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Maternal hypothyroidism has previously been shown to increase risk for neonatal intensive care treatment, but

otherwise the association between thyroid diseases and neonatal morbidity is understudied. The Consortium on
Safe Labor, a retrospective cohort (2002—2008), included 223,512 singleton deliveries of which 0.2% had hyper-
thyroidism, 1.4% primary and 0.1% iatrogenic hypothyroidism, and 1.3% other/unspecified thyroid disease. Logis-
tic regression with generalized estimating equations estimated adjusted odds ratios of adverse outcomes.
Intensive care treatment was more common for neonates of women with thyroid disease. Hyperthyroidism and
primary hypothyroidism were associated with sepsis, respiratory distress syndrome, transient tachypnea, and
apnea. latrogenic hypothyroidism was associated with sepsis and neonatal anemia. Hyperthyroidism was also
associated with rare outcomes (prevalence, <1%) including cardiomyopathy, retinopathy of prematurity, and neo-
natal thyroid diseases. Hyperthyroid non-Hispanic black women had higher odds of term infants that weighed
<2,500 g, and hypothyroid non-Hispanic white women had higher odds of large-for-gestational-age infants. These
analyses were stratified by race/ethnicity due to interaction. Associations were similar in analyses restricted to
term infants. In conclusion, thyroid diseases were associated with increased neonatal morbidity. Although we
lacked data on treatment during pregnancy, these nationwide data suggest a need for better thyroid disease man-
agement to reduce neonatal morbidity.

anemia, neonatal; birth weight; intensive care, neonatal; pregnancy; respiratory distress syndrome, newborn;

thyroid diseases

Abbreviation: NICU, neonatal intensive care unit.

Maternal thyroid disease in pregnancy is common, with
hypothyroidism affecting 2.0%—2.5% and hyperthyroidism
up to 0.5% of all pregnancies (1). If untreated, overt thyroid
disease is associated with an increased risk of obstetrical and
labor complications such as fetal losses (1), hypertensive
disorders during pregnancy (2), and preterm birth (1), and
adequate treatment has been shown to reduce these risks (3, 4).
There is no consensus regarding diagnosis and treatment of
subclinical hypothyroidism during pregnancy, as data on the
effectiveness of treatment to reduce adverse outcomes are
limited (1, 5).

Hyperthyroidism has been associated with intrauterine
growth restriction and low birth weight (6-8), which is
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probably at least partly due to increased risk of preterm birth
and hypertension in pregnancy (1, 2). Maternal thyroid
hormone excess without symptoms of hyperthyroidism (i.e.,
thyroid hormone resistance) also has independent detrimen-
tal effects on fetal growth by causing a thyrotoxic and cata-
bolic state in the fetus (9).

Thyroid hormones are essential for maintaining normal
growth and development (10), but the reported associations
between both overt and subclinical hypothyroidism and
birth weight are inconsistent as some studies show no associ-
ation (11-18), while others report an increased incidence
of low birth weight (19-21) or higher birth weight (22).
Since the fetus is completely dependent on maternal thyroid
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hormones in the first trimester and partially so after forma-
tion of the fetal thyroid gland (23), suboptimal maternal
thyroid function might adversely affect neonatal health and
is associated with poorer neuropsychological development
in children (24).

Previous studies have found an association between
maternal hypothyroidism and neonate admission to intensive
care units (11, 12), and subclinical hypothyroidism has been
associated with increased rates of respiratory distress syndrome
(11), but these reports did not evaluate other thyroid dis-
eases. Other studies have been underpowered to evaluate the
association between thyroid diseases and low birth weight at
term or less common neonatal outcomes (7, 8, 11, 12).

Given the sometimes conflicting findings of smaller
studies and lack of data on many neonatal outcomes, we
studied the effect of maternal thyroid diseases on birth
weight and neonatal morbidity and mortality in a large,
diverse US cohort with 223,512 singleton deliveries.

MATERIALS AND METHODS

The Consortium on Safe Labor was a large, racially/
ethnically diverse observational cohort from 2002 to 2008
including 12 clinical centers comprising 19 hospitals (8
university-affiliated teaching hospitals, 9 teaching commu-
nity hospitals, and 2 nonteaching community hospitals; refer
to the Acknowledgements section for a list of locations).
Births at >23 weeks of gestation were included, resulting
in a total of 228,562 deliveries with 233,736 newborns
(including multiples), with 87% of births occurring between
2005 and 2007 (25). We restricted this analysis to singleton
pregnancies (n=223,512) among 204,180 women because
risks and prevalence of neonatal complications are higher
among multiples than in singletons. Most women (n = 185,785;
91.0%) contributed only 1 pregnancy.

Detailed information was extracted from electronic med-
ical records including maternal demographic characteristics;
medical, reproductive, and prenatal history; labor and deliv-
ery summary; and neonatal outcomes and classified into pre-
defined categories. Maternal and neonatal discharge summaries
(with International Classification of Diseases, Ninth Revi-
sion, codes) were linked to each delivery and infant. The
Consortium on Safe Labor was approved by the institutional
review boards of all participating institutions. Data linkage,
cleaning, recording, and validation have been previously
described (25).

Thyroid diseases

Maternal thyroid disease diagnoses were established by
using discharge diagnoses and notation in the medical
record of nonspecific “history of thyroid disease.” No treat-
ment or laboratory data were available in the Consortium on
Safe Labor. Wherever available, the discharge diagnoses
were used to categorize disease status (refer to Web Table 1
available at http:/aje.oxfordjournals.org/ for definitions):

1. No thyroid disease, no indication of thyroid disease in
discharge records or medical charts (n =216,901).

2. Primary hypothyroidism (n = 3,183).

3. latrogenic hypothyroidism (hypothyroidism due to sur-
gery or other treatment) (n = 178).

4. Hyperthyroidism (n =417).

5. Other or unspecified thyroid diseases: simple or nontoxic
goiter (n=88), thyroiditis (n=66), other thyroid disor-
ders including benign and malignant thyroid nodules
(n=109), and medical record mention of history of
thyroid disease or unspecified discharge diagnosis code
(n=2,570), for a total of 2,833.

Once a thyroid disease diagnosis was recorded, it was
deemed to affect all subsequent pregnancies. Since 2002
(during the Consortium on Safe Labor data collection), the
American College of Obstetricians and Gynecologists has
recommended screening pregnant women for thyroid dis-
eases only if they had a personal history of thyroid disease
or symptoms of thyroid disease (26).

Covariate data

Medical record data included maternal race/ethnicity, age,
parity, insurance type, prepregnancy body mass index
(weight (kg)/height (m)?), and smoking during pregnancy.
History of chronic diseases (diabetes, hypertension, asthma,
depression, and chronic heart, gastrointestinal, or renal
disease) was as recorded in the medical record and supple-
mented with discharge diagnoses (Web Table 1). Once a
mother was diagnosed with a chronic disease, all subsequent
pregnancies were assumed to be affected.

Outcome data

Gestational age was determined by best obstetric estimate
as recorded in the medical record. Gestational age—specific
birth weight percentiles were separately calculated for male
(n=112,714; 51.0%) and female (n=107,833; 48.8%)
infants after excluding missing or improbable birth weights
(n=2,649; 1.2%) and infants with ambiguous or unknown
sex (n=316; 0.1%). “Appropriate for gestational age” was
birth weight between the 10th and 90th percentiles per ges-
tational week, “small for gestational age” was birth weight
<10th percentile, and “large for gestational age” was birth
weight >90th percentile per gestational week (Web Table 2).

Separate estimates of low (<2,500 g) and high (>4,000 g)
absolute birth weights were established for term infants
(born at >37 but <42 weeks’ gestation) after excluding
missing and improbable values of birth weight and fetal sex.

Perinatal mortality was defined as intrauterine deaths,
intrapartum deaths, or deaths during the first 7 days of neo-
natal intensive care unit (NICU) admission. Neonates requir-
ing resuscitation or NICU treatment, the length of stay in the
NICU if admitted, and the level of resuscitation needed were
extracted from the medical charts.

Neonatal outcomes that were extracted from both medical
records and discharge diagnoses included respiratory dis-
tress syndrome, intracerebral hemorrhage, seizures, oliguria,
cardiomyopathy, peri- or intraventricular hemorrhage, nec-
rotizing enterocolitis, retinopathy of prematurity, sepsis,
transient tachypnea, anemia, apnea, asphyxia, infectious
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pneumonia, and aspiration (Web Table 1). Neonatal thyroid
diseases were extracted by using only discharge data.

Statistical analyses

Pregnancy was the unit of analysis for all statistical
testing. For rare outcomes (prevalence in the Consortium on
Safe Labor, <1%), we combined cases of primary and iatro-
genic hypothyroidism (total n =3,361) to increase the power
of the analyses.

Linear (for continuous data) or logistic (for binary or
count data) regression with generalized estimating equations
was used for significance testing with results presented as
2-sided P values or odds ratios with 95% confidence inter-
vals. Generalized estimating equations were used with a
first-order autoregressive structure correlation matrix to
account for correlations between pregnancies to the same
mother. All analyses were adjusted for site, and full models
were also adjusted for maternal age, race/ethnicity, parity,
insurance status, smoking, and presence of other chronic dis-
eases. Site-adjusted and fully adjusted results were similar,
and the site-adjusted results are presented as Web Tables 3-5.

Maternal race/ethnicity was a significant effect modifier
(P < 0.001) in analyses estimating the association between
thyroid diseases and birth weight. Hence, we stratified the
data by maternal race/ethnicity. These analyses were adjusted
for the same covariates as the main analyses, with the excep-
tion of maternal race/ethnicity.

Sensitivity analyses were conducted to address missing
data, which were often clustered by site. Missing demo-
graphic data were treated as an unknown category in the
main analyses. With respect to outcomes, some sites did not
report apnea (9.2% missing) or level of resuscitation (1%
missing among infants needing resuscitation), so we
restricted those analyses only to sites that reported those out-
comes. Second, data were restricted to women without any
missing data. Third, we evaluated the impact of patient pre-
pregnancy weight. Although maternal overweight and obe-
sity are important risk factors for several outcomes studied,
thyroid diseases are known to cause weight gain or loss. As
such, maternal weight was regarded as an intermediate in the
thyroid disease-outcome pathway and adjustment for weight
would have introduced bias in the analyses (27). To assess
the robustness of our findings with respect to maternal
weight, we repeated the analyses restricting to women with a
normal prepregnancy body mass index (18.5-24.99 kg/m?).
As thyroid diseases can increase the risk of preterm birth (1)
and the neonatal outcomes under study are more prevalent in
preterm infants, we restricted the analysis to term births
(born at >37 but <42 weeks’ gestation) to estimate whether
the observed associations persisted among babies born at
term. All statistical analyses were performed by using SAS,
version 9.3, software (SAS Institute, Inc., Cary, North
Carolina).

RESULTS

The prevalence of thyroid disease was 0.2% hyper-
thyroidism, 1.4% primary hypothyroidism, 0.1% iatrogenic
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hypothyroidism, and 1.3% other or unspecified thyroid dis-
ease. Women with thyroid diseases were older, more often
multiparous, and more likely to have additional chronic dis-
eases than women without thyroid diseases (Table 1). Women
with hypothyroidism and other or unspecified thyroid disease
were heavier, more likely to be non-Hispanic white, and to
have private insurance than those without thyroid diseases.
Women with primary hypothyroidism and other or unspeci-
fied thyroid disease were less often smokers.

Hyperthyroidism

Neonates of women with hyperthyroidism were more
likely to need resuscitation in the delivery room and to be
admitted to the NICU (Table 2). Once admitted to the
NICU, the infants of hyperthyroid women had nonsignifi-
cantly longer median length of stay than did infants of
women without thyroid diseases. Neonates of hyperthyroid
women had from 1.6- to 2.0-fold odds of respiratory distress
syndrome, transient tachypnea, apnea, and sepsis (Table 2),
as well as increased odds of cardiomyopathy, retinopathy of
prematurity, and neonatal thyroid disease (Table 3).

Primary hypothyroidism

Neonates of women with primary hypothyroidism more
often needed NICU treatment and had from 1.3- to 1.4-fold
increased odds for neonatal sepsis, respiratory distress syn-
drome, transient tachypnea of the newborn, and apnea
(Table 2).

latrogenic hypothyroidism

Neonates of women with iatrogenic hypothyroidism had
higher odds of being admitted to the NICU, sepsis, and
anemia (Table 2). Many associations between iatrogenic
hypothyroidism and neonatal morbidity had a stronger mag-
nitude than primary hypothyroidism, although the confi-
dence intervals did slightly overlap.

Hypothyroidism was not associated with any of the rare
outcomes studied (Table 3).

Other or unspecified thyroid disease

Other or unspecified thyroid diseases were associated
with higher odds of neonates being admitted to the NICU
and with apnea (Table 2). No association was seen with the
rare neonatal outcomes (Table 3).

Birth weight

Non-Hispanic black women with hyperthyroidism had
increased odds of low-birth-weight infants at term, and infants
of Hispanic women with hyperthyroidism had increased odds
of being small for gestational age compared with non-
Hispanic black women or Hispanic women without thyroid
diseases (Table 4).

The odds of infants being large for gestational age were
higher in non-Hispanic white women with hypothyroidism
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Table 1. Singleton Pregnancy Demographic Data® by Thyroid Disease Status in the Consortium on Safe Labor, 2002—-2008
NoTwrobsense P 0 wypertyoden  Unspecie
’ (n=3,183) (n=178) Disease (n=2,833)
No. % No. % No. % No. % No. %
Pregnancies contributed
1 198,265 914 2,829 88.9 145 81.5 357 85.6 2,577 91.0
2 17,726 8.2 338 10.6 32 18.0 51 12.2 240 8.5
>3 910 0.4 16 0.5 1 0.6 9 2.2 16 0.6
Prepregnancy weight®
Underweight 7,804 3.6 87 2.7 5 2.8 14 3.4 89 3.1
Normal weight 76,917 35.5 1,003 31.5 53 29.8 111 26.6 1,027 36.3
Overweight 32,358 14.9 528 16.6 25 14.0 55 13.2 533 18.8
Obese 15,232 7.0 257 8.1 21 11.8 27 6.5 248 8.8
Morbidly obese 11,630 5.4 244 7.7 17 9.6 27 6.5 246 8.7
BMI unknown 72,960 33.6 1,064 33.4 57 32.0 185 44 .4 690 24.4
Nulliparous 87,127 40.2 1,118 35.1 55 30.9 132 31.7 809 28.6
Race/ethnicity
Non-Hispanic white 105,802 48.8 2,420 76.0 127 71.4 189 45.3 1,965 69.4
Non-Hispanic black 49,588 229 209 6.6 27 15.2 144 34.5 294 10.4
Hispanic 38,380 17.7 300 9.4 14 7.9 48 115 327 115
Asian/Pacific Islander 8,977 41 109 3.4 4 2.3 20 4.8 101 3.6
Other 5,202 2.4 32 1.0 2 1.2 3 0.7 57 2.0
Unknown 89,521 41 113 3.6 4 2.3 13 3.1 89 3.1
Health insurance
Private 120,044 55.4 2,412 75.8 144 80.9 227 54.2 2,140 75.5
Public or self-pay 73,608 33.9 483 15.2 29 16.3 161 38.6 584 20.6
Other 310 0.1 6 0.2 0.6 2 0.5 0 0
Unknown 22,939 10.6 282 8.9 4 23 27 6.5 109 3.9
Any chronic disease® 35,233 16.2 829 26.0 47 26.4 125 30.0 590 20.8
Smoking 14,591 6.7 144 45 12 6.7 43 10.3 143 5.1

Abbreviations: BMI, body mass index; SD, standard deviation.

2 Age is missing for 0.1% of observations. Maternal age is expressed in years as the mean (SD): for no thyroid disease, 27.5 (6.2); for primary
hypothyroidism, 31.5 (5.3); for iatrogenic hypothyroidism, 31.0 (5.3); for hyperthyroidism, 28.9 (5.9); and for other or unspecified thyroid disease,

30.4 (5.6).

b Maternal prepregnancy weight is calculated as BMI (weight (kg)/height (m)?) and is categorized as underweight if BMI < 18.5; normal weight if
BMI = 18.5-24.9; overweight if BMI = 25.0-29.9; obese if BMI = 30.0-34.9; and morbidly obese if BMI > 35.0.
¢ Chronic diseases include depression; asthma; diabetes; heart, renal, or gastrointestinal disease; and hypertension.

or other or unspecified thyroid disease compared with non-
Hispanic white women without thyroid diseases (Table 4).

Conversely, higher odds of small for gestational age were seen
in infants of hypothyroid non-Hispanic black women compared
with those of non-Hispanic black women without thyroid dis-
eases. Hispanic women with hypothyroidism had increased
odds of having infants with low birth weight at term compared
with Hispanic women without thyroid disease (Table 4).

Sensitivity analyses

In the sensitivity analyses restricted to sites with complete
reporting of outcome and exposure data, with no missing

data on outcomes or covariates (complete case analyses) or
among normal weight women, the results generally remained
similar, although some loss of precision was observed
because of diminished statistical power.

Most associations were similar in the main analyses and
among the term births, suggesting that the associations of
thyroid diseases and adverse neonatal outcomes were not
solely due to an increased risk of preterm birth. In fact, the
association between neonatal anemia and iatrogenic hypo-
thyroidism and those between respiratory distress syndrome,
apnea, retinopathy of prematurity, and hyperthyroidism were
higher in term infants (data not shown). When restricting the
birth weight analyses to term births, we noted that the
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Table 2. Singleton Neonatal Outcomes Associated With Maternal Thyroid Diseases in the Consortium on Safe Labor, 2002—2008

No Thyroid Disease Primary Hypothyroidism latrogenic Hypothyroidism Hyperthyroidism Other or Unspecified Thyroid
Neonatal Complications (n=216,901) (n=3,183) (n=178) (n=417) Disease (n=2,833)
No. %  aOR* No. %  aOR? 95% CI No. % aOR?® 95% CI No. %  aOR? 95% CI No. %  aOR? 95% CI
Perinatal mortality 1,421 0.7 1.00 16 05 093 0.57,1.53 1 06 1.05 0.15,7.35 5 1.2 182 0.74,4.44 19 0.7 115 0.72,1.82
Neonatal resuscitation 49,508 228 1.00 894 281 1.05 095,115 65 365 143 098,209 113 271 1.41 1.10,1.80 885 312 0.98 0.89, 1.08
Level of resuscitation 3,647 1.7 1.00 74 23 1.07 0.84,1.36 6 3.4 156 0.66,3.68 12 29 1.72 0.95,3.11 46 1.6 1.02 0.75,1.37
CPAP or higher®
Nel\(l)lrglltJec admitted to 26,317 121 1.00 434 136 122 1.10,1.35 34 191 1.71 1.16,2.51 87 209 166 1.30,212 373 132 1.13 1.01,1.26
Respiratory distress 7058 33 100 128 4.0 129 1.08,1.55 11 6.2 1.82 0.97,3.41 28 6.7 177 120,261 110 39 1.18 0.98,1.44
syndrome
Apnead 4,532 23 1.00 91 29 1.34 1.08,1.66 7 39 170 077,375 23 56 201 131,307 66 27 141 1.10,1.81
Transient tachypnea 7,743 36 100 146 46 129 1.09,1.53 9 51 141 071,277 27 65 158 1.07,235 88 3.1 0.97 0.78,1.20
Sepsis 6,017 28 1.00 99 3.1 142 1.16,1.74 12 6.7 286 158,517 22 53 161 1.03,249 79 28 125 0.991.57
Anemia 4,058 1.9 1.00 68 21 1.28 1.00,1.64 9 51 266 1.32,5.39 16 3.8 155 094,257 56 20 1.18 0.90,1.55

Abbreviations: aOR, adjusted odds ratio; ClI, confidence interval; CPAP, continuous positive airway pressure; NICU, neonatal intensive care unit.

@ aORs are obtained from multivariate logistic regression with generalized estimating equations to account for correlated data. All results are adjusted for site, maternal age, insurance
status, parity, smoking, race/ethnicity, and other chronic diseases.

b Level of resuscitation is missing for 498 infants with documented need of resuscitation.

¢ Once the infant was admitted, the median length of NICU stay (minimum — maximum) was 7.0 days (0—483 days) if the mother did not have thyroid disease; 7.7 days (0—189 days) if the
mother had primary hypothyroidism; 8.0 days (1-99 days) if the mother had iatrogenic hypothyroidism; 10.0 days (0—131 days) if the mother had hyperthyroidism; and 7.0 days (0—175 days) if
the mother had other or unspecified thyroid disease. The differences were not statistically significant when comparing the length of NICU stay of infants of mothers with thyroid disease with
those of mothers without thyroid disease.

9 Apnea information is missing for all observations from 1 study site (n=20,596).
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Table 3. Rare Neonatal Outcomes of Pregnancies Associated With Maternal Thyroid Diseases in the Consortium on Safe Labor, 2002—2008

No Thyroid Disease Hypothyroidism Hyperthyroidism Other or Unspecified Thyroid Disease
Rare Neonatal Complications (n=216,901) (n=3,361) (n=417) (n=2,833)
No. % aOR® No. % aOR? 95% Cl No. % aoOR?® 95% CI No. % aOR? 95% CI

Peri- or intraventricular hemorrhage 1,266 0.58 1.00 26 0.77 1.40 0.94,2.08 5 1.2 1.57 0.64, 3.83 14 0.49 1.04 0.61,1.76
Intracerebral hemorrhage 558  0.26 1.00 7 0.21 1.25 0.59, 2.66 0 0 N/A 6 0.21 0.91 0.41,2.03
Seizure 461 0.21 1.00 4 0.12 0.68 0.25,1.85 0 0 N/A 4 0.14 0.75 0.28,2.00
Oliguria 85 0.04 1.00 1 0.03 0.72 0.10,5.24 0 0 N/A 1 0.04 1.37 0.19,10.1
Cardiomyopathy 200 0.09 1.00 2 0.06 3.34 0.80, 14.0 1 0.24 10.3 1.33,79.1 8 0.28 2.00 0.97,4.12
Necrotizing enterocolitis 439 0.20 1.00 6 0.18 1.19 0.53,2.67 2 0.48 2.09 0.51,8.61 8 0.28 1.61 0.80, 3.26
Retinopathy of prematurity 973 0.45 1.00 16 0.48 1.27 0.77,2.11 6 1.44 2.35 1.04,5.32 14 0.49 1.58 0.92,2.70
Asphyxia 572  0.26 1.00 8 0.24 0.92 0.45,1.86 3 0.72 223 0.71,6.94 7 0.25 0.92 0.43,1.96
Aspiration with or without pneumonia 1,113 0.51 1.00 10 0.30 0.59 0.31,1.10 2 0.48 0.87 0.22,3.52 19 0.67 1.31 0.83,2.08
Infective pneumonia 1,377  0.63 1.00 18 0.54 0.74 0.47,1.19 4 0.96 127  0.47,3.42 24 0.85 1.38 0.92,2.08
Neonatal thyroid disease” 51 0.02 1.00 3 0.09 2.87 0.88,9.35 7 1.68 443 19.5,100 1 0.04 1.96 0.26,14.7

Abbreviation: aOR, adjusted odds ratio; Cl, confidence interval; N/A, not applicable.

2 aORs are obtained from multivariate logistic regression with generalized estimating equations to account for correlated data. All results are adjusted for site, maternal age, insurance
status, parity, smoking, race/ethnicity, and other chronic diseases.

P The respective number of neonates with congenital hypothyroidism and neonatal thyrotoxicosis was 49 (0.02%) and 2 (0.00%) among neonates of women without thyroid disease; 2
(0.06%) and 1 (0.03%) among neonates of mothers with hypothyroidism; 4 (0.96%) and 3 (0.72%) among neonates of mothers with hyperthyroidism; and 0 (0.00%) and 1 (0.04%) among
neonates of women with other or unspecified thyroid disease.
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Table 4. Association of Maternal Thyroid Diseases and Indicators of Fetal Growth in the Consortium on Safe Labor (2002—2008), Stratified by Race/Ethnicity

No Thyroid Disease Hypothyroidism Hyperthyroidism Other or Unspecified Thyroid
(n=216,901) (n=3,361) (n=417) Disease (n=2,833)
No. % aOR? No. % aOR 95% Cl No. % aOR 95% Cl No. % aOR 95% Cl

Non-Hispanic white
Term birth weight, <2,500 g° 1,528 1.6 1.00 35 1.6 1.14 0.81,1.60 5 3.1 1.78 0.74,4.30 26 1.5 1.05 0.71,1.56
Term birth weight, >4,000 g° 8,751 9.3 1.00 246 11.2 1.06 0.92,1.21 14 8.8 0.87 0.50, 1.50 178 10.3 1.1 0.95,1.31

Small for gestational ageb 8,256 7.8 1.00 171 6.7 1.05 0.89,1.23 18 9.5 1.29 0.79,2.10 141 7.2 1.06 0.89,1.26
Large for gestational ageb 11,823 11.2 1.00 379 14.9 1.15 1.02,1.29 23 12.2 0.98 0.63, 1.51 265 13.5 1.19 1.04,1.36
Non-Hispanic black
Term birth weight, <2,500 g 1,509 37 1.00 8 4.6 1.32 0.64,2.70 9 9.1 2.72 1.37,5.39 1 0.5 0.12 0.02,0.84
Term birth weight, >4,000 g 2,270 5.6 1.00 6 34 0.48 0.21,1.10 3 3.0 0.51 0.16, 1.59 12 5.5 0.82 0.46,1.47
Small for gestational age 7,179 145 1.00 43 18.2 1.50 1.07,2.10 18 125 0.99 0.61,1.62 43 14.7 1.06 0.76, 1.48
Large for gestational age 3,589 7.3 1.00 17 7.2 0.82 0.50, 1.36 14 9.7 1.22 0.69, 2.15 19 6.5 0.77 0.48,1.26
Hispanic
Term birth weight, <2,500 g 690 2.1 1.00 10 3.9 1.94 1.00, 3.77 1 3.1 1.15 0.14,9.17 5 1.8 0.95 0.39,2.31
Term birth weight, >4,000 g 2,859 8.6 1.00 28 10.9 1.25 0.83, 1.90 0 0 N/A 28 10.2 0.96 0.65, 1.43
Small for gestational age 3,669 9.6 1.00 32 10.2 1.17 0.80,1.73 9 19.6 2.29 1.10,4.74 23 71 0.83 0.54,1.28
Large for gestational age 3,972 10.4 1.00 47 15.0 1.37 0.99, 1.91 4 8.7 0.85 0.31,2.32 54 16.6 1.33 0.98, 1.80

Abbreviations: aOR, adjusted odds ratio; Cl, confidence interval; N/A, not applicable.

@ aORs are obtained from multivariate logistic regression with generalized estimating equations to account for correlated data. All results are adjusted for site, maternal age, insurance
status, parity, smoking, and other chronic diseases.

b Birth weight was missing or improbable for 2,649 (1.2%) observations and excluded from all analyses; 41,990 preterm births are excluded from the analysis of term birth weight. All babies
with unknown or ambiguous sex (n=316) are excluded.
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association between hyperthyroidism and small for gesta-
tional age in Hispanic women became nonsignificant (data
not shown), indicating that the association might have been
a product of early birth.

DISCUSSION

In this large, contemporary, nationwide cohort study from
the United States, we found that infants born to women with
thyroid diseases were more likely to need NICU admission
and to have higher rates of respiratory distress syndrome,
transient tachypnea, apnea, sepsis, and anemia than neonates
of women without thyroid diseases. Hypothyroidism was
associated with a higher rate of large-for-gestational-age
infants in non-Hispanic white women, whereas hyperthy-
roidism was associated with increased odds of infants being
low birth weight at term in non-Hispanic black women.

Our findings that infants born to women with any thyroid
disease were more likely to be admitted to the NICU are con-
sistent with those from a study by Casey et al. (11), where
NICU admission was associated with subclinical hypothy-
roidism, but to our knowledge our study is the first to show
this association with the other thyroid diseases. In addition,
our novel finding that infants of hyperthyroid women were
more likely to need resuscitation in the delivery room was
not surprising since delivery room resuscitation is associated
with increased risk for NICU admission. Perhaps our study
was able to find this association because of the large num-
bers and the detailed information provided by the medical
records that other studies have not had.

We also found an increased odds for several specific neo-
natal morbidities, including respiratory distress syndrome,
apnea, and transient tachypnea of the newborn among
infants of women with hyperthyroidism and primary hypo-
thyroidism, increased odds of sepsis among those of women
with hyperthyroidism and any hypothyroidism, and a higher
rate of neonatal anemia among infants of women with iatro-
genic hypothyroidism, when women without thyroid dis-
eases were compared. We also studied very rare neonatal
outcomes and found that hyperthyroidism was associated
with cardiomyopathy and retinopathy of prematurity.

Our results support those of Casey et al. (11) who found
increased prevalence of respiratory distress syndrome in
infants of women with subclinical hypothyroidism. Our
results are novel for the other outcomes, as our study has
both sufficient power and detailed data to study the associa-
tion of a spectrum of maternal thyroid diseases and neonatal
outcomes.

It may be that thyroid diseases are associated with these
outcomes through the mediating effects of preterm birth (1)
although, in our analyses restricted to term births, that did
not seem to be the case. We acknowledge the fact that such
restriction may cause bias due to unmeasured confounding,
although we presume the bias to be smaller in term than in
preterm pregnancies (28, 29). As thyroid hormones cross the
placenta and the fetus is totally dependent on the maternal
thyroid hormone supply in early pregnancy (23), a direct
effect of thyroid hormone deficiency or excess on fetal
development is plausible.

We also observed that neonates of women with hyperthy-
roidism had higher odds of neonatal thyroid diseases, both
congenital hypothyroidism and neonatal thyrotoxicosis.
Both are known complications of the passage of thyroid-
stimulating or -inhibiting antibodies through the placenta to
the fetus (30). Such antibodies can be detected with high
titers even in controlled hyperthyroid pregnancies and may
affect fetal growth and development (30).

We observed significant racial/ethnic variation in the
association between thyroid diseases and birth weight.
Increased odds of large-for-gestational-age infants were
observed in non-Hispanic white women with hypothyroid-
ism compared with non-Hispanic white women without
thyroid disease. However, non-Hispanic black women with
hypothyroidism had increased odds of small-for-gestational-
age infants, and Hispanic women with hypothyroidism had
higher odds of infants with low birth weight at term. These
observed associations between hypothyroidism and small
for gestational age and low birth weight at term in non-
Hispanic black and Hispanic women might be attributable to
other, unmeasured factors than hypothyroidism. Hyperthy-
roidism was associated with low term birth weight in non-
Hispanic black women and small-for-gestational-age infants
in Hispanic women.

Hypothyroidism is associated with increased risk of gesta-
tional diabetes (12, 31), which might explain the currently
observed association with large-for-gestational-age infants.
Minnisté et al. (22) have previously shown that infants
of hypothyroid women have a higher ponderal index, also
supporting our current results. The association between
hyperthyroidism and low birth weight is also previously
established (6-8), and it has been speculated that it might be
due to preterm births. Our study is the first to show that
hyperthyroidism leads to low birth weight in term infants,
although the risk was statistically significant only in non-
Hispanic black women. Our results are supported by those
of Anselmo et al. (9), who found that thyroid hormone
excess without maternal symptoms (i.e., in women with
thyroid hormone resistance) increased the risk of intrauterine
growth restriction, possibly by causing a catabolic state in
the fetus.

Maternal hypothyroidism has been associated with a
lower intelligence quotient and poorer motor development
in children (24, 32), but whether such association is due to
hypothyroidism itself or due to prematurity and neonatal
morbidity associated with prematurity is currently unstudied.
Our study suggests that long-term morbidity could be influ-
enced by poor neonatal health, as well as by maternal
thyroid function.

The strength of our study was its large, contemporary, and
nationwide data collection with sufficient power to study
even rare outcomes with the ability to evaluate and adjust
for confounding factors. We were able to separate primary
and iatrogenic hypothyroidism for some, but not all, out-
comes due to lack of power for rare outcomes or stratified
analyses. The prevalence of hypothyroidism in our study is
consistent with the 2%—-3% generally reported in the preg-
nant population in the United States (1). We might have
missed some cases of subclinical hypothyroidism given that
thyroid disease ascertainment was likely based on symptoms
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and we did not have any laboratory data, but such misclassi-
fication is unlikely to be substantive enough to impact our
findings given the detailed clinical data available for study.
Although the Consortium on Safe Labor data collection
covered 7 years, during which the knowledge on thyroid dis-
eases during pregnancy increased, the proportion of cases
with thyroid disease did not change over time. We note the
large number of statistical tests used, which could have led
to some chance findings, but the strength of the associations
observed is generally reassuring. We also acknowledge the
potential adjustment bias introduced by controlling for
mediating chronic diseases but note that the adjusted and
unadjusted results were very similar.

In addition, we did not have data on treatment but, on the
basis of a survey performed during the data collection for
the Consortium on Safe Labor, only 52%—-66% of obstetri-
cians would have recommended antepartum thyroid function
testing for their pregnant patients with hypothyroidism or
hyperthyroidism (33). Hence, a large number of women
with thyroid disease with or without medication could have
had no treatment control during pregnancy. Also, one study
found that 60% of women with previously diagnosed
thyroid disease have laboratory values indicating inadequate
treatment at least once during pregnancy, and only half of
these women had any changes in their treatment (34). There
is a possibility of underdetection of thyroid disease during
pregnancy, as this is not routinely screened in all pregnant
women (1). We expect that at least some portion of our pop-
ulation was undertreated. Previous studies have shown that
adequate treatment of thyroid diseases reduces the risk of
adverse outcomes (3, 4, 35), and potentially the observed
neonatal outcomes could have been prevented by adequate
management of maternal thyroid disease.

In conclusion, maternal hypothyroidism and hyperthy-
roidism were associated with higher risk of NICU admission
and neonatal morbidities. These adverse outcomes could
potentially be prevented with adequate treatment of thyroid
disease during pregnancy. More attention to thyroid diseases
is needed in pregnant patients.

ACKNOWLEDGMENTS

Author affiliations: Epidemiology Branch, Division of
Epidemiology, Statistics, and Prevention Research, Eunice
Kennedy Shriver National Institute of Child Health and
Human Development, National Institutes of Health, Rock-
ville, Maryland (Tuija Méinnistd, Pauline Mendola, S.
Katherine Laughon); Pregnancy and Perinatology Branch,
Center for Developmental Biology and Perinatal Medicine,
Eunice Kennedy Shriver National Institute of Child Health
and Human Development, National Institutes of Health,
Rockville, Maryland (Uma Reddy).

All authors contributed equally to the work.

This work was supported by the Intramural Research
Program of the National Institutes of Health, Eunice Kennedy
Shriver National Institute of Child Health and Human Devel-
opment.

Am J Epidemiol. 2013;178(5):731-740

The data included in this paper were obtained from the Con-
sortium on Safe Labor, which was supported by the Intramural
Research Program of the Eunice Kennedy Shriver National
Institute of Child Health and Human Development, National
Institutes of Health, through contract HHSN267200603425C.
The institutions involved in the Consortium include the fol-
lowing, in alphabetical order: Baystate Medical Center,
Springfield, Massachusetts; Cedars-Sinai Medical Center
Burnes Allen Research Center, Los Angeles, California;
Christiana Care Health System, Newark, Delaware; George-
town University Hospital, MedStar Health, Washington, DC;
Indiana University Clarian Health, Indianapolis, Indiana;
Intermountain Healthcare and the University of Utah, Salt
Lake City, Utah; Maimonides Medical Center, Brooklyn,
New York; MetroHealth Medical Center, Cleveland, Ohio;
Summa Health System, Akron City Hospital, Akron, Ohio;
The EMMES Corporation, Rockville, Maryland (Data Coordi-
nating Center); University of Illinois at Chicago, Chicago, Illi-
nois; University of Miami, Miami, Florida; and University of
Texas Health Science Center at Houston, Houston, Texas.

This work was presented at the Pediatric Academic Socie-
ties Annual Meeting, Washington, DC, May 4-7, 2013.

The named authors alone are responsible for the views
expressed in this manuscript, which does not necessarily
represent the decisions or the stated policy of the Eunice
Kennedy Shriver National Institute of Child Health and
Human Development.

Conflict of interest: none declared.

REFERENCES

1. Stagnaro-Green A, Abalovich M, Alexander E, et al.
Guidelines of the American Thyroid Association for the
diagnosis and management of thyroid disease during
pregnancy and postpartum. Thyroid. 2011;21(10):1081-1125.

2. Leung AS, Millar LK, Koonings PP, et al. Perinatal outcome
in hypothyroid pregnancies. Obstet Gynecol. 1993;81(3):
349-353.

3. Negro R, Schwartz A, Gismondi R, et al. Universal screening
versus case finding for detection and treatment of thyroid
hormonal dysfunction during pregnancy. J Clin Endocrinol
Metab. 2010;95(4):1699-1707.

4. Vissenberg R, van den Boogaard E, van Wely M, et al.
Treatment of thyroid disorders before conception and in early
pregnancy: a systematic review. Hum Reprod Update. 2012;
18(4):360-373.

5. De Groot L, Abalovich M, Alexander EK, et al. Management
of thyroid dysfunction during pregnancy and postpartum: an
Endocrine Society clinical practice guideline. J Clin
Endocrinol Metab. 2012;97(8):2543-2565.

6. Luewan S, Chakkabut P, Tongsong T. Outcomes of pregnancy
complicated with hyperthyroidism: a cohort study. Arch
Gynecol Obstet. 2011;283(2):243-247.

7. Phoojaroenchanachai M, Sriussadaporn S, Peerapatdit T, et al.
Effect of maternal hyperthyroidism during late pregnancy on
the risk of neonatal low birth weight. Clin Endocrinol (Oxf).
2001;54(3):365-370.

8. Millar LK, Wing DA, Leung AS, et al. Low birth weight and
preeclampsia in pregnancies complicated by hyperthyroidism.
Obstet Gynecol. 1994;84(6):946-949.



740 Mannisto et al.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

. Anselmo J, Cao D, Karrison T, et al. Fetal loss associated with

excess thyroid hormone exposure. JAMA. 2004;292(6):
691-695.

Yen PM. Physiological and molecular basis of thyroid
hormone action. Physiol Rev. 2001;81(3):1097-1142.

Casey BM, Dashe JS, Wells CE, et al. Subclinical
hypothyroidism and pregnancy outcomes. Obstet Gynecol.
2005;105(2):239-245.

Casey BM, Dashe JS, Spong CY, et al. Perinatal significance
of isolated maternal hypothyroxinemia identified in the first
half of pregnancy. Obstet Gynecol. 2007;109(5):1129-1135.
Cleary-Goldman J, Malone FD, Lambert-Messerlian G, et al.
Maternal thyroid hypofunction and pregnancy outcome. Obstet
Gynecol.2008;112(1):85-92.

Antolic B, Gersak K, Verdenik I, et al. Adverse effects of
thyroid dysfunction on pregnancy and pregnancy outcome:
epidemiologic study in Slovenia. J Matern Fetal Neonatal
Med. 2006;19(10):651-654.

Wolfberg AJ, Lee-Parritz A, Peller AJ, et al. Obstetric and
neonatal outcomes associated with maternal hypothyroid
disease. J Matern Fetal Neonatal Med. 2005;17(1):35-38.
Wikner BN, Sparre LS, Stiller CO, et al. Maternal use of
thyroid hormones in pregnancy and neonatal outcome. Acta
Obstet Gynecol Scand. 2008;87(6):617-627.

Karagiannis G, Ashoor G, Maiz N, et al. Maternal thyroid
function at eleven to thirteen weeks of gestation and
subsequent delivery of small for gestational age neonates.
Thyroid. 2011;21(10):1127-1131.

Wang S, Teng WP, Li JX, et al. Effects of maternal subclinical
hypothyroidism on obstetrical outcomes during early
pregnancy. J Endocrinol Invest. 2012;35(3):322-325.

Idris I, Srinivasan R, Simm A, et al. Maternal hypothyroidism
in early and late gestation: effects on neonatal and obstetric
outcome. Clin Endocrinol (Oxf). 2005;63(5):560-565.

Su PY, Huang K, Hao JH, et al. Maternal thyroid function in
the first twenty weeks of pregnancy and subsequent fetal and
infant development: a prospective population-based cohort
study in China. J Clin Endocrinol Metab. 2011;96(10):
3234-3241.

Karakosta P, Alegakis D, Georgiou V, et al. Thyroid
dysfunction and autoantibodies in early pregnancy are
associated with increased risk of gestational diabetes and
adverse birth outcomes. J Clin Endocrinol Metab. 2012;
97(12):4464-4472.

Minnisto T, Vidrasmiki M, Pouta A, et al. Perinatal outcome
of children born to mothers with thyroid dysfunction or

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

antibodies: a prospective population-based cohort study. J Clin
Endocrinol Metab. 2009;94(3):772-779.

Calvo RM, Jauniaux E, Gulbis B, et al. Fetal tissues are
exposed to biologically relevant free thyroxine concentrations
during early phases of development. J Clin Endocrinol Metab.
2002;87(4):1768-1777.

Haddow JE, Palomaki GE, Allan WC, et al. Maternal

thyroid deficiency during pregnancy and subsequent
neuropsychological development of the child. N Engl J Med.
1999;341(8):549-555.

Zhang J, Troendle J, Reddy UM, et al. Contemporary cesarean
delivery practice in the United States. Am J Obstet Gynecol.
2010;203(4):326.1-326.e10.

American College of Obstetricians and Gynecologists.
Thyroid disease in pregnancy. ACOG practice bulletin no. 37.
Obstet Gynecol. 2002;100(2):387-396.

Howards PP, Schisterman EF, Poole C, et al. “Toward a clearer
definition of confounding” revisited with directed acyclic
graphs. Am J Epidemiol. 2012;176(6):506-511.

VanderWeele TJ, Mumford SL, Schisterman EF. Conditioning
on intermediates in perinatal epidemiology. Epidemiology.
2012;23(1):1-9.

Wilcox AJ, Weinberg CR, Basso O. On the pitfalls of
adjusting for gestational age at birth. Am J Epidemiol.
2011;174(9):1062—1068.

Polak M, Le Gac I, Vuillard E, et al. Fetal and neonatal thyroid
function in relation to maternal Graves’ disease. Best Pract Res
Clin Endocrinol Metab. 2004;18(2):289-302.

Tudela CM, Casey BM, Mclntire DD, et al. Relationship of
subclinical thyroid disease to the incidence of gestational
diabetes. Obstet Gynecol. 2012;119(5):983-988.

Pop VJ, Brouwers EP, Vader HL, et al. Maternal
hypothyroxinaemia during early pregnancy and subsequent
child development: a 3-year follow-up study. Clin Endocrinol
(Oxf). 2003;59(3):282-288.

Power ML, Kilpatrick S, Schulkin J. Diagnosing and
managing thyroid disorders during pregnancy: a survey of
obstetrician-gynecologists. J Reprod Med. 2004;49(2):79-82.
Vadiveloo T, Mires GJ, Donnan PT, et al. Thyroid testing in
pregnant women with thyroid dysfunction in Tayside,
Scotland: The Thyroid Epidemiology, Audit and Research
Study (Tears). Clin Endocrinol (Oxf). 2013;78(3):466—471.
van den Boogaard E, Vissenberg R, Land JA, et al.
Significance of (sub)clinical thyroid dysfunction and thyroid
autoimmunity before conception and in early pregnancy: a
systematic review. Hum Reprod Update. 2011;17(5):605-619.

Am J Epidemiol. 2013;178(5):731-740




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


