DOI: 105152 /cjms.2019.698
CYPRUS JOURNAL OF

Original Article
I

Evaluation of Thyrotropin and Thyroxine Levels in The First Month
of Life

Selma Aktas ©
Division of Neonatology, Department of Pediatrics, Gaziosmanpasa Taksim Training and Research Hospital, istanbul, Turkey

ORCID IDs of the authors: S.A. 0000-0001-7858-7292.

Cite this article as: Aktas S. Evaluation of Thyrotropin and Thyroxine Levels in The First Month of Life. Cyprus J Med Sci 2019; 4(2): 99-
102

BACKGROUND/AIMS
Thyrotropin (TSH) and thyroxine (FT4) levels in neonates are not similar to those in older children and adults. The aim of this study is to
determine the TSH and FT4 hormone levels in newborns aged >37 gestational weeks.

MATERIAL and METHODS

The blood samples for TSH and FT4 obtained from newborns aged >37 gestational weeks were analyzed at postnatal 4-7, 8-14, 15-2,
and 22-30 days and established as reference intervals for the first week of life, in addition to the mean and median levels for other
observation points.

RESULTS

There was no significant difference according to gender, gestational age, and mode of delivery (p>0.05); therefore, a pooled analysis
was performed. The lower and upper limits of the TSH and FT4 levels from the 4" to 7" day of life were 1.20-10.70 mIU/mL and 0.87-2.20
ng/dL, respectively.

CONCLUSION
We demonstrated that the TSH and FT4 levels change during the neonatal period without a significant sex difference.
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INTRODUCTION

Congenital hypothyroidism (CH) is one of the most common etiologies of preventable mental retardation all over the
world (I) and the signs and symptoms are not very apparent at birth. Therefore, neonatal screening has been performed
in many countries, including Turkey, under a nationwide neonatal thyroid screening program to diagnose and treat CH
on time (2). Thyrotropin (TSH) is measured using a filter paper collection method at discharge, and elevated levels are
reevaluated for confirmation as soon as possible using both serum TSH and thyroxine (FT4) values in Turkey. The Amer-
ican Academy of Pediatrics’ (AAP) recommendations for screening are filter paper collection at 2-4 days of age or at
discharge for term infants delivered in the hospital, within 7 days for ferm neonates staying in the neonatal intensive care
unit (NICU), and within 7 days for preterm neonates and for infants delivered at home. Screen cord blood is suggested for
neonates whose mothers are on thyroid medication and/or have a family history of CH. A low FT4 level and TSH concen-
trations >40 mlU /L are indicative of CH (3). The European Society for Pediatric Endocrinology Consensus Guidelines on
Screening, Diagnosis and Management of CH recommendations suggest starting treatment if capillary TSH concentra-
tion obtained for neonatal screening is 240 mU /L, which is similar to AAP suggestions, and/or if venous TSH concentra-
tion is >20 mU /L even if the FT4 concentration is normal.

During the neonatal period, reference ranges of thyroid hormones and TSH are not similar to older children and adults (4).
Therefore, neonatal reference values for TSH and FT4 are required for accurate assessment. The aim of this study was to
determine the TSH and FT4 reference ranges in hospitalized neonates with gestation age >37 weeks.
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MATERIAL and METHODS
In this retrospective study, we included 615 neonates with ges-
tational age =37 weeks and hospitalized in the NICU between
May 2015 and October 2017.

The gestational age was calculated by using the last menstrual
date of the mother; if this date was not known, Ballard score or
fetal USG measurements were used. Inclusion criteria were an
Apgar score >7 at the I¥' and 5™ min of life, 237 weeks’ gestation,
mothers having no history of thyroid disease, and appropriate
height, weight, and head circumference for appropriate ges-
tational age (AGA). Neonates who had congenital malforma-
tions, chromosomal anomaly, metabolic disease, received any
medication that might interfere with thyroid or pituitary func-
tion (e.g, corticosteroids, dopamine, or propranolol), and whose
mothers had any thyroid disease were excluded.

The results of the FT4 and TSH serums were analyzed at post-
natal 4-7, 8-14, 15-2I, and 22-30 days in AGA neonates from the
existing laboratory data. Further, the thyroid function results of
neonates on L-thyroxine treatment due to congenital hypothy-
roidism were collected, but separately evaluated.

The analyses of the FT4 and TSH levels from the serum samples
were measured by a Beckman-Coulter Dxl device (Minnesotaq,
USA) using the electrochemiluminescence immunoassay method.

Gaziosmanpasa Taksim Research and Training Hospital Eth-
ics Committee approved the study protocol (approval number
90) and all the procedures were conducted in accordance with
the Declaration of Helsinki. The study was retrospective, so in-
formed parental consent was not obtained.

Statistical Analysis
Normal distribution was obtained by using Kolmogorov-Smirnov
tests and histogram, Q-Q plot, and box plot graphics. The data

TABLE . TSH (mlU /mL) and FT4 (ng/dL) levels according to postnatal day

4-7th DOL 8-14" DOL I15-22"DOL  23-30*DOL

TSH: thyrotropin; FT4: free thyroxine; DOL: day of life

TSH 3.67(0.85-15.63) 3.65(093-12.07) 3.61(076-1710) 320 (1.28-1350) (90%Cl) (90%Cl) Median (IQR)
(median)

TSH 1.20 (1.13-1.28) 10.70 (10.04-11.36) 3.67 (2.35-5.85)
FT4 1.45+0.33 1.3+0.20 116+0.22 1.1120.30
(mean+SD) FT4 0.87 (0.80-096) 220 (2.16-2.27) 1.45 (1.24-1.66)
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were expressed as mean, standard deviation, median, minimum,
maximum, IQR, frequency, and percentage. Logarithmic transfor-
mation was used for non-normally distributed variables to pro-
vide normality. The first-week TSH and FT4 levels, which were
normally distributed between two categorical variables, were
analyzed with independent samples t fest and the other re-
sults that were non-normally distributed were analyzed by the
Mann-Whitney U test. Variables with three or more categories
were compared with the Kruskal-Wallis test. Multiple compari-
sons were not performed as there was no significant difference.
Correlation between the measurable variables was performed
by Spearman’s correlation test. Normality was not provided for
the determination of a reference interval; therefore, the nonpara-
metric percentile method (C28-A3, CLSI guideline) was used. The
controls of the outliers were obtained by Rosner’s test for multi-
ple outliers. The statistical analysis was carried out using NCSS
10 statistical software (2015, Kaysville, Utah, USA): p values with
significance of less than 5% were considered to be statistically
significant.

RESULTS

We studied 615 healthy newborns with mean gestational age
of 38.61x1.89 weeks, mean birth weight was 3500+540 g, mean
head circumference was 33.5+1.3 cm, and mean birth length was
4983+1.8 cm. Here, 27| females (44.1%) and 344 males (55.9%)
were included. Further, 44% neonates (n: 275) were delivered
by caesarean section. Furthermore, 15% neonates (n: 93) exhib-
ited prolonged jaundice. The FT4 and TSH levels during the 4-7™
day were higher among neonates with prolonged jaundice, but
none of them were diagnosed and treated for CH. There was no
significant difference related to the FT4 and TSH levels for other
observation points with or without prolonged jaundice. There
was no significant difference according to gender, gestational
age, and mode of delivery (p>0.05); therefore, a pooled analysis

TABLE 2. Reference ranges for TSH (mIU/mL) and FT4 (ng/dL)

during postnatal 4-7" day

95% Reference
range lower limit

95% Reference
range upper limit

TSH: thyrotropin; FT4: free thyroxine; DOL: day of life

TABLE 3. Demographic variables and TSH and FT4 levels belonging to patients diagnosed with hypothyroidism

Patient | Patient 2 Patient 3 Patient 4 Patient 5 Patient 6

HC (cm) 58 32 325 33 34 35
BW (g) 3310 2300 2580 2500 3170 3800
BL (cm) 49 46 47 47 49 50
GA (week) 39 36 36 36 383/7 382/7
Gender Male Female Male Male Male Female
TSH (mIU/mL) DOL 3>48 DOL 3:30.6 DOL 3:2I DOL 3>100 DOL 3:3299 DOLII>50

DOL 6>48 DOL 7:32.25 DOL 6: 45 DOL 5>100 DOL6>46.8 DOLI6>50
FT4 (ng/dL) DOL 3:0.35 DOL 3: 153 DOL 3:1.36 DOL 3:0.36 DOL 3:1.24 DOLII: 0.35

DOL 6:1.40 DOL7:1.02 DOL 6:09 DOL5:0.24 DOL 6: 0.8l DOL6:0.23

TSH: thyrotropin; FT4: free thyroxine; DOL: day of life; HC: head circumference; BW: birth weight; BL: birth length; GA: gestataional age
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was performed. The median TSH and mean FT4 levels during
the 4-7™ day (n: 482), 8-14" day (n: 131), 15-22" day (n: 57), and
23-30" day (n: 87) are listed in Table |. We tried to determine the
95% reference range of TSH and FT4 level during the 4-7" day
by using a nonparametric percentile method (C28-A3, CLS.
The reference intervals for TSH and FT4 of the neonates during
the 4-7" day of life are listed in Table 2. The median TSH level of
neonates with prolonged jaundice during the 4-7" day (n: 55),
8-15" day (n: 43), 16-22" day (n: 29), and 23-30™ day (n: 30) were
43 (0136-15.6), 3.66 (1.01-12.06), 3.69 (1.3-17), and 2.95 (1.3-13.5),
respectively. The mean FT4 levels of neonates with prolonged
jaundice during the 4-7" day, 8-15" day, 16-22" day, and 23-30"
day were 1.33+0.30, 1.30+0.30, I.14+£0.20, and 1.02+0.20, respectively.
The TSH and FT4 levels measured during the 4-7" day of life
were statistically different among neonates with and without
prolonged jaundice (p: 0.038, p: 0.002), but the hormone values
of these newborns were not as high as the values required for
treatment for CH mentioned in the literature; in other words,
none of these newborns were treated for CH.

In this study, we discuss the period in which we diagnosed and
started the treatment for 6 neonates for CH along with pediatric
endocrinology. Information regarding these neonates is listed in
Table 3. The TSH level of patient 4 was the highest; an enlarged
thyroid gland was distinctly visible from the outside.

DISCUSSION

Primary hypothyroidism is diagnosed when there is a high con-
centration of serum TSH and/or low concentration of serum
FT4. Therefore, the determination of the reference ranges for
these hormones during the neonatal period is very essential.
The FT4 and TSH levels of newborns increase dramatically just
after birth because of cold stress. These hormones reach their
peak levels in the first 24-36 h, and these high levels continue
for 2 or 3 days and slowly decrease to their adult levels after
4-5 weeks (4). Mutlu et al. (5) demonstrated that the TSH and
thyroid hormones peak in the first 24 h of life and then slow-
ly decline during the neonatal period. According fo their study,
both TSH and thyroid hormone levels were significantly higher
during the neonatal period as compared to those in adults (5).
However, Kawahara et al. (6) found that the TSH level reached
adult levels after 5 or 7 days of life. They also reported that FT4
was lower at 72 h and thereafter, comparable to the first 48 h of
life, but still higher than adult levels. In our unit, we did not eval-
uate the TSH and FT4 levels as early as these studies because
of the rise in these hormone levels following birth to prevent re-
current measurements regarding high levels. We generally mea-
sured these hormones after 72 h in our NICU. Neonates whose
TSH and FT4 levels were measured on the 4™ day of life and
thereafter were included in the present study. We investigated
several factors that may affect thyroid function: gestational age,
gender, and mode of birth. There was no significant difference
between these hormone levels and gestational age, gender, and
mode of delivery at any observation point; therefore, we decid-
ed to combine all these values. Kawahara et al. (6) and Mutlu
et al. (5) also demonstrated that there was no significant differ-
ence between the hormone levels and the mode of delivery or
gender.Imamoglu et al. (7) reported that the serum TSH levels at
the postnatal | week and | month were not correlated with the
gestational age, but the FT4 levels were correlated with gesta-
tional age at both postnatal | week and | month. Kapelari et al.
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(8) found no gender difference except for free T3. Kratzch re-
ported no gender difference involving the thyroid function tests
in newborns aged | day to | month (9).

Kapelari et al. (8) reported the FT4 and TSH reference inter-
vals (2.5, 50, and 975%) of neonates from | day to | month as
0.66/156/236 ng/dL and 0.70/3.50/18.10 mIU/L, respective-
ly. Elmliger et al. (I0) also studied these reference intervals of
TSH for neonates aged | to 7 days and 8 to |5 days, which were
1.79/4.63/9.69 and 1.80/3.71/797 mlU /L, respectively. In anoth-
er study performed by Hubner et al. (1), the lower limit of TSH
for neonates aged | to 3 days and 4 to 30 days was lower as
compared to the abovementioned studies; however, the upper
limit was similar to the results of Elmliger et al. (10), but signifi-
cantly lower than the results of Kapelari et al. (8). Imamoglu et
al. (7) obtained the serum TSH and FT4 levels at the postnatal |
week and | month and determined the reference ranges for TSH
and FT4. The reference ranges for TSH (mIU /L) irrespective of
the gestational age at the postnatal | week and | month were
3.71(0.57-13.11) and 3.30 (1.0-8.37), respectively. Verburg et al. (12)
studied the reference ranges for thyroid function in children.
They evaluated 139 newborns and determined the reference in-
tervals (2.5, 50, and 97.5%) of TSH and FT4 at the 7™ 14" 21" and
28" day of life. The values of TSH at the 7, 14™, 2I%, and 28" day
of life were 3.11 (0.32-2.27), 3.01 (0.34-11.44), 2.89 (0.35-10.43), and
2.80 (0.36-975) mU /L, respectively. The values of FT4 at the 7™,
14", 21, and 28" day of life were 18 (8.9-33.6), 179 (8.9-32.9), 17.8 (9-
32.3),and 177 (9-31.8) pmol/L. The design of the study by Sheikh-
bahaei et al. (13) was similar to ours. They evaluated the TSH,
total, and FT4 hormone levels during 5-7 8-14, I5-2I, and 22-30
days of life and established the reference ranges. The reference
ranges (2.5, 50, and 975%) of TSH and FT4 during 5-7 days were
0.25/4.7/21.25 mlU/mL and 0.75/1.40/2.12 ng/dL, respectively.
The FT4 levels are similar to our results, but the upper TSH level
is higher and the lower TSH level is less than those in our results.
The TSH level during 22-30 days of life is similar to that obtained
in our study, but the FT4 level was higher when compared to
that obtained in our study.

We observed that the TSH and FT4 levels decreased with post-
natal age. Mutlu et al. (5) found an inverse relationship between
the TSH and FT4 levels and age after the 3 day of life. Najam
et al. (14) demonstrated that the decline in the TSH and T4 levels
was more apparent in the first week.

Mutlu et al. (5) found that if the TSH level is >20 mIU /L on the
3¢ day, >16 mlU /L during the 5-7 days, and >5 mlU /L on the 28"
day, these patients should be carefully followed-up with regard
to CH. Lott et al. (I5) suggested a cutoff value of TSH 220 mIU /L
for newborns older than 72 h for CH diagnosis. In our unit, 6 pa-
tients were diagnosed for CH during the study period. The TSH
serum level of our patients on the 3 day and during the 5-7*
days were >20 mlU/L and >30 mlU/L, respectively. The TSH
level of | out of the 6 patients diagnosed for CH was higher than
100 mIU/mL on the 34 and 5" days of life with a diffuse goiter
visible from the outside.

Prolonged jaundice is defined as jaundice persisting beyond
|4 days of life in ferm neonates and beyond 2| days in preterm
neonates (16). One of the pathological causes associated
with prolonged jaundice is congenital hypothyroidism (16-19).
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Agrawal V et al. (19), Najati N et al. (20), Sabzehei MK et al. (17),
Boskabadi H et al. (21), and Cetinkaya et al. (22) studied the etiol-
ogy of prolonged jaundice in newborns and demonstrated that
the incidence of hypothyroidism was 4-8%. Further, 13% (n: 93)
of our cases diagnosed as having prolonged jaundice were in-
vestigated for the underlying disease. Surprisingly, none of the
infants had hypothyroidism. The FT4 and TSH levels measured
during the 4-7" days of life are higher, but not as high as levels
that necessitate tfreatment. The FT4 and TSH levels at other ob-
servation points were in the normal range.

The main limitation of our study is that it comprises a hospi-
tal-based population. Ideally, reference intervals should be de-
termined using blood samples, obtained from a large cohort of
healthy subjects. However, due to ethical and practical consid-
erations, reference interval determination is usually performed
on the basis of the hospital database by applying appropriate
selection criteria. We addressed this concern by excluding alll
the subjects with diagnoses and concomitant medications that
might affect the thyroid function. The other limitations are that
the study is retrospective and the number of subjects is small.

In conclusion, it is known that neonatal reference intervals for
thyroid function tests are different from older children and
adults and should not be used interchangeably. It is important
to diagnose CH in a timely manner due to long-term sequelaes.
Therefore, we decided to evaluate retrospective data of our unit
to determine the upper and lower limits for TSH and FT4 lev-
els during the neonatal period at different observation points.
We demonstrated that the TSH and FT4 levels change during
the neonatal period without a significant sex difference. Both
TSH and FT4 levels were prone to decrease with postnatal age;
however, higher than adult levels have been reported in most
studies.

Ethics Committee Approval: Ethics committee approval was received for
this study from Gaziosmanpasa Taksim Research and Training Hospital
Ethics Committee (Approval Date: I5.11.2017, Approval Number: 90).

Informed Consent: Informed consent is not necessary due to the retro-
spective nature of this study.

Peer-review: Externally peer-reviewed.

Acknowledgements: | would like to thank to Sevim Purisa for helping
statistical analysis of the study, Seda Geylani Gilec for supervision and
Seyma Zengin for data collection.

Conflict of Interest: The author have no conflicts of interest to declare.

Financial Disclosure: The author declared that this study has received no
financial support.

REFERENCES

I. LaFranchiS. Disorders of the thyroid gland. In: Kliegman RM, Behr-
man RE, Jenson HB, Stanton BF, editors. Nelson textbook of pediat-
rics. 18th ed. Philadelphia: Sounders Elsevier; 200; 2316-27.

2. Ozdén ZA. Congenital hypothyroidism monitorization programs,
current status in Turkey Turkiye Klinikleri. J Endocrin Spec Top 2008;
l:1-7.

20.

2.

22.

Cyprus J Med Sci 2019; 4(2): 99-102

Rose SR, Brown RS, Foley T, Kaplowitz PB, Kaye Cl, Sundararajan
S, et al. Update of newborn screening and therapy for congenital
hypothyroidism. Pediatrics 2006; 117: 2290-303. [CrossRef]

Knobel RB. Thyroid hormone levels in term and preterm neonates.
Neonatal Netw 2007; 26: 253-9. [CrossRef]

Mutlu M, Karagizel G, Aliyazicioglu Y, Eyupoglu |, Okten A, Aslan Y.
Reference intervals for thyrotropin and thyroid hormones and ultra-
sonographic thyroid volume during the neonatal period. J Matern
Fetal Neonatal Med 2012; 25: 120-4. [CrossRef]

Kawahara K, Yokoya S. Establishment of reference intervals of thy-
rotropin and free thyroid hormones during the first week of life. Clin
Pediatr Endocrinol 2002; II: 1-9. [CrossRef]

Imamoglu EY, Gursoy T, Hayran M, Karatekin G, Ovali F. Nomo-
gram-based evaluation of thyroid function in appropriate-for-ges-
tational-age neonates in intensive care unit. J Perinatol 2015; 35:
204-7.[CrossRef]

Kapelari K, Kirchlechner C, Hogler W, Schweitzer K, Virgolini |, Mon-
cayo R. Pediatric reference intervals for thyroid hormone levels
from birth fo adulthood: a retrospective study. BMC Endocr Disord
2008; 8: 15. [CrossRef]

Kratzsch J, Schubert G, Pulzer F, Pfaeffle R, Koerner A, Dietz A, et
al. Reference intervals for TSH and thyroid hormones are mainly
affected by age, body mass index and number of blood leucocytes,
but hardly by gender and thyroid autoantibodies during the first
decades of life. Clin Biochem 2008; 41: 091-98. [CrossRef]

Elmlinger MW, Kuhnel W, Lambrecht HG, Ranke MB. Reference in-
tervals from birth to adulthood for serum thyroxine (T4), triiodothy-
ronine (T3), free T3, free T4, thyroxine binding globulin (TBG) and
thyrotropin (TSH). Clin Chem Lab Med 200I; 39: 973-9. [CrossRef]
Hubner U, Englisch C, Werkmann H, Butz H, Georgs T, Zabransky S,
et al. Continuous age-dependent reference ranges for thyroid hor-
mones in neonates, infants, children and adolescents established
using the ADVIA Centaur Analyzer. Clin Chem Lab Med 2002; 40:
1040-7 [CrossRef]

Verburg FA, Kirchgassner C, Hebestreit H, Steigerwald U, Lentjes
EG, Ergezinger K, et al. Reference Ranges for Analytes of Thyroid
Function in Children Horm Metab Res 20II; 43: 422-6. [CrossRef]
Sheikhbahaei S, Mahdaviani B, Abdollahi A, Nayeri F. Serum thy-
roid stimulating hormone, total and free T4 during the neonatal pe-
riod: Establishing regional reference intervals. Indian J Endocrinol
Metab 2014; 18: 39-43. [CrossRef]

Najam Y, Khan M, llahi F, Alam A. Distribution of T4 TSH values in
children-the Shifa experience. J Pak Med Assoc 2003; 53: 26-8.
Lott JA, Sardovia-lyer M, Speakman KS, Lee KK. Age dependent
cut-off values in screening newborns for hypothyroidism. Clin Bio-
chem 2004; 37: 791-7. [CrossRef]

Ives NK. Management of neonatal jaundice. Paediatr Child Health
2011; 21: 270-6. [CrossRef]

Sabzehei MK, Basiri B, Gohari Z. Etiologies of prolonged unconju-
gated hyperbilirubinemia in neonates Iranian J Neonatol 2015; é:
37-42.[CrossRef]

Margaret A, Andrew S. Day causes of prolonged jaundice in infan-
cy. New Zealand Med J 2016; 129:15-21.

Agrawal V, Goyal AK, Sharma JN, Yadav MD. Different causes of
prolonged unconjugated jaundice in the newborns. Int J Contemp
Pediatr 2017; 4: 984-8. [CrossRef]

Najati N, Gharebaghi MM and Mortazavi F. Underlying Etiologies
of Prolonged Icterus in Neonates Pak J Biologic Sci 2010; 13: 711-4.
[CrossRef]

Boskabadi H. Goudarzi M. Prevalence and etiology of prolonged
neonatal jaundice. Scientific J Kurdistan Univ Med Sci 2016; 2I: 84-
92. [CrossRef]

Cetinkaya M, Hilal O. The Distribution of Etiology in Newborns with
Prolonged Jaundice. J Curr Pediatr 2008; 6: 99-103.


https://doi.org/10.1542/peds.2006-0915
https://doi.org/10.1891/0730-0832.26.4.253
https://doi.org/10.3109/14767058.2011.561894
https://doi.org/10.1297/cpe.11.1
https://doi.org/10.1038/jp.2014.181
https://doi.org/10.1186/1472-6823-8-15
https://doi.org/10.1016/j.clinbiochem.2008.04.007
https://doi.org/10.1515/CCLM.2001.158
https://doi.org/10.1515/CCLM.2002.182
https://doi.org/10.1055/s-0031-1275326
https://doi.org/10.4103/2230-8210.126528
https://doi.org/10.1016/j.clinbiochem.2004.05.019
https://doi.org/10.1016/j.paed.2011.02.011
https://doi.org/10.17795/compreped-20587
https://doi.org/10.18203/2349-3291.ijcp20171712
https://doi.org/10.3923/pjbs.2010.711.714
https://doi.org/10.1177/1358863X15620504

