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A B S T R A C T

Objective: To investigate the effect of different TSH (0.5–2.49 mIU/L and 2.5–4.5 mIU/L) levels on
intrauterine insemination (IUI) outcomes of euthyroid unexplained subfertile patients who are negative
for thyroid antibodies.
Study design: In this retrospective cohort study, data of euthyroid subfertile patients who underwent IUI
due to unexplained infertility at a university-based infertility clinic between January 2013 and December
2014 were reviewed. A total of 156 patients of them were categorized into two groups according to pre-
conceptional TSH levels. The first study group consisted of patients with serum TSH levels 0.5–2.49 mIU/L
and the second study group consisted of patients with serum TSH levels 2.5–4.5 mIU/L. The primary
outcome measure was live birth rate.
Results: Demographics and cycle characteristics of the study groups were similar. There were no
statistically significant differences between the study groups regarding main outcome measures (live
birth rate, P = 0.82; clinical pregnancy rate, P = 0.64; miscarriage rate, P = 0.57).
Conclusion: Pre-conceptional TSH levels ranging between 0.5–4.5 mU/L does not appear to have a
significant effect on IUI outcome of euthyroid women who are negative for thyroid antibodies.
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Introduction

Hypothyroidism is a common health problem which affects
women more than men. Prevalence of overt hypothyroidism
ranges between 0.1%–2% depending on the population studied and
is significantly higher in patients with infertility [1,2]. Thyroid
function abnormalities can alter normal menstrual function and
may result in oligomenorrhea, amenorrhea, or hypermenorrhea/
menorrhagia. Menstrual irregularities are three times more
frequent in hypothyroid patients when compared to normal
population, and the most common irregularity is oligomenorrhea
[3]. Although screening for thyroid disorders is not mandatory,
during infertility evaluation most clinicians check for thyroid
functions as it can result in pregnancy loss and anovulation.

While the impact of overt hypothyroidism is clear, debate
continues on the possible negative effect of subclinical hypothyroid-
ism on assisted reproduction outcomes. Some authors advocate
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treatment of subclinical hypothyroidism. Higher implantation and
live birth rates are reported in subclinical hypothyroidism patients
who are treated by levothyroxine during controlled ovarian
stimulation, regardless of thyroid antibody status [4]. The American
Association of Clinical Endocrinologists recommend consideration
of treatment with L-thyroxine in women of childbearing age with
serum TSH levels between 2.5 mIU/L and the upper limit of normal
for a given laboratory’s reference range if they are in the first
trimester of pregnancy or planning a pregnancy including assisted
reproduction in the immediate future [5].

On the other hand, among patients treated by assisted
reproductive technology (ART), no differences were observed in
clinical pregnancy, miscarriage or delivery rates between TSH
thresholds of 2.5 mIU/L and 4.5 mIU/L as the upper limit [6]. In a
recent study, preconceptional TSH levels and outcomes of intrauter-
ine insemination (IUI) were evaluated in euthyroid infertile
patients [7]. The high-normal TSH levels (2.5–4.9 mIU/L) were not
found to be associated with adverse outcome. Presence of thyroid
antibodies may have adverse effect on IUI success and pregnancy
outcome. However, the exact effect of TSH level on IUI success in
euthyroid-subfertile patients with no thyroid antibodies needs to be
determined.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.ejogrb.2019.06.022&domain=pdf
mailto:batuhanturgay@hotmail.com
https://doi.org/10.1016/j.ejogrb.2019.06.022
https://doi.org/10.1016/j.ejogrb.2019.06.022
http://www.sciencedirect.com/science/journal/03012115
www.elsevier.com/locate/ejogrb


100 B. Turgay et al. / European Journal of Obstetrics & Gynecology and Reproductive Biology 240 (2019) 99–102
In this retrospective study, we aimed to investigate the effect of
different TSH levels on IUI outcomes of euthyroid unexplained
subfertile patients who are negative for thyroid antibodies.

Materials and methods

Trial population and study protocol

In this retrospective cohort study, data of euthyroid subfertile
patients who underwent IUI at a university-based infertility
clinic between January 2013 and December 2014 were reviewed.
The study was approved by the Institutional Review Board of
Ankara University School of Medicine. The inclusion criteria
were age 18–40 years, unexplained subfertility, duration of
infertility at least two years, follicle stimulating hormone level
<12 IU/ml, serum TSH level between 0.5 mIU/L and 4.5 mIU/L,
full thyroid function tests and thyroid antibody testing
performed within last three months of ovulation induction.
The exclusion criteria were body mass index >30 kg/m2, overt
thyroid dysfunction with elevated or decreased serum free T3
and/or free T4, being positive for thyroid antibodies (anti-TG
and/or anti-TPO), being under thyroid medication, history of
ovarian and/or tubal surgery and documented endometriosis.
The first stimulation cycle for each subject was included in the
study to prevent possible crossover bias between groups. All
patients had a standard infertility evaluation that included
medical history, physical examination, assessment of tubal
patency by hysterosalpingography, confirmation of ovulation
by mid-luteal serum progesterone, and semen analysis (abnor-
mal semen test results confirmed by a second analysis at least 6
weeks apart). Couples with normal sperm parameters, bilateral
patent fallopian tubes, and regular ovulatory cycles were
diagnosed with unexplained infertility. The first study group
consisted of patients with serum TSH levels 0.5–2.49 mIU/L and
the second study group consisted of patients with serum TSH
levels 2.5–4.5 mIU/L. The primary outcome measure was live
birth rate. Clinical pregnancy was defined an intrauterine
pregnancy ring.

Ovulation induction and intrauterine insemination

A transvaginal ultrasonography was performed on cycle day 3.
Cycles of women with ovarian cysts �15 mm were postponed. All
of the patients stimulated with rFSH (Gonal-F1; Serono, Istanbul,
Turkey or Puregon1; Schering-Plough, Istanbul, Turkey) with a
starting dose of 75 IU/day (BMI < 25 kg/m2) and 100 IU/day
(BMI � 25 kg/m2) were examined because of the duration of
infertility. rFSH injections were commenced on cycle day 2-4. The
first ultrasonography was performed on the 6th day of stimulation
and rFSH dose was adjusted according to ovarian response. Ovarian
Table 1
Demographics and cycle characteristics of the study groups.

Group I TSH 0.5-2.49 mIU/L (N = 1

Age (years) 28 (23-44) 

BMI (kg/m2) 23 (18-30) 

Duration of infertility (years) 4 (2-8) 

Day 3 FSH (IU/ml) 8,3 (1.7-12) 

TMSC (x106) 37 (5-120) 

Total gonadotropin dose (IU) 1000 (400-1769) 

Duration of stimulation (days) 10 (5-20) 

Pre-ovulatory follicles >17 mm (n) 1 (1-4) 

Peak estradiol (pg/ml) 106 (100-915) 

ET on day of hCG (mm) 10.9 (7.0-14.0) 

Note: The values are presented as median (min-max). TMSC: total motile sperm count
response and endometrial thickness were strictly monitored by
transvaginal ultrasonography. When the average diameter of the
leading follicle reached �18 mm 10,000 IU hCG (Pregnyl1,
Schering-Plough, Istanbul, Turkey) was administered. A single
IUI was performed 36–40 hours after hCG injection. Semen
samples used for insemination were processed within one hour
after ejaculation, using a density gradient centrifugation followed
by washing with culture medium. No luteal phase support was
given.

Thyroid assays

Enzyme-linked immunosorbent assays (ELISA) were used for
measurements of serum TSH, free T3, and free T4 (IMMULITE 2000
chemiluminometric assay; Siemens Healthcare Diagnostics, Deer-
field, Ill., USA) and serum anti-TPO and anti-Tg (Varelisa
thyroglobulin and TPO antibodies; Pharmacia Diagnostics, Frei-
burg, Germany). Thyroid autoimmunity (TAI) was defined as serum
concentration of anti-Tg or anti-TPO �100 IU/ml.

Statistical analyses

Data analyses were performed by using SPSS Version 21.0 (IBM
Corporation, Armonk, NYC, USA). Samples were tested with
Shapiro-Wilk test to determine normality of distributions.
According to the results, non-parametric tests were preferred.
Continuous variables were compared with Mann-Whitney U test.
Categorical variables were compared with Chi-square test. A P
value of <0.05 was considered statistically significant.

Results

A total of 232 euthyroid subfertile patients who underwent IUI
due to unexplained infertility were found to be eligible for the
analysis. Among those 24 (10.3%) patients with BMI > 30 kg/m2, 16
(6.8%) patients with positive thyroid antibody, 10 (4.3%) patients
with elevated or suppressed serum free T3/T4, and 26 (11.2%)
patients who were under thyroid medication were excluded from
the study. As a result, 156 patients were selected for the final
analysis. The first study group consisted of 118 patients with TSH
levels 0.5–2.49 mU/L and the second study group consisted of 38
patients with TSH levels 2.5–4.5 mU/L. None of the women
included in the study had previous parity; twenty-three patients in
the first study group and six patients in the second had one
miscarriage history before the treatment and the others were
primary subfertile. Demographic data and cycle characteristics are
presented in Table 1. The main outcome measures including live
birth rates, clinical pregnancy and miscarriage rates are presented
in Table 2. There were no statistically significant differences
between the study groups regarding main outcome measure.
18) Group II TSH 2.5-4.5 mIU/L (N = 38) P value

30 (22-36) 0.19
24 (20-29) 0.98
3 (2-6) 0.51
7.4 (5.8-12) 0.87
27 (5–58) 0.06
825 (375-1625) 0.76
11 (5-21) 0.17
1 (1-2) 0.94
48 (38-790) 0.74
12.0 (8.0-15.0) 0.14

; ET: endometrial thickness.



Table 2
Comparison of outcome measures among the study groups.

Group I TSH 0.5-2.49 mIU/L
(N = 118)

Group II TSH 2.5-4.5 mIU/L
(N = 38)

P value

Clinical pregnancy, n (%) 18 (15.2) 4 (10.5) 0.64
Live birth, n (%) 14 (11.8) 4 (10.5) 0.82
Miscarriage, n (%) 4 (3.3) 0 (0) 0.57
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Discussion

In the present study, we aimed to assess the association of pre-
conceptional TSH levels on IUI outcome of euthyroid subfertile
with thyroid antibody negative patients. According to the results of
this retrospective study, serum TSH level being above or under 2.5
mIU/L prior to ovulation induction does not appear to have a
significant effect on live birth rate in euthyroid subfertile women
undergoing IUI.

Since maternal hypothyroidism has been shown to be related to
an increased risk of adverse pregnancy outcomes such as
premature birth, low birth weight, pregnancy loss and damaged
optimal development of fetal brain, normal TSH levels are crucial
during pregnancy, particularly in the first trimester [8–10]. The
American Thyroid Association published a guideline in 2011
recommending the upper reference limit for serum TSH concen-
tration during pregnancy as 2.5 mU/L in the first trimester, and 3.0
mU/L in the second and third trimesters [11].

The impact of preconceptional TSH levels on ART outcome has
been an issue of debate [6,12]. Several studies couldn’t have found
significant effect of TSH levels on ART outcome [6,13,14]. In a recent
meta-analysis, the effect of LT4 treatment on pregnancy rates of
ART patients with subclinical hypothyroidism was evaluated [15].
The authors concluded that, LT4 supplementation should be
recommended to improve clinical pregnancy outcome in women
with subclinical hypothyroidism and/or thyroid autoimmunity
undergoing ART [15].

Recently, Jatzko et al. reported a retrospective analysis of their
IUI cycles [16]. On multivariate analysis treatment of subclinical
hypothyroidism with TSH levels above 2.5 mU/L was associated
with higher pregnancy rates among women undergoing IUI [16].
However, they also reported that patients with TSH > 2.5 mU/L
were treated for subclinical hypothyroidism and all patients had
TSH < 2.5 mU/L at the time of insemination. Interestingly, they
found no significant effect of TSH level, thyroid antibody status,
and treatment for overt hypothyroidism on IUI outcome. In
another recent study, Karmon et al. evaluated preconceptional TSH
values of 4064 IUI cycles from 1477 women [7]. The authors
reported no significant difference between IUI outcome of patients
among several TSH categories. Same results were reported in two
retrospective cohort studies consistent with Karmon et al.’s study
[7,17,18]. Furthermore, they found increased odds of live birth and
decreased odds of miscarriage for patients with TSH > 2.5 mU/L.
While they interpreted this result as ‘no adverse effect of high
normal TSH values’, also discussed ignorance of thyroid antibody
status as a limitation of the study. Although not significant, we
observed a similar pattern in our study population too. There were
4 and no miscarriages among patients with TSH < 2.5 mU/L and
with TSH > 2.5 mU/L, respectively. We interpret this finding as a
result of low subject number in group II.

Our study has some discrepancy from the aforementioned
studies per design. First of all, we included only unexplained
patients in order to have a more homogenous study population and
to avoid unfavorable effects of infertility etiology. In addition, we
excluded patients with hypo-/hyperthyroxinaemia, and under
thyroid medication. Although a recent large scale retrospective
cohort study found no association between presence of thyroid
autoimmunity and IUI success, we excluded patients who are
positive for thyroid antibody [19,20]. Because, an association
between thyroid antibodies and pregnancy loss was suggested in
some studies [5,21]. And, eliminating this co-factor may add
credence to our findings. Moreover, to the best of our knowledge
this is the third study that reports association between serum TSH
level and IUI outcome of euthyroid women with thyroid
autoimmune negative.

The major limitations of our study were the retrospective
design and the low number of subjects, particularly in the second
study group. However, we could not include more subjects such a
study with strict inclusion and exclusion criteria conducted in a
single center. Another limitation of the study was the lack of a
hypothetical power analysis.

In conclusion, pre-conceptional TSH levels ranging between
0.5–4.5 mU/L does not appear to have a significant effect on IUI
outcome of euthyroid women who are negative for thyroid
antibodies. Further large prospective studies are needed to
determine the exact effect of pure TSH level on IUI outcome.

Declaration of competing interest

The authors report no conflicts of interest and no financial
disclosure.

Funding

The authors declared that this study has received no financial
support.

Ethical approval

It is a restrospective study so ethical approval was not obtained.
This study was reviewed by the appropriate ethics committee and
was performed in accordance with the ethical standards described
in an appropriate version of the 1975 Declaration of Helsinki, as
revised in 2000.

References

[1] Vanderpump MP, Tunbridge WM, French JM, Appleton D, Bates D, Clark F, et al.
The incidence of thyroid disorders in the community: a twenty-year follow-up
of the WhickhamSurvey. Clin Endocrinol (Oxf) 1995;43(July (1)):55–68.

[2] Abalovich M, Mitelberg L, Allami C, Gutierrez S, Alcaraz G, Otero P, et al.
Subclinical hypothyroidism and thyroid autoimmunity in women with
infertility. Gynecol Endocrinol 2007;23:279–83.

[3] Krassas GE, Pontikides N, Kaltsas T, Papadopolou P, Paunkovic J, Paunkovic N,
et al. Disturbances of menstruation in hypothyroidism. Clin Endocrinol (Oxf)
1999;50:655.

[4] Kim CH, Ahn JW, Kang SP, Kim SH, Chae HD, Kang BM. Effect of levothyroxine
treatment on in vitro fertilization and pregnancy outcome in infertile women
with subclinical hypothyroidism undergoing in vitro fertilization/intra-
cytoplasmic sperm injection. Fertil Steril 2011;95(5):1650–4.

[5] Garber JR, Cobin RH, Gharib H, Hennessey JV, Klein I, Mechanick JI, et al.
American association of clinical endocrinologists and american thyroid
association taskforce on hypothyroidism in adults. Clinical practice guidelines
for hypothyroidism in adults: cosponsored by the American Association of
Clinical Endocrinologists and the American Thyroid Association. Endocr Pract.
2012;18(Novembet-December (6)):988–1028.

[6] Reh A, Grifo J, Danoff A. What is a normal thyroid-stimulating hormone (TSH)
level? Effects of stricter TSH thresholds on pregnancy outcomes after in vitro
fertilization. Fertil Steril 2010;94(7):2920–2.

http://refhub.elsevier.com/S0301-2115(19)30311-2/sbref0005
http://refhub.elsevier.com/S0301-2115(19)30311-2/sbref0005
http://refhub.elsevier.com/S0301-2115(19)30311-2/sbref0005
http://refhub.elsevier.com/S0301-2115(19)30311-2/sbref0010
http://refhub.elsevier.com/S0301-2115(19)30311-2/sbref0010
http://refhub.elsevier.com/S0301-2115(19)30311-2/sbref0010
http://refhub.elsevier.com/S0301-2115(19)30311-2/sbref0015
http://refhub.elsevier.com/S0301-2115(19)30311-2/sbref0015
http://refhub.elsevier.com/S0301-2115(19)30311-2/sbref0015
http://refhub.elsevier.com/S0301-2115(19)30311-2/sbref0020
http://refhub.elsevier.com/S0301-2115(19)30311-2/sbref0020
http://refhub.elsevier.com/S0301-2115(19)30311-2/sbref0020
http://refhub.elsevier.com/S0301-2115(19)30311-2/sbref0020
http://refhub.elsevier.com/S0301-2115(19)30311-2/sbref0025
http://refhub.elsevier.com/S0301-2115(19)30311-2/sbref0025
http://refhub.elsevier.com/S0301-2115(19)30311-2/sbref0025
http://refhub.elsevier.com/S0301-2115(19)30311-2/sbref0025
http://refhub.elsevier.com/S0301-2115(19)30311-2/sbref0025
http://refhub.elsevier.com/S0301-2115(19)30311-2/sbref0025
http://refhub.elsevier.com/S0301-2115(19)30311-2/sbref0030
http://refhub.elsevier.com/S0301-2115(19)30311-2/sbref0030
http://refhub.elsevier.com/S0301-2115(19)30311-2/sbref0030


102 B. Turgay et al. / European Journal of Obstetrics & Gynecology and Reproductive Biology 240 (2019) 99–102
[7] Karmon AE, Batsis M, Chavarro JE, Souter I. Preconceptional thyroid-
stimulating hormone levels and outcomes of intrauterine insemination
among euthyroid infertile women. Fertil Steril 2015;103(1):258–63.

[8] De Vivo A, Mancuso A, Giacobbe A, Moleti M, Maggio Savasta L, De Dominici R,
et al. Thyroid function in women found to have early pregnancy loss. Thyroid
2010;20:633–7.

[9] Van den Boogaard E, Vissenberg R, Land JA, van Wely M, van der Post JA,
Goddijn M, 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):605–19.

[10] Li Y, Shan Z, Teng W, Yu X, Li Y, Fan C, et al. Abnormalities of maternal thyroid
function during pregnancy affect neuropsychological development of their
children at 25-30 months. Clin Endocrinol (Oxf) 2010;72:825.

[11] Stagnaro-Green A, Abalovich M, Alexander E, Azizi F, Mestman J, Negro R, et al.
American Thyroid Association Taskforce on Thyroid Disease During Pregnancy
and Postpartum Guidelines of the American Thyroid Association for the
diagnosis and management of thyroid disease during pregnancy and
postpartum. Thyroid 2011;21(October (10)):1081–125.

[12] Fumarola A, Grani G, Romanzi D, Del Sordo M, Bianchini M, Aragona A, et al.
Thyroid function in infertile patients undergoing assisted reproduction. Am J
Reprod Immunol 2013;70:336–41.

[13] Chai J, Yeung WY, Lee CY, Li HW, Ho PC. Ng HY Live birth rates following in vitro
fertilization in women with thyroid autoimmunity and/or subclinical
hypothyroidism. Clin Endocrinol (Oxf) 2014;80:122–7.

[14] Alexander EK, Pearce EN, Brent GA, Brown RS, Chen H, Dosiou C, et al.
Guidelines of the american thyroid association for the diagnosis and
management of thyroid disease during pregnancy and the postpartum.
Thyroid 2017;27(March (3))315–89 2017.
[15] Rao M, Zeng Z, Zhou F, Wang H, Liu J, Wang R, et al. Effect of levothyroxine
supplementation on pregnancy loss and preterm birth in women with
subclinical hypothyroidism and thyroid autoimmunity: a systematic review
and meta-analysis. Hum Reprod Update 2019;25(May (3)):344–61, doi:http://
dx.doi.org/10.1093/humupd/dmz003.

[16] Jatzko B, Vytiska-Bistorfer E, Pawlik A, Promberger R, Mayerhofer K, Ott J. The
impact of thyroid function on intrauterine insemination outcome–a retro-
spective analysis. Reprod Biol Endocrinol 2014;5(April 12):28, doi:http://dx.
doi.org/10.1186/1477-7827-12-28.

[17] Tuncay G, Karaer A, _Inci Coşkun E, Balo�glu D, Tecellio�glu AN. The impact of
thyroid-stimulating hormone levels in euthyroid women on intrauterine
insemination outcome. BMC Womens Health 2018;18(March(1)):51, doi:
http://dx.doi.org/10.1186/s12905-018-0541-0.

[18] Repelaer van Driel-Delprat CC, van Dam EWCM, van de Ven PM, Homsma S, van der
Kooij L, Vis E, et al. Live birth rate after intrauterine insemination is not different
between women with lower quartile versus higher quartile normal range thyroid
stimulating hormone levels. Hum Reprod Open. 2019;2019(February (1)), doi:
http://dx.doi.org/10.1093/hropen/hoz002.eCollection 2019 hoz002.

[19] Unuane D, Velkeniers B, Bravenboer B, Drakopoulos P, Tournaye H, Parra J, et al.
Impact of thyroid autoimmunity in euthyroid women on live birth rate after
IUI. Hum Reprod 2017;32(April (4)):915–22, doi:http://dx.doi.org/10.1093/
humrep/dex033.

[20] Pekcan MK, Ozgu-Erdinc AS, Yilmaz N. Impact of subclinical hypothyroidism
and thyroid autoimmunity on clinical pregnancy rate after intrauterine
insemination in euthyroid women. JBRA Assist Reprod 2019;23(April (2):137–
42, doi:http://dx.doi.org/10.5935/1518-0557.20190027.

[21] Chen L, Hu R. Thyroid autoimmunity and miscarriage: a meta-analysis. Clin
Endocrinol (Oxf) 2011;74:513–9.

http://refhub.elsevier.com/S0301-2115(19)30311-2/sbref0035
http://refhub.elsevier.com/S0301-2115(19)30311-2/sbref0035
http://refhub.elsevier.com/S0301-2115(19)30311-2/sbref0035
http://refhub.elsevier.com/S0301-2115(19)30311-2/sbref0040
http://refhub.elsevier.com/S0301-2115(19)30311-2/sbref0040
http://refhub.elsevier.com/S0301-2115(19)30311-2/sbref0040
http://refhub.elsevier.com/S0301-2115(19)30311-2/sbref0045
http://refhub.elsevier.com/S0301-2115(19)30311-2/sbref0045
http://refhub.elsevier.com/S0301-2115(19)30311-2/sbref0045
http://refhub.elsevier.com/S0301-2115(19)30311-2/sbref0045
http://refhub.elsevier.com/S0301-2115(19)30311-2/sbref0050
http://refhub.elsevier.com/S0301-2115(19)30311-2/sbref0050
http://refhub.elsevier.com/S0301-2115(19)30311-2/sbref0050
http://refhub.elsevier.com/S0301-2115(19)30311-2/sbref0055
http://refhub.elsevier.com/S0301-2115(19)30311-2/sbref0055
http://refhub.elsevier.com/S0301-2115(19)30311-2/sbref0055
http://refhub.elsevier.com/S0301-2115(19)30311-2/sbref0055
http://refhub.elsevier.com/S0301-2115(19)30311-2/sbref0055
http://refhub.elsevier.com/S0301-2115(19)30311-2/sbref0060
http://refhub.elsevier.com/S0301-2115(19)30311-2/sbref0060
http://refhub.elsevier.com/S0301-2115(19)30311-2/sbref0060
http://refhub.elsevier.com/S0301-2115(19)30311-2/sbref0065
http://refhub.elsevier.com/S0301-2115(19)30311-2/sbref0065
http://refhub.elsevier.com/S0301-2115(19)30311-2/sbref0065
http://refhub.elsevier.com/S0301-2115(19)30311-2/sbref0070
http://refhub.elsevier.com/S0301-2115(19)30311-2/sbref0070
http://refhub.elsevier.com/S0301-2115(19)30311-2/sbref0070
http://refhub.elsevier.com/S0301-2115(19)30311-2/sbref0070
http://refhub.elsevier.com/S0301-2115(19)30311-2/sbref0075
http://refhub.elsevier.com/S0301-2115(19)30311-2/sbref0075
http://refhub.elsevier.com/S0301-2115(19)30311-2/sbref0075
http://refhub.elsevier.com/S0301-2115(19)30311-2/sbref0075
http://dx.doi.org/10.1093/humupd/dmz003
http://refhub.elsevier.com/S0301-2115(19)30311-2/sbref0080
http://refhub.elsevier.com/S0301-2115(19)30311-2/sbref0080
http://refhub.elsevier.com/S0301-2115(19)30311-2/sbref0080
http://dx.doi.org/10.1186/1477-7827-12-28
http://refhub.elsevier.com/S0301-2115(19)30311-2/sbref0085
http://refhub.elsevier.com/S0301-2115(19)30311-2/sbref0085
http://refhub.elsevier.com/S0301-2115(19)30311-2/sbref0085
http://dx.doi.org/10.1186/s12905-018-0541-0
http://refhub.elsevier.com/S0301-2115(19)30311-2/sbref0090
http://refhub.elsevier.com/S0301-2115(19)30311-2/sbref0090
http://refhub.elsevier.com/S0301-2115(19)30311-2/sbref0090
http://refhub.elsevier.com/S0301-2115(19)30311-2/sbref0090
http://dx.doi.org/10.1093/hropen/hoz002.eCollection 2019
http://refhub.elsevier.com/S0301-2115(19)30311-2/sbref0095
http://refhub.elsevier.com/S0301-2115(19)30311-2/sbref0095
http://refhub.elsevier.com/S0301-2115(19)30311-2/sbref0095
http://dx.doi.org/10.1093/humrep/dex033
http://refhub.elsevier.com/S0301-2115(19)30311-2/sbref0100
http://refhub.elsevier.com/S0301-2115(19)30311-2/sbref0100
http://refhub.elsevier.com/S0301-2115(19)30311-2/sbref0100
http://refhub.elsevier.com/S0301-2115(19)30311-2/sbref0100
http://refhub.elsevier.com/S0301-2115(19)30311-2/sbref0105
http://refhub.elsevier.com/S0301-2115(19)30311-2/sbref0105

	The association of thyroid stimulating hormone levels and intrauterine insemination outcomes of euthyroid unexplained subf...
	Introduction
	Materials and methods
	Trial population and study protocol
	Ovulation induction and intrauterine insemination
	Thyroid assays
	Statistical analyses

	Results
	Discussion
	Declaration of competing interest
	Funding
	Ethical approval
	References


