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Background: Women with hypothyroidism before pregnancy often require an increase in their levothyroxine
dosage to maintain a euthyroid state during pregnancy. The objectives of this study were to investigate: (i) the
frequency and distribution of thyrotropin (TSH) testing and levothyroxine dosage adjustment by gestational
age, (ii) the magnitude of levothyroxine increase by the underlying etiology of hypothyroidism, and (iii) the
relationship of overtreatment or undertreatment during pregnancy with adverse pregnancy outcomes among
women using thyroid replacement before pregnancy.
Methods: A retrospective cohort study of pregnancies in women on thyroid replacement before pregnancy
in Alberta, Canada, was performed. Women using thyroid replacement anytime during the two years before preg-
nancy who delivered between October 2014 and September 2017 were included. Delivery records, physician
billing, and laboratory and pharmacy administrative data were linked. Outcomes included characteristics of TSH
testing, levothyroxine dosing, and pregnancy outcomes. The frequency and gestational timing of TSH testing and
levothyroxine adjustments were calculated. Multiple logistic regression was used to test whether pregnancies with
TSH <0.10 mIU/L (overtreatment) or TSH ‡10.00 mIU/L (undertreatment) compared with control pregnancies
(TSH 0.10–4.00 mIU/L) were associated with adverse pregnancy and neonatal outcomes.
Results: Of the 10,680 deliveries, 8774 (82.2%) underwent TSH testing at least once during pregnancy, at a
median gestational age of six weeks. An adjustment of levothyroxine dosage was made for 4321 (43.7%) during
pregnancy. TSH in pregnancy below 0.10 mIU/L increased the odds of preterm delivery when compared with
control pregnancies (adjusted odds ratio, 2.14 [95% confidence interval 1.51–2.78]). TSH ‡10.00 mIU/L during
pregnancy was not associated with any adverse pregnancy or neonatal outcomes in the multivariable analysis.
Conclusions: Although most women on thyroid replacement before conception had TSH measured at some point
during pregnancy, it is concerning that 17.8% did not. Levothyroxine overtreatment in pregnancy was associated
with preterm delivery. These findings suggest that clinicians should be careful to avoid overtreatment with
levothyroxine in pregnancy.

Keywords: pregnancy, thyroid and pregnancy, thyroid function tests, hypothyroidism, pregnancy outcomes,
overtreatment

Introduction

Hypothyroidism affects 2–6% of reproductive-age
and pregnant women (1–3). Physiologic changes to

thyroid homeostasis occur in pregnancy, and result in an in-
crease in thyroxine (T4) requirements to maintain a euthyroid

state (4–9). Women with inadequate thyroid reserves before
pregnancy may be unable to adequately meet this increased
demand. As a result, an estimated 50–85% of women with
hypothyroidism preceding conception require an increase
in levothyroxine dosage throughout pregnancy (5,9–12). In
addition, the magnitude of thyroid hormone increase appears
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to depend on the underlying etiology of hypothyroidism
(7,11). Overt hypothyroidism has been associated with ad-
verse pregnancy outcomes (4). Optimizing levothyroxine
dosage in pregnant women with preexisting hypothyroidism
prevents the development of overt hypothyroidism in preg-
nancy (13).

Epidemiologic studies have found that between 20% and
60% of women on thyroid replacement therapy have elevated
thyrotropin (TSH) at presentation to their first prenatal visit
(12,14–18). The 2017 American Thyroid Association (ATA)
pregnancy guidelines strongly recommend that, among hy-
pothyroid women contemplating pregnancy, levothyroxine
should be adjusted preconception to achieve a TSH level of
less than 2.50 mIU/L and should be increased by 25–30% as
soon as pregnancy is confirmed to prevent TSH elevation in
the first trimester (4). There are little data examining the
relationship between suboptimal levothyroxine treatment
and pregnancy outcomes in women receiving thyroid re-
placement before conception. In particular, the potential ad-
verse effects of overtreatment caused by aggressive empiric
increases in thyroid hormone among women receiving pre-
conception levothyroxine have not be well studied.

The aim of this study is to describe the current manage-
ment patterns of thyroid hormone testing and treatment
among pregnant women who were on thyroid hormone
preconception and to evaluate the relationship between
TSH levels achieved throughout pregnancy and pregnancy
outcomes.

Methods

Study design and population

Administrative data were collected retrospectively on
females aged 15 to 49 years, who delivered in Alberta,
Canada, between October 1, 2014, and September 30, 2017.
Women were included in the study if they had filled a pre-
scription for any thyroid replacement medication (levothyr-
oxine, desiccated thyroid, or liothyronine) in the two years
before conception.

Ethics approval was obtained from the Conjoint Health
Research Ethics Board, University of Calgary (REB18-
0223). The analysis plans and protocol were registered in
Open Science Framework before viewing any of the data.

Data sources

Deliveries were identified through the Alberta Perinatal
Health Program (APHP) database. The APHP database
comprises provincial delivery records for all hospital and
registered midwife-attended home births in Alberta from
20 weeks’ gestation (19).

Using the unique maternal personal health care number,
data were linked to the Discharge Abstract Database (DAD)
for hospitalization data, to the province-wide laboratory da-
tabases from Alberta Health, Alberta Health Services (AHS),
and Alberta Precision Laboratories, to the Pharmaceutical
Information Network (PIN) database for details on pre-
scription medications, and to physician claims for outpatient
physician visits from Alberta Health. Obstetrical and neo-
natal outcomes were collected through the APHP database
and DAD data from Data and Analytics, AHS.

Definitions and outcome measures

The normal reference range for TSH in pregnancy was de-
fined as 0.10–4.00 mIU/L, based on the 2017 ATA guidelines
(4). Mean TSH measurements taken up to four months pre-
conception were included in the preconception analysis of
TSH value distribution. Frequency of TSH testing in preg-
nancy was analyzed according to trimesters (first trimester
from conception to 12 weeks 6 days’ gestation, second tri-
mester from 13 to 27 weeks 6 days’ gestation, and third tri-
mester from 28 weeks to term).

A dosage adjustment was defined as a change in dispensed
levothyroxine dosage from the preconception period to any-
time in pregnancy. The magnitude of increase in levothyr-
oxine dosage during pregnancy was assessed among women
who had at least one dosage change during pregnancy. Women
were excluded from all analyses related to levothyroxine
dosage if they had filled prescriptions for two different daily
doses of levothyroxine on the same day, due the inability to
accurately determine their dosage because instructions writ-
ten on the prescription provided are not available in the PIN
database. Thus, filling two different daily doses of levothy-
roxine on the same day could mean that patients were either
using a combination of dosages or taking different dosages
on different days. Levothyroxine dosage postpartum was de-
fined by the prescription dosage filled for thyroid medication
after delivery within the first year postpartum.

The magnitude of levothyroxine dosage adjustments made
during pregnancy was analyzed by the underlying etiology
of hypothyroidism. Women were divided into one of the
following categories, according to their International Clas-
sification of Diseases (ICD)-10 and/or ICD-9 billing codes
for thyroid disease, where available: (i) primary hypothy-
roidism (ICD-9 244.9, 245.0–245.2 and/or ICD-10 E03.2,
E03.3; E06.0-E06.9); (ii) hypothyroidism resulting from
treated Graves’ disease, either from ablation or surgery (ICD-9
242.0, 244.1, 242.9 and/or ICD-10 E05.0, E05.8, E05.9);
(iii) hypothyroidism following surgery for thyroid cancer
(ICD-9 193 and/or ICD-10 C73); and (iv) congenital hypo-
thyroidism (ICD-9 243 and/or ICD-10 E03.0–E03.1).
Women without available billing codes were excluded from
the analyses about diagnostic categories.

The associations between over- or undertreatment of preg-
nant women and pregnancy outcomes were examined. In the
prespecified analysis plan, the undertreatment group inclu-
ded females who had at least one TSH ‡10.00 mIU/L during
pregnancy and the overtreatment group comprised those who
had at least one TSH <0.10 mIU/L at any time in pregnancy.
TSH ‡10.00 mIU/L was prespecified for the definition of the
undertreatment group to maximize the ability to find a clin-
ically meaningful difference.

Statistical analyses

Descriptive statistics were used to calculate the proportion
of women with thyroid function testing during pregnancy and
the frequency of each specific thyroid test. Data were com-
pared using t-tests for continuous variables where appropriate
and chi-squared tests for categorical variables. Repeated-
measures analysis of variance was used to examine changes
in dosages from preconception over the course of the preg-
nancy for the entire cohort, as well as for each diagnos-
tic subgroup. Univariate and multivariable analyses were
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performed using multiple logistic regression to test whether
being overtreated (TSH <0.10 mIU/L) or undertreated (TSH
‡10.00 mIU/L) was independently associated with pregnancy
outcomes. A p-value of <0.05 was considered statistically
significant. Analyses were performed using SPSS (IBM SPSS
Statistics, Version 25, 20186).

Results

Among 202,900 deliveries between October 1, 2014, and
September 30, 2017, in Alberta, Canada, 10,680 deliveries
(5.3%) were from women on thyroid hormone before con-
ception (Fig. 1). Demographics of the cohort are provided in
Supplementary Table S1.

TSH testing during pregnancy

Of the 10,680 pregnancies, 8774 (82.2%) had at least one
TSH measurement (Fig. 1) and 6707 (62.8%) had at least two
TSH tests during pregnancy. A total of 6161 pregnancies
(57.7%) had at least one TSH test performed in the first tri-
mester (Fig. 1). In addition, 1737 (16.2%) had a free T4, 11
(0.1%) had a total T4, 34 (0.3%) had a free triiodothyronine,
and 932 (8.7%) had TPO antibodies measured at some point
during pregnancy. We also performed a supplementary anal-

ysis restricted to women who had filled at least two prescrip-
tions for thyroid hormone replacement before conception
and found similar results: 9297 women filled two or more
prescriptions for thyroid replacement in the two years before
conception and 7698 (82.8%) of them underwent TSH testing
at least once during pregnancy.

In women who had at least one TSH measurement during
pregnancy, the mean – SD number of tests performed was
1.1 – 1.0 in the first trimester, 1.4 – 1.2 in the second trimes-
ter, 0.9 – 0.9 in the third trimester, and 3.4 – 2.3 over the
entire pregnancy. The median gestational age for first and
second TSH measurements was 6 weeks (interquartile range
[IQR] 4–11) and 14 weeks (IQR 9–22), respectively. The dis-
tribution of TSH values preconception and during pregnancy
is summarized in Table 1.

TSH testing preconception

A total of 4741 (44.4%) pregnancies had at least one TSH
measured in the four months before conception. The pre-
conception TSH measurement was in the range of 0.10–4.00
mIU/L in 3129 (66.0%) of those pregnancies (Table 1). When
the range for TSH as recommended by the ATA guidelines
(0.1–2.5 mIU/L) was used, a total of 2067 (43.6%) preg-
nancies had a TSH in this range.

FIG. 1. Flow diagram of derivation of the study population. APHP, Alberta Perinatal Health Program; TSH, thyrotropin.
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T4 dosage and adjustments in pregnancy

Among the cohort of 10,680 pregnancies from women on
thyroid replacement therapy before conception, 325 preg-
nancies were excluded from the levothyroxine dosage and
adjustment analysis, as these women were treated either with
liothyronine or thyroid gland preparation, or both. A total of
486 pregnancies were further excluded due to the inability to
accurately determine levothyroxine dosage, resulting in 9869
pregnancies available for analysis of levothyroxine dosage in
pregnancy.

Of 9869 pregnancies, a total of 4321 (43.7%) had at least
one adjustment in levothyroxine dosage during pregnancy.
Of those, the mean – SD number of levothyroxine dosage
adjustments was 0.9 – 0.7 in the first trimester, 0.9 – 0.8 in the
second trimester, 0.5 – 0.7 in the third trimester, and 2.3 – 1.2
over the entire pregnancy. The median gestational age for the
first dosage adjustment was 10 weeks (IQR 5–19) and the
most common timing was gestational weeks 5 and 6. A total
of 1056 pregnancies had a single dosage adjustment during
pregnancy, 1510 had two dosage adjustments, and 1755 had
more than two dosage adjustments. Preconception, trimester-
specific, and postpartum daily levothyroxine dosage distri-
butions in women who had at least one dosage adjustment

during pregnancy are shown in Figure 2. Levothyroxine dos-
age significantly increased as pregnancy progressed and fell
postpartum (F(3, 4315) = 1288.1, p < 0.001). The mean and
median absolute increase in levothyroxine dosages was 27
and 24 mcg/day throughout the pregnancy. Overall, among
pregnancies that had at least one dose adjustment, the median
cumulative increases in levothyroxine were 17.9%, 35.7%,
and 43.6%, in the first, second, and third trimesters, respec-
tively, compared with the preconception levothyroxine dos-
age. Among pregnancies with at least one TSH measurement
>4.00 mIU/L, 71.5% had at least one levothyroxine dose
adjustment during pregnancy.

Levothyroxine dosing by diagnosis

A total of 4973 pregnancies had diagnostic billing codes
available to determine the etiology that resulted in the use of
thyroid replacement. These pregnancies were categorized as
follows: primary hypothyroidism, treated Graves’ disease,
thyroid cancer, or congenital hypothyroidism (Supplemen-
tary Fig. S1). Analyses of levothyroxine dosage throughout
pregnancy were carried out for each diagnostic group and are
presented in Figure 3. There was a significant increase in

Table 1. Distribution of Thyrotropin Measurements Before Conception and During Pregnancy

TSH value (mIU/L) <0.10
‡0.10 to

£2.50
>2.50 to

£4.00
>4.00 to
<10.00 ‡10.00 Total

TSH before conception
(up to four months)

189 (4.0%) 2067 (43.6%) 1062 (22.4%) 1153 (24.3%) 270 (5.7%) 4741 (100%)

First TSH in pregnancy 240 (2.7%) 4078 (46.5%) 2129 (24.2%) 1725 (19.7%) 602 (6.9%) 8774 (100%)
Highest TSH value in pregnancy 53 (5.9%) 3062 (34.9%) 2468 (28.1%) 2306 (26.2%) 885 (10.1%) 8774 (100%)

TSH, thyrotropin.

FIG. 2. Levothyroxine daily dosing distribution, prior, during, and after pregnancy, in pregnancies with at least one dose
adjustment (X axis). The y axis represents daily levothyroxine dose in micrograms. The central box represents the values
from the lower to upper quartile (25th–75th percentile). The middle line represents the median and the whiskers extent from
the minimum to maximum values, excluding the ‘‘outliers’’ values, which are individually displayed as circles.
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levothyroxine dosage during pregnancy and a reduction in
dosage after delivery (F (3,2427) = 130.65, p < 0.001). This
pattern was consistent among all diagnostic groups and no
between-group differences were observed with regard to
evolution in thyroid replacement dosing over time (F(9,5906) =
1.21, p = 0.28). The four subgroups had significantly different
dosages throughout pregnancy (F (3, 2429) = 41.28, p < 0.001),
and post hoc comparisons using the Scheffe test showed that
the thyroid cancer group had significantly higher dosages
compared with the other three diagnostic groups (all p-values
were <0.001).

Pregnancy and neonatal outcomes

Among 8774 pregnancies with TSH testing performed
during pregnancy, 351 pregnancies (4.0%) had at least one
TSH measurement <0.10 mIU/L, whereas 797 pregnancies
(9.1%) had at least one TSH measurement ‡10.00 mU/L.
Pregnancies with TSH 0.10–4.00 mIU/L (n = 5225) were
used as the control group for comparison of clinical out-
comes. Data for pregnancy and neonatal outcomes were
missing for seven pregnancies (0.1%). A total of 88 preg-
nancies (1.0%) met the criteria for both overtreatment and
undertreatment and were excluded from these analyses.
No associations were observed between overtreatment
or undertreatment groups and preeclampsia, gestational
hypertension, gestational diabetes, postpartum hemorrhage,
venous thromboembolic events, and large for gestational
age and small for gestational age infants (Table 2). Preterm
delivery was more common in the overtreatment group than
that in the control group (16.5% vs. 8.2%; unadjusted odds
ratio [OR] 2.21; 95% confidence interval [CI 1.64–2.98])
and the association remained statistically significant after
adjustment for confounders (adjusted OR 2.14 [CI 1.51–
2.78]) (Table 2). In the univariate analysis, neonatal inten-
sive care unit admission was more common in both the
overtreatment and the undertreatment groups compared
with the control group (unadjusted OR 1.92 [CI 1.39–2.64]
and 1.36 [CI 1.06–1.74]). However, those associations were
no longer apparent after adjustment for potential con-
founders (adjusted OR 1.24 [CI 0.94–2.09] and 1.24 [CI
0.93–1.55]) for the overtreatment group and undertreatment
group, respectively (Table 2). A post hoc analysis excluding
34 pregnancies with a diagnostic billing code for thyroid
cancer from the overtreatment group was carried out and
demonstrated the same findings after adjustment for con-
founders (data not shown). Furthermore, a sensitivity
analysis was performed to evaluate pregnancy and neonatal
outcomes in 2306 pregnancies with at least one TSH mea-
surement in the range of 4.01–9.99 mIU/L, defined as
the mild undertreatment group (Table 2). In the univariate
analyses, preeclampsia, gestational hypertension, preterm
delivery, and neonatal intensive care unit admission were
slightly more common in the mild undertreatment compared
with the control group. However, none of these associations
remained significant after adjustment for confounders in the
multivariable analyses.

An additional sensitivity analysis restricted to women who
had filled at least two prescriptions for thyroid hormone re-
placement before conception was performed (Supplementary
Table S2). Compared with the original cohort, results re-
mained unchanged in the adjusted analyses except that the

association between overtreatment and neonatal intensive
care unit admission reached statistical significance (adjusted
OR 1.49 [CI 1.03–2.16]).

A post hoc analysis was performed to identify characteristics
associated with TSH <0.10 mIU/L during pregnancy (Supple-
mentary Table S3). The likelihood of having a TSH <0.10
mIU/L during pregnancy was increased when the closest TSH
measurement to conception was <1.50 mIU/L or the levothyr-
oxine dosage was at least 100 mcg/day in the 12 months before
conception ( p < 0.001). Furthermore, pregnancies with a diag-
nosis of thyroid cancer or treated Graves’ disease had a greater
likelihood of TSH suppression, while those with a diagnosis of
primary hypothyroidism were less likely to be overtreated.

Discussion

This study demonstrated that although the majority (82.2%)
of pregnancies in women on thyroid replacement predating
pregnancy had TSH testing at least once during pregnancy, it
is concerning that a sizeable proportion (17.8%) did not. Most
of the TSH measurements (70.2%) occurred in the first tri-
mester. When first tested in pregnancy, the TSH value was
greater than or equal to 10.00 mIU/L in 6.9% of pregnancies.
An adjustment in levothyroxine dosage was made for 43.7%
of pregnancies at some point during pregnancy. The majority
of pregnancies that had levothyroxine titrated during preg-
nancy received two or more adjustments. The data suggested
a potential harm of overtreating pregnant women on thyroid
replacement, as a TSH level below 0.10 mIU/L at any time
during pregnancy was associated with a doubling of the odds
of preterm delivery.

It is well recognized that titration of levothyroxine dose is
often required during pregnancy in women with preexisting
thyroid disease to replicate normal physiologic changes and
maintain a normal TSH, although the optimal management
strategy is not established. This study demonstrated that the
most common timing for first levothyroxine dose adjustment
in pregnancy was around five to six weeks of gestation. Among
women who had at least one adjustment in thyroid hormone
dosage during gestation, the median cumulative increase in
levothyroxine from preconception to third trimester was 44%,
consistent with previously published data (5,9).

The cohort in this study included pregnancies between
2014 and 2017. The ATA guidelines from 2011 and 2017
recommend that pregnant women on levothyroxine before
conception should immediately increase their levothyroxine
by two additional tablets a week at the time of conception,
representing an approximate dosage increase of 30% (4,20).
The efficacy and safety of this approach have been investi-
gated in a prospective study in which women with treated
hypothyroidism were randomized to increase levothyroxine
by either two or three tablets per week once pregnant (13).
Both interventions prevented TSH elevations in the first tri-
mester, but resulted in TSH suppression below 0.10 mIU/L in
8% and 26% of women, in the two- and three-tablet increase
groups, respectively. Observational studies have highlighted
the association between overt hypothyroidism and adverse
pregnancy complications, as well as negative childhood
neurocognitive outcomes (10,14,21,22). However, there is
paucity of information on the relationship between over-
treatment with levothyroxine and potential effects on preg-
nancy outcomes. A community-based study published by
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Taylor et al. showed that a first trimester TSH level below
0.20 mIU/L was not associated with an increased risk of
miscarriage in levothyroxine-treated women (14). They also
found no association between TSH level measured in the first
or second/third trimester, either below 0.30 mIU/L or greater
than 10.00 mIU/L, and adverse obstetrical outcomes. Their
results should, however, be interpreted with caution given
the small number of participants in their groups. Our large
study found that a TSH measurement <0.10 mIU/L at any
time during pregnancy was associated with a significantly
increased odds of preterm delivery, differing from the results
of the other study (14). This may be due to our larger sample
size, which provided adequate power to demonstrate this
difference.

The current study’s findings suggest that greater attention to
clinical factors associated with TSH suppression may be re-
quired when adjusting levothyroxine dosage during pregnancy.
Yassa et al. identified three factors that should potentially
trigger a more conservative approach in the initial levothyr-
oxine increase to prevent overtreatment (13). They found that
athyreotic patients, females with a preconception TSH below
1.50 mIU/L, and those treated with a levothyroxine dose of at
least 100 mcg/day before conception were at greater risk of
TSH suppression <0.50 mIU/L during pregnancy following an
initial levothyroxine dose increase. We conducted a post hoc
analysis to further explore factors associated with TSH sup-
pression <0.10 mIU/L during pregnancy in our population and
this showed similar results. Our findings reinforced those of
Yassa et al. and underscore the need for clinical judgment
to guide the ATA’s strong recommendation to increase le-
vothyroxine dosage by 25–30% in all pregnant women. Indeed,
a subgroup of pregnant women with preconception TSH <1.50
mIU/L or levothyroxine dose greater than 100 mcg/day may
benefit from a more conservative approach to levothyroxine
increments during pregnancy.

While the use of population-level administrative data
provided a large sample size, the limitation of this approach is
little detailed clinical information on the specific indications
for TSH testing. Therefore, it is unknown whether the lack of
TSH testing in some pregnancies was the result of some
women not seeking medical care, the care provider not re-
questing a TSH, or the pregnant women not completing tests
recommended by their care providers. Although we used a
well-validated database to identify levothyroxine prescrip-
tions, adjustments made in levothyroxine without issuing and
filling a new prescription at the pharmacy would not have
been taken into account in this study. This is important as
many women planning a pregnancy are often instructed by
their health care teams to take two extra tablets a week of
their usual daily levothyroxine dosage once pregnancy is
confirmed (4). Also, medication adherence could not be as-
sessed in this study. It is possible that in addition to the
confounders that were adjusted for, there may be other po-
tential confounders that were not taken into account in our
adjusted analysis. Finally, we are unable to assess early
pregnancy loss in this study because our data sources only
have information on pregnancies that completed at least 20
gestational weeks. Since other observational studies have
found that undertreatment of hypothyroidism during preg-
nancy was associated with early pregnancy loss, clinicians
also need to be careful to avoid undertreatment of hypothy-
roidism in pregnancy (10,23).

Our study has notable strengths, including the use of large
population-based data sets to identify pregnant women on
thyroid replacement before pregnancy. Indeed, unlike studies
performed in a research setting, our study reflects practice
patterns of management of thyroid disease in pregnancy in
routine clinical practice from various practitioners. More-
over, the use of a large cohort allowed for the adjustment of
multiple potential confounders. Finally, registering our pro-
tocol and analysis plan before data analysis is another im-
portant strength of this study, since it provides evidence that
the reporting of data was complete and consistent with the
initial analysis plans and not influenced by the study findings.

In conclusion, although most women on thyroid replace-
ment before conception had TSH measured at some point
during pregnancy, it is concerning that a sizeable proportion
of these women (almost 20%) did not have a TSH measure-
ment performed in pregnancy. Furthermore, this study found
that levothyroxine overtreatment in pregnancy was associated
with preterm delivery. Thus, until there are further dedicated
studies on the management of preexisting hypothyroidism in
pregnancy, clinicians should consider exercising caution to
avoid overtreatment with levothyroxine in pregnancy.
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