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Context: Prior studies examining associations between subclinical hypothyroidism (SCH) and anti-
thyroid antibodies with early pregnancy loss and live birth indicate mixed results and time to
pregnancy (TTP) has not been studied in this patient population.

Objective: To examine associations of pre-pregnancy TSH concentrations and thyroid autoimmu-
nity with TTP, pregnancy loss, and live birth among women with proven fecundity and a history of
pregnancy loss.

Design: Prospective cohort study from a large, randomized controlled trial.

Setting: Four medical centers in the United States.

Patients or Other Participants: Healthy women, ages 18–40, who were actively attempting to
conceive and had one or two prior pregnancy losses and no history of infertility.

Intervention: None.

Main Outcome Measure: TTP, pregnancy loss and live birth.

Results: Women with TSH � 2.5 did not have an increased risk of pregnancy loss (risk ratio [RR] 1.07,
95% confidence interval [CI] 0.81, 1.41) or a decrease in live birth rate (RR 0.97, 95% CI 0.88, 1.07)
or TTP (fecundability odds ratio [FOR] 1.09, 95% CI 0.90, 1.31) compared to women with TSH �2.5
mIU/L after adjustment for age and body mass index. Similar findings were observed for women
with thyroid autoimmunity and after additional adjustment for treatment assignment.

Conclusions: Among healthy fecund women with a history pregnancy loss, TSH levels �2.5, or the
presence of anti-thyroid antibodies, were not associated with fecundity, pregnancy loss or live
birth. Thus, women with SCH or thyroid autoimmunity can be reassured that their chances of
conceiving and achieving a live birth are likely unaffected by marginal thyroid dysfunction.
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Appropriate thyroid function is essential to establish-
ing and maintaining pregnancy. Indeed, hyperthy-

roidism has been shown to be associated with infertility,
pregnancy loss and other adverse obstetrical and fetal out-
comes (1–3). Conversely, overt hypothyroidism also ad-
versely influences the female reproductive system (4),
likely through decreased feedback to the hypothalamic-
pituitary axis and disturbance of GnRH pulsatility and
subsequent ovulation (5), and has been associated with
menstrual irregularity and with decreased fecundity (6).

The effects of subclinical hypothyroidism on reproduc-
tion are less understood, and available evidence evaluating
certain definitions of subclinical hypothyroidism, ie, mod-
erately elevated TSH levels of � 2.5 mIU/L or thyroid
autoimmunity, and pregnancy loss is mixed (7–9). These
studies are also limited in that enrollment typically oc-
curred in the late first trimester or early second trimester,
limiting the ability to assess associations with preconcep-
tion TSH levels, as well as associations with early preg-
nancy losses (10). Also, studies of subclinical hypothy-
roidism have often been limited to women with a prior
diagnosis of infertility. Lastly, time to pregnancy in
women with subclinical hypothyroidism has not been
studied. Yet, understanding the relationship between sub-
clinical hypothyroidism and thyroid autoimmunity and
pregnancyoutcomes is critical to establishwhether clinical
intervention should be explored to improve reproductive
outcomes in this population. Thus, our objective was to
examine the association of prepregnancy TSH concentra-
tions and thyroid autoimmunity with time to pregnancy,
pregnancy loss, and live birth among women with proven
fecundity and a history of prior pregnancy loss.

Materials and Methods

This study is a prospective cohort study from the Effects of As-
pirin in Gestation and Reproduction (EAGeR) trial, which was
a multicenter, double-blind, block-randomized, placebo-con-
trolled trial that assessed the effect of low dose aspirin (LDA) on
pregnancy loss in women with a history of one or two pregnancy
losses (11). A total of 1228 women with a history of pregnancy
loss who were trying to becoming pregnant were recruited at four
U.S. clinical sites from 2007–2011. The detailed study design and
methods have been described previously (11); methods relevant
to the present analysis are included here. Institutional Review
Board authorization at the data coordinating center and at all
clinical centers was obtained and served as the IRB designated by
the National Institutes of Health under a reliance agreement. All
participants provided written informed consent. The Data Safety
and Monitoring Board (DSMB) ensured patient safety. The trial
was registered with ClinicalTrials.gov, NCT00467363.

Study Design and Population
Participants were women aged 18–40 years, with regular

menstrual cycles (21–42 days in length), attempting pregnancy
with a history of one or two documented pregnancy losses. None
had a known history of infertility, pelvic inflammatory disease
(PID), tubal occlusion, endometriosis, anovulation, uterine ab-
normality, or polycystic ovarian syndrome. Also, women with
major medical disorders, including conditions with indication
for aspirin therapy and thyroid dysfunction were excluded.

Participants were followed until completion of six cycles at-
tempting pregnancy and also throughout pregnancy if they con-
ceived. Follow-up was discontinued if women did not become
pregnant after 6 cycles or after experiencing a second pericon-
ception loss during the study. Fertility monitors were utilized to
assist with scheduling study visits in the preconception phase and
timing intercourse (Clearblue Easy Fertility Monitor; Inverness
Medical).

Thyroid Function Assessment
Preconception TSH, fT4, thyroid globulin antibody (anti-

TG), and thyroid peroxidase antibody (anti-TPO) levels were
measured in serum collected at the randomization visit (ie, prior
to receiving LDA or placebo treatment) and stored at –80°C after
collection. TSH was measured in serum using the TSH reagent
sandwich immunoassay method (Roche Diagnostics, Indianap-
olis, IN). The reference range was 0.4 to 5 mIU/L and the inter-
assay coefficient of variation (CV) was 2.1% at 1.596 mIU/L and
2.9% at 9.037 mIU/L. fT4 was measured using a fT4 competitive
immunoassay (Roche Diagnostics, Indianapolis, IN) and the ref-
erence range was 0.7 to 1.85 ng/dL. The interassay CV was 4.3%
at 97.54 nmol/L and at 140.28 nmol/L. Anti-TG was measured
using a TSH sandwich immunoassay method whereas anti-TPO
was measured using an anti-TPO competitive immunoassay
method (both Roche Diagnostics, Indianapolis, IN). The inter-
assay CV for anti-TG was 7.2% at 91.4 IU/mL and 6.7% at 171
IU/mL. Results for anti-TG were considered positive if they
were � 115 IU/mL. The interassay CV for anti-TPO was 17% at
31.5 IU/mL and 11.9% at 76.13 IU/mL, and results were con-
sidered positive if anti-TPO was � 35 IU/mL.

Outcome Measures
The primary outcomes were time to hCG pregnancy (in cy-

cles), pregnancy losses (both biochemical and clinical) and live
birth. Clinically recognized pregnancy losses were defined as a
pregnancy loss detected by the woman or her primary care pro-
vider after clinical recognition of pregnancy by early ultrasound
at approximately 6.5 weeks of gestation (eg, gestation sac, clin-
ical documentation of fetal heart tones, or a later stage confir-
mation of pregnancy).

Biochemical pregnancies were identified in two ways. First, a
positive urine pregnancy test at the clinical site (Quidel Quick-
vue, Quidel Corporation, San Diego, CA, sensitive to 25 mIU/ml
hCG) followed by the absence of signs of clinical pregnancy, with
or without missed menses. Second, we also identified additional
early pregnancy losses from batched augmented urine hCG test-
ing that was performed later in the laboratory on the last 10 days
of each woman’s first and second cycle of study participation
(using daily first-morning urine collected at home) and on spot
urine samples collected at all postcycle visits. Free beta hCG was
measured in these urine samples to enable more sensitive detec-
tion of very early pregnancy than possible with conventional
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urine pregnancy testing. Two laboratory assays for free beta
hCG (catalogue no. 4221–16, Diagnostic Automation Inc.,
Calabasas, CA, USA; catalogue no. RIS0011R, BioVendor,
Asheville, NC, USA) were sequentially employed to determine,
first, “potentially positive” values (n � 164), out of which 21
were verified as positive tests for early hCG detected pregnancy.

Statistical Analysis
Among 1228 participants in the original study, all partici-

pants whose fT4 fell outside of normal parameters (0.7 – 1.85
ng/dL), which are specific to the laboratory analyzing fT4, or
whose fT4 was not recorded were excluded (n � 35). Tradition-
ally, SCH has been defined as a TSH level exceeding the upper
limit of normal range (4.5 – 5.0 mIU/L) in the setting of a normal
fT4 level (4). The National Academy of Clinical Biochemistry
(NACB) noted that most patients (95%) who did not have symp-
toms of thyroid dysfunction had a TSH of 2.5 mIU/L or below
(12). They further suggested that the upper limit of normal for
TSH is skewed to the right and should subsequently be set at 2.5
mIU/L (12). Thus, we categorized participants into two groups
based on TSH level: TSH � 2.5 or � 2.5 mIU/L. Additionally,
women were evaluated based on presence or absence of anti-TG
and anti-TPO antibodies (positive � anti-TG � 115 IU/mL or
anti-TPO � 35 IU/mL; negative � anti-TG � 115 IU/mL and
anti-TPO � 35 IU/mL).

Characteristics between women in these groups were com-
pared using Fisher’s exact test and t-tests as appropriate. We
additionally evaluated descriptive statistics of the distribution of
TSH in our study population. Risk ratios (RR) and 95% confi-
dence intervals (CIs) for live birth and pregnancy loss were es-
timated using generalized linear models adjusted for age and
body mass index (BMI) given strong associations with age and
TSH levels and pregnancy outcomes, as well as existing evidence
that there is an association between elevated TSH and elevated
BMI, even among euthyroid people (13–15). Models compare
women with TSH � 2.5 vs � 2.5 mIU/L, as well as by presence
or absence of anti-TG and anti-TPO antibodies. We further strat-
ified these results (elevated TSH and thyroid autoimmunity) by
the number of prior pregnancy losses and by women with vs
without prior live births. Finally, we restricted the analysis to
only women with positive thyroid antibodies and stratified based
on their TSH level. Cox proportional hazard regression models
were used to assess fecundability odds ratios (FOR), adjusting
for age and BMI and accounting for both left truncation (cycles
trying to become pregnant prior to study entry) and right cen-
soring (that women were only followed for up to 6 cycles while
trying to become pregnant) to evaluate associations between
TSH and thyroid autoimmunity and time to pregnancy. Results
were additionally compared to models that also adjusted for age,
BMI, and treatment assignment.

As pregnancy loss is conditional upon becoming pregnant, we
next restricted our analysis to women with any hCG detected
pregnancy, and utilized inverse probability weights to control for
potential selection bias introduced by restricting the analytical
cohort to women who achieved pregnancy during the 6 cycles of
follow-up. Weights were based on factors associated with be-
coming pregnant, including maternal age, parity, marital status,
number of prior losses, and treatment assignment since low dose
aspirin was observed to improve pregnancy rates within certain
women in this cohort (16). Weighted log-binomial regression
was used to estimate RRs and 95% CIs. We also performed a

sensitivity analysis to evaluate the robustness of our findings
using various cut-point for TSH. All analyses were conducted in
SAS version 9.4 (SAS Institute, Cary, NC).

Results

The overall mean TSH level of women in this cohort was
2.1 � standard deviation (SD) 1.3 (2.fifth percentile, 0.56;
97.fifth percentile, 5.10), and the mean fT4 level was 1.1 �
0.1 (2.fifth percentile, 0.88; 97.fifth percentile, 1.45 [see
histogram in Supplemental Figure 1 for the distribution of
TSH in this population]. Women with TSH � 2.5 mIU/L
were similar to those with a TSH � 2.5 mIU/L in age, race,
education level, household income level, alcohol and to-
bacco consumption, and the time from last loss to ran-
domization. However, participants with a TSH � 2.5
mIU/L had a higher mean BMI (27.4 � 7.3 vs 25.9 � 6.2,
P � .001) and were more often nulliparous (52.1% vs
44.3%, P � .01) compared to TSH � 2.5 mIU/L [Table 1].
Women positive for antithyroid antibodies were similar
with regard to age, BMI, household income, smoking, al-
cohol consumption, prior number of live births and prior
number of previous pregnancies compared with women
without thyroid antibodies [Table 1]. However, women
with thyroid antibodies were more often Caucasian com-
pared to women without thyroid antibodies (P � .04).

A total of 566 women with TSH � 2.5 mIU/L became
pregnant (566/884, 64.0%) vs 205 (205/303, 67.7%)
with � 2.5 mIU/L (P � .25). Overall, participants with
TSH of � 2.5 mIU/L did not have higher risk of any preg-
nancy loss (RR 1.15, 95% CI 0.86, 1.54) nor were they less
likely to have a live birth (RR 1.01, 95% CI 0.89, 1.14),
even after adjusting for age and BMI, compared with
TSH � 2.5 mIU/L [Table 2]. Adjusting for treatment as-
signment did not change these results. Similar results were
noted when the analysis was limited to women who be-
came pregnant during the study (pregnancy loss RR 1.07,
95% CI 0.81, 1.41; live birth RR 0.97, 95% CI 0.88, 1.07
comparing women with TSH � 2.5 mIU/L relative to those
with TSH � 2.5 mIU/L) [Table 2]. In an attempt to identify
a cut-point in which TSH affected pregnancy loss, we ad-
ditionally examined both TSH tertiles, and continuous
TSH, but found similar results [Supplemental Table
1[rsqb].

There were a total of 900 (900/1054, 85.4%) women
without antithyroid antibodies and 154 (154/1054,
14.6%) with antithyroid antibodies. A total of 650 (650/
900, 72.2%) women without antithyroid antibodies be-
came pregnant vs 114 (114/154, 74.0%) with antithyroid
antibodies (P � .64). The prevalence of anti-TPO and
anti-TG in our study is consistent with prior reports of
reproductive age women (14.6% of our study population
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compared to 10%–13% for anti-TPO and 9%–14% for
anti-TG reported) (17). Overall, women with antithyroid
antibodies did not have a higher risk of any pregnancy loss
(RR 0.90, 95% CI 0.61, 1.33) and did not have a lower live
birth rate (RR 1.04, 95% CI 0.90, 1.20), after adjusting
for age and BMI, compared to women without antibodies.
After additional adjustment for treatment assignment, no

differences were noted between the two groups. Similar
results were noted among women who became pregnant
during this study for both pregnancy loss (RR 0.85, 95%
CI 0.59, 1.22) and live birth (RR 1.04, 95% CI 0.94, 1.16)
[Table 2].

Furthermore, among women with only one previous
loss, those with TSH � 2.5 mIU/L were not at higher risk

Table 1. Demographics and baseline characteristics by TSH levels and presence of anti-thyroid antibodies among
women with normal fT4 (0.7 to 1.85 ng/dL) in the EAGeR trial

Characteristics N (%) Total TSH mIU/liter fT4 0.7 – 1.85

Anti-thyroid antibodies
(presence of anti-TPO or anti-TG

antibodies)

n � 1193
<2.5 n
� 884

>2.5
n � 303 P value

Negative n
� 1018

Positive n
� 168

P
value

TSH: Mean � SD 2.1 � 1.3 1.5 � 0.5 3.6 � 1.5 �0.001 1.9 � 0.9 2.9 � 2.2 �0.001
fT4: Mean � SD 1.1 � 0.1 1.2 � 0.1 1.1 � 0.1 �0.001 1.1 (0.1) 1.1 (0.2) 0.292
Age, y: Mean � SD 28.7 � 4.8 28.8 � 4.8 28.5 � 4.7 0.37 28.7 � 4.8 28.8 � 4.7 0.86
BMI, kg/m2: Mean � SD 26.3 � 6.5 25.9 � 6.2 27.4 � 7.3 0.001 26.1 � 6.3 27.1 � 7.4 0.08
Race

White 1126 (94.9) 835 (94.5) 291 (96) 0.28 962 (94.5) 165 (98.2) 0.04
Others 61 (5.1) 49 (5.5) 12 (4) 56 (5.5) 3 (1.8)

Education*

� High School 160 (13.5) 122 (13.8) 38 (12.5) 0.58 144 (14.2) 16 (9.5) 0.10
� High School 1026 (86.5) 761 (86.2) 265 (87.5) 873 (85.8) 152 (90.5)

Household income (annual)
� $100 000 474 (40) 348 (39.4) 126 (41.6) 0.77 398 (39.1) 72 (42.9) 0.30
$75 000-$99 999 144 (12.1) 110 (12.5) 34 (11.2) 124 (12.2) 21 (12.5)
$40 000-$74 999 175 (14.8) 136 (15.4) 39 (12.9) 155 (15.2) 21 (12.5)
$20 000-$39 999 302 (25.5) 221 (25) 81 (26.7) 267 (26.3) 36 (21.4)
� $19 999 91 (7.7) 68 (7.7) 23 (7.6) 73 (7.2) 18 (10.7)

Employed*

Yes 868 (75.7) 632 (74.4) 236 (79.7) 0.06 741 (75.5) 125 (76.2) 0.85
No 278 (24.3) 218 (25.6) 60 (20.3) 240 (24.5) 39 (23.8)

Time from last loss to
randomization (months)
� 4 Months 629 (53.8) 460 (52.8) 169 (56.9) 0.49 544 (54.2) 87 (53) 0.31
5–8 Months 214 (18.3) 163 (18.7) 51 (17.2) 179 (17.8) 35 (21.3)
9–12 Months 96 (8.2) 70 (8) 26 (8.8) 80 (8) 17 (10.4)
�12 Months 230 (19.7) 179 (20.5) 51 (17.2) 201 (20) 25 (15.2)

Number of previous pregnancies,
not including losses*

0 506 (42.6) 363 (41.1) 143 (47.2) 0.12 429 (42.1) 76 (45.2) 0.76
1 421 (35.5) 315 (35.6) 106 (35) 364 (35.8) 57 (33.9)
2 239 (20.1) 191 (21.6) 48 (15.8) 208 (20.4) 31 (18.5)
3 21 (1.8) 15 (1.7) 6 (2) 17 (1.7) 4 (2.4)

Number of previous live births*

0 550 (46.3) 392 (44.3) 158 (52.1) 0.01 463 (45.5) 86 (51.2) 0.36
1 430 (36.2) 321 (36.3) 109 (36) 374 (36.7) 57 (33.9)
2 207 (17.4) 171 (19.3) 36 (11.9) 181 (17.8) 25 (14.9)

Smoking in past year
Never 1033 (87.8) 764 (87.1) 269 (89.7) 0.46 880 (87) 153 (92.7) 0.08
�6 times/week 83 (7.1) 64 (7.3) 19 (6.3) 76 (7.5) 5 (3)
Daily 61 (5.2) 49 (5.6) 12 (4) 55 (5.4) 7 (4.2)

Alcohol consumption in past year
Often 26 (2.2) 16 (1.8) 10 (3.3) 0.13 21 (2.1) 5 (3) 0.22
Sometimes 369 (31.5) 285 (32.7) 84 (28) 325 (32.3) 43 (25.9)
Never 777 (66.3) 571 (65.5) 206 (68.7) 659 (65.6) 118 (71.1)

BMI, body mass index; fT4, free thyroxine; TSH, thyroid stimulating hormone.

Values are Mean � SD or n (%) as indicated.

*Data on covariates were missing for education (n � 1), income (n � 1), employment (n � 41), time from last loss to randomization (n � 18),
smoking (n � 10), and alcohol (n � 15).
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of having any pregnancy loss (RR 1.13; 95% CI 0.80, 1.6)
compared with TSH � 2.5 mIU/L [Table 3], even when
analysis was further limited to those with no previous live
birth (RR 0.94; 95% CI 0.63, 1.39). There was also no
difference in risk of pregnancy loss by thyroid status when
examining women with a history of two pregnancy losses
with or without a prior live birth [Table 3]. Similar results
were seen for thyroid autoimmunity among women with
one or two prior pregnancy losses, regardless of prior live
birth history [data not shown].

Also, among women with thyroid autoimmunity, we
found no difference in women with TSH � 2.5 mIU/L

compared to � 2.5 mIU/L for risk of pregnancy loss (RR
0.82; 95% CI 0.41, 1.65) or live birth rate (RR 1.02; 95%
CI 0.84, 1.25) [Table 3].

Lastly, women with a TSH � 2.5 mIU/L did not have
a longer time to conceive vs women whose TSH was � 2.5
mIU/L (FOR 1.09, 95% CI 0.90, 1.31) [Table 4]. Simi-
larly, women with thyroid autoimmunity did not have a
significant delay in pregnancy compared to those without
(FOR 1.11; 95% CI 0.88, 1.40) [Table 4].

Table 2. Association between TSH level and anti-thyroid antibody positivity with live birth and pregnancy loss
among women with normal fT4 (0.7 to 1.85 ng/dL) in the EAGeR Trial

TSH Anti-thyroid antibodies

Modela Overall
Among

Pregnanciesb Overall
Among

Pregnancies

RR (95% CI) RR (95% CI) RR (95% CI) RR (95% CI)
Live birth Unadjusted 0.99 (0.87,1.12) 0.97 (0.88,1.07) 1.05 (0.91,1.22) 1.03 (0.93,1.15)

Adjusted Model 1 1 (0.88,1.13) 0.97 (0.88,1.07) 1.03 (0.89,1.19) 1.04 (0.94,1.16)
Adjusted Model 2 1 (0.88,1.13) 0.97 (0.87,1.06) 1.03 (0.89,1.19) 1.05 (0.94,1.17)

Any pregnancy loss Unadjusted 1.11 (0.83,1.48) 1.09 (0.83,1.44) 0.92 (0.63,1.35) 0.9 (0.63,1.3)
Adjusted Model 1 1.12 (0.84,1.49) 1.07 (0.81,1.41) 0.91 (0.62,1.33) 0.85 (0.59,1.22)
Adjusted Model 2 1.12 (0.84,1.49) 1.07 (0.81,1.41) 0.91 (0.62,1.33) 0.85 (0.59,1.22)

Clinical loss Unadjusted 1.29 (0.91,1.82) 1.27 (0.91,1.77) 0.9 (0.56,1.44) 0.88 (0.55,1.4)
Adjusted Model 1 1.31 (0.93,1.85) 1.26 (0.91,1.77) 0.89 (0.56,1.43) 0.83 (0.52,1.33)
Adjusted Model 2 1.31 (0.93,1.85) 1.26 (0.9,1.76) 0.89 (0.56,1.43) 0.84 (0.53,1.33)

CI, confidence interval; fT4, free thyroxine; RR, risk ratio; TSH, thyroid stimulating hormone.
aModel 1 adjusts for age and body mass index, with the TSH models comparing TSH �2.5 vs. �2.5 mIU/liter, and anti-thyroid antibody models
comparing those with positive antibodies vs. negative. Adjusted model 2 adjusts for age, body mass index, and treatment assignment (low dose
aspirin vs. placebo).
bModels restricted to women who achieved an hCG pregnancy, with inverse probability weights used control for potential selection bias
introduced by restricting to women who achieved pregnancy. Weights were based on factors associated with becoming pregnancy, including age,
parity, marital status, number of prior losses and treatment assignment. Weighted log-binomial regression was used to estimate risk ratios and
95% confidence intervals.

Table 3. Association between TSH level and live birth and pregnancy loss among women with normal fT4 (0.7 to
1.85 ng/dL), within women with one prior loss, two prior losses, or positive anti-thyroid antibody status in the EAGeR
Trial

TSH >2.5 vs. TSH <2.5 Among Pregnanciesb RR (95% CI)

Model
History of 1 previous

loss n � 508
History of 2 previous

losses n � 267

Positive anti-
thyroid

antibodies n � 114

Live birth Unadjusted 0.96 (0.85,1.07) 1.00 (0.84,1.19) 1.03 (0.84,1.25)
aAdjusted 0.95 (0.85,1.06) 1.03 (0.86,1.24) 1.02 (0.84,1.25)

Any pregnancy loss Unadjusted 1.16 (0.82,1.63) 0.99 (0.63,1.56) 0.91 (0.46,1.81)
Adjusted 1.13 (0.80,1.59) 0.96 (0.61,1.52) 0.82 (0.41,1.65)

Clinical loss Unadjusted 1.33 (0.87,2.02) 1.18 (0.68,2.05) 1.10 (0.46,2.61)
Adjusted 1.32 (0.87,2.01) 1.18 (0.68,2.05) 1.03 (0.43,2.46)

CI, confidence interval; fT4, free thyroxine; RR, risk ratio; TSH, thyroid stimulating hormone.
aModels adjusted for age and body mass index.
bModels restricted to women who achieved an hCG pregnancy, with inverse probability weights used control for potential lselection bias
introduced by restricting to women who achieved pregnancy. Weights were based on factors associated with becoming pregnancy, including age,
parity, marital status, number of prior losses and treatment assignment. Weighted log-binomial regression was used to estimate risk ratios and
95% confidence intervals.
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Discussion

We found no association between preconception subclin-
ical hypothyroidism and time to pregnancy, pregnancy
loss and live birth among healthy fecund women attempt-
ing to conceive. Additionally, no relationships between
thyroid autoimmunity and pregnancy loss or live birth
were observed. Thus, women with a history of pregnancy
loss having subclinical hypothyroidism or thyroid auto-
immunity can be reassured that their chances of conceiv-
ing and achieving a live birth are likely unaffected by mar-
ginal thyroid dysfunction.

Previous studies have reported conflicting results re-
garding whether women with subclinical hypothyroidism
have a higher likelihood of pregnancy loss or lower like-
lihood of live birth. Our findings were consistent with
studies reporting no association between subclinical hy-
pothyroidism and pregnancy loss, including a study of
women enrolled between 10 and 13 weeks gestation in the
First and Second Trimester Evaluation of Risk (FASTER)
Trial (10). Of note, such studies that enrolled during preg-
nancy were unable to assess time to pregnancy or early
pregnancy loss. Also, our results were also consistent with
two retrospective studies which examined pregnancy loss
and live birth in relation to subclinical hypothyroidism
specifically in an infertile population (7, 18). Of note, our
results were not limited to an infertile population, making
these results more generalizable.

In contrast, a few studies observed higher rates of preg-
nancy loss among women with subclinical hypothyroid-
ism (19, 20). A large prospective cohort study of 2497

women in Amsterdam found that women without overt
thyroid dysfunction had higher odds of pregnancy loss as
their TSH increased, though in this study pregnant women
were enrolled after 11 weeks gestation (average 13 weeks)
and all women in the study had a TSH � 2.5 mIU/L (19).
Additionally, there were only 27 total pregnancy losses in
this cohort. Thus, the incidence of miscarriage reported is
very low and most early losses were unobserved. Similarly,
a large prospective study (n � 4123) reported that the rate
of spontaneous pregnancy loss was significantly lower
among pregnant women who were thyroid antibody neg-
ative and TSH levels of � 2.5 compared to those with TSH
level of 2.5 – 5 mIU/L (3.6% vs 6.1%, P � .006) (20).
Again, in this study the enrollment occurred during the
first trimester (average of 8.9 weeks), and loss rates were
much lower than expected. Our ability to recruit precon-
ception and capture early losses are strong improvements
over previous studies. In addition, it is well known that
TSH levels change markedly during the first trimester (21),
and as such the timing of the measurement during preg-
nancy could have an important influence on the interpre-
tation of these previous findings.

Previous studies of thyroid autoantibodies and preg-
nancy loss have also produced mixed results. Several stud-
ies yielded conclusions which support the results of this
study. One prospective study evaluated thyroid autoim-
munity and pregnancy outcome among 870 nonpregnant
women with a history of recurrent pregnancy loss and
found no associations between thyroid antibodies and live
birth rates (22). Similarly, the rate of autoimmunity was

Table 4. Time to hCG pregnancy by TSH and antibody status among women with normal fT4 (0.7 to 1.85 ng/dL)
in the EAGeR Trial

TSH fT4 0.7 – 1.85 Anti-thyroid antibodies

Outcomes: N (%) <2.5 > 2.5 Negative Positive

Total N 884 (74.5) 303 (25.5) 1018 (85.8) 168 (14.2)
TTP

1 month 204 (23.1) 56 (18.5) 218 (21.4) 44 (26.2)
2 months 137 (15.5) 54 (17.8) 163 (16.0) 30 (17.9)
3 months 84 (9.5) 44 (14.5) 115 (11.3) 12 (7.1)
4 months 60 (6.8) 28 (9.2) 76 (7.5) 12 (7.1)
5 months 47 (5.3) 12 (4.0) 50 (4.9) 9 (5.4)
6 months 34 (3.8) 11 (3.6) 37 (3.6) 8 (4.8)
�6 months 318 (36.0) 98 (32.3) 359 (35.3) 53 (31.5)

Unadjusted FOR
(95% CI)

Reference 1.06 (0.88, 1.28) Reference 1.10 (0.87, 1.39)

Adjusted FOR Model
1 (95% CI) a

Reference 1.09 (0.90, 1.31) Reference 1.12 (0.89, 1.41)

Adjusted FOR Model
2 (95% CI) b

Reference 1.08 (0.90, 1.31) Reference 1.13 (0.89, 1.42)

CI, confidence interval; FOR, fecundability odds ratio; fT4, free thyroxine; TSH, thyroid stimulating hormone; TTP, time to pregnancy.
aModels adjusted for age and body mass index.
bModels adjusted for age, body mass index and treatment assignment (low dose aspirin vs. placebo)
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found to be comparable between women with a history of
recurrent pregnancy loss and fertile controls (n � 149)
(23). Conversely, women with thyroid autoimmunity
(presence of anti-TPO) were reported to have higher risk
of miscarriage, although only 3 of 29 women with anti-
TPO had a pregnancy loss and the overall loss rates were
lower than in the general population (2% overall and
10.3% among women with anti-TPO) (24). Of note, prior
studies report clinical pregnancy loss rate from 8%–20%,
but as high as 26%–31% when including very early preg-
nancy losses (25–27). As with studies discussed above, this
study was unable to assess early loss and, consequently,
the population had a very low loss rate. Another study
observed that women with either isolated thyroid auto-
immunity or autoimmunity in combination with TSH lev-
els above 2.5 were at an increased risk of pregnancy loss
compared to euthyroid women (28). However, impor-
tantly, when compared to euthyroid women, this associ-
ation only held for women with a TSH value � 5.22
mIU/L, but did not hold true for women with a TSH be-
tween 2.5 and 5.22 mIU/L, which agrees with the present
findings. Overall, the evaluation of prepregnancy autoim-
munity status and including observation of very early
pregnancy losses are important strengths of our study
compared with prior research.

In addition to prospective data collection including
early pregnancy with prepregnancy thyroid function test-
ing, our study also prospectively followed women who
became pregnant throughout their pregnancies, providing
the ability to comment on live birth outcomes as well.
Moreover, our population has proven fecundity, as all
participants had a history of either 1 or 2 prior pregnancy
losses, differentiating these data from those of infertile
populations and providing more generalizable results. Ad-
ditionally, there were a large number of participants in this
study allowing for adequate numbers of loss events among
groups, and we were also able to evaluate associations
with both anti-TPO and anti-TG. However, we were lim-
ited in our ability to evaluate associations among women
with thyroid autoimmunity and TSH � 5 as there were
only 25 women in this group.

In conclusion, we did not observe differences in time to
pregnancy, pregnancy loss or live birth when comparing
women with subclinical hypothyroidism to those with
normal TSH among women with a history of prior preg-
nancy loss. Currently, the American Congress of Obste-
tricians and Gynecologists (ACOG) does not recommend
screening of TSH in healthy, low risk, asymptomatic pa-
tients and our data support maintaining this guideline.
Additionally, the cohort of patients in this study with thy-
roid antibodies did not have a higher risk of pregnancy loss
compared to women without thyroid antibodies. These

findings can be reassuring to both clinicians and women
with subclinical hypothyroidism or thyroid
autoimmunity.

Acknowledgments

This research was supported by the Intramural Research Pro-
gram of the Eunice Kennedy Shriver National Institute of Child
Health and Human Development, National Institutes of Health,
Bethesda, Maryland (Contract Nos. HHSN267200603423,
HHSN267200603424, HHSN267200603426). We would like
to especially thank the EAGeR study participants for their ex-
traordinary commitment to the study, all of the EAGeR inves-
tigators and staff who devoted their time and energy to the suc-
cess of this trial, and the Data Safety and Monitoring Board
members for ongoing oversight, constant support, and advice
throughout the trial.

Address all correspondence and requests for reprints to: Cor-
responding Author: Sunni L. Mumford, Ph.D.; 6100 Executive
Blvd., 7B03, Rockville, MD 20852; Tel: 301–435-6946; Fax:
301–402-2084; Email: mumfords@mail.nih.gov.

This work was supported by Funding: This research was sup-
ported by the Intramural Research Program of the Eunice Ken-
nedy Shriver National Institute of Child Health and Human De-
velopment, National Institutes of Health, Bethesda, MD
(Contract Nos. HHSN267200603423, HHSN267200603424,
HHSN267200603426).

Disclosure Statement: The authors have nothing to disclose.

References

1. Vissenberg R, van den Boogaard E, van Wely M, van der Post JA,
Fliers E, Bisschop PH, Goddijn M. Treatment of thyroid disorders
before conception and in early pregnancy: a systematic review. Hum
Reprod Update. 2012;18:360–373.

2. Su PY, Huang K, Hao JH, Xu YQ, Yan SQ, Li T, Xu YH, Tao FB.
Maternal thyroid function in the first twenty weeks of pregnancy
and subsequent fetal and infant development: a prospective popu-
lation-based cohort study in China. J Clin Endocrinol Metab. 2011;
96:3234–3241.

3. 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. Maternal thyroid deficiency during pregnancy and
subsequent neuropsychological development of the child. N Engl
J Med. 1999;341:549–555.

4. Practice Committee of the American Society for Reproductive Med-
icine. Electronic address Aao. Subclinical hypothyroidism in the in-
fertile female population: a guideline. Fertil Steril. 2015;104:545–
553.

5. Yen SSC, Strauss JF, Barbieri RL. 2014 Yen, Jaffe’s reproductive
endocrinology : physiology, pathophysiology, and clinical manage-
ment. Seventh edition. ed. Philadelphia, PA: Elsevier/Saunders

6. Poppe K, Velkeniers B. Thyroid disorders in infertile women. Ann
Endocrinol (Paris). 2003;64:45–50.

7. Reh A, Grifo J, Danoff A. What is a normal thyroid-stimulating
hormone (TSH) level? Effects of stricter TSH thresholds on preg-
nancy outcomes after in vitro fertilization. Fertil Steril. 2010;94:
2920–2922.

8. Wang S, Teng WP, Li JX, Wang WW, Shan ZY. Effects of maternal

doi: 10.1210/jc.2016-1049 press.endocrine.org/journal/jcem 7

The Endocrine Society. Downloaded from press.endocrine.org by [${individualUser.displayName}] on 04 April 2016. at 18:46 For personal use only. No other uses without permission. . All rights reserved.



subclinical hypothyroidism on obstetrical outcomes during early
pregnancy. J Endocrinol Invest. 2012;35:322–325.

9. Negro R, Schwartz A, Gismondi R, Tinelli A, Mangieri T, Stagnaro-
Green A. Universal screening versus case finding for detection and
treatment of thyroid hormonal dysfunction during pregnancy. J Clin
Endocrinol Metab. 2010;95:1699–1707.

10. Cleary-Goldman J, Malone FD, Lambert-Messerlian G, Sullivan L,
Canick J, Porter TF, Luthy D, Gross S, Bianchi DW, D’Alton ME.
Maternal thyroid hypofunction and pregnancy outcome. Obstet
Gynecol. 2008;112:85–92.

11. Schisterman EF, Silver RM, Perkins NJ, Mumford SL, Whitcomb
BW, Stanford JB, Lesher LL, Faraggi D, Wactawski-Wende J,
Browne RW, Townsend JM, White M, Lynch AM, Galai N. A
randomised trial to evaluate the effects of low-dose aspirin in ges-
tation and reproduction: design and baseline characteristics. Paedi-
atr Perinat Epidemiol. 2013;27:598–609.

12. Baloch Z, Carayon P, Conte-Devolx B, Demers LM, Feldt-Rasmus-
sen U, Henry JF, LiVosli VA, Niccoli-Sire P, John R, Ruf J, Smyth
PP, Spencer CA, Stockigt JR. Guidelines Committee NAoCB. Lab-
oratory medicine practice guidelines. Laboratory support for the
diagnosis and monitoring of thyroid disease. Thyroid. 2003;13:3–
126.

13. Biondi B. Thyroid and obesity: an intriguing relationship. J Clin
Endocrinol Metab. 2010;95:3614–3617.

14. Solanki A, Bansal S, Jindal S, Saxena V, Shukla US. Relationship of
serum thyroid stimulating hormone with body mass index in healthy
adults. Indian J Endocrinol Metab. 2013;17:S167–169.

15. Knudsen N, Laurberg P, Rasmussen LB, Bulow I, Perrild H, Ovesen
L, Jorgensen T. Small differences in thyroid function may be im-
portant for body mass index and the occurrence of obesity in the
population. J Clin Endocrinol Metab. 2005;90:4019–4024.

16. Schisterman EF, Silver RM, Lesher LL, Faraggi D, Wactawski-
Wende J, Townsend JM, Lynch AM, Perkins NJ, Mumford SL,
Galai N. Preconception low-dose aspirin and pregnancy outcomes:
results from the EAGeR randomised trial. Lancet. 2014;384:29–36.

17. Hollowell JG, Staehling NW, Flanders WD, Hannon WH, Gunter
EW, Spencer CA, Braverman LE. Serum TSH, T(4), and thyroid
antibodies in the United States population (1988 to 1994): National

Health and Nutrition Examination Survey (NHANES III). J Clin
Endocrinol Metab. 2002;87:489–499.

18. Michalakis KG, Mesen TB, Brayboy LM, Yu B, Richter KS, Levy M,
Widra E, Segars JH. Subclinical elevations of thyroid-stimulating
hormone and assisted reproductive technology outcomes. Fertil
Steril. 2011;95:2634–2637.

19. Benhadi N, Wiersinga WM, Reitsma JB, Vrijkotte TG, Bonsel GJ.
Higher maternal TSH levels in pregnancy are associated with in-
creased risk for miscarriage, fetal or neonatal death. Eur J Endo-
crinol. 2009;160:985–991.

20. Negro R, Schwartz A, Gismondi R, Tinelli A, Mangieri T, Stagnaro-
Green A. 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. 2010;95:E44–48.

21. Soldin OP, Chung SH, Colie C. The Use of TSH in Determining
Thyroid Disease: How Does It Impact the Practice of Medicine in
Pregnancy? J Thyroid Res. 2013;2013:148157.

22. Rushworth FH, Backos M, Rai R, Chilcott IT, Baxter N, Regan L.
Prospective pregnancy outcome in untreated recurrent miscarriers
with thyroid autoantibodies. Hum Reprod. 2000;15:1637–1639.

23. Esplin MS, Branch DW, Silver R, Stagnaro-Green A. Thyroid au-
toantibodies are not associated with recurrent pregnancy loss. Am J
Obstet Gynecol. 1998;179:1583–1586.

24. Sieiro Netto L, Medina Coeli C, Micmacher E, Mamede Da Costa
S, Nazar L, Galvao D, Buescu A, Vaisman M. Influence of thyroid
autoimmunity and maternal age on the risk of miscarriage. Am J
Reprod Immunol. 2004;52:312–316.

25. Regan L, Rai R. Epidemiology and the medical causes of miscar-
riage. Baillieres Best Pract Res Clin Obstet Gynaecol. 2000;14:839–
854.

26. Wilcox AJ, Weinberg CR, O’Connor JF, Baird DD, Schlatterer JP,
Canfield RE, Armstrong EG, Nisula BC. Incidence of early loss of
pregnancy. N Engl J Med. 1988;319:189–194.

27. Wang X, Chen C, Wang L, Chen D, Guang W, French J. Conception,
early pregnancy loss, and time to clinical pregnancy: a population-
based prospective study. Fertil Steril. 2003;79:577–584.

28. Liu H, Shan Z, Li C, Mao J, Xie X, Wang W, Fan C, Wang H, Zhang
H, Han C, Wang X, Liu X, Fan Y, Bao S, Teng W. Maternal sub-
clinical hypothyroidism, thyroid autoimmunity, and the risk of mis-
carriage: a prospective cohort study. Thyroid. 2014;24:1642–1649.

8 Subclinical hypothyroidism and pregnancy loss J Clin Endocrinol Metab

The Endocrine Society. Downloaded from press.endocrine.org by [${individualUser.displayName}] on 04 April 2016. at 18:46 For personal use only. No other uses without permission. . All rights reserved.




