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SUMMARY Y 

Objective e 
Thee dynamics of the plasma concentrations of various diagnostic determinants of thyroid 

functionn were analysed in children with congenital hypothyroidism (CH) after the start of 

T44 supplementation. The description of the biochemical dynamics of TSH and free T4 (FT4) 

duringg the first period of thyroxine treatment is important to depict the practical outlines of 

thee initial dosage of T4 and dosage adjustments for newborns with variable forms of CH. 

Design n 
AA retrospective analysis was performed of frequent plasma TSH, total T4 (T4), FT4 and total 

T33 (T3) measurements in 30 CH neonates during the first weeks of treatment, treated with 

initiall  daily T4 dosages ranging from 4.8 to 11.1 ug/kg. 

Results s 
AA 50% reduction in the initial plasma TSH concentration was achieved after 3 -4 days 

off  treatment, independent of CH severity. At a median of 32 days after the start of T4 

supplementation,, plasma TSH ranged between 0.4 and 4.0 mU/1. The mean interval needed 

forr FT4 to reach the age-related normal values (12-29 pmol/1) was 3 days. The increase in 

plasmaa T3 concentrations levelled off within a few days, when T4 reached concentrations of 

aroundd 100 nmol/1. 

Conclusions s 
Plasmaa T3 and FT4 concentrations reach the normal range a few days after thyroxine 

treatmentt is started. By contrast, normalization of plasma TSH concentration takes several 

weeks.. At the time that plasma TSH is normalized, CH neonates show a higher range of 

plasmaa FT4 concentrations than the normal range. When TSH normalization is the goal of 

treatmentt in CH, the target range for plasma FT4 during treatment in the first months needs 

too be adapted. During the first month of treatment the plasma TSH concentration is not 

helpfull  in assessing the proper T4 supplementation dosage. Once plasma TSH has reached 

normall  values, it becomes a reliable determinant in addition to plasma FT4. 



INTRODUCTION N 

Thyroidd hormone is important for human development, especially the central nervous system 

(1;2).. Shortage of this hormone during prenatal life and the first years after birth results in 

aa spectrum of neuropsychological disorders related to the duration and severity of the T4 

deficiencyy (3-5). Whereas the limited but substantial maternal supply of thyroxine preserves 

prenatall  brain development in case of congenital hypothyroidism (CH) to a certain extent 

(6;7),, adequate T4 supplementation must start shortly after birth to achieve euthyroidism as 

soonn as possible and to minimize the risk of cognitive and motor defects (1;8-10). Although 

inn the management of hypothyroidism the plasma TSH concentration is considered a useful 

determinant,, elevated plasma TSH concentrations are frequently encountered in the course 

ofCHH treatment (11-13). 

Too investigate which thyroid hormone determinants are most suitable to determine the 

achievementt of euthyroidism, a retrospective analysis was made in a group of 30 CH patients 

withh a well-defined aetiology and in whom the plasma concentrations of TSH, free T4 (FT4), 

totall  T4 (T4) and total T3 (T3) had been measured frequently before and after initiation of T4 

supplementation.. The changes in these determinants upon initiation of treatment until the 

momentt that plasma thyroid hormone determinants stabilized during treatment allowed us 

too evaluate different goals in treatment, that is reaching adequate plasma FT4, plasma T3 and 

plasmaa TSH concentrations. 

PATIENTSS AND METHODS 

Neonatall  CH screening 
Inn the Netherlands, screening for CH is based primarily on the determination of plasma T4, 

withh additional TSH determination in the 20% of samples with the lowest T4 concentrations. 

Too prevent too many false-positive screening results, a thyroid-binding globulin (TBG) 

determinationn is added for the 5% samples with the lowest T4 concentrations. This T4-based CH-

screeningg program is able to detect both thyroidal and central (hypothalamic/pituitary) CH. 

Patients s 
Off  30 neonates (21 girls, i.e. 70%) with thyroidal CH born between 1989 and 1999, and referred 

too the Emma Children's Hospital AM C because of abnormal CH screening results, sufficient 

dataa were available. Assessment of the pretreatment thyroid determinants and initiation 

off  treatment were generally on the same day. Patients had consecutive venapunctures to 

assesss their thyroid hormone concentrations every 4 -5 days during the first weeks of T4 

supplementation. . 

Basedd on the pretreatment plasma FT4 concentrations, patients were divided into three 

groups:: severe CH (FT4 < 4 pmol/1), moderate CH (4 < FT4 < 8 pmol/1) and mild CH (FT4 > 

88 pmol/1). 



Aetiologicall  classification 

Inn all patients who were studied, CH aetiology was established, as described in detail 

elsewheree (14). Plasma concentrations of TSH, T4, FT4, T3, thyroglobulin (Tg) and TBG were 

determinedd before initiation of T4 supplementation. 

Urinaryy iodine excretion and excretion of low molecular weight iodinated material were 

measuredd in 24-h urine specimens. To establish localization, form and activity of the 

thyroidd tissue a radioiodide (123I)-uptake study including a perchlorate test was performed. 

Additionall  ultrasound imaging of the neck was performed in a few patients. 

Withinn the thyroid dysgenesis group three categories can be distinguished: thyroid agenesis, 

cryptopicc thyroid and dystopic thyroid remnants (14). In patients with cryptopic thyroid 

remnants,, thyroid tissue cannot be demonstrated by imaging studies. As with thyroid 

agenesis,, these neonates have very low plasma T4 and FT4 concentrations that decline 

furtherr when not treated with T4. However, unlike in thyroid agenesis, Tg is detectable in 

plasmaa (> 20 pmol/1). 

Endocrinee tests 

Plasmaa T4, T3 and Tg concentrations were measured by in-house radioimmunoassay (RIA) 

methods;; plasma TBG was also determined by RIA (Eiken Chemical Co., Tokyo, Japan). FT4 

andd TSH were measured by time-resolved fluoroimmunoassays (Delfia " Free T4 and Delfia '" 

hTSHH Ultra, Wallac Oy, Turku, Finland). The plasma FT4 normal range 2-6 weeks after birth 

iss 12-29 pmol/1 (4;15). The TSH normal range up to 3 months after birth is 1-10 mU/1 (1); after 

thiss period plasma TSH is considered to be normal if between 0.4 and 4.0 mU/1. Normal values 

forr T3 from 2 to 6 weeks postpartum are 1.5-4.6 nmol/1, and 160-750 nmol/1 for TBG (4). 

Determinationn of the 50% TSH reduction time after initiation of treatment was estimated 

visuallyy from Fig. la -c. 

Statisticall  methods 

Descriptivee statistics were computed for all variables (SPSS 8.0 software, SPSS Inc., IL, 

USA). . 

RESULTS S 

Thee baseline and treatment characteristics of the 30 CH patients are described in Table 

1.. Twelve children had severe CH, 10 children moderate CH and eight children mild CH. 

Twenty-threee patients (77%) had thyroid dysgenesis and seven patients (23%) had inborn 

errorss of thyroid hormone metabolism (dyshormonogeneses). The mean initial plasma 

TSHH concentration was 756 mU/1 for the severe CH group, 492 mU/1 for the moderate CH 

groupp and 188 mU/I for the mild CH group. Before therapy was started, the mean initial 

plasmaa T3 concentration varied from 1.1 nmol/1 (severe CH) to 3.1 nmol/1 (mild CH). T4 

supplementationn was initiated at an average age of 13.8 days after birth (95% CI 12.3-15.4, 

rangee 7-23 days), with daily dosages ranging from 4.8 to 11.1 ug/kg (mean 8.2 ug/kg). The 

momentt of initiation of T4 supplementation in the severe CH group was 2-4 days earlier 

thann in the other groups. To reach plasma FT4 concentrations at or above the lower limi t of 



Iïeatn n 

Figuree 1 Disappearance of plasma TSH concentrations 
afterr the initiation of T4 treatment in CH. (a) Patients 
withh severe CH, (b) moderate CH and (c) mild CH. 
TSHH is depicted on the Y-axis as a percentage of the 
initiall  TSH value For patient 14 there was a missing 
valuee between day 5 and day 9 after treatment. The 
pointss of the curve are marked (#) and not joined up. 

00 7 14 21 28 
dayss after initiation ol T4 treatment 

ÜÜ 7 14 21 28 
dayss after initiation ofT4 treatment 

00 7 14 21 28 
dayss after initiation of T4 treatment 

thee age-related normal values (12 pmol/1), an average of 1.2 days after initiation of T4 supple-

mentationn was needed for the mild CH group, when the two patients who had an initial FT4 

abovee 12 pmol/1 were not included. The moderate CH group needed 2-9 days, and the severe 

groupp 4.3 days, to reach plasma FT4 concentrations above 12 pmol/1, leading to an average of 

3.11 days (95% CI 2.2-4.0, range 1-10 days) for the entire study population. 

Forr the entire group of 30 patients 3.6 days on average (95% CI 3.1-4.1, range 1-7 days) were 

neededd after initiation of T4 supplementation to achieve a 50% reduction in plasma 'FSH 

concentration,, regardless of CH severity (Table 1, Fig. 1). After 4 weeks of treatment, four out 

off  12 patients in the severe CH group, three out of 10 in the moderate CH group, and only-

onee patient out of 8 in the mild CH group had a plasma TSH > 10 mU/1. At a median of 32 

dayss after the start of T4 supplementation (range 5-534 days), plasma TSH ranged between 

0.44 and 4.0 mU/1 (i.e. the normal range for children aged > 3 months). 

Figuree 2 demonstrates that no correlation exists between the initial T4 supplementation 

dosagee (4.8-11.1 pg/kg/day) and the 50% TSH reduction time. 

Figuree 3 shows the relationship between plasma total T4 and T3 concentrations before the 

startt of treatment, the first measurement during treatment, and the measurement at the time 



Tablee 1. BASE-LINE AND TREATMENT CHARACTERISTICS OF THE STUDY PATIENTS. 

Pre-treatmentt  Values 

Pat.. Nr . 

(Gender) ) 

SEVERECH H 

11 (M) 

22 (M) 

33 (F) 

44 (F) 

55 (F) 

66 (F) 

~~ (F) 

HH (F) 

99 (F) 

100 (M) 

111 (F) 

1 2 ( F) ) 

AVERAGE AVERAGE 

95%95% CI 

MODERATEC H H 

1 3 ( F) ) 

144 (F) 

15(F) ) 

166 (M) 

177 (M) 

188 (M) 

199 (F) 

200 (F) 

211 (M) 

222 (M) 

AVERAGE AVERAGE 

95%95% a 

M I L D C H H 

233 (F) 

244 (F) 

255 (F) 

266 (F) 

277 (M) 

28(F) ) 

299 (F) 

300 (F) 

AVERAGE E 

955 % CI 

AVERAGEAVERAGE (Total) 

95%% CI (Total) 

Etiology y 

TIOD D 

TIOD D 

CTR R 

TA A 

CTR R 

CTR R 

DTR R 

CTR R 

DTR R 

'FA A 

CTR R 

CTR R 

DTR R 

DTR R 

DTR R 

DTR R 

PIOD D 

DTR R 

PIOD D 

PIOD D 

TgSD D 

DTR R 

DTR R 

DTR R 

DTR R 

DTR R 

DTR R 

DTR R 

PIOD D 

DTR R 

FT44 value 

(pmol/L ) ) 

0.6 6 

1,0 0 

1.5 5 

2.0 0 

2.0 0 

2.7 7 

3.5 5 

3.8 8 

3.8 8 

4.0 0 

1.0 0 

0.9 9 

2.2 2.2 

1.4-3.0 1.4-3.0 

4.2 2 

4.5 5 

4.5 5 

5.0 0 

5.0 0 

6.0 0 

6.3 3 

6.5 5 

6.5 5 

7.7 7 

5.6 6 

4.8-6.4 4.8-6.4 

8.1 1 

9.4 4 

9.5 5 

10.8 8 

11.0 0 

11.9 9 

15.4 4 

15.6 6 

11.5 5 

9.2-13.8 8 

5.8 5.8 

4.3-7.4 4.3-7.4 

TSHH value 

(mU/L ) ) 

623 3 

469 9 

760 0 

750 0 

740 0 

950 0 

980 0 

538 8 

730 0 

1230 0 

533 3 

765 5 

756 6 

619-893 619-893 

820 0 

1440 0 

55 .  5 

600 0 

246 6 

289 9 

no no 
98 8 

320 0 

396 6 

492 492 

206-779 206-779 

251 1 

459 9 

162 2 

133 3 

188 8 

230 0 

26 6 

51 1 

188 8 

75-300 0 

516 516 

384-649 384-649 

T 33 value 

(nmol/L ) ) 

0.4 4 

0.8 8 

0.8 8 

2.0 0 

0.9 9 

1.5 5 

1.2 2 

1.6 6 

0.8 8 

1.3 3 

/./ / 
0.8-1.5 0.8-1.5 

1.9 9 

1.4 4 

3.2 2 

2.3 3 

2.3 3 

3.2 2 

2.8 8 

2.4 2.4 

LL 8-3.1 

3.0 0 

3.1 1 

3.6 6 

2.4 4 

3.3 3 

3.3 3 

3.1 1 

2.7-3.5 5 

2.0 2.0 

1.6-2.5 1.6-2.5 

Startt  Rx 

dayss p.p. 

14 4 

12 2 

15 5 

10 0 

16 6 

11 1 

11 1 

11 1 

14 4 

8 8 

11 1 

13 3 

12.2 12.2 

10.7-13.6 10.7-13.6 

14 4 

18 8 

9 9 

11 1 

18 8 

13 3 

13 3 

13 3 

11 1 

23 3 

14.3 14.3 

11.3-17.3 11.3-17.3 

17 7 
7 7 

14 4 

14 4 

20 0 

10 0 

22 2 

22 2 

15.8 8 

11.1-20.4 4 

13.8 13.8 

12.3-15.4 12.3-15.4 

**  patient 29 and 30 not included, since the initial FT4 was > 12 pmol 



Initia l l 

dosage e 

(ug/kg) ) 

Afterr  Initiatio n of T4 Supplementation 

Highestt  FT4 

TSH<10mlJ/II  FT4> durin g 1st 4 50% TSH 

daysp.t.. 12pmol/L  weeks of Rx reduction 

dayss p.t. (pmol/L) days p.t. days p.t. 

8. 6 6 

8. 4 4 

9. 4 4 

7. 6 6 

7. 9 9 

9. 8 8 

7.1 1 

8. 2 2 

7. 6 6 

9. 4 4 

8. 2 2 

11. 1 1 

8.6 8.6 

7.9-9.3 7.9-9.3 

41 1 

11 1 

14 4 

19 9 

27 7 

24 4 

35 5 

12 2 

10 0 

67 7 

20 0 

45 5 

27.1 27.1 

16.2-38.0 16.2-38.0 

i> i> 

3 3 

2 2 

2 2 

3 3 

5 5 

2 2 

2 2 

3 3 

7 7 

7 7 

10 0 

4.3 4.3 

2.6-5.9 2.6-5.9 

18. 6 6 

31. 1 1 

41. 3 3 

39. 6 6 

30. 0 0 

30. 2 2 

32. 0 0 

35. 6 6 

31. 2 2 

24. 1 1 

31. 4 4 

33. 4 4 

31.5 31.5 

27.7-35.4 27.7-35.4 

26 6 

10 0 

21 1 

25 5 

23 3 

14 4 

12 2 

17 7 

21 1 

13 3 

27 7 

26 6 

19.6 19.6 

15.7-23.5 15.7-23.5 

2 2 

3 3 

3 3 

4 4 

1. 5 5 

5 5 

4 4 

5 5 

3 3 

4 4 

5. 5 5 

7 7 

3.9 3.9 

2.9-4.9 2.9-4.9 

5. 2 2 

8. 0 0 

8. 7 7 

5. 2 2 

11. 0 0 

8. 2 2 

10. 0 0 

7. 3 3 

10. 4 4 

4. 8 8 

7.9 7.9 

6.3-9.5 6.3-9.5 

23 3 

83 3 

12 2 

89 9 

9 9 

11 1 

6 6 

7 7 

17 7 

43 3 

30 30 

7.5-52.5 7.5-52.5 

2 2 

5 5 

6 6 

2 2 

2 2 

2 2 

1 1 

2 2 

2.9 2.9 

1.5-4.3 1.5-4.3 

22. 4 4 

17. 5 5 

37. 0 0 

23. 0 0 

29. 9 9 

32. 4 4 

39. 1 1 

24. 1 1 

42. 0 0 

19. 2 2 

28.7 28.7 

22.5-34.9 22.5-34.9 

18 8 

22 2 

16 6 

20 0 

10 0 

25 5 

17 7 

12 2 

22 2 

4 4 

16.6 16.6 

12.0-21.2 12.0-21.2 

4. 5 5 

5 5 

3. 5 5 

4 4 

5 5 

2 2 

2 2 

2 2 

2 2 

5 5 

3.5 3.5 

2.5-4.5 2.5-4.5 

7. 8 8 

8. 2 2 

8. 7 7 

8. 0 0 

8. 7 7 

8. 7 7 

7. 9 9 

7. 0 0 

8. 1 1 

7.6-8. 6 6 

8.2 8.2 

7.7-8.8 7.7-8.8 

90 0 

12 2 

10 0 

6 6 

27 7 

26 6 

2 2 

/' ' 
22. 5 5 

1.7-46. 5 5 

26.8 26.8 

175-36.2 175-36.2 

0 0 

0 0 

1.2 * * 

0.7-1.6 * * 

3.r 3.r 
2.2-4.0* 2.2-4.0* 

21. 9 9 

37. 6 6 

40. 0 0 

30. 6 6 

26. 5 5 

27. 4 4 

24. 8 8 

32. 1 1 

30. 1 1 

24.9-35. 3 3 

30.2 30.2 

27.6-32.8 27.6-32.8 

10 0 

8 8 

26 6 

4 4 

20 0 

11 1 

5 5 

12 2 

12 2 

5.7-18. 3 3 

16.6 16.6 

13.9-19.2 13.9-19.2 

4. 5 5 

4 4 

3 3 

2 2 

2 2 

4. 5 5 

1 1 

5 5 

3. 3 3 

2.0-4. 5 5 

3.6 3.6 

3.1-4.1 3.1-4.1 
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Figur ee 2 Initial daily T4 dosage vs. 

initiall 50% TSH reduction time. • 

severee CH, n = 12; • moderate CH, n 

== 10; A, mild CH, n = 8. The T4 dosage 

iss expressed on the X-axis in ug.kg-

l.day-1.. The number of days to reach 

aa 50% reduction in TSH is depicted on 

thee Y-axis. 

Figur ee 3 Plasma T4 concentration 

vs.. plasma T3 concentration at three 

differentt points in time. • , before 

treatment;D,, first measurement during 

treatment;; A, measurement during 

treatmentt when TSH is normal (0.4-

4.00 mU/1). The figure is composed of 

seriall measurements. 

500 100 150 200 250 300 350 

T44 concentration (nmol/1) 

Figur ee 4 Plasma FT4 concentration 

whenn TSH is within the normal range 

inn severe, moderate and mild CH. Data 

pointss are at the moment plasma TSH 

iss between 1.0 and 10.0 mU/1 lor the 

firstt time (before the age of 3 months) 

( • )) and then at the moment plasma 

TSHH is between 0.4 and 4.0 mU/1 for 

thee first time (after the age of 3 months) 

(•).. The rectangular box depicts the 

normall range for FT4 concentrations. 

plasmaa TSH was normalized. Initially, plasma T.3 concentrations increased linearly with 

plasmaa T4 until T4 reached a level of about 75-100 nmol/1, after which T.3 levelled off at 

valuess of around 3 nmol/1. 

Figuree 4 shows the relationship between plasma FT4 and TSH concentration for the three 

severityy groups separately. The first point represents the first time plasma TSH is within the 

normall range before the age of 3 months (i.e. 1-10 mU/1), at a mean age of 38 days (i.e. 25 days 

mean,, after the start of treatment), with its accessory FT4 concentration. The second point 

representss the first time TSH is within the normal range after the age of 3 months (i.e. 0.4-4.0 



mU/I)) at a median age of 120 days. The figure shows that many of these FT4 concentrations 

aree higher than 29 pmol/I (the upper limit of the age-related normal range for FT4). At the 

firstt point of TSH normalization, within the range of 1-10 mU/1, 15 children (i.e. 50%) had a 

plasmaa FT4 concentration above 29 pmol/1; the mean thyroxine dosage administered at that 

timee was 7.9 ug/kg/day vs. 6.7 ug/kg/day in those children with a FT4 below 29 pmol/1. When 

thee consecutive TSH was normal (i.e. 0.4-4.0 mU/1) the number of children with FT4 above 

299 pmol/I was reduced to 3 (i.e. 10%). 

Inn contrast to FT4, plasma T3 concentrations were within the normal range in all patients 

exceptt one value just above the upper limit (4.6 nmol/1). 

DISCUSSION N 

Duringg treatment of neonates with CH, plasma hormonedeterminants are relied on, especially 

becausee a short-term clinical response to T4 supplementation is hard to assess (16). A generally 

acceptedd and important assumption in the treatment of thyroidal hypothyroidism is that the 

normalizationn of plasma TSH concentration indicates the achievement of euthyroidism. 

Thee use of TSH as the major determinant for euthyroidism requires an intact hypothalamic-

pituitaryy unit with a stable setpoint for TSH secretion that guarantees adequate free thyroid 

hormonee concentrations in the circulation. Particularly in the early phase of treatment of 

CH,, the value of measurement of TSH alone is limited (17;18). 

Inn this retrospective study concerning patients with CH, we found that normalization of 

plasmaa TSH took several weeks even though plasma FT4 concentrations were reached within 

thee age-related normal range within a few days after diagnosis (1.2, 2.9 and 4.3 days for mild, 

moderatee and severe CH, respectively). The average initial 50% reduction time of TSH was 3.6 

dayss (Fig. 1). Thee severity of the hypothyroid state at diagnosis did not seem to influence the 

disappearancee rate of plasma TSH (Fig. 1). The decline of TSH observed in our study group 

iss much slower than the metabolic clearance rate of endogenous TSH (secreted after TRH 

stimulation)) and exogenously administered rhTSH, with half-lives of 46-102 min (19) and 

approximatelyy 30 min (20;21), respectively. Differences in glycosylation do account for minor 

changess in metabolic clearance rate of TSH (22) but do not explain the large discrepancy in 

7'SHH decline rates. 

Inn the T4 dosage range reported in our study of 4.8-11.1 ug/kg/day no differences were seen in 

thee initial 50% TSH reduction time between low and high initial doses (Fig. 2). Neither was a 

correlationn found between the initial T4 dosage and the time needed to reach normal plasma 

FT44 concentration (data not shown). In mice with foetal hypothyroidism the hyperplastic 

thyrotropicc cell mass in the pituitary involutes relatively slowly under T4 supplementation 

(23).. Possibly in neonates with CH there is a similar sustained TSH secretion by hyperplastic 

thyrotropicc cells in the pituitary (4;24), even at the time when plasma F'I'4 concentrations 

aree already within the normal range. This phenomenon might explain the first phase of 

treatmentt as shown in Fig. 4, when FT4 concentrations higher than the normal range are 

foundd without suppression (i.e. < 1.0 mU/1) of TSH. It is likely that the phenomenon disappears 

withh involution of the hyperplastic thyrotropic cells. In fact after the age of 3 months less 

elevatedd plasma FT4 concentrations are found (Fig. 4), suggesting that the disturbed TSH 



secretionn improves in time. Still, most of the children keep FT4 concentrations in the upper 

partt of the normal range. This implies that after the initial phase of treatment, higher FT4 

concentrationss are needed to normalize TSH, possibly reflecting a permanent change in the 

set-pointt of TSH secretion. Recently it was reported that a minority of children with CH have 

variablee hypothalamic-pituitary-thyroid hormone resistance, with relatively elevated plasma 

TSHH compared with their plasma FT4 concentrations (12). Presumably this is a description 

off the same phenomenon. 

Knowledgee of the dynamics ofFT4,T3 and TSH during the initial phase of T4 supplementation 

iss essential for the practicalities of initial dosing of T4 and dosage adjustments. The question 

arisess whether the goal of treatment in CH is establishing plasma FT4, plasma T3 or plasma 

TSHH concentrations within the normal range. The free (thyroid) hormone hypothesis suggests 

thatt the concentration of' unbound thyroid) hormone reflects the target tissue response. 

However,, if in these young children plasma FT4 concentrations within the normal range 

aree the aim, we are forced to accept elevated TSH concentrations in the majority of children 

(12).. On the contrary, when the TSH hypothesis is followed, presuming that normalization 

off TSH reflects pituitary euthyroidism and by analogy also target tissue euthyroidism, this 

impliess that circulating thyroid hormone concentrations higher than the normal range will 

havee to be accepted. 

Wee found in our study population that when plasma FT4 concentrations were still around 

thee lower limit of the age-related normal values, the plasma total T3 concentration had 

alreadyy normalized. Because cerebral tissue is dependent on plasma T4 for intracellular 

conversionn to T3 by its own deiodinase, it seems undesirable to strive for normal plasma 

T33 without judging plasma FT4 or TSH concentration. Nevertheless, in hypothyroid rats, 

duee to the deiodinase system, the brain T3 concentration is comparable to that of euthyroid 

age-pairedd control rats when the circulating T'4 concentration is'only 30-50% of the normal 

concentration,, and continues to be normal with plasma 'F4 concentrations that are at least 

200%% of normal (7;25-27). 

Too protect brain development as much as possible we prefer to stay on the safe side by striving 

forr FT4 concentrations in thee upper normal range (as required for TSH normalization). This is 

inn agreement with the official guidelines of the European Society of Paediatric Endocrinology 

(ESPE)) for treatment of CH (11). However, by systematically reviewing the literature, 

Hindmarshh (10) concluded that although timing and dose of thyroxine might have a role in 

cognitivee development, the results of the studies conducted to date are inconsistent and not 

conclusive.. We recommend frequent hormone determinations (i.e. twice a week) during the 

firstt weeks of T4 supplementation to facilitate frequent and gradual dose adjustments. 

Inn conclusion, to normalize TSH the neonate with congenital hypothyroidism needs a T4 

supplementationn dose that keeps the plasma free T4 concentration around the upper limit 

off the normal range (for healthy euthyroid infants). TSH normalization can be realized 

inn most patients with congenital hypothyroidism within 5 weeks after initiation of T4 

supplementation.. During the first treatment period only the plasma free T4 concentration, 

andd not plasma TSH or T3 concentration, seems to act as a proper determinant for assessing 

thee adequate T4 supplementation dosage. 
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Background::  During 7'4 supplementation of patients with thyroidal (primary) congenital 

hypothyroidismm (CH) TSH concentrations are frequently elevated despite free T4 (FT4) 

concentrationss being well within the reference range. To examine the thyroid's regulatory 

system,, we analyzed thyroid function determinants in children with congenital and acquired 

thyroidd disorders and in controls. 

Methods::  Retrospectively, plasma FT4, TSH, and T3 concentrations were analyzed in T4-

supplementedd children aged 0.5—20.0 yr with thyroidal CH, central (secondary or tertiary) 

CH,, or autoimmune thyroid disease and in control children with type 1 diabetes mellitus. 

Results::  When TSH was within the reference range (0.4—4.0 mU/liter), mean FT4 in 

thyroidall CH [1.65 ng/dl; 95% confidence interval (CI), 1.62-1.67] was significantly higher 

thann in autoimmune thyroid disease (1.15 ng/dl; 95% CI, 1.11-1.19) and diabetes (1.08 ng/dl; 

95%% CI, 1.06-1.10). In central CH, when TSH was less than or equal to 0.02 mU/liter, mean 

FT44 was 1.27 ng/dl (95% CI, 1.244.29). When FT4 was within the reference range (0.78-

1.799 ng/dl}, 43% of the TSH measurements in thyroidal CH were more than 4.0 mU/liter, 

comparedd with 18% in autoimmune thyroid disease and 0%) in type 1 diabetes mellitus; in 

centrall CH, 95% of TSH measurements were less than 0.4 mU/liter. 

Conclusions::  In T4-supplemented patients with thyroidal CH, when TSH concentrations 

aree established within the reference range, FT4 concentrations tend to be elevated, and vice 

versa.. Because this phenomenon could not be observed in acquired thyroidal hypothyroidism, 

wee hypothesize that a pre- and/or perinatal hypothyroid state shifts the setpoint of the 

thyroid'ss regulatory system. In central CH, when FT4 concentrations are established within 

thee reference range, the pituitary secretes only minute amounts of TSH. For monitoring T4 

supplementation,, reference ranges for FT4 and TSH should be adapted to the etiology of 

hypothyroidism. . 



INTRODUCTION N 

Thee comprehensive role of thyroid hormone in human physiology is illustrated by the 

occurrencee of a variety of clinical signs and symptoms in case of thyroid dysfunction. Most 

symptomss are reversible upon adequate treatment, but disturbances in the thyroid hormone 

statee early in life can lead to irreversible cerebral damage (1,2). Although neonatal screening 

programss for congenital hypothyroidism (CH) enable early T4 supplementation, still (subtle) 

deficitss in cognitive and motor skills are reported (1, 3, 4). Important factors that have been 

postulatedd to affect long-term psychomotor outcome are severity of CH, delay in initiating 

supplementation,, and adequacy of long-term treatment (5-9). 

Specificc clinical determinants that accurately reflect the patient's thyroid hormone state are 

lacking.. Therefore, diagnosis and treatment monitoring of thyroid disease depend on the 

measurementt of thyroid function determinants in blood. It appears a matter of course that 

especiallyy the plasma free T4 (FT4) concentration is brought to and maintained at an adequate 

levell after the diagnosis of (congenital) hypothyroidism, because the brain preferentially uses 

T44 for its intracellular T3 provision (10). However, generally, the plasma concentration of 

TSHH is considered the most sensitive and objective indicator of the thyroid hormone state in 

thyroidall (primary) hypothyroidism (11-13). 

Previouslyy we have shown that during the first weeks of T4 supplementation in newborns 

withh thyroidal CH (CH-T), their plasma FT4 concentrations could be established within the 

age-specificc reference range within 3-4 d, whereas for plasma TSH concentrations it took 

3-44 wk. We concluded that during this initial phase, plasma FT4 and not TSH is useful 

forr monitoring T4 supplementation (14). Also, after this initial phase, TSH concentrations 

abovee the reference range are frequently encountered despite FT4 concentrations within the 

referencee range (15-18). In patients with central (secondary or tertiary) hypothyroidism, the 

oppositee has been observed during T4 supplementation. Despite FT4 concentrations within 

thee reference range, low or undetectable TSH concentrations are encountered. So in central 

hypothyroidism,, FT4 is the determinant of choice for treatment monitoring (13, 19, 20). 

Too investigate the variability of the relationship between thyroid function determinants, 

wee analyzed and compared plasma FT4, TSH, and T3 concentrations during long-term T4 

supplementationn in children with a variety of thyroid disorders and in a control population. 

PATIENTSS AND METHODS 

Patients s 

Patients,, followed by the Pediatric Endocrinology Department of the Emma Children's Hospital 

Academicc Medical Center, were included when data on the etiology of hypothyroidism were 

availablee and when they were considered compliant with their T4 supplementation. Three 

groupss were defined: CH-T, central CH (CH-C), and autoimmune thyroid disease (AITD). 

Thee first group was subdivided, according to the absence, CH-T(a), or presence, CH-T(b), of 

functionall thvroid tissue. 



Childrenn with CH were detected by the Dutch neonatal T4-based screening program (21). 

Etiologicall classification was based upon initial presentation, thyroid function determinants, 

thyroidd imaging, and/or TRH test results (22). 

Patientss with CH-T(a) (n - 40) had thyroid agenesis (n = 6), cryptopic thyroid remnants (n 

-- 15), or total iodide organification defects (n = 19) (22). Patients with CH-T(b) had dystopic 

thyroidd rudiments, usually sublingual!)' located (n = 18). In patients with CH-C (n = 28), other 

hormonall deficiencies (e.g. caused by ACTH, somatotropin, or gonadotropin deficiency) 

were,, if present, supplemented. 

T44 supplementation in CH-'l' children was monitored in agreement with the guidelines of 

thee European Society of Pediatric Endocrinology (23). In short, T4 supplementation aimed 

att keeping plasma TSH concentration well within the reference range, thereby maintaining a 

satisfactoryy clinical condition. In children with CH-C, T4 supplementation aimed at keeping 

plasmaa FT4 concentration well within the reference range, thereby maintaining a satisfactory 

clinicall condition. 

Childrenn with AITD (n - 17) suffered either from Hashimoto's disease (n - 8) or Graves' 

diseasee (n = 9). Children with Hashimoto's disease were supplemented with T4. Children 

withh Graves' disease were treated according to the block-and-replace method with antithyroid 

drugss and T4. Because of the antithyroid drug inhibition, children with Graves' disease were 

consideredd as patients with (acquired) functional athyroidism. In both groups, treatment 

aimedd at normalizing TSH concentrations and establishing a satisfactory clinical condition. 

Becausee TSH in children with Graves' disease often remains suppressed for several months 

afterr initiation of the antithyroid drug therapy, even after normalization of FT4, the first 6 

monthss of treatment were excluded from analysis. 

Childrenn with type 1 diabetes mellitus (T1DM) (n = 39) treated with sc insulin and without 

anyy thyroid disease were used as controls. In our hospital, children with diabetes are 

checkedd yearly for AITD (when their metabolic status is stable). If anti-thyroid peroxidase 

concentrationn was above 30 kU/liter at any time, patients were excluded for this study. 

Dataa retrieval and analysis 

Whenn FT4, TSH, or T3 are used in the text, we imply their plasma concentrations unless 

otherwisee stated. In the five groups of patients, FT4, TSH, and 'E3 obtained during routine 

testss between 0.5 and 20.0 yr of age were analyzed retrospectively. In total, 1969 blood 

sampless (in which FT4, TSH, and sometimes T3 were measured) of 142 patients were analyzed 

retrospectively.. Daily T4 dose (ug/kg body mass) was calculated, and FT4 was analyzed when 

TSHH was between 0.4 and 4.0 mU/liter (the reference range) in CH-T(a), CH--T(b), AITD, and 

T1DMM at different age intervals. In patients with CH-C, daily T4 dose was calculated and 

FT44 was analyzed at different age intervals, when TSH was no more than 0.02 mU/liter. The 

cutofff at 0.02 for TSH was empirically chosen; with a TSH assay detection limit of 0.01 mU/ 

liter,, 0.02 is just measurable. 

FT44 and T3 were analyzed in relation to distinctive, arbitrarily chosen, TSH ranges (0.4-1.3, 

1.4-2.2,, 2.3-3.1 and 3.2-4.0 mU/liter) in CH-T(a), CH-T(b), AITD, and TIDM. 'F3 was also 

analyzedd when TSH was slightly below (0.10-0.39 mU/liter) or above (4.1-10.0 mU/liter) the 

referencee range. 

Wee analyzed the log TSH in relation to distinctive, arbitrarily chosen, FT4 ranges (0.93-1.24, 

1.25-1.55,, 1.56-1.86 and 1.87-2.18 ng/dl). Before log transformation was performed, TSH 



concentrationss of less than 0.02 mU/liter and less than 0.01 mU/liter were set at 0.010 and 

0.0055 mU/liter, respectively. The mean log TSH and its 95% confidence interval (CI) were 

thenn back transformed and presented as the geometric mean and its 95% CI. 

Thee age groups 1, 2, and 3 represent children aged 0.5 to less than 5.0, 5.0 to less than 10.0, 

andd 10.0-20.0 yr, respectively. 

Statisticall analysis 

Mean,, SD scores, and 95% CI were calculated using SPSS version 11 (SPSS, Inc., Chicago, 

IL).. The one-way ANOVA was used to compare, for each etiology group, FT4 and T4 dose 

betweenn the different age groups; to compare, for each age group, FT4 and T4 dose between 

thee etiology groups; to compare, for each TSH category (0.4-1.3, 1.4-2.2, 2.3-3.1, and 3.2-4.0 

mU/liter),, FT4 between the etiology groups; and to compare, for each FT4 category (0.93-1.24, 

1.25-1.55,, 1.56-1.86, and 1.87-2.18 ng/dl), log TSH between the etiology groups. Correlation 

coefficientss were obtained and linear regression models were applied to investigate the 

relationshipp between FT4 and TSH in CH-T, A1TD, and T1DM. 

Laboratoryy methods 

FT44 and TSH were measured by time-resolved fluoroimmunoassays (Delfia Free T4 and Delfia 

hTSHH Ultra; PerkinElmer, Wallac Oy, Turku, Finland). The reference range, as established in 

ourr laboratory, was 0.78-1.79 ng/dl for FT4 (multiply by 12.87 for pmol/liter) and 0.4-4.0 mU/ 

literr for TSH. T3 was measured by an in-house RIA method, with a reference range of 85-176 

ng/dll (multiply by 0.0154 for nmol/liter). 

RESULTS S 

T44 dose 

Thee dose needed to obtain TSH within the reference range decreased significantly in children 

withh CH-T(a), CH-T(b), and CH-C comparing age groups 1 and 2 and in children with CH-

TT (a) and CH-C comparing age groups 2 and 3 (Fig. 1A and Table 1). The mean T4 dose in 

childrenn with CH-T (a) was significantly higher than in CH-T(b) (P - 0.014, < 0.001, and 

0.0033 for the different age groups, respectively) and CH-C (P < 0.001 for all three age groups). 

Tablee 1. Mean 14 dose for age 

CH-TT (a) 

CH-TT (b) 

CH-C C 

AIT D D 

0.5-5.00 yr 

4.4(4.2-4.6) ) 

3.99 (3.7-4.1) 

3.3(3.0-3.5) ) 

5.0-10.00 yr 

3.77 (3.5-3.8) 

2.9(2.6-3.1) ) 

2.77 (2.5-2.8) 

T44 dose (ng/kg.d) 

PI I 

<0.001 1 

<0.001 1 

<().001 1 

10.0-20.00 yr 

3.11 (2.9-3.3) 

2.5(2.4-2.7) ) 

2.0(1.8-2.1) ) 

1.8(1.7-2.0) ) 

P2 2 

<0.001 1 

NS S 

<0.001 1 

Forr each etiology group, mean T4 dose is shown for the specific age groups (95% CI given in parentheses) when 
TSHH was within the reference range [0.4-4.0 mU/liter for CH-Tfa), CH-T(b), and AITD, and 0.02 mU/liter 
forr CH-C]. PI represents the P value of the difference between children aged 0.5-5.0 and 5.0-10.0 yr, and P2 
representss the P value of the difference between children aged 5.0-10.0 and 10.0-20.0 yr. NS, \Tot significant. 
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Agee (years) Agee (years) 

meanFT44  2SD 
1.677 ng/dL 1 11-2.23 

1.61ng/dLL 0.96-2.26 

1.277 ng/dL 0.79-1.75 

155 ng/dL 0.72-1.58 

088 ng/dL 0.76-1.40 

FT44 (ng/dL) 
Figuree 1. A and B, T4 dose, expressed in micrograms per kilogram per day (A), and plasma FT4 concentrations 
(11 ng/dl = 12.87 pmol/liter) (B) in children, 0.5-20 yr of age, when TSH concentrations were within the reference 
rangee [0.4-4.0 mU/liter for CH-T(a), CH-T(b), and A1TD and 0.02 mU/liter for CH-C). Concentrations are 
expressedd as mean surrounded by CI. Within all groups, data of children 16.5-20.0 yr of age are grouped together 
andd labeled 16.5. Red filled square, CH-T(a); green filled square, CH-T(b); blue open square, CH-C; pink triangle, 
A1TD;; brown X, Tl DM. C, Distribution curves of FT4 of the different groups, when the simultaneously measured 
TSHH is within the reference range (same as for A and B). The table in the right upper corner represents FT4 mean 

 2 SD for each group. The bar that incorporates the mean FT4 concentration of the etiology group is striped. 
Colourr figures are shown at page 265. 

Afterr the age of 10 yr, children with CH-T needed significantly higher T4 doses than children 

withh AITD (P < 0.001). 

Plasmaa FT4 concentration 

Inn all groups, FT4 tended to be higher in infancy compared with adolescence when TSH was 

withinn the reference range (Fig. IB and Table 2). At all ages, children with CH-T(a) and CH-



Tablee 2. Plasma FT4 concentration for age 

Plasmaa FT4 (ng/dL) 

0.5-5.00 yr  m 5.0-10.00 yr  in PI 10.0-20.00 yr m m P2 2 

CH-T(a)) (n=40) 1.69(1.64-1.74) 104 1.70(1.64 1.76) 

CH-T(b)) (n=18) 1.77(1.69-1.85) 68 1.58(1.51-1.65) 

CH-C(n=28) ) 

AITD(n=17) ) 

T1DMM (n=39) 

977 NS 

533 0.001 

1.34(1.29-1.40)) 104 1.23(1.20-1.27) 121 0.003 

1.16(1.12-1.20)) 47 

1.611 (1.55-1.67) 

1.411 (1.34-1.49) 

1.23(1.19-1.27) ) 

1.15(1.11-1.19) ) 

1.05(1.02-1.08) ) 

955 0.071 

522 0.012 

1133 NS 

112 2 

1133 <0.001 

Forr each etiology group, mean FT4 concentration (1 ng/dl = 12.87 pmol/liter) is shown for the specific age groups 
(95%% CI given in parentheses) when TSH was within the reference range [0.4-4.0 mU/liter for CH-T(a), CH-T(b), 
AITD,, and T1DM and 0.02 mU/liter for CH-C]. PI represents the P value of the difference between children aged 
0.5-5.00 and 5.0-10.0 yr, and P2 represents the P value of the difference between children aged 5.0-10.0 and 10.0-
20.00 yr. NS, Not significant; m, number of measurements for each etiology group for the different age categories. 
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Figuree 2. A, FT4 concentrations (1 ng/dl = 12.87 pmol/liter) when TSH concentrations were between 0.4 and 1.3, 
1.44 and 2.2, 2.3 and 3.1, and 3.2 and 4.0 mU/liter, respectively. Concentrations are expressed as mean surrounded 
byy CI. For children with CH-C, mean FT4 concentration was 1.27 ng/dl (16.3 pmol/liter) when TSH was less than 
orr equal to 0.02 mU/liter. Red filled square, CH-T(a); green filled square, CH-T(b); pink triangle, AITD; brown X, 
T1DM.. B, FT4 concentrations in children with CH-T(a) (red filled square) aged more than 10 yr compared with 
thosee of children with Graves' disease (pink triangle) when TSH was within the reference range. Concentrations 
aree expressed as mean surrounded by CI. Colour figures are shown at page 266. 

T(b)) showed significantly higher FT4 than children with CH-C, AITD or T1DM (P < 0.001). 

Afterr the age of 10 yr, children with CH-T (a) had higher FT4 than children with CH-T(b) (P 

<< 0.001), and children with CH-C had higher FT4 than children with AITD (P = 0.050) and 

T1DMM (P < 0.001). 

Thee mean FT4, provided that TSH was within its reference range, of children with CH-T(a) 

wass 1.67 ng/dl (95% CI, 1.64-1.70) and with CH-T(b) was 1.61 ng/dl (95% CI, 1.55-1.66), both 

significantlyy (P < 0.001) higher than in children with AITD (1.15 ng/dl; 95% CI, 1.11-1.19) 

andd with T1DM (1.08 ng/dl; 95% CI, 1.06-1.10) (Fig. 1C). In children with CH-C, when TSH 

wass no more than 0.02 mU/liter during T4 supplementation, mean FT4 was 1.27 ng/dl (95% 



CI,, 1.24-1.29), significantly lower than in children with CH-T (P < 0.001) and higher than in 

childrenn with AITD or T1DM (P < 0.001). 

Forr each TSH category within the reference range, children with CH-T have significantly 

higherr FT4 than the other groups (P < 0.001) (Fig. 2A). Comparison of FT4 of children with 
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Figuree 3. A, TSH concentrations (logarithmic scale) in children with CH-T, AITD, and TlDiM when FT4 
concentrationss were 0.93-1.24 ng/dl (12.0-16.0 pmol/liter), 1.25-1.55 ng/dl (16.1-20.0 pmol/liter), 1.56-1.86 ng/ 
dll (20.1-24.0 pmol/liter), and 1.87-2.18 ng/dl (24.1-28.0 pmol/liter). Concentrations are expressed as geometric 
meann surrounded by CI. B, Scatter plot of TSH concentrations (logarithmic scale) against FT4 concentrations and 
thee regression line (fitted by SPSS) for each group. 'Ihe correlation coefficient and P value are indicated in the left 
lowerr corner The lower and upper limit of the reference range for FT4 and TSH are indicated by the dashed lines. 
C,, TSH concentrations (logarithmic scale) in children with CH-C when FT4 concentrations were 0.93-1.24 ng/dl 
(12.0-16.00 pmol/liter), 1.25-1.55 ng/dl (16.1-20.0 pmol/liter), 1.56-1.86 ng/dl (20.1-24.0 pmol/liter), and 1.87-
2.188 ng/dl (24.1-28.0 pmol/liter). Concentrations are expressed as geometric mean surrounded by CI. Red filled 
square,, CH-T(a); green filled square, CH-T(b); blue open square, CH-C; pink triangle, AITD; brown X, T1DM. 
Colourr figures are shown at page 267. 



Graves'' disease and age-matched children with CH-T(a) revealed that when TSH was in the 

samee range, differences in FT4 were still present (Fig. 2B). 

Plasmaa TSH concentration 

Whenn FT4 was within the reference range (0.78-1.79 ng/ dl), 43% of the TSH measurements 

inn CH-T were more than 4.0 mU/liter, compared with 18% in AITD and 0% in T1DM; in CH-

C,, 95% of TSH measurements were less than 0.4 mU/liter. 

Figuree 3, A and B, shows that with comparable FT4, TSH is higher in children with CH-T 

comparedd with AITD and T1DM. When FT4 was 0.93-1.24 ng/dl, TSH (geometric mean) 

wass significantly higher in children with CH-T(a) compared with CH-T(b) (P = 0.003), AITD 

(PP < 0.001), and T1DM (P < 0.001) and in CH-T(b) compared with AITD (P = 0.037) and 

T1DA11 (P < 0.001). When FT4 was 1.25-1.55 or 1.56-1.86 ng/dl, 'FSH (geometric mean) was 

significantlyy higher in children with CH-T compared with AITD (P < 0.01). Although the 

regressionn lines of children with CH-T (a) and AITD had a similar slope, both lines are about 

0.66 ng/dl apart on the horizontal axis (FT4). 

Inn children with CH-C, TSH concentrations were extremely low, but there was a significant 

differencee in TSH (geometric mean, P < 0.001) when FT4 that was less than 1.56 ng/dl was 

comparedd with FT4 that was at least 1.56 ng/dl (Fig. 3C). 

Plasmaa T3 concentration 

T33 remained rather constant within the etiology groups (Fig. 4), even when TSH was 

somewhatt beyond the reference range (0.10-10.0 mU/liter) for thyroidal hypothyroidism. 

Childrenn with CH-C had a mean T3 of 163 ng/dl (95% CI, 156-169) when TSH was no more 

thann 0.02 mU/liter. 

Figuree 4. Plasma T3 concentrations (1 nmol/liter = 
655 ng/dl) when TSH concentrations were 0.10-0.39, 
0.4-1.3,, 1.4-2.2, 2.3-3.1, 3.2-4.0, or 4.1-10.0 mU/liter. 
Concentrationss are expressed as mean surrounded by 
CI.. For children with CH-C', the mean T3 concentration 
wass 162.5 ng/dl when TSH was less than or equal to 
0.022 mU/liter. Red filled square, CH-T(a); green filled 
square,, CH-T(b); pink triangle, AITD; brown X, T1DM. 
Colourr figure is shown at page 268. 
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DISCUSSION N 

Thee aim of T4 supplementation in hypothyroidism is to establish a clinical condition without 

restraints.. Especially in young children, T4 supplementation should be performed with great 

accuracy,, because of the susceptibility of brain development to alterations in the thyroid 

hormonee state (9). Monitoring of treatment solely based on the patient's signs and symptoms 

iss not feasible, because clinical features of thyroid hormone disturbances are diverse, not very 

specific,, and subject to interindividual differences. Therefore, supplementation is monitored 

byy measuring thyroid function determinants and comparing these to their reference ranges. 

Inn this study, we show that both T4 doses and FT4 concentrations are consistently highest 

inn children with CH-T compared with children with CH-C, AITD, or T1DM. In CH-C we 

havee calculated the T4 dose and analyzed FT4 and T3 when TSH was less than or equal to 

0.022 mU/liter. Our choice to use a TSH cutoff to analyze FT4 is debatable because TSH is 

generallyy considered useless for monitoring T4 supplementation in central hypothyroidism. 

Att TSH less than or equal to 0.02 mU/liter, the FT4 distribution curve in the CH-C group 

turnedd out to be similar to the reference range (Fig. 1C), which indirectly justifies the TSH 

cutoff'forr the analysis of CH-C patients. The FT4 distribution curve of children with CH-T 

showss an upward shift of 0.5-0.6 ng/dl when TSH is within the reference range, compared 

withh AITD and T1DM (Fig. 1C). Their TSH concentrations are shifted upwards when FT4 

iss within the reference range {Fig. 3, A and B). In patients with CH-C, TSH is extremely low 

whenn FT4 is within the reference range (Fig. 3C). In all groups, T3 remains stable over a wide 

rangee of TSH concentrations. 

TSHH elevations in children with CH-T during T4 supplementation (15, 16) have been 

attributedd to resistance of the pituitary to thyroid hormone (15). This resistance was thought 

too diminish with age because TSH elevations were found more frequently among younger 

patientss (15). Indeed, we did observe that FT4 decreases slightly with age, whereas TSH 

remainss within the reference range (Fig. IB). This might be a result of a gradual increase of 

thee pituitary's responsiveness to FT4 with age. Yet, this phenomenon is not exclusively seen in 

CH-TT children but is ubiquitous among all treated as well as control children. We suppose that 

thee high frequency of elevated TSH reported in CH-T infants is the consequence of a higher 

needd of T4 per kilogram (Fig. 1 A) and a faster increase of body mass in younger compared 

withh older children, which increase the risk to outgrow the T4 dose. This phenomenon can 

probablyy be prevented by more frequent testing and earlier dose adjustments especially in 

youngg children. 

Apparentlyy in T4-supplemented children with CH-T, the setpoint of the thyroid's regulatory 

system,, defined as the individual's specific combination of mutually dependent FT4 and 

TSH,, differs substantially from untreated control children with T1DM and from T4-

supplementedd children with AITD, at least up to adulthood. In contrast to controls, patients 

treatedd for hypothyroidism will have nonphysiological circadian variations in FT4 and TSH, 

ass a consequence of a once^a-day T4 dose scheme (24, 25). However, children with CH-T(a) 

weree shown to have substantially higher FT4 than children with Graves' disease (also having 

functionall athyroidism because of antithyroid drugs), despite a similar T4 supplementation 

strategy.. Therefore, the treatment strategy cannot explain the difference in setpoint. 

Inn patients with severe thyroidal hypothyroidism (either congenital or acquired), the secretion 

off both T4 and T3 is negligible. Also in patients with moderate thyroidal hypothyroidism, the 



endogenouss production of T4 and T3 becomes very low once TSH is normalized by treatment. 

Thee T4 supplementation therapy has to compensate for the impaired thyroidal secretion 

off T4 as well as that of T3. Because this is similar in congenital and acquired thyroidal 

hypothyroidism,, it does not explain the difference in dose of T4 to maintain euthyroidism. 

AA fundamental difference between patients with congenital and acquired hypothyroidism 

iss the timing of onset of thyroid hormone deficiency. Despite the maternal-fetal transfer of 

T4,, patients with CH have decreased thyroid hormone concentrations during the period that 

thee hypothalamic-pituitary-thyroid system matures toward an integrated system for control 

off the thyroid hormone state (26-29). In patients with CH-T, this condition is accompanied 

byy strongly increased TSH concentrations (29,30). The normalization of TSH usually takes 

severall weeks after initiating T4 supplementation, whereas FT4 is within the reference range 

withinn a few days (14). It is largely unknown which processes are involved in establishing and 

maintainingg the setpoint. Previously we have demonstrated that after exposure of the fetus to 

aa hyperthyroxinemic environment caused by inadequately treated maternal Graves' disease, 

thee child's thyroid regulatory system may become disturbed up to at least several months after 

birthh (21). Apparently, a pathological condition like CH-T, with decreased (F)T4 and increased 

TSHH concentrations during the early phase of life, can induce a setpoint shift as well. 

Iff a fetal hypothyroid state causes isolated pituitary hyporesponsiveness to thyroid hormone, 

itt might be less obvious to rely on TSH as an adequate indicator of the overall thyroid 

hormonee state. Although TSH of children with CH-T is still sensitive to changes in FT4 

(Fig.. 3, A and B), increased FT4 concentrations are needed to establish TSH within the 

referencee range. Such increased FT4 concentrations are potentially harmful for the brain and 

otherr target tissues, unless fetal hypothyroidism induces generalized hyporesponsiveness 

too thyroid hormone. In that case, the increased FT4 concentrations must be considered 

thee proper adaptation to realize normal metabolism. Indeed, we generally experience that 

patientss with CH-T maintain a satisfying clinical and mental condition when TSH is kept 

welll within its reference range. This, however, could also be explained by an alternative 

hypothesiss that normalization of TSH itself optimizes the clinical condition (despite elevated 

FT44 concentrations). However, although the TSH receptor is known to be expressed in, e.g. 

brainn tissue (31), untill now any evidence is lacking that a normal TSH receptor occupation is 

moree important than a normal thyroid hormone receptor occupation. 

Inn patients with central hypothyroidism, the lack of integrity of the regulatory system 

inhibitss the pituitary to produce sufficient amounts of bioactive TSH. During treatment, 

whenn FT4 is kept within the reference range, CH-C patients have significantly decreased TSH 

concentrations.. So, in contrast to CH-T, patients with CH-C are never subject to increased 

TSHH concentrations, neither during the fetal period nor during T4 supplementation. 

However,, if exposure to pre-and perinatal decreased T4 concentrations induces a generalized 

hyporesponsivenesss to thyroid hormone, CH-C patients might also need an upward-

shiftedd FT4 reference range to normalize metabolism. Certainly, when thyroid hormone 

deficiencyy is part of multiple pituitary hormone deficiency, the treatment goal to achieve 

andd maintain a fulfilling clinical and mental condition is even more challenging because of 

thee simultaneous supplementation of multiple hormones. On the condition that the other 

hormoness are adequately supplemented, we experience that the well-being of patients with 

CH-CC is maintained by FT4 concentrations well within the reference range, which seems to 

bee more in line with the alternative hypothesis. 



Inn conclusion, in patients with CH-T, establishing FT4 well within the reference range will 

resultt in elevated TSH concentrations, whereas TSH concentrations within the reference 

rangee can be accomplished only by elevated FT4 concentrations. Because this phenomenon 

iss not seen in acquired thyroidal hypothyroidism, we hypothesize that hypothyroidism in 

prenatall life is responsible for the apparent shift in the setpoint of the thyroid's regulatory 

system.. In patients with CH-C, TSH concentrations are strongly decreased when FT4 is kept 

welll within the reference range. Apparently, while treating any CH patient, it is inevitable to 

usee an adapted reference range for FT4 and/or for TSH. Future prospective research should 

reveall which strategy is most capable to ascertain optimal tissue metabolism, especially in 

thee developing brain. 
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