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Background: Radioactive iodine (RAI) ablation is frequently performed after initial surgery for well-
differentiated thyroid cancer (WDTC). We examined the frequency and timing of childbirth as well as non-
oncologic complications after RAI ablation for WDTC on a population level.
Methods: A retrospective cohort study of 25,333 patients (18,850 women) with WDTC was performed using
the California Cancer Registry and California Office of Statewide Health Planning and Development database,
1999–2008. The primary outcomes were birthrate and median time to first live birth among women of child-
bearing age. Secondary outcomes were nononcologic diagnoses occurring outside the acute setting ( > 30 days)
after ablation.
Results: RAI ablation did not affect birthrate among women in the full dataset. However, in subgroup analyses,
birthrate among women age 35–39 was significantly decreased in those who received RAI versus those who did
not (11.5 versus 16.3 births per 1000 woman-years, p < 0.001). Median time to first live birth after diagnosis of
WDTC was prolonged among women who received RAI compared to those who did not (34.5 versus 26.1
months; p < 0.0001). When 5-year age groups were examined individually, delay to first live birth was observed
in women age 20–39 ( p < 0.05). This remained significant after adjustment for tumor characteristics, socio-
economic status, and marital status. The only nononcologic, nonreproductive adverse effect associated with
RAI ablation was an increased rate of nasolacrimal stenosis (RR 3.44, p < 0.0001).
Conclusions: RAI ablation is associated with delayed childbearing in women across most of the reproductive
lifespan, and with decreased birthrate in the late reproductive years. The underlying mechanism likely involves
physician recommendation to delay pregnancy, as well as a potential impact of RAI on both reproductive choice
and reproductive health. Further investigation is merited.

Introduction

Thyroid cancer accounted for 3.6% of new cancer
diagnoses in the United States in 2013 (1). Radioactive

iodine (RAI) ablation is frequently performed after initial
surgery for well-differentiated thyroid carcinoma (WDTC)
(2). However, recent data suggest that RAI ablation confers
no benefit in low-risk patients, who represent the majority of
WDTC cases (3,4).

Uncertainty regarding the risks and benefits of RAI is
manifest in the wide variability in rates of RAI ablation for
WDTC patients nationally (5–9). RAI ablation is associated
with a small but statistically significant increase in the risk of
secondary malignancies (10). Nononcologic complications

of RAI ablation have been described, which include sialo-
denitis, xerostomia, dental caries, and nasolacrimal duct
stenosis, but their frequency has not been systematically
quantified on the population level (2,11). RAI also affects
gonadal tissue, causing temporary secondary amenorrhea,
oligomenorrhea, and/or earlier onset of menopause (12,13).
Limited evidence suggests that RAI ablation is not associated
with reduced fertility, although no large scale studies have
been performed (12).

The California Cancer Registry (CCR) is a prospectively
maintained statewide cancer database containing unique pa-
tient identifiers that permit longitudinal follow-up of WDTC
patients. Patients in CCR are linked to ambulatory and in-
patient hospital records maintained by the California Office
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of Statewide Health Planning and Development (OSHPD)
database. We utilized the CCR to assess for unrecognized
effects of RAI ablation on childbearing and other non-
oncologic health conditions. We hypothesized that RAI ab-
lation would be associated with decreased childbearing in
female patients.

Methods

Patients with thyroid cancer were abstracted from the CCR
from 1999–2008 using ICD-O-2/3 code C739. Patients with
WDTC (papillary and follicular histology) were identified
using the histology codes 8050, 8260, 8330, 8331, 8332,
8335, 8340, 8342, 8343, 8344, and 9690. Tumor stage, tumor
size, socioeconomic status (SES), and marital status were
defined using CCR variables. SES quintiles were based upon
the Yost index (14). Patients who received RAI were iden-
tified using the RADSUM variable, which codes for type
of radiation therapy received only during the first course of
treatment. CCR coding protocol classifies the first course of
therapy as ending 12 months after diagnosis if no discrete
endpoint is designated.

To determine female reproductive outcomes after RAI
ablation, female patients less than 15 years of age and male
patients were excluded. Patients who received external beam
radiation or chemotherapy and patients who received RAI
therapy more than 12 months after diagnosis were also
excluded. Live births were abstracted from the OSPHD
database using ICD-9 diagnosis codes for normal delivery
(650-659.xx), complications related to pregnancy with de-
livery (640-648.xx, 650-677.xx), and outcome of delivery
(V27 except V27.1, V27.4, V27.7, and V30-V39) excluding a
fifth digit of 1 or 2 that indicates no delivery. We used CPT
procedure codes for vaginal delivery (59400-59410, 59610,
59612, 59614) and cesarean delivery (59510-59515, 59618,
59620, 59622). Live births within 6 months after cancer di-
agnosis were considered to be preexisting pregnancies. These
were compared between women who received RAI versus
those who did not as indicator of reproductive choice and
fertility. Preexisting pregnancies were then excluded from
the principal analyses. In keeping with the data reporting
structure established by the Centers for Disease Control and
the National Center for Health Statistics, birthrate was cal-
culated as the number of live births per 1,000 women-years,
and women were stratified into 5-year age groups. Given the
low number of births in women aged 45 + , this group was
collapsed into the 40–44 age group. To determine whether
disease severity had an effect on reproductive outcomes, we
determined overall birthrate and median time to first live birth
between treatment groups with patients stratified by tumor
size and stage.

To determine comorbidities positively associated with
ablation, the OSHPD database was queried for primary
diagnoses for all hospitalizations from 1999–2008 and
all ambulatory data from 2005–2008. To exclude acute com-
plications of RAI ablation, we excluded diagnosis codes
within 30 days of ablation. For patients who did not re-
ceive RAI therapy, we excluded diagnosis codes within 83
days from the day of surgery (83 days was chosen by
adding 30 days to the median time between surgery to RAI
therapy [53 days] among patients who received RAI). Si-
milarly, we determined the frequency of thyroid cancer-

related hospitalizations by searching the OSHPD database
for hospitalizations with primary ICD-9 diagnosis code
193 (malignant disease of thyroid gland). Hospitalizations
occurring within 30 days of ablation, or within 83 days of
initial surgery among patients that did not receive RAI,
were excluded.

Statistical analysis

Negative binomial regression was used to compare the
birthrates between patients who received ablation and those
who did not. p Values were adjusted for tumor size, tumor
stage, SES, and marital status (married versus all others) by
including them as covariates in the negative binomial re-
gression model. Time from presentation to first live birth was
compared between groups using the Wilcoxon rank-sum test.
p Values were adjusted for tumor size, tumor stage, SES, and
marital status (married versus all others) by including them as
covariates in a linear regression model with time to the first
live birth log-transformed.

The occurrence rate of each primary diagnosis in patients
who received RAI ablation was compared to those who did
not using Fisher’s exact test. We adjusted for inflation of type
I error rate due to multiple comparisons by controlling the
false discovery rate within 0.05. Analyses were performed
using SAS 9.2 (SAS Institute, Inc., Cary, NC).

Results

WDTC patients

We identified 25,233 unique patients with papillary or
follicular thyroid cancer between 1999–2008. Patients who
received RAI were younger and had a lower mean Charlson
comorbidity score than patients who did not receive RAI
( p < 0.0001, Table 1). Patients who received RAI also had a
higher rate of regional disease and a larger mean tumor size in
comparison to patients who did not ( p < 0.0001). There was
no difference in the hospitalization rate for thyroid cancer
between patients who received RAI and those who did not
( p = 0.54).

Delayed nononcologic complications

Data regarding diagnoses related to hospitalizations and
ambulatory data was collected over 112,192 person-years
of follow-up, with a median follow-up time of 4.1 years
per patient. After excluding acute complications, 2325
diagnosis codes were identified. Nasolacrimal duct steno-
sis was the only diagnosis that occurred with greater fre-
quency in patients who received RAI compared to those
who did not (4.01 versus 1.16 cases per 1000 patients;
RR 3.44, p < 0.0001). The median time from RAI ablation
to first documentation of nasolacrimal duct stenosis was
31.4 months.

Female reproductive outcomes

Our study cohort for reproductive outcomes consisted of
18,850 women, of whom 9883 (52.4%) received RAI abla-
tion. Women in the study were followed for a total of 83,498
woman-years, with a median follow-up of 4.0 years. During
the study period, 1179 live births occurred after 6 months
following diagnosis of WDTC.
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Women who received RAI were younger and had a lower
Charlson comorbidity score versus women who did not
(Table 2). With respect to SES, a higher percentage of women
who received RAI belonged in the highest SES quintile
(25.7% versus 25.4%, p < 0.0001) and a smaller percentage
in the lowest SES quintile (11.9 versus 14.7%, p < 0.001,
Table 2). A higher percentage of women who received RAI
were married (62.8 versus 59.7%, p < 0.0001). Women who
received RAI had a higher proportion of larger tumor sizes as
well as increased percentage of regional (36.3 versus 17.9%,
p < 0.0001) and metastatic disease (4.5 versus 3.0%, p <
0.0001; Table 2).

There were 104 preexisting pregnancies at time of WDTC
diagnosis that later resulted in live birth. There was no sig-
nificant difference in the number of preexisting pregnancies
resulting in birth between women who received RAI versus
those who did not (45 versus 59 births per 1000 women,
p = 0.07).

Overall birthrate (all ages) did not differ significantly be-
tween women who received RAI and those who did not
( p = 0.81). However, in subgroup analyses, women age 35–
59 who received RAI had a significantly reduced birthrate
versus those who did not (11.5 versus 16.3 births per 1000
woman-years, p < 0.001; Table 3). Birthrates did not signifi-
cantly differ between women who received RAI and those
who did not when stratified by tumor size and tumor stage
after adjustment for confounding variables (Supplementary
Tables S1 and S2; Supplementary Data are available online at
www.liebertpub.com/thy).

The overall median time to first delivery following initial
presentation was significantly longer in women who received
RAI (34.5 versus 26.1 months, p < 0.0001, Fig. 1). When
stratified by age group, women age 20–39 years old who

received RAI experienced a significantly longer median time
to first live birth: age 20–24, 39.3 versus 28.0 months, p <
0.05; age 25–29, 34.7 versus 27.8 months, p < 0.05; age 30–
34, 30.8 versus 23.7 months, p < 0.05; age 35–39, 30.6 versus
24.2 months, p < 0.05 (Fig. 1). p Values remained significant
after adjustment for tumor characteristics, socioeconomic
status, and marital status. When stratified by tumor size and
stage, RAI ablation was still associated with a significant
delay in median time to first live birth after adjustment for
confounding variables among patients with localized and
regional disease (Supplementary Tables S3 and S4).

Discussion

Our analysis of reproductive outcomes in 18,850 women
treated for WDTC demonstrate that RAI ablation was not
associated with decreased overall birthrate. However, in
subgroup analyses, we found a significant 29% reduction in
birthrate among women age 35–39 who received RAI. Ad-
ditionally, women age 20–39 who received RAI experienced
a significant delay in median time to first live birth ranging
from 6 to 11 months. To our knowledge, this is the largest
population-based study to date examining the effects of RAI
on childbirth. Our large sample size permitted age stratifi-
cation while maintaining adequate statistical power. Given
the known age-related changes in female fertility and re-
productive choice, age stratification yielded findings that may
otherwise not have been discernible.

The decreased birthrate observed among women 35–39
years old who received RAI may reflect an effect on

Table 1. Baseline Demographics, All Patients

No RAI
(n = 12022)

Yes RAI
(n = 13211) p Value

Age (years),
mean – SD

49.7 – 16.1 46.3 – 15.4 < 0.0001a

Tumor size, n (%) < 0.0001b

0–9 mm 4451 (40.0%) 2047 (16.2%)
10–19 mm 2680 (24.1%) 4067 (32.1%)
20–39 mm 2653 (23.8%) 4663 (36.8%)
40 + mm 1343 (12.1%) 1884 (14.9%)
Stage, n (%) < 0.0001b

Local 9001 (74.9%) 7440 (56.3%)
Regional 2387 (19.9%) 5059 (38.3%)
Remote 634 (5.3%) 712 (5.4%)
Charlson

comorbidity
score excluding
tumor, mean – SD

0.52 – 1.15 0.38 – 0.89 < 0.0001c

Cancer-related
hospitalization rate
following initial
therapy (# per
patient-year)

0.27 0.27 0.54d

at test.
bv2 test.
cWilcoxon two-sample test.
dNegative binomial regression.
RAI, radioactive iodine; SD, standard deviation.

Table 2. Baseline Demographics, Female Patients

Greater Than Fifteen Years of Age

No RAI
(n = 8967)

Yes RAI
(n = 9883) p Value

Age (years),
mean – SD

48.5 – 15.6 45.5 – 15.0 < 0.0001a

Tumor size, N < 0.0001b

0–9 mm 3552 (42.4%) 1580 (16.7%)
10–19 mm 2078 (24.8%) 3261 (34.4%)
20–39 mm 1955 (23.3%) 3491 (36.8%)
40 + mm 790 (9.4%) 1159 (12.2%)
Stage, n (%) < 0.0001b

Local 7087 (79.0%) 5853 (59.2%)
Regional 1609 (17.9%) 3590 (36.3%)
Remote 271 (3.0%) 440 (4.5%)
Charlson

comorbidity
score excluding
tumor, mean – SD

0.44 – 1.03 0.34 – 0.82 0.0003c

Yost (14) SES
quintiles

< 0.0001b

1st quintile (lowest) 1321 (14.7%) 1178 (11.9%)
2nd quintile 1551 (17.3%) 1685 (17.1%)
3rd quintile 1837 (20.5%) 2087 (21.1%)
4th quintile 1980 (22.1%) 2391 (24.2%)
5th quintile (highest) 2278 (25.4%) 2542 (25.7%)
Marital status

(yes), n (%)
5355 (59.7%) 6202 (62.8%) < 0.0001b

at-test
bv2 test.
cWilcoxon two-sample test
RAI, radioactive iodine; SD, standard deviation; SES, socioeco-

nomic status.
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reproductive choice and/or reproductive health, and is likely
multifactorial. A previous meta-analysis found that although
RAI ablation was not associated with a significant effect on
overall fertility, 8–27% of women experienced absent men-
ses and increased miscarriage rates in the first year after ab-
lation, as well as earlier onset of menopause (12,15). Given
the time frame spanned by our study, the great majority of
women receiving RAI ablation would have done so after
levothyroxine withdrawal. Levothyroxine withdrawal obli-
gates a period of thyrotropin instability following abla-
tion, during which fertility may be compromised or not
recommended (16). Patients of older reproductive age may be
less able to tolerate these physiologic effects of RAI ablation.
A delay in median time to childbirth combined with early
onset of menopause may extend female patients age 35–39
beyond a critical period of fertility, leading to decreased
birthrate (17).

We recognize the potential impact of thyroid cancer and
treatment on reproductive choice. The overall and age-
specific birthrates found in our study population were lower
than contemporaneous U.S national birthrates for women
who received RAI ablation and those who did not (Table 3)
(18). This is consistent with prior studies demonstrating re-
duced childbearing in a number of chronic diseases (19,20).
Thus, factors universally related to chronic disease that neg-
atively impact reproductive choice, such as increased finan-
cial burden or psychological stress and anxiety, likely also
affect patients with thyroid cancer. Nonetheless, decreased

birthrates compared to the general population following
thyroid cancer diagnosis have not been previously observed.
Further studies are indicated to address whether factors
specific to thyroid cancer affect reproductive choice, fertility,
or reproductive health. To address potential confounding of
increased disease severity on reproductive choice, we strati-
fied patients by tumor size and stage. We demonstrate no
difference in birthrate between women who received RAI
and those who did not across all tumor sizes and stages after
adjusting for confounding variables; this suggests that disease
severity did not significantly impact our findings. Moreover,
the analyses were adjusted for tumor size and stage, and by
excluding patients who required chemotherapy or external
beam radiation. The analyses were also adjusted for marital
status and SES, both of which are known to influence re-
productive choice.

The pattern of delayed childbearing we observed among
women receiving RAI ablation is not entirely explained by
compliance with physician recommendations to defer preg-
nancy after RAI ablation. Clinicians commonly recommend
delaying pregnancy by 6 months after RAI ablation, in keeping
with the 2009 American Thyroid Association guidelines (21).
In clinical practice, the waiting period recommended by
clinicians may extend to 12 months, and may account for the
observed delayed childbearing. The median time to first live
birth among women who did not receive RAI was 26.1
months, implying that attempts to conceive generally oc-
curred 14 to 17 months after diagnosis (22). Assuming equal

FIG. 1. Median time from pre-
sentation to first live birth.

Table 3. Birthrates by Age Group and Radioiodine Treatment Compared to National U.S. Birthrates

No RAI Yes RAI

Age group
(years)

Women with
WDTC

(live births)

Live births
per 1000

woman-years

Women with
WDTC

(live births)

Live births
per 1000

woman-years
Unadjusted

p value
Adjusted
p valuea

1999–2008
U.S. national

birthrate
(births per 1000

woman-years) (18)

15–19 120 (24) 44.8 218 (35) 35.0 0.89 0.86 42.8 – 3.2
20–24 361 (106) 64.7 483 (125) 58.9 0.24 0.84 104.5 – 2.8
25–29 544 (145) 57.9 756 (236) 65.6 0.62 0.53 115.4 – 2.2
30–34 743 (136) 39.3 1042 (212) 42.1 0.49 0.14 95.0 – 4.3
35–39 977 (73) 16.3 1222 (65) 11.5 < 0.001 < 0.01 43.7 – 3.6
40 + 6222 (11) 0.4 6162 (11) 0.4 0.68 0.69 —

aNegative binomial regression, adjusted for tumor size, tumor stage, socioeconomic status (SES), marital status.
RAI, radioactive iodine; WDTC, well-differentiated thyroid cancer.
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desire for pregnancy, a 6- or even 12-month physician-
recommended waiting period for women receiving RAI ab-
lation would still leave ample time for them to conceive and
deliver a child within 26.1 months, thereby ‘‘keeping pace’’
with the non-RAI group. The 8.4-month delay observed in
women receiving RAI involves attempts to conceive well
beyond the physician-recommended waiting period, sug-
gesting that factors beyond adherence to physician rec-
ommendations are at play. These factors remain to be
identified.

The observed delay in childbearing after RAI ablation is
likely unrelated to increasing disease severity. When strati-
fied by tumor size, a significant increase in time to first live
birth was still noted among all tumor sizes, including tumors
< 1 cm, after adjusting for confounding variables. Moreover,
when stratified by tumor stage, patients with localized or
regional disease both demonstrated a significantly increased
median time to first birth. Although subgroup analysis of pa-
tients with metastatic disease found no significant difference
in time to first live birth, this is likely attributable to the small
number of live births (n = 2) were observed among women
who did not receive RAI for metastatic thyroid cancer.

Nononcologic complications of RAI ablation are limited
and carry a smaller negative health impact than oncologic
complications. In our study, the only significant non-
oncologic complication identified was nasolacrimal stenosis,
which occurred in less than 1% of patients who received
ablation. Other series have reported nasolacrimal stenosis in
2–5% patients receiving RAI for thyroid cancer (23,24). We
did not observe other common, previously identified com-
plications of RAI, namely xerostomia, sialadenitis, and xe-
rophthalmia (2,24,25). This was likely due to incomplete
capture of conditions managed primarily on an outpatient
basis. In contrast, oncologic complications of RAI are well
captured by cancer registries; RAI is associated with a
modest increase in the rate of salivary gland tumors and
leukemias, as well as a modest increased relative risk (1.5–
2.3) for gastric, renal, and breast cancers compared to the
general population (10,26).

Our study is limited by its retrospective design and 10-
year study period, because late complications occurring
beyond 10 years after RAI therapy were not assessed. Be-
cause outpatient data were only incorporated after 2005,
whereas California begun to allow outpatient RAI treat-
ment in 1998, patients receiving RAI on an outpatient basis
may be incompletely captured. Furthermore, the CCR and
OSPHD databases did not document the dose of RAI re-
ceived or any subsequent RAI administration after the first
course of therapy, prohibiting use of these factors as pre-
dictor variables. A lack of detailed reproductive health data
in CCR and OSPHD databases barred us from controlling
for contraceptive use, previous births/miscarriages, and pre-
existing gonadal dysfunction, all of which can influence
childbirth (27). Finally, suppression of thyrotropin levels
in women can lead to mild menstrual disturbances that
may affect time to childbirth (28). The absence of bio-
chemical data in CCR and OSPHD did not permit us control
for degree of thyrotropin suppression between treatment
groups.

Women younger than 45 years old account for one-third
of new thyroid cancer diagnoses (1). The effects of RAI on
female reproductive outcomes described herein may sup-

plement other clinico-pathologic factors influencing the
decision to proceed with RAI ablation after surgery for
WDTC. A growing body of evidence supports limited/se-
lective use of RAI in low-risk thyroid cancer patients (10).
Further studies are indicated to evaluate the effect of RAI
ablation on women of advanced maternal age in whom we
observed reduced childbearing rates. These findings may be
potentially attributable to either an inability to tolerate a
delay in childbearing, either due to physician recommen-
dation or impact of RAI on reproductive choice, or an ad-
ditive or threshold effect of RAI upon reduced childbearing
potential.
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