC breast cancer

BPA bisphenol-A
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CAPMAS Central Agency for Public Mobilization and Statistics

CI confidence interval

DDT Dichloro-Diphenyl-Trichloroethane

EDHS Egyptian Health and Demographic Survey

FFTP first full term pregnancy

IARC International Agency for Research on Cancer

IR incidence rate

IRR incidence rate ratio

MECC Middle East Cancer Consortium

NCI National Cancer Institute

NDR Nile Delta Region

PCB polychlorinated biphenyls

PVC polyvinyl chloride

RR risk ratio

UN United Nations

US United States
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Figure 1.
Map of Nile Delta Region showing location of eight districts of Gharbiah with the respective
overall incidence rates of breast cancer in each district.
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Figure 2.
Breast cancer incidence (per 100,000 women) in Gharbiah, Egypt from 1999–2006 with
linear trend-line for incidence (P for trend = 0.02).
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Figure 3.
Overall age-specific incidence of breast cancer in Gharbiah, Egypt from 1999–2006. There
are 12 categories of age: 0–24, 25–29, 30–34, 35–39, 40–44, 45–49, 50–54, 55–59, 60–64,
65–69, 70–74, >75. Each point on the lines of the graph corresponds to one age category.
The sequence of age categories for each year is as given above.
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Figure 4.
Urban-rural age-specific incidence of breast cancer in Gharbiah, Egypt from 1999–2006.
There are 12 categories of age: 0–24, 25–29, 30–34, 35–39, 40–44, 45–49, 50–54, 55–59,
60–64, 65–69, 70–74, >75. Each point on the lines of the graph corresponds to one age
category. The sequence of age categories for each year is as given above.
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Table 1

Descriptive information of the registry study population in Gharbiah, Egypt, 1999–2006

Variable Descriptive Category Urban No. (%) Rural No. (%) Overall No. (%)

Total Cases 3043 (63.48) 1688 (35.21) 4794 (100)

Year of Diagnosis 1999 395 (70.54) 165 (29.46) 560 (11.68)

2000 377 (69.69) 164 (30.31) 541 (11.29)

2001 378 (65.51) 199 (34.49) 577 (12.04)

2002 431 (69.40) 190 (30.60) 621 (12.95)

2003 349 (57.69) 251 (41.49) 605 (12.62)

2004 388 (59.06) 254 (38.66) 657 (13.71)

2005 347 (59.22) 221 (37.71) 586 (12.22)

2006 378 (58.42) 244 (37.71) 647 (13.50)

Age 0–24 14 (60.87) 9 (39.13) 23 (0.48)

25–29 52 (55.91) 41 (44.09) 93 (1.94)

30–34 143 (55.43) 115 (44.57) 258 (5.38)

35–39 283 (57.52) 209 (42.48) 492 (10.26)

40–44 446 (60.85) 287 (39.15) 733 (15.29)

45–49 529 (64.99) 285 (35.01) 814 (16.98)

50–54 542 (67.41) 262 (32.59) 804 (16.77)

55–59 377 (65.34) 200 (34.66) 577 (12.04)

60–64 279 (65.04) 150 (34.97) 429 (8.95)

65–59 179 (68.32) 83 (31.68) 262 (5.47)

70+ 110 (70.06) 47 (29.94) 157 (3.28)

Districta Tanta 1213 (72.25) 466 (27.75) 1679 (35.02)

El-Mehalla 1097 (74.88) 368 (25.12) 1465 (30.56)

Kafr El-Zayat 204 (57.96) 148 (42.05) 352 (7.34)

Zefta 136 (48.23) 146 (51.77) 282 (5.88)

Samanoud 124 (53.91) 106 (46.09) 230 (4.80)

El Santa 98 (34.51) 186 (65.49) 284 (5.92)

Kotour 77 (39.09) 120 (60.91) 197 (4.11)

Basyoon 103 (47.25) 115 (57.75) 218 (4.55)

Stageb I 94 (62.67) 56 (37.33) 150 (4.39)

II 695 (60.28) 458 (39.72) 1153 (33.73)

III 935 (59.55) 635 (40.45) 1570 (45.93)

1V 290 (53.21) 255 (46.79) 545 (15.95)

Basis of Diagnosisc Histology 2060 (62.18) 1253 (37.82) 3313 (77.14)

FNAC 494 (66.67) 247 (33.33) 741 (17.25)

Others 184 (76.35) 57 (23.65) 241 (5.61)

a
1.5% of cases had missing residence information.

b
28.7% of cases had missing or unknown AJCC stage information.

c
10.4% of cases had missing information on basis of diagnosis.
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