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Knowing what levels to expect from an assay system dur-
ing pregnancy will enhance the clinical interpretation of
results in this context. Accordingly, we performed a cross-
sectional analysis of normal singleton pregnancies to gen-
erate presumptive reference ranges throughout pregnancy
for a system of automated, solid-phase chemiluminescent
immunoassays, applied to the measurement of thyroid-
related hormones and some additional analytes.

The analysis was carried out for the following analytes:
thyrotropin (TSH), determined by a well-established third
generation assay,1 total thyroxine (TT4), total triiodothy-
ronine (TT3), thyroid uptake (TU), and free thyroxine
(FT4), as measured by a competitive, analog-based
method; and also for the transport proteins thyroid binding
globulin (TBG) and sex-hormone binding globulin
(SHBG); and for prolactin (PRL). In addition, two derived
parameters were studied, namely, the TBG saturation in-
dex (TBG-SI) and the classic free T4 index (FT4I).

Subjects and Methods
There were a total of 147 serum samples from pregnant
women, each sample from a different subject. Gestational
ages were fairly evenly distributed from four weeks
through term. The women were in apparent good health at
the time of their examination. (An additional 24 samples
from nonpregnant women served as controls and as a
check on established reference intervals.)

All measurements were obtained using the IMMULITE
automated chemiluminescent analyzer. Specifically, the
study involved the following eight assays. (Kit catalog
numbers are indicated parenthetically.)

• IMMULITE Third Generation TSH (LKTS)

• IMMULITE Total T4 (LKT4)

• IMMULITE Total T3 (LKT3)

• IMMULITE Free T4 (LKF4)

• IMMULITE T-Uptake (LKTU)

• IMMULITE TBG (LKTB)

• IMMULITE SHBG (LKSH)

• IMMULITE Prolactin (LKPR)

A ninth assay, IMMULITE HCG (LKCG), also figured in
the original study, but its results are reported elsewhere.2

The TBG-SI was calculated as 100 times the molar ratio
of total T4 to TBG — equivalently: 69.5 times total T4 (in
µg/dL) divided by TBG (in µg/mL) — while the FT4I was
calculated as total T4 (in µg/dL) times T-uptake (in %TU)
divided by 100.

Data Analysis
Eight assays applied to 24 + 147 = 171 samples should
yield a total of 1,368 results, not counting derived pa-
rameters. There were 16 missing values (1.17%). The data
set was screened for aberrant values using a system of
pairwise scatterplots to identify atypical multivariate pat-
terns, as recommended by the IFCC.3 On this basis, a fur-
ther 12 results (0.89% of 1,352) were excluded from the
calculation of centiles.

The results were initially subgrouped by trimester, with
weeks 14 through 26 constituting the second trimester.
The standard two-sample t-test and the F test for variance
equality were applied to the data, both before and after
logarithmic transformation, to determine whether there
were significant differences in central tendency or spread
between trimesters. Where statistical and graphical analy-
sis suggested no significant differences, the results for
adjacent trimesters were recombined.

The results so grouped were then subjected, without prior
transformation, to nonparametric analysis using the rec-
ommended Harrell-Davis centile estimators.4

Results
Statistics calculated from the results for pregnant subjects
are tabulated below. These include the number of samples
in each group, the 50th centile, and the 2.5th and 97.5th
centiles.

IMMULITE Third Generation TSH (LKTS)

Trimester n Median Central 95%

1, 2, 3 144 1.1 µIU/mL 0.2 – 3.5 µIU/mL

IMMULITE Total T4 (LKT4)

Trimester n Median Central 95%

1 39
11.5 µg/dL

148 nmol/L

7.8 – 16.2 µg/dL

9.1 – 18.3 nmol/L

2, 3 107
12.5 µg/dL

161 nmol/L

100 – 208 µg/dL

117 – 236 nmol/L

IMMULITE Total T3 (LKT3)

Trimester n Median Central 95%

1 39
177 ng/dL

2.7 nmol/L

121 – 308 ng/dL

1.9 – 4.7 nmol/L

2, 3 104
232 ng/dL

3.6 nmol/L

152 – 362 ng/dL

2.3 – 5.6 nmol/L
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IMMULITE Free T4 (LKF4)

Trimester n Median Central 95%

1 38
1.25 ng/dL

16.1 pmol/L

0.86 – 1.87 ng/dL

11.1 – 24.1 pmol/L

2, 3 105
1.08 ng/dL

13.9 pmol/L

0.64 – 1.92 ng/dL

8.2 – 24.7 pmol/L

IMMULITE Thyroid Uptake (LKTU)

Trimester n Median Central 95%

1 39 26 %TU 18 – 34 %TU

2, 3 101 19 %TU 16 – 25 %TU

Free T4 Index (“FT4I”)

Trimester n Median Central 95%

1 39 2.8 2.1 – 3.6

2, 3 100 2.4 1.6 – 3.7

IMMULITE TBG (LKTB)

Trimester n Median Central 95%

1 39
31 µg/dL

574 nmol/L

19 – 49 µg/dL

352 – 907 nmol/L

2, 3 105
46 µg/dL

851 nmol/L

30 – 68 µg/dL

555 – 1,258 nmol/L

TBG Saturation Index (“TBG–SI”)

Trimester n Median Central 95%

1 39 27 %M/M 17 – 37 %M/M

2, 3 104 19 %M/M 12 – 31 %M/M

IMMULITE SHBG (LKSH)

Trimester n Median Central 95%

1 39 138 nmol/L 26 – 241 nmol/L

2, 3 107 266 nmol/L 85 – 491 nmol/L

IMMULITE Prolactin (LKPR)

Trimester n Median Central 95%

1 39
16 ng/mL

339 mIU/L

3.2 – 25 ng/mL

68 – 530 mIU/L

2 52
49 ng/mL

1,039 mIU/L

13 – 43 ng/mL

276 – 912 mIU/L

3 54
113 ng/mL

2,396 mIU/L

13 – 166 ng/mL

276 – 3,519 mIU/L

Discussion
Numerous studies have demonstrated that thyroid hor-
mone levels during pregnancy are altered from the values
normally observed for nonpregnant women.

One contributing factor is the increase of TBG. Another
factor influencing thyroid hormone levels during preg-
nancy is the thyrotrophic impact of elevated hCG levels,
particularly during the first trimester.5 There may be other
factors as well.

Rising estrogen levels stimulate the liver to produce in-
creasing levels of both TBG and SHBG throughout preg-
nancy. As expected, our results demonstrate these in-
creases. The levels for the two transport proteins seem to
plateau by the second trimester, and certainly by the third
trimester; this probably represents maximum production
by the liver in response to increasing estrogen stimulation.

Conclusions
Studies of thyroid hormone levels during pregnancy have
typically served only to delineate group-based patterns —
that is, average trajectories for concentration as a function
of gestational age or trimester. These studies have usually
failed to provide the explicit reference intervals required
for the clinical interpretation of thyroid function tests ap-
plied to pregnant individuals. The need for practical, preg-
nancy-specific “normal range” information of this kind
has often been noted.5

Our results provide, for the first time, normative thyroid
hormone parameters using the core system of IMMULITE
thyroid-related assays throughout pregnancy, and help to
clarify which are the most stable indices of thyroid func-
tion in this context. As always, of course, the values tabu-
lated here should be regarded by other laboratories as
guidelines only.
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