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Abstract
Introduction: California is home to the largest population of Armenians in the 
United States. The historical categorization of Armenians as ‘White’ or ‘Some 
Other Race’ in population databases has likely masked cancer incidence patterns 
in this population. This is the first study considering cancer incidence among 
Armenians in California.
Methods: We used the Armenian Surname List and birthplace information in the 
California Cancer Registry to identify Armenians with cancer diagnosed during 
1988–2019. We calculated proportional incidence ratios (PIR) among Armenians 
compared with non-Hispanic Whites (NHWs). As an exploratory analysis, we cal-
culated incidence rate ratios (IRR) during 2006–2015 using Armenian population 
denominators from the American Community Survey (ACS). We selected PIR 
as our primary method given uncertainty regarding the use of ACS population 
estimates for rate calculations.
Results: There were 27,212 cancer diagnoses among Armenians in California, 
13,754 among males and 13,458 among females. Armenian males had notably 
higher proportions of stomach (PIR = 2.39), thyroid (PIR = 1.45), and tobacco-
related cancers including bladder (PIR = 1.53), colorectal (PIR = 1.29), and lung 
(PIR = 1.16) cancers. Higher proportional incidence of cancers including stom-
ach (PIR = 3.24), thyroid (PIR = 1.47), and colorectal (PIR = 1.29) were observed 
among Armenian females. Exploratory IRR analyses showed higher stomach 
(IRR = 1.78), bladder (IRR = 1.13), and colorectal (IRR = 1.12) cancers among 
Armenian males and higher stomach (IRR = 2.54) cancer among Armenian 
females.
Conclusion: We observed higher stomach, colorectal and thyroid cancer in-
cidence among males and females, and tobacco-related cancers among males. 
Further research is needed to refine Armenian population estimates and under-
stand and address risk factors associated with specific cancers among Armenians 
in California.
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1   |   INTRODUCTION

California is the largest and most diverse state in the United 
States,1,2 and home to the largest population of Armenians 
in the United States, with immigration to the state dating 
back to the 1870s.3,4 Given California's racial and ethnic 
diversity, numerous recent research studies have focused 
on cancer occurrence patterns in specific ethnic groups, 
including Hispanic, Asian, Middle-Eastern, and Arab 
populations in California.5–9 However, Armenians re-
main unrepresented in public health and epidemiological 
research due to their categorization as ‘White’ or ‘Some 
Other Race’ in population databases.3,10,11

Prior studies on cancer occurrence among Middle-
Eastern populations in California included the Armenian 
population and found proportionally higher stomach and 
thyroid cancers and proportionally lower lung and cervical 
cancers among Middle-Eastern females compared with non-
Hispanic White (NHW) females.9,12 In addition, proportion-
ally higher thyroid, bladder, and stomach cancers and lower 
lung cancer were observed among Middle-Eastern males 
compared with NHW males.9,13 While Armenians were 
included in the broad Middle-Eastern group, cancer risk 
factors, including tobacco-use, are higher in Armenia com-
pared to surrounding countries and cancer mortality rates 
in Armenia are notably higher than neighboring Middle-
Eastern countries, such as Iran and Iraq.14,15 Additionally, 
a hospital in Los Angeles county, where the majority of 
Armenians in California reside, found that a majority of their 
patients with stomach cancer were Armenian.16 However, 
state-level analyses of cancer incidence by cancer type and 
sex among the Armenian population in California and in 
the United States have remained unknown, and it is unclear 
whether cancer patterns among Armenians differ from the 
NHW population with which they have been historically 
categorized in population-based research studies.11,17

No prior studies, to our knowledge, have studied can-
cer incidence specifically among the Armenian popula-
tion in California.18 Therefore, we utilized the recently 
developed Armenian Surname List (ASL)17 and birthplace 
data in the population-based California Cancer Registry to 
identify Armenians with cancer. Research on this growing 
minority group in California can reveal the cancers dis-
proportionately impacting Armenians.

2   |   MATERIALS AND METHODS

2.1  |  Data sources

2.1.1  |  California Cancer Registry

The California Cancer Registry (CCR) is a statewide 
population-based cancer surveillance system and has 

collected cancer diagnoses in California since 1988, with 
reporting guidelines similar to those of the Surveillance, 
Epidemiology, and End Results (SEER) database.19,20 
Consistently meeting data quality standards, the CCR is 
gold certified by the North American Association of Central 
Cancer Registries (NAACCR) and is one of the largest can-
cer registries in the world.19,21 As mandated by NAACCR, 
data reported to the CCR meet standards of completeness, 
accuracy, timeliness, and quality control measures.21,22 The 
CCR provides patient demographics, tumor characteristics 
including primary site, behavior, histology, morphology, 
and stage at diagnosis, first course of treatment, country of 
birth, county of diagnosis, and follow-up for vital status for 
all cancers, except for non-melanoma skin cancers.23 For the 
presented analyses, we used variables including age at diag-
nosis, year of diagnosis, race/ethnicity, sex, tumor site, and 
behavior. We additionally presented demographic variables 
including county of diagnosis and country of birth.

2.1.2  |  Population estimates

The American Community Survey (ACS) is a nation-
wide survey provided by the US Census Bureau and was 
used to obtain Armenian population estimates.24 US 
Census respondents were asked “What is your ances-
try or ethnic origin?”, and the ancestry variable is com-
prised of responses to this question.25–27 We used this 
ancestry variable to retrieve population detailed tables 
for the Armenian population in California, and among 
this population, we obtained additional demographic 
variables, including age, sex, place of birth, and county 
of residence.18,24,28 Armenian population estimates in 
California were retrieved from the ACS 2010 and 2015 5-
year selected population detailed tables and included sex, 
age, and county variables, with data available for 19 of the 
58 counties in California.18,24 Population estimates for the 
NHW population were obtained from the CCR, provided 
by the California Department of Finance and the Centers 
for Disease Control and Prevention National Center for 
Health Statistics branch.29,30

2.2  |  Study population

To identify Armenian cancer diagnoses, we used 
Match*Pro probabilistic linkage software to link the ASL 
with the CCR December 2021 incidence research file ex-
tract that includes primary cancers considered complete 
for diagnosis years 1988 through 2019.31 We developed the 
ASL using data from the California Public Use Death Files 
from Years 1905 to 2020, and an extract of Armenian sur-
names from the Middle Eastern Surname List that was de-
veloped in 2007.17 The ASL contains 3428 unique surnames 



      |  3 of 11MOVSISYAN VERNON et al.

that can be linked with last names in research databases to 
identify Armenians.17 We also selected surnames from the 
CCR with birthplace in Armenia that were not in the ASL, 
and we linked this list of surnames to the CCR incidence 
research file extract. After manual review of both linkages, 
we combined the resulting matched records into one file. 
In the incidence file, we included all malignant cancer di-
agnoses among males and females using the International 
Classification of Diseases for Oncology, 3rd edition/World 
Health Organization (ICD-O-3/WHO) 2008 site codes.32,33 
We extracted Armenians from the NHW, non-Hispanic 
Black, Hispanic, Asian/Pacific Islander, American Indian, 
Other/Unknown CCR race, and ethnicity categories to 
create a separate Armenian group. We included Armenian 
and NHW patients of all ages who were male and female 
due to the availability of population estimates by sex. We 
compared Armenians to the NHW group because 96.2% of 
patients we identified as Armenian were previously iden-
tified as NHW in the CCR and this historical categoriza-
tion of Armenians as NHW has likely masked true cancer 
incidence among the Armenian population in California.

2.3  |  Statistical analysis

Demographic characteristics and cancer characteristics 
were stratified by sex and presented for the Armenian and 
NHW population. We calculated proportional incidence 
ratios (PIR), incidence rates (IR) and rate ratios (IRR) 
for the most frequent cancers among Armenian males 
and females compared with NHWs. Armenian popula-
tion denominators were obtained from the American 
Community Survey (ACS) for IR calculations. The PIR is 
the observed number of Armenian cancer cases divided 
by the number of Armenian cancer cases expected if the 
Armenian population has the same proportion of cancer 
as the NHW population.9,34,35 Age-adjusted PIRs were cal-
culated for cancers diagnosed from 1988 to 2019 and from 
2006 to 2015 to directly compare with IRRs available only 
for Years 2006–2015. Due to concerns raised previously re-
garding the accuracy of ACS data denominators for small 
populations, we calculated the PIR as the primary method 
in this study.36 The following PIR formula was used.

where Ai, number of Armenian site-specific cases for age 
group ⅈ; Bi, total number of Armenian cases for age group 
ⅈ ; Ci, number of NHW site-specific cases for age group ⅈ; Di, 
total number of NHW cases for age group ⅈ.

ACS Armenian population denominator estimates 
from 2006 to 2015 were used to obtain IRs per 100,000 

people age-adjusted to the US 2000 standard population 
in 18 age categories. We presented IRs and IRRs for the 
10 most common cancers among Armenian males and 
females. We then compared the IRs of these top 10 can-
cers observed among Armenian males and females with 
the NHW racial and ethnic group as the reference pop-
ulation with IRRs and 95% confidence intervals during 
2006–2015. SEER*Stat software (version 8.4.0) was used to 
retrieve age-adjusted IRs, while SAS version 9.4 software 
(SAS institute Inc., Cary, NC, USA) was used to obtain de-
scriptive demographic data, PIRs, and IRRs.

3   |   RESULTS

Relevant characteristics of Armenians diagnosed with 
cancer in California between Years 1988 and 2019 are 
presented in Table  1 and Table  S2 is provided for com-
parison of characteristics with NHW patients. A total of 
27,212 malignant cancer diagnoses among Armenians in 
California met inclusion criteria with nearly an equal fre-
quency of cancer cases among males (50.5%) and females 
(49.5%). About 13% of diagnoses occurred among people 
less than 50 years old, 43% were between 50 and 69 years 
old, and 44% were aged 70 or greater. Most (76.3%) of the 
cancer cases were diagnosed in Los Angeles County, fol-
lowed by Fresno (5.7%) and Orange (3.3%) counties. Most 
(55.2%) of the study population was foreign-born, primar-
ily in Armenia (20.1%), Iran (12.7%), Lebanon (4.3%), Syria 
(3.6%), and Russia (3.5%). Overall, 12.8% were United 
States-born (US-born) and 32.0% had unknown place of 
birth.

Based on the Armenian population demographics 
in California as reported by the ACS, there were an esti-
mated 241,323 Armenians in California from 2006 to 2010 
and 259,430 from 2011 to 2015, representing a 7.5% pop-
ulation increase between the two time periods (Table S1). 
Based on the 2015 5-year estimate, 61% of the population 
was <50 years old, 26% was 50–69 years old, and 13% was 
≥70 years old. A majority (75.6%) of the population resided 
in Los Angeles County, followed by Fresno (3.9%) and 
Orange (3.5%) counties. A majority (60.7%) of the popula-
tion was foreign-born, primarily in Armenia (25.4%), Iran 
(18.2%), Lebanon (4.7%), Syria (2.7%), and Iraq (1.7%). 
More than a third (39.3%) of the population was born in 
the United States.

Among 13,754 Armenian males diagnosed with cancer 
between 1988 and 2019, the top 10 most frequent cancers 
in descending order were prostate (22.8%), lung (15.2%), 
colorectal (12.3%), bladder (11.1%), non-Hodgkin lym-
phoma (NHL) (4.3%), stomach (3.9%), leukemia (3.8%), 
kidney (3.6%), pancreas (2.5%), and liver and intrahepatic 
bile duct (IBD) (1.9%). Among 13,458 Armenian females 

PIR =

∑

Ai
∑

Bi

�

Ci
Di

�
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diagnosed with cancer, the top 10 most frequent can-
cers in descending order were breast (32.6%), colorectal 
(12.1%), lung (6.2%), uterine (6.1%), NHL (4.3%), thyroid 
(4.2%), ovary (3.7%), stomach (3.0%), pancreas (2.9%), 
and leukemia (2.8%) (Table  2). For cancers diagnosed 
from 1988 to 2019, Armenian males had a significantly 
higher proportion of stomach (PIR = 2.39, 95% CI = 2.19–
2.60), bladder (PIR = 1.53, 95% CI = 1.45–1.61), colorectal 
(PIR = 1.29, 95% CI = 1.23–1.35), lung (PIR = 1.16, 95% 
CI = 1.11–1.21), leukemia (PIR = 1.16, 95% CI = 1.06–
1.26), liver and IBD (PIR = 1.19, 95% CI = 1.05–1.34), and 
kidney (PIR = 1.11, 95% CI = 1.01–1.21) cancers, and a 

significantly lower proportion of prostate (PIR = 0.84, 
95% CI = 0.81–0.87) cancer compared to NHW males. In 
addition, while thyroid cancer was not among the top 10 
most frequent for Armenian males, we observed a higher 
proportion of thyroid (PIR = 1.45, 95% CI = 1.25–1.67) 
cancer among Armenian males compared with NHW 
males. From 1988 to 2019, Armenian females had a sig-
nificantly higher proportion of stomach (PIR = 3.24, 95% 
CI = 2.93–3.57), thyroid (PIR = 1.47, 95% CI = 1.36–1.60), 
colorectal (PIR = 1.29, 95% CI = 1.23–1.35), pancreatic 
(PIR = 1.20, 95% CI = 1.09–1.33), leukemia (PIR = 1.20, 
95% CI = 1.08–1.32), NHL (PIR = 1.15, 95% CI = 1.05–1.24), 

Male Female Total

(n = 13,754) (n = 13,458) (N = 27,212)

Characteristics n (%) n (%) N (%)

Age at diagnosis

0–9 69 (0.5) 51 (0.4) 120 (0.4)

10–19 66 (0.5) 65 (0.5) 131 (0.5)

20–29 157 (1.1) 173 (1.3) 330 (1.2)

30–39 312 (2.3) 574 (4.3) 886 (3.3)

40–49 717 (5.2) 1,380 (10.3) 2,097 (7.7)

50–59 2,048 (14.9) 2,474 (18.4) 4,522 (16.6)

60–69 4,002 (29.1) 3,197 (23.8) 7,199 (26.5)

70+ 6,383 (46.4) 5,544 (41.2) 11,927 (43.8)

County

Los Angeles 10,722 (78.0) 10,054 (74.7) 20,776 (76.3)

Fresno 724 (5.3) 840 (6.2) 1,564 (5.7)

Orange 441 (3.2) 465 (3.5) 906 (3.3)

San Diego 230 (1.7) 264 (2.0) 494 (1.8)

Sacramento 159 (1.2) 207 (1.5) 366 (1.3)

Santa Clara 162 (1.2) 202 (1.5) 364 (1.3)

San Francisco 145 (1.1) 179 (1.3) 324 (1.2)

Other 1,171 (8.5) 1,247 (9.3) 2,418 (8.9)

Country of birth

Armeniaa 2,775 (20.2) 2,687 (20.0) 5,462 (20.1)

United States 1,589 (11.6) 1,898 (14.1) 3,487 (12.8)

Iran 1,803 (13.1) 1,652 (12.3) 3,455 (12.7)

Lebanon 604 (4.4) 555 (4.1) 1,159 (4.3)

Syria 537 (3.9) 436 (3.2) 973 (3.6)

Russia 458 (3.3) 508 (3.8) 966 (3.5)

Turkey 463 (3.4) 346 (2.6) 809 (3.0)

Greece 244 (1.8) 211 (1.6) 455 (1.7)

Iraq 176 (1.3) 179 (1.3) 355 (1.3)

Egypt 116 (0.8) 115 (0.9) 231 (0.8)

Other 545 (4.0) 599 (4.5) 1,144 (4.2)

Unknown 4,444 (32.3) 4,272 (31.7) 8,716 (32.0)
aIncludes Asian Republics of the USSR.

T A B L E  1   Characteristics of 
Armenians diagnosed with cancer in 
California, California Cancer Registry, 
1988–2019.
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and ovarian (PIR = 1.14, 95% CI = 1.04–1.24) cancers, and 
a significantly lower proportion of lung (PIR = 0.49, 95% 
CI = 0.46–0.53) cancer compared to NHW females.

In Table 3, we show the IRR and PIR for the top 10 most 
common cancers among Armenian males and females di-
agnosed from 2006 to 2015. Our results show significantly 
higher IRRs of stomach (IRR = 1.78, 95% CI = 1.55–2.06), 
bladder (IRR = 1.13, 95% CI = 1.05–1.23), and colorectal 
(IRR = 1.12, 95% CI = 1.03–1.20) cancers, and significantly 
lower prostate (IRR = 0.64, 95% CI = 0.60–0.68), NHL 
(IRR = 0.72, 95% CI = 0.63–0.81), leukemia (IRR = 0.84, 
95% CI = 0.73–0.96), kidney (IRR = 0.79, 95% CI = 0.69–
0.89), liver and IBD (IRR = 0.72, 95% CI = 0.59–0.87), and 
pancreatic (IRR = 0.72, 95% CI = 0.62–0.86) cancers among 
Armenian males compared to NHW males. Armenian 
males had an insignificantly lower IRR for thyroid 
(IRR = 0.89, 95% CI = 0.72–1.12) cancer. PIRs for males 
followed a similar pattern as described in Table 2, except 
that PIRs for liver and IBD (PIR = 0.92, 95% CI = 0.75–
1.11), leukemia (PIR = 1.10, 95% CI = 0.95–1.26), kidney 
(PIR = 1.05, 95% CI = 0.92–1.19), and thyroid (PIR = 1.19, 
95% CI = 0.95–1.47) cancers were not statistically signifi-
cant. Among Armenian females, we observed significantly 

higher IRRs of stomach cancer (IRR = 2.54, 95% CI = 2.15–
2.99) and significantly lower IRRs of breast (IRR = 0.74, 
95% CI = 0.70–0.77), lung (IRR = 0.36, 95% CI = 0.33–0.41), 
and uterine (IRR = 0.76, 95% CI = 0.68–0.85) cancers. PIRs 
for females followed a similar pattern as in Table 2.

4   |   DISCUSSION

To our knowledge, this is the first study showing cancer 
incidence specifically among the Armenian population 
in California. While other studies have previously in-
cluded Armenians in a broad Middle-Eastern12,23 group 
in California, we were able to use our recently devel-
oped surname tool, the ASL,17 and birthplace data to 
identify Armenians diagnosed with cancer in California. 
Compared with individuals in the NHW category, where 
Armenians have most commonly been included, we found 
significant differences in proportional incidence and IRs 
of many cancers. Notable findings include higher propor-
tional incidence of stomach, colorectal and thyroid cancer 
among Armenian males and females and tobacco-related 
cancers among Armenian males. Our findings can guide 

Cancer site Observed Expected PIR 95% CI

Male

Prostate 3,132 3,741.82 0.84a (0.81–0.87)

Lung 2,088 1,799.24 1.16a (1.11–1.21)

Colorectal 1,695 1,318.04 1.29a (1.23–1.35)

Bladder 1,531 1,002.81 1.53a (1.45–1.61)

NHL 587 622.39 0.94 (0.87–1.02)

Stomach 530 222.15 2.39a (2.19–2.60)

Leukemia 519 448.59 1.16a (1.06–1.26)

Kidney 501 452.73 1.11a (1.01–1.21)

Pancreas 348 338.80 1.03 (0.92–1.14)

Liver and IBD 257 216.01 1.19a (1.05–1.34)

Female

Breast 4,380 4,349.37 1.01 (0.98–1.04)

Colorectal 1,634 1,269.37 1.29a (1.23–1.35)

Lung 839 1,702.06 0.49a (0.46–0.53)

Uterine 818 813.01 1.01 (0.94–1.08)

NHL 573 499.97 1.15a (1.05–1.24)

Thyroid 564 382.58 1.47a (1.36–1.60)

Ovary 498 437.15 1.14a (1.04–1.24)

Stomach 400 123.56 3.24a (2.93–3.57)

Pancreas 393 327.10 1.20a (1.09–1.33)

Leukemia 385 321.59 1.20a (1.08–1.32)

Abbreviations: IBD, intrahepatic bile duct, NHL, non-Hodgkin lymphoma; PIR, proportional incidence 
ratio.
aStatistically significant.

T A B L E  2   Age-adjusted proportional 
incidence ratios for the 10 most common 
cancers in Armenians compared to 
NHWs, California Cancer Registry, 
1988–2019.
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healthcare professionals and researchers towards targeted 
cancer screening interventions and etiologic studies for 
these cancers in Armenians.

Among the 10 most frequent cancers, Armenian males 
had higher proportions of seven cancers and higher IRs 
of three cancers, and Armenian females had higher pro-
portions of seven cancers and a higher IR of one cancer 
compared to NHWs. The correct interpretation of the 
two methods is crucial for a thorough understanding of 
our study results; PIR analyses show which cancers are 
proportionally higher among Armenians diagnosed with 
cancer in California compared to NHWs, while IRR anal-
yses show risk of cancer incidence compared to NHWs. 
For instance, a higher PIR for a particular cancer among 
Armenians does not mean that the risk of the respective 
cancer is higher than NHWs, but rather that the propor-
tion of that cancer is higher than it is among NHWs.34 
The two methods convey different but equally import-
ant findings, as proportional analyses can guide use of 
cancer-related healthcare resources within the Armenian 
population, and IR analyses can be used to discover and 
address risk factors for higher risk of certain cancer types 
among Armenians compared to NHWs. In the context of 
our study, we think our IR calculations should be inter-
preted with caution due to uncertainty regarding accuracy 
of ACS population estimates.36 While we encourage future 
studies to further refine Armenian population estimates, 
we believe the IR data can provide complementary infor-
mation to our proportional incidence analyses.

Our observation of a substantially higher proportion 
of stomach cancer among Armenians suggests a need for 
further exploration into the etiology of this cancer among 
this population. Risk factors for stomach cancer include a 
diet high in salt, smoked, processed, grilled, or barbecued 
meat, and low in fruits, vegetables, and fiber.37,38 Obesity, 
a known risk factor for stomach, colorectal, and multiple 
other cancers, is a known public health issue in Armenia, 
with over half the population being overweight (22%) 
or obese (29%).39 While the prevalence of obesity in the 
Armenian population of California or the United States 
is unknown, a previous study in a Los Angeles county 
hospital showed that Armenian patients had a higher pro-
portion of hyperlipidemia compared to non-Armenian pa-
tients that may be related to either a diet high in saturated 
fats, red meat, or alcohol, or a possible genetic predisposi-
tion for hyperlipidemia among Armenians.40 In addition 
to diet and obesity, tobacco and alcohol use, low physical 
activity, family history of stomach cancer, and environ-
mental exposure to infections such as Helicobacter pylori 
(H. pylori) and hepatitis B are all known risk factors.37,38 
Some studies also suggest an association between H. pylori 
exposure and colorectal cancer, which was also proportion-
ally higher among Armenians in our study.41 The highest 

stomach cancer IRs in the world have been observed in 
Eastern Asia followed by Central and Eastern Europe,37 
and evidence suggests that first-generation immigrants to 
the United States may have had higher exposure to these 
harmful environmental agents in comparison to second-
generation immigrants.9 Further, a study conducted at a 
hospital in Los Angeles county with a large patient pop-
ulation of Armenian immigrants found that Armenians 
made up 61% of all stomach cancer cases diagnosed at the 
hospital.16 Additionally, the study showed that Armenian 
immigrants from Armenia had lower rates of stomach 
cancer compared to immigrants from Middle-Eastern and 
other countries, providing supporting evidence of envi-
ronmental effects on this observed disparity, as opposed 
to a genetic predisposition for stomach cancer.16 Our find-
ings of high stomach and colorectal cancer proportions 
suggest the need for further research considering environ-
mental and generational factors, to better understand and 
address cancer risk factors among the Armenian popula-
tion in California.

We also observed higher proportions of several 
tobacco-related cancers particularly among Armenian 
males, including lung, bladder, leukemia, kidney, liver, 
and IBD.42 Tobacco-use, mainly in the form of ciga-
rettes, has been an ongoing public health issue among 
Armenian men.43 Armenian men are estimated to have 
the 12th highest smoking rate in the world, and 27% of 
the Armenian population, 51.8% of men and 1.6% of 
women, are current smokers.43,44 While the percentage 
of women in Armenia who smoke is much lower than 
men, over half of women in Armenia are exposed to 
second-hand smoke at home.45 In addition, among 30 
low-middle income countries studied, pregnant women 
in Armenia have the highest percentage (70%) of daily 
second-hand smoke exposure.45,46 As of 2022, lung 
cancer had the highest incidence in Armenia among 
all cancers studied.47 It was the most frequent cancer 
among men, and the fifth most frequent among women, 
accounting for 22.5% of new cases among men and 5% 
among women.47 In our study, lung cancer was the sec-
ond most common among men and third most common 
among women. We also found that men had a signifi-
cantly higher proportion, while women had a signifi-
cantly lower proportion and IR of lung cancer compared 
to NHWs, and a possible explanation for this finding may 
be partly attributed to the higher percentage of smoking 
among NHW women in California (7%), compared to 
Armenian women in Armenia (1.6%).44 Further studies 
regarding tobacco-use behaviors among Armenians in 
California are needed to understand whether the high 
smoking prevalence observed in Armenia remains a pat-
tern post-immigration. Our results, along with the high 
percentages of tobacco-use, lung cancer, and multiple 
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tobacco-related cancers among men in Armenia,48 sug-
gest that tobacco-use behaviors among Armenian men 
in California warrant attention, including the imple-
mentation of culturally competent tobacco-cessation 
programs.

Our findings of higher proportional incidence of 
thyroid cancer among Armenians are consistent with 
previous studies among the Middle-Eastern group 
in California that included Armenians compared to 
NHWs.9,13 Although the primary known risk factor for 
thyroid cancer is exposure to radiation, thyroid cancer is 
often preceded by benign thyroid disease.49 Iodine defi-
ciency is a known risk factor for thyroid disease and may 
therefore be indirectly linked with the eventual develop-
ment of thyroid cancer.49 Sources of radiation exposure 
over time in Armenia include the Chernobyl accident of 
1986, the Armenian Nuclear Power Plant, tests of nu-
clear weapons in the 1950s and 1960s, mining, cosmic 
rays in mountainous regions, and natural radioactivity of 
urban soil.50 Research from the 1970s showed Armenia 
to be an iodine-deficient country after discovering high 
prevalence of goiter among children and adults.51,52 In 
1995, a survey found that half of pregnant women and 
40% of 6–12 year old children had goiter.52 In the 1990s, 
even after a major salt producer in Armenia iodized 
table salt, goiter prevalence remained high in the next 
10 years.51 As such, in 2004, the Government of Armenia 
initiated a salt iodization strategy, requiring the fortifi-
cation of food and salt with iodine.51 While this national 
strategy successfully reduced levels of iodine deficiency, 
recent studies have still observed possible high risk of 
thyroid disorders in Armenia.53 Our findings highlight 
the need to better understand the etiology of and risk 
factors for thyroid cancer among different generations 
of Armenians in California.

Our study has limitations. One limitation is that 
we used ACS data to calculate age-adjusted IRs among 
Armenians and previous studies have shown inconsis-
tent IRs that were calculated using ACS population esti-
mates compared with SEER population estimates among 
small populations.36 Specifically, our population estimates 
would not capture Armenians not identified by the ances-
try variable in ACS, potentially underestimating the num-
bers of Armenians in California. Given this limitation, we 
advocate for continued efforts in collecting accurate popu-
lation estimates to further assess cancer incidence among 
Armenians to confirm our findings. Another limitation 
is the high percentage of missing country of birth in the 
CCR (32%), impacting our ability to compare birthplace 
between the CCR and ACS data. However, prior studies 
observed that those with missing country of birth in the 
CCR are more likely to be US-born rather than foreign-
born,54,55 suggesting that a significant proportion of the 

patients with unknown country of birth are actually US-
born. This is further supported by the only somewhat 
lower proportions of foreign-born Armenians identified 
in the CCR (55.2%) than the ACS (60.7%–61.6%). While 
we used available father's last names and maiden names, 
in addition to last names, to identify Armenians with can-
cer, a common limitation we faced was the lack of moth-
er's last name in the CCR, which may have prevented 
the identification of cancer patients who have Armenian 
mothers with an Armenian last name and fathers with 
non-Armenian last names. In addition, Armenians with 
non-Armenian last names, either due to marriage or other 
changes, may have not been identified particularly in 
cases of missing maiden names and father's last names. 
Additionally, the data we used to calculate IRs included 
Armenians from different generations, and different gen-
erations of Armenians likely have differing cancer inci-
dence due to the effects of acculturation on cancer risk.9 
While we did not have a “gold standard” list or contact 
people to confirm their ethnic origin for validation of the 
ASL, we evaluated the ASL previously, including using 
NamSor, an onomastic classification tool, and found 
that 81% of surnames had Armenia listed as the most or 
second-most likely country of origin.17 Despite these lim-
itations, a significant strength in our study was that this 
was the first research application of the newly developed 
ASL as a tool for identifying Armenians in large research 
databases that can be utilized by other cancer registries.

5   |   CONCLUSION

Our study findings highlight numerous cancer patterns 
among the Armenian population, including dispropor-
tionately higher stomach, colorectal, and thyroid cancers 
among men and women and tobacco-related cancers 
among men. Our findings of significantly different IRs 
of several cancers among Armenians diagnosed between 
2006 and 2015 have potential to guide healthcare profes-
sionals serving the Armenian community in California 
towards targeted cancer screening interventions. Most 
notably, the significantly higher IRRs and PIRs of stom-
ach cancer observed among Armenian males and females 
provides further confirmation that public health interven-
tions to understand stomach cancer etiology are neces-
sary. In addition, our findings suggest the need for further 
research considering nativity and generational factors, 
to better understand and address cancer etiology among 
the Armenian population in California. We encourage 
researchers and healthcare professionals, particularly in 
areas of California with the largest Armenian populations, 
such as Los Angeles and Fresno counties, to use these 
data as a basis to examine cancers disproportionately 
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impacting Armenian populations and for developing cul-
turally competent interventions to address risk factors 
such as tobacco-use, obesity, and exposure to harmful en-
vironmental agents.
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