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BACKGROUND: Gestational thyroid dysfunction is com-
mon and associated with maternal and child morbidity
and mortality. During pregnancy, profound changes in
thyroid physiology occur, resulting in different thyroid-
stimulating hormone (TSH) and free thyroxine (FT4)
reference intervals compared to the nonpregnant state.
Therefore, international guidelines recommend calculat-
ing trimester- and assay-specific reference intervals per
center. If these reference intervals are unavailable, TSH
reference intervals of 0.1–2.5 mU/L for the first trimester
and 0.2–3.0 mU/L for the second trimester are recom-
mended. In daily practice, most institutions do not cal-
culate institution-specific reference intervals but rely on
these fixed reference intervals for the diagnosis and treat-
ment of thyroid disorders during pregnancy. However,
the calculated reference intervals for several additional
pregnancy cohorts have been published in the last few
years and show substantial variation.

CONTENT: We provide a detailed overview of the avail-
able studies on thyroid function reference intervals dur-
ing pregnancy, different factors that contribute to these
reference intervals, and the maternal and child complica-
tions associated with only minor variations in thyroid
function.

SUMMARY: There are large differences in thyroid function
reference intervals between different populations of preg-
nant women. These differences can be explained by vari-
ations in assays as well as population-specific factors, such
as ethnicity and body mass index. The importance of
using correct reference intervals is underlined by the fact
that even small subclinical variations in thyroid function
have been associated with detrimental pregnancy out-
comes, including low birth weight and pregnancy loss. It
is therefore crucial that institutions do not rely on fixed

universal cutoff concentrations, but calculate their own
pregnancy-specific reference intervals.
© 2015 American Association for Clinical Chemistry

Thyroid dysfunction during pregnancy is common, with
a prevalence of 2%–4% (1, 2 ). Maternal thyroid dys-
function is associated with an increased risk of various
adverse maternal and child outcomes, including miscar-
riage, intrauterine growth retardation, hypertensive dis-
orders, preterm delivery, and a decreased child IQ (2–4).
During pregnancy, profound changes in thyroid physiol-
ogy occur to provide sufficient thyroid hormone (TH)3

to both the mother and fetus. This is particularly impor-
tant during early pregnancy because the fetal thyroid
starts to produce considerable amounts of TH only from
approximately 20 weeks of gestation, until which time
the fetus heavily depends on the maternal supply of TH.
This supply of TH to the fetus, as well as increased con-
centrations of TH binding proteins (thyroxine-binding
globulin) and degradation of TH by placental type 3
iodothyronine deiodinase necessitate an increased pro-
duction of maternal TH (1, 2 ). This requires an intact
thyroid gland and adequate availability of dietary iodine
and is in part mediated by the pregnancy hormone hu-
man chorionic gonadotropin, which is a weak agonist of
the thyroid-stimulating hormone (TSH) receptor (5 ). As
a consequence, serum free thyroxine (FT4) concentra-
tions increase and TSH concentrations decrease from ap-
proximately the eighth week throughout the first half of
pregnancy, resulting in different reference intervals for
TSH and FT4 compared to the nonpregnant state.

Given these pregnancy-related changes in thyroid
physiology and the complications associated with thyroid
dysfunction, it is important to determine reference inter-
vals for normal thyroid function during pregnancy. This
is crucial to identify women who would potentially ben-
efit from treatment. For this reason, the guidelines of the
Endocrine Society, American Thyroid Association, and
European Thyroid Association recommend that
trimester-specific reference intervals be calculated for
each center (6–8 ). If these calculated intervals are not1 Department of Internal Medicine, 2 Rotterdam Thyroid Center, Erasmus Medical Center,
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available in the laboratory, TSH reference intervals of
0.1–2.5 mU/L for the first trimester and of 0.2–3.0
mU/L for the second trimester are recommended (6–8 ).
These reference interval estimations were predominantly
based on the published reference intervals of 6 pregnancy
cohorts (9–14). Although the center-specific reference
intervals for many additional pregnancy cohorts have
been published following the publication of these guide-
lines and show substantial differences in cutoffs for TSH,
most institutions still rely on these fixed reference inter-
vals. This is particularly relevant because even subclinical
thyroid dysfunction, mostly defined according to
population-based cutoffs, is associated with an increased
risk of adverse maternal and child outcomes. Therefore,
this review provides an overview of studies of thyroid
function reference intervals during pregnancy and differ-
ent factors that contribute to these intervals, as well as the
clinical complications associated with minor variations in
thyroid function.

Studies of Thyroid Function Reference
Intervals during Pregnancy

In accordance with recommendations by the Interna-
tional Federation of Clinical Chemistry (15 ), interna-
tional thyroid guidelines advise that reference intervals
should be based on the 2.5th and 97.5th percentile of the
respective population with an optimal iodine intake (6–
8 ). In addition, each study on a specific endpoint should
also incorporate a sensitivity analysis on neighboring cut-
off percentiles to explore the optimal cutoff point. Anal-
yses using a nonparametric cutoff should be performed in
a sufficiently sized, nonselected population that consist of
“healthy” reference individuals. Because of the high in-
terindividual variability and skewness for TSH but also to
some extent FT4, a minimum of approximately 400 in-
dividual measurements per partition is required as op-
posed to the minimum of 120 measurements recom-
mended for standard parametric 90% coverage interval
calculations (16–19). Although the term “healthy” can
be interpreted in many ways for TSH and FT4 reference
interval determinations, this at least means a population
free of major known factors inhibiting or stimulating
thyroid function. Preferably, this population would con-
sist of thyroid antibody [i.e., thyroid peroxidase antibody
(TPOAb)]-negative women without preexisting thyroid
disease or other thyroid-interfering factors such as med-
ication use or twin pregnancies. Exclusion of TSH recep-
tor antibody (TRAb)-positive subjects could further im-
prove reference interval estimations, although most of
the TRAb-positive subjects are also TPOAb-positive and
TRAbs are far less common in the general population
than TPOAbs (20 ).

Table 1 shows reference intervals for TSH and FT4

during early pregnancy, calculated according to the inter-

national guidelines, in sufficiently sized population-
based cohorts among TPOAb-negative women
(9, 14, 21–32 ). For both hormones, a wide range of
reference interval values has been reported, with the up-
per limit of TSH varying between 2.15 and 4.68 mU/L
between different cohorts. Importantly, 90% of all upper
limits of TSH are higher than the recommended fixed
TSH cutoff concentrations of 2.5 and 3.0 mU/L for the
first and second trimesters, respectively. The clinical rel-
evance of this finding is that the use of these fixed upper
limits of 2.5 mU/L and 3.0 mU/L results in significant
overtreatment in euthyroid women, which may have
negative effects on maternal and/or fetal outcomes. This
is illustrated in Fig. 1 for a large iodine-sufficient
population-based cohort in the Netherlands, where 8.6%
and 4.9% of the TPOAb-negative women with TSH
levels within the reference interval had a TSH concentra-
tion above 2.5 mU/L and 3.0 mU/L in the first and
second trimesters, respectively (28 ). These data under-
line the importance of calculating population-based
pregnancy-specific thyroid parameter reference intervals,
instead of using fixed upper limits of 2.5 and 3.0 mU/L.

Factors Influencing Thyroid Function
Reference Intervals during Pregnancy

As illustrated in Table 1, various commercial TSH and
FT4 assays have been used to evaluate thyroid function
during pregnancy. Although previous studies have shown
that the interassay differences for TSH are relatively small
(r � 0.91–0.98), FT4 measurements seem much more
prone to interference and have larger interassay differ-
ences (r � 0.68–0.89) (33, 34 ). Pregnancy results in a
shift of potentially interfering factors such as thyroxine-
binding globulin and albumin. Not only does the extent
of this shift vary per individual, it also affects measure-
ments by each immunoassay differently. Therefore, the
population differences in FT4 concentrations can be at
least partly attributed to assay-related factors. As recently
suggested by Bestwick et al., TSH and FT4 values can be
expressed as multiple of medians (MoM) to interpret and
compare the upper and lower limits obtained via differ-
ent assays (21 ). A MoM value is calculated by dividing
each individual’s value by the population median, which
creates a value that is standardized for the assay median.
These values are independent of interassay differences,
and therefore cutoff points for different assays can be
generalized more easily. Table 2 shows the calculated
lower and upper limits expressed as MoM values for the
same studies as Table 1, which resulted in more uniform
reference intervals. This is especially the case for FT4,
suggesting that TSH is more subject to change by non-
analytical factors.

It has long been known that iodine is an essential
component of TH that is subject to physiologic changes
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during pregnancy, including an increased turnover and
renal excretion, necessitating increased intake during
pregnancy. It is therefore expected that populations with
an abnormal iodine status have a higher prevalence of
thyroid dysfunction, which would lead to unreliable ref-
erence interval estimations. For this reason, the interna-
tional guidelines recommend calculating reference inter-
vals in populations with an optimal iodine intake (6–8 ).
Despite this, few data are available about the exact effects
of iodine status on thyroid function reference intervals
during pregnancy. A Chinese study recently measured
first-trimester serum thyroid function and urinary iodine
concentrations (UIC) in 7190 pregnant women from an
iodine-sufficient population (35 ). No effects of low UIC
on mean serum TSH or FT4 concentrations were ob-
served. However, compared to women with adequate io-
dine intake (UIC 150–249 �g/L), women with excessive
iodine intake (UIC �500 �g/L) had higher mean TSH
(2.32 vs 1.86 mU/L) and lower FT4 (15.27 vs 16.12
pmol/L) concentrations (all P � 0.001). Calculated se-
rum TSH and FT4 reference intervals were 0.24–5.63
mU/L and 12.23–21.01 pmol/L in women with ade-
quate iodine intake, and 0.36–6.12 mU/L and 12.14–
20.64 pmol/L in women with excessive iodine intake.
More studies in various trimesters of pregnancy and dif-
ferent ethnicities are needed to extrapolate the exact ex-
tent of these effects.

The extent to which other population characteris-
tics, such as ethnicity, body mass index (BMI), and
smoking, influence TSH or FT4 measurements is more
quantifiable. These characteristics have all been associ-
ated with differences in serum thyroid parameters as well
(21, 24, 25, 27, 29, 36–43). With regard to ethnicity,

for a wide range of serum thyroid function tests both
upper and lower limits differ according to ethnic back-
ground in the first and second trimester. La’ulu et al.
showed substantial differences in TSH upper limits,
ranging from 2.73 in blacks (MoM 2.81) to 3.64 mU/L
in Asians (MoM 3.17), reaching borderline statistical sig-
nificance (24, 25 ). Recently, we have shown significant
differences in TSH reference intervals between various
ethnic groups in a population-based pregnancy cohort of
European origin (see Fig. 1 in the Data Supplement that
accompanies the online version of this article at http://
www.clinchem.org/content/vol61/issue5) and addition-
ally demonstrated that these ethnic differences in thyroid
parameter reference intervals may lead to considerable
misclassification of thyroid disease in up to 18% of cases
(39 ).

BMI has also been associated with both TSH and
FT4 concentrations during pregnancy (21, 27, 37, 41 ).
Mannisto et al. found that upper limits (95th percentile)
of TSH were 3.50 mU/L and 2.86 mU/L among women
with a BMI �30 kg/m2 and �20 kg/m2, respectively.
For the same groups, they also showed that the lower
limit for FT4 (fifth percentile) decreased from 12.3 to
11.6 pmol/L, respectively (27 ). Bestwick et al. expressed
these values in MoMs and found an increase in TSH of
0.025 MoM and a decrease in FT4 of 0.009 MoMs per
10-kg increase in body weight (21 ). In this context it is
noteworthy that the prevalence of overt hypothyroidism
in morbidly obese subjects (BMI �40 kg/m2) was found
to be 11.8% (44 ). The guidelines of the American Thy-
roid Association therefore recommend TSH screening in
morbidly obese pregnant women (7 ).

Fig. 1. Distribution of serum TSH values within the normal reference interval (2.5th–97.5th percentiles) in the first and second
trimester in 5186 Dutch women, after exclusion of women with TPOAb positivity, known thyroid disease, thyroid (interfering)
medication usage, twin pregnancies, and pregnancies after fertility treatment.
Reproduced with permission from Medici et al. (28 ). ©The Endocrine Society.
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In line with the above, Table 1 additionally shows
data on BMI, iodine status, and specific ethnic back-
grounds for the various studies on thyroid function ref-
erence intervals. However, it is hard to comment on these
associations from this table because these characteristics
were incompletely reported in many studies.

Finally, various studies have shown that smoking has
only limited effects on mean TSH and FT4 concentra-
tions during pregnancy (21, 29, 40, 42, 45 ). This is il-
lustrated by a study of 4317 Finnish pregnant women,
which found that smokers had TSH concentrations iden-
tical to those of nonsmokers (1.02 mU/L), whereas there
was a small difference in FT4 concentrations (15.02 vs
15.24 pmol/L; P � 0.006) (40 ). Because effect sizes were
small, it seems unlikely that population differences in
smoking prevalence have any noteworthy effect on TSH
and FT4 reference intervals.

Minor Variations in Thyroid Function and the
Risk of Maternal and Child Complications

The previous paragraphs showed that there are substan-
tial differences in thyroid parameter reference intervals

between populations. However, to illustrate the clinical
relevance of using these population-based pregnancy-
specific intervals instead of fixed or nonpregnancy refer-
ence intervals, we calculated these effects in the Genera-
tion R study (see online Supplemental Table 1). Women
with TSH concentrations above the population-based
reference interval had an increased risk of premature de-
livery and children with intrauterine growth retardation
[small size for gestational age (SGA)], whereas women
with TSH concentrations below the lower limit of this
reference interval had an increased risk of hypertensive
disorders (46, 47 ). However, the use of fixed TSH cut-
offs did not identify women with an increased risk of
premature delivery or SGA, and the association between
suppressed TSH and hypertensive disorders remained
similar. This suggests that the use of fixed instead of
population-based reference intervals would lead to over-
treatment, particularly in women with high-normal TSH
concentrations. In recent years, other studies have inves-
tigated the effects of minor subclinical variations in thy-
roid function on the risk of adverse maternal and child
outcomes. These studies are important in the clinical
context of this review because they provide insight into

Table 2. Reference ranges for TSH and FT4 during early pregnancy worldwide, expressed as MoMs.

Reference, country Gestation (weeks)

MoMa TSH MoM FT4

Iodine insufficiency2.5–97.5 Percentile 2.5–97.5 Percentile

Bestwick et al. (21), Italy <16 0.04 2.98 0.80 1.31 Moderate–mild

Bestwick et al. (21), UK <16 0.05 3.15 0.78 1.29 Moderate–mild

Bocos-Terraz et al. (9 ), Spain <14 0.44 2.80 0.78 1.28 Mild

Gilbert et al. (22), Australia 9–13 0.03 2.91 0.77 1.32 Borderline

Lambert-Messerlian et al. (23), USA T1 0.12 3.37 0.73 1.25 Mild

T2 0.29 2.82 0.72 1.25

La’ulu and Roberts (24, 25), USA 10–13 0.02 2.86 0.78 1.27 Mild

14–20 0.13 2.73 0.78 1.27

Li et al. (26), China 7–12 0.07 2.95 0.78 1.32 Proven sufficientb

Männisto et al. (27), Finland T1 0.07 3.19 0.76 1.49 Sufficient

T2 0.08 3.09 0.77 1.60

Medici et al. (28), the Netherlands 8–18 0.02 3.11 0.71 1.50 Proven sufficientb

Pearce et al. (29), USA <14 0.04 3.27 — — Borderline

Quinn et al. (30), Russia T1 0.05 2.81 — — Moderate

T2 0.10 2.34 — —

Springer et al. (31), Czech Republic 9–11 0.05 3.03 — — Mild

Stricker et al. (14), Switzerland 6–12 0.07 2.97 0.76 1.33 Sufficient

T2 0.20 2.74 0.78 1.29

Vaidya et al. (32), UK <12 0.13 2.95 0.73 1.33 Mild-moderate

a MoM values were calculated by dividing each individual TSH or FT4 value by the (trimester-specific) median value. These values were extracted from the original manuscript or
obtained via personal communication with the study authors.
b Based on iodine measurements in study population.
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the potential consequences of applying incorrect refer-
ence intervals to a given pregnant population. Below, we
provide an overview of the effects of subclinical thyroid
dysfunction during pregnancy on the risk of a number of
important and well studied maternal and child compli-
cations, as summarized in Table 3 (46–65). A detailed
discussion of studies on overt thyroid dysfunction is be-
yond the scope of this review because it is already known
that overt thyroid dysfunction is associated with these
pregnancy complications, and differences in reference in-
terval determination particularly affect the identification
of subclinical disease.

PREGNANCY LOSS

Pregnancy loss is a difficult study end point because early
fetal loss naturally occurs in approximately 30% of preg-
nancies, of which the majority occurs even before preg-
nancy is clinically recognized (66 ). Negro et al. studied
the relationship between thyroid function and the com-
bined endpoint of miscarriage and stillbirth in TPOAb-
negative pregnant women and concluded that women
with serum TSH concentrations of 2.5–5.0 mU/L had a
6.1% risk of pregnancy loss, compared to 3.6% in
women with a TSH concentration below 2.5 mU/L (49 ).
However, the fact that no population-based reference
intervals were calculated or sensitivity analyses done
makes the 2.5 mU/L cutoff somewhat arbitrary and hard
to interpret in relation to other studies. Further analyses
showed a positive linear association between TSH con-
centrations and pregnancy loss. This is in line with the
results of a Dutch cohort of 2497 pregnant women, in
which it was shown that the incidence of miscarriage and
fetal and neonatal death (combined into child loss) in-
creased by 80% by every doubling of the maternal TSH
concentration (67 ). However, given the limited number
of 27 cases and the heterogeneity of cases included in this
group, these results should be interpreted with caution.
Ashoor et al. retrospectively measured thyroid parameters
in early-pregnancy samples taken from 202 pregnancies

that would subsequently end in miscarriage or fetal loss
and 3592 normal pregnancies (68 ). Although the associ-
ations with subclinical thyroid dysfunction were not for-
mally tested (i.e., abnormal TSH with still normal FT4),
the pregnancies complicated by child loss had higher
mean TSH and lower FT4 concentrations, and a higher
prevalence of TSH concentrations �97.5th percentile
and FT4 concentrations �2.5th percentile. Finally,
early-pregnancy TSH concentrations �95th percentile
were associated with an increased risk of miscarriages
[odds ratio (OR) 3.66, P � 0.002] in an Australian preg-
nancy cohort, although subclinical and overt hypothy-
roid cases were pooled (69 ). Taken together, these stud-
ies do suggest an increased risk of pregnancy loss in
pregnancies with subclinical hypothyroidism, but large
prospective studies from conception onwards are needed
to determine the exact magnitude of effects.

PREMATURE DELIVERY

Premature delivery is the leading direct cause of child
death in almost all high- and middle-income countries
and is associated with substantial morbidity later in life
(70–72). Subclinical hypothyroidism has been described
as a risk factor for premature deliveries, although the
pathophysiological mechanism remains poorly under-
stood. The largest study on this association has been per-
formed by Casey et al. on a cohort of 17298 pregnant
women presenting for prenatal care (53 ). Subclinical hy-
pothyroidism (TSH �97.5th percentile and FT4 within
the reference interval) was associated with a slightly in-
creased risk of prematurity �34 weeks (4% vs 2.5%, P �
0.01), borderline significantly associated with prematu-
rity �32 weeks (2.5 vs 1%, P � 0.07), and not associated
with prematurity �36 weeks (7 vs 6%, P � 0.39). This is
in line with a later study by Cleary-Goldman et al. show-
ing that subclinical hypothyroidism (TSH �97.5th
percentile and FT4 within the reference interval) was
not associated with prematurity �37 weeks, whereas
the effects on earlier premature deliveries were not

Table 3. Subclinical thyroid dysfunction during pregnancy and the risk of maternal and child adverse outcomes.a

Thyroid (dys)function group Pregnancy loss Prematurity Hypertensive disorders Low birth weight

Subclinical hypothyroidism 1b (49) ? (46, 48, 49, 52–56) 7 (47, 53–55, 57–61) 7 (48, 54–56, 61–63)

Subclinical hyperthyroidism ? (48, 50) ? (46, 48, 50, 56) 7 (50, 57, 58) 7 (48, 50, 56)

FT4 within reference intervals ? (51) 7 (51)c ? (47, 51) 1 (51, 64, 65)d

a Reference numbers are shown for studies on respective thyroid (dys)function group and adverse outcome as follows: Korevaar et al. (46 ), Medici et al. (47 ), Mannisto et al. (48 ),
Negro et al. (49 ), Casey et al. (50 ), Haddow et al. (51 ), Stagnaro-Green et al. (52 ), Casey et al. (53 ), Cleary-Goldman et al. (54 ), Karakosta et al. (55 ), Su et al. (56 ), Mannisto et al. (57 ),
Allan et al. (58 ), Wilson et al. (59 ), Ashoor et al. (60 ), Sahu et al. (61 ), Karagiannis et al. (62 ), Wang et al. (63 ), Medici et al. (64 ), Shields et al. (65 ).
b1, increased risk;7, no effect; ?, contradictory results or limited data.
c Tested only gestational age at birth <37 weeks.
d FT4 concentrations at the upper limit of the reference interval (center-specific reference ranges) associated with lower birth weight and higher risk of SGA (small size for gestational
age) newborns.
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investigated (54 ). Various other studies have also in-
vestigated these relations, with conflicting results
(48, 49, 52, 55, 56, 58, 69 ). This can be partly ex-
plained by the fact that some studies pooled overt and
subclinical hypothyroid cases (58, 69 ) and some in-
cluded a limited number of premature deliveries
(55, 56 ), whereas others used different TSH cutoff val-
ues (49, 52 ). We therefore studied the association be-
tween increased TSH concentrations and the risk of
premature deliveries using a population-based 97.5th
percentile (4.0 mU/L) and a fixed 2.5 mU/L cutoff (46 ).
Although no associations were seen with a TSH �2.5
mU/L, a 1.9- and 2.5-times increased risk of prematurity
�37 and �34 weeks was seen among women with a
TSH �4.0 mU/L. However, this association no longer
persisted after exclusion of TPOAb-positive women or
women with comorbidities. This shows that these factors
confound the observed associations and underlines the
importance of performing in-depth analyses in a detailed
cohort, taking the interfering role of various confounders
into account.

Far fewer data are available on the effects of subclin-
ical hyperthyroidism on prematurity. In a study in
women presenting for prenatal care, subclinical hyper-
thyroidism (n � 433) was not associated with prematu-
rity �36, �34, and �32 weeks (50 ). This is in line with
a population-based cohort study by Mannisto et al. in
which subclinical hyperthyroidism (n � 224 cases) was
not associated with prematurity �37 and �34 weeks
either (48 ). Although 2 other population-based studies
also did not find any associations, it should be noted that
their analyses were limited by a small number of subclin-
ical hyperthyroid cases (n � 77 and 31) (46, 56 ).

HYPERTENSIVE DISORDERS

Hypertensive disorders, including gestational hyperten-
sion and (pre)eclampsia, are common during pregnancy
and are an important cause of maternal and fetal morbid-
ity and mortality (73, 74 ). Both hypo- and hyperthy-
roidism have vascular effects, including endothelial cell
dysfunction (75, 76 ), and are associated with an in-
creased risk of hypertensive disorders during pregnancy.
Therefore, many studies have also investigated the effects
of subclinical thyroid dysfunction on the risk of hyper-
tensive disorders. Although some studies were limited by
the small number of subclinical hypothyroid or hyper-
tensive cases (47, 55, 60, 61 ), a few of these studies were
carried out in large pregnancy cohorts (53, 54, 57–59).
In a prospective cohort study in nearly 25000 pregnan-
cies by Wilson et al., subclinical hypothyroidism (TSH
�97.5th percentile and FT4 2.5–97.5th percentile) was
associated with a 1.6-fold increased risk of severe pre-
eclampsia (59 ). However, the fact that this association
disappeared when only women screened before 20 weeks
of gestation were included is suggestive of reverse causal-

ity (53 ). This could be due to, for example, placental
factors that are increased in preeclampsia and affect thy-
roid function (77 ). Indeed, the other large studies did not
find a relation between subclinical hypothyroidism in
early pregnancy and the risk of subsequent hypertensive
disorders (54, 57, 58 ). The previously mentioned study
by Wilson et al. also studied individuals with subclinical
hyperthyroid and did not find any effects either (59 ), as
replicated in Finnish and Dutch population-based co-
horts (47, 57 ). Whereas the latter cohort was limited by
a small number of subclinical hyperthyroid cases (n �
62), it also was used to investigate the effects of variation
in thyroid function within the population-based calcu-
lated 2.5–97.5th percentile intervals and revealed an in-
creased risk of preeclampsia in pregnancies with high-
normal FT4 concentrations (47 ). In contrast, a decreased
risk of preeclampsia in pregnancies with high-normal
FT4 concentrations was detected in a recent study by
Haddow et al., although these effects were borderline
significant and P values were not corrected for multiple
testing (51 ). Therefore, future studies will have to
clarify if even variation in FT4 concentrations within
population-specific reference intervals affects the risk
of hypertensive disorders during pregnancy.

LOW BIRTH WEIGHT

A low birth weight can be due to either SGA or prema-
turity and has been associated with an increased risk of
perinatal morbidity and mortality (78, 79 ). The previ-
ously mentioned study by Cleary-Goldman et al. was the
first large study to investigate the relationship between
subclinical hypothyroidism and birth weight and showed
no effect on the risk of newborns with very low (�2500
g) or high (�4000 g) birth weights (54 ). A subsequent
study by Mannisto et al. investigated these relations with
both subclinical hypo- and hyperthyroidism in more de-
tail and did not find effects on the risk of SGA or large
size for gestational age newborns either, and it also
showed no differences in mean birth weights between
these groups (48 ). A few other studies have investigated
these relations with conflicting results, likely to be due to
their substantially smaller sample sizes (55, 56, 61–63).
As opposed to studying subclinical thyroid dysfunction
groups, Shields et al. were the first to study the relation
between continuous FT4 concentrations and birth
weight in a population-based cohort after excluding
women with overt thyroid dysfunction, and these au-
thors found a statistically significant negative relation be-
tween FT4 and birth weight (65 ). These relations have
been subsequently studied in Dutch pregnant women
with FT4 concentrations within their center-specific ref-
erence intervals, showing that high-normal FT4 concen-
trations are associated not only with lower mean birth
weights, but also with more SGA and �2500-g new-
borns (64 ). These results have recently been convincingly
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replicated in a study by Haddow et al., which addition-
ally showed that these children do not suffer from more
labor/delivery complications (51 ). Because a low birth
weight is a risk factor for cardiovascular and psychiatric
diseases in later life (78, 80 ), it would be interesting to
follow these children up for the occurrence of these
complications.

Conclusions

In the last decade a large number of studies have been
published on thyroid function reference intervals during
pregnancy. In the current review we show that there are
large differences in TSH and FT4 reference intervals be-
tween these populations, with 90% of these studies hav-
ing higher upper limits of TSH than the fixed TSH cutoff
concentrations of 2.5 and 3.0 mU/L that are currently
advocated in the guidelines (6–8 ). Nevertheless, most
institutions still rely on the fixed TSH cutoff concentra-
tions of 2.5 and 3.0 mU/L for the first and second tri-
mesters, respectively.

The use of MoMs has illustrated that part of the
differences in these intervals between populations can be
explained by the use of different assays, and a number of
population-specific characteristics such as ethnicity and

BMI have also been identified as determinants of refer-
ence intervals. Provided that institutions determine their
own population-based intervals, there is no direct need
for using MoMs in clinical practice. However, the uni-
versal use of MoMs in clinical studies on the effects of
thyroid dysfunction during pregnancy would certainly be
useful, since it will facilitate comparison and metaanalysis
of results.

We therefore conclude that institutions should not
rely on a fixed universal cutoff concentration worldwide,
but should calculate their own pregnancy-specific
population-based reference intervals. If such reference in-
tervals are not available, adopting population-based ref-
erence intervals from a population with similar character-
istics is the best option.
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