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Birth Characteristics and Risk of Pediatric Thyroid Cancer:
A Population-Based Record-Linkage Study in California

Nicole C. Deziel,1 Yawei Zhang,1,2 Rong Wang,3 Joseph L. Wiemels,4 Libby Morimoto,5

Cassandra J. Clark,1 Catherine Metayer,5 and Xiaomei Ma3

Background: Incidence rates of thyroid cancer in children and young adults (age 0–19 years) have nearly
doubled over a recent 15-year period in the United States. Children with thyroid cancer may require long-term
therapy and surveillance and are at greater risk for second primary malignancies. High-dose exposure to ionizing
radiation is the only known nongenetic risk factor; the vast majority of cases have an unknown etiology.
Methods: We conducted a population-based nested case-control study to evaluate the relationship between a range
of birth characteristics and the risk of pediatric thyroid cancer. Using linked birth records and cancer registry data
from California, we included 1012 cases who were diagnosed with first primary thyroid cancer at the age of 0–19
years from 1988 to 2015 and 50,600 birth-year matched controls (1:50 case to control ratio). We estimated adjusted
odds ratios (OR) and 95% confidence intervals (CI) by using multivariable logistic regression models applied to the
full population and stratified by thyroid cancer subtypes (papillary and follicular), race/ethnicity (white and His-
panic), and age at diagnosis (0–14 and 15–19 years).
Results: Hispanic ethnicity (OR: 1.20 [CI 1.01–1.42]), higher birth weight (OR: 1.11 [CI 1.04–1.18] per 500g), and
higher maternal education (13–15 years OR: 1.35 [CI 1.09–1.68], 16+ years OR: 1.35 [CI 1.07–1.71]) were
associated with an increased risk of pediatric thyroid cancer, while male sex (OR: 0.21 [CI 0.18–0.25]) and higher
birth order (third or higher OR: 0.81 [CI 0.68–0.98]) were associated with a decreased risk. Some heterogeneity was
observed across subtype, most notably an elevated OR with higher birth order for follicular thyroid cancer, in
contrast to the reduced risk for this category among papillary thyroid cancer cases ( p-value for interaction = 0.01).
Hispanic ethnicity was a risk factor for papillary, but not follicular thyroid cancer ( p-value for interaction = 0.07).
Conclusions: In this population-based study of birth characteristics and pediatric thyroid cancer, we identified
several important risk factors for pediatric thyroid cancer, including female sex, Hispanic ethnicity, higher birth
weight, higher maternal educational attainment, and lower birth order. Our data provide new areas for replication
and investigation of biological mechanisms for this poorly understood malignancy.
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Introduction

Incidence rates of pediatric thyroid cancer (ages 0–19
years) have nearly doubled over an *15-year period, in-

creasing from 4.8/106 in 1998 to 8.8/106 in 2013 in the United
States (1). The clinical manifestation of thyroid cancer differs
between children and adults. Children tend to present at a
more advanced stage with larger tumor sizes, involvement of
regional lymph nodes, and pulmonary metastasis (2–4). Al-
though mortality rates are low, children with thyroid cancer
may face a lifetime of surveillance and are at a greater risk for

second primary malignancies, notably leukemia and salivary
gland cancer (5). In addition, the uncertainty surrounding the
disease poses challenges to life milestones (e.g., education,
employment, family formation) and may lead to adverse
psychosocial outcomes, such as anxiety and depression (6–8).

The increasing trend in pediatric thyroid cancer is driven
primarily by papillary thyroid cancer, the most common sub-
type. Increases have also been observed for follicular thyroid
cancer (1), while incidence rates of other less common subtypes
(medullary and anaplastic) are too low to evaluate for temporal
trends (9). In general, similar annual percent changes (APCs) in
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pediatric thyroid cancer incidence have been observed in males
and females (4% to 5% per year over recent decades) (1,10), and
incidence rates have increased across all racial and ethnic
groups: non-Hispanic white (APC: 4–8%), non-Hispanic Black
(APC: 2–7%), and Hispanic (APC: 6–9%) children (1,10).

Increasing incidence rates have been observed in adoles-
cent age groups (10–14 years [APC: 5%] and 15–19 years
[APC: 4%]), but not in younger age groups (0–9 years [APC:
0.8%]) (1). Incidence rates have increased across stages
(APC localized: 4.1%; APC distant 8.5%) and tumor sizes
(APC <1 cm: 9.5%, APC 1–2 cm: 6.9%, APC >2 cm: 4.7%)
(1). An increasing trend has been observed for pediatric
thyroid cancers in the Northeast (APC: 5.8%), South (APC:
4.3%), and West (6.6%) regions of the United States, but not
the Midwest region (10).

The increasing trend in pediatric thyroid cancer mirrors the
trajectory in U.S. adults. The rising trends in adults are likely
due to a combination of a true increase from changing risk
factors as well as improvements to and greater usage of diag-
nostic and imaging methods (11). Although the relative con-
tribution of these different factors is under debate, one analysis
found that enhanced diagnostic scrutiny explained only *50%
of the changing thyroid cancer incidence in adults, leaving half
of incident cases manifesting from other origins, for example,
environmental or lifestyle factors (11,12).

In children, significant increases observed for larger tu-
mors (13) and the low likelihood of screening and imaging
for other clinical purposes (14,15) suggest that diagnostic
changes are unlikely to be the sole explanatory factor (16,17).
Other than being female (18) and high-level exposure to
ionizing radiation (19,20), a few risk factors for pediatric
thyroid cancer have been identified. Very few studies have
considered exposures or factors pertaining to the fetal de-
velopment period, which is considered a critical window of
vulnerability for childhood cancers (21,22).

Empirical data on risk factors specific to pediatric thyroid
cancer are extremely limited. Several birth and demographic
characteristics have been identified as risk factors for other
pediatric cancers, adult thyroid cancer, or have been associ-
ated with maternal or neonatal thyroid hormone levels (22–
26). Elevated or reduced thyroid hormone levels has been
hypothesized to cause abnormal proliferation in the thyroid,
potentially leading to tumorigenesis in adults (27–30). Adults
with high or low thyrotropin (TSH) concentrations compared
with the normal range have been observed to have an elevated
risk of thyroid cancer (31–33). A case-control study of pe-
diatric thyroid cancer (n = 29 cases) observed increased odds
of thyroid cancer with TSH levels greater than 2.5 mIU/I
compared with lower levels (28).

To address the paucity of information on risk factors for pe-
diatric thyroid cancer, we aimed at evaluating a range of potential
risk factors related to demographic and birth characteristics with
the purpose of discovering areas for further research.

Methods

Study population

We leveraged the California Linkage Study of Early-Onset
Cancers, a data architecture with joined California birth re-
cords maintained by the Center for Health Statistics and In-
formatics, California Department of Public Health (for the
birth years 1978–2015), and statewide cancer diagnosis data

from the California Cancer Registry for the years 1988–2015.
The current study included children whose birth residence
was in California and who were diagnosed with their first,
primary thyroid cancer by the age of 19 years, as reported to
the California Cancer Registry (SEER site recode 32010 or
International Classification of Childhood Cancer extended
classification code 093).

Thyroid cancer was classified according to the following
histological subtypes by using the International Classification
of Diseases for Oncology, 3rd ed. [ICD-O-3]: papillary
(8050, 8052, 8130, 8260, 8340–8344, 8350, 8450, and 8452),
follicular (ICD-O-3 8290, 8330–8332, and 8335), medullary
(ICD-O-3 8345, 8346, and 8510), or anaplastic (ICD-O-3 8021).
While the overall linkage included birth years from 1978
through 2015, none of the pediatric thyroid cancer cases were
born during 2012–2015. For each case, 50 control subjects were
randomly selected from children who were born in California
during the same year and were not diagnosed with any child-
hood cancer. The study protocol was approved by the institu-
tional review boards at the California Health and Human
Services Agency (Project Number 16-06-2587), the University
of California, Berkeley, and Yale University.

Demographic and birth characteristics

We abstracted numerous variables from birth records.
Factors were selected because of reported associations with
pediatric thyroid cancer, other childhood cancers, adult thyroid
cancer, or a plausible influence on thyroid hormone levels
(22–26). Variables pertaining to the characteristics of the child
included: year of birth in categories (1978–1982, 1983–1987,
1988–1992, 1993–2011), sex (male, female), and race (white,
Hispanic, non-White and non-Hispanic), birth weight in grams
(modeled continuously per 500 g), and gestational age in weeks
(22–36, 37–41, 42–44, unknown). Parental characteristics in-
cluded maternal age in years (<20, 20–24, 25–29, 30–34, 35+
years), maternal education in years (£8, 9–11, 12, 13–15, 16+,
unknown years), mother’s place of birth (United States, for-
eign), and paternal age in years (<25, 25–29, 30–34, 35–39,
40+ years). Characteristics pertaining to the birth process in-
cluded: birth plurality (singleton, multiple), birth order (first,
second, or third and above), mode of delivery (vaginal, Ce-
sarean section), presence of a congenital abnormality (no, yes),
history of miscarriage/stillbirth (never, ever, unknown), history
of maternal complications during pregnancy (never, ever,
unknown), and history of Cesarean section (never, ever,
unknown).

Statistical analysis

In bivariable analyses, we compared characteristics
between cases and controls by using Pearson’s v2 test. In
multivariable analyses, odds ratios (OR) and 95% confi-
dence intervals (CI) were obtained from logistic regression
models. All possible characteristics previously described
were included regardless of statistical significance based
on known or suspected associations with other childhood
cancers. We chose the full model approach rather than a
more parsimonious variable selection method, because the
goal was to identify new risk factors, confounders were not
known a priori, and effect estimates could be biased if
confounders were omitted (34–36).

We modeled the full study population and conducted sev-
eral subgroup analyses stratified by cancer subtype (papillary,
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follicular), race/ethnicity (white, Hispanic), and age at diag-
nosis (0–14, 15–19 years). In sensitivity analyses, models
were run with and without paternal age due to the correlation
between maternal and paternal ages (rSpearman = 0.76); no
other variables were strongly correlated (all other rSpearman

< 0.5). All tests were two-sided with an a of 0.05; all analyses
were conducted in SAS (SAS Institute, Inc., Cary, NC).

Results

Of the 1025 children identified as having a first primary
thyroid cancer, 12 (1%) were excluded due to missing infor-
mation from birth records. Controls were subjected to the
same exclusion criteria and were removed at a proportion
similar to cases, yielding a final study population of 1012
cases and 50,600 matched controls. Of the 1012 cases with
pediatric thyroid cancer, the majority were diagnosed with
papillary thyroid cancer (n = 845, 83%) followed by follicular
(n = 87, 9%), medullary (n = 53, 5%), and other (n = 27, 3%)
(Table 1). As there were fewer cases of follicular cancer in our
population, results with these subtypes are considered ex-
ploratory; there were insufficient case numbers to evaluate
risk factors for medullary and anaplastic thyroid cancer.

In bivariable v2 tests, cases and controls differed with re-
spect to several factors (Table 1). Cases were more likely to be
female, Hispanic, and have a mother with posthigh school
education; a greater proportion of controls had parents in the
youngest age category. Using multivariable models with all
covariates included, we observed evidence for several risk
factors for pediatric thyroid cancer, as shown in Tables 2
through 4. The OR did not change more than 5% in magnitude
between univariable models and the full multivariable model.

Risk factors for full study population

In regression models examining all thyroid cancer cases in
the full population (Table 2), males had a substantially lower

Table 1. Characteristics of Pediatric Thyroid

Cancer Cases and Controls, Born in California

During the Years 1978–2011

Cases Controls

p-Valuea

n = 1012 n = 50,600

n (%) n (%)

Cancer subtype
Papillary 845 (83) —
Follicular 87 (9) —
Medullary 53 (5) —
Other 27 (3) —

Birth year
1978–1982 131 (12.9) 6550 (12.9) 1.00
1983–1987 157 (15.5) 7850 (15.5)
1988–1992 279 (27.6) 13,950 (27.6)
1993–2011 445 (44.0) 22,250 (44.0)

Age at diagnosis (years)
0–14 315 (31.1) —
15–19 697 (68.9) —

Sex
Female 823 (81.3) 24,565 (48.5) <0.01
Male 189 (18.7) 26,035 (51.5)

Race/ethnicity
White 380 (37.5) 18,235 (36.0) <0.01
Black 31 (3.1) 4338 (8.6)
Hispanic 480 (47.4) 22,511 (44.5)
Asian 116 (11.5) 4955 (9.8)
Other 5 (0.5) 561 (1.1)

Birth weight (g)
250–2499 47 (4.6) 2958 (6) 0.28
2500–2999 159 (15.7) 7743 (15.2)
3000–3499 362 (35.8) 19,015 (36.8)
3500–3999 328 (32.4) 15,320 (30.6)
4000+ 116 (11.5) 5564 (11.3)
Mean (std) 3393 (543) 3367 (581) 0.13

Maternal age (years)
<20 75 (7.4) 6044 (11.9) <0.01
20–24 249 (24.6) 13,394 (26.5)
25–29 324 (32.0) 14,603 (28.9)
30–34 237 (23.4) 10,924 (21.6)
‡35 127 (12.5) 5635 (11.1)

Maternal education (years)
£8 72 (7.1) 5009 (9.9) <0.01
9–11 105 (10.4) 6439 (12.7)
12 184 (18.2) 10,234 (20.2)
13–15 171 (16.9) 6779 (13.4)
16+ 154 (15.2) 5840 (11.5)
Unknown 326 (32.2) 16,302 (32.2)

Maternal birthplace
United States 569 (56.2) 30,538 (60.4) <0.01
Foreign 443 (43.8) 20,062 (39.6)

Paternal age (years)
<25 196 (19.4) 11,813 (23.3) <0.01
25–29 284 (28.1) 13,496 (26.7)
30–34 244 (24.1) 11,940 (23.6)
35–39 165 (16.3) 6650 (13.1)
‡40 85 (8.4) 3822 (7.6)
Unknown 38 (3.8) 2879 (5.7)

Gestational age (weeks)
37–41 93 (9.2) 4784 (9.5) 0.51
22–36 767 (75.8) 37,484 (74.1)
42–44 89 (8.8) 4925 (9.7)
Unknown 63 (6.2) 3407 (6.7)

(continued)

Table 1. (Continued)

Cases Controls

p-Valuea

n = 1012 n = 50,600

n (%) n (%)

Birth order
First 406 (40.1) 20,342 (40.2) 0.05
Second 347 (34.3) 15,823 (31.3)
Third+ 259 (25.6) 14,435 (28.5)

Mode of delivery
Vaginal 795 (78.6) 39,618 (78.3) 0.84
C-section 217 (21.4) 10,982 (21.7)

Miscarriage/stillbirth
Never 829 (81.9) 41,810 (82.6) 0.55
Ever 183 (18.1) 8790 (17.3)

Pregnancy complication
Never 835 (82.5) 41,660 (82.2) 0.91
Ever 155 (15.3) 7811 (15.5)
Unknown 22 (2.2) 1129 (2.3)

Previous C-section
Never 90 (89.5) 45,367 (89.7) 0.76
Ever 89 (8.8) 4306 (8.5)
Unknown 17 (1.7) 927 (1.8)

ap-Value corresponds to v2 test.
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Table 2. Odds Ratios and 95% Confidence Intervals for Birth Characteristics and Risk of Pediatric

Thyroid Cancer in Cases and Controls Born in California, 1978–2011, Overall and Stratified by Subtype

All thyroid cancer
(n = 1012 cases, 50,600 controls)

Papillary (n = 845 cases,
42,250 controls)

Follicular (n = 87 cases,
4350 controls)

OR [CI] OR [CI] OR [CI]

Sex
Female 1.00 1.00 1.00
Male 0.21 [0.18–0.25] 0.20 [0.17–0.24] 0.22 [0.13–0.38]

Race/ethnicity
White 1.00 1.00 1.00
Hispanic 1.20 [1.01–1.42] 1.20 [1.00–1.45] 0.67 [0.37–1.22]
Black 0.39 [0.27–0.57] —
Asian 1.03 [0.80–1.31] —
Other 0.48 [0.20–1.17] — 0.87 [0.48–1.60]
Non-White/non-Hispanic 0.71 [0.57–0.89]
Birth weight (per 500 g) 1.11 [1.04–1.18] 1.10 [1.03–1.18] 1.06 [0.86–1.31]

Gestational age (weeks)
37–41 1.22 [0.96–1.54] 1.22 [0.95–1.57] 1.40 [0.65–3.02]
22–36 1.00 1.00 1.00
42–44 0.88 [0.70–1.10] 0.87 [0.65–1.07] 1.57 [0.82–3.00]
Unknown 0.96 [0.74–1.25] 0.95 [0.71–1.27] 0.93 [0.39–2.22]

Maternal age (years)
<20 0.65 [0.48–0.87] 0.62 [0.45–0.87] 0.97 [0.34–2.78]
20–24 0.89 [0.74–1.07] 0.87 [0.70–1.07] 1.05 [0.56–1.96]
25–29 1.00 1.00 1.00
30–34 0.93 [0.78–1.12] 0.97 [0.79–1.18] 0.61 [0.30–1.24]
‡35 0.94 [0.73–1.20] 0.92 [0.70–1.20] 1.47 [0.66–3.26]

Maternal education (years)
£8 0.65 [0.48–0.87] 0.67 [0.49–0.91] 0.79 [0.29–2.13]
9–11 0.93 [0.72–1.19] 0.94 [0.72–1.24] 0.79 [0.31–2.01]
12 1.00 1.00 1.00
13–15 1.35 [1.09–1.68] 1.40 [1.10–1.77] 1.32 [0.62–2.77]
16+ 1.35 [1.07–1.71] 1.42 [1.10–1.84] 1.72 [0.78–3.80]
Unknown 1.07 [0.78–1.46] 1.13 [0.81–1.58] 1.04 [0.39–2.81]

Maternal birth place
United States 1.00 1.00 1.00
Foreign 1.18 [1.00–1.38] 1.37 [1.16–1.62] 1.01 [0.58–1.76]

Paternal age (years)
<25 1.00 [0.79–1.28] 0.96 [0.74–1.25] 1.25 [0.54–2.92]
25–29 1.06 [0.88–1.28] 1.01 [0.83–1.25] 1.50 [0.77–2.92]
30–34 1.00 1.00 1.00
35–39 1.23 [1.00–1.51] 1.29 [1.03–1.62] 1.33 [0.63–2.83]
‡40 1.12 [0.85–1.46] 1.18 [0.88–1.58] 0.70 [0.24–2.08]
Unknown 0.84 [0.59–1.21] 0.81 [0.55–1.20] 1.60 [0.55–4.69]

Birth order
First 1.00 1.00 1.00
Second 0.99 [0.84–1.15] 0.94 [0.79–1.11] 1.42 [0.80–2.50]
Third+ 0.81 [0.68–0.98] 0.71 [0.58–0.87] 1.82 [0.98–3.39]

Mode of delivery
Vaginal 1.00 1.00 1.00
C-section 0.96 [0.80–1.15] 1.01 [0.83–1.22] 0.81 [0.42–1.58]

Miscarriage/stillbirth
Never 1.00 1.00 1.00
Ever 1.05 [0.89–1.24] 0.99 [0.82–1.19] 0.91 [0.52–1.61]

Maternal pregnancy complication
Never 1.00 1.00 1.00
Ever 1.01 [0.84–1.22] 1.03 [0.84–1.26] 0.76 [0.39–1.50]
Unknown 1.28 [0.49–3.32] 1.66 [0.63–4.38] 0.00 [0–0]

Previous C-section
Never 1.00 1.00 1.00
Ever 1.04 [0.79–1.28] 0.98 [0.73–1.31] 1.60 [0.69–3.72]
Unknown 0.75 [0.27–2.09] 0.55 [0.19–1.62] 0.00 [0–0]

Regression models are multivariable models with all variables listed in table included.
CI, 95% confidence intervals; OR, odds ratios.
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risk of developing thyroid cancer compared with females
(OR: 0.21 [CI 0.18–0.25]), confirming the well-established
higher incidence among females. With respect to race and
ethnicity, increased risk was observed for children of His-
panic ethnicity compared with white children (OR: 1.20 [CI
1.01–1.42]), while Black children had a decreased risk (OR:
0.39 [CI 0.27–0.57]); OR among Asian children did not differ
significantly from white children. An increased risk of thy-
roid cancer was also observed with increasing birth weight
(OR per 500 g: 1.11 [CI 1.04–1.18]).

In the full population, children whose mothers were
younger at birth (<20 years) in relation to mothers of 25 to 29
years had a decreased risk of thyroid cancer (OR: 0.65 [CI
0.48–0.87]). With respect to father’s age, an increased risk
was seen in the paternal age category 35 to 39 years relative
to 30 to 34 years (OR: 1.23 [CI 1.00–1.51], p = 0.05), though
there was no difference in risk for the ‡40 years category
(Table 2). The strongest magnitude of association with re-
spect to parental factors was that of maternal education.
Compared with children of mothers with 12 years of educa-
tion, children with mothers with higher educational attainment
were at an increased risk of thyroid cancer (13–15 years of
education: OR: 1.35 [CI 1.09–1.68]; 16+ years: OR: 1.35 [CI
1.07–1.71]), while children of mothers with £8 years of edu-
cation had a lower risk (OR: 0.65 [CI 0.48–0.87]). Compared
with children of mothers born in the United States, those with
foreign-born mothers had an elevated risk of thyroid cancer
(OR: 1.18 [CI 1.00–1.38]; p = 0.05). Birth order was an im-
portant factor, with children being the third or higher birth
having a reduced risk of thyroid cancer (0.81 [CI 0.68–0.98]).

Stratification by thyroid cancer subtype

In analyses stratified by thyroid cancer subtypes (Table 2), the
associations observed for papillary thyroid cancer (which con-
stituted 87% of all cases) mirrored those in the full population.
The decreased risk in male children was clearly observed across
both papillary and follicular subtypes. For the follicular thyroid
cancer subtype (n = 87 cases), many ORs were of a similar di-
rection and magnitude although not statistically significant,
compared with those observed for the papillary subtype. How-
ever, some heterogeneity was observed. For follicular thyroid
cancer, an elevated OR was observed for birth order of three or
higher (OR: 1.82 [CI 0.98–3.39]), in contrast to the reduced risk
for this category among papillary thyroid cancer cases ( p-value
for interaction = 0.01). Hispanic ethnicity was a risk factor for
papillary (OR: 2.30 [CI 1.01–1.42]), but not follicular thyroid
cancer (OR: 0.67 [CI 0.37–1.22], p-value for interaction = 0.07).
In addition, having a foreign-born mother and maternal age were
not risk factors for the follicular subtype.

Stratification by race/ethnicity

Due to small numbers in other racial and ethnic groups, we
were only able to examine potential differences between
white and Hispanic children. In analyses with all thyroid
cancer subtypes combined, some differences in the magni-
tude and direction of the associations were observed when
stratified by race/ethnicity, as compared with the full popu-
lation (Table 3). The decreased risk in male children was
robust to stratification. Increased risk for higher birth weight
remained a strong risk factor in white children, but not in

Table 3. Odds Ratios and 95% Confidence

Intervals for Birth Characteristics and Risk

of Pediatric Thyroid Cancer in Cases

and Controls Born in California, 1978–2011,

Stratified by Ethnicity

White (n = 380
cases, 7141

controls)

Hispanic (n = 480
cases, 10,985

controls)

OR [CI] OR [CI]

Sex
Female 1.00 1.00
Male 0.22 [0.17–0.28] 0.23 [0.18–0.29]
Birth weight

(per 500 g)
1.16 [1.04–1.29] 1.05 [0.96–1.15]

Gestational age (weeks)
22–36 1.21 [0.80–1.85] 1.26 [0.92–1.73]
37–41 1.00 1.00
42–44 0.85 [0.59–1.22] 0.83 [0.58–1.17]
Unknown 0.92 [0.59–1.45] 1.07 [0.73–1.57]

Maternal age (years)
<20 0.86 [0.45–1.64] 0.61 [0.42–0.90]
20–24 1.04 [0.74–1.45] 0.90 [0.69–1.16]
25–29 1.00 1.00
30–34 0.83 [0.62–1.12] 0.87 [0.64–1.16]
‡35 0.92 [0.62–1.36] 0.75 [0.55–1.12]

Maternal education (years)
<12 0.70 [0.37–1.31] 0.82 [0.62–1.08]
12 1.00 1.00
13–15 1.18 [0.82–1.71] 1.58 [1.15–2.16]
16+ 1.33 [0.92–1.92] 1.60 [1.04–2.45]
Unknown 0.91 [0.52–1.58] 1.20 [0.75–1.92]

Mother’s place of birth
United States 1.00 1.00
Foreign 1.25 [0.90–1.73] 1.05 [0.86–1.29]

Paternal age (years)
<25 0.66 [0.42–1.04] 1.07 [0.77–1.49]
25–29 0.92 [0.68–1.25] 1.06 [0.80–1.41]
30–34 1.00 1.00
35–39 1.09 [0.79–1.51] 1.29 [0.91–1.83]
‡40 1.10 [0.73–1.66] 1.09 [0.69–1.73]
Unknown 0.75 [0.37–1.51] 0.78 [0.47–1.29]

Birth order
First 1.00 1.00
Second 1.00 [0.78–1.29] 0.80 [0.63–1.02]
Third+ 0.95 [0.70–1.29] 0.73 [0.56–0.96]

Mode of delivery
Vaginal 1.00 1.00
C-section 1.14 [0.86–1.51] 0.89 [0.67–1.17]

Miscarriage/stillbirth
Never 1.00 1.00
Ever 1.17 [0.90–1.51] 1.02 [0.79–1.33]

Maternal pregnancy complication
Never 1.00 1.00
Ever 1.12 [0.83–1.50] 0.79 [0.58–1.06]
Unknown 1.10 [0.30–4.06] 2.59 [0.51–13.05]

Previous C-section
Never 1.00 1.00
Ever 0.87 [0.56–1.35] 1.11 [0.74–1.65]
Unknown 0.73 [0.19–2.79] 0.44 [0.07–2.65]

Regression models are multivariable models with all variables
listed in table included.
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Hispanic children. The reduced risk with higher birth order
and younger maternal age were only observed among Hispanic
children. More advanced maternal education was associated
with increased thyroid cancer risk in Hispanic children; the OR
for mothers attaining more than 16 years of education was
elevated in white children, though not statistically significant.
None of these differences were statistically significant inter-
actions with ethnicity.

Stratification by age at diagnosis

Associations were similar between the two groups of age
at diagnosis (0–14 and 15–19 years) and with all subtypes
combined (Table 4). However, ORs tended to be statistically
significant in the 15–19 years age group, which had twice as
many cases as the 0–14 years (n = 697 vs. n = 315 cases).
Male sex, increasing birth weight, both more advanced ma-
ternal education, and having a foreign-born mother were
associated with increased thyroid cancer risk across both
groups. Lower maternal education and younger maternal age
were linked to a lower risk. A few variations were noted,
although none yielded statistically significant interactions. In
the 0–14 years age group, younger and older paternal age
were associated with an increased risk of thyroid cancer. In
the 15–19 years age group, reduced ORs were observed for
higher birth order.

Discussion

To our knowledge, this is the largest and among the first
population-based studies to examine the association between
numerous birth characteristics and pediatric thyroid cancer,
and we identified several intriguing risk factors. Overall,
associations of increased risk of thyroid cancer were ob-
served for higher birth weight, higher maternal educational
attainment, Hispanic ethnicity, and having a mother born
outside the United States. Reduced risks were observed for
males, young maternal age, lower maternal education at-
tainment, and higher birth order. Some heterogeneity was
observed, particularly with respect to subtype. This provides
new information on some factors that may be involved in the
pathophysiology of thyroid cancer in children.

For childhood cancers, incidence is typically higher among
males, though the biological mechanisms underlying these
sex disparities are not understood (18). Thyroid cancer is one
of the few childhood cancers for which females have a higher
incidence (37). In adults, the incidence of thyroid cancer is
approximately three times higher in women compared with
men worldwide (11,13). Previous reports have observed that
the sex disparities were most pronounced after puberty and
during the reproductive years, leading to speculation that
hormonal changes at the time of puberty could be an under-
lying factor (38,39). However, we observed that the magni-
tude and significance of female preponderance was consistent
across even the youngest age groups, as well as for all race-
s/ethnicities, and thyroid cancer subtypes.

The consistent sex differences across age groups may
suggest that differences in sex hormones beginning in early
life may be a driver of this outcome. The observed sex dis-
parity in incidence could also be due to differences at the
genetic or molecular levels, such as differences in expression
of enzymes that detoxify environmental chemical exposures
(40). There may be connections to the predisposition of fe-

males to autoimmune thyroid diseases, such as Graves’ dis-
ease or Hashimoto’s disease (41), including among pediatric
patients (42) who are hypothesized to have origins related to
hormonal factors or genetic factors, including the presence of
immune-related genes on the X chromosome (43). Explora-
tion of a shared mechanism in future work may be warranted.

Our diverse study population enabled us to provide new
information about disparities in pediatric thyroid cancer in-
cidence with respect to Hispanic ethnicity. Specifically, we
observed Hispanic ethnicity to be a risk factor for thyroid
cancer overall and for papillary thyroid cancers. This is
consistent with observed higher incidences of overall child
and adolescent cancers in Hispanic populations (18). This
could partially reflect underlying differences in genetic sus-
ceptibility or differences in environmental exposures (e.g.,
thyroid hormone disrupting chemicals), though information
in Hispanic populations is limited for both factors (44,45).
Black children and adolescents had reduced odds of thyroid
cancer, also consistent with reports from other childhood
cancers (18), and a descriptive analysis specifically of pedi-
atric thyroid cancer in 39 U.S. states using data from the
North American Association of Central Cancer Registries
(1). Maternal birth place was also associated with an in-
creased risk of pediatric thyroid cancer overall and among
white, but not Hispanic, children. Therefore, birth place may
be a reflection of health care access and utilization, culture,
reproductive history, and environmental exposures (46,47).
Consideration of differences with respect to birth place and
race/ethnicity may provide insights into etiology.

Our analysis provides the first evidence of a link between
birth weight and pediatric thyroid cancer. Higher birth weight
has been implicated in the etiology of other childhood cancers
(23,48). The mechanism is unclear, but it could include ac-
celerated fetal growth leading to increased risk of mutations or
abnormal methylation patterns, or genetic polymorphisms or
epigenetic signatures associated with fetal growth and cancer
risk (48,49). Upstream maternal factors that may influence
birth weight are numerous and complex and include maternal
thyroid function, maternal body composition, nutrition,
smoking, alcohol consumption, and environmental exposures.
The observed association between birth weight and thyroid
cancer could be confounded by these maternal factors. It is also
possible that birth weight acted as a mediator of the association
between these maternal factors and thyroid cancer.

Birth weight has also been positively associated with cord
TSH concentrations and free thyroxine (T4) concentrations
(50,51). The importance of this observation is underscored,
because weight at birth has recently been associated with
thyroid cancer in adults in studies conducted in Denmark
(24,52). These observations are consistent with evidence
from other hormone-related cancers. For example, many
studies of birthweight and subsequent breast cancer risk in
adulthood suggest a positive relationship, particularly for
younger women (53). In addition, adult body mass index has
been established as a risk factor for adult thyroid cancer (54).
One other study of birth-related factors found no association
between pediatric thyroid cancer (£14 years) and birth weight
(n = 159 cases) (22).

Younger maternal age was associated with a decreased
risk, while advanced material age was not generally associ-
ated with an increased risk of pediatric thyroid cancer. Ad-
vanced maternal age has been identified as a risk factor for
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Table 4. Adjusted Odds Ratios and 95% Confidence Intervals of Child, Parental, and Birth

Characteristics and Risk of Pediatric Thyroid Cancer in Cases and Controls Born

in California, 1978–2011, Stratified by Age Group

0–14 years
(n = 315 cases, 15,750 controls)

15–19 years
(n = 697 cases, 34,850 controls)

OR [CI] OR [CI]

Sex
Female 1.00 1.00
Male 0.29 [0.22–0.38] 0.18 [0.14–0.22]

Race/ethnicity
White 1.00 1.00
Hispanic 1.21 [0.89–1.63] 1.18 [0.96–1.45]
Non-White, non-Hispanic 0.73 [0.50–1.06] 1.01 [0.75–1.35]
Birth weight (per 500 g) 1.15 [1.03–1.28] 1.09 [1.01–1.17]

Gestational age (weeks)
37–41 1.34 [0.89–2.01] 1.15 [0.87–1.53]
22–36 1.00 1.00
42–44 1.06 [0.72–1.56] 0.80 [0.61–1.05]
Unknown 1.03 [0.60–1.62] 0.95 [0.69–1.31]

Maternal age (years)
<20 0.69 [0.40–1.19] 0.61 [0.43–0.87]
20–24 1.06 [0.76–1.47] 0.80 [0.64–1.01]
25–29 1.00 1.00
30–34 0.92 [0.65–1.31] 0.96 [0.77–1.19]
‡35 1.04 [0.66–1.63] 0.92 [0.69–1.24]

Maternal education (years)
£8 0.68 [0.41–1.12] 0.61 [0.43–0.87]
9–11 0.72 [0.46–1.13] 1.02 [0.75–1.38]
12 1.00 1.00
13–15 1.41 [0.98–2.03] 1.34 [1.03–1.75]
16+ 1.61 [1.08–2.40] 1.32 [0.99–1.77]
Unknown 0.80 [0.42–1.53] 1.18 [0.82–1.68]

Mother’s birth place
United States 1.00 1.00
Foreign 1.24 [0.95–1.62] 1.39 [1.15–1.67]

Paternal age (years)
<25 1.57 [1.02–2.43] 0.82 [0.62–1.10]
25–29 1.67 [1.17–2.37] 0.87 [0.70–1.09]
30–34 1.00 1.00
35–39 1.30 [0.87–1.96] 1.21 [0.94–1.54]
‡40 1.44 [0.89–2.33] 0.98 [0.71–1.36]
Unknown 0.96 [0.49–1.88] 0.79 [0.52–1.21]

Birth order
First 1.00 1.00
Second 1.04 [0.78–1.38] 0.95 [0.79–1.15]
Third+ 0.91 [0.66–1.26] 0.75 [0.60–0.93]

Mode of delivery
Vaginal 1.00 1.00
C-section 1.15 [0.85–1.57] 0.87 [0.70–1.09]

Miscarriage/stillbirth
Never 1.00 1.00
Ever 0.97 [0.72–1.33] 1.07 [0.88–1.30]

Maternal complication during pregnancy
Never 1.00 1.00
Ever 0.92 [0.66–1.28] 1.05 [0.84–1.31]
Unknown 1.60 [0.33–7.86] 1.20 [0.36–4.05]

Previous C-section
Never 1.00 1.00
Ever 0.92 [0.58–1.46] 1.09 [0.79–1.51]
Unknown 0.40 [0.06–2.57] 0.90 [0.25–3.25]

Regression models are multivariable models with all variables listed in table included.
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other childhood cancers, including thyroid cancer (22) and
childhood leukemia (55,56). Older maternal age is associated
with lower free T4 concentrations, which may also have some
correlation with birth order (25). Older maternal age could
represent socioeconomic status, lifestyle choices, or fertility
issues. Another potential explanatory mechanism is the in-
creased prevalence of chromosomal abnormalities and birth
defects among children born to older mothers (56). It is also
hypothesized that older mothers may have had a greater cu-
mulative exposure to environmental pollutants known to
dysregulate thyroid hormones (57–59), which can be trans-
ferred to the child in utero through placental transfer (60) and
postnatally via breast milk (61).

Higher maternal educational attainment was associated with
an increased risk of thyroid cancer in our study. Higher ma-
ternal education has been positively associated with other
common childhood cancers, such as acute lymphoblastic leu-
kemia, lymphomas, and central nervous system tumors, as
reported in a previous analysis in the state of California (62),
and population-based studies from other countries (63,64).
Maternal education is frequently used in epidemiologic studies
as a proxy for socioeconomic status, as it is believed to reflect
familial intellectual assets and factors such as occupation and
income (64). Maternal education could also reflect other fac-
tors related to cancer risk, such as nutritional status, compli-
ance with infant immunization schedules, and breastfeeding,
or factors related to diagnosis such as greater access to health
care and screening (65,66). In addition, maternal education
may be associated with certain occupational or environmental
exposures, such as to polybrominated flame retardants (67),
which have been hypothesized to play a role in thyroid cancer.

The association between maternal education and other
child cancers is sometimes attenuated after adjustment with
other socioeconomic or risk factors, such as race/ethnicity
and parental age, and the direction of the association is not
always consistent (68). The interplay between maternal age
and maternal education may be difficult to disentangle.
Younger (<20 years) mothers are both less common and more
limited as to their educational attainment; for example, a 16-
year-old mother could only have *10 years of education.
However, these two variables were only weakly correlated in
our population (rSpearman = 0.35). Overall, maternal education
is a complex variable potentially capturing many factors and
its role in risk of childhood thyroid cancer is poorly under-
stood and needs to be studied further.

Birth order has been associated with other childhood can-
cers, such as leukemia, although relationships have been in-
consistent (69). In our analysis, higher birth order yielded a
reduced risk of papillary thyroid cancer, but an increased risk of
follicular thyroid cancer. Birth order may be linked to differ-
ences in hormone levels, because later pregnancies tend to have
lower levels of estrogen and progesterone (70). Moreover,
neonates of nulliparous women tend to have higher TSH con-
centrations and lower T4 concentrations compared with babies
of a higher birth order (25,71), which could influence their
thyroid cancer risk. This could be due to increased stress as-
sociated with first pregnancies in nulliparous women (72) and
the subsequent impact of stress on thyroid hormone levels (73).
It could also be that children with higher birth order may be
exposed to lower concentrations of thyroid hormone disrupting
contaminants in utero or during breastfeeding, as environ-
mental chemicals may have been transferred to the children

born earlier (74). For example, concentrations of the thyroid
hormone disrupting chemicals, perfluoroalkylated sub-
stances, were significantly lower in women who breastfed
for at least six months compared with those who had not
breastfed and in women with two or more children com-
pared with nulliparous women (75).

Delivery method was not associated with pediatric thyroid
cancer, although studies have reported higher concentrations
of umbilical cord TSH in neonates born by vaginal delivery
compared with Cesarean section (25,50,71,73,76). These
observations are hypothesized to be related to stress during
vaginal delivery, such as the downregulating effect of stress
on thyroid hormone distributor proteins subsequently altering
circulating thyroid hormone levels (50,73).

The strengths of this study include a large sample size
(>1000 cases), a racially and ethnically diverse population, and
detailed individual-level information on multiple potential risk
factors. The record-linkage design obviated the need for par-
ticipant contact and therefore all eligible subjects were in-
cluded, leading to a low probability of selection bias that may
arise with low response rates and loss to follow-up. The study
design leveraged the appropriate temporal relationship by ex-
amining factors present at birth with the subsequent incidence
of thyroid cancer. Information was ascertained from birth re-
cords, and no recall was needed.

In terms of limitations, we were constrained by data avail-
able on the birth records and therefore did not have information
on environmental exposures, or the occupation, diet, and
physical activity of the parents. We were not able to adjust for
socioeconomic status, which could change the results for ma-
ternal education, parental age, birth order, and race/ethnicity.
We also had limited information on the father’s characteristics.
It is also possible that some controls moved out of California
after birth and developed thyroid cancer in another state, which
would not be captured in our database. However, because pe-
diatric thyroid cancer is a rare malignancy, only four children
would have been expected to develop thyroid cancer from
among the 50,600 controls if they were followed until age 19
years, based on age-adjusted incidence rates. 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.

Our CALSEC dataset captures more than 70% of all pe-
diatric thyroid cancer cases diagnosed in California, yielding
a sizable population. The majority of the 30% of cases not
included were born outside of California, are not part of the
source population, and are not eligible for this study. As such,
the validity of this study is not compromised. Finally, there is
the possibility that some observed associations could have
been false positives occurring by chance, given the testing of
multiple risk factors in the absence of an a priori hypothesis.
Alternatively, residual confounding by unmeasured factors is
possible. For example, the observed association between
birth weight and risk of pediatric thyroid cancer may be
influenced by maternal weight gain during pregnancy and
gestational diabetes, which we were unable to assess.

In conclusion, pediatric thyroid cancer is on the rise, but
knowledge of risk factors remains extremely limited. In this
large nested case-control study, we report on several newly
identified risk factors for pediatric thyroid cancer. Except for
female sex, many of the observed risk factors are also
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associated with other pediatric cancers, suggesting common
pathways across multiple cancer sites in children. This work
provides new areas for replication and investigation of bio-
logical mechanisms.

Disclaimer

The ideas and opinions expressed herein are those of the
author(s), and endorsement by the State of California, De-
partment of Public Health, the National Cancer Institute, and
the Centers for Disease Control and Prevention or their Con-
tractors and Subcontractors is neither intended nor should be
inferred. This study used birth data obtained from the State of
California Center for Health Statistics and Informatics. The
California Department of Public Health is not responsible for
the analyses, interpretations, or conclusions drawn by the au-
thors regarding the birth data used in this publication.

Author Disclosure Statement

No competing financial interests exist.

Funding Information

This research was buoyed by the American Cancer So-
ciety (ACS) grants RSGM-10-038-01-CCE and 127509-
MRSG-15-147-01-CNE. The collection of cancer incidence
data used in this study was supported by the California
Department of Public Health as part of the statewide cancer
reporting program mandated by California Health and Safety
Code Section 103885; the National Cancer Institute’s Sur-
veillance, Epidemiology, and End Results Program (contract
HHSN261201000140C awarded to the Cancer Prevention In-
stitute of California, contract HHSN261201000035C awarded
to the University of Southern California, and contract
HHSN261201000034C awarded to the Public Health In-
stitute); and the Centers for Disease Control and Preven-
tion’s National Program of Cancer Registries (agreement
U58DP003862-01 awarded to the California Department
of Public Health).

References

1. Bernier MO, Withrow DR, Berrington de Gonzalez A, Lam
CJK, Linet MS, Kitahara CM, Shiels MS 2019 Trends in
pediatric thyroid cancer incidence in the United States, 1998–
2013. Cancer 125:2497–2505.

2. Newman KD, Black T, Heller G, Azizkhan RG, Holcomb
GW, 3rd, Sklar C, Vlamis V, Haase GM, La Quaglia MP
1998 Differentiated thyroid cancer: determinants of disease
progression in patients <21 years of age at diagnosis: a report
from the Surgical Discipline Committee of the Children’s
Cancer Group. Ann Surg 227:533–541.

3. Qu Y, Huang R, Li L 2017 Clinical analysis of the factors
that influence disease progression of differentiated thyroid
carcinoma in children. J Paediatr Child Health 53:903–907.

4. Jarzab B, Handkiewicz-Junak D 2007 Differentiated thy-
roid cancer in children and adults: same or distinct disease?
Hormones (Athens) 6:200–209.

5. Rivkees SA, Mazzaferri EL, Verburg FA, Reiners C, Luster
M, Breuer CK, Dinauer CA, Udelsman R 2011 The treat-
ment of differentiated thyroid cancer in children: emphasis
on surgical approach and radioactive iodine therapy. En-
docr Rev 32:798–826.

6. Hudson MM, Mertens AC, Yasui Y, Hobbie W, Chen H,
Gurney JG, Yeazel M, Recklitis CJ, Marina N, Robison
LR, Oeffinger KC 2003 Health status of adult long-term
survivors of childhood cancer: a report from the Childhood
Cancer Survivor Study. JAMA 290:1583–1592.

7. Kazak AE, Derosa BW, Schwartz LA, Hobbie W, Carlson
C, Ittenbach RF, Mao JJ, Ginsberg JP 2010 Psychological
outcomes and health beliefs in adolescent and young adult
survivors of childhood cancer and controls. J Clin Oncol
28:2002–2007.

8. Kaye EC, Brinkman TM, Baker JN 2017 Development of
depression in survivors of childhood and adolescent cancer:
a multi-level life course conceptual framework. Support
Care Cancer 25:2009–2017.

9. Qian ZJ, Jin MC, Meister KD, Megwalu UC 2019 Pediatric
thyroid cancer incidence and mortality trends in the United
States, 1973–2013. JAMA Otolaryngol Head Neck Surg 145:
617–623.

10. Siegel DA, King J, Tai E, Buchanan N, Ajani UA, Li J
2014 Cancer incidence rates and trends among children and
adolescents in the United States, 2001–2009. Pediatrics
134:e945–e955.

11. Lim H, Devesa SS, Sosa JA, Check D, Kitahara CM 2017
Trends in thyroid cancer incidence and mortality in the
United States, 1974–2013. JAMA 317:1338–1348.

12. Udelsman R, Zhang Y 2014 The epidemic of thyroid cancer
in the United States: the role of endocrinologists and ul-
trasounds. Thyroid 24:472–479.

13. Davies L, Welch HG 2014 Current thyroid cancer trends in
the United States. JAMA Otolaryngol Head Neck Surg 140:
317–322 .

14. Vergamini LB, Frazier AL, Abrantes FL, Ribeiro KB,
Rodriguez-Galindo C 2014 Increase in the incidence of dif-
ferentiated thyroid carcinoma in children, adolescents, and
young adults: a population-based study. J Pediatr 164:1481–
1485.

15. Chen AY, Jemal A, Ward EM 2009 Increasing incidence of
differentiated thyroid cancer in the United States, 1988–
2005. Cancer 115:3801–3807.

16. Niedziela M 2006 Pathogenesis, diagnosis and manage-
ment of thyroid nodules in children. Endocr Relat Cancer
13:427–453.

17. Gupta A, Ly S, Castroneves LA, Frates MC, Benson CB,
Feldman HA, Wassner AJ, Smith JR, Marqusee E, Alexander
EK, Barletta J, Muyide F, Doubilet PM, Peters HE, Webb S,
Modi BP, Paltiel HJ, Martins Y, Burmeister K, Kozakewich
H, Hollowell M, Cibas ES, Moore FD, Jr., Shamberger RC,
Larsen PR, Huang SA 2014 How are childhood thyroid
nodules discovered: opportunities for improving early de-
tection. J Pediatr 164:658–660.

18. Ward E, DeSantis C, Robbins A, Kohler B, Jemal A 2014
Childhood and adolescent cancer statistics, 2014. CA Cancer
J Clin 64:83–103.

19. Cardis E, Kesminiene A, Ivanov V, Malakhova I, Shibata Y,
Khrouch V, Drozdovitch V, Maceika E, Zvonova I, Vlassov
O, Bouville A, Goulko G, Hoshi M, Abrosimov A, Anoshko J,
Astakhova L, Chekin S, Demidchik E, Galanti R, Ito M,
Korobova E, Lushnikov E, Maksioutov M, Masyakin V,
Nerovnia A, Parshin V, Parshkov E, Piliptsevich N, Pinchera
A, Polyakov S, Shabeka N, Suonio E, Tenet V, Tsyb A, Ya-
mashita S, Williams D 2005 Risk of thyroid cancer after ex-
posure to 131 I in childhood. J Natl Cancer Inst 97:724–732.

20. Veiga LH, Holmberg E, Anderson H, Pottern L, Sadetzki S,
Adams MJ, Sakata R, Schneider AB, Inskip P, Bhatti P,

604 DEZIEL ET AL.



Johansson R, Neta G, Shore R, de Vathaire F, Damber L,
Kleinerman R, Hawkins MM, Tucker M, Lundell M, Lubin
JH 2016 Thyroid cancer after childhood exposure to ex-
ternal radiation: an updated pooled analysis of 12 studies.
Radiat Res 185:473–484.

21. Hatch M, Brenner AV, Cahoon EK, Drozdovitch V, Little
MP, Bogdanova T, Shpak V, Bolshova E, Zamotayeva G,
Terekhova G, Shelkovoy E, Klochkova V, Mabuchi K,
Tronko M 2019 Thyroid cancer and benign nodules after
exposure in utero to fallout from chernobyl. J Clin En-
docrinol Metab 104:41–48.

22. Johnson KJ, Carozza SE, Chow EJ, Fox EE, Horel S,
McLaughlin CC, Mueller BA, Puumala SE, Reynolds P,
Von Behren J, Spector LG 2011 Birth characteristics and
childhood carcinomas. Br J Cancer 105:1396–1401.

23. Caughey RW, Michels KB 2009 Birth weight and child-
hood leukemia: a meta-analysis and review of the current
evidence. Int J Cancer 124:2658–2670.

24. Aarestrup J, Kitahara CM, Baker JL 2019 Birthweight and
risk of thyroid cancer and its histological types: a large
cohort study. Cancer Epidemiol 62:101564.

25. Herbstman J, Apelberg BJ, Witter FR, Panny S, Gold-
man LR 2008 Maternal, infant, and delivery factors as-
sociated with neonatal thyroid hormone status. Thyroid
18:67–76.

26. Spector LG, Pankratz N, Marcotte EL 2015 Genetic and
nongenetic risk factors for childhood cancer. Pediatr Clin
62:11–25.

27. Zhang Y, Guo GL, Han X, Zhu C, Kilfoy BA, Zhu Y,
Boyle P, Zheng T 2008 Do polybrominated diphenyl ethers
(PBDEs) increase the risk of thyroid cancer? Biosci Hy-
potheses 1:195–199.

28. Chiu HK, Sanda S, Fechner PY, Pihoker C 2012 Correla-
tion of TSH with the risk of paediatric thyroid carcinoma.
Clin Endocrinol (Oxf) 77:316–322.

29. Kim CS, Zhu X 2009 Lessons from mouse models of
thyroid cancer. Thyroid 19:1317–1331.

30. Franco AT, Malaguarnera R, Refetoff S, Liao XH, Lund-
smith E, Kimura S, Pritchard C, Marais R, Davies TF,
Weinstein LS, Chen M, Rosen N, Ghossein R, Knauf JA,
Fagin JA 2011 Thyrotrophin receptor signaling dependence
of Braf-induced thyroid tumor initiation in mice. Proc Natl
Acad Sci U S A 108:1615–1620.

31. Huang H, Rusiecki J, Zhao N, Chen Y, Ma S, Yu H, Ward
MH, Udelsman R, Zhang Y 2017 Thyroid-stimulating hor-
mone, thyroid hormones, and risk of papillary thyroid cancer:
a Nested Case-Control Study. Cancer Epidemiol Biomarkers
Prev 26:1209–1218.

32. Boelaert K, Horacek J, Holder RL, Watkinson JC, Sheppard
MC, Franklyn JA 2006 Serum thyrotropin concentration as
a novel predictor of malignancy in thyroid nodules inves-
tigated by fine-needle aspiration. J Clin Endocrinol Metab
91:4295–4301.

33. Jonklaas J, Nsouli-Maktabi H, Soldin SJ 2008 Endogenous
thyrotropin and triiodothyronine concentrations in individ-
uals with thyroid cancer. Thyroid 18:943–952.

34. Heinze G, Dunkler D 2017 Five myths about variable se-
lection. Transpl Int 30:6–10.

35. Heinze G, Wallisch C, Dunkler D 2018 Variable selec-
tion—a review and recommendations for the practicing
statistician. Biom J 60:431–449.

36. Sun GW, Shook TL, Kay GL 1996 Inappropriate use of
bivariable analysis to screen risk factors for use in multi-
variable analysis. J Clin Epidemiol 49:907–916.

37. Williams LA, Richardson M, Marcotte EL, Poynter JN,
Spector LG 2019 Sex ratio among childhood cancers by
single year of age. Pediatr Blood Cancer 66:e27620.

38. Ward EM, Jemal A, Chen A 2010 Increasing incidence of
thyroid cancer: is diagnostic scrutiny the sole explanation?
Future Oncol 6:185–188.

39. Farahati J, Parlowsky T, Mäder U, Reiners C, Bucsky P
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Sørensen TIA, Baker JL 2014 Childhood height and body
mass index were associated with risk of adult thyroid
cancer in a large cohort study. Cancer Res 74:235–242.

BIRTH CHARACTERISTICS AND PEDIATRIC THYROID CANCER 605



53. Michels KB, Xue F 2006 Role of birthweight in the eti-
ology of breast cancer. Int J Cancer 119:2007–2025.

54. Lauby-Secretan B, Scoccianti C, Loomis D, Grosse Y,
Bianchini F, Straif K 2016 Body fatness and cancer—
viewpoint of the IARC Working Group. N Engl J Med 375:
794–798.

55. Sergentanis TN, Thomopoulos TP, Gialamas SP, Karalexi
MA, Biniaris-Georgallis SI, Kontogeorgi E, Papathoma P,
Tsilimidos G, Skalkidou A, Iliadou AN, Petridou ET 2015
Risk for childhood leukemia associated with maternal and
paternal age. Eur J Epidemiol 30:1229–1261.

56. Petridou ET, Georgakis MK, Erdmann F, Ma X, Heck JE,
Auvinen A, Mueller BA, Spector LG, Roman E, Metayer
C, Magnani C, Pombo-de-Oliveira MS, Ezzat S, Scheurer
ME, Mora AM, Dockerty JD, Hansen J, Kang AY, Wang
R, Doody DR, Kane E, Rashed WM, Dessypris N, Schuz J,
Infante-Rivard C, Skalkidou A 2018 Advanced parental age
as risk factor for childhood acute lymphoblastic leukemia:
results from studies of the Childhood Leukemia Interna-
tional Consortium. Eur J Epidemiol 33:965–976.

57. Caspersen IH, Kvalem HE, Haugen M, Brantsæter AL,
Meltzer HM, Alexander J, Thomsen C, Frøshaug M,
Bremnes NMB, Broadwell SL, Granum B, Kogevinas M,
Knutsen HK 2016 Determinants of plasma PCB, bromi-
nated flame retardants, and organochlorine pesticides in
pregnant women and 3 year old children in The Norwegian
Mother and Child Cohort Study. Environ Res 146:136–144.

58. Ibarluzea J, Alvarez-Pedrerol M, Guxens M, Marina LS,
Basterrechea M, Lertxundi A, Etxeandia A, Goni F, Vioque
J, Ballester F, Sunyer J 2011 Sociodemographic, repro-
ductive and dietary predictors of organochlorine com-
pounds levels in pregnant women in Spain. Chemosphere
82:114–120.

59. Stasinska A, Heyworth J, Reid A, Callan A, Odland JØ,
Trong Duong P, Van Ho Q, Hinwood A 2014 Poly-
brominated diphenyl ether (PBDE) concentrations in plas-
ma of pregnant women from Western Australia. Sci Total
Environ 493:554–561.

60. Vizcaino E, Grimalt JO, Fernández-Somoano A, Tardon A
2014 Transport of persistent organic pollutants across the
human placenta. Environ Int 65:107–115.

61. Johnson-Restrepo B, Kannan K 2009 An assessment of
sources and pathways of human exposure to polybrominated
diphenyl ethers in the United States. Chemosphere 76:542–
548.

62. Oksuzyan S, Crespi CM, Cockburn M, Mezei G, Vergara
X, Kheifets L 2015 Race/ethnicity and the risk of childhood
leukaemia: a case-control study in California. J Epidemiol
Community Health 69:795–802.

63. de Paula Silva N, de Souza Reis R, Garcia Cunha R, Pinto
Oliveira JF, Santos MdO, Pombo-de-Oliveira MS, de Ca-
margo B 2016 Maternal and birth characteristics and
childhood embryonal solid tumors: a population-based re-
port from Brazil. PLoS One 11:e0164398.

64. Carozza SE, Puumala SE, Chow EJ, Fox EE, Horel S,
Johnson KJ, McLaughlin CC, Reynolds P, Von Behren J,
Mueller BA, Spector LG 2010 Parental educational at-
tainment as an indicator of socioeconomic status and risk of
childhood cancers. Br J Cancer 103:136–142.

65. Zill N 1996 Parental schooling & children’s health. Public
Health Rep 111:34–43.

66. Cohen SS, Alexander DD, Krebs NF, Young BE, Cabana
MD, Erdmann P, Hays NP, Bezold CP, Levin-Sparenberg
E, Turini M, Saavedra JM 2018 Factors associated with
breastfeeding initiation and continuation: a meta-analysis.
J Pediatr 203:190–196.e121.

67. Horton MK, Bousleiman S, Jones R, Sjodin A, Liu X,
Whyatt R, Wapner R, Factor-Litvak P 2013 Predictors of
serum concentrations of polybrominated flame retardants
among healthy pregnant women in an urban environment: a
cross-sectional study. Environ Health 12:23.

68. Kehm RD, Spector LG, Poynter JN, Vock DM, Osypuk TL
2018 Socioeconomic Status and Childhood Cancer Incidence:
a Population-Based Multilevel Analysis. Am J Epidemiol 187:
982–991.

69. Schuz J, Luta G, Erdmann F, Ferro G, Bautz A, Simony SB,
Dalton SO, Lightfoot T, Winther JF 2015 Birth order and
risk of childhood cancer in the Danish birth cohort of 1973–
2010. Cancer Causes Control 26:1575–1582.

70. Maccoby EE, Doering CH, Jacklin CN, Kraemer H 1979
Concentrations of sex hormones in umbilical-cord blood:
their relation to sex and birth order of infants. Child Dev
50:632–642.

71. Korevaar TIM, Chaker L, Jaddoe VWV, Visser TJ, Medici
M, Peeters RP 2016 Maternal and birth characteristics are
determinants of offspring thyroid function. J Clin En-
docrinol Metab 101:206–213.

72. Bleker LS, Roseboom TJ, Vrijkotte TG, Reynolds RM, de
Rooij SR 2017 Determinants of cortisol during pregnan-
cy—the ABCD cohort. Psychoneuroendocrinology 83:
172–181.

73. Chan LY, Leung TN, Lau TK 2001 Influences of perinatal
factors on cord blood thyroid-stimulating hormone level.
Acta Obstet Gynecol Scand 80:1014–1018.

74. Bramwell L, Fernandes A, Rose M, Harrad S, Pless-Mulloli
T 2014 PBDEs and PBBs in human serum and breast milk
from cohabiting UK couples. Chemosphere 116:67–74.

75. Manzano-Salgado CB, Casas M, Lopez-Espinosa M-J, Bal-
lester F, Martinez D, Ibarluzea J, Santa-Marina L, Schettgen
T, Vioque J, Sunyer J, Vrijheid M 2016 Variability of per-
fluoroalkyl substance concentrations in pregnant women by
socio-demographic and dietary factors in a Spanish birth
cohort. Environ Int 92–93:357–365.

76. Miyamoto N, Tsuji M, Imataki T, Nagamachi N, Hirose S,
Hamada Y 1991 Influence of mode of delivery on fetal
pituitary-thyroid axis. Pediatr Int 33:363–368.

Address correspondence to:
Nicole C. Deziel, PhD

Department of Environmental Health Sciences
Yale School of Public Health

60 College Street
New Haven, CT 06510

USA

E-mail: nicole.deziel@yale.edu

606 DEZIEL ET AL.




