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Abstract

Objectives—Hodgkin’s lymphoma (HL) is one of the most common cancers among young 

adults. We investigated the time trends for HL among the 20–44 age group in the USA by gender 

to identify the potential factors accounting for the incidence trends.

Methods—Using data from the National Cancer Institute’s Surveillance, Epidemiology, and End 

Results program for 1973–2010, we conducted age–period–cohort modeling to evaluate birth 

cohort patterns on incidence trends of HL over time.

Results—For all races combined, the age-adjusted incidence patterns were similar to that of 

whites. The birth cohort patterns for whites and all races were similar, but the patterns differed 

according to gender. Specifically, except for the 1970–1975 birth cohort, all other birth cohorts 
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showed an increasing birth cohort trend for females. Conversely, there was a decreasing cohort 

trend in males beginning in the 1960 birth cohort regardless of the assumptions of the period 

effect.

Conclusion—The established risk factors for HL can seemingly not explain the gender 

disparities of the cohort pattern, which necessitates further analytical epidemiological studies to 

explore the risk factors for this disease with respect to potential differences by gender and by 

histological subtype.
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Introduction

Hodgkin’s lymphoma (HL) is one of the most common cancers among young adults [1], but 

there are few established risk factors for this disease in this demographic group. Previous 

studies evaluating the descriptive epidemiology of HL have reported a continuing increase 

worldwide in the incidence of HL in young adults [2-5]. In particular, a study from Israel 

reported a sharp rise in the incidence of HL in young adults from 1960 to 2005 [2]. The 

highest incidence was observed in the 20–24 year age group, and it was 6.6 per 100,000 per 

year for men during the years 1997–2005 and 9.13 per 100,000 per year for women during 

the period 1988–1996. A study in Singapore has also showed a continuous increase in the 

incidence of HL for the young age groups for both men (the incidence rates increased 

annually by 7.0 and 3.4 % in the age groups 15–19 and 20–24 years, respectively) and 

women (the incidence rates increased annually by 13.7 and 12.2 % in the age groups 15–19 

and 20–24 years, respectively) between 1968 and 2004 [3]. An analysis of age- and sex-

specific trends of HL incidence in three Nordic countries revealed a significant increase with 

an annual rate of change of 2.2 % in the incidence of nodular sclerosis, the most common 

subtype of classical HL, over the period 1978–1997 for adolescents and young adults [4]. 

The increases were higher in young women compared with males and, in contrast, the 

incidence of HL significantly decreased in individuals >40 years old [4]. Further, a study in 

Canada that conducted an age–period–cohort (APC) analysis of HL showed a significant 

increase in incidence in Canadian females aged 10–29 and in Canadian males aged 10-24 

from 1970 to 1995 and found evidence that period and birth cohort effects were responsible 

for these incidence trends [5].

Our earlier descriptive study showed a rapid increase in the incidence of HL among young 

adults (age 20–44 group) in both males and females in Connecticut from 1935 to 1992 [6] 

and predicted based on the birth cohort patterns and drift analysis that the increase in HL 

incidence would likely stabilize in males but continue to increase in females in the coming 

years [6]. Several recent studies of other populations in the USA have mainly compared the 

HL incidence patterns by race and have focused on the survival rate of the disease [7, 8]. In 

addition, an evaluation of lymphoma incidence patterns in the USA using SEER 12 data 

suggested stable incidence rates of HL overall over the period 1992–2001, but the temporal 

trends varied by subtype and demographic group and results for young adults were not 

presented separately [9].
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It is therefore currently unknown if the incidence rate of HL is still increasing among young 

adults in the USA and if it is to what extent the birth cohort effect could explain the 

observed incidence patterns. In order to evaluate these trends, the current study was designed 

to explore time trends and APC patterns of HL incidence between 1973 and 2010 in the 

USA, with an emphasis on incidence patterns in young adults aged between 20 and 44 years 

old.

Materials and methods

Data source

We obtained data from the SEER program, which was released in April 2013 and based on 

the November 2012 submission results (SEER*Stat Database: Incidence—SEER 9 Regs 

Research Data, Nov 2012 Sub (1973–2010), Single Ages to 85+, Katrina/Rita Population 

Adjustment). Overall age-adjusted incidence rates for whites and all races combined as well 

as sex-specific age-adjusted incidence rates were examined for 1973 through 2010 from the 

SEER 9 registries (Atlanta, Connecticut, Detroit, Hawaii, Iowa, New Mexico, San 

Francisco-Oakland, Seattle-Puget Sound, Utah). The SEER 9 data account for 

approximately 12 % of the US population.

A total of 27,282 HL cases (ICD-O-3 9650-9655, 9659, 9661-9667) were included in these 

nine registries. HL cases were divided into classical HL (CHL, ICD-O-3 9650–9655 9661–

9667) and nodular lymphocyte predominant HL (NLHL, ICD-O-3 9659). A total of 26,520 

cases (97.21 %) were classical HL. 86.8 % cases were white, and 51.7 % cases were 20–44 

years old.

Data analysis

Age-adjusted incidence rates were calculated using SEER*Stat (8.0.4) by gender and for age 

groups 20–44, with rates adjusted to the 2000 US standard population. Joinpoint analyses 

were conducted using Joinpoint version 4.0.4 by weighted least squares regression of the 

natural logarithms of the age-adjusted incidence rates. The data were also presented by 

calendar year and by cohort year of birth in order to explore the secular trends and the 

potential birth cohort patterns. The APC analysis based on a log-linear Poisson regression 

model was conducted for the 20–44 year old age group. Age, period, and cohort models 

were based on five-year age intervals between 20 and 44, and eight time period intervals 

(1973–1974, 1975–1979, 1980–1984, 1985–1989, 1990–1994, 1995–2000, 2000–2004, 

2005–2010). Because of the nonidentifiability problem (cohort = year–age), the independent 

effects of age, period, and cohort cannot be evaluated [10]. Since the true value of the period 

slope is unknown, the cohort effect can be evaluated by constraining the period effect to 

different assumptions (i.e., parameter values βp = 0, −0.005, or 0.005), where βp = 0 

represents a slope of zero, βp = −0.005 indicates that the period slope was decreasing and βp 
= 0.005 denotes that the period slope was increasing during the study period. For the APC 

analyses, the effects are reported as the log rate ratios relative to the reference group. The 

reference groups were the 40–44 year old group for age, the 2005–2010 calendar years for 

period, and the median year of birth (i.e., 1985) for cohort. All models were fit using SAS 

(version 9.3). The significance level was set at 0.05 for a two-sided test.
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Results

A total of 14,113 newly diagnosed cases of HL between the ages of 20 and 44 were reported 

to the SEER Project from 1973 to 2010. Of these, 12,082 (85.6 %) were white and 1,442 

(10.2 %) were black. The white cases included 6,607 (54.7 %) males and 5,475 (45.3 %) 

females. Of whites, 11,833 (97.9 %) cases were classical HL.

The age-adjusted incidence rates of HL by gender for the 20–44 age group are presented in 

Fig. 1. For white cases, the age-adjusted incidence rates for 20–44 year old males were 

higher than that of the 20–44 year old females before 2003, and then, the two rates started to 

converge between 2003 and 2007. Among white males, the age-adjusted incidence rates 

fluctuated between a low of 3.8/100,000 in 1978 and a high of 5.6/100,000 in 1988. The 

rates appeared to level off at around 4.5/100,000 over time. However, there was no joinpoint 

for incidence rates in white males between 1973 and 2010, with an annual percent change of 

−0.1 % (95 % CI: 0.4 to +0.2 %) over 1973–2010. Among white females, the rates increased 

from about 3.0/100,000 in 1973 to around 4.6/100,000 in 1988 and remained stable in 

subsequent years, except for a sharp decrease in 2010 (3.3/100,000). There was one 

joinpoint at 1988 for incidence rates in white females, as the rate increased by 2.4 % (95 % 

CI: +1.0 to +3.8 %) per year from 1973 to 1988 and then stabilized from 1988 to 2010 with 

an annual percent change of −0.02 % (95 % CI: −0.7 to +0.6 %).

For all races combined, the age-adjusted incidence patterns were similar to that of whites 

(Fig. 1). In all race groups, a decline in the age-adjusted incidence rates was apparent in 

females beginning in the mid-2000s, while the rates in males declined slightly in the 

mid-2000s before fluctuating in the most recent years. There was no joinpoint for incidence 

rates in males between 1973 and 2010. For females, there was one joinpoint at 2006 as the 

incidence rate increased by 1.1 % (95 % CI: +0.7 to +1.5 %) per year from 1973 to 2006 and 

began to decrease by 5.8 % (95 % CI: −13.6 to +2.6 %) per year from 2006 to 2010. 

However, this decrease in female incidence rates beginning in 2006 was not statistically 

significant.

The age-specific incidence rates of HL for whites aged 20–44 by median year of birth are 

shown in Fig. 2. For white females (Fig. 2a), the incidence rates of HL in the more recent 

birth cohorts were much higher than that of the earlier cohorts for all age groups between 20 

and 44. The incidence rates of HL for white females aged 30–34 had the largest rise, and it 

increased from 2.7 cases per 100,000 in the 1940 birth cohort to 4.5 cases per 100,000 in the 

1975 birth cohort. White females aged 20–24 had the highest incidence rate of all age 

groups and it increased from 4.0 cases per 100,000 in the 1950 birth cohort to 6.8 cases per 

100,000 in the 1965 birth cohort and decreased to 6.0 cases per 100,000 in the 1985 birth 

cohort. For white males (Fig. 2b), the incidence rate of HL in the successive birth cohorts 

leveled off or decreased in the age groups between 20 and 40. Conversely, the incidence 

rates of HL for white males aged 40–44 increased from 3.6 cases per 100,000 in the 1930 

birth cohort to 4.1 cases per 100,000 in the 1965 birth cohort.

These patterns in both males and females aged 20–44 were very similar in analyses 

evaluating all racial groups combined (Fig. 3). For females of all races, rates were similarly 

Zhu et al. Page 4

Cancer Causes Control. Author manuscript; available in PMC 2016 April 25.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



higher in the more recent birth cohorts in all age groups (Fig. 3a). A decline in rates in 

successive birth cohorts for males of all races was apparent for all age groups except 40–44 

year olds, in whom rates increased from 3.6 cases per 100,000 in the 1930 birth cohort to 

four cases per 100,000 in the 1965 birth cohort. It was further observed that the sudden 

change in the incidence slope occurred from 1975 for all age groups for both males and 

females, while the slopes became much less steeper after 1985 (Figs. 2, 3).

Figures 4, 5 present the results from the APC modeling by gender for whites and all races, 

respectively, using three different assumptions for the period slope (βp = 0, −0.005, or 

0.005), where the solid line is based on an assumption without period slope. The birth cohort 

patterns for whites and all races were similar, but the patterns differed according to gender. 

Specifically, an increasing birth cohort trend was observed for females, except for the 1970–

1975 birth cohort, for each of the three different assumptions for the period slope (Figs. 4a, 

5a). Conversely, there was a decreasing cohort trend in males beginning in the 1960 birth 

cohort regardless of the assumptions of the period effect (Figs. 4b, 5b). The diverging 

patterns in the cohort trend by gender were particularly apparent around 1975–1979 based 

on evaluation of the age–period curves (data not shown). Moreover, the period effect 

patterns were similar in both males and females before 1997, whereas after 1997 the effects 

differed by gender in that a noticeable period effect was observed in males but not in females 

(Figs. 4, 5).

Discussion

The results of our earlier study of HL incidence in the state of Connecticut from 1935 to 

1992 suggested that the incidence of this malignancy may likely stabilize in males and 

continue to increase in females in the coming years [6]. Given limited evidence concerning 

incidence patterns of HL in young adults in the USA, and the potential for birth cohort 

effects in explaining these trends, we conducted an APC analysis using data from SEER 

from 1973 to 2010 and observed that the age-adjusted incidence rate for young adults aged 

20–44 continued to increase before 1988 and then began to stabilize after 1988 in females. 

However, our more comprehensive analyses based on SEER data that evaluated age-specific 

incidence patterns and birth cohort patterns confirmed our earlier observations in the state of 

Connecticut and suggest important gender differences in the time trends of HL among young 

adults in the USA.

The diverging direction of the cohort effect for men and women suggests that there were 

possible gender-related changes in exposure to risk factors for HL after 1975–1979 in 

particular. Epidemiologic studies conducted over the past few decades have identified 

several risk factors that are associated with this disease, including infection with the 

mononucleosis associated Epstein–Barr virus (EBV) and HIV, as well as socioeconomic 

status and having a family history [11]. Other factors, including occupational exposure to 

chemicals and reproductive factors such as parity, have also been reported in some studies 

although these associations have not been consistent [12-16].

EBV is a ubiquitous virus that infects more than 90 % of the population worldwide and is 

strongly associated with HL, as between 20 and 50 % of HL tumors are EBV positive in 
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Western countries [17]. Several previous studies have evaluated gender differences in the 

prevalence of EBV infection. A cross-sectional study among young college students showed 

that the prevalence of EBV seropositivity was significantly greater among women (79.2 %) 

than among men (67.4 %) [18]. A case–case study also showed that EBV-positive HL 

appears to be more common in males [19]. Besides EBV, HIV-positive individuals have a 

significantly increased risk of HL [20]. A population-based study in the San Francisco Bay 

Area reported that HIV-related HL contributed to an elevation in the regional HL incidence 

rates, especially in young adults [21]. However, it is unlikely that infection with viral agents 

can explain the increasing birth cohort trends in females but not in males, particularly since 

the rate of new HIV infections in North America and Western and Central Europe has been 

relatively stable between 2001 and 2011 [22].

While gender-related changes in the prevalence of exposure to an environmental or lifestyle 

risk factor beginning around 1975 could potentially explain the observed birth cohort effects 

for HL incidence, few such factors have been strongly associated with HL in epidemiologic 

studies [23], making the trends difficult to interpret. A recent meta-analysis showed that ever 

smoking was associated with increased risk for HL [24]. However, during 1965-2010, an 

overall decrease was observed in the prevalence of cigarette smoking among adults for both 

genders and all races [25, 26]. Therefore, it is unlikely that the effect of smoking could 

explain the opposite gender-specific cohort effect trends. A previous meta-analysis has also 

indicated that obesity is positively associated with risk of HL [27], and some epidemiologic 

evidence has suggested effect modification between body size and risk of HL according to 

gender [28]. However, the results of the National Health and Nutrition Examination Survey 

suggested that obesity did not have a significant trend among women from 1999 to 2008 

[29] and the prevalence of obesity in 2009–2010 did not show a significant change compared 

with 2003–2008 [30].

Epidemiologic studies have suggested that long-term use of low-dose aspirin, but not other 

NSAIDs, reduces HL risk [31, 32]. However, regular acetaminophen use was associated with 

the increased risk of HL [31]. Studies have showed that there are important racial/ethnic 

disparities in the prevalence of aspirin use [33], and women are less likely than men to use 

aspirin regularly among adults with coronary heart disease in the USA [34]. Thus, the 

association between HL and aspirin use is unlikely to explain why the cohort effect of 

females was increasing after the 1975 birth cohort.

A previous APC analysis of HL incidence that was conducted in Canada similarly observed 

significant increases in incidence among young adults from 1970 to 1995 and suggested that 

childbearing-related reproductive factors may explain the rising rates in young females aged 

10–29 [5]. While reproductive factors are not considered a well-established risk factor for 

HL, as some recent data suggest no significant association [35], other epidemiologic data 

have suggested an inverse association for HL with increasing parity and earlier age of first 

child birth [36]. It is thus plausible that the societal shift of having fewer children and later 

pregnancies among women in the USA over the last two decades [25, 37] could at least 

partially explain the increasing birth cohort trends in females; however, additional studies 

will be needed to explore this possibility.

Zhu et al. Page 6

Cancer Causes Control. Author manuscript; available in PMC 2016 April 25.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Our study has several limitations. First, we selected SEER 9 Regs Research Data as the data 

source in order to obtain a longer time interval for the analyses. This selection may limit the 

external validity of our study since the results may not reflect the diversity of the US 

population as a whole. Second, given that 86 % of the HL cases in the SEER database were 

of white race, we were unable to evaluate the APC trends among young adults of other race 

groups separately due to the small case numbers. However, we note that the incidence trends 

observed for whites were very similar to those observed for all racial groups combined. 

Third, it is likely that there was some misclassification of non-Hodgkin and Hodgkin 

lymphomas [38]. However, no evidence suggests that there were gender disparities in the 

occurrence of this disease misclassification, and therefore, this may not be an important 

factor when considering the different cohort effects according to gender. Finally, the lack of 

individual risk factor data and the complexity of the etiology of this disease in relation to the 

observed birth cohort patterns limited the inferences that could be made from our study 

results.

In conclusion, our analysis of HL incidence from 1973 to 2010 using data from SEER 

suggests that the birth cohort trend is still increasing for females in the USA, whereas for 

males there was a decreasing cohort trend beginning in the 1960 birth cohort. The few 

established risk factors that have been identified for HL can seemingly not explain the 

gender disparities of the cohort pattern, which necessitates further analytical epidemiological 

studies to explore the risk factors for this disease with respect to potential differences by 

gender and by histological subtype.
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Fig. 1. 
Age-adjusted incidence rates of Hodgkin lymphoma by gender for age group 20–44 only (a 
for whites, b for all races)
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Fig. 2. 
Cohort age curves of HL for whites in age group 20–44 by gender (a female, b male)
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Fig. 3. 
Cohort age curves of HL for all races in age group 20–44 by gender (a female, b male)
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Fig. 4. 
Age–period–cohort modeling for HL in whites by gender (a female, b male; solid line βp = 

0, dotted line βp = −0.005, long dashed line βp = 0.005)
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Fig. 5. 
Age–period–cohort modeling for HL in all races by gender (a female, b male; solid line βp = 

0, dotted line βp = −0.005, long dashed line βp = 0.005)
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