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Abstract

Background: Hispanic ethnicity differences in the risk of early-onset Hodgkin lymphoma (HL) 

diagnosed at < 40 years are understudied. We conducted a population-based case-control study to 

evaluate associations between birth characteristics and early-onset HL with a focus on potential 

ethnic differences.

Methods: This study included 1,651 non-Hispanic White and 1,168 Hispanic cases with HL 

endorsing a range of races diagnosed at the age of 0-37 years during 1988-2015 and 140,950 

controls without cancer matched on race/ethnicity and year of birth from the California Linkage 

Study of Early-Onset Cancers. Odds ratios (OR) and 95% confidence intervals (CI) were 

estimated from multivariable logistic regression models.

Results: Having a foreign-born mother versus a United States-born mother (i.e., the reference 

group) was associated with an increased risk of early onset HL among non-Hispanic Whites 

(OR=1.52, 95% CI:1.31-1.76; P<0.01) and a decreased risk among Hispanics (OR=0.78, 95% 

CI:0.69-0.88; P<0.01). Among both race groups, risk of early onset HL increased with birthweight 
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and maternal age (all P-trends<0.01). Among Non-Hispanic Whites, each 5-year increase in 

maternal age (OR = 1.11; 95% CI, 1.04-1.18; P-trend < 0.01) and paternal age (OR=1.07, 95% 

CI:1.02-1.13; P-trend=0.01) was associated with increased risk of early onset HL. Compared 

to female Hispanics, male Hispanics had an increased risk of early onset HL (OR =1.26, 95% 

CI:1.12-1.42; P<0.01).

Conclusion: Maternal birthplace may play a role in risk of early-onset HL that differs by 

ethnicity.

Impact: The ethnic differences observed between certain birth characteristics, maternal birthplace 

and early onset HL raise questions about the underlying biological, generational, lifestyle, 

residential, and genetic contributions to the disease.

INTRODUCTION

Hodgkin lymphoma (HL) is a B-cell malignant neoplasm characterized by the presence of 

Reed-Sternberg cells (1). The incidence of HL has a bimodal age distribution, with the first 

peak in late adolescence/young adulthood reflecting early-onset HL (2,3). HL is among the 

most common cancers in children, adolescents and younger adults (AYAs) in the United 

States (US) (3,4). Nearly 43% of new cases in the US are diagnosed in people between 

0-34 years (5). Besides infection with Epstein-Barr virus, the etiology of HL, especially 

early-onset HL, is not well understood (6–8). The “late infection model” for HL proposes 

that early-onset HL may develop as the consequence of relatively common infections, and 

that the risk increases with increasing age at time of primary infection (9,10). Previous 

studies have found some birth characteristics, such as high birthweight, high fetal growth, 

and lower birth order were associated with risk of early-onset HL (<40 years) (11–15).

In the US, prevailing incidence of HL differs between Hispanics and non-Hispanic Whites 

and varies by age (16). Compared with non-Hispanic Whites, Hispanics have younger mean 

age at diagnosis (38.0 versus 40.0 years, P < 0.001) and are more likely to be male (16). In 

addition, Hispanics have lower rates of nodular sclerosis HL among AYAs, both of which 

are types of classical HL, but higher rates of mixed cellularity HL in children and older 

adults than non-Hispanic Whites (17). Both nodular sclerosis HL and mixed cellularity HL 

are types of classical HL.

Among Hispanics, incidence variation is also associated with place of birth. Compared 

with their foreign-born counterparts, US-born Hispanics have higher HL incidence among 

young adults, but lower in children (16,17). The difference in HL incidence by nativity 

suggests a possible influence of acculturation. Glaser et al. found that HL incidence was 

35% higher for Hispanics residing in less-ethnic, or more acculturated, enclaves relative to 

those in more-ethnic enclaves, especially among females and those aged 15-39 years (18). 

These findings indicate environmental factors, such as nativity-related sociodemographic 

differences, impact HL occurrence.

In the US, the Hispanic population is the second-largest ethnic group, and nearly 60% of 

this population is under 35 years old (19). Currently, approximately half of both first and 

second generation residents of the US are Hispanic (20). Compared with those born in the 
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US, foreign-born people in the US tend to have larger family size, are less likely to be high 

school graduates, and have lower median household incomes (21), which indicate possible 

differences in childhood socioeconomic status between offspring of US-born mothers versus 

foreign-born mothers.

To understand ethnic disparity of maternal birthplace and birth characteristics in the etiology 

of early-onset HL, we conducted a large population-based case-control study among non-

Hispanic Whites and Hispanics born in California.

MATERIALS AND METHODS

Study population

California Linkage Study of Early-Onset Cancers (CALSEC) was created using a 

probabilistic record linkage of California birth records maintained by the Center for 

Health Statistics and Informatics, California Department of Public Health from 1978-2015 

with statewide cancer diagnosis data from the California Cancer Registry (CCR) during 

1988-2015. Cases were diagnosed from 1988 (the earliest year the CCR data were 

electronically available) through 2015 (when the linkage was conducted) and born in 

or after 1978 (the earliest year the California birth data were electronically available). 

CALSEC captured 76.9%, 70.0% and 44.7%, respectively, of childhood (0-14 years), 

adolescent (15-19 years) and young adult (20-37 years) cases reported in California 

between 2000-2015. The current study included first primary HL cases (International 

Classification of Diseases for Oncology, third edition 9650-9667) among non-Hispanic 

White and Hispanic people born in California and reported to the California Cancer Registry 

at ages of 0-37 years.

From 2,852 HL cases identified, we excluded cases: 1) whose mother resided outside 

California at time of birth (out of concern that these children might not have been reported 

to the CCR had they developed pediatric cancer) (n=4); and 2) whose birth records 

with missing information on birthweight (n=1), birth order (n=18), status of congenital 

abnormalities (n=5), mode of delivery (n=2), maternal age (n=2), or maternal nativity (n=1), 

resulting in 2,819 cases in the final cohort.

For each case, 50 control subjects of the same ethnicity were randomly selected from the 

statewide birth records who were born in California during the same year and were not 

diagnosed with any cancer based on data from the California Cancer Registry up to age 37. 

The same exclusion criteria for cases were applied to potential controls.

The study protocol was approved by the institutional review boards at the California Health 

and Human Services Agency; the University of California, Berkeley; and Yale University.

Variables of interest

For both cases and controls, we abstracted birth characteristics and parental information 

from birth records. Maternal birthplace (US or foreign) was a primary variable of 

interest. We also considered other characteristics including sex, birthweight (low <2500 

grams; normal 2500-3999 grams; high ≥4000 grams), gestational age (preterm:22-36, full 
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term:37-41, post term 42-44 weeks), birth order (1st, 2nd, 3rd or higher), mode of delivery 

(vaginal or caesarean), plurality (singleton or multiple), maternal age at birth (<20, 20-24, 

25-29, 30-34, ≥35 years), maternal education (≤12 years, >12 years, or unknown), maternal 

history of miscarriage or stillbirth (yes, no, or unknown), and paternal age at birth (<20, 

20-24, 25-29, 30-34, ≥35 years, or unknown). Additionally, we linked with the 1990 US 

census for those born in 1978-1995, the 2000 US census for those born in 1996-2005 and 

the 2008-2012 American Community Survey five-year summary for those born in 2006 and 

later. Percentage of 150 percent of poverty at census block group was obtained from census 

files and categorized in quartiles based on distribution among controls.

Statistical analysis

Categorical variables were presented using frequencies and percentages and compared 

between cases and controls using Pearson’s χ2 test. Odds ratios (ORs) and 95% confidence 

intervals (CIs) were obtained from multivariable logistic regression models. As the log-

likelihood ratio test for potential interaction between race/ethnicity and maternal birthplace 

yielded a p value below 0.01, we conducted analyses stratified by race/ethnicity (non-

Hispanic White and Hispanic). To compare our findings with previous studies, we further 

conducted subgroup analyses by age at diagnosis (children 0-14 years, adolescents 15-19 

years, and young adults 20-37 years) within each ethnicity. We initially included all 

variables listed in Table 1 simultaneously in the multivariable logistic regression model 

and retained variables using the SAS stepwise function with a p-value of less than 0.05. 

Based on SAS model selection results and findings from previous studies, the final model 

included sex, birthweight, birth order, mode of delivery, maternal birthplace, maternal age, 

paternal age and percentage of population below 150% poverty at census block group level. 

Birthweight, birth order, maternal age, and paternal age as continuous variables were used 

to assess possible trends. All analyses were conducted in SAS (Version 9.4, SAS Institute, 

Cary, North Carolina) with 2-sided tests and a type I error of 5%.

Data Availability

We are prohibited by California statutes from publicly sharing data that are derived from the 

California Department of Public Health. We welcome questions from other investigators or 

request for additional analyses that are pertinent to the data presented in this manuscript, and 

potential data sharing when permitted by the California Health and Human Services Agency 

Committee for the Protection of Human Subjects.

RESULTS

A total of 1,651 non-Hispanic White and 1,168 Hispanic people diagnosed with early-onset 

HL were included in the study. Of the 2,819 early-onset HL cases, 655 (23.2%), 802 

(28.4%), and 1,362 (48.3%) were diagnosed at the age of 0-14, 15-19, and 20-37 years, 

respectively. Among non-Hispanic Whites, cases were more likely than controls to have 

higher birthweight (P < 0.01), be delivered by cesarean section (P = 0.02), and have older 

fathers (P < 0.01) (Table 1). In addition, mothers of non-Hispanic White cases were more 

likely to be born in the US and tended to be older than those of controls (both Ps < 0.01). 

Among Hispanics, compared with controls, cases were more likely to be male (P < 0.01). 
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Mothers of Hispanic cases were more likely to be older (P < 0.01) and have ≥12 years 

education (P = 0.01) than those of controls.

Non-Hispanic Whites

Having a foreign-born mother was associated with a 52% (OR = 1.52, 95% CI: 1.31 - 1.76; 

P < 0.01) increased risk of early-onset HL relative to those with a US-born mother (Table 

2). Relative to those with normal birthweight, low birthweight was associated with a 37% 

decreased risk (OR = 0.63, 95% CI: 0.48 - 0.83; P < 0.01) of early-onset HL, while those 

with high birthweight had a 25% increased risk of early-onset HL (OR = 1.25, 95% CI: 1.10 

- 1.43; P < 0.01). Moreover, risk of early-onset HL increased 10% with every 500 grams 

birthweight increase (OR = 1.10, 95% CI: 1.05 - 1.15; P-trend < 0.01). Compared with 

individuals born to mothers aged 25-29 years, those delivered by mothers at ages <20 years 

also had a decreased risk of early-onset HL (OR = 0.65, 95% CI: 0.48 - 0.86; P < 0.01). The 

odds ratio for each 5-year increase in maternal age was 1.11 (95% CI: 1.04 - 1.18; P-trend 

< 0.01). In addition, a 20% (OR = 1.20, 95% CI: 1.03 - 1.41; P = 0.02) increased risk of 

early-onset HL was observed among those non-Hispanic Whites with fathers at ages ≥ 35 

years when compared with those with fathers at ages 25-29 years. The odds ratio for each 

5-year increase in paternal age was 1.07 (95% CI: 1.02 - 1.13; P-trend = 0.01). Compared 

with female sex, male sex was not associated with the risk of HL (OR = 1.06, 95% CI: 

0.96-1.16; P = 0.29).

Hispanics

Having a foreign-born mother was associated with a 22% decreased risk of early-onset HL 

in offspring (OR = 0.78, 95% CI: 0.69 - 0.88; P < 0.01) compared to their counterparts 

delivered by US-born mothers (Table 3). Males had a higher risk of early-onset HL than 

females (OR = 1.26, 95% CI: 1.12 - 1.42; P < 0.01). Risk of early-onset HL increased 

9% with every 500 grams birthweight increase (95% CI: 1.03 - 1.15; P-trend < 0.01). 

Compared with those born to mothers aged 25-29 years, decreased risks of early-onset HL 

were observed among Hispanics delivered by mothers at ages <20 years (OR = 0.62, 95% 

CI: 0.49 - 0.79; P < 0.01) and 20-24 yeas (OR = 0.76, 95% CI: 0.64 - 0.89; P < 0.01). The 

odds ratio for each 5-year increase in maternal age was 1.15 (95% CI: 1.07 - 1.24; P-trend < 

0.01).

Maternal Birthplace by Age

We further assessed the association between maternal birthplace and risk of early-onset HL 

at different age groups within each ethnic group (Figure 1). Among non-Hispanic White 

children and young adults, offspring of foreign-born mothers had an increased risk of HL 

(children OR = 2.16, 95% CI: 1.60 - 2.92; young adults OR = 1.55, 95% CI: 1.27 - 1.90; 

both Ps < 0.01) than those of US-born mothers. Among Hispanics, decreased risks of HL 

among individuals with foreign-born mothers were observed among adolescents (OR = 0.76, 

95% CI: 0.61 - 0.96; P = 0.02) and young adults (OR = 0.70, 95% CI: 0.58 - 0.85; P < 0.01), 

but the same association was not seen in children (OR = 0.92, 95% CI: 0.74 - 1.15; P = 

0.48).
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DISCUSSION

In this population-based case-control study, we investigated the etiology of early-onset 

HL with a focus on maternal birthplace, examining differences by Hispanic ethnicity. The 

risk of HL associated with having a foreign-born mother (relative to US-born) differed 

depending on ethnicity: among non-Hispanic Whites, those with foreign-born mothers 

had an increased risk of HL, while among Hispanics, having a foreign-born mother was 

associated with decreased risk. Within each race/ethnicity group, the elevated risk among 

non-Hispanic Whites was limited to children and young adults, while the decreased risk 

among Hispanics was limited to AYAs. The risks associated with sex also differ in the two 

race/ethnicity groups, supporting the possibility that non-Hispanic Whites and Hispanics 

may have different etiological profiles for early-onset HL.

Only limited studies have previously assessed maternal birthplace and risk of HL, and 

no previous study investigated the impact within a single race/ethnicity group (14,22–24). 

Although a Texas study observed non-significant association of maternal nativity with risk 

of HL among children up to 16 years, the trend of their findings was similar to ours (22). 

They found had a non-significant decreased risk of HL among children of a Mexico-born 

mother (OR = 0.87, 95% CI: 0.52 - 1.44), but a non-significant increased risk of HL among 

children of a mothers born in other foreign counties (OR = 1.15, 95% CI: 0.57 - 2.31) than 

children with a US-born mother. However, in this study, both children of US-born mothers 

and mothers born in other-foreign countries were of all races/ethnicities. A study among 

younger California children (0-5 years) reported increased risks of HL among children with 

non-US born Hispanic mothers (OR = 2.35, 95% CI: 1.24 - 4.47) or US-born Hispanic 

mothers (OR = 2.49, 95% CI: 1.21 - 5.13) than children of non-Hispanic White US-born 

mothers, who served as controls (24). This California study did not evaluate impact of 

maternal birthplace within the non-Hispanic population.

The mechanism underlying the association between maternal birthplace and risk of HL 

is complex. First, early-onset HL may develop as the consequence of relatively common 

infections, the risk increases with older age at time of primary infection (9,10). Foreign born 

Hispanics have larger family size, lower median household income, and are less educated 

than their US-born counterparts (21), which may be associated with differing exposure to 

infectious pathogens among their offspring. It has been reported that a higher number of 

older siblings (11,12), ≥1 year of nursery school or day care attendance (25), and residence 

in multiple-family homes (10) reduced the risk of HL. In a nested case-control of U.S 

servicemen diagnosed with HL between the ages of 17-32 years, low birth order (first born), 

small sib-ship size, and an interval of at least 5 years between birth and that of a previous 

or subsequent sibling independently increased the risk of HL (13). These findings support 

an inverse association between childhood infectious exposure and development of HL in 

AYA. Second, it is known that, in general, foreign-born Hispanic mothers who immigrate 

to the US have better pregnancy outcomes than their US-born Hispanic counterparts, 

with decreased rates of low birthweight, preterm birth and premature mortality (26–28). 

Compared with their second-generation counterparts, first generation foreign-born Hispanic 

women who move to the US have been shown to have a healthier diet (29). Foreign born 

Hispanic women are also less likely to be obese, but this diminishes as more time is spent in 
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the US (30). A similar relationship has been seen with regards to smoking. One study noted 

that US born Hispanic women who preferred English as a primary language had higher odds 

of smoking during pregnancy compared to foreign-born Hispanic or Puerto Rican women 

with a preference for Spanish (OR = 2.76, 95% CI: 1.36 - 5.63) (31). These prenatal factors 

may play a role in early-onset cancer, particularly for children (32,33).

Our finding of the higher risk of early-onset of HL among Hispanic males relative to 

Hispanic females differed from sex-specific incidence rates observed previously, with one 

study showing that significant differences by sex did not occur until after 40 years of age 

(13). Evens et al. reported that although both Hispanics and non-Hispanic Whites showed 

relatively higher incidence in males than in females, there were more males diagnosed 

with HL among Hispanics compared with non-Hispanic Whites (P = 0.005) (16). Both the 

California early childhood HL study (male vs female: OR = 2.81, 95 % CI 1.46 - 5.42) and 

the Texas study (female vs male: OR = 0.66, 95 % CI 0.46 - 0.93) reported higher risk of 

HL among males than females but did not stratify by ethnicity (22,23). The results of our 

study offer further support that the increased risk of HL associated with the male sex is more 

pronounced in Hispanics.

The role of birth weight in the etiology of HL has been inconsistent (14,15,23,34–37). As 

in our previous study among children 0-19 years, we observed an increased risk of HL with 

increased birthweight(14). Crump et al. reported that every 1,000 grams of birth weight 

was associated with an 24% increased risk of HL among those age 0-37 years (95% CI: 

1.09 - 1.42; Ptrend = 0.002) (15). Milne et al. found that a higher proportion of optimal 

birth weight, a metric for appropriateness of fetal growth (38), was associated with an 

increased risk of childhood HL (age 0-14 years) in boys. However, other studies have found 

no relationship between birthweight and childhood HL (23,34–37). None of the studies 

that provide these null results explicitly compared cases from populations stratified by race 

or ethnicity. In our study, among non-Hispanic Whites, those with low birth weight had 

a decreased risk of developing HL compared to those born with a normal birth weight. 

Conversely, non-Hispanic White children born with a high birth weight showed an increased 

risk of HL compared to those with normal birth weight, with the risk increasing 10% for 

each 500-gram increase in birthweight. Within Hispanics, risk of HL increased 9% for 

each 500-gram increase in birthweight, but there were no significant associations for those 

born with either low or high birth weight. These findings suggest that when birthweight is 

measured as a continuous variable it may serve as a useful predictor of risk, but stratifying 

by categories or low, normal, and high birth weight may lead to varying results.

Previous studies report inconsistent findings on parental age and risk of HL 

(14,15,22,23,39). In this study, we observed a trend of increased risk of early-onset HL 

by every 5-year increase in maternal age for both non-Hispanic White and Hispanics, and an 

20% increased risk among non-Hispanic Whites with fathers at ages ≥ 35 years. Similarly, 

our previous study reported a protective impact of younger mother (<20, 20-24 years) 

and father (20-24 years) independently on the risk of pediatric HL (14). A Swedish study 

reported that with every 5-year maternal or paternal age increment, risk of any lymphoid 

neoplasm increased by 3%, but no association was seen between maternal or paternal 

age and HL when individual subclasses of lymphoid neoplasms were evaluated (39). Our 
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findings are consistent with regards to 5-year increment in maternal age, but they are more 

specific and focused on HL. Another Swedish study did not report any association between 

maternal age and risk of HL among people with cases diagnosed between 0-37 years of age 

(15). In addition, two childhood HL studies in the US observed no impact of maternal age on 

the risk of early childhood HL (23) or childhood and adolescent HL (22).

Our study has several limitations. First, the California Linkage Study of Early-Onset 

Cancers includes only cases born in California beginning in 1978 (when California birth 

records first became computerized) and diagnosed in California beginning in 1988 (when the 

statewide cancer reporting was fully implemented). All cases had to be born in California, 

which accounted for 61% of all HL cases diagnosed at the age of 0-37 years and reported 

to the California Cancer Registry (the coverage is 77.2% for HL in children). However, 

there is no reason to believe that HL cases diagnosed in California but not born there have 

a systematically different etiology. Alternatively, our design can be conceptualized as a 

case-cohort study, in which we identified cases from a cohort consisting of all California 

births. Second, Hispanics have a younger mean age at diagnosis of HL than non-Hispanic 

Whites (38.0 versus 40.0 years) (16). The oldest age of diagnosis was 37 years in our study. 

It is likely that a slightly higher percentage of Hispanic cases were included in our study 

than non-Hispanic White cases, creating an imbalance in our analysis. Thirdly, there was 

potential for misclassification of controls who might have moved out of California and been 

diagnosed with early-onset HL elsewhere. Based on the age-specific cancer incidence in 

2000-2015 from 22 registries in the Surveillance, Epidemiology, and End Results Program 

(40), we estimate that 603 out of 140,950 controls would have developed cancer by the age 

of their matched cases if they had all moved out of California the day after birth. Therefore, 

the impact of this misclassification would be small. In addition, there is no reason to believe 

that the likelihood of misclassifying actual cases as controls would be different based on a 

child’s birth characteristics, and nondifferential misclassification would have biased the risk 

estimates toward the null. We did not have data on when foreign-born mothers moved to the 

US. There may have been a different impact on whether the mother moved when she was 

a child versus as an adult. Lastly, we were limited to data available in existing records, and 

therefore could not adjust for additional risk factors for HL such as history of Epstein-Barr 

virus infection or infectious mononucleosis (6–8,41–43).

The study also has multiple strengths. The size and racial/ethnic diversity of the California 

population resulted in a large number of non-Hispanic White and Hispanic cases which 

allowed us to conduct stratified analyses by ethnicity and age of diagnosis (children, 

adolescents, and young adults). Previous studies on the etiology of HL have mostly 

been conducted in European/Caucasian populations, so the analysis of HL risk factors 

among Hispanics is a major strength of our study. The California Linkage Study of Early-

Onset Cancers is record linkage-based which obviates the need for participant contact 

and therefore we were able to obtain preexisting, non-identifying data from all eligible 

subjects. As a result, this study was less prone to selection bias due to non-participation and 

differential recall between cases and controls.

In summary, this large population-based case-control study identified multiple risk factors 

for HL in children, adolescents, and young adults from California. Among Hispanics, 
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adolescents and young adults with foreign-born mothers were at a decreased risk of HL 

compared to individuals with US-born mothers, Among non-Hispanic Whites, children 

and young adults of foreign-born mothers had an increased risk of HL. The association 

between sex, birthweight and HL risk also varied by ethnicity. These findings underscore the 

importance of accounting for potential ethnic differences in the etiology of early-onset HL in 

future studies.
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Figure 1. 
Association between foreign-born mother and risk of Hodgkin lymphoma by age and 

ethnicity, California Linkage Study of Early-Onset Cancers, 1988-2015
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Table 1.

Characteristics of the Study Population, California Linkage Study of Early-Onset Cancers, 1988-2015.

Non-Hispanic White Case Non-Hispanic White 
Control

Hispanic Case Hispanic Control

Characteristic No. %a No. %a P No. %a No. %a P

Total 1,651 82,550 1,168 58,400

Maternal birthplace

 United States 1,433 86.8 75,401 91.3 <0.01 530 45.4 23,281 39.9 <0.01

 Foreign 218 13.2 7,149 8.7 638 54.6 35,119 60.1

Sex

 Female 773 46.8 40,175 48.7 0.14 503 43.1 28,602 49.0 <0.01

 Male 878 53.2 42,375 51.3 665 56.9 29,798 51.0

Age at diagnosis (years)

 0-14 291 17.6 364 31.2

 15-19 479 29.0 323 27.7

 20-37 881 53.4 481 41.2

Birth weight

 Low 54 3.3 4,314 5.2 <0.01 69 5.9 3,185 5.5 0.13

 Normal 1,304 79.0 66,584 80.7 949 81.3 48,707 83.4

 High 293 17.7 11,652 14.1 150 12.8 6,508 11.1

Gestational age (weeks)

 Preterm 118 7.1 6,067 7.3 0.28 113 9.7 5,682 9.7 0.19

 Full term 1,224 74.1 59,968 72.6 827 70.8 42,094 72.1

 Post-term 176 10.7 9,781 11.8 143 12.2 6,157 10.5

 Unknown 133 8.1 6,734 8.2 85 7.3 4,467 7.6

Birth order

 1st 710 43.0 36,707 44.5 0.45 419 35.9 21,555 36.9 0.64

 2nd 573 34.7 27,585 33.4 353 30.2 16,966 29.1

 ≥ 3rd 368 22.3 18,258 22.1 396 33.9 19,879 34.0

Mode of delivery

 Vaginal 1,249 75.7 64,393 78.0 0.02 910 77.9 46,823 80.2 0.06

 Cesarean 402 24.3 18,157 22.0 258 22.1 11,577 19.8

Birth plurality

 Singleton 1,613 97.7 80,618 97.7 1.00 1,148 98.3 57,285 98.1 0.75

 Multiple 38 2.3 1,932 2.3 20 1.7 1,115 1.9

Maternal age (years)

 <20 79 4.8 6,621 8.0 <0.01 148 12.7 9,370 16.0 <0.01

 20-24 360 21.8 21,126 25.6 344 29.5 18,915 32.4

 25-29 559 33.9 26,640 32.3 372 31.8 16,150 27.7

 30-34 437 26.5 19,386 23.5 201 17.2 9,401 16.1

 ≥ 35 216 13.1 8,777 10.6 103 8.8 4,564 7.8

Maternal education
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Non-Hispanic White Case Non-Hispanic White 
Control

Hispanic Case Hispanic Control

Characteristic No. %a No. %a P No. %a No. %a P

 ≤12 years 292 17.7 15,039 18.2 0.51 488 41.8 25,108 43.0 0.01

 > 12 years 378 22.9 18,468 22.4 124 10.6 5,362 9.2

 Unknown 981 59.4 49,043 59.4 556 47.6 27,930 47.8

Maternal history of miscarriage/stillbirth

 No 1,342 81.3 66,236 80.2 0.33 965 82.6 49,333 84.5 0.07

 Yes 303 18.4 15,966 19.3 203 17.4 8,972 15.4

 Unknown 6 0.4 348 0.4 0 0.0 95 0.2

Paternal age (years)

 <20 30 1.8 2,068 2.5 <0.01 59 5.1 3,460 5.9 0.32

 20-24 199 12.1 13,589 16.5 276 23.6 14,824 25.4

 25-29 474 28.7 23,816 28.9 357 30.6 16,943 29.0

 30-34 450 27.3 22,163 26.8 234 20.0 11,312 19.4

 ≥ 35 460 27.9 17,823 21.6 186 15.9 8,767 15.0

 Unknown 38 2.3 3,091 3.7 56 4.8 3,094 5.3

Percentage of population below 150% poverty at census block group level

 1st quartile (lowest) 388 23.5 18,966 23.0 0.75 175 15.0 7,465 12.8 0.12

 2nd quartile 354 21.4 17,170 20.8 189 16.2 9,232 15.8

 3rd quartile 276 16.7 13,849 16.8 234 20.0 12,572 21.5

 4th quartile (highest) 152 9.2 8,149 9.9 357 30.6 18,262 31.3

 Unknown 481 29.1 24,416 29.6 213 18.2 10,869 18.6
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Table 2.

Adjusted Odds Ratios and 95% Confidence Intervals for the Risk of Early-onset Hodgkin Lymphoma (0-37 

years) among non-Hispanic Whites, California Linkage Study of Early-Onset Cancers, 1988-2015.

Characteristic Odds Ratio 95% Confidence interval P

Maternal birthplace

 United States Referent

 Foreign 1.52 1.31 - 1.76 <.01

Sex

 Female Referent

 Male 1.06 0.96 - 1.16 0.29

Birth weight

 Low 0.63 0.48 - 0.83 <.01

 Normal Referent

 High 1.25 1.10 - 1.43 <.01

 Per 500 grams 1.10 1.05 - 1.15 <.01

Birth order

 1st Referent

 2nd 0.98 0.87 - 1.09 0.67

 ≥ 3rd 0.89 0.78 - 1.02 0.10

 Continuous 0.96 0.92 - 1.01 0.09

Mode of delivery

 Vaginal Referent

 Cesarean 1.11 0.99 - 1.25 0.07

Maternal age (years)

 <20 0.65 0.48 - 0.86 <.01

 20-24 0.88 0.76 - 1.02 0.09

 25-29 Referent

 30-34 1.02 0.89 - 1.18 0.74

 ≥ 35 1.04 0.86 - 1.25 0.71

 Ever 5-year 1.11 1.04 - 1.18 <.01

Paternal age (years)

 <20 1.01 0.66 - 1.55 0.95

 20-24 0.84 0.70 - 1.01 0.06

 25-29 Referent

 30-34 0.97 0.84 - 1.12 0.66

 ≥ 35 1.20 1.03 - 1.41 0.02

 Unknown 0.70 0.50 - 0.99 0.04

 Ever 5-year 1.07 1.02 - 1.13 0.01

Percentage of population below 150% poverty at census block group level

 1st quartile (lowest) Referent

 2nd quartile 1.05 0.91 - 1.22 0.83

 3rd quartile 1.06 0.91 - 1.24 0.46
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Characteristic Odds Ratio 95% Confidence interval P

 4th quartile (highest) 1.02 0.84 - 1.24 0.49

 Unknown 1.08 0.94 - 1.24 0.28

All variables in the table were mutually adjusted.
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Table 3.

Adjusted Odds Ratios and 95% Confidence Intervals for the Risk of Early-onset Hodgkin Lymphoma (0-37 

years) among Hispanics, California Linkage Study of Early-Onset Cancers, 1988-2015.

Characteristic Odds Ratio 95% Confidence interval p

Maternal birthplace

 United States Referent

 Foreign 0.78 0.69 - 0.88 <.01

Sex

 Female Referent

 Male 1.26 1.12 - 1.42 <.01

Birth weight

 Low 1.09 0.85 - 1.40 0.48

 Normal Referent

 High 1.11 0.93 - 1.33 0.24

 Per 500 grams 1.09 1.03 - 1.15 <.01

Birth order

 1st Referent

 2nd 0.98 0.84 - 1.14 0.80

 ≥ 3rd 0.88 0.75 - 1.04 0.12

 Continuous 0.96 0.92 - 1.01 0.10

Mode of delivery

 Vaginal Referent

 Cesarean 1.07 0.93 - 1.24 0.34

Maternal age (years)

 <20 0.62 0.49 - 0.79 <.01

 20-24 0.76 0.64 - 0.89 <.01

 25-29 Referent

 30-34 0.97 0.81 - 1.16 0.72

 ≥ 35 1.05 0.82 - 1.35 0.68

 Every 5-year 1.15 1.07 - 1.24 <.01

Paternal age (years)

 <20 0.98 0.71 - 1.36 0.91

 20-24 1.00 0.84 - 1.18 0.95

 25-29 Referent

 30-34 0.93 0.78 - 1.11 0.41

 ≥ 35 0.94 0.76 - 1.15 0.54

 Unknown 0.94 0.70 - 1.25 0.67

 Every 5-year 0.99 0.93 - 1.05 0.74

Percentage of population below 150% poverty at census block group level

 1st quartile (lowest) Referent

 2nd quartile 0.89 0.72 - 1.09 0.29

 3rd quartile 0.84 0.69 - 1.02 0.08
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Characteristic Odds Ratio 95% Confidence interval p

 4th quartile (highest) 0.91 0.75 - 1.09 0.26

 Unknown 0.88 0.72 - 1.08 0.23

All variables in the table were mutually adjusted.
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