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Abstract
Background: Identifying congenital hypothyroidism through newborn screening (NBS) is higher among moderate-to-late
preterm (MLPT) infants. Currently, the same thyroid-stimulating hormone (TSH) cutoffs are used for term and preterm
infants. TSH reference ranges for MLPT infants are not currently available.
Objective: To determine TSH reference ranges for MLPT infants.
Methods: We analyzed 10,987 TSH levels on NBS samples performed on 8499 MLPT infants born between 32 and
36 weeks gestation.
Results: TSH median, 5th, 25th, 75th, 95th, and 99th percentiles were defined from day 1 until day 14 of life. TSH levels
gradually decreased after birth and reached a plateau around day 6.
Conclusion: Using a state-wide cohort, we constructed TSH reference charts from day 1 until day 14 for MLPT infants.
Relationship between age-adjusted TSH percentiles and long-term neurodevelopmental outcomes should be determined in
future studies to define optimal TSH cutoffs for MLPT infants.

Introduction

Congenital hypothyroidism (CH) is diagnosed with increased
frequency among preterm infants [1–3]. Incidence of
CH is 2.5 times higher among moderate-to-late preterm
(MLPT) infants (32–36 weeks) compared with infants born at
term [3].

Differences in thyroid axis physiology exist among term
and preterm born infants during the first month of life [4].
Preterm infants exhibit qualitatively smaller postnatal
surge in thyroid-stimulating hormone (TSH) and thyroid
hormone levels, which correlates with gestational age [4].
Despite these differences in thyroid axis physiology, the

same TSH-screening cutoffs are used for term and preterm
infants by newborn screening (NBS) programs, an approach
that may misclassify preterm infants as hypothyroid. In a
previous publication, we defined TSH reference ranges for
extremely preterm (22–27 weeks) and very preterm infants
(28–31 weeks) [5]. TSH reference ranges for MLPT infants
are not currently available.

The objective of the current study was to determine TSH
reference ranges for MLPT infants using a state-wide cohort
of preterm infants in Wisconsin.

Methods

All preterm infants born between 32 and 36 weeks of
gestation who underwent NBS in Wisconsin in 2015 and
2016 were included in the study. Infants who had their first
NBS done after 96 hours of life and infants with incomplete
data were excluded. Demographic data and TSH levels were
extracted from NBS database maintained by the Wisconsin
state NBS program. TSH values obtained after diagnosis of
CH were removed from the analysis. The University of
Wisconsin–Madison institutional review board determined
that the study qualifies for exemption.
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Wisconsin state NBS program uses primary TSH test-
screening strategy and performs serial newborn screenings
for infants with extended hospital stay. Initial specimen is
collected at 24–48 hours of life. In infants with a birth
weight <2200 g who has an extended hospital stay, a second
specimen is collected at 2 weeks of life, a third specimen is
collected at 28–30 days of life or at discharge, whichever
comes first, and specimens are collected monthly thereafter
until discharge. In infants with a birth weight ≥2200 g who
has an extended hospital stay, a second specimen at the time
of discharge or at one month of age, if hospital stay is
longer than 1 month. Newborn-screening TSH was mea-
sured by solid phase, time-resolved fluoroimmunoassay
from dried newborn blood spots using PerkinElmer’s
AutoDELFIA platform (Waltham, MA, USA). The TSH
measurements were then converted to estimated serum
levels with the conversion fact: 1 µU/mL blood= 2.22 µU/
mL serum (assuming 55% hematocrit). The software on
AutoDELFIA platform rounded the TSH values to a whole
number. TSH values recorded as 0 were included as trun-
cated values <0.1 for the analysis.

Data analysis was performed using SAS version 9.4
(SAS Institute, Cary, NC, USA). The non-parametric
quantile regression approach on the basis of B-splines was
used to construct the reference charts for TSH. Age dis-
tributions were assumed for TSH. Estimate of the slope
parameter q was performed by using the computationally
efficient simplex algorithm. The quantile regression was
performed. TSH median, 5th, 25th, 75th, 95th and 99th
percentiles were defined daily from day 1 until day 14
of life.

Results

A total of 9246 MLPT infants born between 32 and
36 weeks gestation underwent newborn screening in Wis-
consin in 2015 and 2016. After the exclusion of 747 infants
based on pre-defined exclusion criteria, the final study
cohort consisted of 8499 infants. A total of 10987 TSH
values done between birth and day of life fourteen were
included in the analysis.

Mean gestational age and birth weight were 35.0 ±
1.2 weeks and 2477 ± 522 grams, respectively. The study
cohort was comprised of 53% males and 73% Caucasians.
Twins/ triplets accounted for 18% of the study cohorts
(Table 1).

TSH values corresponding to percentiles are presented in
Fig. 1 and Table 2. TSH level was highest on day one.
Median TSH level on day 1 was 9.4 μIU/ml. TSH values
corresponding to 95th and 99th percentiles on day 1 were
21.5 and 29.9 μIU/ml, respectively. TSH levels gradually
decreased from day 1 and reached a plateau around day 6.

The TSH concentration for 95th and 99th percentile on day
7 was 7.9 and 12.7 μIU/ml, respectively, whereas the TSH
concentration for 95th and 99th percentile on day 14 was
8.9 and 13.3 μIU/ml, respectively.

Discussion

Using a state-wide cohort in Wisconsin, this study defines
the TSH reference ranges from day 1 to day 14 of life for
MLPT infants. Our group previously published similar
reference ranges for extremely and very preterm infants [5].
These data help to fill the knowledge gap in understanding
of postnatal TSH levels in MLPT infants.

Table 1 Characteristics of study cohort.

Infant characteristic Number (%) or mean (±SD)

Gestational age 35.0 weeks (1.2)

Birth weight 2477 g (522)

Gender

Male 4502 (53)

Female 3997 (47)

Race

Caucasian 6267 (73)

African American 1263 (15)

Other 739 (9)

Unknown 330 (4)

Gestation

Singleton 6984 (82)

Multiple 1515 (18)

Fig. 1 TSH reference chart for moderate-to-late preterm infants.
TSH median, 5th, 25th, 75th, 95th and 99th percentiles were defined
daily from day one until day fourteen of life.
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MLPT infants make up ~8.5% of all births in the USA
and account for >80% of all preterm births [6]. This group of
infants has higher morbidity and mortality compared with
term born infants [7, 8]. MLPT infants are also at higher risk
of long-term neurodevelopmental sequelae such as learning
difficulties and minor deficits in cognitive function [9].

During the study period, the incidence of CH among
MLPT infants in Wisconsin was 1 in 616. This was 2.4
times higher than the CH incidence of 1 in 1468 among
term infants and accounted for 12% of CH cases detected by
the newborn screening program.

Previous studies have reported higher incidence of CH in
low birth weight (1500–2500) infants. Low birth-weight
infants likely represent MLPT infants even though these
reports have not specified gestational age categories [2, 10].
Another study reported comparable CH detection rates in
MLPT infants requiring neonatal intensive care admissions
compared to infants born <32 weeks [11].

Results from the current study differ from previously
available data on TSH levels of MLPT infants [4, 12]. Most
importantly, the gestational age range defined in our study is
different from previous studies. Median TSH levels on day 1
(average age 28 hours) in our cohort of 32–36 gestational
age infants was 9.4 μIU/ml compared with mean TSH level
of 7.3 μIU/ml at 24 hours of life of infants born at
31–34 weeks [12]. Another study reported median TSH
levels of 2.6 and 2.5 μIU/ml on day 7 and 14 for infants born
at 31–34 weeks [4]. These values were relatively similar to
those of our study cohort, in whom corresponding median
TSH levels at day 7 and 14 were 2.2 and 2.9 μIU/ml,
respectively. By analyzing a much larger cohort than these

prior studies, and including preterm infants born at
35–36 weeks of gestation, this study could define TSH
reference ranges for MLPT infants.

Compared with extremely (22–27 weeks) and very
(28–31 weeks) preterm infants, corresponding upper refer-
ence range TSH percentile values for MLPT infants were
lower (Fig. 2). On day 7 of life TSH level corresponding to
95th percentile was 14, 13.1, and 7.9 μIU/ml for extremely,

Table 2 Percentiles of TSH values (μIU/ml) for moderate-to-late preterm infants.

Age (Day) N Time of specimen
collection (hours)

5th 10th 25th 50th 75th 90th 95th 99th

Mean SD

1 5345 28 4 2.5 3.6 6.1 9.4 13.6 18.1 21.5 29.9

2 3224 42 5 1.7 2.4 3.9 6.6 10.1 14.4 17.5 25.7

3 156 70 7 1.0 1.3 2.0 3.9 6.4 10.0 12.6 20.0

4 87 93 7 0.7 0.9 1.4 2.9 5.0 8.1 10.4 17.0

5 45 120 7 0.6 0.8 1.2 2.4 4.2 6.8 8.9 14.7

6 61 143 7 0.6 0.7 1.1 2.2 3.9 6.3 8.3 13.5

7 92 167 7 0.6 0.7 1.2 2.2 3.9 6.0 7.9 12.7

8 143 193 7 0.7 0.8 1.4 2.3 4.0 6.0 7.9 12.3

9 190 215 8 0.8 0.9 1.6 2.5 4.2 6.1 8.0 12.1

10 165 239 7 0.9 1.0 1.8 2.7 4.5 6.4 8.3 12.2

11 158 264 7 1.0 1.1 2.0 2.9 4.7 6.6 8.6 12.4

12 190 288 8 1.0 1.1 2.0 3.0 4.7 6.9 8.8 12.7

13 527 314 8 0.9 1.0 1.7 3.0 4.4 7.0 8.9 13.1

14 604 330 4 0.8 0.9 1.5 2.9 4.1 6.9 8.9 13.3

Fig. 2 Ninety-fifth percentile TSH values in extremely preterm
(22–27 weeks), very preterm (28–31 weeks) and moderate-to-late
preterm (31–36 weeks) infants. Ninety fifth percentile TSH value for
moderate to late preterm group was lower compared to extremely
preterm and very preterm groups on day 7 and 14.

2666 D. C. Kaluarachchi et al.



very, and MLPT infants respectively. On day 14 of life TSH
level corresponding to 95th percentile was 12.7, 10.6, and
8.9 μIU/ml for extremely, very, and MLPT infants respec-
tively [5].

The main strength of the current study is the size of the
study cohort compared with previous similar studies, but
there are also several limitations. Patients with chromoso-
mal or multiple congenital anomalies were not excluded
since this information was also not available. TSH values
given here are estimated serum values from dried blood spot
TSH values and TSH reference ranges were only defined up
until day 14 of life. Although the majority of preterm infants
are detected on screenings done on or after 2 weeks of life,
the number of moderate-to-late preterm infants undergoing
newborn screening was too few after 2 weeks to reliably
define TSH reference ranges beyond this time.

The reference ranges described here provides a frame-
work for designing future studies investigating possible
relationships between gestational age-adjusted TSH per-
centiles and long-term growth and neurodevelopmental
outcomes. These studies will define TSH percentiles that
optimize sensitivity and specificity in identifying infants
who require thyroxine supplementation. Standardization of
CH-screening strategies using gestational age-adjusted TSH
cutoffs across newborn-screening programs will also reduce
misclassification of patients.

Conclusion

This study defines TSH reference ranges from birth to day
14 of life in MLPT infants. Upper limits of TSH reference
ranges in this group were lower than preterm infants born
<32 weeks of gestation. Long-term neurodevelopmental
follow-up studies are needed to determine whether correct
gestational age-adjusted TSH cutoffs can identify infants at
risk for clinically significant CH necessitating thyroid hor-
mone replacement therapy.
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