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ABSTRACT T 
AA prospective observational study was performed in pregnant women 

withh known thyroid disease. We studied the effect of maternal thyroid 

functionn in the first half of pregnancy on the neurologic development 

off  the infant in the first 2 years of life. 

Clinicall  and thyroid function data were collected from 20 pregnant 

womenn with known thyroid disease and their newborn children. Infants 

weree divided into three groups according to their maternal thyroid 

functionn within the first half of pregnancy: Group A (n=7): maternal 

subclinicall  hypothyroidism. Group B (n=6): maternal euthyroidism, and 

Groupp C (n-7): maternal hyperthyroidism or clinical hyperthyroidism. 

Neurophysiologic,, i.e. motor nerve conduction velocity and 

somatosensoryy evoked potentials and neurologic and developmental 

(Bayleyy Scales) assessments were done. One infant, born to a mother 

withh Graves' disease, developed transient hyperthyroidism. At the age 

off  6 and 12 months, the mean mental developmental index (MDI) score 

wass 16 points lower for infants in Group A than for those in Group B 

(/>=0.033 and 0.02, respectively). At the age of 24 months, the mean 

MDII  score was 6 points lower, which was not statistically significant. 

Neurophysiologicc and neurologic assessments and the mean 

Psychomotorr Developmental scores did not differ among the three 

groups. . 

Inn conclusion, maternal subclinical hypothyroidism in the first half of 

pregnancyy was associated with lower MDI score in their infants during 

thee first year of life. 
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INTRODUCTION N 

Thyroidd hormone is essential for normal brain development.1 Thyroid hormone 

deficiencyy or excess during brain development, as in congenital hypothyroidism2 and 

thyrotoxicosis3,, respectively, can cause problems in motor and cognitive development.2 3 

Maternall  thyroid disease, too, can influence fetal thyroid state and may thus interfere 

withh normal brain development.4 5 In the case of maternal hypothyroidism, impaired 

maternall  thyroid hormone contribution to the fetus may be harmful, at least until mid-

gestationn when the fetal thyroid system starts functioning.6 In maternal autoimmune 

thyroidd disease, after onset of fetal thyroid function, placental passage of TSH-binding 

inhibitoryy immunoglobulins (TBII ) and antithyroid agents can cause fetal thyroid 

dysfunction.. Moreover, the presence of maternal thyroid peroxidase antibodies (anti-

TPO)) with normal thyroid function has been described in association with impaired 

developmentt during early childhood.7 

Att present, maternal and fetal thyroid function are better understood then in the past 

andd there has been good progress in the management of /ryperthyroidism and 

/ry/?othyroidismm during pregnancy.8 However, the effect of maternal thyroid disease on 

thee fetus may still be underestimated, especially until mid-gestation. During pregnancy, 

diagnosticc methods to assess fetal /ry/?erthyroidism and hypothyroidism are limited, i.e. 

measuringg fetal heart rate (tachycardia) and ultrasound imaging (goitrogenesis, growth 

retardation).. Only at birth can directly observable physical signs and symptoms, as well 

ass thyroid function tests in cord blood, be assessed. However, these only provide 

informationn about the very last state of pregnancy. 

Neurophysiologicc and neurologic developmental follow-up can be done to reveal the 

consequencess of transient changes in fetal thyroid hormone levels. Our aim was to 

investigatee whether maternal thyroid function within the first half of pregnancy affects 

neurologicc development of the infant during the first 2 years of life. 

PATIENTSS AND METHODS 
Patients Patients 

Beforee mid-gestation, pregnant women were consecutively included (after informed 

consent)) between January 1993 and March 1995. The study was approved by the Research 

andd Ethics Committee of the Academic Medical Center in Amsterdam. The inclusion 

criterionn was diagnosis of thyroid disease, not including gestational thyrotoxicosis. The 

exclusionn criteria were birth and a gestational age <32 weeks and non-thyroidal endocrine 

problems. . 
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Methods Methods 
Clinicall  data included diagnosis of thyroid disease and treatment, ethnic origin and 

educationall  level. Also, neonatal data, including gestational age, sex, birth weight, birth 

weightt percentile, Apgar scores and plasma bilirubin levels, were collected. Thyroid 

function,, <TSH, FT4, T3) in maternal plasma within the first, second and third trimesters 

off  pregnancy was assessed. Neonatal thyroid function was assessed in cord plasma. TSH 

andd FT4 were measured by time-resolved fluoroimmunoassay (Delphia hTSH Ultra and 

Delphiaa FT4, Wallac Oy, Turku, Finland). T3 was measured by in house RIA. Inter-assay 

variationss were 3-6%, 4-8%, and 5-8%, respectively. Reference values (minimum-

maximumm values) found in normal pregnant women were used according to Berghout et 

al.. (Table lb).4 For cord blood, reference values were used according to Klein and 

Mitchell.100 Euthyroidism was defined if TSH and T4 and T3 concentrations were within 

thee reference values. Hypothyroidism was defined if TSH was above the maximum 

referencee value and FT4 was below the minimum reference value. Subclinical 

/?v/7othyroidismm and subclinical /?y/wthyroidism were defined if TSH was above the 

maximumm and below the minimum reference value, respectively, and FT4 was within 

referencee values. Hyperthyroidism was defined if TSH was below the minimum reference 

valuee and FT4 was above the maximum reference value. 

Tablee lb: Reference values (min -max range) in thyroid function tests in pregnant women." 

11 st trimester 2nd trimester 3rd trimester 

TSH(mU/l)) 0.3-2.0 0.5-2.3 0.5-2.7 
FT4(pmol/l)) 7.4-24.2 5.1-14.3 6.1-14.3 
T3(nmol/l)) 2.0-3.6 2.2-3.8 2.4-4.1 

Infantss were divided into three groups according to maternal thyroid state within the 

firstt half of pregnancy: maternal hypothyroidism and subclinical hypothyroidism (Group 

A),, maternal euthryoidism (Group B) and maternal hyperthyroidism and subclinical 

hyperthyroidismm (Group C). In Group C, TBII were quantitatively assessed in maternal 

plasmaa after mid-gestation and in cord plasma by radio receptor assay (Trak-assay, Brahms, 

Berlin,, Germany). Inter-assay variation was 8-15%, TBII was assessed positive if >15 U/L. 

Neurophysiologicc measurements were taken 2 weeks after birth and at 3, 6 and 12 

monthss of corrected age. Corrected age is defined as age corrected for preterm birth, i.e. 

agee from the expected date of birth. A mobile measuring machine was used (Neuropack 

Fourr Mini , model MEB-5304K-Nihon Kohden, Tokyo, Japan). Motor nerve conduction 

velocityy (MNCV) was measured in the ulnar and posterior tibial nerve as described by 
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Moosaa & Dubowitz." The cortical N peak latency in the somatosensory evoked potentials 

(SEPs)) was measured after stimulation of the median nerve according to Desmedt et al.12 

Thesee neurophysiologic methods were used to assess maturation of the peripheral and 

centrall  nervous system in relation to maternal thyroid function. The infants were tested 

withoutt sedation, while awake. MNCV and SEP recordings took about an hour to complete, 

weree stored on disk and reassessed later as described earlier.1314 During follow-up, 

neurologicc development and performance on the Bayley Scales of Infant Development 

weree assessed by a developmental paediatrician and developmental psychologist at 6, 

122 and 24 months of corrected age. Neurologic development at 6 and 12 months was 

assessedd by Touwen's method15 and at 24 months by Hempel's method.16 The Mental 

Developmentall  Index and Psychomotor Developmental Index scores were determined 

accordingg to Dutch standard norms (mean  SD: 100  16).17 Investigators were blind to 

dataa of maternal and fetal thyroid state. 

StatisticalStatistical analysis 
Categoricall  data were analyzed using the c2 test for two-way and multi-way tables 

(BMDP-7.1®® 4F). Continuous data were analyzed using one-way ANOVA. Ulnar and 

posteriorr tibial nerve conduction velocity and cortical N peak latency in the median 

nervee SEP were compared among the three groups by linear regression analysis using 

twoo dummy variables (BMDP-7.1® 1R). The MDI and PDI scores in the three groups 

weree also tested by linear regression. Covariates in these models were maternal ethnic 

originn and educational level. A p value of <0.05 was considered statistically significant. 

RESULTS S 
PatientPatient population 

Wee enrolled 20 pregnant women with known thyroid disease between January 1993 

andd March 1995. Thirty-nine patients met the inclusion criterion. In eight cases the 

obstetriciann or midwife omitted to introduce them to the investigators. In six cases consent 

wass refused, in five cases one of the exclusion criteria applied (i.e. maternal non-thyroidal 

endocrinee problems (n=4), and birth at a gestational age <32 weeks (/?=!)). 

ClinicalClinical data, thyroid function (TSH, FT4, T3) and TSH-binding inhibitory 
immunoglobulinsimmunoglobulins (TBII) 

Infantss were divided into three groups according to maternal thyroid state within the 

firstt half of pregnancy, i.e. Group A: maternal hypothyroidism (n=Q) or subclinical 
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Tablee la: Thyroid function tests in pregnant women grouped according to thyroid state before mid-gestation 
(mediann [min-max range)). 

1stt trimester 2nd trimester 3rd trimester 

Groupp A 

<n=7) ) 

Groupp B 

(n=6) ) 

Groupp C 

(n=7) ) 

TSH(mU/l) ) 

FT44 (pmol/1) 

T33 (nmol/1) 

TSHH (mU/I) 

FT44 (pmol/1) 

T33 (nmol/1) 

TSHH (mU/1) 

FT44 (pmol/1) 

T33 (nmol/1) 

5.30 0 

14.80 0 

1.85 5 

1.60 0 

17.70 0 

1.83 3 

<0.10 0 

53.7 7 

7.90 0 

(0.6--

(12.0 0 

(1.50 0 

(1.40 0 

(15.3 3 

(1.80 0 

«0.10 0 

(23.4 4 

(2.25 5 

20.7) ) 

-19.7) ) 

-2.60) ) 

-1.80) ) 

-20.0) ) 

-1.85) ) 

-<0.1) ) 

-84.0) ) 

-13.5) ) 

3.60 0 

12.60 0 

2.87 7 

1.70 0 

15.80 0 

2.60 0 

0.10 0 

18.40 0 

2.30 0 

(0.55 -6.2) 

(9.00 -19.6) 

(2.59(2.59 -3.8) 

(1.33 -2.1) 

(10.44 -23.0) 

(2.155 -3.40) 

(<0.10-0.5) ) 

(12.55 -42.0) 

(2.00 -7.80) 

0.90 0 

16.10 0 

3.53 3 

2.80 0 

12.10 0 

2.70 0 

0.10 0 

18.40 0 

2.65 5 

(0.1 1 

(10.2 2 

(3.30 0 

(0.6 6 

(11.6 6 

(2.30 0 

«0.1 1 

(12.2 2 

(2.40 0 

-5.3) ) 

-18.9) ) 

-4.05) ) 

-5.8) ) 

-13.0) ) 

-2.90) ) 

-0.6) ) 

-43.0) ) 

-6.40) ) 

hypothyroidismm (n=7), Group B: maternal euthyroidism (n=6), Group C: maternal 

hyperthyroidismm (n=4) or subclinical hyperthyroidism (n=3). In 16 infants, maternal 

TSHH values were collected from the first trimester onwards. In the other four infants the 

firstt maternal thyroid function test was assessed early on in the second trimester before 

mid-gestation.. One infant had maternal TSH values within reference values during the 

firstt trimester, which increased above the maximum reference value within the second 

trimesterr before mid-gestation and was therefore placed in Group A. Maternal thyroid 

functionn in pregnancy in the three groups is summarized in Table la. During pregnancy, 

manyy dose alterations were carried out by attending physicians in order to maintain 

euthyroidism.. In Group C, three cases of maternal or neonatal TBII were found. One of 

thesee developed a transient hyperthyroidism for which treatment with antithyroid agents 

wass needed. In all other 19 newborn infants, normal TSH and thyroid hormones were 

foundd in cord blood. Baseline clinical characteristics are summarized in Table 2. During 

pregnancyy and delivery no other problems were encountered. Apgar scores for all infants 

weree >7 at 5 minutes postpartum. None of the infants developed hyperbilirubinemia. 

MotorMotor nerve conduction velocity (MNCV) 
Ulnarr and posterior tibial MNCV values in relation to corrected age at time of 

measurementt indicate that reduction was 10% (n=2) 2 weeks after birth and 10%, 15%, 

40%% (n=2, 3, 8) at 3, 6 and 12 months of age, respectively. The reductions were mainly 

causedd by practical parental reasons and parental discomfort with the time-consuming 

aspectss of measuring MNCV in addition to the other assessments made at that time. MNCV 
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Tablee 2: Baseline clinical characteristics in infants bom to mothers with thyroid disease, grouped according to 
maternall  thyroid state before mid-gestation (number or mean  SD}.* 

Gestationall  age (d) 
Sexx (male) 
Birthh weight (g) 

Groupp A (n=7) 

8 8 
4 4 

35099 3 
SGA«P10)) 0 
Maternall  thyroid state 

Congenitall  hypothyroidism 1 
Auto-immunee hypothyroidism 4 
Graves'' disease 2a 

Thyroidd carcinoma 0 
Treatmentt during pregnancy 

Thyroxinee 7 
Antithyroidd agents 1 

Maternall  ethnic origin: Caucasian 6 
Maternall  educational level 

Low w 
Middle e 
High h 

2 2 
3 3 
2 2 

Groupp B(n=6) 

276  12 
3 3 

30399  264 
2 2 

1 1 
3 3 
2h h 

0 0 

5 5 
1 1 
4 4 

2 2 
0 0 
4 4 

Groupp C (n=7) 

8 8 
3 3 

31655 4 
0 0 

0 0 
0 0 
5 5 
2 2 

2 2 
5 5 
5 5 

2 2 
5 5 
0 0 

**  no statistically significant differences were found among the three groups 
aa one patient after treatment with l31I 
bb one patient after subtotal thyroidectomy 

increasedd with age. Ulnar and posterior tibial MNCV values found were comparable to 

thosee of healthy infants.18 Overall, no significant differences were found among the values 

off  the three groups. 

CorticalCortical Nj peak latency in the somatosensory evoked potentials (SEPs) 
Dataa reduction for measuring N} peak latency in relation to corrected age at time of 

measurementt was the same as for MNCV measurements. N peak latency decreased with 
age.. At week 2 after birth, N, peak latency in the SEPs in infants in Groups A and C 
seemedd to be prolonged (33.5  6.6 ms (n=7), 32.8  6.1 ms (n=7), respectively) compared 
too infants in Group B (30.7  4.9 ms, n-4). This difference, however, was not statistically 
significantt (p=0.76). 

NeurologicNeurologic assessment 
Inn all patients the neurologic outcome at 6, 12 and 24 months was normal. 

ScoresScores on the Bayley Scales of Infant Development 
Thee infants' mean MDI and PDI scores in the three groups at ages 6, 12 and 24 months 

aree summarized in Table 3. Data reduction was 15% (n=3), 10% (n=2) and 15% (n=3) at 
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Tablee 3:Bayley scores in infants born to mothers with thyroid disease, grouped according to maternal thyroid 
statee before mid-gestation (mean  SD) 

Groupp A (n=7) 

Groupp B (n=6) 

Groupp C (n=7) 

MDI I 
PDI I 
MDI I 
PDI I 
MDI I 
PDI I 

n n 

7 7 
7 7 
5 5 
5 5 
5 5 
5 5 

66 Months 
Bayy ley score 

95.77  14.7* 
104.44  9.0 
112.4  13.2 
106.44  31.8 
99.2++ 2.6 

106.22  12.6 

n n 

6 6 
6 6 
6 6 
6 6 
6 6 
6 6 

122 months 
Bayy ley score 

107.88  15.3* 
98.22  8.9 

123.55  17.8 
101.77 6 
113.77 0 

111.0  10.1 

n n 

5 5 
5 5 
5 5 
4 4 
7 7 
7 7 

244 months 
Bayleyy score 

104.22 0 
95.44  27.4 
110.66 6 
98.55  14.3 
108.11 + 14.5 
104.11  17.5 

**  p <().()5 Group A compared to Group B 

6,, 12 and 24 months, respectively. This was caused by parental refusal (n=4, 2 of whom 

refusedd twice) and lack of cooperation of the infant (n=2). One infant in Group B was 

uncooperativee during testing of the psychomotor scale at 24 months and one infant in 

Groupp A was uncooperative during testing of both mental and psychomotor scales at 12 

andd 24 months. The latter showed behavioral problems during testing. 

Att ages 6 and 12 months, the overall effect among the three groups for MDI was not 

significantt (p=0.09 and 0.19, respectively; after adjustment for covariates p=0.01 and 

0.07,, respectively). However, at these time-points the mean MDI score was 16 points 

lowerr for infants in Group A than for those in Group B, which reached statistical 

significancee (p=0.03 and 0.08, respectively; after adjustment for covariates p=0.03 and 

0.02,, respectively). At age 24 months, the mean MDI score was 6 points lower for the 

infantss in Group A than for those in Group B, which was not statistically significant. The 

differencee in the mean MDI score between the infants in Group C compared to Group B 

att 6, 12 and 24 months was 13, 10 and 2 points, respectively, which was not statistically 

significant.. The mean PDI score was not statistically different among the three groups at 

anyy time. In a subanalysis. comparing the TBII positive (n=3) and TBII negative (n=4) 

infantss in Group C at the age of 24 months, the mean MDI and PDI scores were 16 and 24 

pointss lower in the group of TBII positive infants. Because of the small sample size this 

wass not tested statistically. 

DISCUSSION N 

Thiss study demonstrated that in infants born to mothers with known thyroid disease, 

maternall  subclinical hypothyroidism in the first half of pregnancy was associated with a 

lowerr Mental Developmental score during the first year of life. 

Inn humans, in normal and pathological conditions, the contribution of maternal 
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thyroxinee to fetal pool is largely unknown. However, in severe congenital hypothyroidism, 

substantiall  maternal-fetal transfer of thyroxine has been demonstrated.19 In addition, 

dataa from animal experiments demonstrate significant placental transport of thyroid 

hormones.'200 The precise mechanism by means of which abnormal maternal thyroid 

functionn can lead to fetal neurologic developmental disorders is only partly understood.21 

Inn iodine deficiency during pregnancy, however, a consistent association between 

maternall  thyroid function and cognitive and motor development in the infant has been 

demonstrated.222 The association between hypothyroxinemic mothers and developmental 

disorderss was first demonstrated by Man et al.5 Liu et al., however, did not find any 

differencess in the IQs of eight children born to mothers with hypothyroidism during 

earlyy pregnancy as compared to the IQs of siblings who were not exposed to maternal 

hypothyroidism.233 The use of total IQ scores (Suzuki-Binet Intelligence test) at a later 

agee (4-15 years) may have contributed to their results. In our opinion, it is important to 

continuee follow-up of our study to the age of 5 years, or even longer. 

Ourr study is the first of its kind in which neurophysiologic methods were used to 

assesss maturation of the nervous system in newborns and young children in relation to 

maternall  thyroid function. In cretins, slow MNCV has been demonstrated to reflect a 

delayy in maturation of the peripheral nerves. 

Inn this study, the values of ulnar and posterior tibial nerve MNCV were comparable to 

thosee of healthy infants.18 Possibly, after onset of fetal thyroid function at about mid-

gestation,, maturation of the peripheral nervous system may have normalized. 

Inn patients with primary congenital hypothyroidism, prolonged N, peak latencies in 

mediann nerve SEPs are described during the first year of life.24 In our study, the difference 

inn mean N peak latencies in median nerve SEPs among the infants in the three groups 

wass not statistically significant. In general, however, the values of Nt peak latency in the 

presentt study were near the upper limit of those found in the literature.25 Maternal 

euthyroidismm throughout pregnancy is probably a prerequisite for optimal maturational 

processess in the central nervous system. 

Ourr study underlies the importance of optimal treatment of maternal thyroid disease 

byy attending physicians in order to maintain euthyroidism throughout pregnancy. The 

heterogeneityy of maternal thyroid disease, treatment and fluctuations in thyroid function 

duringg pregnancy may have blurred the contrast among the three groups. A larger study 

groupp would have decreased the width of confidence intervals, resulting in a more precise 

estimationn of any differences in developmental scores among the three groups. Future 

studiess on this topic are needed, preferably on a larger scale and including long-term 

follow-up. . 
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CONCLUSION N 

Inn infants born to mothers with known thyroid disease, maternal subclinical hypo-

thyroidismm within the first half of pregnancy was associated with a lower Mental 

Developmentall  score during the first year of life. 
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