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Introduction: Subclinical hypothyroidism during pregnancy has been associated with adverse maternal and fetal
outcomes. A subset of pregnant women in the United States have been shown to have mild iodine deficiency. No
study has evaluated the thyroid and iodine status of women who are planning to become pregnant in the near future.
Methods: Thyroid function tests, thyroid antibodies, and urine iodine levels were evaluated in women presenting
for preconception screening and counseling. A thyrotropin (TSH) level above 3.0 mIU/L was considered abnormal.
Results: One hundred and forty one women enrolled in the study. The median TSH level was 1.70 mIU/L (range
0.43–5.3 mIU/L). Sixteen women (11%) had a TSH above the upper limit of normal (>3.0 mIU/L). Eleven women
(8%) were positive for TPO-Ab and 21 women (15%) for TgAb. Twenty-three women (16%) were positive for at
least one thyroid antibody (TPOAb and/or TgAb). Median serum TSH concentrations were higher in women with
detectable antithyroid antibodies than in women who were antibody negative (2.2 mIU/L vs. 1.7 mIU/L; p = 0.005).
The median urinary iodine concentration was 100.5 lg (range 19–843 lg/L).
Discussion: The present cohort exhibited the lowest median urinary iodine concentration levels to date reported in
the United States for women in their childbearing years. One out of every nine women (11%) had thyroid function
tests consistent with subclinical hypothyroidism.

the revised definition of the normal thyrotropin (TSH) range
in the first trimester that is now defined with an upper limit of
normal at 2.5 mIU/L (7,8).
Iodine in pregnancy is another key area of enhanced research focus. An obligatory nutrient, iodine is essential to
thyroid hormone synthesis. Worldwide, iodine deficiency is
the leading preventable cause of intellectual impairments,
and in its severest form during pregnancy it results in cretinism. The United States, although iodine replete since the
1940s, has experienced a marked decline in iodine levels as
documented in the National Health and Nutrition Examination Surveys series (9), with recent data suggesting that mild
iodine deficiency exists in a subset of Americans. At greatest
risk are pregnant women and women of childbearing age,
who as a group have the lowest median iodine levels (10–12).
During pregnancy, iodine requirements increase by 50%.
Iodine deficiency presents specific risks to the developing
fetus, as adequate iodine is necessary for normal neurocognitive development. Recent studies have demonstrated a link

Introduction

T

he impact of thyroid disease on pregnancy has been
an area of increasing research attention over the last two
decades. The impact of subclinical hypothyroidism (SCH) on
adverse pregnancy outcomes is an important area of focus.
Observational studies have demonstrated an association of
SCH with increased rates of miscarriage, gestational diabetes, and preterm delivery (1–3). Prospective studies in women
with subclinical hypothyroidism during pregnancy have
yielded mixed results; Lazarus et al. (4) found that treating
pregnant women with subclinical hypothyroidism (SCH) had
no benefit on the intelligence quotient (IQ) of the offspring,
whereas Negro et al. (5) documented a decrease in adverse
maternal/fetal events when pregnant women with SCH were
treated. The prevalence of SCH in pregnancy is also a topic of
intense interest. While the prevalence was reported as 2–3%
for decades, recent studies have revealed a prevalence as high
as 15% (6). The increased prevalence rates may in part reflect
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between mild iodine deficiency during pregnancy and decreased IQ (13,14) in offspring.
Given the potential impact of subclinical hypothyroidism on
pregnancy, as well as the effect of mild iodine deficiency during
pregnancy on the neuropsychological development of the fetus,
we decided to evaluate thyroid function and iodine status in a
cohort of women presenting for preconception screening and
counseling. As this cohort of women was planning on becoming pregnant soon after their appointment, they represent a
baseline of thyroid and iodine status for the prepregnant women. Given that both thyroid hormone and iodine requirements
increase markedly with gestation, the presence of mild iodine
deficiency, or a high prevalence of subclinical hypothyroidism,
would identify a cohort of women who might benefit from
screening and intervention prior to pregnancy.
Methods

Women presenting for prenatal screening to the obstetrics
practice of the Medical Faculty Associates of the George
Washington University School of Medicine and who were
planning to become pregnant in the near future were invited
to participate in the study. Exclusion criteria were as follows:
women under 18 years of age, ongoing treatment for hypothyroidism or hyperthyroidism, prior treatment with I-131
radioactive iodine, or ongoing therapy with steroids, amiodarone, or lithium. The study was approved by the institutional review board and all women gave written informed
consent. All women completed a questionnaire that included
pregnancy history and demographic information. Thyroid
function tests and urine iodine levels were obtained on all
women at the time of the preconception visit.
Thyroid function tests were performed as follows: Serum
TSH (third generation, reference range 0.3–3.0 mIU/L) and
free thyroxine (FT4) (reference range 0.8–2.0 ng/dL) were
measured using the Elecsys 2010 instrument (Roche Diagnostics). The TSH interassay coefficient of variability over 8
months was 6.1% at 0.04 mIU/L and 3.6% at 1.5 mIU/L.
Thyroglobulin autoantibodies (TgAb) and thyroid peroxidase
autoantibodies (TPOAb) were measured using radioimmunoassays (Kronus).
Spot urinary iodine concentrations were measured spectrophotometrically by a modification of the method of Benotti
et al. (15) in the Iodine and Thyroid Function Laboratory at
Boston University School of Medicine, an Ensuring the Quality
of Urinary Iodine Procedures (EQUIP) certified iodine measurement laboratory. Iodine concentrations from all samples
were measured at least twice. In cases where the initial two
measurements were not within 15% of each other, a third or a
fourth measurement was obtained and the average of all measurements was used. The interassay coefficient of variation for
this assay in our laboratory ranges from 2.7% to 7%.
Results
Study population

One hundred and forty-one women participated in the
study. The demographic distribution of the 141 women was
as follows; 57% Caucasian, 27% African American, 8%
Hispanic, 6% Asian, and 2% other. The mean age of the 141
participants was 31.7 – 4.6 years. Fifty-two per cent of the
women were nulliparous, whereas 27% and 10% had either

STAGNARO-GREEN ET AL.

one or two prior pregnancies respectively. There was a 3%
incidence of prior preterm delivery. One-fifth of the women
(19%) had a prior spontaneous abortion and 15% had previously undergone an elective pregnancy termination.
Thyroid function tests and thyroid antibodies

The median TSH level was 1.70 mIU/L (range 0.43–
5.3 mIU/L). Sixteen women (11%) had a TSH above the
upper limit of normal (>3.0 mIU/L) for the nonpregnant state.
None of the 141 women had a suppressed TSH. Eleven women (8%) were positive for TPO-Ab and 21 women (15%)
for TgAb. Twenty-three women (16%) were positive for at
least one of the two antibodies.
Median serum TSH concentrations were higher in women
with detectable anti-thyroid antibodies than in women who
were antibody negative (2.2 mIU/L vs. 1.7 mIU/L; p = 0.005)
Mean FT4 levels did not differ between antibody positive and
negative women (1.15 vs. 1.11 ng/dL, p = 0.7).
The presence of anti-thyroid antibodies was not associated
with having a history of miscarriage ( p = 0.6) and showed
borderline significance with preterm delivery ( p = 0.07).
In multivariable models, age, and anti-thyroid antibody
positivity were positively associated with serum TSH values,
whereas urinary iodine concentration, parity, history of preterm delivery, history of miscarriage, race/ethnicity, and
prenatal multivitamin use were not predictive of TSH.
Urinary iodine levels

The median urinary iodine concentration was 100.5 lg
(range 19–843 lg/L). Approximately half of the study population (47%) reported taking prenatal vitamins, although the
iodine content of those supplements was not ascertained. The
length of time the women were on prenatal vitamins prior to
the office visit was unknown. Median urinary iodine concentrations did not differ significantly between women who
did and did not take prenatal multivitamins (108 lg/L vs.
93 lg/L, p = 0.4).
Relationship between urinary iodine and thyroid
function tests

There were no significant correlations between urinary
iodine concentrations and TSH (r = - 0.03, p = 0.7) or fT4
(r = 0.09, p = 0.2).
Discussion

To our knowledge, this is the first study to assess the
urinary iodine concentration and thyroid function tests of
women living in the United States who were seeking preconception screening. Recent data demonstrating both a low
median urinary iodine concentration (UIC) in pregnant women and a high prevalence of subclinical hypothyroidism in
the first trimester provided the underlying rationale for the
present study. The study had two major findings. The first
finding is that the present cohort exhibited a marginal median urinary iodine concentration—: the lowest median UIC
level to date reported in nonpregnant women living in the
United States in their childbearing years. Secondly, one out
of every nine women in this study (11%) had thyroid function tests consistent with subclinical hypothyroidism.

IODINE DEFICIENCY IN WOMEN PLANNING CONCEPTION

Iodine is an essential micronutrient utilized by the thyroid
gland to produce thyroid hormone. Adequate iodine is essential
during pregnancy in order to ensure normal neurodevelopment.
Mild maternal iodine deficiency has been associated with a
decrease in the intelligence quotient of the offspring (13,14)
and a higher incidence of attention deficit disorder. Severe iodine deficiency may result in spontaneous abortion or cretinism. Iodine intake must increase by 50% during pregnancy in
order to respond to an increase in the maternal production of
thyroid hormones, an increase in renal iodine clearance, and to
allow for fetal production of thyroid hormones. The World
Health Organization defines adequate iodine intake during
pregnancy as a median UIC for the population between 150 and
249 lg/L (16). A median UIC for a pregnant population below
150 lg/L reflects inadequate iodine intake.
In 1971, the National Health and Nutrition Examination
Surveys (NHANES) began monitoring the iodine status of
the American public. A marked decline in the median UIC of
the general population was seen when comparing NHANES I
(1971–1974), with a median UIC of 320 lg/L, to NHANES
III (1988–1994), which reported a median UIC of 145 lg/L
(9). The median UIC in the general population has remained
stable over the last 20 years with a level of 164 lg/L in
NHANES 2007–2008, and 144 lg/L in NHANES 2009–2010
(10). However, pregnant women have experienced a more
precipitous decline. The median UIC in NHANES I for
pregnant women was 327 lg/L, with a decline to 141 lg/L in
NHANES III, and 129 lg/L in NHANES 2009–2010. In a
prospective study of pregnant women, Bath et al. examined
the relationship between maternal UIC and IQ of the offspring at the age of 8 years (13). The median UIC reported
was 91.1 lg/L. Bath et al. found that women with median
UIC levels below 150 lg/g had a significant increase in the
percentage of children with a verbal IQ, reading comprehension, and reading accuracy in the lowest quartile. Scores
on all three outcome variables declined as the median UIC
went from above 150 lg/g, to 50–150 lg/g, to below 50 lg/g.
The median UIC reported in the present study of 100.5 lg/
L, while just within the optimal range of 100–200 lg/L for
nonpregnant women, is the lowest reported value for women
of childbearing age to date in the United States. This was seen
despite the fact that 47% of the women reported taking prenatal vitamins. This likely reflects the lack of iodine in about
50% of the types of prenatal vitamins currently marketed in
the United States (17).
Subclinical hypothyroidism during pregnancy has been
associated with multiple adverse outcomes including spontaneous abortion, gestational hypertension, gestational diabetes, decreased IQ in the offspring, and preterm delivery
(1–3,18), although a few studies have found no such association (19). In 2015 Yoshioka et al. reported that 84% of 69
infertile women with subclinical hypothyroidism conceived
within one year of being placed on levothyroxine (20). The
reported prevalence of subclinical hypothyroidism during
pregnancy has traditionally ranged between 2% and 3% (7).
Recent studies, however, have documented a much higher
prevalence, which is in part a consequence of redefining the
upper limit of TSH at 2.5 mIU/L during the first trimester of
pregnancy. Specifically, Blatt et al., in a retrospective analysis of women who had thyroid function tests performed
during pregnancy, reported that 15.5% of pregnant women in
the United States had subclinical hypothyroidism (defined as
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a TSH > 2.50 mIU/L in the first trimester, a TSH > 2.75 mIU/
L in the second trimester, and a TSH > 2.91 mIU/L in the
third trimester) (6). The present study yielded similar results,
with a rate of subclinical hypothyroidism of 11%. The conclusion is that a high rate of subclinical hypothyroidism exists
prior to pregnancy in women of childbearing age. This could
be of importance given that prior research by Negro et al.
have reported an increased rate of miscarriage in thyroid
antibody negative women with a TSH between 2.5–5.0 mIU/
L (1). Similarly, Benhadi et al. have shown an increase in the
combination of miscarriage, fetal death, and neonatal death
as TSH increased within the normal range (21). An alternative interpretation, however, is that the TSH cutoffs used in
these studies may be too stringent. For example, Li et al.
evaluated 4800 pregnant Chinese women in the first trimester
of pregnancy and found the median TSH value at the 97.5th
percentile varied between 4.04 mIU/L and 6.28 mIU/L depending on the week of gestation (22).
Limitations of this study include the selected population
studied. In many centers it is not likely that women will
present for preconception testing and counseling, and up to
50% of pregnancies in the United States are unplanned (23).
The cross-sectional nature of the study also limits its applicability. Therefore it may not be appropriate to generalize the
results of this study to all women.
In conclusion, the present study reveals marginally adequate iodine nutrition in women presenting to their physician for preconception counseling and a high rate of
prepregnancy subclinical hypothyroidism. The UIC findings strengthen the evidence for the mandatory inclusion of
iodine in prenatal vitamins in the United States and the
importance of beginning prenatal vitamins prior to conception. This is consistent with recommendations from the
American Thyroid Association (7), the Endocrine Society
(8), the International Council of Iodine Deficiency Disorders (16), the Teratology Society (24), the American Pediatrics Association (25), and recent editorials on the topic
(12,26). Prospective studies are needed to determine whether women with high-normal or mildly elevated serum
TSH values prior to conception are at increased risk for
gestational hypothyroidism, whether unselected U.S. women have an adequate iodine status preconception, and
whether thyroid function screening preconception improves
obstetrical and neurodevelopmental outcomes.
Author Disclosure Statement

No competing financial interests exist.
References

1. Negro R, Schwartz A, Gismondi R, Tinelli A, Mangieri T,
Stagnaro-Green A 2010 Increased pregnancy loss rate in
thyroid antibody negative women with TSH levels between
2.5 and 5.0 in the first trimester of pregnancy. J Clin Endocrinol Metab 95:E44–E48.
2. Tudela CM, Casey BM, McIntire DD, Cunningham FG
2012 Relationship of subclinical thyroid disease to the incidence of gestational diabetes. Obstet Gynecol 119:983–
988.
3. Mannisto T, Mendola P, Grewal J, Xie Y, Chen Z, Laughon
SK 2013 Thyroid disease and adverse pregnancy outcomes
in a contemporary US cohort. J Clin Endocrinol Metab 98:
2725–2733.

4

4. Lazarus JH, Bestwick JP, Channon S, Paradice R, Maina A,
Rees R, Chiusano E, John R, Guaraldo V, George LM,
Perona M, Dall’Amico D, Parkes AB, Joomun M, Wald NJ
2012 Antenatal thyroid screening and childhood cognitive
function. Nw Engl J Med 366:493–501.
5. Negro R, Schwartz A, Tinelli A, Mangieri T, Stagnaro-Green
A 2010 Universal screening versus case finding for detection
and treatment of thyroid hormonal dysfunction during pregnancy. J Clin Endocrinol Metabol 95:1699–1707.
6. Blatt AJ, Nakamoto JM, Kaufman HW 2012 National
status of testing for hypothyroidism during pregnancy and
postpartum. J Clin Endocrinol Metab 97:777–784.
7. Stagnaro-Green A, Abalovich M, Alexander A, Azizi F,
Mestman J, Negro R, Nixon A, Pearce EN, Soldin OP,
Sullivan S, Wiersinga W 2011 Guidelines of the American
Thyroid Association for the diagnosis and management of
thyroid disease during pregnancy and postpartum. Thyroid
21:1–45.
8. De Groot L, Abalovich M, Alexander EK, Amino N, Barbour L, Cobin RH, Eastman CJ, Lazarus JH, Luton D,
Mandel S, Mestman J, Rovet J, Sullivan S 2012 Management of thyroid dysfunction during pregnancy and postpartum: an Endocrine Society Clinical Guideline. J Clin
Endocrinol Metab 97:2543–2565.
9. Hollowell JG, Staehling NW, Hannon WH, Flanders DW,
Gunter EW, Maberly GF, Braverman LE, Pino S, Miller
DT, Garbe PL, DeLozier DM, Jackson RJ. 1998 Iodine
nutrition in the United States. Trends and public health
implications: iodine extraction data from National Health
and Nutrition Examination Surveys I and III (1971–1974
and 1988–1994). J Clin Endocrinol Metab 83:3401–3408.
10. Caldwell KL, Pan Y, Mortensen ME, Makhmudov A,
Merrill L, Moye J 2013 Iodine status in pregnant women in
the National Children’s Study and in U.S. women (15–44
years), National Health and Nutrition Examination Survey
2005–2010. Thyroid 23:927–937.
11. Sullivan KM, Perrine CG, Pearce EN, Caldwell KL 2013
Monitoring the iodine status of pregnant women in the
United States. Thyroid 23:520–521.
12. Stagnaro-Green A, Pearce EN 2013 Iodine and pregnancy:
a call to action. Lancet 382:292–293.
13. Bath SC, Steer CD, Golding J, Emmett P, Rayman MP
2013 Effect of inadequate iodine status in UK pregnant
women on cognitive outcomes in their children: results
from the Avon Longitudinal Study of Parents and Children
(ALSPAC). Lancet 382:331–337.
14. Hynes KL, Otahal P, Hay I, Burgess JR 2013 Mild iodine
deficiency during pregnancy is associated with reduced
educational outcomes in the offspring: 9-year follow-up of
the Gestational Iodine Cohort. J Clin Endocrinol Metab
98:1954–1962.
15. Benotti J, Benotti N, Pino S, Gardyna H 1965 Determination of total iodine in urine, stool, diets and tissue. Clin
Chem 11:932–936.

STAGNARO-GREEN ET AL.

16. World Health Organization (WHO), United Nations Children’s Fund, International Council for the Control of Iodine
Deficiency Disorders 2007 Assessment of iodine deficiency
disorders and monitoring their elimination: a guide for
program managers, 3rd ed. WHO, Geneva Switzerland.
17. Leung AM, Pearce EN, Braverman LE 2009 Iodine content
of prenatal multivitamins in the United States. N Engl J
Med 360:939–940.
18. Haddow JE, Palomaki GE, Allan WC, Williams JR, Knight
GJ, Gagnon J, O’Heir CE, Mitchell ML, Hermos RJ,
Waisbren SE, Faix JD, Klein RZ 1999 Maternal thyroid
deficiency during pregnancy and subsequent neuropsychological development of the child. N Engl J Med 341:549–
555.
19. Cleary-Goldman J, Malone FD, Lambert-Messerlian G,
Sullivan L, Canick J, Prter TF, Luthy D, Gross S, Bianchi
DW, D’Alton ME 2008 Maternal thyroid hypofunction and
pregnancy outcome. Obstet Gynecol 112:85–92.
20. Yoshioka W, Amino N, Ide A, Kang S, Kudo T, Nishihara
E, Ito M, Nakamura H, Miyauchi A 2015 Thyroxine
treatment may be useful for subclinical hypothyroidism in
patients with female infertility. Endocr J 62:87–92.
21. Benhadi N, Wiersinga WM, Reitsma JB, Vrijkotte TG,
Bonsel GJ 2009 Higher maternal TSH levels in pregnancy
are associated with increased risk for miscarriage, fetal or
neonatal death. Eur J Endocrinol 160:985–991.
22. Li C, Shan Z, Mao J, Wang W, Xie X, Zhou W, Li C, Xu B,
Bi L, Meng T, Du J, Zhang S, Gao Z, Zhang X, Yang L,
Fan C, Teng W 2014 Assessment of thyroid function during
first-trimsester pregnancy: What is the rational upper limit
of serum TSH during the first trimester in Chinese pregnant
women? J Clin Endocrinol Metabol 99:73–79.
23. Finer LB, Henshaw SK 2006 Disparities in rates in unintended pregnancy in the United States, 1994 and 2001.
Persp Sex Reprod Health 38: 90–96.
24. Obican SG, Jahnke GD, Soldin OP, Scialli AR 2012 Teratology public affairs committee position paper:iodine deficiency in pregnancy. Birth Defects Res A Clin Mol
Teratol 94:677–682.
25. Rogan WJ, Paulson JA, Baum C, Brock-Utne AC, Brumberg HL, Campbell CC, Lanphear BP, Lowry JA, Osterhoudt KC, Sandel MT, Spanier A, Trasande L 2014
Iodine deficiency, pollutant chemicals, and the thyroid: new
information on an old problem. Pediatrics 133:1163–1166.
26. Lockwood C 2013 Should pregnant women receive iodine
supplementation? ContemporaryOBGYN.net 58:4–6.

Address correspondence to:
Alex Stagnaro-Green, MD, MHPE
University of Illinois College of Medicine at Rockford
1601 Parkview Avenue
Rockford, IL 61107
E-mail: asg@uic.edu

