
Childhood Cancer Incidence Trends in Association
With US Folic Acid Fortification (1986–2008)

WHAT’S KNOWN ON THIS SUBJECT: The hypothesis that maternal
prenatal folic acid lowers risk for childhood malignancy in
offspring is supported by experimental and epidemiologic
evidence, including 2 Canadian ecologic studies that showed
inverse associations for some cancer types in the very young.

WHAT THIS STUDY ADDS: Examining Surveillance Epidemiology
and End Results Program data, a decrease in the incidence of
some childhood cancers (Wilms tumor, primitive
neuroectodermal tumors) was observed in those ,5 years after
mandatory US folic acid fortification, with stronger effects
detected in infants.

abstract
OBJECTIVE: Epidemiologic evidence indicates that prenatal vitamin
supplementation reduces risk for some childhood cancers; however,
a systematic evaluation of population-based childhood cancer incidence
trends after fortification of enriched grain products with folic acid in the
United States in 1996–1998 has not been previously reported. Here we
describe temporal trends in childhood cancer incidence in association
with US folic acid fortification.

METHODS: Using Surveillance, Epidemiology, and End Results program
data (1986–2008), we calculated incidence rate ratios and 95% con-
fidence intervals to compare pre- and postfortification cancer inci-
dence rates in children aged 0 to 4 years. Incidence trends were also
evaluated by using joinpoint and loess regression models.

RESULTS: From 1986 through 2008, 8829 children aged 0 to 4 years
were diagnosed with malignancies, including 3790 and 3299 in utero
during the pre- and postfortification periods, respectively. Pre- and
postfortification incidence rates were similar for all cancers combined
and for most specific cancer types. Rates of Wilms tumor (WT), prim-
itive neuroectodermal tumors (PNETs), and ependymomas were signif-
icantly lower postfortification. Joinpoint regression models detected
increasing WT incidence from 1986 through 1997 followed by a sizable
decline from 1997 through 2008, and increasing PNET incidence from
1986 through 1993 followed by a sharp decrease from 1993 through
2008. Loess curves indicated similar patterns.

CONCLUSIONS: These results provide support for a decrease in WTand
possibly PNET incidence, but not other childhood cancers, after US folic
acid fortification. Pediatrics 2012;129:1125–1133
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Folate is critical for embryonic de-
velopment because of its contributions
to DNA biosynthesis, cell proliferation,
and DNA methylation.1 Randomized
controlled trials and observational
studies have provided strong evidence
that sufficient maternal prenatal con-
sumption of folic acid significantly
reduces the incidence of offspring
neural tube defects and some con-
genital abnormalities.2,3 Accordingly,
the US Public Health Service recom-
mended a minimum daily folic acid
intake of 400 mg for women of child-
bearing age in 1992,4 and the US Food
and Drug Administration mandated in
March 1996 that all enriched grain
products be fortified with folic acid
by January 1, 1998.5 Fortified grains
contribute ∼140 mg of folic acid per
day to the US adult diet, whereas the
contributions of prepared cereals and
vitamin supplements are more vari-
able (range: 14–107 mg and 42–392
mg, respectively).6 A comparison of
mean serum folate concentrations
among women aged 15 to 44 years
participating in NHANES pre- and post-
fortification showed a significant in-
crease between NHANES III (1988–1991)
and NHANES 1999 (6.3 vs 16.2 ng/mL,
respectively); similar results were
observed for red blood cell folate
concentrations (181 vs 315 ng/mL, re-
spectively).7 Accordingly, a 31% reduc-
tion in neural tube defect prevalence
was observed after fortification.8

Epidemiological evidence also supports
the hypothesis that maternal prenatal
folic acid supplementation lowers risk for
childhood cancer in offspring. For exam-
ple, 2 Canadian ecological studies re-
ported reductions in neuroblastoma and
Wilms tumor (WT) incidence in young
children in association with mandatory
folic acid fortification in 1997.9,10 Addi-
tionally, results of several case-control
studies have supported a protective
role for maternal prenatal multivitamin
or folic acid supplementation.11–23

Given the epidemiological evidence and
the idea that several childhood ma-
lignancies are thought to be initiated
in utero,24–29 we examined temporal
trends in childhood cancer incidence in
the United States in association with
mandated fortification to elucidate fur-
ther the effect of maternal prenatal
folic acid exposure on childhood cancer
occurrence.

METHODS

Incidence data were acquired from the
National Cancer Institute’sSurveillance,
Epidemiology, and End Results (SEER)
Program.30 Since 1973, SEER has ac-
tively collected data on all cancer cases
(excluding nonmelanoma skin can-
cers) in 5 US states (Connecticut,
Hawaii, Iowa, New Mexico, and Utah)
and in the metropolitan areas of De-
troit, San Francisco-Oakland, Seattle-
Puget Sound (since 1974), and Atlanta
(since 1975). These 9 registries repre-
sent∼9.5% of the US population.28 With
an estimated ascertainment rate of
98%,31 SEER captures information on
a number of variables including age,
diagnosis year, and tumor site and
morphology.

We included first malignancies di-
agnosed during 1986–2008 among
children ,5 years of age within the
SEER 9 registries. Approximately 94% of
diagnoses were confirmed by histol-
ogy. Annual US population estimates
were obtained from the Census Bureau
by SEER. In addition to childhood can-
cers overall, 14 categories and sub-
categories of malignancies most likely
to have prenatal origins, due to com-
pelling evidence of in utero initiation,24–27

the early age at onset,28 the premature
cell type involved,29 or a combination of
these factors, were included and were
defined by SEER International Classifica-
tion of Childhood Cancer32 site recode
extended International Classification
of Diseases for Oncology, Third Edition
(ICD-O-3) categories. These categories

included any leukemia (I), lymphoid leu-
kemia (Ia, primarily comprising acute
lymphoblastic leukemia [ALL], 99.7%),
acute myeloid leukemia (AML, Ib), any
central nervous system (CNS) tumor (III),
ependymoma (IIIa.1), astrocytoma (IIIb),
medulloblastoma (IIIc.1), primitive neu-
roectodermal tumors (PNET, IIIc.2), neu-
roblastoma and ganglioneuroblastoma
(IVa), retinoblastoma (V), nephroblastoma
or Wilms tumor (WT, VIa.1), hepatoblas-
toma (VIIa), rhabdomyosarcoma (IXa),
and germ cell tumors (X).

We used several analytic strategies to
examine whether mandatory folic acid
fortification was associated with child-
hood cancer incidence. First, we com-
pared incidence rates for those
estimated to be in utero before fortifi-
cation to those estimated to be in utero
after fortification. We excluded those
born during 1996–1998 as the fortifi-
cation mandate was being imple-
mented during the years that these
children were in utero. Individuals
born before fortification (ie, “un-
exposed” individuals) were defined
as those who were ,1 year in 1986–
1995, 1 to ,2 years in 1987–1996, 2 to
,3 years in 1988–1997, 3 to ,4 years
in 1989–1998, and 4 to ,5 years in
1990–1999 (SUPPLEMENTAL Table 3).
Individuals born postfortification (ie,
“exposed” individuals) were defined as
those aged,1 year in 1999–2008, 1 to
,2 years in 2000–2008, 2 to ,3 years
in 2001–2008, 3 to ,4 years in 2002–
2007, and 4 to ,5 years in 2003–2008.
We used SEER*Stat software (version
7.0.4) to calculate age-adjusted in-
cidence rates (IRs), incidence rate
ratios (IRRs), and 95% confidence in-
tervals (CIs) for comparison of pre-
and postfortification incidence rates.33

We also restricted the analysis to in-
fants (,1 year in 1986–1995 vs 1999–
2008) to determine if the effect of
fortification was stronger for cancers
diagnosed most immediately after in
utero exposure.
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Second, we examined trends in child-
hood cancer incidence in 0- to 4-year-
olds during 1986–2008 (no exclusions)
by 2 forms of regression in which
calendar year was the independent
variable, and annual incidence rate
(or its natural logarithm) was the
dependent variable. By using Join-
Point Regression Software (version
3.5.0),34 we evaluated whether inci-
dence trends changed in magnitude
and/or direction, allowing a maximum
of 1 inflection point, or joinpoint, to be
fit. The software program then selected
the simplest model based on signifi-
cance tests by using a Monte Carlo
permutation method.35

Local regression, or loess,wasalsoused
to examine childhood cancer incidence
patterns. Loess is a nonparametric re-
gression method that fits points to
a curve by applying a local smoothing
parameter and is robust to outliers but
makes no assumptions about the dis-
tribution of the underlying data.36 Loess
was performed via Statistical Analysis
Software (version 9.2, SAS Inc., Cary, NC)
program, PROC LOESS.

RESULTS

From 1986 to 2008, 8829 children be-
tween 0 and 4 years of age were di-
agnosed with malignancies in the SEER
9-registry catchment areas, including
3790 and 3299 estimated to be in utero
during the pre- and postfortification
periods, respectively (Table 1). In com-
paring the pre- and postfortification
periods, incidence rates were similar
for all cancers combined (IRR = 1.01,
95% CI: 0.96–1.06) and for most can-
cer types examined (Table 1). Inci-
dence rates of WT (nephroblastoma),
PNETs, and ependymomas, were signifi-
cantly lower postfortification (IRRWT =
0.80, 95% CI: 0.68–0.95; IRRPNET = 0.56,
95% CI: 0.37–0.84; IRRependymoma = 0.70,
95% CI: 0.51–0.97), however. Upon
restricting the analysis to infants, a
greater reduction in postfortification
incidence was observed for the first 2
cancer subtypes (IRRWT = 0.61, 95% CI:
0.40–0.90; IRRPNET = 0.30, 95% CI: 0.11 to
0.73; Supplemental Table 4), while the
rate of infant AML increased (IRR = 1.51,
95% CI: 1.03–2.25). Results of posterior
analysis do not show differences in the

rate distributions by age in the pre- and
postfortification periods for any of the
cancer types.

Joinpoint regression models (Fig 1, re-
sults shown as black lines) detected
a nonsignificant increase in WT inci-
dence from 1986 to 1997 (annual per-
cent change [APC] = 2.2, 95% CI:21.2 to
5.8; Fig 1A; Table 2) followed by a sizable
decline from 1997 to 2008 (APC =
24.0%, 95% CI: 27.3 to 20.6), and
a nonsignificant increase in PNET in-
cidence from 1986 to 1993 (APC = 11.5,
95% CI:25.0 to 31.0; Fig 1B) followed by
a sharp decrease from 1993 to 2008
(APC =27.4%, 95% CI:212.1 to22.4).
Although no inflection point was iden-
tified in the ependymoma trend, a sig-
nificant decrease in annual incidence
rate was detected from 1986 to 2008
(APC =22.7, 95% CI:24.5 to20.9; Fig
1C). In contrast, a positive trend was
observed for hepatoblastoma over the
same time period (APC = 2.1, 95% CI:
0.2–4.0).

Similarly, the loess curves showed ev-
idence of inflection points for WT and
PNETs in 1994–1997, such that the

TABLE 1 Pre- and Postfortification Frequencies and Age-Adjusted Incidence Rates, As Well As Incidence Rate Ratios Comparing the Periods, for
Childhood Cancers Diagnosed in Children Aged 0 to 4 Years in SEER 9 Catchment Areas

Cancer Prefortificationa Postfortificationb Post- vs
Prefortification

Count IRc 95% CI Count IRc 95% CI IRR 95% CI

All cancers 3790 205.3 198.8–211.9 3299 207.4 200.3–214.8 1.01 0.96–1.06
I Leukemias; myeloproliferative and myelodysplastic diseases 1329 72.1 68.2–76.0 1133 75.0 70.6–79.6 1.04 0.96–1.13
I(a) Lymphoid leukemias 1093 59.3 55.8–62.9 888 60.4 56.5–64.6 1.02 0.93–1.12
I(b) Acute myeloid leukemias 177 9.6 8.2–11.1 191 11.3 9.8–13.1 1.18 0.96–1.46

III CNS and miscellaneous intracranial and intraspinal
neoplasms

703 38.1 35.3–41.0 594 38.6 35.5–41.8 1.01 0.90–1.13

III(a.1) Ependymomas 108 5.8 4.8–7.1 65 4.1 3.1–5.2 0.70d 0.51–0.97d

III(b) Astrocytomas 292 15.8 14.1–17.7 266 17.5 15.4–19.8 1.10 0.93–1.31
III(c.1) Medulloblastomas 96 5.2 4.2–6.4 86 5.7 4.6–7.1 1.10 0.81–1.49
III(c.2) PNET 77 4.2 3.3–5.2 37 2.3 1.6–3.2 0.56d 0.37–0.84d

IV(a) Neuroblastoma and ganglioneuroblastoma 554 30.0 27.5–32.6 511 29.5 27.0–32.2 0.98 0.87–1.11
V Retinoblastoma 231 12.5 10.9–14.2 200 11.3 9.7–13.0 0.90 0.74–1.10
VI(a.1) Nephroblastoma (Wilms tumor) 340 18.4 16.5–20.5 231 14.8 12.9–16.9 0.80d 0.68–0.95d

VII(a) Hepatoblastoma 84 4.5 3.6–5.6 98 5.6 4.5–6.8 1.23 0.91–1.67
IX(a) Rhabdomyosarcomas 127 6.9 5.7–8.2 99 6.5 5.2–7.9 0.94 0.71–1.24
X Germ cell and trophoblastic tumors; neoplasms of gonads 127 6.9 5.7–8.2 133 7.2 6.0–8.6 1.05 0.82–1.36
Population 18 454 775 15 578 427
a Includes children diagnosed in the following age/year categories: ,1 y in 1986–1995, 1 to ,2 y in 1987–1996, 2 to ,3 y in 1988–1997, 3 to ,4 y in 1989–1998, 4 to ,5 y in 1990–1999.
b Includes children diagnosed in the following age/year categories: ,1 y in 1999–2008, 1 to ,2 y in 2000–2008, 2 to ,3 y in 2001–2008, 3 to ,4 y in 2002–2008, 4 to ,5 y in 2003–2008.
c IRs are calculated per 1 000 000 person-years and are age-adjusted to the 2000 US Standard Population via direct age-standardization.
d Pre- and postfortification rates are statistically significantly different (P , .05).
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incidence trend increased before and
decreased after those years (Fig 1,
curves shown as dashed gray lines and
95% CIs shown as shaded areas). The
loess curve for ependymomas also
appeared to change in magnitude in
1997; however, the decreasing slope
in 1997–2008 was less steep than in
1986–1997. In addition, loess curves
for childhood cancers overall, medul-
loblastoma, and neuroblastoma in-
creased before 1997 and leveled off
thereafter, whereas the retinoblas-
toma curve appeared flat before 1997
and subsequently decreased (data not
shown).

DISCUSSION

Evidence from both observational9–23

and experimental37,38 research provides
strong empirical support for a link be-
tween low folate levels and increased
risk for malignancy. In the current eco-
logical studyusingSEERdata,weobserved
a decreased incidence of some child-
hood cancers (WT, PNET, ependymoma)
after US mandatory folic acid fortifi-
cation with stronger results for infants
for WT and PNET. Notably, trend analy-
ses revealed a reversal in the direction
of incidence rate trends for WT and
PNET approximately coinciding with
fortification.

An ad hoc sensitivity analysis was
conducted in which the IR for each year
was omitted in turn to determine the
robustness of the WT and PNET results
from joinpoint regression. TheWT trend
was quite consistent with that descri-
bed earlier except for the iterations in
whichyears1996and1997wereomitted,
respectively, where nonsignificant down-
ward trends of ∼0.9% per year were
observed with no inflection points.
These results suggest that the years in
which fortification was implemented
are important in defining the trend.
For PNET, results were more variable;
the inflection point was situated in
1993 for about half of the iterations,

1997 for one-quarter, and was not
present in the remainder, which par-
allels the 2 inflection points suggested
in the loess curve.

A causal relationship cannot be inferred
with this type of analysis, however,
and at least four potential scenarios
can be envisioned to explain these
results. First, it is possible that ob-
served reductions are attributable to
concurrent increases of other pre-
ventive factors (or to parallel declines
in harmful exposures). This scenario
may apply to ependymoma rates in

which trend analyses revealed a no-
table decrease throughout the time-
frame examined. Of note, it would be
difficult to disentangle any effects of the
temporal increase in prenatal supple-
ment use in recent decades from the
results of folic acid fortification. A min-
imum daily folic acid intake of 400 mg
was first formally recommended for
women of childbearing age in the United
States in 1992,4 and daily consumption
of folic acid–containing supplements
increased in this group from 1995
(28%) to 2007 (40%) with some annual

FIGURE 1
Observed incidence rates (open circles) and trends modeled using joinpoint (solid line) and local
regression (dashed line; shaded area is 95% CI): A, WT; B, PNETs; and C, ependymomas diagnosed in
children aged 0 to 4 years in SEER 9 catchment areas in 1986–2008.
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variation.39 Thus, the inflection point
observed in 1993 for PNETs may reflect
the effects of that recommendation or
may reflect the cumulative effect of the
recommendation plus fortification.

Second, folic acid may impart a pro-
tective effect for other childhood can-
cers in addition to WT and PNET but
reductions in incidence were not de-
tected here because of the effects of

other, opposing secular trends, such as
increasing birth weight that has been
linked to increased risk for a number of
childhood cancers.40–44 Third, prenatal
folic acid exposure may reduce risk of
malignancy through pathways relevant
to WT and PNET but may have either no
effect or increase risk for other types
of childhood cancers. Recent murine
studies provide plausibility for this

concept because differential effects of
gestational folic acid supplementation
on risk of offspring malignancy were
observed, depending on the type of
malignancy induced.45,46 The signifi-
cant increases in hepatoblastoma and
infant AML incidence observed herein
suggest that either prenatal folic acid
is protective for these cancers but the
adverse effects of other risk factors
have overwhelmed this protective ef-
fect (second scenario), or that folic
acid is etiologically neutral or possibly
contributes to the development of these
cancers (third scenario). Improved
survival of very low birth weight in-
fants has been suggested as an ex-
planation for secular increases in
hepatoblastoma, for example.47

Lastly, shifting classification sche-
mes,32,48,49 coupled with improvements
in tumor classification,29 require consi-
deration. Although the World Health
Organization CNS tumor classification
system was substantially modified in
1993, 2000, and 2007,50 the revisions
expanded the definition of ependymomas
with no change in ICD-O morphology
codes,51–53 which should not contri-
bute to incidence declines. Because
PNETs were previously grouped un-
der medulloblastomas,32,48,49 the ICD-
O morphology code for PNET (9473) was
not introduced until 1990,52 and atypical
teratoid/rhabdoid tumors were more
recently recognized as a separate en-
tity,32,53 we examined changes in rates
for medulloblastomas (IIIc.1) and PNETs
combined and obtained similar results,
although somewhat attenuated, com-
pared with those for PNET alone (data
not shown). Changes in WT classifica-
tion also occurred within the study pe-
riod, including the assignment of renal
rhabdoid tumors and clear cell sarco-
mas to distinct ICD-O codes32,48,49,54;
some misclassification of these tumors
persists because of diagnosis difficul-
ties.29 The small percentage of cases
likely affected seems insufficient to

TABLE 2 Annual Percent Change From Joinpoint Regression Models for Childhood Cancers
Diagnosed in Children Aged 0 to 4 Years in SEER 9 Catchment Areas in 1986–2008

Cancer Years APC1a 95% CI Years APC2a 95% CI

All cancers 1986–2008 0.2 20.2 to 0.7
I Leukemias; myeloproliferative and

myelodysplastic diseases
1986–2008 0.4 20.2 to 1.1

I(a) Lymphoid leukemias 1986–2008 0.3 20.3 to 1.0
I(b) Acute myeloid leukemias 1986–2008 1.7 20.2 to 3.6

III CNS and miscellaneous intracranial
and intraspinal neoplasms

1986–2008 0.1 20.5 to 0.7

III(a.1) Ependymomas 1986–2008 22.7b 24.5 to 20.9b

III(b) Astrocytomas 1986–2008 0.5 20.8 to 1.8
III(c.1) Medulloblastomas 1986–2008 0.5 21.6 to 2.7
III(c.2) PNET 1986–1993 11.5 25.0 to 31.0 1993–2008 27.4b 212.1 to 22.4b

IV(a) Neuroblastoma and
ganglioneuroblastoma

1986–2008 0.4 20.7 to 1.4

V Retinoblastoma 1986–2008 20.8 22.1 to 0.6
VI(a.1) Nephroblastoma (Wilms

tumor)
1986–1997 2.2 21.2 to 5.8 1997–2008 24.0b 27.3 to 20.6b

VII(a) Hepatoblastoma 1986–2008 2.1b 0.2 to 4.0b

IX(a) Rhabdomyosarcomas 1986–2008 20.1 21.8 to 1.7
X Germ cell and trophoblastic

tumors; neoplasms of gonads
1986–2008 0.7 21.2 to 2.6

a APCs calculated via weighted least-squares regression.
b Trend is statistically significant (P , .05).

FIGURE 1
(Continued)
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account for the notable decrease in
incidence, however, and comparable,
but attenuated, results were obser-
ved for WT, renal rhabdoid tumors
(VIa.2), and kidney sarcomas (VIa.3)
combined compared with those for WT
alone (data not shown).

Mandatory folic acid fortification has
been associated with declines in child-
hood neuroblastoma and WT incidence
in Ontario, Canada.9,10 No incidence
differences were observed for ALL,
brain cancers, hepatoblastoma, or
other embryonal tumors in children
0 to 4 years of age relative to the
prefortification period, however.9,10 In
contrast to the Canadian study,10 we
did not find evidence of a temporal
decrease in neuroblastoma incidence
in the postfortification period; the Ca-
nadian study included 37 neuroblas-
toma cases postfortification, whereas
our study included.500. Similar to the
Canadian results,9 we also found a sig-
nificant reduction in WT incidence after
fortification (26% reduction in Canada
vs 20% reduction in the United States).

Some countries do not mandate folic
acid fortification, in part because of
concerns about the potential for en-
hancing cancer development.55 This
presents a potential research opportu-
nity because similar analyses conducted
within countries with no or limited
voluntary fortification might be in-
formative. For example, a concomi-
tant downward shift in WT incidence
in European countries without fortifi-
cation would indicate that fortification
is an unlikely explanation for North
American WT trends.

Apart from the ecologic studies de-
scribed here, evidence for folic acid’s
protective effect on carcinogenesis in
children is sparse with most studies
examining the effect of maternal pre-
natal vitamin supplementation. For WT,
a German case-control study observed
an inverse association (odds ratio =
0.66, 95% CI: 0.45–0.95) for maternal

vitamin and/or iron supplementation
during pregnancy.23 With respect to
brain tumors, 7 of 9 case-control
studies13–15,17,18,22,23,56,57 that included
cases born before fortification or cases
diagnosed in populations without forti-
fication programs reported inverse as-
sociations between prenatal vitamin
use and CNS tumors overall,15,17,18,23

astrocytoma,14 and medulloblastoma/
PNET.13,22 An initial examination of prenatal
folate from dietary sources revealed
an inverse association with medullo-
blastoma/PNET,13 whereas associations
for astrocytoma14 or medulloblastoma/
PNET22 were not detected in subsequent
studies.

ForchildhoodALL,4of6studies15,19,20,23,58,59

conducted in populations without for-
tification programs indicated a pro-
tective effect for maternal prenatal
supplementation,15,19,20,23 including the
largest study (1842 cases and 1986
controls) that reported an odds ratio of
0.7 (95% CI: 0.5–1.0).20 No associations
have been reported for childhood
AML23,60 or infant leukemia, however.20,61

A handful of case-control studies have
examined associations for maternal vi-
tamin supplementation for other tu-
mors examined herein, including 2
neuroblastoma studies that described
protective effects16,21 and 1 showing in-
creased risk,23 a hepatoblastoma study
that did not observe a significant asso-
ciation,62 a retinoblastoma investigation
that found a 60% reduction in risk,12 and
germ cell tumor studies that yielded
inconsistent results.63,64

Two mechanisms have been suggested
to explain the association between fo-
late deficiency and cancer (reviewed in
Duthie65 and Kim66). The first concerns
the diminished synthesis of thymine in
a state of folate deficiency, causing
uracil to be inserted into DNA instead.
Chronic folate deficiency with repeated
uracil misincorporation and excision is
thought to lead to a “catastrophic” cycle
of DNA repair, resulting in chromosomal

damage and malignancy.65 The second
relates to potential epigenetic effects,
wherein folate deficiency reduces the
available pool of S-adenosylmethionine,
leading to DNA hypomethylation.65 Glo-
bal hypomethylation may cause genetic
instability, whereas hypomethylation of
promoter regions may result in proto-
oncogene activation; either mechanism
may lead tomalignant transformation.67

Conversely, adequate or high folate lev-
els may promote the malignant process
by silencing tumor suppressor genes
via methylation of their promoters or by
uncontrolled cell proliferation due to
greater production of nucleotide pre-
cursors.45 Although a relationship be-
tween in utero folic acid and risk of
childhood cancers is biologically plausi-
ble, there is currently no direct evidence
supporting a specific mechanism.

Astrengthof ourstudy is thehighrateof
case ascertainment of the SEER 9 reg-
istries that capture∼98% of diagnoses
within 9.5% of the US population under
active surveillance.28,31 The racial and
ethnic distributions of the SEER 9 and
US populations are similar, although
SEER 9 included somewhat fewer white
(SEER 9: 71.1% vs US: 75.1%) and His-
panic (10.3% vs 12.5%) and slightly
more Asian (3.6% vs 7.4%) persons.68

A similar comparison of 16 SEER reg-
istries and the US population reveals
comparable socioeconomic indicators.69

Additional strengths include the re-
striction of the initial analysis to those
in utero either before or after forti-
fication and the additional restriction
to infants, in whom any true effect
of folic acid would be expected to be
greater.

Aprimary limitationof ecologic studies is
that individual-level conclusions cannot
be derived from group-level data. How-
ever, because folic acid supplementation
of enriched grain products is ubiquitous,
the ecologic fallacy is less of a concern.
Moreover, 10 years of postfortifica-
tion data are now available, and any
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substantial rate changes attributable to
fortification should be evident. Never-
theless, childhood cancers are rare
outcomes, and there is limited power to
assess rate differences due to random
annual variation. In addition, it is difficult
to draw firm conclusions regarding the
isolated effects of folic acid because
other temporal trends were occurring
during the study period, as described
earlier. It is also possible that the inherent
cancer susceptibility or distribution of
risk factors in the 9.5% of the US pop-
ulation under surveillance in the SEER 9
registries is different from the 90.5% not

followed simply by chance, leading to
spurious associations. To partially ad-
dress this concern, we compared our
SEER postfortification incidence rates
with those from the National Programof
Cancer Registries (1999–2008), which
collects cancer surveillance data on
96%of the US population, and found that
rates were quite similar.70 Importantly,
these results must be interpreted cau-
tiously because they are not adjusted
formultiple comparisons, andwewould
expect statistically significant associa-
tions just by chance in ∼5% of malig-
nancies using a = .05.

CONCLUSIONS

We did not observe reductions in the
incidence of most childhood cancers
after mandatory folic acid fortifica-
tion of enriched grain products in the
United States in 1996–1998. However,
declines in WT and PNET incidence
were detected by multiple analytic
strategies. Alternative study designs,
such as prenatal feeding experiments
in animal models, are required to
rule out other explanations, confirm
causal relationships, and elucidate
mechanisms.
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A SPOONFUL OF SPICE:Mywife and I could not bemore different in the kitchen. As
a mathematician, she likes to measure precisely, and rarely experiments with the
recipe or the addition of different or more spices. I, however, like to throw all
sorts of spices into the skillet or pot, often in high concentrations. I have always
used spices to improve, color, change, or deepen the flavor of the dish. According
to National Public Radio (The Salt: March 3, 2012), researchers have shown there
may be significant health benefits to adding spices to foods. In a small crossover
experiment supported by both the National Institutes of Health and the McCor-
mick Science Institute, six overweight but otherwise healthy adult men had serum
insulin and triglyceride levels drawn immediately before and every 30 minutes
after consumption of a high-fat 1200 kcal control and spiced dinner for 3.5 hours.
The only difference between the dinners was that the spiced dinner contained 14
grams (roughly 2 tablespoons) of rosemary, oregano, cinnamon, turmeric, black
pepper, cloves, garlic powder and paprika. The spices were chosen for their
potent antioxidant effects. Insulin and triglyceride levels were 21 and 31 percent
lower following consumption of the spiced meal compared to the levels following
the control meal. Moreover, serum antioxidant measures were twice as high
following the spiced meal. The participants, who had been informed ahead of
time that one meal would be spiced, reported no adverse effects. Which of the
spices or herbs is most responsible for the beneficial effect or whether there is
a dose response curve is not known. Moreover, as this was a single meal, no long
term conclusions can be drawn. Still, I will take any support I can get for my
actions in the kitchen. Now when I toss a heaping tablespoon of tumeric into the
chicken dish, I can tell my wife that I am doing it for her heart.

Noted by WVR, MD
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