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The proportion of parents aged ≥35 years at the birth of their child continues to increase, but long-term health

consequences for these children are not fully understood. A recent prospective study of 110,999 adult women

showed an association between paternal—but not maternal—age at birth and sporadic hematological cancer

risk. To further investigate this topic, we examined these associations in women and men in the American Cancer

Society Cancer Prevention Study-II Nutrition Cohort. Among 138,003 Cancer Prevention Study-II participants,

2,532 incident hematological cancers were identified between 1992 and 2009. Multivariable-adjusted hazard ratios

and 95% confidence intervals were computed by using Cox proportional hazards regression. There was no clear

linear trend in the risk of hematological malignancies by either paternal or maternal age. However, there was a

strong, positive association with paternal age among participants without siblings. In that group, the hazard ratio

for fathers aged ≥35 years compared with <25 years at birth was 1.63 (95% confidence interval: 1.19, 2.23),

and a linear dose-response association was suggested (Pspline = 0.002).There were no differences by subtype of

hematological cancer. Results of this study support the need for further research to better understand the associ-

ation between paternal age at birth and hematological malignancies.

hematological neoplasms; leukemia; lymphoma; maternal age; myeloma; paternal age; prospective cohort studies

Abbreviations: CI, confidence interval; CPS-II, Cancer Prevention Study II; HR, hazard ratio.

The average age of parents at the birth of their children has
steadily increased in recent years. In the United States, first-
time mothers were, on average, aged 21.4 years in 1970 and
25.8 years in 2012, and the proportion of first-time mothers
aged 35 years or more increased 9 times in that time period
(1). This trend is not just amongmothers; the average paternal
age is also increasing. The rate of babies born to fathers aged
35–39 years in the United States jumped more than 50% be-
tween 1980 and 2009 (2).

The short- and long-term health consequences for children
of older parents are not fully understood, but studies have
found higher risk of congenital anomalies, schizophrenia, au-
tism spectrum disorders, and several childhood (3) and adult-
onset (4–8) cancers in the offspring of older parents. Both
older maternal (9–13) and paternal (11, 13) ages have been
associated with pediatric (or young adult) leukemia or lym-
phoma in some (but not all) previous studies. However, in
the 1 study of parental age and risk of hematological cancer

in older adults, an association was observed for paternal age
only. In this recent analysis (8) of 110,999 women in the Cal-
ifornia Teachers Study cohort, participants whose fathers
were aged 40 years or older at their birth had a 50% higher
risk of adult-onset, sporadic (nonfamilial) non-Hodgkin lym-
phoma than did participants whose fathers were younger than
25 years, controlling for race, birth order, participant age, and
maternal age (hazard ratio (HR) = 1.51, 95% confidence in-
terval (CI): 1.08, 2.13; P for trend = 0.01); in analyses limited
to women without siblings, there was a 3-fold higher risk of
non-Hodgkin lymphoma. The risk associated with paternal
age was highest for chronic lymphocytic leukemia/small
lymphocytic lymphoma.Maternal agewas not independently
associated with all hematological cancers but was associated
with a 3-fold higher risk of multiple myeloma.

Expanding on the previous findings from the California
Teachers Study, we used data from the American Cancer So-
ciety Cancer Prevention Study II (CPS-II) Nutrition Cohort
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to examine the associations of maternal and paternal age with
risk of adult, sporadic hematological malignancies in both
women and men. Furthermore, we examined whether these
associations differed on the basis of whether or not the par-
ticipant had siblings.

METHODS

Study population

The CPS-II Nutrition Cohort (n = 184,185) is a prospec-
tive study of cancer incidence in 21 states in the United States
initiated in 1992. The recruitment, characteristics, and follow-
up of the cohort are described in greater detail elsewhere (14). It
is a subset of a larger CPS-II cohort (nearly 1.2 million par-
ticipants) recruited by American Cancer Society volunteers
in 1982 and followed for mortality. At enrollment in the
larger cohort in 1982 and in the subcohort in 1992/1993, par-
ticipants completed self-administered questionnaires that
included information on demographics, family characteris-
tics, personal and family history of cancer and other diseases,
reproductive history, and various behavioral, environmental,
occupational, and dietary exposures. Beginning in 1997,
follow-up questionnaires were sent to subcohort members
every 2 years to update exposure information and to ascertain
newly diagnosed cancers. Response rates for follow-up sur-
veys were at least 86%. The Emory University Institutional
Review Board has approved all aspects of this study.
Participants were excluded from the analytical cohort for 1

of the following reasons: lost to follow-up (alive after 1997
but did not return any survey after 1992) (n = 6,251, 3.4%);
history of cancer at baseline other than nonmelanoma skin
cancer (n = 22,863, 12.4%); missing 1 or both parents’ age at
birth (n = 12,037, 6.5%); and report of hematological cancer
on the first returned follow-up survey that could not be veri-
fied (n = 61, 0.03%). To limit the analysis to sporadic (rather
than familial) hematological malignancies, we also excluded
participants who reported a family history of hematological
malignancy (n = 4,970, 2.7%). After exclusions, the final an-
alytical cohort consisted of 138,003 individuals (64,421 men
and 73,582 women; 74.9% of the full CPS-II Nutrition
Cohort). Participants in this cohort were aged 40–93 years
at enrollment in 1992/1993.
Participants who developed cancer during the follow-up pe-

riod were censored at their date of diagnosis unless they were
previously censored for another reason. Reasons for additional
censoring included reported hematological cancer that could
not be verified or failure to return subsequent follow-up surveys
(unless deceased). Participants who died during follow-upwere
censored at their death date unless they were previously cen-
sored for1 of the reasons listed above. For participants who
did not develop a hematological malignancy or were not other-
wise censored during the follow-up period, person-time was
calculated as the number of years between the date of survey
return in 1992/1993 and June 30, 2009.

Case ascertainment

This analysis included 2,532 incident hematopoietic can-
cer cases (1,423 men, 1,109 women) diagnosed between

the date of enrollment and June 30, 2009. Most cases were
identified by self-report on 1 of the follow-up surveys (1997–
2009) and subsequently verified by medical record (n =
1,279) or by linkage with state cancer registries (n = 456).
In addition, 755 incident cases were identified as interval
hematological cancer deaths through biennial automated
linkage of the entire cohort with the National Death Index.
Finally, 42 cases were identified through the process of ver-
ifying another cancer reported by the participant. Hematolog-
ical cancer subtypes were defined by using the 2008 World
Health Organization classification scheme (15) adapted for
epidemiologic studies by the International Lymphoma Epi-
demiology Consortium Pathology Working Group (16). His-
tology codes from the InternationalClassification ofDiseases
for Oncology, second and third editions, were used to group
these cancers into the following subtypes: lymphoid malig-
nancies (n = 2,071) including diffuse large B-cell lymphoma
(n = 410), chronic lymphocytic leukemia/small lymphocytic
lymphoma (n = 484), follicular lymphoma (n = 271), multi-
ple myeloma (n = 376), and myeloid malignancies (n = 322)
including acute myeloid leukemia (n = 222). Because of sam-
ple size limitations of other subtypes, all other hematological
malignancies were grouped into an “other hematological ma-
lignancies” (n = 669) category.

Exposure ascertainment

On the 1982 enrollment questionnaire, participants were
asked thewrite-in question, “When youwere born, 1) how old
was your mother? 2) How old was your father?”Maternal and
paternal ages at birth were modeled as both a continuous and
a categorical variable. Categories for both maternal and pater-
nal age were as follows: <25, 25–29, 30–34, and ≥35 years.

Statistical analysis

Cox proportional hazards regression (17) was used to calcu-
late multivariable-adjusted hazard ratios and corresponding
95% confidence intervals. All Cox models were stratified on
the single year of age at the time of baseline in 1992. The var-
iables included in multivariable models were race (white,
other, missing); sex; education (<high school, high school,
some college, college/graduate school, missing); and sibling
status (only child, ≥1 siblings). Restricted cubic splines were
used to evaluate linear and nonlinear associations (18). Multi-
plicative interaction terms were created to test for statistical in-
teraction between maternal and paternal age and 2 covariates,
sex and sibling status, by using a likelihood ratio test (signifi-
cant P≤ 0.05). In addition, statistical interaction between ma-
ternal and paternal age was explored. The proportional hazards
assumption was assessed, and no violations were observed.
Statistical Analysis System (SAS Institute, Inc., Cary, North
Carolina), version 9.3, software was used for all analyses.

RESULTS

The 138,003 participants included in this analysis contrib-
uted 1,756,446 person-years over 17 years of follow-up (me-
dian, 15.8 years). On average, participants were aged 63 years
at the start of follow-up in 1992 or 1993. At birth, participants’
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mothers tended to be younger (median age, 27 years) than fa-
thers (median age, 31 years), and almost one-third of the fa-
thers were aged 35 years or more when the participant was

born (compared with 17% of the mothers). Participants with
the youngest parents at birth were most likely to be obese
and to have no siblings (Table 1).

Table 1. Distribution of Baseline Characteristics According to Paternal and Maternal Age at Birth, Cancer Prevention Study II Nutrition Cohort,

1992–2009

Characteristic

Paternal Age at Birth, % Maternal Age at Birth, %

<25 years
(n = 20,981)

25–29 years
(n = 38,340)

30–34 years
(n = 35,668)

≥35 years
(n = 43,014)

<25 years
(n = 44,510)

25–29 years
(n = 40,698)

30–34 years
(n = 29,791)

≥35 years
(n = 23,004)

Age at cohort entry, years

≤60 37.3 36.9 37.3 35.7 37.1 37.1 37.0 34.8

61–66 33.7 33.7 33.0 34.2 33.3 33.6 33.5 34.8

≥67 29.1 29.4 29.6 30.0 29.5 29.3 29.5 30.4

Sex

Male 47.1 46.9 46.7 46.3 46.8 47.1 46.5 46.1

Female 52.9 53.1 53.3 53.7 53.2 52.9 53.5 53.9

Race

White 97.0 97.8 97.9 97.3 96.9 97.9 97.9 97.7

Other 2.8 1.9 1.9 2.5 2.9 1.9 1.9 2.0

Missing 0.2 0.3 0.2 0.2 0.2 0.2 0.2 0.2

Education

<High school 7.3 5.6 5.2 6.5 7.1 5.1 5.3 6.6

High school 29.9 25.0 23.5 25.9 28.4 23.6 23.5 26.8

Some college 32.0 29.0 27.5 27.8 31.1 28.0 26.9 27.8

College graduate 30.1 39.8 43.2 39.1 32.9 42.8 43.7 38.0

Missing 0.7 0.6 0.6 0.7 0.6 0.6 0.6 0.7

Body mass indexa

<18.5 1.2 1.2 1.3 1.3 1.2 1.3 1.2 1.3

18.5 to <25 39.5 43.0 44.7 44.5 40.6 44.5 45.7 43.7

25 to <30 40.8 39.6 38.8 38.8 40.1 39.2 38.4 39.4

≥30 17.2 14.8 14.0 14.0 16.8 13.7 13.4 14.1

Missing 1.4 1.4 1.4 1.3 1.4 1.3 1.3 1.4

Alcohol consumption,
servings/day

Nondrinker 42.3 39.1 38.0 40.1 41.6 38.1 38.2 40.4

<1 36.6 38.3 38.5 37.6 37.2 38.8 38.4 36.9

1–2 9.5 10.8 11.5 10.7 9.8 11.5 11.3 10.6

>2 8.2 8.9 9.1 8.6 8.2 9.0 9.3 8.7

Missing 3.4 2.8 2.9 3.0 3.3 2.7 2.8 3.3

Smoking status

Never smoker 40.3 40.7 40.4 40.9 40.7 40.4 40.1 41.5

Ever smoker 58.9 58.6 59.0 58.3 58.6 58.9 59.2 57.8

Missing 0.7 0.6 0.6 0.8 0.7 0.7 0.7 0.8

No. of siblings

0 30.4 29.1 27.4 22.4 29.2 28.0 25.9 21.1

≥1 69.6 70.9 72.6 77.6 70.8 72.0 74.1 78.9

Sitting, hours/day

<3 42.0 43.4 44.3 44.1 42.7 44.0 44.4 44.0

3–5 43.2 42.5 41.7 41.8 42.9 41.9 41.6 42.2

≥6 12.1 11.5 11.4 11.4 11.8 11.5 11.4 11.1

Missing 2.7 2.6 2.7 2.7 2.7 2.6 2.5 2.7

a Weight (kg)/height (m)2.
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Table 2. Parental Age and Risk of All Hematological Malignancies, Cancer Prevention Study II Nutrition Cohort, 1992–2009a

Variable

Men Women All Participants

No. of Cases
(n = 1,423)

HR 95% CI HRb 95% CI
No. of Cases
(n = 1,109)

HR 95% CI HRb 95% CI
No. of Cases
(n = 2,532)

HRc 95% CI HRb,c 95% CI

Paternal age at
birth, years

<25d 187 1.00 Referent 1.00 Referent 176 1.00 Referent 1.00 Referent 363 1.00 Referent 1.00 Referent

25–29 431 1.23 1.04, 1.46 1.29 1.08, 1.55 286 0.87 0.72, 1.05 0.91 0.74, 1.11 717 1.06 0.93, 1.20 1.11 0.97, 1.27

30–34 344 1.06 0.88, 1.26 1.14 0.92, 1.40 303 0.99 0.82, 1.20 1.05 0.84, 1.32 647 1.03 0.90, 1.17 1.10 0.94, 1.28

≥35 461 1.19 1.00, 1.41 1.35 1.07, 1.69 344 0.92 0.77, 1.11 1.04 0.81, 1.34 805 1.06 0.94, 1.20 1.20 1.01, 1.42

Continuous,
per 5 years

1.02 0.98, 1.06 1.04 0.98, 1.10 0.99 0.95, 1.03 1.02 0.96, 1.09 1.01 0.98, 1.04 1.03 0.99, 1.08

Maternal age at
birth, years

<25d 463 1.00 Referent 1.00 Referent 370 1.00 Referent 1.00 Referent 833 1.00 Referent 1.00 Referent

25–29 419 0.96 0.84, 1.10 0.89 0.77, 1.04 313 0.93 0.80, 1.08 0.92 0.77, 1.09 732 0.95 0.86, 1.05 0.91 0.81, 1.01

30–34 312 1.00 0.86, 1.15 0.92 0.77, 1.11 253 1.01 0.86, 1.19 0.95 0.77, 1.16 565 1.00 0.90, 1.12 0.93 0.81, 1.07

≥35 229 0.95 0.81, 1.12 0.83 0.66, 1.03 173 0.87 0.73, 1.05 0.81 0.63, 1.05 402 0.92 0.82, 1.04 0.82 0.70, 0.97

Continuous,
per 5 years

1.01 0.97, 1.05 0.97 0.91, 1.04 0.98 0.93, 1.02 0.96 0.89, 1.03 0.99 0.96, 1.03 0.97 0.92, 1.02

Abbreviations: CI, confidence interval; HR, hazard ratio.
a All models were adjusted for race, sibling status, and education and stratified by age in years at cohort entry.
b The model was further adjusted for age of the other parent at the time of participant’s birth.
c The model was further adjusted for sex.
d Referent category.
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Table 3. Parental Age and Risk of Hematological Malignancies, by Sex and Sibling Status, in the Cancer Prevention Study II Nutrition Cohort, 1992–2009a

Variable

Men Women All Participants

No. of Cases
(n = 405)

HR 95% CI HRb 95% CI
No. of Cases

(n = 280)
HR 95% CI HRb 95% CI

No. of Cases
(n = 685)

HRc 95% CI HRb,c 95% CI

No Siblings

Paternal age at birth,
years

<25d 55 1.00 Referent 1.00 Referent 44 1.00 Referent 1.00 Referent 99 1.00 Referent 1.00 Referent

25–29 121 1.20 0.87, 1.66 1.25 0.89, 1.75 73 0.93 0.64, 1.36 0.94 0.63, 1.41 194 1.09 0.85, 1.39 1.11 0.86, 1.44

30–34 109 1.25 0.90, 1.74 1.38 0.94, 2.01 80 1.16 0.80, 1.68 1.22 0.78, 1.90 189 1.21 0.95, 1.55 1.30 0.98, 1.73

≥35 120 1.50 1.09, 2.07 1.84 1.22, 2.78 83 1.21 0.84, 1.74 1.40 0.86, 2.29 203 1.37 1.07, 1.74 1.63 1.19, 2.23

Continuous, per 5 years 1.09 1.01, 1.16 1.13 1.03, 1.25 1.07 0.99, 1.16 1.13 1.01, 1.27 1.08 1.03, 1.14 1.13 1.05, 1.22

Maternal age at birth,
years

<25d 134 1.00 Referent 1.00 Referent 93 1.00 Referent 1.00 Referent 227 1.00 Referent 1.00 Referent

25–29 133 1.09 0.86, 1.39 0.94 0.72, 1.24 88 1.09 0.81, 1.47 1.01 0.72, 1.41 221 1.09 0.91, 1.32 0.97 0.78, 1.20

30–34 87 1.11 0.84, 1.46 0.85 0.61, 1.18 62 1.10 0.80, 1.53 0.89 0.59, 1.34 149 1.11 0.90, 1.37 0.87 0.68, 1.13

≥35 51 1.07 0.77, 1.48 0.71 0.47, 1.08 37 1.03 0.70, 1.51 0.76 0.46, 1.27 88 1.05 0.82, 1.35 0.74 0.54, 1.02

Continuous, per 5 years 1.04 0.96, 1.13 0.93 0.82, 1.05 1.02 0.92, 1.13 0.91 0.79, 1.06 1.03 0.97, 1.10 0.92 0.84, 1.01

≥1 Sibling

Paternal age at birth,
years

<25d 132 1.00 Referent 1.00 Referent 132 1.00 Referent 1.00 Referent 264 1.00 Referent 1.00 Referent

25–29 310 1.23 1.00, 1.51 1.30 1.05, 1.62 213 0.85 0.68, 1.06 0.89 0.71, 1.13 523 1.04 0.90, 1.21 1.10 0.94, 1.29

30–34 235 0.97 0.78, 1.20 1.04 0.81, 1.34 223 0.93 0.75, 1.16 0.99 0.76, 1.29 458 0.95 0.82, 1.11 1.02 0.85, 1.22

≥35 341 1.09 0.89, 1.33 1.18 0.90, 1.56 261 0.84 0.68, 1.04 0.93 0.70, 1.25 602 0.97 0.84, 1.12 1.06 0.87, 1.30

Continuous, per 5 years 1.00 0.96, 1.04 1.00 0.94, 1.07 0.97 0.92, 1.01 0.98 0.91, 1.06 0.98 0.95, 1.02 0.99 0.94, 1.05

Maternal age at birth,
years

<25d 329 1.00 Referent 1.00 Referent 277 1.00 Referent 1.00 Referent 606 1.00 Referent 1.00 Referent

25–29 286 0.90 0.77, 1.05 0.87 0.73, 1.04 225 0.87 0.73, 1.04 0.89 0.73, 1.09 511 0.89 0.79, 1.00 0.88 0.77, 1.00

30–34 225 0.95 0.80, 1.13 0.96 0.77, 1.20 191 0.97 0.81, 1.17 0.96 0.76, 1.23 416 0.96 0.85, 1.09 0.96 0.82, 1.13

≥35 178 0.91 0.76, 1.09 0.88 0.68, 1.14 136 0.83 0.67, 1.02 0.84 0.63, 1.13 314 0.87 0.76, 1.00 0.86 0.71, 1.05

Continuous, per 5 years 1.00 0.95, 1.05 0.99 0.92, 1.07 0.96 0.91, 1.02 0.98 0.90, 1.07 0.98 0.95, 1.02 0.99 0.93, 1.05

Abbreviations: CI, confidence interval; HR, hazard ratio.
a All models were adjusted for race and education and stratified by age in years at cohort entry.
b The model was further adjusted for age of the other parent at the time of participant’s birth.
c The model was further adjusted for sex.
d Referent category.
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In the categorical analysis, there was a positive association
between older paternal age at birth and risk of hematological
malignancies in men (Table 2) (paternal age ≥35 vs. <25
years: HR = 1.35, 95% CI: 1.07, 1.69) but not in women.
However, when paternal age was modeled as a continuous
variable, there was no evidence of a clear linear association
with hematological cancer risk, and there was no difference
by sex (P for interaction = 0.28). In models that did not control
for maternal age, associations with paternal age were slightly
weaker and not statistically significant (Table 2). There was no
association between maternal age at birth and risk of hemato-
logical cancer in men or in women. In addition, associations of
paternal and maternal age at birth with risk of hematological
cancer did not differ by histological subtype (P for hetero-
geneity, paternal P = 0.22, maternal P = 0.78). (Refer to Web
Table 1, available at http://aje.oxfordjournals.org/.)
There was evidence of multiplicative interaction by sibling

status on the association between paternal age at birth—but
not maternal age at birth—and risk of non-Hodgkin lym-
phoma (Table 3). Among all participants with no siblings,
there was a statistically significant, linear positive association
with paternal age (P = 0.002) (Figure 1). Among female par-
ticipants, the positive association was suggestive (paternal
age≥35 years vs. <25 years, HR = 1.40, 95% CI: 0.86, 2.29),
whereas among male participants it was statistically signifi-
cant (paternal age ≥35 vs. <25 years, HR = 1.84, 95% CI:
1.22, 2.78). However, the linear spline (data not shown)
was statistically significant for bothmen (P = 0.01) and women
(P = 0.04). No association was observed between paternal
age at birth and risk of hematological malignancies among
participants with at least 1 sibling (paternal age ≥35 vs.
<25, HR = 1.06, 95% CI: 0.87, 1.30).

DISCUSSION

The results of this study support an association between
paternal—but not maternal—age at birth and risk of adult,
sporadic hematological malignancies amongmen andwomen

with no siblings. No differences by hematological cancer
subtypes were detected.
Our main findings are consistent with those from the Cal-

ifornia Teachers Study, the only other epidemiologic study of
adult-onset, sporadic hematological cancer on the topic (8).
In both studies, there was no association between maternal
age at birth and risk of adult hematological cancer. The Cal-
ifornia Teachers Study results were slightly stronger than ours
for the overall association with paternal age, but both studies
observed a strong, positive association in the subset of partic-
ipants who had no siblings. Of note, the California Teachers
Study included only women, and in our study we found stron-
ger results in men. The reasons for a stronger association in
men compared with women in our study are unclear. It is pos-
sible that, in our study, power was limited among women
without siblings, since the association between paternal age
and hematological cancer appears to be limited to partici-
pants with no siblings. In fact, when the paternal age analysis
was restricted to female participants with no siblings, we ob-
served a statistically significant, linear positive association of
the same magnitude as was observed in men (HR = 1.13,
95% CI: 1.01, 1.27; P = 0.04).
Our analyses showed no differences in association by non-

Hodgkin lymphoma subtype. In contrast, in the California
Teachers Study analysis, associations of maternal age with
risk of multiple myeloma and of paternal age with risk of
chronic lymphocytic leukemia/small lymphocytic lymphoma
were stronger than those observedwith hematological cancers
overall. In both studies, the case numbers for specific sub-
types were small, and differences between studies might be
due to random error. A pooled analysis might help to clarify
if there are differences in associations of parental age at birth
by histological subtype of hematological malignancies.
An association between older paternal age and higher risk

of hematological cancer is biologically plausible. Recent data
from mouse models suggested that advanced paternal age
was associated with an increased rate of de novo single nucle-
otide and copy number mutations during spermatogenesis
(19, 20). Furthermore, according to the American College
of Medical Genetics, the typical mutation rate for base sub-
stitutions and subsequent chromosomal aberrations in hu-
mans is much higher in men than women and increases with
paternal age (3). A cross-sectional study of 66 men aged 20–
57 years (21) found that age was positively correlated with
percentage of sperm with highly damaged DNA (ρ = 0.56;
P < 0.0001) and negatively correlated with percentage of ap-
optotic sperm (ρ =−0.28; P = 0.028). In particular, statistical
comparisons of different age groups showed that men aged
36–57 years had both higher percentage of sperm with DNA
damage (P < 0.005) and lower percentage of apoptotic sperm
(P < 0.02) than men aged 20–35 years (21). It is plausible that
genetic alterations associated with paternal age might con-
tribute to the risk of hematological cancers in children of older
fathers as there is established evidence of a genetic compo-
nent to the etiology of these cancers (22–24).
Heritable epigenetic alterations in the sperm are another

possible reason for the observed association between paternal
age and hematological cancer risk. A recent study compared
methylation patterns in 2 sperm samples collected from 17
men, 9–19 years apart (25), and then tested the findings in an
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Figure 1. Linear association between paternal age and risk of hema-
tological malignancies among participants with no siblings (n = 36,958;
P = 0.002), Cancer Prevention Study II Nutrition Cohort, 1992–2009.
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independent cross-sectional sample of 66men in 2 age groups
(<25 and≥45 years). The authors found convincing evidence
of age-related methylation changes (both hypermethylation
globally and hypomethylation regionally (i.e., gene associ-
ated)) in several regions involving more than 100 genes. Fur-
thermore, in a mouse model study, changes in sperm DNA
methylation patterns with aging were also documented, and
these age-related methylation abnormalities, as well as gene
expression changes, were found in the offspring of the older
mice (23). A study of human umbilical cord blood also dem-
onstrated an association between parental age and the levels
of DNA methylation in the next generation, and many of the
loci where methylation changes occurred have been linked to
oncogenesis and cancer progression (26). Methylation pat-
tern changes have been hypothesized to be an early step in
the development of hematological cancers, via promotion of
overexpression of proto-oncogenes, chromosomal transloca-
tions, and mutations (27).

Alterations in telomere length with age also support a pos-
sible biological link between paternal (but not maternal) age
and risk of hematological cancer. Recent studies consistently
found that human paternal age is associated with longer
telomere length in offspring and that the association with ma-
ternal age is considerably weaker (28–30). It has been hy-
pothesized that the increased cell survival that results from
longer telomeres may promote the accumulation of genetic
mutations that lead to the development of cancer (31). A re-
cent prospective study (32) from the European Prospective
Investigation into Cancer and Nutrition cohort showed a sta-
tistically significant 3-fold higher riskofB-cell lymphoid neo-
plasms for those with the longest compared with those with
the shortest telomeres. This finding is consistent with an ear-
lier, smaller prospective study from the Alpha-Tocopherol,
Beta-Carotene Cancer Prevention Study (33).

The specificity of our observed association to participants
with no siblings is intriguing and needs further study to elu-
cidate the possible biological explanation for this finding.
One possibility is the “hygiene hypothesis,” the idea that ex-
posure tomild infections in childhood is important to immune
system development and may reduce the risk of immune-
related diseases (34). Therefore, it is possible that the com-
bination of having an older father and no siblings can create
an in vivo environment that promotes cell proliferation
in an underdeveloped immune system and, as such, favors
lymphomagenesis.

Strengths of this study include the large cohort of men and
women, the prospective design, the ability to control for a
range of potential confounders, and the available data on he-
matological cancer subtypes. Possible limitations include the
self-reported paternal and maternal ages at birth. However,
recalled parental age has been shown to be highly reliable
and is unlikely to be differential on the basis of subsequent
risk of hematological cancer (6). Additional limitations include
a possible lack of power in the hematological histological
subtype results and the lack of information on birth order or
other possible confounding or association-modifying factors.

In summary, our results suggest a positive association be-
tween older paternal age and risk of hematological malignan-
cies among men and women who have no siblings. Further
research to confirm these findings and to clarify the biologi-

cal underpinning for this association is warranted, given the
growing number of children born to older fathers in the
United States and worldwide.
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