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Introduction

Congenital hypothyroidism (CH) is a neonatal disorder with an incidence of approximately 1 
out of every 3000 children. It is caused by a total or partial absence of thyroid hormone, as a 
result of a congenital anatomical or biochemical defect of the thyroid gland. Because thyroid 
hormone is essential for brain development, these children are at risk for brain damage and 
subsequent cognitive and motor deficits. 

Neonatal screening programs leading to early postnatal start of T4 supplementation has 
improved the prognosis for children with CH 1. However, while follow up studies have shown 
that most children with CH achieved scores for intelligence within the normal range, those with 
severe CH showed significant deficits in IQ and neuropsychological domains.2-6 Beside that, 
motor deficits remained present in the majority of patients.3,4,6,7 

Over the years, much has been reported about the cognitive and motor development of 
children with CH and optimal treatment.5,8-10 Lately, increased attention is paid to emotional and 
social consequences of patients growing up with CH but to date studies on these consequences 
in young children are scarce.11-13 Health related quality of life (HRQoL) is becoming a key 
component in research about effects of chronic diseases. The evaluation of HRQoL implies 
evaluations of the impact of a disease and its treatment on all relevant dimensions of the 
patient’s life. HRQoL measurements usually comprise aspects of physical, functional, social and 
psychological health as well as the patient’s perception of his health status and well-being.14 
The importance of involving HRQoL aspects in the evaluation of CH patients is recognized in 
our previous studies among CH patients aged 10 years and CH patients aged 21 years.12,13,15 These 
studies showed that young adults and children with CH, diagnosed by neonatal screening, are at 
increased risk for impaired HRQoL and self-worth. These results indicated that the follow-up of 
children with CH should not be limited to the motor and cognitive domain, as also emphasized 
in other studies.11,12,16 Furthermore, since treatment of children with CH has changed over the 
last decades, knowledge of the impact of treatment modality on the HRQoL early in life of the 
patients is important.

Based on the impaired HRQoL we found in our previous results among older children and 
young adults with CH, the purpose of the present study was to investigate whether HRQoL of 
two years old toddlers is lowered as well. In addition, associations of disease factors (initial FT4 
concentration (severity), age at start of T4 supplementation, mean initial T4 dose), cognitive 
and motor development with HRQoL were explored. 
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Methods 
Screening method 
The Dutch neonatal CH screening method is primarily based on the measurement of T4 in 
filter paper blood spots. Sampling is performed between 4 and 7 days after birth. The midwife 
pays a home visit and performs the heel puncture (also in those children born in the hospital, 
heel puncture is performed at day 4-7). The T4 concentration is compared to the day mean and 
expressed as standard deviation score (SD). If T4 is ≤-0.8 SD, thyrotropin (TSH) concentration 
(in mIU/l) is additionally measured. If T4 is ≤-1.6 SD, thyroxine-binding globulin (TBG) 
concentration (in nmol/l) is also measured. A T4/TBG ratio is measured as follows: [T4 
+5.1]•[TBG]-1•1000.

The referral criteria were as follows: if T4 was ≤-3.0 SD or TSH was ≥50mIU/l children 
were immediately referred to a pediatrician by the Dutch Health Administrations (DHA). In 
children with a dubious result (-3.0<T4≤-0.8 SD in combination with a T4/TBG ratio ≤8.5 and/
or 20≤TSH<50 mIU/l) a second heel puncture was performed. Children were referred after a 
second heel puncture if the result was dubious again, or abnormal. The diagnosis of CH and its 
etiological classification was based upon initial presentation, thyroid function determinants and 
a full set of thyroid imaging. 

Patient recruitment and procedure
The study was coordinated and executed by the department of pediatric endocrinology of the 
Emma Children’s Hospital Academic Medical Center (AMC) in collaboration with the DHA. 
The study protocol was approved by the institutional review board of the AMC and the privacy 
committee of the CH screening board. 

Of those children born in the Netherlands between April 1, 2002 and May 31, 2004 and with 
an indication for referral from the DHA because of an abnormal CH screening result, the AMC 
received, in addition to the normal procedure, faxes with data containing heel puncture results, 
gestational age, birth weight and the name of the family doctor of the child. After an abnormal 
CH screening result the child is usually seen by a pediatrician the same day or at the latest 
the following day. This procedure enabled the researchers of the AMC to contact immediately 
the pediatrician to whom the child was referred. The pediatrician was invited to participate in 
the study. Subsequently, the pediatrician was provided with information by letter or fax. This 
included the invitation for parents to participate in the study and detailed written information 
about the study.

In some children the diagnosis of CH was established incidentally by the AMC, for example 
when their urine or blood was sent for diagnostic work-up. Parents of these patients were also 
invited for the study. They received written study information via their pediatricians. 

All parents of the participating children with CH were asked to complete questionnaires in 

hoofdstuk 7.indd   135 23-04-13   13:07



Chapter 7  |

136

Health Related Quality of Life in toddlers with congenital hypothyroidism diagnosed by neonatal screening

the AMC, in their local hospital or at home. The assistance of the psychologist was restricted to 
explaining the meaning of difficult words. 

During the study period, Dutch pediatricians were advised by the department of pediatric 
endocrinology of the AMC on treatment modalities. They were advised to start with T4 
supplementation in a dose of approximately ± 10µg/kg per day in all children, whereas in those 
children with an initial FT4 concentration <8pmol/l it was advised to give a single additional 
dose of 10µg/kg about 12 hours after the first dose. Some pediatricians followed the guideline 
introduced in 1997, i.e. to start with 50µg as an initial dose, followed by 10µg/kg per day for 
the following days. T4 dose was subsequently adjusted according to further thyroid function 
determinants, which were measured during regular controls at the outpatient clinic, according 
to international guidelines. In general, children are initially seen twice a week, for two to three 
weeks. From then on, the period between control visits is gradually extended to once a month in 
the first year. In the second year children are seen once every 2-4 months.

Patients
The complete cohort of patients with permanent CH born in The Netherlands between April 
2002 and May 2004 consisted of 199 patients (Table 1). Patients were classified as CH-T (CH 
of thyroidal origin), CH of central origin (CH-C) or CH not yet specified. CH-T was further 
classified as CH-T due to thyroid dysgenesis, CH-T with normal located thyroid gland, CH-T 
not yet specified, and CH-T21 (i.e. CH-T characteristic for patients with trisomy 21). In this 
study, only children with CH-T were included. To ascertain that the participating patients were 
euthyroid (i.e. TSH 0.4-4.0 mIU/L) at the time of testing, the most recent measurement of 
thyroid function prior to the psychological assessment was evaluated and if necessary T4 dose 
was adjusted and the tests postponed.

In the present study, parents of 16 children did not give their informed consent. In addition, 
76 patients were considered ‘not suitable’ for the following reasons: CH-C (n=21); CH not yet 
specified (n=10); CH-T21 (n=15); Johansson-Blizzard syndrome (n=1); Turner syndrome (n=1); 
Beckwith-Wiedeman syndrome (n=1); Pendred syndrome (n=1); undefined syndrome (n=4); 
delayed initiation of treatment (>2months after birth; n=2); severe cardiac defect necessitating 
long-term hospitalization (n=1); parents had severe difficulties with the Dutch language (n=6); 
prematurity (either born<32 weeks gestational age or birth weight <1.5kg; n=4); patient had 
died (n=1); patient had moved abroad (n=1); patients were not treated adequately (n=7). 
Furthermore, 19 patients could not be included in the present study because their parents 
did not complete the HRQoL questionnaire. These 19 patients had significantly lower mental 
developmental scores (MDI, see Measures) than the patients included in the present study, but 
they did not differ with respect to motor developmental scores (PDI, see Measures).

In the end, 88 patients with CH-T (from now on CH) and without a remarkable medical 
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history besides their CH were included in the present study. They were classified to subgroups 
based on the pre-treatment FT4 concentration: (1) ‘severe CH’: initial FT4≤0.4ng/dl (≤5 pmol/l); 
(2) ‘moderate CH’: 0.4<initial FT4≤0.8ng/dl (5.0<initial FT4≤10.0pmol/l); (3)‘mild CH’: initial 
FT4>0.8ng/dl(>10.0 pmol/l). FT4 range of 10-23 pmol/l (0.78-1.79 ng/dl) was considered as 
reference range. 

Instruments
TAPQoL
Health-related quality of life (HRQOL) of the children with CH was measured with the TNO-
AZL Preschool Children’s Quality of Life questionnaire (TAPQoL) 17. The TAPQoL is a 43-item 
generic, multi-dimensional HRQOL instrument for 1 to 5 years old children, to be completed by 
parents. It measures health status problems weighted by the impact of the health status problems 
on well-being. Parents are requested to report the existence of a problem in their child and the 
child’s reaction/emotion to such a problem or limitation. 

Table 1. Etiology of Congenital Hypothyroidism in two years old CH patients

Total Non-Participants Participants

Gender % (n) % (n) % (n)

male 34.6 (53) 44.8 (27) 29.5 (26)

female   65.4 (100) 55.2 (38) 70.5 (62)

Diagnosis 

CH-T due to thyroid dysgenesis 51.6 (79) 35.4 (23) 63.6 (56)

CH-T with normal located thyroid gland 24.8 (38) 23.1 (15) 26.2 (23)

CH-T not yet speci  ed 23.6 (36) 41.5 (27) 10.2 (9)

Total eligible 100 (153) 100 (65) 100 (88)

Excluded diagnosis n n n

CH-T21 15 15 0

CH-C 21 21 0

CH not yet speci  ed 10 10 0

Total Cohort 199 111 88

CH-T : CH of thyroidal origin.
CH-T21: CH-T characteristic for patients with trisomy 21.
CH-C : CH of central origin.
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The 43 items are clustered into 12 multi-item scales (scores 0-100), where a higher score indicates 
better HRQoL. The psychometric properties of the TAPQoL were good. 18 The Cronbach’s alphas 
in our study population were moderate to good (0.63-0.85). Norm data from the general Dutch 
population were available. Children aged 1½ to 2½ were selected from the database with norm 
data. This resulted in a norm population of 117 children. 

Cognitive and motor development
The Bayley Scales of Infant Development version II (BSID-II-NL) 19 was used to assess cognitive 
and motor development at the age of 2 years. The developmental skills that are assessed with 
the BSID-II include the use of active and passive language, imitation, memory, eye-hand 
coordination, and fine and gross motor skills.  The mental developmental index (MDI) and the 
psychomotor developmental index (PDI) are scored based on the number of items successfully 
completed. Scores were converted into age-normalized values, as derived from Dutch norms. In 
the norm population both MDI and PDI have a mean of 100 and a standard deviation of 15.19 
For a comprehensive description of these measures we refer to our study on cognitive and motor 
development of one and two year old patients with CH 20.

Sociodemographic factors
A self-designed questionnaire was used to collect sociodemographic information about the 
parents: educational level (low; middle; high) and marital status (married/ living together; 
single). 

Statistical analysis
Data were analysed using SPSS version 19.0 (SPSS Inc., Chicago, IL). Before conducting the final 
analyses several preparation analyses were conducted. Firstly, scale scores were computed and 
missing data imputed on the basis of the guidelines of the questionnaires. Second, the internal 
consistencies (Cronbach’s alpha) of the scales were calculated, and the distributions of the scale 
scores were considered.

After the preparatory analyses, analyses of covariance (ANCOVA) were conducted to test 
differences between the CH group and the general population (norm group) on the TAPQoL-
scores, corrected for gender. CH patients were as total group compared with the norm data, and 
thereafter the severe, moderate and mild subgroups were compared with norm data as well.

For all variables, effect sizes (d) were calculated by dividing the difference in mean score 
between the CH patients and comparison group by the standard deviation of the scores in the 
comparison group. We considered effect sizes up to 0.2, 0.5, and 0.8 to be small, medium and 
large respectively 21. To adjust for multiple testing, we used a Bonferroni correction and adjusted 
the alpha to 0.004 (0.05/12) for the TAPQoL scales.
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Table 2. Characteristics of the participating CH patients by severity 

Patients
Severe 
(range/ 95% 
CI)

Moderate 
(range/ 95% 
CI)

Mild 
(range/ 95% CI)

Number of patients (male:female) 23 (5:18) 25 (7:18) 40 (14:26)

Mean initial FT4 in ng/dl 
[in pmol/l]*

0.2 (0.1-0.4)
[2.6 (1.0-5.0)]

0.6 (0.4-0.8)
[7.3 (5.0-10.0)]

1.1 (0.8-1.6)
[14.3 (10.2-21.0)]

Mean initial TSH in mIU/l 319 (75-970) 311 (41-639) 86 (11-340)

Age at start of T4 supplementation 
in mean days 8.2 (6-12) 9.5 (2-32) 13.0 (6-31)

Mean initial T4 dose in µg/kg per day 12.1 (9.0-20.1) 11.5 (8.3-18.8) 10.5 (5.4-16.5)

Mental developmental index at 25 months20 88.6 (83.2-
94.1)

99.2 (93.9-
104.4)

101.5 (96.6-
106.4)

Psychomotor developmental index at 25 
months20

83.4 (76.6-
90.1)

90.6 (84.9-
96.3) 91.0 (86.0-95.9)

Parents

Fathers % 10 26 18

Mothers % 70 52 64

Both % 20 22 18

Parental marital status

Married/ living together (%) 100 100 97

Single (%)  0 0 3

Educational level father ª

Low (%)  21  9  16

Middle (%) 26 52 41

High (%) 53 39 43

Educational level mother ª

Low (%) 5 26 24

Middle (%) 63 30 37

High (%) 32 44 39

* Reference range for FT4 in children aged 2-6 wk is 0.9-2.2 ng/dlL (12-28 pmol/ l).
ª Highest level completed: Low:Pimary Education, Technical and Vocational Trainer, Lower and Middle General Secondary 
Education. Middle: Middle Vocational Education, Higher General Secondary Education, Pre-university Education. High: 
Higher Vocational Education, University.
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Linear regression analyses were conducted to explore the influence of disease factors on 
HRQoL. The TAPQoL scales on which CH patients scored worse than the norm group were 
predicted by initial FT4 concentration (severity), age at onset therapy and initial T4 dose, in 
three separate regression models for each TAPQoL scale. The same procedure was applied 
to investigate associations of HRQoL with the mental developmental index and the motor 
developmental index. All regression models were corrected for gender. 

Results
Patient characteristics 
The characteristics of the participating CH patients and their parents are given in Table 2. Of 
the 88 patients (62 females, 70%), 23 patients (26%) had severe CH-T. Moderate and mild CH-T 
were seen in 25 (28%) and 40 (45%) patients respectively.  
The mean age at start of T4-supplementation was 10.2 days [median 9 days (range 2-32]. 
Children with severe and moderate CH-T started significantly earlier with T4 than children 
with mild CH-T (p=0.0001 and p=0.016 respectively). The mean initial T4 dose was 11.4µg/
kg per day (range 5.4-20.1). The mental developmental index (MDI) and the psychomotor 
developmental index (PDI) scores of the participating children with CH are given in table 2. For 
more details, we refer to a previous publication. 20 

HRQoL 
HRQoL scores of the total group of CH patients did not differ from the scores in the norm 
population (Table 3). HRQoL of the children with mild or moderate CHT also did not differ 
from the norm population. However, HRQoL of children with severe CH appeared to be 
significantly worse than the norm population regarding motor functioning ((F (1.138) = 15.596, 
p< 0.0001) and communication ((F (1.129) = 21.090, p< 0.0001). The differences were large, 
with effect sizes 1.2 and 1.0 for motor functioning and communication, respectively. Compared 
to the children with mild or moderate CH, the children with severe CH scored significantly 
worse on communication ((F (2.87) = 10.528, p< 0.0001). 

Associations of HRQoL with disease factors, mental and motor development
The regression analyses demonstrated four significant results. Higher scores on the mental 
developmental index (MDI) were associated with better HRQoL regarding communication (b 
=0.52, p< 0.0001). Higher scores on motor development were associated with better HRQoL 
regarding communication (b= 0.34, p=0.002) and motor functioning (b=0.40, p=.0001). 
Regarding the disease factors, only severity (initial FT4 concentration) was associated with 
HRQoL: communication (b= 0.34, p=0.002).
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Table 3. HRQOL of CH patients versus the norm: mean scores (M), SD’s 

Total 
(n=88)

Severe 
(n=23)

Moderate 
(n=25)

Mild 
(n=40)

Norm 
group

(n=117)

TAPQoL scales mean (SD) d mean (SD) d mean (SD) d Mean (SD) d mean (SD)

Stomach 
problems 93.7 (14.8)     0.0 97.5  (6.9)                 0.1 91.0 (16.6)     0.2   93.2 (16.7) 0.1 94.1 (13.2)

Skin problems 91.9 (9.7)       0.0 94.2 (8.1)          0.2 89.7 (11.6)     0.3  91.9 (8.9)   0.1 92.4 (8.7)

Lung problems 95.1 (13.4)     0.0 92.0 (19.4)        0.2  97.3 (7.9)      0.2 95.5 (11.9) 0.1 94.7 (13.8)

Sleeping 
problems 79.7 (18.3)     0.1 80.4 (17.2)        0.1 81.8 (17.8)     0.0 78.0 (19.5) 0.2 81.3 (17.0)

Appetite 86.2 (13.8)     0.1 86.2 (14.1)        0.1 85.3 (10.0)     0.0  86.7 (15.8) 0.1 85.4 (12.8)

Problem behavior 70.1 (16.3)     0.1 68.6 (18.5)        0.0 73.1 (17.1)     0.3 69.1 (14.6) 0.0 68.7 (14.1)

Positive moods 99.8 (1.8)       0.1 99.3 (3.5)          0.1 100 (0.0)       0.2 100 (0.0)    0.1 99.6 (2.6)

Anxiety 80.1 (18.8)     0.1 81.2 (20.2)        0.0 77.8 (16.1)    0.2 80.8 (19.8) 0.0 81.4 (17.5)

Liveliness 98.1 (7.4)       0.1 98.6  (4.8)         0.0 98.6 (4.7)      0.0 97.5 (9.7)   0.2 98.6 (6.0)

Social 
Functioning 92.7 (15.5)     0.0 92.6 (14.9)        0.0 94.4 (12.7)    0.2 91.7 (17.6) 0.0 92.0 (15.0)

Motor 
Functioning 95.3 (8.3)           0.4 91.2 (10.7)* a 1.2 97.0 (4.8)       0.1 96.6 (7.7)  0.2 97.5 (5.3)

Communication 88.1 (11.4)      0.3 80.4 (10.7)* abc 1.0 89.8 (10.2)     0.1 91.5 (10.7) 0.1 90.6 (9.9)

*p<0.0001, according to ANCOVA by group and gender.
a  CH patients versus normgroup. 
b severe CH versus moderate CH.
c severe CH versus mild CH.
d = e� ect size: CH versus norm. Higher score represents a better HRQoL.

Discussion

The present study is the first study on HRQoL in early treated toddlers with CH. The results 
demonstrate that the ones with severe CH have lowered HRQoL regarding motor functioning 
and communication. In contrast, HRQoL of children with a moderate or mild form of CH 
seemed not to be worse than HRQoL in the Dutch norm population. Furthermore, no significant 
associations between HRQoL and disease factors were found other than severity as expressed 
by initial FT4 concentration.
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Generally, parents evaluate HRQoL of their two-year-old children with CH as satisfying 
except for motor functioning and communication (linguistic development) in severe CH 
patients. Motor functioning in the TAPQoL was assessed as the parent-reported occurrence 
of problems in their child with standing, walking, running, climbing the stairs and balance. 
Communication was assessed as the parent-reported occurrence of problems in their child with 
speaking, expressing, understanding what others said and in expressing in what he/she meant to 
say. The lowered HRQoL in the domains of communication and motor functioning are in line 
with the outcomes of diverse neuropsychological studies, in which was found that children and 
young adults with (severe) CH scored significantly lower on motor functioning and had more 
problems with attention and memory. 22-25  

As expected, toddlers with severe CH are at greater risk for impaired HRQoL regarding 
linguistic and motor development compared to patients with moderate and mild CH. This is 
consistent with our findings of cognitive and motor development in the same cohort measured 
with the BSID-II-NL.20 The toddlers with severe CH scored below the norm on mental and 
motor development (PDI and MDI).20 Furthermore, the regression analyses in the present study 
demonstrated that worse scores on the MDI and PDI were related to lower HRQoL regarding 
communication, and worse scores on the PDI were related to lower HRQoL regarding motor 
functioning. Thus, the parent’s perception of motor and cognitive functioning, as measured with 
the TAPQoL, equates with objective findings.

Our findings are in line with the results from our previous HRQoL-studies among CH 
patients, showing that young adults 13 and 10 years old children 15 grown up with CH also 
had lowered HRQoL on cognitive and motor functioning. However, the CH children scored 
not only worse in the motor and cognitive domain, but also in the domains of autonomy, 
social functioning and positive moods, and the young adults scored also worse on vitality, 
aggressiveness and depressive moods. In the two-year old children, we did not find worse scores 
in the psychosocial domains, indicating that they function well emotionally, in contrast to the 
older CH patients. An explanation might be that toddlers with CH really did not have lowered 
psychosocial HRQoL because they were too young to experience negative consequence of the 
diseases yet. However, we should take into account that the parents rated the HRQoL of the 
toddlers whereas the other studies were reported by the patients themselves, which hampers the 
comparison of HRQoL in the different age groups.

The strengths of this study are that we tested a large cohort of CH patients who were treated 
by pediatricians who followed the (inter)national guidelines for treatment, and that the cohort 
was carefully characterized in terms of etiology and initial disease characteristics. Moreover, at 
the time of psychological assessment, all patients had plasma TSH concentrations within the 
reference range. Furthermore, the cohort was carefully characterized in terms of etiology and 
initial disease characteristics.
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The following limitation should be considered. Though the response rate was quite 
satisfactory, representativity of the study sample was not optimal which could hamper the 
generalizability of the results. The mental developmental index (MDI) in the patients whose 
parents did not complete the TAPQoL appeared to be worse than in our study sample.  As lower 
MDI scores were found to be associated with worse HRQoL, the differences between patients 
and the normgroup might be more pronounced. In other words, HRQoL of CH patients might 
be worse than we reported in the present study.

Our findings highlight that it is important that pediatricians pay attention to the diverse 
developmental domains of children with CH and should refer them to additional care if 
necessary and as soon as possible. Follow-up care for patients with CH should not only be a 
medical/biochemical evaluation. Monitoring language development and motor functioning of 
young children with CH, and especially those with a severe form of CH, appears to be extremely 
important. Referral to a psychologist for developmental assessment and referral to speech 
therapy are possible useful interventions for young patients with CH. Based on the fact that 
lowered motor functioning was found consistently in all the cohorts of CH patients we studied, 
we recommend physiotherapy as part of standard care for children with severe CH. Future 
research should be directed at the effect of physiotherapy and speech therapy. 

Finally, routine monitoring HRQoL in children with CH is recommended. Incorporating 
standardized patient reported outcomes (PROs) of HRQoL in daily clinical practice will 
facilitate communication about HRQoL and psychosocial functioning of patients and will make 
it easier for the physician to decide whether it is necessary to refer patients to additional care.26
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