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background

 

Hypothyroidism during pregnancy has been associated with impaired cognitive devel-
opment and increased fetal mortality. During pregnancy, maternal thyroid hormone re-
quirements increase. Although it is known that women with hypothyroidism should
increase their levothyroxine dose during pregnancy, biochemical hypothyroidism occurs
in many. In this prospective study we attempted to identify precisely the timing and
amount of levothyroxine adjustment required during pregnancy.

 

methods

 

Women with hypothyroidism who were planning pregnancy were observed prospective-
ly before and throughout their pregnancies. Thyroid function, human chorionic gonad-
otropin, and estradiol were measured before conception, approximately every two weeks
during the first trimester, and monthly thereafter. The dose of levothyroxine was in-
creased to maintain the thyrotropin concentration at preconception values throughout
pregnancy.

 

results

 

Twenty pregnancies occurred in 19 women and resulted in 17 full-term births. An in-
crease in the levothyroxine dose was necessary during 17 pregnancies. The mean levothy-
roxine requirement increased 47 percent during the first half of pregnancy (median onset
of increase, eight weeks of gestation) and plateaued by week 16. This increased dose
was required until delivery.

 

conclusions

 

Levothyroxine requirements increase as early as the fifth week of gestation. Given the
importance of maternal euthyroidism for normal fetal cognitive development, we pro-
pose that women with hypothyroidism increase their levothyroxine dose by approxi-
mately 30 percent as soon as pregnancy is confirmed. Thereafter, serum thyrotropin
levels should be monitored and the levothyroxine dose adjusted accordingly.
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rimary hypothyroidism is common,

 

occurring in 3 to 10 percent of women, fre-
quently with its onset during the child-

bearing years.

 

1,2

 

 An estimated 1 to 2 percent of all
pregnant women receive levothyroxine therapy for
hypothyroidism. Epidemiologic studies indicate
that 0.4 percent of pregnant women have serum
thyrotropin concentrations above 10 µU per millili-
ter at 15 to 18 weeks of gestation.

 

3,4

 

 Thus, in the
United States alone, a minimum of 12,000 to 16,000
infants are born each year to women with either in-
adequately treated or undiscovered primary hy-
pothyroidism.

 

5,6

 

During pregnancy, women’s thyroid physiology
undergoes well-defined changes, including an ap-
proximate doubling in thyroxine-binding globulin
concentrations due to increases in estradiol concen-
trations, as well as a 30 to 40 percent increase in
plasma volume.

 

7-11

 

 These changes result in a signif-
icant increase in the total thyroxine pool, primarily
during the first trimester. This increment may be
provided largely by thyroid stimulation induced by
human chorionic gonadotropin,

 

7,8,10

 

 since a slight
increase in free thyroxine and a reduction in thyro-
tropin occur at 9 to 12 weeks of gestation.

 

8,12

 

 In gen-
eral, however, the thyrotropin concentration stays
within the normal range for the remainder of preg-
nancy, despite the estimated 30 to 50 percent in-
crease in the levothyroxine requirement.

 

9,10,13-15

 

Although this process is now recognized by en-
docrinologists and some hypothyroid patients are
alerted to the need for such an increase, many
pregnant women are found to have a high serum
thyrotropin concentration at the time of their initial
obstetrical examination, at 8 to 12 weeks of gesta-
tion.

 

3,4,10,13,16-22

 

 Thus, current practice permits a
transient period of maternal hypothyroxinemia in
the first trimester, which is a time when the free thy-
roxine concentration is typically slightly increased.
It is known that the pregnant woman is the sole
source of the fetal supply of thyroid hormones from
conception to approximately 13 weeks of gestation
when fetal thyroid function has developed. Given
the possible association between gestational hy-
pothyroidism and impaired intellectual and cogni-
tive development in offspring, as well as the in-
creased rate of fetal death in women with an elevated
thyrotropin concentration,

 

3,20,23,24

 

 the current ap-
proach is suboptimal.

In this prospective study, we sought to delineate
the precise timing and pattern of the increased thy-
roid hormone requirement during pregnancy in or-

der to determine appropriate recommendations for
preventing first-trimester hypothyroidism. We used
a strategy involving frequent monitoring of serum
thyrotropin concentrations with concomitant ad-
justments in the dose of levothyroxine to maintain
thyrotropin at preconception concentrations. 

Women with primary hypothyroidism who desired
pregnancy were recruited from the endocrine out-
patient clinics at Brigham and Women’s Hospital,
Boston (Table 1). Maternal thyroid function, estra-
diol, and human chorionic gonadotropin were mea-
sured before and during pregnancy. Our goal was
to assess biochemical thyroid status after the first
missed menstrual cycle, every two weeks through-
out the first trimester, and monthly thereafter until
the completion of the pregnancy. This aim was
achieved in most, but not all, subjects.

At each visit, two aliquots of serum were ob-
tained. The first was frozen and saved for batch
analysis at the completion of the study. The second
was analyzed immediately to determine the thyro-
tropin concentration (normal range, 0.5 to 5.0 µU
per milliliter) and free thyroxine index. The dose of
levothyroxine was adjusted as needed, usually in
25-µg increments, to maintain the thyrotropin con-
centration at preconception values. 

Six of the subjects had a history of thyroid cancer;
in these subjects, the levothyroxine dose was adjust-
ed when the thyrotropin concentration was greater
than 0.5 µU per milliliter. For all the others, the le-
vothyroxine dose was adjusted if the thyrotropin
concentration was greater than 5.0 µU per milliliter.
Specifically, the levothyroxine dose was increased by
25 µg in all the subjects whenever initial blood test-
ing revealed thyrotropin concentrations above the
target range. Thereafter, the dose of levothyroxine
was increased by 12.5 µg if subsequent thyrotropin
values were between 5 and 10 µU per milliliter (or
0.5 to 5.0 µU per milliliter, in subjects with a history
of thyroid cancer) and by 25 µg if subsequent thyro-
tropin values were greater than 10 µU per milliliter
(or greater than 5.0 µU per milliliter, in subjects
with a history of thyroid cancer). After delivery, levo-
thyroxine was given in the doses used before con-
ception. All the subjects returned for a repeated set
of thyroid-function tests six weeks after delivery.

The subjects were instructed not to ingest any vi-
tamins or products containing calcium, iron, or soy
within four hours before or after the time they in-

p
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gested their levothyroxine. The date of conception
was estimated to be 2 weeks after the last menstrual
period, and the gestational age was confirmed by
fetal ultrasound examination at 16 weeks.

Analytic measurements of thyrotropin, thyrox-
ine, triiodothyronine, free thyroxine, and human
chorionic gonadotropin were performed with the
use of a Bayer Advia Centaur analyzer. The thyroid
hormone–binding ratio was determined by means
of a normalized, two-step, competitive immuno-
assay version of a triiodothyronine-uptake assay.

 

25

 

The result was normalized to serum samples con-
taining normal concentrations of thyroxine and
thyroxine-binding globulin. The free thyroxine in-
dex is the product of the thyroid hormone–binding

ratio and the total thyroxine value, with a normal
range of 5.0 to 11.0. Similarly, the free triiodothyro-
nine index is the product of the thyroid hormone–
binding ratio and the total triiodothyronine value,
with a normal range of 70 to 170. The free-thyroxine
assay is a direct competitive immunoassay in which
the subject’s thyroxine competes with a tagged thy-
roxine analogue for a limited amount of polyclonal
rabbit anti-thyroxine antibody. At the time of batch
analysis, specimens were thawed, mixed, and ana-
lyzed within two hours. Specimens were not diluted
except for those with human chorionic gonadotro-
pin values above 1000 U per liter, which were auto-
matically diluted to 1:200.

Permission to perform this investigation was

 

* Treatment for nonmalignant thyroid nodules consisted of subtotal thyroidectomy; treatment for Graves’ disease consisted of iodine-131 abla-
tion, and treatment for thyroid cancer consisted of near-total thyroidectomy and iodine-131. For patients with Graves’ disease or benign thy-
roid nodules, the target thyrotropin concentration was less than 5.0 µU per milliliter, and for patients with thyroid cancer, the target thyrotro-
pin concentration was less than 0.5 µU per milliliter.

† The subject became pregnant twice.

 

‡ The subject became pregnant by means of assisted-reproduction techniques.

 

Table 1. Descriptive Characteristics of 19 Women Followed Prospectively during Pregnancy.

Subject Age Cause of Hypothyroidism*
Baseline 

Thyrotropin 
Baseline 

Thyroxine Dose

Increase in 
Thyroxine Dose 

during Gestation
 Outcome

of Pregnancy

 

yr µU/mL µg/day µg/kg/day %

 

1 32 Treatment for benign 
thyroid nodule

1.70 125 1.9 20 Full-term delivery

2 31 Treatment for Graves’ disease 0.91 125 2.1 40 Full-term delivery

3 33 Hashimoto’s disease 0.59 100  1.6 37 Full-term delivery

4 32 Hashimoto’s disease 0.56 137 2.1 46 Full-term delivery

5† 27 Treatment for Graves’ disease 0.67 88 1.5 27 Miscarriage at 14 wk

5 28 Treatment for Graves’ disease 0.42 88 1.5 45 Full-term delivery

6 39 Hashimoto’s disease 1.38 175 2.4 29 Full-term delivery

7 34 Hashimoto’s disease 2.78 88 1.4 57 Full-term delivery

8‡ 34 Hashimoto’s disease 1.24 112 1.9 56 Full-term delivery

9‡ 40 Treatment for benign 
thyroid nodule

1.21 128 1.6 56 Stillbirth twin gesta-
tion at 21 wk

10‡ 40 Treatment for Graves’ disease 3.69 75 1.5 85 Full-term delivery

11 33 Treatment for thyroid cancer 0.10 150 2.4 55 Full-term delivery

12 37 Treatment for thyroid cancer 0.03 150 2.6 67 Full-term delivery

13 30 Treatment for thyroid cancer 0.09 175 2.5 29 Full-term delivery

14 32 Treatment for thyroid cancer 0.01 175 2.4 50 Full-term delivery

15 31 Treatment for thyroid cancer 0.08 137 2.6 46 Full-term delivery

16 31 Treatment for thyroid cancer 0.04 175 2.7 43 Pregnancy terminat-
ed at 16 wk

17 33 Hashimoto’s disease 1.61 63 1.0 0 Full-term delivery

18 37 Hashimoto’s disease 1.82 75 1.3 0 Full-term delivery

19 31 Hashimoto’s disease 2.87 150 1.2 0 Full-term delivery
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granted by the Brigham and Women’s Hospital in-
stitutional review board. All the participants gave
their written informed consent.

 

statistical analysis

 

Descriptive statistical data were compared with use
of the Wilcoxon rank-sum test (for continuous data)
or the chi-square test (for categorical data) and are
presented according to subject or pregnancy, as ap-
propriate. Changes in the results of thyroid-function
tests, human chorionic gonadotropin and estradiol
concentrations, and levothyroxine doses through-
out pregnancy were graphed with the use of locally
weighted polynomial regression to achieve the best-
fit curve throughout pregnancy, with no attempt to
document statistical significance. To assess the sta-
tistical significance of changes in various response
variables during pregnancy, the results before preg-
nancy and at 10, 20, 30, and 38 weeks of gestation
were analyzed by repeated-measures analysis of
variance and by post hoc subgroup comparisons
with use of the Newman–Keuls test. All data were
analyzed with the use of SPSS software, version
11.0. P values of less than 0.05 were considered to
indicate statistical significance.

Nineteen women became pregnant; one became
pregnant twice, and three became pregnant by as-
sisted reproductive techniques. Overall, there were
20 pregnancies and 17 term deliveries (Table 1).
The serum thyrotropin level increased during the
first 10 weeks of gestation, prompting an increase
in the levothyroxine dose in 85 percent of the group,
including all the athyreotic subjects (Fig. 1 and Ta-
ble 2). An increase in the total thyroxine and triio-
dothyronine concentrations compensated for the
decrease in the free hormone fraction, as reflected in
the decreased thyroid hormone–binding ratio. The
prescribed increments in levothyroxine (mean, 29
percent at 10 weeks), however, did not reproduce
the typical increase in the free thyroxine index
(and decrease in thyrotropin) that normally occur
at the approximate time of the human chorionic
gonadotropin peak. Both the free thyroxine index
and the concentration of free thyroxine were con-
stant throughout pregnancy (P=0.33) (Fig. 1 and
Table 2).

 

7-9

 

In subjects without a history of thyroid cancer
who required an increase in the dose of levothyrox-
ine during pregnancy, the mean (±SD) thyrotropin

concentration before pregnancy was 1.5±1.1 µU per
milliliter, and at 38 weeks of gestation it was 1.4±0.3
µU per milliliter (P=0.92). In subjects with a history
of thyroid cancer, the mean thyrotropin concentra-
tion before pregnancy was 0.05±0.04 µU per milli-
liter, and at 38 weeks of gestation it was 0.06±0.04
µU per milliliter (P=0.99). One woman required a

results

 

Figure 1. Changes in Maternal Hormone Concentrations 
and the Levothyroxine Dose during Gestation.

 

The graphs depict the best-fit curves for serum thyrotro-
pin (range, 0.5 to 5.0 µU per milliliter), the free thyroxine 
index (range, 5 to 11), the fractional increase in the dose 
of levothyroxine, the maternal estradiol concentration 
(range, 10 to 80 pg per milliliter), and the concentration 
of human chorionic gonadotropin (range, less than 5 U 
per liter) throughout pregnancy in the 14 women who re-
quired an increase in the levothyroxine dose during a 
full-term pregnancy. To convert the values for estradiol 
to picomoles per liter, multiply by 3.67.
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decrease of 12.5 µg in the levothyroxine dose at 26
weeks to maintain goal thyrotropin concentrations
thereafter.

The best-fit curve for the levothyroxine dose
shows a rapid increase between 6 and 16 weeks of
gestation and a subsequent plateau (Fig. 1). At 10
weeks of gestation, the levothyroxine dose had in-
creased by 29±25 percent as compared with the dose
at baseline (P<0.001). At 20 weeks, the increase rel-
ative to baseline was 48 percent (P<0.001), but the
dose remained stable thereafter (Table 2). The
changes during the first half of pregnancy were
chronologically associated with a rapid decrease in
the thyroid hormone–binding ratio, reflecting the
estradiol-induced increase in serum concentrations
of thyroxine-binding globulin. Notably, the thyroid
hormone–binding ratio decreased most rapidly
when the levothyroxine requirement increased most
rapidly. Both remained nearly unchanged between
20 and 38 weeks. However, estradiol concentra-
tions increased exponentially throughout preg-
nancy (Fig. 1 and Table 2).

The time at which an increased thyrotropin con-
centration was first observed varied between 4.4 and
16.0 weeks of gestation (median, 8 weeks) (Fig. 2).
This observation was similar in subjects with a his-
tory of thyroid cancer and those without such a his-
tory. Nine of 17 subjects (53 percent) had a thyrotro-
pin increment of greater than 1 µU per milliliter at
the time of their first visit (mean, five weeks of ges-
tation). The three subjects who became pregnant by
means of assisted reproductive techniques appeared
to have a greater increase in thyrotropin early during
gestation than those with spontaneous pregnancies
(Fig. 3A). Serum estradiol concentrations at seven
weeks of gestation were significantly higher in sub-
jects who had become pregnant by assisted repro-
duction (1506±460 pg per milliliter [5527±1688
pmol per liter]) than the concentrations in the
subjects who became pregnant spontaneously
(484±265 pg per milliliter [1776±973 pmol per li-
ter], P<0.01).

That estradiol plays an important role in the in-
crease in the levothyroxine requirement during
pregnancy was also implied by the data from Sub-
ject 5, who conceived twice during the study. Her
first pregnancy ended in spontaneous abortion at
14 weeks, and her second was a full-term pregnan-
cy. Her levothyroxine requirements, in conjunction
with her serum estradiol concentrations, increased
at a similar time point and to a greater extent dur-
ing her second pregnancy (Fig. 3B).
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Within two weeks after delivery, all the subjects
resumed taking their prepregnancy dose of levo-
thyroxine. Fourteen subjects returned for testing six
to eight weeks after delivery. Thyrotropin concen-
trations had returned to prepregnancy values in all
of them.

This prospective study indicates that frequent test-
ing in association with frequent adjustments in the
dose of levothyroxine can be used to estimate when
levothyroxine requirements increase during preg-
nancy, and by how much. Levothyroxine require-
ments increased in 85 percent of the cohort. In
these subjects, a mean increase of 47 percent was
necessary to maintain the thyrotropin concentra-
tion at a prepregnancy value. The required levothy-
roxine dose increased during the first 16 to 20 weeks
of gestation but plateaued thereafter.

In normal pregnancy, there is a physiologic in-
crease in free thyroxine and a decrease in thyro-
tropin, and these changes are maximal at the time
the human chorionic gonadotropin concentration
peaks (approximately 10 to 12 weeks of gesta-
tion).

 

7-9,12

 

 In our subjects, we did not observe this
increase. Rather, there was a peak in the thyrotro-
pin concentration at about 8 to 10 weeks of gesta-
tion, accompanied by a downward trend in the free

thyroxine index. These results suggest that an im-
portant role of the human chorionic gonadotropin–
thyroid axis in healthy women is to increase the thy-
roid hormone pool during the first trimester.

We did not directly quantitate the changes in
thyroxine-binding globulin, since this variable has
already been thoroughly studied.

 

8

 

 A rapid increase
in unoccupied binding sites on this molecule can be
inferred from the decrease in the thyroid hormone–
binding ratio (a surrogate for the free fraction of
triiodothyronine or thyroxine) during the first 20
weeks of gestation. The cause of the increase in
thyroxine-binding globulin appears to be twofold:
clearance decreased because of estradiol-altered he-
patic glycosylation of thyroxine-binding globulin

 

26

 

and an estradiol-induced increase in synthesis.

 

14

 

During the second half of pregnancy, while serum
estradiol continues to increase, there are only small
increases in thyroxine-binding globulin

 

8

 

 and small
decreases in the thyroid hormone–binding ratio.
While other changes that could increase levothyrox-
ine requirements occur early in pregnancy, the fact
that estradiol causes sustained increases in thyro-
tropin concentrations, levothyroxine requirements,
or both in hypothyroid women after menopause in-
dicates that an elevated estradiol concentration per
se is sufficient to cause this change.

 

27

 

The possibility that increases in estradiol levels
constitute a key etiologic factor in the need to in-

discussion

 

Figure 2. Gestational Week of the Initial Increase in the Levothyroxine Dose.

 

Panel A shows the week at which the levothyroxine dose was first increased in 11 women with primary hypothyroidism; 
in these women, the dose was increased when the thyrotropin concentration was greater than 5.0 µU per milliliter. Panel B 
shows the week at which the levothyroxine dose was first increased in women with a history of thyroid cancer; in these 
women, the dose was increased when the thyrotropin concentration was greater than 0.5 µU per milliliter.
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crease the levothyroxine dose is also supported by
our observation that subjects who had undergone
assisted reproduction had earlier and relatively
greater increases in serum levels of thyrotropin and
estradiol than those who had conceived spontane-
ously. In addition, the increased levothyroxine re-
quirement was noted during a successful, full-term
pregnancy in one woman in whom a blunted in-
crease in estradiol and levothyroxine requirements
had been observed during a first, unsuccessful preg-
nancy. Furthermore, a slight increase in thyrotropin
and a reduction in free thyroxine have been docu-
mented during assisted reproduction, even in wom-
en who have an intact thyroid.

 

28

 

 Thus, it is clear that
assisted reproduction, probably because it involves
a rapid increase in plasma estradiol concentrations,
places a severe strain on the hypothalamic–pitu-
itary–thyroid axis.

This analysis suggests that during the first half
of pregnancy, thyroxine production (or levothyrox-
ine intake) must exceed its metabolic clearance un-
til the pool of thyroxine is large enough to allow nor-
malization of free thyroxine and triiodothyronine,
despite a high concentration of thyroxine-binding
globulin. This phenomenon, first described more
than a decade ago,

 

10,13

 

 may be due to a number of
factors. 

Increases in thyroxine-binding globulin are a
possible contributor early in pregnancy, but the con-
centration of this protein plateaus by 20 weeks, as
reflected in the stable thyroid hormone–binding ra-
tio. Thus, this factor cannot explain the persistent
increase in the levothyroxine requirement. A recent
report of a similar fractional increase in the levo-
thyroxine dose during pregnancy in a woman with
partial deficiency in thyroxine-binding globulin
supports this contention.
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 Furthermore, a high
concentration of thyroxine-binding globulin alone
does not reduce the availability of thyroxine or triio-
dothyronine, since the free thyroxine and thyrotro-
pin concentrations are normal throughout the sec-
ond half of pregnancy.

 

9

 

 
Additional factors, some of which may also be

present during the first half of pregnancy, may con-
tribute to the increased requirement. They include
increased inactivation of triiodothyronine and thy-
roxine by type 3 iodothyronine deiodinase, which
is widespread in the human fetoplacental unit and
uterus, increases throughout pregnancy, and, at
least in rats, may be augmented by estradiol.
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Maternal thyroxine and triiodothyronine are trans-
ferred to a congenitally hypothyroid fetus, but it is
thought that this process does not take place when
fetal thyroid function is normal.

 

31

 

 In addition, there

 

Figure 3. Evidence Implicating Changes in Estradiol as a Key Contributor to Increased Levothyroxine Requirements during Early Pregnancy.

 

Panel A shows thyrotropin concentrations (on a logarithmic scale) in early pregnancy at the time of the first levothyroxine adjustment. Panel B 
shows changes in Subject 5 in the levothyroxine dose and in serum estradiol concentrations during her two pregnancies. To convert the val-
ues for estradiol to picomoles per liter, multiply by 3.67.
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is a continuous increase in maternal plasma volume
that lasts into the third trimester, but the pattern of
changes correlates poorly with the observed increas-
es in the required dose of levothyroxine.

 

11

 

 Finally,
thyroxine absorption, enterohepatic circulation, or
other metabolic pathways may be modified in preg-
nant women, or factors such as redistribution of
cardiac output could affect this process. Although
these possibilities seem unlikely, especially in early
pregnancy, they could be more important during the
second half of pregnancy.

Whatever factors are responsible, however, it is
clear that the requirement for thyroid hormone in-
creases very early in pregnancy, typically before the
first obstetrical visit. There is wide variability regard-
ing the timing of initial and subsequent prenatal vis-
its, and some authorities even advocate fewer such
visits.
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 If one assumes an initial visit at 10 weeks
of gestation (12 weeks after the last menstrual peri-
od), 70 percent of our cohort would have been bio-
chemically hypothyroid when first examined. Fur-
thermore, the thyrotropin concentration would have
increased in nearly all the women, especially those
pregnant by assisted reproductive techniques.

The results of our study suggest that the preven-
tion of hypothyroidism and its possible adverse ef-
fects on the fetus and pregnancy in this population
requires the combined efforts of primary care phy-
sicians, endocrinologists, obstetricians, and the
women themselves. On the basis of our observa-
tions, we propose a practical solution: women who
are currently being treated for hypothyroidism
should be given written instructions to increase
their current dose of levothyroxine by taking two ex-
tra daily doses during each week (i.e., to increase the
dose by 29 percent) beginning the week pregnancy
is confirmed and to continue doing so until they
are able to undergo thyroid-function testing and

obtain appropriate professional guidance. On the
basis of our data and those of others, it appears
that during pregnancy about 85 percent of women
with thyroid dysfunction will require a substantial
increase in their usual dose of levothyroxine.

 

13

 

 For
the 15 percent who do not, a moderate increment
would merely suppress endogenous thyroxine pro-
duction and not lead to thyrotoxicosis. We also sug-
gest that written recommendations be given to all
hypothyroid women to request a serum thyrotro-
pin test from health care providers when pregnan-
cy is confirmed. Although this approach may not
completely satisfy the increased requirements of
athyreotic women, existing data suggest that even
partial treatment of gestational hypothyroidism
may ameliorate developmental abnormalities.

 

4,24

 

Thus, levothyroxine requirements increase ear-
ly during pregnancy in most women with primary
hypothyroidism, reaching a plateau after 16 to 20
weeks of gestation at a value about 47 percent
higher than the prepregnancy value and persisting
throughout pregnancy. Since an increase in the le-
vothyroxine dose was required at a median of eight
weeks of gestation and an additional five weeks is
required for equilibration of any such change, we
suggest that women with hypothyroidism be in-
structed to increase their usual levothyroxine in-
take by two additional doses each week immedi-
ately on confirmation of pregnancy and to contact
their health care provider so that a program of test-
guided dose adjustments can be instituted.

 

Supported by training grants (DK-07529, HL-07609, and DK-
44128) from the National Institutes of Health and by a research
grant from the Endocrine Fellows Foundation.

Presented in part at the annual meeting of the American Thyroid
Association, Palm Beach, Fla., September 20, 2003.

Dr. Larsen reports having served as a consultant for Genzyme and
Laboratory Inisiba.

 

references

 

1.

 

Canaris GJ, Manowitz NR, Mayor G,
Ridgway EC. The Colorado thyroid disease
prevalence study. Arch Intern Med 2000;
160:526-34.

 

2.

 

Vanderpump MP, Tunbridge WM,
French JM, et al. The incidence of thyroid
disorders in the community: a twenty-year
follow-up of the Whickham Survey. Clin En-
docrinol (Oxf ) 1995;43:55-68.

 

3.

 

Allan WC, Haddow JE, Palomaki GE, et
al. Maternal thyroid deficiency and preg-
nancy complications: implications for
population screening. J Med Screen 2000;
7:127-30.

 

4.

 

Klein RZ, Sargent JD, Larsen PR, Wais-
bren SE, Haddow JE, Mitchell ML. Relation
of severity of maternal hypothyroidism to
cognitive development of offspring. J Med
Screen 2001;8:18-20.

 

5.

 

Ventura SJ, Martin JA, Curtin SC,
Mathews TJ, Park MM. Births: final data for
1998. National vital

 

 

 

statistics reports. Vol.
48. No. 3. Hyattsville, Md.: National Center
for Health Statistics, March 2000. (DHHS
publication no. (PHS) 2000-1120 0-0215.)

 

6.

 

Ventura SJ, Martin JA, Curtin SC, Men-
acker F, Hamilton BE. Births: final data for
1999. National vital

 

 

 

statistics reports. Vol.

49. No. 1. Hyattsville, Md.: National Center
for Health Statistics, March 2001. (DHHS
publication no. (PHS) 2001-1120 1-0355.)

 

7.

 

Burrow GN, Fisher DA, Larsen PR. Ma-
ternal and fetal thyroid function. N Engl J
Med 1994;331:1072-8.

 

8.

 

Glinoer D, de Nayer P, Bourdoux P, et al.
Regulation of maternal thyroid during preg-
nancy. J Clin Endocrinol Metab 1990;71:
276-87.

 

9.

 

Glinoer D. The regulation of thyroid
function in pregnancy: pathways of endo-
crine adaptation from physiology to pathol-
ogy. Endocr Rev 1997;18:404-33.

Copyright © 2004 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on November 27, 2009 . For personal use only. No other uses without permission. 



 

n engl j med 

 

351;3

 

www.nejm.org july 

 

15, 2004

 

levothyroxine in hypothyroid women during pregnancy

 

249

 

10.

 

Mandel SJ, Larsen PR, Seely EW, Brent
GA. Increased need for thyroxine during
pregnancy in women with primary hypothy-
roidism. N Engl J Med 1990;323:91-6.

 

11.

 

Peck TM, Arias F. Hematologic changes
associated with pregnancy. Clin Obstet Gy-
necol

 

 

 

1979;22:785-98.

 

12.

 

Harada A, Hershman JM, Reed AW, et
al. Comparison of thyroid stimulators and
thyroid hormone concentrations in the sera
of pregnant women. J Clin Endocrinol
Metab 1979;48:793-7.

 

13.

 

Kaplan MM. Monitoring thyroxine
treatment during pregnancy. Thyroid 1992;
2:147-52.

 

14.

 

Glinoer D, Gershengorn MC, Dubois A,
Robbins J. Stimulation of thyroxine-binding
globulin synthesis by isolated rhesus mon-
key hepatocytes after in vivo beta-estradiol
administration. Endocrinology 1977;100:
807-13.

 

15.

 

Roti E, Fang SL, Green K, Emerson CH,
Braverman LE. Human placenta is an active
site of thyroxine and 3,3'5-triiodothyronine
tyrosyl ring deiodination. J Clin Endocrinol
Metab 1981;53:498-501.

 

16.

 

Pekonen F, Teramo K, Ikonen E, Oster-
lund K, Makinen T, Lamberg BA. Women on
thyroid hormone therapy: pregnancy
course, fetal outcome, and amniotic fluid
thyroid hormone level. Obstet Gynecol
1984;63:635-8.

 

17.

 

Girling JC, de Swiet M. Thyroxine dos-
age during pregnancy in women with pri-
mary hypothyroidism. Br J Obstet Gynaecol
1992;99:368-70.

 

18.

 

McDougall IR, Maclin N. Hypothyroid
women need more thyroxine when preg-
nant. J Fam Pract 1995;41:238-40.

 

19.

 

Caixas A, Albareda M, Garcia-Patterson
A, Rodriguez-Espinosa J, de Leiva A, Corcoy
R. Postpartum thyroiditis in women with
hypothyroidism antedating pregnancy?
J Clin Endocrinol Metab 1999;84:4000-5.

 

20.

 

Abalovich M, Gutierrez S, Alcaraz G,
Maccallini G, Garcia A, Levalle O. Overt and
subclinical hypothyroidism complicating
pregnancy. Thyroid 2002;12:63-8.

 

21.

 

Chopra IJ, Baber K. Treatment of pri-
mary hypothyroidism during pregnancy: is
there an increase in thyroxine dose require-
ment in pregnancy? Metabolism 2003;52:
122-8.

 

22.

 

Zigman JM, Cohen SE, Garber JR. Im-
pact of thyroxine-binding globulin on thy-
roid hormone economy during pregnancy.
Thyroid 2003;13:1169-75.

 

23.

 

Delange F. The disorders induced by io-
dine deficiency. Thyroid 1994;4:107-28.

 

24.

 

Haddow JE, Palomaki GE, Allan WC, et
al. Maternal thyroid deficiency during preg-
nancy and subsequent neuropsychological
development of the child. N Engl J Med
1999;341:549-55.

 

25.

 

Larsen PR, Alexander NM, Chopra IJ, et
al. Revised nomenclature for tests of thyroid
hormones and thyroid-related proteins in
serum. J Clin Endocrinol Metab 1987;64:
1089-94.

 

26.

 

Ain KB, Mori Y, Refetoff S. Reduced
clearance rate of thyroxine-binding globulin
(TBG) with increased sialylation: a mecha-

nism for estrogen-induced elevation of se-
rum TBG concentration. J Clin Endocrinol
Metab 1987;65:689-96.

 

27.

 

Arafah BM. Increased need for thyrox-
ine in women with hypothyroidism during
estrogen therapy. N Engl J Med 2001;344:
1743-9.

 

28.

 

Muller AF, Verhoeff A, Mantel MJ, De
Jong FH, Berghout A. Decrease of free thy-
roxine levels after controlled ovarian hyper-
stimulation. J Clin Endocrinol Metab 2000;
85:545-8.

 

29.

 

Huang SA, Dorfman DM, Genest DR,
Salvatore D, Larsen PR. Type 3 iodothyro-
nine deiodinase is highly expressed in the
human uteroplacental unit and in fetal epi-
thelium. J Clin Endocrinol Metab

 

 

 

2003;88:
1384-8.

 

30.

 

Wasco EC, Martinez E, Grant KS, St
Germain EA, St Germain DL, Galton VA.
Determinants of iodothyronine deiodinase
activities in rodent uterus. Endocrinology
2003;144:4253-61.

 

31.

 

Vulsma T, Gons MH, de Vijlder JJM. Ma-
ternal–fetal transfer of thyroxine in congen-
ital hypothyroidism due to a total organifi-
cation defect or thyroid agenesis. N Engl J
Med 1989;321:13-6.

 

32.

 

McDuffie RS Jr, Beck A, Bischoff K,
Cross J, Orleans M. Effect of frequency of
prenatal care visits on perinatal outcome
among low-risk women: a randomized con-
trolled trial. JAMA 1996;275:847-51.

 

Copyright © 2004 Massachusetts Medical Society.

 

posting presentations at medical meetings on the internet

 

Posting an audio recording of an oral presentation at a medical meeting on the 
Internet, with selected slides from the presentation, will not be considered prior 
publication. This will allow students and physicians who are unable to attend the 
meeting to hear the presentation and view the slides. If there are any questions 
about this policy, authors should feel free to call the 

 

Journal’

 

s Editorial Offices.

Copyright © 2004 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on November 27, 2009 . For personal use only. No other uses without permission. 


