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Abstract
Purpose The ideal thyroid-stimulating hormone (TSH) range
for infertile women attempting conception has not been deter-
mined. Current recommendations include optimizing the pre-
conception TSH value to ≤2.5 mIU/L, which is the established
goal for pregnant women. The aim of this study was to deter-
mine if there is a distinct range of TSH ≤2.5 mIU/L for infer-
tile women undergoing in vitro fertilization (IVF) that im-
proves reproductive outcomes.
Methods One thousand five hundred ninety-nine euploid
blastocyst transfer cycles were evaluated in which TSH mea-
surements were obtained 8 days after embryo transfer. Only
euploid embryo transfers were included in an effort to control
for embryo quality. Patients were separated into TSH groups
utilizing 0.5 mIU/L increments. Implantation, live birth, and
miscarriage rates among the TSH groupswere compared. Out-
comes for individuals on thyroid hormone supplementation
and those not requiring supplementation were evaluated.

Results There was no difference in implantation (p=0.56), live
birth (p=0.36), or miscarriage rates (p=0.10) between TSH
groups. Receiver operating characteristic (ROC) curves for im-
plantation, live birth, andmiscarriage approached the line of no
discrimination, signifying that there is no value of TSH within
the recommended range for pregnancy (≤2.5 mIU/L) that
predicts IVF outcomes better than other values in this range.
Live birth rates for patients requiring thyroid hormone supple-
mentation and those not on medication were similar (p=0.86).
Conclusions The recommended TSH range for pregnancy
(≤2.5 mIU/L) may be applied to infertile patients attempting
conception without a need for further adjustment.

Keywords Thyroid-stimulatinghormone . Infertility . Invitro
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Introduction

Thyroid function varies throughout life and is dependent on
particular developmental and physiologic states. Certain medical
conditions are associated with altered thyroid function, including
diabetes and adrenal insufficiency [1]; however, variations in
thyroid function, as determined by thyroid-stimulating hormone
(TSH) levels, do not always represent pathology. In utero,
increased levels of fetal TSH and thyroid hormones have been
observed with increasing gestation, likely due to fetal brain and
thyroid maturation, respectively [2]. Thus, in some cases, TSH
fluctuations may simply reflect different biological functions of
and requirements for thyroid hormones at various life stages.

It is well established that there are separate TSH goals for
pregnant and non-pregnant adults [3]. The recommended
range for pregnancy is based on data associating TSH levels
>2.5 mIU/L with pregnancy complications, such as miscar-
riage, preterm delivery, and potential impaired fetal neurologic
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development [3, 4]. Furthermore, it has been demonstrated that
clinical outcomes are improved when TSH is kept ≤2.5 mIU/L
during early pregnancy [5], which is a notably stricter TSH
goal than that of non-pregnant individuals (<4.12 mIU/L) [1].

Given that the recommended TSH ranges for pregnant and
non-pregnant adults differ, it is possible that there is a specific
TSH range for women attempting conception that may have
an impact on reproductive efficiency and success. Defining
normal TSH parameters for this population is particularly im-
portant, as 100 % of infertile patients are at risk for thyroid
dysfunction and should undergo screening [3]. Presently, if
high-risk women are identified in the preconception period
to have a TSH value above the recommended range for
pregnancy (>2.5 mIU/L), they are treated with medication to
reach the established TSH goal [3, 6–8]. However, it may be
incorrect to assume that the recommended upper limit of TSH
for pregnant women is sufficient for infertile women
attempting pregnancy. It has not previously been investigated
if there is a cutoff below 2.5 mIU/L that optimizes pregnancy
outcomes in the infertile population.

When investigating the optimal TSH range for infertile
women, only values ≤2.5 mIU/L should be considered,
due to the adverse pregnancy outcomes associated with
TSH values above this cutoff [3, 4]. The concern that
clinical outcomes may be affected by variations within
the ≤2.5 mIU/L range is based on previous literature dem-
onstrating that subtle variations of TSH may impact re-
productive outcomes. A prospective cohort study of 2497
spontaneous conceptions demonstrated that the incidence
of pregnancy loss increased by 60 % for every doubling
of TSH (OR=1.6, 95 % CI 1.04–2.47; p=0.033) [9]. The
findings demonstrate a linear relationship between in-
creasing TSH and risk for pregnancy loss, even within
the recommended TSH range [9]. Whether variations of
TSH in the recommended range for pregnancy (≤2.5 mIU/
L) affect in vitro fertilization (IVF) outcomes in the infer-
tile population is unknown.

This study was devised to determine the optimal range
of TSH ≤2.5 mIU/L for infertile women attempting preg-
nancy through IVF. Infertile patients can be challenging
to study as they may have one or more risk factors for
pregnancy complications [10–15]. Previous studies inves-
tigating the effect of TSH on IVF outcomes have not
accounted for the confounding variable of embryonic
competence and aneuploidy. This is potentially the largest
risk factor for infertility, and recent literature suggests
that the prevalence of embryonic aneuploidy may be
higher than expected, particularly in young women
(>40 % aneuploidy rate in women ≤23 years of age)
[16]. In an attempt to control for this significant cause
of implantation failure and isolate the effect of TSH on
reproductive outcomes, only euploid blastocyst transfers
were evaluated in this analysis.

Materials and methods

Study design

This retrospective analysis included all women undergoing
their first cycle of IVF with intracytoplasmic sperm injection
(ICSI) and comprehensive chromosome screening (CCS) from
February 2012 through August 2014. All clinical treatment and
embryology procedures were performed at a single academic
institution. Institutional review board approval was obtained.

Population

Women with a preexisting diagnosis of thyroid disease, as
documented by history, were excluded. Patients found to have
a basal TSH value >2.5 mIU/L at their initial visit were started
on levothyroxine. Euthyroid status was confirmed prior to
embryo transfer (ET) in accordance with current practice stan-
dards (TSH ≤2.5 mIU/L within 1 year prior to ET). As such,
the timing of basal TSHmeasurements in relation to ET varied
between patients. In order to analyze TSH values drawn at a
consistent time between all patients and to most accurately
reflect thyroid function at the time of implantation, TSH
values drawn 8 days after ETwere used in the analysis, as this
is obtained for all patients at this center. To control for embry-
onic aneuploidy, only cycles in which CCS was performed
were considered in the analysis.

Stimulation protocols

This study was inclusive of all eligible patients regardless of the
specific stimulation protocol. Ovarian stimulation was achieved
using purified or recombinant gonadotropins. Protocols
consisted of microdose leuprolide flare, pituitary downregulation
with leuprolide, or gonadotropin-releasing hormone (GnRH) an-
tagonist cycles. ICSI was performed in all cases, as this is routine
practice for all CCS cases at our facility. Viable blastocysts
underwent trophectoderm biopsy on day 5 or 6 for CCS.

Patients had either a fresh or frozen ET based on cycle-
specific criteria. Fresh ETs were performed on the morning of
day 6. A single-embryo transfer (SET) or double-embryo trans-
fer (DET) was performed in accordance with the American
Society for Reproductive Medicine (ASRM) guidelines [17].

Laboratory analysis

Basal TSH values were measured on the date of the initial visit,
and elevated levels (>2.5 mIU/L) were corrected with
levothyroxine. Euthyroid status was confirmed by documenta-
tion of a normal TSH value within 1 year prior to embryo
transfer. Eight days after ET, routine bloodwork included serum
beta-human chorionic gonadotropin (hCG) and TSH measure-
ments. Patients with a TSH value >2.5 mIU/L were started on
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levothyroxine therapy, or dosages were adjusted if patients had
previously been started on this medication. Patients with a pos-
itive pregnancy test (>5 IU/L) and subsequent appropriate rise
in beta-hCG had a transvaginal ultrasound performed 15 days
after ET. Pregnancies were following until approximately
9 weeks of gestation, and fetal cardiac activity was documented.

Data analysis

TSH values drawn 8 days after embryo transfer were empiri-
cally grouped using 0.5 mIU/L increments. These increments
were chosen to facilitate the detection of the impact of subtle
variations of TSH in the ≤2.5 mIU/L range. TSH values are
reported as mean±standard error. The implantation rate (IR)
was calculated by dividing the number of gestational sacs by
the number of embryos transferred. Live birth was defined as
the delivery of a viable fetus after 24 weeks of gestation. The
live birth rate (LBR) was calculated by dividing the number of
live births by the number of embryos transferred. The miscar-
riage rate was calculated by dividing the number of fetal heart-
beats at discharge by the maximum number of gestational sacs
visualized and subtracting this value from 1.

The primary outcome was defined as the IR of euploid
blastocysts compared among the different TSH groups. Sec-
ondary outcomes included the live birth and miscarriage rates
between TSH groups. The LBR based on thyroid hormone
supplementation was also evaluated to determine if outcomes
for patients with normal TSH values on thyroid supplementa-
tion differed from those not requiring medication.

Statistical analyses were performed using OpenEpi Version
3.03 andAnalyzeIt version 2.30.Demographic datawere assessed
for normality and analysis of variance (ANOVA) tests were used
to compare normally distributed data. Nonparametric data (estra-
diol levels) were compared using a Kruskal-Wallis test. Chi-
Squared tests were used to compare categorical variables. Receiv-
er operating characteristic (ROC) analyses were performed to de-
termine if there is a discriminatory value of TSH within the

recommended range for pregnancy for predicting implantation,
live birth, or miscarriage. The ROC curves were generated by
plotting the sensitivity and 1-specificity of all TSH values for
the given outcome variable. ANOVA was used to compare the
means of the IR, LBR, andmiscarriage rate between TSH groups.
For the analysis of miscarriage, the lowest three TSH groups were
grouped together due to the small number of patients in each of
these three groups. A t test was used to compare TSH values
between fresh and frozen cycles.

Results

One thousand five hundred ninety-nine transfer cycles were
included for analysis. Women were similar with regards to
age, follicle-stimulating hormone (FSH), basal antral follicle
count (BAFC), peak estradiol (E2), endometrial thickness,
and the number of embryos transferred (Table 1). Causes of
infertility were categorized according to the Society for
Assisted Reproductive Technology (SART) diagnoses and in-
cluded the following: male factor (35.1 %), ovulatory dysfunc-
tion (17.7 %), diminished ovarian reserve (7.8 %), tubal factor
(6.3 %), endometriosis (3.1 %), uterine factor (1.3 %), un-
known (13.8 %), and others (14.9 %). Of the 1599 cycles,
1191 were frozen ETs and 408 were fresh ETs. There were
1009 single-embryo transfers and 590 double-embryo transfers.

The mean TSH value for the study population was 2.37±
0.03 mIU/L. For patients not requiring thyroid hormone sup-
plementation (n=1015), the mean TSH value was 2.18±
0.03 mIU/L. The mean TSH value among patients requiring
levothyroxine treatment (n=584) was 2.69±0.06 mIU/L.

The overall implantation and live birth rates were 82.4 and
69.6 %, respectively. The overall miscarriage rate was 6.3 %.
The areas under the ROC curves for implantation, live birth,
and miscarriage were 0.519 (95 % CI 0.475–0.563), 0.530
(95 % CI 0.497–0.563), and 0.563 (95 % CI 0.497–0.629),
respectively (Fig. 1a–c). All three ROC curves approached the

Table 1 Demographics of TSH groups

TSH (mIU/L) N Age (years) FSH (mIU/mL) BAFC (n) Peak E2 on day of
hCG (pg/mL)

Endometrial thickness (mm) Number of embryos
transferred (n)

<0.5 28 35.8±4.5 7.2±2.1 13.1±7 2333 (1347-2794) 9.7±2.7 1.5±0.5

0.5 to <1 96 35.7±3.7 6.7±2.7 16.5±9.7 2509 (1596-3684) 9±2 1.4±0.5

1 to <1.5 240 35.1±4.3 7.1±2.8 16.7±9.7 2241 (1333-3056) 8.9±1.7 1.3±0.5

1.5 to <2 372 35.3±4.2 6.7±2.3 16.9±10.7 2157 (1432-3025) 9±1.9 1.4±0.5

2 to ≤2.5 292 35.3±4 7.2±2.6 17±8.8 2185 (1551-2904) 8.8±1.9 1.4±0.5

>2.5 571 34.9±4.3 7.3±4.4 16±8.9 2099 (1397-2863) 8.9±1.9 1.4±0.5

p value 0.38 0.11 0.24 0.09 0.23 0.14

Values are reported as mean±standard deviation or median (interquartile range) if data are nonparametric (peak E2)
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a  Implantation, Area under curve (AUC) = 0.519.

b Live Birth, AUC = 0.530. 

c  Miscarriage, AUC = 0.563.

Fig. 1 ROC plots representing
the sensitivity and 1-specificity of
each TSH value for predicting the
outcomes of a implantation, b live
birth, and c miscarriage
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line of no discrimination, indicating that there is no value of
TSH within the recommended range for pregnancy that pre-
dicts implantation, live birth, or miscarriage in the infertile
population better than other values in this range.

As there was no cutoff value of TSH identified in the ROC
analysis, the IR, LBR, and miscarriage rates among patients
stratified by TSH were compared. Outcomes were evaluated
among the following TSH groups: <0.5, 0.5 to <1.0, 1.0 to
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Fig. 2 a Implantation, b live
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between TSH groups are not
statistically different. Error bars
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<1.5, 1.5 to <2, 2 to ≤2.5, and >2.5 mIU/L. There was no
difference in the implantation or live birth rate between the
different TSH groups (p=0.56 and p=0.36, respectively)
(Fig. 2a, b). The miscarriage rates among the various TSH
groups were also similar (p=0.10) (Fig. 2c).

There was no difference in the live birth rate between wom-
en taking levothyroxine and those not on levothyroxine (69.9
vs. 69.5 %, respectively; p=0.86) (Fig. 3). The overall live
birth rates for fresh and frozen ET cycles were 66.5 and
70.7 %, respectively (p=0.09). The mean TSH values be-
tween fresh and frozen ETcycles within each TSH group were
not significantly different (p=0.08–0.97) (Fig. 4). The p value
of 0.08 corresponds to the fresh and frozen TSH values (2.27
and 2.24 mIU/L, respectively) in the TSH of 2–2.5 mIU/L
group. These TSH values are clearly quite similar, and it is
likely that the p value approaches statistical significance due
to the large population size and is not of clinical significance.

Discussion

In this large cohort of infertile patients, the optimal TSH range
for patients attempting conception through IVF was investi-
gated. In particular, the impact of variations of TSH within the
recommended range for pregnancy (≤2.5 mIU/L) on IVF out-
comes was evaluated. No association between varying TSH
values and implantation, live birth, or miscarriage rates was
detected.

The mean TSH value for all patients was below 2.5 mIU/L;
however, as demonstrated in the figures, there were patients
with TSH values over 2.5 mIU/L 8 days after embryo transfer.
One possible explanation for this finding is that elevations of
TSH may be a direct effect of ovarian stimulation, as it has
been demonstrated that up to one third of euthyroid women
may experience elevations of TSH over 2.5 mIU/L after un-
dergoing IVF [18]. Second, patients had documentation of
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euthyroid status within 1 year prior to embryo transfer. There-
fore, it is possible that TSH values at the time of actual embryo
transfer were at or above 2.5 mIU/L in select patients. Regard-
less of the potential etiologies of TSH elevations in a portion
of the study population, the objective of the study was to
evaluate outcomes based on TSH values. The findings dem-
onstrate that variations of TSH, particularly within the
≤2.5 mIU/L range, do not differentially impact IVF outcomes.

The live birth rate was similar for women on levothyroxine
and those not taking levothyroxine, suggesting that equivalent
IVF outcomes may be expected after providing thyroid hor-
mone supplementation to patients with elevated TSH levels.
Another important clinical application of this study is that the
TSH range for early pregnancy is sufficient for infertile wom-
en attempting conception through IVF. We did not evaluate
for an upper limit of TSH >2.5 mIU/L, as values above this
cutoff have been associated with adverse pregnancy outcomes
and would not be appropriate for women attempting pregnan-
cy [3, 4]. Within the recommended TSH range for pregnancy,
there was no TSH value more predictive of IVF success than
other values in this range.

A notable strength of this study is that we eliminated the
variable of embryonic competence by only evaluating euploid
blastocyst transfers. To our knowledge, this is the first study to
evaluate such a population, which facilitated a more specific
evaluation of the TSH effect on IVF outcomes. Additional
strengths of this study are the consistent timing of the TSH
measurements among the study population and the fact that
TSH was evaluated during the interval that may best reflect
peri-implantation thyroid status. Limitations of the study in-
clude its retrospective design and lack of data on embryologic
outcomes or on the presence of antithyroid antibodies.

TSH values drawn 8 days after embryo transfer were uti-
lized in this analysis as there were no standardized preimplan-
tation TSH values available for the study population. Howev-
er, preimplantation TSH values may provide information re-
garding expected ovarian stimulation response and IVF out-
comes. Previous analyses have exhibited significant inter- and
intra-study variability with regards to the timing of TSH mea-
surements in relation to the IVF cycle [18–22]. If IVF out-
comes based on preimplantation TSH values are to be evalu-
ated, TSH levels should be drawn at a standardized time near
the start of an IVF cycle. One such retrospective cohort study
evaluated outcomes based on TSH values measured within
6 weeks prior to cycle start [21]. This analysis detected no
difference in the number of oocytes retrieved, fertilization
rates, or pregnancy outcomes when comparing women with
a TSH value above and below 2.5 mIU/L [21]. The consistent
timing of TSH measurements and the proximity of these mea-
surements to cycle start are commendable strengths of this
study. It is important to note, however, that thyroid hormone
supplementation was initiated in patients found to have ele-
vated TSH levels within 6 weeks prior to IVF. American

Thyroid Association recommendations include repeating
TSH measurements 4–6 weeks after the initiation of medica-
tion in case dose adjustments are required [23]. Thus, it is
possible that the actual TSH value at the time of IVF differed
from the value used in the analysis. It would be beneficial for
future analyses to evaluate the impact of preimplantation TSH
measured at the time of cycle start. These studies may clarify
what impact, if any, preimplantation TSH values have on cy-
cle response and embryo development.

Despite evidence of a linear relationship between lower
TSH values and improved outcomes in spontaneous concep-
tions [9], no such association was detected in this infertile
population attempting conception through IVF. Variations of
TSH within the recommended range for pregnancy
(≤2.5 mIU/L) have no effect on outcomes after euploid blas-
tocyst transfer.
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