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ABSTRACT T 

Context::  Long-term follow-up data on cognitive and motor functioning in adult patients 

withh congenital hypothyroidism, diagnosed by neonatal screening, are scarce. Hence, it is 

stilll  unclear whether the frequently reported cognitive and motor deficits observed during 

childhoodd persist in adulthood. 

Objective::  The objective of this study was to examine cognitive and motor functioning in 

youngg adults with congenital hypothyroidism, born in the first 2 yr after the introduction of 

thee Dutch neonatal screening program. 

Design/Setting/Patients::  Seventy patients were tested (mean age, 21.5 yr); 49 of them were 

previouslyy tested at 9.5 yr. The median age at the start of treatment was 28 d (range, 4 -

2933 d). Congenital hypothyroidism was classified as severe, moderate, or mild, according to 

pretreatmentt T4 concentrations. 

Mai nn Outcome Measurement: The main outcome measurement was the influence of the 

severityy of congenital hypothyroidism and age at which T4 supplementation was started on 

cognitivee and motor outcome. 

Results::  Patients, particularly those with severe congenital hypothyroidism, had significantly 

higherr (i.e. worse) motor scores (total score, 7.8; ball skills, 2.0; balance, 4.1) compared with 

controlss (total score, 3.2; ball skills, 0.7; balance, 1.1), and lower full-scale (95.8), verbal 

(96.4),, and performance (95.6) intelligence quotient (IQ) scores than the normal population. 

Noo significant change in IQ from childhood to adulthood was found, and for the majority 

off  patients, motor score classification remained the same. The severity of congenital 

hypothyroidism,, but not the starting day of treatment, was correlated with IQ and motor 

scores. . 

Conclusions::  It is concluded that the severity of congenital hypothyroidism, but not the 

timingg of treatment initiation, is an important factor determining long-term cognitive and 

motorr outcome. Clearly, detrimental effects on developmental outcome in patients with 

congenitall  hypothyroidism persist over time. 



INTRODUCTION N 

Thyroidd hormone plays an essential role in brain development during pre- and postnatal life 

(1).. Prenatally, the thyroid hormone state is dependent on maternal-fetal thyroid hormone 

transferr and fetal thyroid hormone production starting from the second trimester onward. 

Congenitall  hypothyroidism (CH), which implies a total or partial inability to produce thyroid 

hormone,, is notorious because of the serious life-long cognitive and motor deficits seen 

beforee the advent of mass CH-screening programs (2, 3). The influence of impaired thyroid 

hormonee production during the fetal phase on brain function in later life is largely unknown. 

Althoughh it is clear that shortening the postnatal phase of hypothyroidism is highly effective 

inn eradicating serious impairments, there is ample evidence that CH patients diagnosed by 

neonatall  screening are still vulnerable to persistent cognitive and motor sequela (4). The 

magnitudee of the deficits is shown to be dependent on the severity of CH, the timing of T4 

treatmentt initiation, and the adequacy of treatment (5-9). In an earlier study we showed 

thatt Dutch patients with CH born in 1981 and 1982 and tested at 7.5 and 9.5 yr of age had 

motorr problems and borderline intelligence scores, especially those with severe neonatal 

hypothyroidismm (5). 

Almostt all outcome studies in CH only report data until late childhood. Consequently, it 

iss not clear whether the cognitive and motor problems seen during childhood persist into 

adulthood.. To date, only one study has reported the long-term outcome in (young) adult 

patientss with CH (10). 

Thee present study followed an approach in which long-term cognitive and motor outcome was 

assessedd in young adult patients with early-treated CH born in 1981 and 1982. Outcome was 

analyzedd in relation to the severity of CH as well as treat-ment variables. Furthermore, outcome 

obtainedd at an adult age was related to childhood results from the same individuals (5). 

PATIENTSS AND METHODS 

Screeningg method and treatment strategy 

Thee Dutch neonatal CH screening method is primarily based on the measurement of T4. 

T4,, expressed as an sd score, is compared with the day's mean. In the early 1980s, sampling 

wass performed between 7 and 14 d after birth. If T4 was -0.8 sd or less, TSH was additionally 

measured.. If T4 was -3.0 sd or less or TSH was 50 uU/ml or more, children were referred 

immediatelyy to a pediatrician for diagnostic evaluation. Children with a borderline result 

(-3.00 < T4 < -2.1 sd, or 25 < TSH < 50 uU/ml) underwent a second heel puncture and were 

referredd if the result was again borderline or abnormal. The diagnosis of CH and its etiological 

classificationn were based upon initial presentation, thyroid function determinants, and 

thyroidd imaging. 

Inn the early 1980s the national guideline for treatment was to start with one of two schemes. 

Inn scheme 1, patients started with T3 supplementation. After 1 wk, T4 was added (4 ug/kg.d), 

withh a gradual increase to 8 -10 ug/kg.d after 2 wk. With the start of T4 supplementation 

thee T3 dose was gradually diminished and was stopped after 3 wk. In scheme 2, patients 

startedd with T4 (6 ug/kg.d), which was increased to 8 -10 ug/kg.d after 1 wk. Thereafter, T4 



supplementationn doses were adjusted based on thyroid hormone determinants, measured 

duringg regular out-patient visits, according to international guidelines. 

Patientss at 21.5 yr of age 

Thee complete cohort of CH patients born in The Netherlands between 1981 and 1982 

consistedd of 136 patients (Table 1). Medical data for these patients were available in the 

Academicc Medical Center because of previous studies (5, 11). From the original cohort, four 

patientss had died, and three had moved abroad; five had severe mental retardation related 

too chromosomal abnormalities (n 4) or unclassified syndrome with deafness (n 1; Table 1, 

nonparticipants,, not suitable). In 2001, at the start of this study, the remaining 124 patients 

weree contacted via their physicians and asked to participate. A total of 82 patients (66%) gave 

theirr written informed consent; their initial thyroid hormone concentrations and treatment 

modalityy were recorded. Of this group, 12 patients were excluded from the study because 

off  central CH (n=l; all other patients had thyroidal CH), exceptionally late (i.e. 4 yr of age) 

Tablee 1. Characteristics of the 1981-1982 cohort 

Etiologyy Total Non-participants Participants 

Thyroidd agenesis 

Thyroidd dysgenesis 

Thyroidd dyshormonogenesis 

Centrall  CH 

CHH n.o.s. 

Total l 

36 6 

59 9 

17 7 

19 9 

5 5 

136 6 

Not t 
suitable e 

2 2 

7 7 

3 3 

8 8 

4 4 

24 4 

Not t 
wi l l in g g 

9 9 

15 5 

6 6 

11 1 

1 1 

42 2 

At t 
21.55 yr 

25 5 

37 7 

8 8 

0 0 

0 0 

70 0 

At t 
9.55 yr 

24 4 

30 0 

9 9 

0 0 

0 0 

63 3 

Att  9.5 & 
21.5yr r 

17 7 

26 6 

6 6 

0 0 

0 0 

49 9 

Sixx groups arc presented; the total group, the group of patients who did not participate divided in patients not 

suitablee or not willin g to participate, the group of patients who did participate at 21.5, 9.5. and at both 9.5 and 

21.55 yr of age. For each group, the subdivision according to etiological classification is given. CH n.o.s., CH not 

otherwisee specified. 

startt of treatment (n= 5), discontinuation of treatment at a young age (n= 4), treatment was 

neverr initiated (n=l), or the patient was unwilling to complete the assessments (n=l; Table 1, 

nonparticipants,, not suitable). 

Thee remaining 70 patients (Table 1, participants at 21.5 yr), 51% of the original cohort, were 

classifiedd into subgroups according to arbitrarily chosen cut-offlevels for severity of postnatal 

hypothyroidism:: severe CH: initial T4, less than 2.3 g/dl (<30 nmol/liter); moderate CH: 2.3 

orr less than initial T4 less than 4.7 g/dl (30 < initial T4 < 60 nmol/liter); or mild CH: initial 

T44 4.7 g/dl or more (>60 nmol/liter). The T4 reference range in children aged 2- 6 wk is 6.5-

16.33 g/dl (84 -210 nmol/liter) (12). The subgroups severe CH and moderate CH were further 

classifiedd according to starting day of T4 treatment: early (age, <27 d) or late (age, >27 d) and 

initiall  treatment protocol. 

Thee study protocol was approved by the institutional review board of the Academic Medical 

Center. . 



Assessmentss at 21.5 yr of age 
Cognitivee and motor assessments were carried out in the 70 participating patients at the 

Academicc Medical Center in Amsterdam (except for four patients who were tested in their 

locall  hospitals) by the same psychologist, who was blinded for the patients' medical details. 

Patientss were tested at a mean age of 21.5 yr (range, 21.0 -22.3 yr). To ascertain that patients 

weree euthyroid (i.e. TSH, 0.4 - 4.0 |iU/ml) at the time of testing, the most recent measurement 

off  thyroid function before the psychological assessments was evaluated. In those patients 

withh plasma TSH concentrations outside the reference range, the T4 dose was adjusted. 

Thiss resulted in dose adjustments for 25 patients; in one patient treatment compliance was 

optimized. . 

Cognitivee assessments 

Intelligencee was tested with the Dutch version of the Wechsler Adult Intelligence Scale 

II II  (13). With the subjects' performances on 11 subtests, three intelligence quotients were 

derived:: full-scale intelligence quotient (IQ), verbal IQ, and performance IQ. In the normal 

population,, each IQ score has a mean of 100 and an sd of 15. 

Motorr assessments 

Motorr skills were assessed with the movement assessment battery for children (MABC) (14, 

15).. The MAB C is designed for identification of motor impairments in children. The manual 

providess normative data for children 4 -12 yr of age. The test results are expressed in terms 

off  a total motor impairment score MAB C (ranging from 0-40), a manual dexterity score 

(range,, 0 -15), a ball skills score (range, 0-10), and a balance score (range, 0 -15); higher 

scoress indicate more motor problems. By convention, 85% of the normal population have no 

motorr problems (total motor impairment score MABC,< 9.5), 10% have borderline motor 

problemss (score, 10-13), and 5% have definite motor problems (score, >13.5). 

Inn the absence of normative data for young adults, the CH patients were compared with 

aa group of 66 healthy controls (41 females), tested at a mean age of 21.3 yr. Controls were 

recruitedd among students, hospital employees, and hobby club members. Scores for patients 

andd controls were interpreted using the normative data of 12-yr-old children. 

Patientss and assessments at the age of 9.5 yr 

AA total of 63 CH patients, 46% of the original cohort of patients born in 1981-1982 (Table 

1,, participants at 9.5 yr), and 35 controls were previously studied at 9.5 yr. IQ was measured 

withh the Wechsler Intelligence Scale for Children-Revised (16), and motor skills were 

assessedd with the test of motor impairment (TOMI) (17). The TOMI later evolved into the 

MAB CC and contains similar items. The TOMI score ranges from 0-20. By convention, 85% 

off  the normal population have no motor problems (TOMI, <4), 10% have borderline motor 

problemss (TOMI, 4-6), and 5% have definite motor problems (TOMI, >6). 

Statisticall  analysis 

One-samplee t tests were used to determine whether the IQ scores in CH patients differed from 

thee norm of 100. Binomial tests were conducted to test whether the percentages of CH patients 



inn the different severity groups with an IQ score less than 85 or a total motor impairment score 

MAB CC greater than 9.5 differed from the percentages in the normal population. 

Comparisonss of IQ and motor scores were made among the following subgroups: severe 

vs.. moderate vs. mild CH, early vs. late treatment, initiation with T3 supplementation vs. 

T44 supplementation, and patients who participated at 20 yr of age but not at 9.5 yr of age 

comparedd with those who participated at 9.5 yr of age. 

AA NOVA was used for group comparisons of continuous variables (post hoc group comparisons 

weree performed with Bonferroni post hoc analysis), while x2 tests were used for categorical 

variables.. For variables where the distributions of scores differed significantly from the normal 

distribution,, nonparametric tests, such as the Mann-Whitney U tests, were used. 

Whenn multiple analyses were performed with the Mann-Whitney U, binomial, or 2 tests to 

comparee scores, a correction for multiple testing was used by considering P<0.01 significant. 

Itt was not necessary to correct for parental educational level, a potential confounder, because 

parentall  educational level appeared to be distributed equally over the subgroups: parental 

educationall  level by severity: x2 = 0.335; P = 0.846; parental educational level by initiation 

withh T3 or T4: x2 = 0.239; P = 0.625; parental educational level by early or late treatment: x2 

== 0.105; P = 0.746. 

Linearr regression models were fitted for IQ and motor scores, with severity (initial T4 

concentration)) and starting day of T4 supplementation as independent variables. In addition, 

bivariatee correlation analyses between either severity of CH or the starting day of treatment 

andd IQ and motor scores were performed. Similarly, bivariate correlations were calculated 

betweenn full-scale IQ and total motor impairment score MABC. 

Forr the longitudinal analysis of IQ scores obtained at 9.5 and 21.5 yr of age, the paired samples 

tt test (two-tailed) was used. Correlation analyses (Spearman) were conducted for the TOM I 

andd MABC scores at the two ages. 

RESULTS S 

Patientt characteristics 

Thee baseline characteristics of the participating CH patients are given in Table 2. Of the 70 

patientss (55 females, 79%), 35 had severe CH, of whom the majority (21 patients) had thyroid 

agenesis.. Moderate and mild CH were seen in 16 (23%) and 19 (27%) patients respectively, of 

whomm the majority had thyroid dysgenesis (9 and 17 patients, respectively). 

Thee median age at start of T4 supplementation was 28 d for the total group. In patients with 

severee and moderate CH, the mean age at start of T4 supplementation was younger than in 

thosee with mild CH (Table 2). In 28 patients, treatment started with T3 supplementation, 

andd in 39 patients treatment started with T4 supplementation; in three patients, the initial 

treatmentt strategy could not be retrieved with certainty. 

Intellectuall  and motor outcome at adult age 

Meann IQ scores of the total CH group were significantly lower than the population mean 

(full-scalee IQ: P = 0.017; t=2.450; verbal IQ: P = 0.042; t=2.450; performance IQ: P = 0.012; 

t=2.568;; Table 3). Compared with the controls, the total CH group scored significantly worse 



Tablee 2. Characteristics of the subgroups with different severity of CH 

Numberr of patients (male:female) 

Initiall  T4 in ug/dl (95%CI) a 

[inn nmol/liter (95%CI)] 

Initiall  TSH in uU/ml (95%CI) b 

Totall  defects 

Agenesis s 

Dyshormonogenesis s 

Partiall  defects 

Dysgenesis s 

Dyshormonogenesis s 

Agee at start of T4 supplementation 
inn days (range) 

Severee CH 

355 (7:28) 

1.11 (0.9-1.4) 

[14.5(11.5-17.4)] ] 

4977 (298-696) 

21 1 

3 3 

11 1 

0 0 

277 (8-47) 

Moderat ee CH 

16(3:13) ) 

3.4(3.1-37) ) 

[43.66 (39.5-47.6)] 

4966 (336-656) 

4 4 

1 1 

9 9 

2 2 

277 (4-47)c 

Mil dd CH 

199 (5:14) 

7,66 (6.2-8.9) 

[97.2(79.8-114.6)] ] 

1422 (50-234) 

0 0 

0 0 

17 7 

2 2 

744 (18-293) 

T44 and TSH concentrations are expressed as the mean, with the 95% confidence interval (CI) in brackets. For the 
etiologyy subgroups the number of patients is presented. 'Ihe age at the start of treatment is presented as the mean, 
withh the range in parentheses. 
**  Reference range for T4 in children aged 2- 6 wk, 6.5-16.3 ug/dl (84 -210 nmol/liter) (12). 
hh Reference range for TSH in children aged 2- 6 wk, 1.7-9.1 uU/ml (12). 
11 One patient, in whom T4 supplementation was started at the age of 4 d, was already diagnosed before CH 
screeningg because of familial CH. 

Tablee 3.1Q scores of the CH patients at 21.5 yr of age. 

Fulll  Scale IQ Verbal IQ Performance IQ 

Severee CH (n=35) 91.3 (86.3-96.3)a 92.9(88.1-97.8) 90.4 (85.2-95.6)b 

Moderatee CH (n=16) 99.1(91.1-107.1) 97.8(89.2-106.3) 101.3(94.8-107.7) 
Mil dd CH (n=19) 101.3(95.7-106.9) 101.8(96.1-107.5) 100.4(94.7-106.1) 
Totall  CH (n=70) 95.8 (92.3-99.2)c 96.4 (93.0-99.9)d 95.6 (92.3-99.2)e 

IQQ scores (expressed as the mean with confidence interval in parentheses) are presented for the total CH group 
andd the severity subgroups. 
JJ P = 0.043 vs. mildCH. 
bb P = 0.031 vs. moderate CH; P = 0.037 vs. mild CH. 
11 P = 0.017 (t= -2.450) vs. normal population. 
dd P = 0.042 (t= -2.077) vs. normal population. 
''' P = 0.012 (t= -2.568) vs. normal population. 

onn motor scores, except for manual dexterity (P < 0.001; Table 4). Full-scale IQ and total 

motorr impairment score MABC were significantly correlated (r= -0.442; P < 0.001). 

Meann full-scale and performance IQ scores differed significantly between the severity groups 

[full-scalee IQ: F(2,67) = 3.754; P - 0.028; performance IQ: F(2,67)= 5.112; P = 0.009; Table 3 

andd Fig. 1]. Post hoc analysis showed that the differences in mean full-scale and performance 

IQss were significant between severe CH and mild CH (P = 0.043 and P = 0.037, respectively). 

Theree was also a significant difference in mean performance IQ between severe CH and 

moderatee CH (P = 0.031; Table 3). 

Amongg patients with severe CH, 37% had a full-scale IQ score less than 85. This percentage 

wass significantly higher than that in the normal population (P = 0.002). In the moderate and 



Tablee 4. Motor scores of the CH patients at 21.5 yr of age. 

Severee CH (n=35) 

Moderatee CH (n=16) 

Mi ldC HH (n = 19) 

Totall  CH (n=70) 

Controlss (n=66) 

Totall  motor 
impairmen t t 
scoree MAB C 

9.8(7.6-11.9)a a 

4.3(2.1-6.5) ) 

6.77 (3.5-9.9) 

7.88 (6.3-9.3)' 

3.22 (2.3-4.2) 

Manual l 
dexterit y y 

Score e 

2.11 (1.4-2.8)h 

0.55 (0.0-0.9) 

1.88 (0.3-3.4) 

1.7(1.1-2.3) ) 

1.4(0.9-1.8) ) 

Balll  skil l s 
score e 

2.6(1.8-3.4) ) 

1.55 (0.3-2.6) 

1.4(0.6-2.2) ) 

2.0(1.5-2.5)c c 

0.7(0.44 1.1) 

Balance e 
score e 

5.11 (3.6-6.6) 

2.4(1.1-3.7) ) 

3.4(1.6-5.3) ) 

4.11 (3.1-5.0)1 

1.11 (0.6-1.7) 

Motorr stores {expressed as the mean with confidence interval in parentheses) are presented for the total CH 
group,, the seventy subgroups, and the controls. 
'' P = 0.004 vs. moderate CH. 

hh P = 0.007 vs. moderate CH. 
'' P < 0.001 vs. control group. 

Tablee 5. Multiple regression analysis, IQ scores 

Initiall  T4 concentration 

Startingg day of treatment 

R2R2 adjusted 

Modell  significance 

B B 

P P 
P P 

B B 

P P 
P P 

FSIQ Q 

0.121 1 

0.341 1 

0.022 2 

-0.028 8 

-0.090 0 

0.538 8 

0.061 1 

F(2,64) ) 

-3.149 9 

VI Q Q 

0.074 4 

0.213 3 

0.154 4 

0.002 2 

0.008 8 

0.959 9 

0.018 8 

F(2,64) ) 
== 1.594 

PIQ Q 

0.163 3 

0.456 6 

0.002 2 

-0.065 5 

-0.205 5 

0.149 9 

0,117 7 

F(2,64) ) 
== 5.389 

P=O.O50P=0.2111 P=0.007 

Total l 

MAB C C 

-0.052 2 

-0.337 7 

0.023 3 

-0.003 3 

-0.024 4 

0.869 9 

0.095 5 

F(2,62) ) 
=4.366 6 

P=0.017 7 

Manual l 

Dexteri t y y 

-0.012 2 

-0.203 3 

0.178 8 

0.004 4 

0.076 6 

0.613 3 

-0.001 1 

F(2,64) ) 
== 0.979 

P=0.381 1 

Ball l 

Skil l s s 

-0.014 4 

-0.272 2 

0.064 4 

-0.004 4 

-0.081 1 

0.576 6 

0.077 7 

F(2,63) ) 
== 3.720 

P=0.030 0 

Balance e 

-0.026 6 

-0.264 4 

0.075 5 

-0.003 3 

-0.037 7 

0.803 3 

0.053 3 

F(2,63) ) 
=2.824 4 

P=0.067 7 

Resultss of multiple regression analysis are given with initial plasma T4 concentration and starting day of T4-
supplementationn as independent variables and IQ scores and motor scores as dependent variables. 

Tablee 6. IQ scores of the CH patients tested at 9.5 and 21.5 yr of age 

Severee CH (n=22) 

9.55 yr  21.5 yr 

Moderatee CH (n=14) 

9.55 yr  21.5 yr 

Mi ldCH(n=13 ) ) 

9.55 yr  21.5 yr 

91.11 90.6 99.7 100.2 101.9 102.5 

(85.2-970)) (84.2-97.1) (91.9-107.5) (91.7-108.8) (91.8-112.1) (96.1-109.0) 

91.33 92.8 96.4 98.9 98.5 102.1 

(85.3-97.2)) (86.2-99.4) (89.2-103.5) (89.4-108.5) (90.2-106.8) (95.8-108.3) 

Fulll  Scale IQ 

Verball  IQ 

Performancee IQ 

(87.1-98.1)) (82.3-95.7) (95.7-112.0) (96.1-108.5) (94.0-116.6) (96.3-109.1) 

IQQ scores (expressed as the mean with confidence interval in parentheses) are given for the 49 patients tested at 
9.55 and 21.5 yr of age. 

92.6 6 89.0 0 103.9 9 102.3 3 105.3 3 102.7 102.7 



mildd CH groups, the percentages of children with a full-scale 1Q score less than 85 (19% and 

5%,, respectively) were not significantly different from those in the normal population. 

Patientss with severe CH performed significantly worse on the total motor impairment score 

MAB CC and manual dexterity than patients with moderate CH (P = 0.004 and P = 0.007, 

respectively;; Table 4). In the control group, the percentage of subjects with a subnormal total 

motorr impairment score MABC (12% > 9.5) was slightly, but not significantly, lower than that 

inn the normal population (15% > 9.5). Among patients with severe CH, 49% had a subnormal 

totall  motor impairment score MABC, which was significantly higher than the percentage 

inn the normal population or controls (P < 0.001). In the moderate and mild CH groups, the 

percentagess of children with a total motor impairment score MABC above 9.5 (14% and 21%, 

respectively)) were not significantly different from those in the normal population or controls. 

IQQ and motor scores of those patients who started with T3 supplementation did not differ 

significantlyy from those who started with T4 supplementation, nor were the scores different 

forr patients in whom treatment was initiated before or after the age of 27 d. 

Inn a bivariate correlation analysis, the initial T4 concentration appeared to be associated 

withh full-scale IQ (r = 0.278; P = 0.020), performance IQ (r = 0.330; P = 0.005), total motor 

impairmentt score MABC (r = -0.337; P = 0.005), ball skills (r = -0.299; P = 0.01 3), and balance 

(rr = -0.278; P = 0.021). Correlation analyses showed no correlation between starting day and 

IQQ or motor scores. 

Inn a multiple regression analysis with severity of CH and starting day of T4 supplementation 

ass independent variables, the severity of CH appeared to be a significant predictor of full-

scalee IQ (P = 0.022), performance IQ (P = 0.002), and total motor impairment score MAB C 

(PP = 0.023); the starting day of treatment did not predict IQ or motor scores (Table 5). 

Intellectuall  and motor  outcome: longitudinal assessment 

Thee IQ scores of the 49 patients tested at 9.5 as well as 21.5 yr are shown in Table 6. The 

pairedd samples t test showed no significant differences in IQ scores at 9.5 and 21.5 yr of age 

andd a significant correlation among full-scale, verbal and performance IQ scores at 9.5 and 

21.55 yr (r = 0.799, P < 0.001; r = 0.820, P < 0.001; r = 0.678; P < 0.001, respectively). 

T T T 

Figuree 1. Full-scale IQ, verbal IQ, and performance 
IQQ scores of the CH patients at 21.5 yr of age. 
Thee box plot shows the full-scale IQ, verbal IQ, 
andd performance IQ scores of the CH severity 
subgroups.. Hie box incorporates 50% of all 
observations,, the dash represents the median IQ 
score,, and the whiskers represent the highest and 
lowestt scores. 

LTJJ Full Scale IQ 

CZII Verbal IQ 

^ HH Performance IQ 



Theree was a significant correlation between motor scores at 9.5 and 21.5 yr: total motor 

impairmentt score MABC (r = 0.339; P = 0.017), ball skills (r = 0.316; P = 0.025), and balance (r = 

0.431;; P = 0.002). For the majority of patients, the classification of the total motor impairment 

scoress at both ages were concordant normal (45%) or abnormal (18%). However, in 36% of 

patients,, total motor impairment scores at both ages were discordant (14% from subnormal 

att TOM1 to normal at MABC, 22% from normal at TOM I to subnormal at MABC). 

IQQ and motor scores at 21.5 yr for those patients who did and those who did not participate 

att 9.5 yr of age did not differ significantly. 

DISCUSSION N 

Thee aim of neonatal screening is to prevent cerebral damage due to lack of thyroid hormone 

byy enabling early and adequate T4 supplementation. However, we found persistent cognitive 

andd motor deficits in young adults with CH born in the first 2 yr after the nationwide 

introductionn of screening. Cognitive deficits were observed in both verbal and performance 

domains,, and motor deficits were found in balance, fine motor, as well as ball skills. Deficits 

weree most pronounced in patients with severe CH and were comparable to those measured 

duringg childhood. 

Althoughh several studies have shown subnormal cognitive and motor development during 

childhoodd (4, 5, 7, 18), our study is only the second one reporting on the persistence of 

thesee deficits into adulthood (10). Both studies are comparable with regard to the number 

off  participating patients and the timing of initiation of treatment, but there are two major 

differencess in the design. In our study, comparisons were made between severity subgroups 

andd between CH patients and the normal population, whereas in the study of Oerbeck et al. 

(10),, the total CH group was compared with siblings, and no differentiation in severity was 

made.. Oerbeck et al. (10) found that only motor outcome correlated with the severity of CH. 

Wee found that also IQ scores correlated with the severity of CH. 

Thee other major difference in the design is that we considered euthyroidism at the time of 

testingg an essential condition for each individual patient. Therefore, we verified in all patients 

that,, before the cognitive and motor assessments, plasma TSH concentrations were within 

thee reference range. In Oerbeck's study (10), however, the mean TSH concentration at the 

timee of testing was 12.2 uU/ml. The supposedly suboptimal treatment potentially influenced 

thee patients' cognitive functioning (i.e. attention, speed of processing, etc.) (19, 20), which 

impedess judgments on the effect of severity of hypothyroidism on outcome. 

Becausee important steps in brain development take place from early gestation until several 

yearss after birth, outcome determinants of CH patients should be correlated to both pre-

andd early postnatal thyroid hormone concentrations. According to term cord plasma T4 

concentrations,, the prenatal thyroid hormone state in fetuses without (functioning) thyroid 

tissuee is comparable to the postnatal thyroid hormone state in neonates with moderate CH 

(21).. This must be the effect of a substantial, but limited, maternal-fetal transfer of T4. It is 

likelyy that this maternal contribution to the fetal thyroid hormone state is a major factor 

inn protecting brain development, but it is not known whether it is always sufficient to 

completelyy preserve prenatal brain development. When, in particular in patients with severe 



CH,, T4 concentrations rapidly decline after birth, this is undoubtedly a dangerous condition 

withh respect to thyroid hormone-dependent brain development. Neonatal screening is 

onlyy capable of shortening the period of postnatal thyroid hormone deficiency; once T4 

supplementationn is started, plasma free T4 concentrations increase rapidly (22). 

Onlyy in our patients diagnosed with severe CH (pretreatment T4 concentrations, <2.3 ug/ 

dl)) were significant cognitive and motor deficits found. This underlines that the severity of 

CHH is an important factor determining cognitive and motor outcomes (4, 6, 8, 18, 23). The 

questionn is whether earlier initiated postnatal T4 supplementation had been able to prevent 

thee observed damage. In our study, we could not find any relation between the day treatment 

wass initiated and IQ or motor scores, nor did we find within the severe CH group a beneficial 

effectt of early treatment initiation. This might be influenced by the fact that treatment 

initiationn was strongly correlated with the severity of CH or by too littl e variation in the day 

off  the start of treatment. 

Ann important consideration is that the patients in our study were among the first Dutch 

patientss screened and were treated relatively late (mean, 27 d for severe and moderate CH; 

744 d for mild CH), with lower T4 doses than have been advised in more recent years (24). It 

iss possible that the time frame for early and adequate treatment to prevent cerebral damage 

wass before the age at which treatment wras initiated in these patients. Indeed, some studies 

indicatee that even patients with severe CH, assessed in the first 3 yr of life, had normal 

cognitivee and motor outcomes if treatment started early and with high initial T4 doses (25, 

26).. However, others did not find a beneficial effect on developmental outcome of higher (>6 

ug/kg.d)) compared with lower (<6 ug/kg.d) initial T4 doses, in patients treated before the age 

off  3 wk (27), nor could we demonstrate in a previous study that variations in the initial T4 

dosee influenced the time needed to reach a plasma free T4 concentration within the reference 

rangee (22). Furthermore, it still needs to be established whether improvements in IQ due to 

optimizedd timing and/or dose of treatment lead to improved well-being without detrimental 

effectss on behavior or social emotional development (28, 29). 

Severall  investigators have reported that the adequacy of long-term T4 supplementation 

influencess outcome (25, 30, 31). Yet, this variable was not studied explicitly in the Dutch 

cohort,, because, in our opinion, treatment adequacy is difficult to assess by integrating 

thee numerous plasma TSH and free T4 concentrations from infancy to adulthood. As in 

healthyy people, concentrations in well-treated patients may vary considerable (32), and mean 

valuess completely disregard intraindividual fluctuations and interindividual variations. 

Thee durations of phases of inadequate treatment (especially lack of compliance) cannot be 

establishedd in retrospect. Besides, treatment of CH patients is remarkably uniform regardless 

off  severity. Al l studied patients were treated according to criteria of good clinical practice 

byy pediatricians who rely on (inter)national guidelines (preserving euthyroidism primarily 

byy maintaining plasma TSH concentrations writhin the reference range with regular T4 

dosee adjustments). Therefore, we had no reason to assume group differences in long-term 

treatmentt adequacy, including compliance. Patients with moderate or mild CH had IQ scores 

indistinguishablee from those of the normal population, indicating implicitl y that even if 

thesee patients had experienced phases of insufficient treatment, these had no consequences 

forr intellectual outcome at adult age. This makes it unlikely that the IQ deficits observed in 

patientss with severe CH had anything to do with long-term treatment insufficiency. 



Thee use of the MAB C in this study requires some comment. This test is developed to detect 

motorr problems in children; consequently, normative data for adults are not available. 

Nevertheless,, we applied this test to detect motor problems in adults with CH by using norms 

off  12-yr old children. This might have resulted in an underestimation of motor problems in 

ourr patient group. Indeed, the percentage in the adult control group with a subnormal motor 

scoree (12%) was slightly, but not significantly, lower than that in the general population 

(15%% by convention). However, even with a potential underestimation, the CH group had 

substantiallyy more motor problems than the control group. 

Inn conclusion, this study has shown that cognitive and motor deficits in CH patients, who 

startedd treatment at a median age of 28 d after birth, persist into adulthood. Mildl y and 

moderatelyy affected patients have a fair prognosis, whereas severely affected CH patients 

continuee to experience IQ and motor problems in later life. Cognitive and motor outcomes 

couldd not be related to the age at which T4 treatment was initiated. Apparently the postnatal 

treatmentt strategy used in The Netherlands in the early eighties was not capable of abolishing 

alll  negative effects of severe congenital hypothyroidism. 

Regardingg the directions for future research, it is important to move beyond the mere task 

off  establishing levels of cognitive and motor functioning and also investigate the long-term 

sociall  emotional and behavioral consequences of early-treated CH. 
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ABSTRACT T 

Context t 

Patientss with thyroidal congenital hypothyroidism (CH-T) born in The Netherlands in 

1981-82,, showed persistent intellectual and motor deficits during childhood and adulthood, 

despitee initiation of T4-supplementation at a median age of 28 days after birth. 

Objective e 

Thee present study examined whether advancement of treatment initiation to 20 days had 

resultedd in improved cognitive and motor outcome. 

Design/Setting/Patients s 

Inn 82 Dutch CH-T patients, born in 1992-93 and treated at a median age of 20 days (mean 

233 days, range 2-73 days), cognitive and motor outcome was assessed (mean age 10.5 

years,, range 9.6-11.4 years). Severity of CH-T was classified according to pre-treatment 

FT4-concentration. . 

Mai nn Outcome Measure 

Cognitivee and motor outcome of the 1992-93 cohort in comparison to the 1981-82 cohort. 

Results s 

Patientss with severe CH-T had lower full scale (93.7), verbal (94.9), and performance (93.9) IQ-

scoress than the normative population (p<0.05), whereas IQ-scores of patients with moderate 

andd mild CH-T were comparable to those of the normative population. In all three severity 

subgroupss significant motor problems were observed, most pronounced in the severe CH-

TT group. No correlations were found between starting day of treatment and IQ or motor 

outcome. . 

Conclusions s 

Essentially,, findings from the 1992-93 cohort were similar to those of the 1981-82 cohort. 

Apparently,, advancing initiation of T4-supplementation from 28 to 2-0 days after birth did 

nott result in improved cognitive or motor outcome in CH-T patients. 



INTRODUCTION N 

Inn congenital hypothyroidism (CH) thyroid hormone deficiency is present from the prenatal 

periodd onwards, until, after birth, adequate thyroxine (T4) supplementation is provided. 

Becausee the period of thyroid hormone deficiency coincides with a critical period of brain 

developmentt children with CH, if left untreated, are at risk for impaired brain development 

andd subsequent cognitive and motor deficits. The aim of neonatal CH screening programs is 

too prevent cerebral damage through early initiation of T4-supplementation which shortens 

thee period of postnatal hypothyroidism. In a previous nation-wide study we followed patients 

withh thyroidal CH (CH-T) born in 1981-82, the first years of the Dutch screening. We found 

persistentt subtle cognitive and motor deficits up to adulthood in these patients, for whom 

T4-supplementationn was initiated at a median age of 28 days after birth (1,2). In 1981-82 

initiall  treatment strategy and starting day of treatment differed from current practice, which 

iss characterized by treatment initiation at a younger age, with higher initial T4 doses. Several 

studiess evaluating the more recent practice have shown improved cognitive and motor 

outcomee (3-6). However, due to small sample size and relatively young age of the tested 

subjects,, it is still unclear whether postnatal T4-supplementation is capable of establishing 

aa completely normal intellectual, motor and socio-emotional development in patients with 

CH-T(7). . 

Thee Dutch screening procedure has been adapted several times since its introduction in 

1981.. One of the major changes is the advancement of the heelpuncture sampling from 6-

144 days initially , to 6-8 days in the early 1990's, to day 4 from 1999 onwards. This change in 

timingg of the heel puncture sampling enabled us to investigate whether earlier treatment 

initiationn had resulted in improved cognitive and motor outcome. We investigated cognitive 

andd motor outcome at 10.5 years of age in a nationwide cohort of CH patients born in 1992-

93,, in whom treatment was initiated at a median age of 20 days. Outcome was analyzed in 

relationn to etiology and severity of CH, and in relation to treatment variables. Furthermore, 

thee results of the present study were compared with those obtained from patients born and 

screenedd in 1981-82, examined at the age of 9.9 years of age, in whom T4-supplementation 

wass initiated significantly later (1). 



METHODS S 

Screeningg method and treatment strategy 
Thee Dutch neonatal CH screening method is primarily based on the measurement of T4 in 

filterr paper blood spots. In 1992-1993 sampling was performed between 5 and 8 days after 

birth.. T4, expressed as standard deviation score, is compared to the day mean. If T4 was <-

0.8SD,, thyrotropin (TSH) was additionally measured. When T4 was <-3.0SD or TSH was >50 

uU/mll  children were referred immediately. Children with a dubious result (-3.0<T4<-2.1SD, 

orr 28<TSH<50 uU/ml (in 1992) or 20<TSH<50 (in 1993)) underwent a second heelpuncture 

andd were referred if the result was again dubious, or abnormal. The etiological classification 

off  CH was based upon thyroid function determinants and thyroid imaging. 

Inn 1992-93 Dutch pediatricians were advised to start with 6-8 ug T4/kg.day. In accordance 

withh international guidelines T4-dose adjustments were based on thyroid function 

determinants,, obtained at regular outpatient follow-up visits. 

Patientss of the 1992-93 cohort 
Thee institutional review board of the Emma Children's Hospital AMC and the privacy 

committeee of the CH Screening Board approved the study protocol. TNO (Netherlands 

organizationn of applied scientific research), documents the screening results and diagnostic 

findingss of all children screened for CH in The Netherlands. 

Off  the majority of children referred because of an abnormal CH screening result, blood and/ 

orr urine samples are sent to the AMC; of each patient a record is made. Combination of the 

recordss (TNO and AMC) revealed that the complete cohort of CH patients born in The 

Netherlandss in 1992-1993 consisted of 141 patients (Table 1). Of them 3 had died, 4 had moved 

abroadd and 4 had transient CH. The parents of the remaining 130 patients were approached 

byy their pediatricians, whose responses led to the exclusion of patients with a known or 

suspectedd syndrome (n=12), exceptionally late start of treatment (n=3, initiation of treatment 

>3000 days after birth), (treatment for) brain tumour (n=l), blindness (n=l), encephalopathy 

afterr hypoxia (n=2) or hypoglycaemia (n=l); and patients of whom the mother was treated 

withh T4 during pregnancy (n=2) (Table 1, 'not suitable'). The parents of 18 patients refused 

participationn (Table 1, 'not willing') . 

Too ascertain that the participating patients were euthyroid (i.e. TSH 0.4-4.0 uU/ml) at the 

timee of testing, the most recent measurement of thyroid function prior to the psychological 

tests,, was evaluated and if necessary T4-dose was adjusted. This resulted in dose adjustments 

forr 20 patients. Due to misunderstandings the recommended dose adjustments were not 

madee in time in 3 patients who were excluded from the analysis (Table 1, 'not suitable'). 

Off  the 87 participating patients (62% of the original cohort) 82 had thyroidal CH (CH-

T)) and 5 had central CH (CH-C). The test results of patients with CH-C are presented 

separately,, because of difference in etiology and treatment; all of them received besides 

T4-supplementation,, Cortisol and growth hormone. Patients with CH-T were classified to 

subgroupss based on their pre-treatment FT4-concentration: 'severe CH': initial FT4<0.3 ng/ 

dLL (<4 pmol/L), 'moderate CH: 0.3<initial FT4<0.6 ng/dL (4.0<initial FT4<8.0 pmol/L) or 

'mildd CH' initial FT4>0.6 ng/dL (>8.0 pmol/L). FT4 reference range for children aged 2-6 

weeks:: 0.9-2.2 ng/dL (12-28 pmol/L)(8). 



Tablee 1. Etiology of CH in the 1992-1993 cohort 

Etiologyy Total Participants Non-participants 

Thyroidd agenesis 

Thyroidd dysgenesis 

Thyroid d 
dyshormonogenesis s 

CH-TT n.o.s. 

CH-C C 

Group p 

24 4 

51 1 

24 4 

26 6 

16 6 

17 7 

48 8 

17 7 

5 5 

Nott  wi l l in g Not suitable 

1 1 

1 1 

4 4 

11 1 

1 1 

66 (move abmad:l, syndrome:l, syndrome 
suspected:2,, T4-dose not adequate:2) 

22 (T4-dose not adequate: 1, euthyroid 
withoutt T4-suppl.:l) 

33 (syndrome: 1, mother treated with T4 
duringg pregnancy:2) 

155 (move abroad:3, patient died:3, 
euthyroidd without T4-suppl.:3, 
syndrome:5,, tumour: l) 

100 (blindness:l, encephalopathy:3, 
syndromee suspected:3, late initiation of 
t reatments) ) 

Totall  141 87 18 36 

Threee groups are presented: the total group, the group of participating patients (with either thyroidal or central 
CH)) and the group of non-participants, either because patients were considered not suitable (with the reason 
specifiedd between parenthesis), or because parents were not willing. For each group the number of patients in 
eachh etiological classification subgroup is given, 
n.o.s.. = not otherwise specified 

Assessments s 

Cognitivee and motor assessments were carried out in the AM C (except for 7 patients who 

weree tested in their local hospitals) by the same psychologist who was blinded for the patient's 

medicall  details. Patients were tested at a mean age of 10.5 years (range 9.6-11.4 years). 

CognitiveCognitive assessments 

Intelligencee was assessed with the Dutch version of the Wechsler Intelligence Scale for 

Children,, 3rd Edition, (WISC-III(9)) except for the first 10 patients who were tested with the 

WISC-R(IO)) because the W1SC-III was not yet available. With the subjects' performance 

onn 10 subtests, three intelligence quotients were derived: Full Scale Intelligence Quotient 

(FSIQ);; Verbal Intelligence Quotient (VIQ); and Performance Intelligence Quotient (PIQ). In 

thee normative population each IQ-score has a mean of 100 (SD 15). The scores of the WISC-

RR were recalculated into WISC-III scores in accordance with the guidelines provided in the 

WISC-IIImanual(9;ll). . 

MotorMotor assessments 

Motorr skills were assessed with the Movement Assessment Battery for Children (MABC) 

(12;13),, designed for identification of impairments of motor function in children aged 4-12 

years.. The test results are expressed in terms of a total motor impairment score (ranging 

fromm 0 to 40, mean 5.0 in the normative population; in the text referred to as 'Total MABC 

score'),, a Manual Dexterity score (0-15), a Ball Skills score (0-10) and a Balance score (0-15); 

higherr scores indicate more motor problems. In the normative population 85% has no motor 

problemss (Total MABC score <9.5), 10% has borderline motor problems (9.5<T'otal MABC 

score<13.5)) and 5% has definite motor problems (Total MABC score >13.5). 



Patientss of the 1981-82 cohort 

Dataa of 58 patients with CH-T born in 1981-82 (43% of a total cohort of 136 CH patients) 

whoo were studied at a mean age of 9.9 years (range 9.0-10.9)(l) were available for retrospective 

analysis.. IQ was measured with the WISC-R(IO). Motor skills were tested with the Test of Motor 

Impairmentt (TOMl)(14). The TOMI later evolved into the M ABC and both contain comparable 

items.. The total motor impairment score (in the text referred to as 'Total TOMI score') ranges 

fromm 0 to 20; higher scores indicate more motor problems. In the normative population 85% 

hass no motor problems (Total TOMI score<4), 10% has borderline motor problems (4<Total 

TOMII  score<6) and 5% has definite motor problems (Total TOMI score>6). 

Statisticall  Analysis 

Comparisonss of IQ and motor scores were made between the following subgroups: severe 

versuss moderate versus mild CH-T and early versus late treated patients with either severe, 

moderatee or mild CH-T (i.e. before or after the mean starting day of treatment). FSIQ scores 

andd the percentage of patients with motor problems of the 1992-93 and 1981-82 cohorts were 

compared. . 

One-samplee t-tests were used to determine whether the IQ scores in the total CH-T group 

andd the severity subgroups differed from the norm of 100. Binomial tests were conducted 

too test whether the percentage of CH-T patients in the severity subgroups that had a motor 

scoree >9.5 differed from the percentage in the normative population. 

Analysiss of variance was used for group comparisons on continuous variables, posthoc 

groupp comparisons were done with Bonferroni posthoc analysis. Chi-square tests were used 

forr categorical variables. For variables where the distributions of scores differed significantly 

fromm the normal distribution, non-parametric tests such as the Mann-Whitney-U-tests were 

used.. Linear regression models were fitted for IQ and motor scores with severity (initial T4 

concentration)) and starting day of treatment as independent variables. In addition, bivariate 

correlationn analyses between either severity of CH-T, starting day of treatment or initial T4-

dosee and IQ- or motor scores were performed and between FSIQ and Total MABC score. It 

wass not necessary to correct for parental educational level, a potential confounder, because 

thiss appeared to be distributed equally over the subgroups: parental educational level by 

severity,, Chi-square=1.260, p=0.868; parental educational level by early or late treatment, 

Chi-square=2.435,, p = 0.296. 

RESULTS S 

Patientss with CH-T 

Characteristicss of the participants are given in Table 2. Of the 82 patients with CH-T 

(533 girls, 65%) 50% had severe CH-T of whom the majority had thyroid agenesis (39%) or 

dysgenesiss (39%), and 50% had moderate or mild CH-T of whom the majority had thyroid 

dysgenesiss (78%). In patients with severe and moderate CH-T the mean age at initiation of T4-

supplementationn was younger than in patients with mild CH-T. The median age at initiation 

off  T4-supplementation for the total CH-T group was 20 days (mean 22 days). 



d d 

Tablee 2. Characteristics of the participants 

Severee Moderate Mil d CH-C 
CH-TT CH-T CH-T 

Numberr of patients (male:female) 41(13:28) 19(6:13) 22(10:12) 5(4:1) 
Initiall  FT4 in ng/dl (range)*  0.1 (0.0-0.3) 0.4 (0.3-0.6) 1.0 (0.9-1.1) 0.6 (0.4-0.7) 
[inn pmol/1 (range)] [1.8 (0.0-4.0)] [5.6 (4.2-7.1)] [12.8 (9.0-20.2)] [7.7 (5.4-9.6)] 
Initiall  TSH in uU/ml (range)+ 

Totall  Defects*  Agenesis 
Dyshormonogenesis s 

Partiall  Defects*  Dysgenesis 

Dyshormonogenesis s 
Agee at start of T4 supplementation 
inn days (range) 
Initiall  T4 dose in ug/kg per day (range) 

>933 (254-1500) 

16 6 
-i -i 

16 6 

2 2 

19(10-43) ) 

7.00 (3.2-12.9) 

4933 (163-760) 

1 1 

17 7 

1 1 

19(9-41) ) 

6.66 (4.0-10.3) 

1200 (28-502) 

15 5 

7 7 

311 (2-73) 

5.0(2.8-9.0) ) 

4(2-5) ) 

34(14-58) ) 

8.11 (4.2-11.1) 

Initiall  plasma FT4 and TSH concentrations, the age at start of treatment and the initial T4-dose are expressed as 
mean,, with the range between parenthesis. 
**  reference range for FT4 in children aged 2 to 6 weeks: 0.9-2.2 ng/dlL, 12-28 pmol/L(8) 
ff reference range for TSH in children aged 2 to 6 weeks: 1.7-9.1 uU/ml(8) 
**  only for patients with CH-T 

Tablee 3A. IQ scores of the CH-T group 

Severee CH-T 

n=41 1 

Moderatee CH-T 

n=19 9 

Mil dd CH-T 

n-22 2 

Total l 

n=82 2 

range range 

Ful ll  Scale 

I Q Q 

93.7*.. * 

(89.5-97.9) ) 

96.2 2 

(88.9-103.5) ) 

105.0 0 

(99.5-110.4) ) 

97.3 3 

(94.2-100.4) ) 

57-129 57-129 

P P 
(t) ) 

0.004 4 

(-3.0) ) 

0.290 0 

(-1.1) ) 

0.073 3 

(1.9) ) 

0.088 8 

(-1.7) ) 

Verbal l 

I Q Q 

94.9+ + 

(90.1-99.7) ) 

95.4 4 

(87.9-102.9) ) 

103.6 6 

(98.2-109.1) ) 

97.4 4 

(94.1-100.6) ) 

65-138 65-138 

P P 
(t) ) 

0.039 9 

(-2.1) ) 

0.210 0 

(-1.3) ) 

0.182 2 

(1.4) ) 

0.113 3 

(-1.6) ) 

Performance e 

I Q Q 

93.9*,, * 

(90.0-97.8) ) 

98.0 0 

(91.1-104.9) ) 

105.3 3 

(99.3-111.3) ) 

97.9 9 

(94.8-100.9) ) 

58-734 4 

P P 
(t) ) 

0.003 3 

(-3.1) ) 

0.550 0 

(-0.6) ) 

0.082 2 

(1.8) ) 

0.172 2 

(-1.4) ) 

IQQ scores (expressed as mean with confidence interval within parenthesis) are presented for the total CH-T group 
andd the three severity subgroups. 
p-valuess (with t-value between parenthesis) refer to the comparison with the normative population. 
*p<0.011 compared to the population mean 
'p<0.055 compared to the population mean 
'p<0.011 compared to mild CH-T 

IntellectualIntellectual and motor outcome 

Meann FSIQ, VIQ and PIQ scores of the total CH-T group were not significantly different 

fromm the population means (Table 3A). The mean total MAB C score was subnormal for the 

totall  CH-T group, and significantly different from the mean of the normative population 

(p<0.001,, Table 3B). 

Meann FSIQ, VIQ and PIQ scores in the severe CH-T group differed significantly from 

thee population means (p=0.004;p=0.039;p=0.003, respectively, Table 3A), whereas in the 

moderatee and mild CH-T group mean IQ scores were not significantly different from the 



Tablee 3B. Motor scores of the CH-'l' group 

Severee CH-T 

n=41 1 

Moderatee CH-T 

nn = 19 

Mil dd CH-T 

n=22 2 

Total l 

n=82 2 

Totall  MAB C score 

14.3*,, * 

(11.8-16.8) ) 

9.7* * 

(6.8-12.5) ) 

11.6* * 

(8.7-14.6) ) 

12.4* * 

(10.8-14.0) ) 

Manuall  Dexterity 

8.2' ' 

(7.0-9.5) ) 

5.1 1 

(3.5-6.6) ) 

6.0 0 

(4.1-7.8) ) 

6.8 8 

(6.0-7.7) ) 

Balll  Skil l s 

2.4 4 

(1.5-3.3) ) 

1.6 6 

(0.6-2.6) ) 

1.6 6 

(0.7-2.6) ) 

2.0 0 

(1.4-2.6) ) 

Balance e 

4.1 1 

(3.2-5.0) ) 

3.0 0 

(1.9-4.1) ) 

4.0 0 

(2.7-5.4) ) 

3.8 8 

(3.2-4.5) ) 

Motorr scores (expressed as mean with confidence interval within parenthesis) are presented for the total CH-
group,, and the three severity subgroups. 
*p<0.011 compared to the normative population 
'p<0.011 compared to moderate CH-T 
:p<0.055 compared to moderate CH-T 

Tablee 4. Multipl e regression analysis for IQ and motor scores 

Initiall  plasma 
FT44 concentration 

Startingg day of 
T4-supplementation n 

R22 adjusted 

Modell  significance 

B B 

P P 
P P 

B B 

P P 
P P 

Fulll  Scale 

I Q Q 

0.816 6 

0.296 6 

0.034 4 

0.005 5 

0.005 5 

0.973 3 

0.060 0 

F(2,63)) = 

3.077 7 

p=().()53 3 

Verbal l 

IQ Q 

0.760 0 

0.277 7 

0.051 1 

-0.110 0 

-0.101 1 

0.470 0 

0.030 0 

F(2,63)) = 

2,014 4 

pp = 0.142 

Performance e 

IQ Q 

0.753 3 

0.262 2 

0.057 7 

0.124 4 

0.110 0 

0.420 0 

0.080 0 

F(2,63)) = 

3.817 7 

p=0.027 7 

Total l 
MAB C C 

-0.202 2 

-0.142 2 

0.324 4 

-0.062 2 

-0.110 0 

0.443 3 

0.015 5 

F(2,60)) = 

1.471 1 

pp = 0.238 

Manual l 
Dexterity y 

-0.121 1 

-0.156 6 

0.276 6 

-0.018 8 

-0.060 0 

0.674 4 

0.006 6 

F(2,62)) = 

1,179 9 

p=0.314 4 

Ball l 
Skill s s 

-0.082 2 

-0.156 6 

0.268 8 

-0.017 7 

-0.084 4 

0.549 9 

0.014 4 

F(2,63)) = 

1.457 7 

pp = 0.241 

Manual l 

-0.023 3 

-0.039 9 

0.786 6 

-0.036 6 

-0.156 6 

0.276 6 

0.000 0 

F(2,62)) = 

1.008 8 

p=0.371 1 

Resultss of multiple regression analysis are given with initial plasma FT4 concentration and starting 
supplementationn as independent variables and IQ scores and motor scores as dependent variables. 

davv of T4-

populationn means. In the severe CH-T group FSIQ and PIQ scores were significantly lower 

thann in the mild CH-T group (p=0.007;p=0.005,respectively, Table 3A). 

Thee mean total MABC scores in the severe, moderate and mild CH-T subgroups were 

significantlyy different from the mean of the normative population (p<0.001;p=0.003;p= 

0.001,respectively,, Table 3B). Patients with severe CH-T had significantly worse scores on 

Totall  MABC and Manual Dexterity than patients with moderate CH-T (p=0.023;p=0.004 

respectively,, Table 3B). The percentages of patients in the severe, moderate and mild CH-

TT subgroups, with a subnormal Total MABC score (70%, 37% and 59%, respectively) were 

significantlyy higher than in the normative population (p<0.()01;p=0.016;p<0.001,respectiv-

ely).. The difference between severe and moderate CH-T in percentages of patients writh a 

subnormall  Total MABC score was significant (p-0.023). 

Inn the severe CH-T group IQ and motor scores did not differ in patients treated <19 days 

afterr birth versus patients treated >19 days. Neither were IQ and motor scores different in 



Tablee 5. Full Scale IQ scores and percentages of CH-T patients with motor problems born in 1992-93 and 1981-82 

Age e 

Severee CH-T 

n=41*and27** * 

Agee at start of T4-
supplementationn (days) 

Initiall  T4-do.se 

(ug/kg.day) ) 

Moderat ee CH-T 

n=19*andd 17** 

Agee at start of T4-

supplementation n 

(days) ) 

Initiall  1'4-dose 

(ug/kg.day) ) 

Mil dd CH-T 

n=22**  and 14** 

Agee at start of T4-
supplementationn (days) 

Initiall  T4-dose 

(ug/kg.day) ) 

Totall  Group 

Ful ll  Scale I Q score 

CH-TT group 

1992-93 3 

10.55 years 

93.7 7 

(89.5-97.9) ) 

19 9 

7.0 0 

96.2 2 

(88.9-103.5) ) 

19 9 

6.6 6 

105.0 0 

(99.5-110.4) ) 

31 1 

5.0 0 

97.3 3 

(94.2-100.4) ) 

CH-TT group 

1981-82 2 

9.99 years 

94.3 3 

(87.9-100.8) ) 

29 9 

5.4 4 

98.9 9 

(91.6-106.3) ) 

27 7 

7.4 4 

98.7 7 

(89.2-108.2) ) 

68 8 

5.2 2 

96.8 8 

(92.7-100.9) ) 

Percentage e 
motor r 

CH-TT group 

1992-93 3 

10.55 years 

71% % 

19 9 

7.0 0 

37% % 

19 9 

6.6 6 

59% % 

31 1 

5.0 0 

60% % 

off  patients wit h 
problems s 

CH-TT group 

1981-82 2 

9.99 years 

52% % 

29 9 

5.4 4 

41% % 

27 7 

7.4 4 

15% % 

68 8 

5.2 2 

40% % 

FSIQQ (expressed as mean with confidence interval between parenthesis) and percentages of patients with a 
subnormall  MABC (i.e. >9.5, 15% in the normative population) or TOMI (i.e. >4,15% in the normative population) 
scoree are presented, as well as the number of patients, the mean age at start of T4-supplementation and the mean 
initiall  'I'4-dose lor each severity subgroup and the total group. 
**  the number of patients for each seventy subgroup in the 1992-93 cohort 
***  the number of patients for each severity subgroup in the 1981-82 cohort 

thee moderate and mild CH-T group when treatment was initiated before or after 19 and 31 

dayss respectively. 

Inn a multiple regression analysis with severity of CH-T (expressed as the initial plasma FT4-

concentration)) and starting day of treatment as independent variables, only the severity of 

CH-TT appeared to be a significant predictor of FSIQ (Table 4). 

Inn a bivariate correlation analysis the initial FT4-concentration appeared to be associated with 

FSIQQ (r=0.298,p=0.015), PIQ (r=0.314,p=0.010) and Manual Dexterity (r=-0.247,p=0.047). 

Noo correlation was found between starting day and IQ or motor scores, neither was there 

aa correlation between initial T4-dose and IQ or motor scores. Also within the severe CH-T 

groupp starting day of treatment or initial T4-do.se did not correlate with IQ or motor scores. 

FSIQQ and Total MAB C score were not significantly correlated (r=-0.204,p=0.073). 
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ComparisonComparison of the 1992-93 and 1981-82 cohort 

Meann FSIQ and the percentage of patients with motor problems of patients born in 1992-93 

andd in 1981-82 with severe, moderate and mild CH-T are presented in Table 5. In patients 

withh severe and mild CH-T the age at start of T4-supplementation was significantly different 

betweenn the 1981-82 cohort and the 1992-93 cohort {p<0.001;p=0.003, respectively), but not 

inn patients with moderate CH-T (p=0.087). The initial T4-dose of patients in the severity 

subgroupss was not significantly different between the 1981-82 and the 1992-93 cohort 

(p=().()86;p=0.938;p-0.2488 for severe, moderate and mild CH-T, respectively). FSIQ scores of 

thee severity subgroups were not significantly different between the two cohorts. In patients 

withh mild CH-T the percentage of patients with a subnormal Total motor impairment 

scoree was higher in the 1992-93 cohort than in the 1981-82 cohort (p=0.013); for severe and 

moderatee CH-T differences were not significant. 

Patientss with CH-C 

Ihee 5 patients with CH-C (4 boys) had a mean initial FT4 concentration in between that of 

patientss with moderate and mild CH-T (Table 2); none of the CH-C patients had an initial 

FT44 concentration <0.3ng/dL (<4pmol/l). T4-suppIementation was initiated at a mean age of 

344 days after birth. Patients with CH-C had a mean FSIQ of 99.0 (range 92.5-105.5), mean 

VI QQ was 96.6, mean PIQ was 102.2. The mean Manual Dexterity score was 8.4, Ball Skills 1.2 

andd Balance 4.9. The mean Total MABC score (14.5) was substantially higher than the mean 

off  the normative population (5.0), 4 of the 5 patients had a subnormal score (i.e.>9.5). 

DISCUSSION N 

'Ihee present study analyzed cognitive and motor outcome in a Dutch cohort of 10 year old 

childrenn with early treated CH. IQ scores for the total CH-T group, in whom treatment was 

initiatedd at a median age of 20 days, were not significantly different from the normative 

population.. Within the subgroup of severe CH-T patients, however, cognitive outcome was 

lesss favourable. With regard to motor skills, the total CH-T group had substantial motor 

problems,, which were slightly more pronounced in severe CH-'F patients. Severity of CH-'I' 

correlatedd significantly with FSIQ, PIQ and Manual Dexterity score. No correlation, however, 

wass found between the starting day of treatment (range 2-73 days) or initial T4-do.se (range 

2.8-12.99 pg/kg.day) and IQ or motor scores. 

Thee current findings are in line with our recent observations of persistent cognitive and 

motorr deficits in adult CH-T patients, born in 1981-82, in whom treatment was initiated 

att a median age of 28 days (range 4-293 days). Also in the 1981-82 cohort severity of CH-T 

wass an important predictor of long-term outcome, but not timing of treatment initiation 

(2).. Over the course of the first decade following introduction of the nationwide CH 

screening,, treatment initiation for CH patients was substantially advanced; patients with 

severee CH-T born in 1981-82 were treated from a mean age of 29 days (median 29 days), 

whereass those born in 1992-93 were treated from a mean age of 19 days (median 17 days). 

Apparentlyy this advancement did not result in an improvement in intellectual development. 

Itt is conceivable that also in the 1992-93 cohort the time frame for a preventive effect of early 
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treatmentt initiation had elapsed, as was previously suggested for the 1981-82 cohort (2). 

Alternatively,, (irreversible) brain damage in severe CH might have accrued in the prenatal 

period.. The importance of'the in utero thyroid hormone state has been illustrated by the fact 

thatt maternal hypothyroidism during pregnancy is known to result in cognitive and motor 

deficitss in the offspring (15). One has to keep in mind that CH is already expressed in fetal 

lif ee and that maternal T4, transferred via the placenta, is not sufficiënt to fil l the gap in fetal 

T44 production. 

Thee conviction prevailing in the pre-screening era that early treatment would prevent 

mentall  retardation, has led to the introduction of neonatal screening once the appropriate 

techniquess (Guthrie card and radio immuno assays) became available. However, a series of 

follow-upp studies on the cohorts who were originally screened showed that children still 

hadd persistent subtle deficits, despite early treatment (1;2). Several studies have investigated 

thee possible benefits of advancing the initiation of T4-supplementation on outcome of CH 

patientss dected by neonatal screening. As in our study, Boileau et al. investigated the impact 

off  changes in the screening procedure over a 15 yr period; IQ scores of CH patients in whom 

T44 supplementation was initiated before 21 days after birth were similar to controls, whereas 

IQQ scores of patients treated after this age were significantly lower (16). This study, however, 

didd not investigate outcome of patients with severe CH as a subgroup. Dubuis et al. and 

Simoneau-Royy et al. have shown that intellectual outcome in patients with severe CH, in 

whomm treatment was initiated at a median age of 14 days with a median initial T4-dose of 

12.11 ug/kg.day was normal both at 18 months (3) and 5 years of age (17). Their patient groups, 

however,, were rather small (n=8 and 9, respectively). In a sample of Dutch CH patients, born 

betweenn 1993 and 1996, Bongers-Schokking et al., have shown that in severe CH a treatment 

delayy of 6 days, in patients receiving an initial T4 dose of 10.8 ug/kg.day, led to a loss of 25 

pointss on the Mental Developmental Index of the Dutch version of the Bayley Scales of Infant 

Development,, when measured between 11 and 30 months of age (4). Remarkably, retesting 

att 5.5-7 years of age gave contrasting results: a treatment delay of 7 days resulted in a small 

increasee of 3.6 IQ points (5). No distinction was made according to severity of CH because 

off  small group size. 

Too what extent the initial T4-dose is a key factor in preserving optimal brain development 

inn CH patients is unclear (18); even recent reports about this issue give contradictory results. 

Selvaa et al., considering a mean initial T4-dose of 10.9 ug/kg.day as relatively low, found 

thatt patients with CH, receiving this dose at a mean postnatal age of 10.9 days, had lower 

FSIQQ scores than controls (89.7 vs. 100.2) (6). On the other hand, Bongers-Schokking et al., 

consideringg a similar dose of 10.6 ug/kg.day as relatively high, found that patients with CH, 

receivingg this dose at a mean postnatal age of 10.8 days, scored equal to controls (104.6 vs. 

105.00 Rakit IQ score) (5). Any effect of (initial) T4-supplementation on cerebral development 

iss ultimately mediated by the intracellular thyroid hormone receptor occupation, via the 

establishedd plasma FT4 concentration. In a previous study we could not demonstrate a solid 

correlationn between the height of the initial T4-dose and the time needed to reach a plasma 

FT4-concentrationn within the reference range (19). This probably explains why we could not 

findd a correlation between the height of the initial T4-dose and outcome. 

AA limitation of the current study is that motor performance in both CH cohorts had to be 

assessedd with slight!}' different test methods, as they evolved over time. The MARC, used 

inn the 1992-93 cohort, contains test items comparable to the TOMI, used in the 1981-82 



cohort,, but is considered more sensitive because items are scored on a six-point instead of 

aa three-point scale and because a larger reference group is used (12; 14). Therefore, while it 

mayy seem that motor outcome in the 1992-93 cohort is worse in comparison to the 1981-82 

cohort,, this effect may be the consequence of the higher sensitivity of the MABC. 

Ann advantage of the current study is that the design provied the opportunity to study the 

influencee of substantially advanced treatment initiation by comparing data of two large 

nationwidee recruited cohorts of CH patients. In fact, age at treatment initiation was the only 

variablee which essentially distinguished the two cohorts. 

Finally,, this is the first report on developmental outcome of patients with central CH detected 

byy neonatal screening. The challenge in this group is timely and adequate multiple hormonal 

supplementationss to establish normal growth, brain development, and especially to prevent 

hypoglycemia.. The percentage of CH-C patients considered not suitable to participate 

wass relatively high, inherent to their (syndromal) condition of multiple pituitary hormone 

deficiencies.. However, the results of the participating patients are encouraging in that timely 

andd adequate hormonal supplementation established IQ and motor scores not different from 

patientss with moderate CH-T. 

Inn conclusion, this study has shown substantial cognitive and motor deficits in patients 

withh severe CH-T, whose treatment with T4 was initiated at a mean age of 19 days after 

birth.. Mildl y and moderately affected CH-T patients had a fair prognosis for IQ, but they 

tooo experienced motor problems. Despite a substantially advanced treatment initiation, as 

spinn off of a decade of experience with neonatal screening, improvement of cognitive or 

motorr outcome failed to occur. Although it is possible that with further advancement of 

treatmentt initiation or adaptations in T4-dose, intellectual and motor deficits wil l disappear, 

thee observed deficits might also be the consequence of the prenatal hypothyroid state. 
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SHORTT INTRODUCTION to the study 

'Thee Dutch neonatal congenital hypothyroidism (CH) screening procedure has been adapted 

byy advancing the day of heel puncture sampling several times since its national institution 

inn 1981. Besides, treatment modality gradually changed from low initial T4 dose in the early 

yearss of screening, to higher initial T4 dose in recent years. 

Thee nationwide study "Effect evaluation of the screening on CH in The Netherlands" evaluated 

thee effect of these changes. In part I and II cognitive and motor outcome of CH patients born 

inn 1981-82 (Chapter 5.1) and 1992-93 (Chapter 5.2) were assessed. 

Partt III (this Chapter) concerns CH patients born between April 1, 2002 and May 31, 2004 in 

whomm mental and psychomotor development is assessed at the age of 1 and 2 years. Since the 

studyy was continued until July 2006, when all patients had reached the age of >2 years, this 

chapterr only describes the preliminary results of the patient cohort at the age of 1 year. 

Outcomee at the age of 1 year was analyzed in relation to type and severity of CH and 

treatmentt variables. 

Thee results of this Chapter are discussed in the General Discussion (Chapter 8). 

METHODS S 

Screeningg method and treatment strategy 

Thee Dutch neonatal CH screening method is primarily based on the measurement of 

thyroxinee (T4) in filter paper blood spots. T4, expressed as standard deviation score, is 

comparedd to the day mean. Sampling is performed between 4 and 7 days after birth. If T4 

iss <-0.8 SD, thyrotropin (TSH) concentration (in mIU/1) is additionally measured. If T4 is 

<-1.66 SD, thyroxine-binding globulin (TBG) concentration (in nmol/1) is also measured. A 

T4/TBGG ratio is measured as follows: (T4(in SD) +5.1).[TBG] M000. 

Fromm April 2002 to May 2004 the referral criteria were as follows: if T4 was <-3.0SD or 

TSHH was >50mIU/i children were immediately referred to a pediatrician. In children with a 

dubiouss result (-3.0<T4<-0.8SD in combination with a T4/TBG ratio <8.5 and/or 20<TSH<50 

mIU/1)) a second heel puncture was performed. Children were referred after a second heel 

puncturee if the result was dubious again, or abnormal. The diagnosis of CH and its etiological 

classificationn was based upon initial presentation, thyroid function determinants and thyroid 

imaging. . 

Duringg the study period, Dutch pediatricians were advised to start with T4 supplementation 

inn a dose of  10 pg/kg per day in all children, whereas in those children with an initial FT4 

concentrationn <8 pmol/1, it was advised to give, 12 hours after the initial T4 dose, once an 

additionall  dose of 10 pg/kg. Those pediatricians who did not follow this advice, followed 

thee guideline introduced in 1997, i.e. to start with 50 pg as an initial dose, followed by 10 

pg/kgg per day for the following days. T4 dose was adjusted according to thyroid function 

determinants,, measured during regular policlinic controls, according to international 

guidelines.. In general, children are initially seen twice a week, for two to three wreeks. In the 

firstfirst year the period in between controls is gradually extended to once a month. 



Patientt recruitment 
Thee study was coordinated and executed by the department of pediatric endocrinology oi the 

Emmaa Children's Hospital (AMC) in collaboration with the Dutch Health Administrations 

(DHA).. The study protocol was approved by the institutional review board oi the Emma 

Children'ss Hospital AM C and the CH screening board. 

Off  those children born between April 1, 2002 and May 31, 2004 and with an indication for 

referrall  the DHA's (who contact the general practitioner in case referral is indicated) have, 

inn addition to the normal procedure, sent faxes with data containing heel puncture results, 

gestationall  age, birth weight and the name of the general practitioner to the AMC. This 

enabledd the researchers of the AM C to immediately contact the pediatrician to which the 

childd was referred. During this contact the pediatrician was advised on treatment modalities 

iff  the diagnosis of CH was confirmed. 

Duringg the initial contact the pediatrician was informed about the study on cognitive and 

motorr outcome. Later on, the pediatrician was provided with information on paper. This 

includedd detailed written information for the parents, in which permission was asked for 

theirr child's participation. 

Inn a minority of cases diagnosis of CH was established in patients with a normal CH screening 

resultt (see also chapter 2). Whenever these children came under the attention of the AMC 

(becausee urine or blood was sent for diagnostic work-up), their parents were also provided 

withh written study information via their pediatricians. 

Thee complete cohort of patients with permanent CH born in The Netherlands between April 

20022 and May 2004 consisted of 200 patients (Table 1). Patients with transient central CH 

(CH-C)) related to maternal Graves' disease (n=13), born in the study period were added to 

thee study cohort. 

Off  the total study cohort of 213 patients 200 were detected by neonatal CH screening and 

133 were diagnosed with CH despite a normal CH screening result. Patients with permanent 

CHH were classified as CH-T (CH of thyroidal origin), CH-C (CH of central origin) or CH 

nott yet specified. CH-T was further classified as CH-T due to thyroid dysgenesis, CH-T with 

normall  located thyroid gland, CH-T21 (i.e. CH-T specific for patients with trisomy 21) and 

Tablee 1. Htioluev of'CH in the 2002-2004 cohort 

Etiology y 

Permanentt CH 

CH-TT due to thyroid dysgenesis 

CH-TT with normal located thyroid gland 

CII  1-T not yet specified 

CH-T'21 1 

CH-C C 

CHH not yet specified 

Transientt CH-C 

Totall  group 
patients s 

78 8 

24 4 

53 3 

15 5 

21 1 

9 9 

13 3 

of f 

Non-part icipant s s 

Not t 
suitable e 

3 3 

3 3 

14 4 

15 5 

9 9 

7 7 

2 2 

Not t 
wi l l in g g 

6 6 

1 1 

9 9 

0 0 

3 3 

2 2 

1 1 

Participants Participants 

69 69 

20 20 

30 30 

0 0 

9 9 

0 0 

10 10 

TotalTotal 213 53 22 138 



CH-TT not yet specified. CH-C was further classified as CH-C as part of multiple pituitary 

hormonee deficiencies (MPHD subgroup) or CH-C related to maternal Graves' disease 

(MatGDD subgroup). 

Off  the total cohort 4 patients had died; 2 had moved abroad; 25 had a known syndrome 

(trisomyy 21, 13 and 19p, Cornelia de Lange syndrome, Prader-Willi syndrome, congenital 

nephroticc syndrome, Duchenne dystrophia, septo-optic dysplasia, Johansson-Blizzard 

syndrome,, Beckwith-Wiedemann, Turner syndrome); 2 were suspected to have a syndrome; 

44 patients were treated exceptionally late (>2months after birth); 1 patient had a severe 

cardiacc defect necessitating long-term hospitalization; parents of 7 patients had severe 

difficultiess with the Dutch language; parents of 2 patients had severe psychosocial problems; 

11 pediatrician did not cooperate; 1 patient was lost to follow-up; all summarized in Table 1 as 

non-participants,, 'not suitable'. 

Off  the 164 potential candidates the parents of 22 patients (13%) did not give their informed 

consentt (Table 1, 'not willing ' to participate) to participate in the first round (Bayley test at 

thee age of 1 year). To ascertain that the participating patients were euthyroid (i.e. TSH 0.4-

4.00 mlU/L) at the time of testing in the first round, the most recent measurement of thyroid 

functionn prior to the psychomotor tests was evaluated and if necessary T4 dose was adjusted. 

Inn the first round 4 patients were excluded because the advised dose adjustment was, by 

mistake,, not done in time (Table 1 'not suitable'). 

Patientss with CH-T were classified to subgroups based on the pre-treatment FT4 concentration: 

'severee CH': initial FT4 <0.4 ng/dl (<5 pmol/1), 'moderate CH'; 0.4<initial FT4<0.8 ng/dl 

(5.0<initiall  FT4<10.0 pmol/1) or 'mild CH'; initial FT4>0.8 ng/dl (>10.0 pmol/1). 

Assessments s 

Assessmentss were carried out in the AM C (except for 10 patients (7%) who were tested in 

theirr local hospitals), all by the same psychologist who was blinded for the patients' medical 

details. . 

Thee Bayley Scales of Infant Development version II (BSID-II-NL) were used to assess mental 

andd psychomotor development at the age of 1 year. The mental developmental index (MDI) 

andd the psychomotor developmental index (PDI) were scored based on the number of items 

successfullyy completed. Scores were converted into age-normalized values, as derived from 

Dutchh norms. In the norm population both MDI and PDI have a mean of 100 and a standard 

deviationn of 16. 

Statisticall  analysis 

Comparisonss of PDI and MDI scores were made between the following subgroups: CH-

TT versus CH-C and severe versus moderate versus mild CH-T. PDI and MDI scores were 

alsoo compared between early (<10 days after birth) versus late (>10 days after birth) treated 

patientss with CH-T and between CH-T patients starting with a higher initial T4 dose (i.e. 

>11.22 ug/kg) compared to those starting with a lower initial T4 dose (i.e. <11.2 ug/kg). 

One-samplee t-tests were used to determine whether the MDI and PDI scores in the CH-T 

andd CH-C group and the severity subgroups differed from the norm of 100. 

Analysiss of variance (ANOVA) was used for group comparisons on continuous variables 

(posthocc group comparisons were done with Bonferroni posthoc analysis). For variables 



wheree the distributions of scores differed significantly from the normal distribution, non-

parametricc tests such as the Mann-Whitney-U-tests were used. Linear regression models 

weree fitted for PD1 and MDI scores with severity (initial FT4 concentration), starting day of 

treatmentt and initial T4 dose as independent variables. 

RESULTS S 

Patientt characteristics 
Characteristicss of the participating CH patients are given in Table 2. Of the 138 patients 

(866 females, 62%), 119 had CH-T and 19 CH-C. Within the CH-T group 34 patients (29%) 

hadd severe CH-T. Moderate and mild CH-T were seen in 32 (27%) and 53 (44%) patients 

respectively. . 

Inn the CH-T group, the mean age at start of T4-supplementation was 10.8 days [median 9 days 

(rangee 2-34)]. Children with severe and moderate CH-T started significantly earlier with T4 

thann children with mild CH-T (p=0.001 and p=0.023, respectively). The mean initial T4 dose 

wass 11.2 ug/kg per day (range 5.4-20.1). Children with severe CH-T started with a slightly 

butt not significantly higher dose than children with moderate CH-T and with a significantly 

higherr dose than children with mild CH-T (p=0.047). 

Tablee 2A. Characteristics of the subgroups of participating CH-T patients 
Severee CH-T Moderate CH-T Mil d CH-T 

Numberr of patients (male:female) 
Meann initial FT4 in ng/dl (range) 
[inn pmol/1 (range)] 
Meann initial TSH in mIU/1 (range) 
CH-TT thyroid dysgenesis 
CH-TT with normal located thyroid 

CH-TT n.o.s. 
Meann age at start of T4 suppl.in days 
(range) ) 
Meann initial T4 dose in ug/kg per 
dayy (range) 

34(8:26) ) 

0.22 (0.1-0.4) 

[2.8(1.0-5.0)] ] 

6466 (335-970) 

28 8 

4 4 

2 2 

8.8(6-14) ) 

12.0(9.0-20.1) ) 

32(11:21) ) 

0.66 (0.4-0.8) 

[7.55 (5.3-10.0)] 

323(12-639) ) 

18 8 

7 7 

7 7 

9.8(2-32) ) 

11.5(8.3-19.9) ) 

53(21:32) ) 

1.11 (0.8-1.9) 

14.44 (10.2-25.0) 

98(11-508) ) 

23 3 

9 9 

21 1 

12.8(6-34) ) 

10.55 (5.4-16.7) 

Tablee 2B. Characteristics of the subgroups of participating CH-C patients 

CH-CC due to CH-C due 
multipl ee pituitar y to maternal 

hormonee deficiencies Graves'disease 

Numberr of patients (male:female) 9(9:0) 10(3:7) 
Meann initial FT4 in ng/dl (range) 0.8(0.6-1.0) 0.6(0.3-0.8) 
[inn pmol/1 (range)] [10.3(8.3-13.0)] [7.6(4.0-10.9)) 
Meann initial TSH in mIU/1 (range) 3.1(0.9-5.5) 4.0(0.0-10.3) 
Meann age at start of T4 suppl. in days (range) 23.1 (9-47) 10.8 (5-22) 
Meann initial T4do.se in fig/kg per day (range) 10.0 (5.7-15.4) 11.6 (8.5-17.8) 

http://T4do.se


MDII  and PDI 

Meann MDI score of the CH-T group was similar to the population mean (p=0.257, t=1.138), 

whereass mean PDI score of the CH-T group was significantly lower (p<0.001, t=-7.729, Table 

3).. MDI and PDI scores were significantly correlated (r=0.487, p<0.01). Mean MDI and PDI 

scoress did not differ significantly between the CH-T severity subgroups (MDI F(2,l 14)=0.575, 

p=0.564,, PDI F(2,113)=0.405, p=0.668). 

Meann MDI score of the MPHD subgroup was significantly lower than of the CH-T group 

(p=0.026).. MDI of the MatGD subgroup and PDI scores of both the MPHD and MatGD 

subgroupss were not significantly different from the CH-T group. PDI of the MPHD subgroup 

wass significantly lower than the population mean (p=0.002), MDI scores did not differ 

significantlyy from the population mean (p=0.053). 

Withinn the total CH-T group MDI and PDI scores of patients starting T4 supplementation 

beforee the age of 10 days and patients starting after the age of 10 days were not significantly 

different,, neither were these scores different within the severity subgroups. PDI scores of 

patientss in the CH-T group starting with initial T4 dose >11.2 ug/kg were significantly lower 

thann of those patients starting with initial T4 dose <11.2 ug/kg (84.0 and 91.3, respectively, 

p=0.03).. The MDI scores of the higher and lower initial T4 dose groups were not significantly 

differentt (98.8 and 102.7, respectively). 

Inn a bivariate correlation analysis MDI and PDI in the CH-T group appeared not to be 

associatedd with the initial FT4 concentration (r=-0.046, p=0.624 and r=-0.033, p=0.726, 

respectively)) and the starting day of treatment (r=0.002,p=0.987 and r=-0.003, p=0.977, 

Tablee 3. MDI and PDI scores in the subgroups of participating CH patients at a mean age of 1.1 year (range 1.0-
1.44 years) 

nn M D P PDI* 

Severee CH-T 34 100.8(96.7-104.9) 87.5(82.0-93.1) 

Moderatee CH-T 32 103.2(98.7-107.7) 91.0(85.1-96.8) 

Mil dd CH-T 53 100.4(97.1-103.7) 88.9(84.7-93.0) 

Totall  CH-T 119 101.2(99.1-103.4) 89.1(86.2 91.9) 

C H - C M P HDD 9 91.8(83.4-100.1) 85.9(78.5-93.2) 

CH-CC MatGD 10 101.4(90.1-112.7) 97.3(82.1-112.5) 

Totall  CH 138 100.6(98.6-102.7) 89.5(86.8-92.1) 

**  MDI score was not reliable in 2 patients (1 severe, 1 moderate CH-T) and PDI score in 3 patients (1 severe, 1 
moderate,, 1 mild CH-T), these results are excluded 

respectively).. MDI and PDI did correlate weakly with height of the initial T4 dose (r=-0.279, 

p=0.0033 and r=-0.246, p=0.009). 

Inn a multiple regression analysis with initial FT4 concentration, starting day of T4 

supplementationn and initial T4-dose as independent variables, the initial T4 dose appeared 

too be a weak predictor of MDI (p=-0.297, p=0.002) and PDI (p1 =-0.266, p=0.007). 




