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Cancer risk in different generations of Middle Eastern 
immigrants to California, 1988–2013

Clara Ziadeh, Argyrios Ziogas, Hoda Anton-Culver
Department of Epidemiology; School of Medicine, University of California Irvine, Irvine, California

Abstract

The objective of this study is to compare cancer risk among different generations of Middle 

Eastern immigrants (ME) and non-Hispanic whites (NHW) in California between 1988 and 2013. 

We used data from the California Cancer Registry to identify invasive primary incident cancer 

cases in three population groups: (i) first-generation ME immigrants, (ii) second- or subsequent-

generations ME immigrants, and (iii) NHW. Proportional incidence ratio (PIR) was used to 

compare cancer risk of the 15 selected most common cancers in the 3 population groups taking 

into consideration time since immigration for first-generation ME immigrants. First generation 

ME immigrants were more likely to be at increased risk of stomach (PIR= 3.13) and hepatobiliary 

(PIR=2.27) cancers in females and thyroid (PIR=2.19) and stomach (PIR=2.13) cancers in males 

in comparison with NHW. Second- or subsequent-generations ME immigrants were at increased 

risk of thyroid cancer (PIR=1.43 in females and 2.00 in males) in comparison with NHW, and 

malignant melanoma cancer (PIR=4.53 in females and 4.61 in males) in comparison with first-

generation ME immigrants. The risk levels of breast, thyroid and bladder cancers in ME first 

generation were significantly higher compared to NHW regardless of time spent in the United 

States suggesting the role of genetic predisposition, and/or cultural characteristics associated with 

these cancers. The results suggest that differences in cancer risk between ME first-generation 

immigrants and NHW change in second or subsequent generations, approaching the risk level of 

NHW and indicating the impact of acculturation in this immigrant population.
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Immigrant studies are recognized for their value in examining epidemiological associations 

in cancer etiology.1,2 These studies, particularly if population-based, identify the impact of 

the ethnic, cultural, genetic background and environmental exposures on cancer risk.3 Three 

types of immigrant studies have been previously described. The first type compares cancer 

risk in immigrants with natives from the host country. The second type measures the impact 

of the environment by studying cancer risk in immigrants compared to people in the 

countries of origin of the immigrants.4 The third type evaluates the impact of acculturation, 

by measuring cancer risk in different generations of immigrants.5,6 Acculturation is defined 
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as changes in immigrant populations’ disease risk over time approaching the risk levels of 

the host country.7 This can be attributed to differences in Socioeconomic Status (SES), diet, 

environmental exposures or screening habits in immigrant populations. According to the 

Center for Immigration Studies, the number of first generation immigrants in the United 

States (US) is estimated to reach 47.9 million by 2020.8 Coming from different countries, 

with different lifestyles, language barriers, and risk factors, first-generation immigrants are 

very heterogeneous and sometimes require special health care.9 Middle Eastern immigrants 

(ME) constitute one of the growing immigrant populations in the US,8 and particularly in 

California.10,11 They come from a wide geographic area extending from Southwest Asia to 

Northeast Africa. According to the US census, non-Hispanic whites (NHW) refer to all 

persons from European, Middle Eastern and North African origin.12 ME populations are 

distinct in their diet (e.g., Mediterranean diet), genetic background, cultural preferences and 

health behaviors.13 Cancer risk is not homogeneous worldwide. International studies have 

shown that cancer incidence in ME populations living in the Middle East is different from 

cancer incidence in the US.14 The overall cancer incidence was reported to be lower in ME 

first-generation immigrants compared to other NHW.15–17 Studies examining cancer in 

immigrants and their descendants have suggested that cancer rates across generations 

approach the native host country’s rates with succeeding generations.1,18,19 However, very 

few studies focused on cancer in different generations of ME immigrants in the US and 

particularly in California.20,21 Accurate data of the ME population in California are not 

available through the US census. This population is included in population statistics with 

NHW, which makes calculating cancer incidence rates for ME immigrants a challenge. 

Previous studies applied surrogate statistical methods to estimate risk including the 

proportional incidence ratio (PIR) for cancer comparisons. This method was used to 

compare cancer risk between ME immigrants and other NHW in the US,22 and between the 

different generations of ME immigrants and NHW.20 These studies were mainly conducted 

in the Metropolitan Detroit Area of Michigan. In this study, we are using similar 

methodology to examine possible changes in cancer risk in ME immigrants first and 

subsequent generations in California.

The main objective of this study is to compare cancer risk among ME first-, second- or 

subsequent generations’ immigrants, and NHW in California (1988–2013), particularly with 

respect to the 15 most common invasive primary cancers, taking into consideration the 

length of stay in the US for ME first generation prior to their cancer diagnosis.

MATERIAL AND METHODS

Study population

California is one of the largest and most populated states in the US, with >39 million 

residents as of July 2015.23 California Cancer Registry (CCR) is California’s statewide 

population-based cancer surveillance system. CCR monitors incidence and death from 

cancer among Californians since 1988.24 It captures detailed information on cancer cases, 

including patient’s demographics (e.g., gender, country of birth and race), cancer 

characteristics (e.g., age and stage at diagnosis), treatment and follow-up information. Every 

cancer diagnosis made in California since 1988 is required by law to be reported to CCR. As 
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a consequence, the CCR completeness rates are high and expand with time.24 We obtained a 

deidentified CCR data (1988–2013). This did not require an Institutional Review Board 

approval.

In 2007, Nasseri used CCR data and developed the Middle Eastern surname list using: (i) A 

Middle Eastern surname file extracted from the Social Security Number Identification 

Database (NUMIDENT), (ii) Enhanced California Death Certificate Master File, (iii) Arab 

Surname List extracted from NUMIDENT, (iv) Early California Cancer Registry files and 

(v) Expertly collected surnames.25 This surname list has a sensitivity of >90% in men and 

86% in women. It has been validated and is included as a permanent variable in the CCR 

dataset, starting from 1988. Three population groups were selected to be examined in this 

study using CCR. If a patient had a validated Middle Eastern last name and was born in one 

of the Middle Eastern countries (Afghanistan, Algeria, Armenia, Bahrain, Djibouti, Egypt, 

Iraq, Iran, Jordan, Lebanon, Libya, Morocco, Pakistan, Palestine, Saudi Arabia, Somalia, 

Sudan, Syria, Turkey, Tunisia, Yemen and Israel), he/she was considered an ME first-

generation immigrant. If the patient had a validated Middle Eastern last name but was born 

in the US, he/she was considered an ME second or subsequent generations’ immigrant. If 

the patient did not have an ME last name, was born in the US, and was classified as White in 

CCR, he/she was considered NHW.

Cancer cases and study participants

We have identified invasive cancer cases using CCR data from 1988 to 2013. If a patient has 

multiple cancers, only the first cancer was included in the analysis. In this study, we decided 

to analyze the data with a focus on the 15 most common cancers in each of the three 

population groups (ME first generation, ME second or subsequent generations and NHW), 

for both genders (Fig. 1). These 15 cancers, representing the cancers with the highest 

occurrence, were not the same in each of the three population groups. Therefore, our study 

covered 19 cancer sites in females and 20 in males (Tables 2 and 3) with a total number of 

435,215 females and 465,639 males for these selected cancers. In females, 7,971 were first-

generation ME immigrants, 2,642 were second- or subsequent-generation ME immigrants 

and 424,602 were NHW. However, in males, 10,162 were first-generation ME immigrants, 

2,182 were second- or subsequent-generation ME and 453,295 were NHW. Other race/

ethnic groups were excluded from our study.

Time from immigration to cancer diagnosis

Time from immigration to cancer diagnosis was calculated by using the year of issue of 

Social Security Number (SSN), existing in CCR, as estimation for the year of immigration. 

Assuming that legal immigrants receive their SSN directly after their arrival to the US,21 the 

year of issue of SSN can be used to estimate the immigration date and therefore the duration 

of stay in the US. Time since immigration was then categorized into 3 different groups with 

<10 years, 10–24 years and 25 years over.

Statistical analysis

Descriptive data on demographic characteristics (race/ethnicity, marital status, insurance and 

SES) and cancer characteristics (age, stage and year at diagnosis) were stratified by gender 
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and presented for each of the three population groups. Tests for normality were completed 

for continuous variables. Means±SD were used for continuous variables and numbers (%) 

for frequency variables. Age-adjusted PIRs were calculated. The PIR is the observed number 

of ME immigrants’ cancer cases divided by the number of ME immigrants’ cancer cases 

expected if the ME immigrant population has the same proportion of cancer as that of the 

NHW population. In more detail, the proportions of each of the 19 invasive cancers in 

females and 20 cancers in males were calculated from all cancers in NHW (all cancers 

include the cancers that are not part of the 19 or 20 cancers) for each of the 18 different 5-

year age groups. Then considering that the ME population has the same proportion of cancer 

as of that of the NHW population, we estimated the expected number of cases for the 19 

invasive cancers in females and 20 cancers in males for each age group in first generation 

ME immigrants. The PIR was calculated using the total of observed cases divided by the 

total of expected cases for each cancer for first-generation ME, separately in males and 

females.26 The comparison of PIR is the NHW group. After calculating the age-adjusted 

total PIR, 95% Poisson CI was calculated. PIRs >1 indicate that there are proportionally 

more cancers of a given site among ME first-generation immigrants than among NHW, 

accounting for differences in the age distribution of the groups. PIRs >1 with 95% CI not 

containing 1 indicate statistically significant higher proportions. Same analyses were 

repeated for second- or subsequent-generation ME immigrants compared to NHW and 

compared to first-generation ME immigrants, separately in males and females. Additional 

PIRs were calculated for cancers in first-generation ME compared to NHW, stratified by 

gender and time from immigration to cancer diagnosis. Data analyses were completed using 

SAS statistical software, version 9.4 (SAS Institute Inc., Cary, NC).

RESULTS

In females, breast cancer constituted the most common cancer with 38.4% in ME first 

generation, 33.0% in ME second or subsequent generations ME and 30.8% in NHW. 

Prostate cancer was the most common cancer in males in the 3 groups with 28.7% in ME 

first generation, 27.4% in ME second or subsequent generations and 27.3% in NHW. In both 

genders, the second most common cancer in ME first generation was colorectal cancer 

(CRC); however, it was lung cancer in ME second or subsequent generations and NHW 

(Fig. 1).

Table 1 shows the demographic and cancer characteristics for participants with the 15 

selected most common cancers in each of the 3 population groups and stratified by gender. 

Overall, 435,215 females and 465,639 males were included. More than 89% of the ME 

immigrants were identified as NHW. Married and participants with the highest SES 

accounted for the topmost percentage of cases. Males had higher age at diagnosis compared 

to females, with NHW having the highest age at diagnosis. Immigrants were diagnosed at 

later years, whereas NHW were diagnosed mostly between 1988 and 1992. More than 40% 

of the primary invasive cancers were diagnosed at a localized stage in the 3 groups.

Table 2 presents the age-adjusted PIRs for first-generation and second- or subsequent-

generation ME females compared to NHW females. Of the 19 primary invasive female 

cancers, nine had significantly higher proportions in first generation but only five in second 
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or subsequent generations’ females, four of which were the same in all ME generations. 

Although the highest PIR was for stomach cancer in all ME immigrant groups, its PIR was 

lower in second or subsequent generations’ females (PIR=1.46). Same pattern was shown 

for thyroid cancer where the PIR decreased in second or subsequent generations, however, 

remained significantly higher in comparison with NHW females.

Of the 20 invasive primary cancers, 12 cancers were significantly higher in first generation 

males and five in second or subsequent generations (Table 3). All generations of ME 

immigrants had a higher risk of thyroid, bladder and Hodgkin lymphoma cancers with first 

generation having higher PIRs than second or subsequent generations. First-generation 

immigrants had a higher risk of stomach (PIR=2.13), liver (PIR=1.43) and leukemia 

(PIR=1.38) cancers while second or subsequent generations were at higher risk of kidney 

cancer (PIR=1.27) in comparison with NHW males.

Second or subsequent generations had higher risk of malignant melanoma cancer with a PIR 

of 4.53 (95% CI: 3.52, 5.73) in females and 4.61 (95% CI: 3.57, 5.87) in males when 

compared to first generation of ME immigrants. The PIR for lung cancer was the second 

most highest in females (PIR=2.31) but not in males (PIR=1.20) (Table 4).

Table 5 presents the age-adjusted PIRs for the 5 most common cancers in first generation 

ME immigrants compared to NHW, stratified by gender and time from immigration to 

cancer diagnosis. In females, there was an increase in PIR overtime for CRC. Whereas, 

breast and thyroid cancers maintained significant higher PIRs regardless of the length of 

time since immigration. In males, the PIR for bladder cancer remained higher regardless of 

the period since immigration while there was an increase in CRC and non-Hodgkin 

lymphoma cancer risks.

DISCUSSION

Immigrant studies, using first and subsequent generations, are invaluable in identifying the 

impact of the ethnic, cultural, genetic predisposition, environmental exposure and 

gene*environmental interaction on the etiology and distribution of cancer. The overall aim 

of this study was to compare cancer risk among ME first-, second- or subsequent-generation 

immigrants, and NHW, for the most common invasive primary cancers, taking into 

consideration the length of time since immigration to the US for ME first-generation females 

and males. Our research question focused on the ME population at large and not on 

individual Middle Eastern countries.

Our results show that the distribution of invasive cancers is very similar in ME first, second 

or subsequent generations, and NHW, in both males and females. They confirm previous 

studies looking at cancer in four countries of the Middle East in comparison with the US.27 

Breast cancer is the most common cancer in females in the 3 population groups, similar to 

many ME countries including Lebanon,28,29 Iran,30 Tunisia,31 Egypt and Gaza strip.32 

Prostate cancer is the most common cancer in males in the 3 groups, similar to some ME 

countries,33 but not all.
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Several cancer types have significantly higher PIRs in first generation ME compared to 

NHW. These cancers include stomach, biliary & gallbladder, thyroid, multiple myeloma, 

leukemia, CRC and bladder cancers in females. They also include stomach, bladder, CRC, 

non-Hodgkin lymphoma, brain and liver cancers in males. These differences were attenuated 

in second and subsequent ME generations compared to NHW indicating the impact of 

possible acculturation due to changes associated with environmental (diet, exposure early in 

life, …), cultural, other nongenetic causes and gene × environment interaction. The 

reduction in PIR between first- and second- or subsequent-generation ME immigrants is 

more pronounced for stomach, larynx, liver, bladder and biliary and gallbladder cancers, 

where second or subsequent ME immigrants are not exposed to environmental agents such 

as Helicobacter pylori and hepatitis B responsible for the increased risk of stomach and 

hepatobiliary cancers in first-generation immigrants.

On the other hand, there is an increase in PIRs in second or subsequent generations ME for 

kidney cancer in males, and for Hodgkin lymphoma in females, in comparison with NHW. 

Hypotheses regarding availability of screening modalities in the US compared to ME 

countries and more exposure to kidney cancer associated causes in the US compared to the 

Middle East can be considered while examining acculturation. Several cancer types have 

significantly higher PIRs in second or subsequent generations ME immigrants in comparison 

to first generation. These cancers include malignant melanoma, lung and kidney cancers, 

where second or subsequent generations are more susceptible to social behaviors such as 

sunbathing34 and smoking which explain the differences between the different generations.

To further investigate the effect of acculturation, we examined the change in cancer risk in 

first-generation ME immigrants compared to NHW, with the length of stay in the US, 

starting from immigration to cancer diagnosis. Cancers, such as CRC in both genders and 

non-Hodgkin lymphoma in males, have significantly higher PIRs with more prolonged time 

since immigration. This unanticipated increase in CRC risk can be explained by: changes in 

diet particularly the increase in red meat consumption,35 reduction in physical activity36 and 

other gene-environment interaction. Acculturation of ME immigrants and sharing a 

Westernized lifestyle, particularly replacing their original Mediterranean diet with a Western 

diet indicates the importance of diet in the etiology of CRC. However, the increase of non-

Hodgkin lymphoma overtime in first-generation immigrants can be explained by differences 

in SES with more time spent in the US and changes in screening modalities and access to 

health care between the Middle East and the US. Investigating cancer risk overtime can also 

be helpful in identifying the effect of genetic predisposition on cancer. Cancers, such as 

breast and thyroid, have significantly higher PIRs in all generations of ME immigrants 

compared to NHW. The persistence of this relationship with a longer period of stay in the 

US for ME first-generation female immigrants suggests the role of genetic predisposition on 

breast37 and thyroid cancers.38

Our results add to the limited literature on Middle Eastern immigrants in the US.13,20,22 To 

our information, only one other study looked at cancer risk in different generations of ME 

immigrants.20 This study was conducted in California and our results are similar with higher 

risk of cancers such as stomach and liver in ME first-generation males, bladder in ME 

second- or subsequent-generation males, stomach and thyroid in ME first-generation 
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females, and thyroid in ME second- or subsequent-generation females, when compared with 

NHW.

Literature on ME immigrants in the US is very scarce. Our study adds new insights and 

contributes to the understanding of acculturation in these ME immigrants to California. To 

our knowledge, this is the first study to examine cancer risk for the most common cancers in 

different generations of immigrants from the Middle East to California, with taking the 

length of stay from immigration to cancer diagnosis into consideration. We included the 2 

approaches needed to investigate the role of acculturation on cancer in immigrants4 by 

looking at cancer in first generation of ME immigrants stratified by duration of time since 

immigration to the US in addition to cancer risk in different generations of ME immigrants. 

This study is one of few to use the year of issue of SSN as an estimate for year of 

immigration, and therefore calculate the duration of stay in the US from immigration to 

cancer diagnosis in ME immigrants. We used CCR which is California’s statewide 

population-based cancer registry, with cancer cases diagnosed between 1988 and 2013. In 

addition, while calculating the PIRs, we adjusted for age to account for cancer differences 

due to age at diagnosis in the 3 groups.

This study has some limitations. Maiden name is not accessible for Health Insurance 

Portability and Accountability Act reasons, so we were not able to capture ME females who 

changed their last name after marriage or children born to ME females but not ME males 

given that the children usually take the father’s last name in the Middle Eastern culture. In 

addition, we were not able to identify ME immigrants with missing ME last name or missing 

place of birth. For this study, we used SSN to estimate the length of stay in the US but not 

age at immigration. This may influence ME cancer risk and we will use it in future studies. 

We have small sample sizes for some of the cancers limiting the power of our analysis. Last, 

we do not have available information on diet, smoking habits and body composition. 

Smoking is the highest risk factor for lung and bladder cancers, with smoking rates varying 

among the Middle Eastern countries, and between males and females.27 We expect the 

dietary patterns to be similar between the Middle Eastern countries. However, immigrants 

tend to adapt to a more Westernized diet after immigration. Reproductive factors are very 

important in breast cancer risk and therefore, the availability of these factors may have 

helped in the interpretation of breast cancer results.

In conclusion, our results suggest differences in cancer risk between ME first-generation 

immigrants and NHW. However, these differences decline in second or subsequent 

generations, suggesting the impact of acculturation on cancer risk in second or subsequent 

generations which approaches the risk level of NHW in the US. The differences between the 

ME different generations and the possible acculturation which takes place particularly in 

second or subsequent generations have strong potential for creating and testing causal 

hypotheses for cancer, which can be tested and increase our knowledge to plan prevention 

and control of cancer.

Abbreviations:

CCR California Cancer Registry
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CI confidence interval

CRC colorectal cancer

SD standard deviation

ME Middle Eastern immigrants

N (%) sample size (percentage)

NHW non-Hispanic whites

PIR proportional incidence ratio

SES socio-economic status

SSN Social Security Number

US United States
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What’s new?

Middle Eastern immigrants (ME) constitute a growing immigrant population in the 

United States. However, very few studies have examined cancer risk in this population. In 

this study, the authors compared cancer risk among different generations of ME 

immigrants versus non-Hispanic whites (NHW) in California. The differences in cancer 

risk between ME immigrants and NHW were higher in first-generation immigrants than 

in second or subsequent generations, approaching the risk level of NHW. These results 

suggest a possible acculturation impact.
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Figure 1. 
Invasive primary cancer case distribution for the 3 population groups in both females and 

males. Abbreviations: ME: Middle Eastern immigrants; NHW: non-Hispanic whites.
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