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What is already known on this topic? 
Neonatal screening programs have largely eliminated severe intellectual disability in congenital hypothyroidism (CH). Subtle 
neurodevelopmental deficits and a higher prevalence of ADHD and learning disabilities remain, even with early intervention. 
 
What this study adds 
Delayed treatment initiation negatively impacts cognitive outcomes, particularly in non-verbal domains, and lowers emotional and social 
QoL. This study emphasizes the importance of continuous monitoring and targeted interventions to address neurodevelopmental and QoL 
challenges in children with CH. 
 
Abstract 
Introduction: Although neonatal screening programs have reduced severe intellectual disability, children with congenital hypothyroidism 
(CH) are still at risk for neurodevelopmental deficits and a lower quality of life (QoL). This study aimed to evaluate cognitive profiles, 
prevalence of neurodevelopmental disorders, and QoL in children with CH. 
Material and Methods: A longitudinal study was conducted at the northern reference endocrinology unit for CH in Portugal. Cognitive 
assessments were performed at four time points using standardized intelligence scales. Diagnoses of attention deficit hyperactivity disorder 
(ADHD), learning disorders, and intellectual disability were based on Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition 
(DSM-V) criteria. QoL was measured using the Pediatric Quality of Life Inventory (PedsQL™). 
Results: Forty-six children (mean age 9.1 years, 58.7% female) were included. While overall Intelligence Quotients (IQ) scores were 
normative, later treatment was associated with significantly lower Performance IQ (r = -0.50, p = 0.028) and Perceptual Organization Index 
(r = -0.57, p = 0.022). ADHD was present in 26%, and affected children showed lower Verbal IQ (90.2 vs. 106.8, p=0.022), Perceptual 
Organization Index (79.9 vs. 95.2, p=0.041), and school-related QoL (63.3 vs. 81.6, p=0.002). QoL scores were comparable to the 
Portuguese pediatric population, but treatment delays were linked to lower total QoL (r = -0.45, p=0.002), particularly in emotional and 
social domains. 
Conclusion: Early thyroid hormone therapy is essential to mitigate neurocognitive deficits and improve QoL in CH. While severe 
intellectual disabilities are rare, non-verbal deficits persist, emphasizing the need for timely treatment and continuous monitoring. 
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Introduction 
Congenital hypothyroidism (CH), affecting nearly 1 in 2000 newborns, is a chronic disease characterized by a congenital deficiency in 
thyroid hormone production. Primary CH arises from either thyroid gland dysgenesis or dyshormonogenesis. While thyroid gland dysgenesis 
has historically been the most common cause of primary CH, the widespread implementation of neonatal screening programs and lower 
thyroid-stimulating hormone (TSH) cut-off values have increased the detection of mild cases and cases of dyshormonogenesis, leading to a 
shift in etiological distribution [1–3].  
Thyroid hormone is crucial for normal brain development, both pre- and postnatally. Untreated CH can lead to irreversible intellectual and 
motor disabilities [4]. Early diagnosis and intervention have dramatically improved outcomes. In developed countries, universal newborn 
screening conducted within the first days of life has virtually eradicated severe intellectual disabilities related to untreated CH[1,2]. 
Despite the success of these screening programs, emerging evidence indicates that even with early treatment, children with CH remain at risk 
for subtle neurodevelopmental deficits. Research exploring the long-term cognitive and developmental outcomes in children with CH has 
highlighted the importance of treatment timing, as delays are associated with more pronounced cognitive challenges[2,5]. Furthermore, 
neurodevelopmental disorders such as attention deficit hyperactivity disorder (ADHD) and learning disabilities (LD) are more prevalent 
among children with CH compared to the general population, particularly in cases of severe neonatal hypothyroidism or maternal thyroid 
dysfunction during pregnancy[6–12]. These deficits can significantly affect academic performance and overall well-being. However, findings 
on the impact of CH on quality of life (QoL) remain inconsistent, with some studies reporting similar or even better QoL compared to 
healthy peers[13–17], while others suggest poorer outcomes[18]. 
While early detection and treatment have greatly reduced the risk of severe intellectual disability, ongoing monitoring and interventions may 
be necessary to address the subtler but significant neurodevelopmental challenges that can persist into childhood and adolescence. Previous 
studies suggest that neuropsychological impairments may continue despite early treatment, yet few studies have comprehensively assessed 
both neurodevelopmental outcomes and QoL, particularly with long-term follow-up. 
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This study aims to address these gaps by evaluating cognitive profiles, the prevalence of neurodevelopmental disorders, and QoL in children 
with CH, providing a more comprehensive understanding of the long-term challenges faced by this population. 
Material And Methods 
A longitudinal study was carried out in the Pediatric Endocrinology Unit of a tertiary hospital, the northern reference center for CH in 
Portugal.  
Participants 
Patients diagnosed with permanent primary CH between 2006 and 2023 were included. All diagnosis were established through the national 
newborn screening program within the first days of life. Exclusion criteria included refusal to participate, inability to respond to the 
questionnaire, and syndromic CH. Delayed treatment was defined as initiation of levothyroxine therapy more than 15 days after birth. Four 
patients were excluded due to missed appointments or unsuccessful contact. 
The study was approved by the São João Hospital Ethical Committee (Project number 202-2023, approvation 23/11/2023). All eligible 
participants and their parents provided informed consent.   
Patients  diagnosis and follow-up 
In Portugal, CH was included in the Newborn Screening Program in 1981. It primarily uses TSH as a marker, analyzing dried blood samples 
collected ideally between the 3rd and 6th day of life. Initially, the program employed a high TSH cut-off level of 90 µU /L, which meant that 
only severe cases of CH were identified. In 1996, the cut-off level was lowered to 20 µU/L, and in 2006, it was further reduced to 10 µU/L. 
Since our study includes patients diagnosed from 2006 onwards, this last cut-off was applied, enabling the detection of milder cases. 
Elevated TSH levels (above 40 µU/ml) prompt immediate referral to a reference center. TSH values falling within the range of 20 to 40 
µU/ml are considered suspicious, prompting ongoing observation of newborns until values normalize. For cases where TSH values range 
from 10 to 20 µU/ml, total T4 levels are assessed; if higher than 9.5 µg/dL, continued observation is the chosen strategy; if less than 9.5 
µg/dL, values are considered within the normal range. In confirmed cases of CH, early referral to a reference center is implemented to 
initiate therapy with levothyroxine as early as possible[19]. All cases are initiated on the same weight-adjusted levothyroxine dose (10-15 
µg/kg/day), adjusted subsequently to maintain serum T4 concentrations at the upper limit of normal and TSH levels below 3.8 µU/L. 
All patients diagnosed with CH at our center were followed by a multidisciplinary team, including a pediatric endocrinologist, a 
psychologist, and a specialized nurse. Routine assessments occurred every 4-6 months, with increased frequency during the initial treatment 
phase. Levothyroxine dosages were adjusted to maintain target thyroid hormone levels. Growth parameters, medication-related symptoms, 
and associated malformations were routinely monitored. Psychomotor development was assessed regularly by the same psychologist 
affiliated with the pediatric endocrinology unit. 
Study Assessments 
- Psychomotor development 
Standardized assessments were conducted at specific time points. Results were expressed as Intelligence Quotients (IQ) with a normal 
distribution (mean 100, standard deviation 15). Four formal psychometric assessments were performed: the first (IQ1) at 24 months of age, 
and the second (IQ2) at 4 years of age, both using the Griffiths Mental Development Scales. The third assessment (IQ3) was performed 
before school entry (5 to 6 years of age), using the Wechsler Preschool and Primary Scale of Intelligence (WPPSI). A fourth assessment 
(IQ4) was conducted during primary school, utilizing the Wechsler Intelligence Scale for Children (WISC-III). This evaluation generated 
scores for Verbal, Performance, and Full-Scale IQ, along with index scores for the Verbal Comprehension Index, Perceptual Organization 
Index, and Processing Speed Index (the Freedom from Distractibility Index is not available in the Portuguese version)[20].  
- Neurodevelopmental Disorders 
If neurodevelopmental disorders were suspected, children were referred to our Neurodevelopment Unit for clinical evaluation. Diagnoses of 
Intellectual Disability, LD, and ADHD were made based on DSM-V criteria. School support, therapy (occupational, speech, and 
psychotherapy), and medications were provided as indicated. 
- Quality of Life 
The Portuguese version of the Pediatric Quality of Life Inventory (PedsQL™ 4.0) was used for parent-reported QoL assessments. The 
questionnaire was administered during a school-age medical visit.The instrument, validated for Portuguese children, consists of 23 items 
across four domains: Physical, Emotional, Social, and School Functioning. Scores range from 0 to 100, with higher values indicating better 
QoL[21,22]. Healthy individuals from the instrument's validation studies served as the control group[22]. The control group was derived 
from a sample of 381 Portuguese children aged 8 to 12 years, recruited from schools in northern Portugal, as part of the PedsQL™ validation 
study. This sample provided normative QoL data for comparison and was not specifically age- and sex-matched to the study population. 
However, it is broadly representative of the general pediatric population within the specified age range[22]. 
Statistical analysis 
Statistical analysis was performed using SPSS® v.26.0 (IBM Corp.). Categorical variables were expressed as frequencies and percentages, 
while continuous variables were presented as means and standard deviations (SD). Normality of continuous variables was assessed using the 
Shapiro-Wilk test. One-sample t-test was used to compare QoL scores of our study group with the Portuguese pediatric population[22]. 
Pearson’s correlation coefficients were used to assess associations between continuous variables. The strength of the relationship was 
interpreted based on the following r values: very weak (< 0.25), weak (0.26 to 0.49), medium (0.50 to 0.69), high (0.70 to 0.89), and very 
high (0.90 to 1.0). A p value <0.05 was considered statistically significant. 
RESULTS 
Characterization of the population 
The population analyzed is described in Table 1. Forty-six children were included in the study, 58.7% of whom were female. The mean age 
was 9.1 years (SD=0.6). The diagnosis was established at a mean of 12.9 days of age (SD=2.2), and treatment initiation at 14.5 days 
(SD=2.1). Treatment was initiated within the first 15 days of life in 37 out of 47 patients, between 15 and 45 days in eight patients, and at 3 
months in one patient. The mean TSH evel at diagnosis was 177 IU/mL (SD=28.3). Thyroid dysgenesis was the predominant condition 
(82.6%). 
[19] 
Neurodevelopment assessments 
Cognitive function was assessed longitudinally at four time points, at a mean age of: 2.4 years (mean IQ = 100.1 ± 10.4), 4.8 years (mean IQ 
= 100.1 ± 8.9), 5.6 years (mean IQ = 100.2 ± 15.9), and 9.1 years (mean IQ = 93.6 ± 19.5). At the final assessment, five children scored 
below average (IQ < 80), including two (4.3%) with scores more than two standard deviations below the average (IQ < 70). 
Throughout the longitudinal follow-up, 26.1% of the children were diagnosed with ADHD, and 19.6% with LD. One child (2.2%) met 
criteria for intellectual disability. 
QoL assessments 
The QoL results are shown in Table 2. Overall, children with CH demonstrated QoL scores similar to the normative data for the Portuguese 
pediatric population, with a mean total QoL score of 83.0 (SD=13.8). Statistically significant higher emotional QoL scores were reported for 
children with CH (80.6 vs. 73.3, p = 0.007). No significant differences were observed in the other domains. 
Correlations Between Diagnosis, Treatment Timing, TSH, and Cognitive/QoL Scores 
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Table 3 presents the correlations between age at diagnosis, age at treatment initiation, TSH levels at diagnosis, and cognitive and QoL 
measures in our population. 
Age at treatment initiation showed significant negative correlations with Performance IQ (r = -0.50, p = 0.028) and Perceptual Organization 
Index (r = -0.57, p = 0.022).  
When assessing the impact on QoL in children with CH, significant negative correlations were found between the age at treatment initiation 
and multiple QoL domains. Specifically, later treatment initiation was associated with lower scores in total QoL (r = -0.45, p = 0.002), 
emotional QoL (r = -0.46, p = 0.001), and social QoL (r = -0.39, p = 0.007).  
Neurodevelopment and QoL 
The relationship between IQ and QoL is shown in Table 4. A positive correlation was observed between early psychomotor development 
(IQ1) and QoL outcomes, specifically in the social (r = 0.36, p = 0.017) and school (r = 0.33, p = 0.029) domains when assessed at school 
age. In the second preschool assessment (IQ 2), a significant positive correlation was observed between IQ and total QoL (r = 0.34, p = 
0.046) and physical QoL (r = 0.40, p = 0.029). By school age (IQ 4), these associations strengthened: IQ showed strong positive correlations 
with total QoL (r = 0.78, p < 0.001), physical QoL (r = 0.66, p = 0.002), school-related QoL (r = 0.72, p < 0.001), and social QoL (r = 0.64, p 
= 0.002). However, emotional QoL, did not demonstrate a significant correlation with IQ at any stage of development. 
Cognitive and Quality of Life Scores in Children with and without ADHD 
To analyze the most common neurodevelopmental disorder diagnosed in this CH cohort, we compared the IQ and QoL scores of children 
with ADHD to those without this diagnosis (Table 5). Children with ADHD had lower total IQ scores (85.6 vs. 100.2, p=0.051), with 
significantly lower results in Verbal IQ (90.2 vs. 106.8, p=0.022) and Perceptual Organization Index (79.9 vs. 95.2, p=0.041). Regarding 
QoL, children with ADHD demonstrated significantly lower scores in the school domain (63.3 vs. 81.6, p = 0.002), but no significant 
differences were found in total QoL, or in other domains.  
Cognitive and Quality of Life Scores in Children with and without LD 
Similarly to the previous analysis, we compared the IQ and QoL scores of children with LD to those without this diagnosis (Table 6). 
Children with LD had significantly lower total IQ scores (77.5 vs. 104.3, p = 0.001), with significant differences observed in both Verbal 
(83.9 vs. 109.5, p = 0.002) and Performance IQ (78.1 vs. 100.9, p = 0.010). Additionally, children with LD demonstrated lower scores in the 
Verbal Comprehension Index (84.0 vs. 108.6, p = 0.010) and the Perceptual Organization Index (79.9 vs. 97.0, p = 0.002). 
Regarding QoL, children with LD had a significantly lower total QoL score (70.3 vs. 86.1, p = 0.005). Differences in specific QoL domains 
showed that children with LD scored lower in the school-related QoL (56.0 vs. 81.9, p < 0.001). However, no significant differences were 
observed in the others QoL domains. 
DISCUSSION 
In this study, we assessed the prevalence of neurodevelopmental disorders and QoL in children with CH. ADHD and LD were prevalent, 
affecting 26% and 20% of the cohort, respectively. Although overall IQ scores in the cohort were within the normal range, a slight decline 
was observed over time, with mean IQ dropping from 100.1 in early assessments to 93.6 at school age. Notably, children treated later had 
lower cognitive scores, specifically in Performance IQ and Perceptual Organization Index. Additionally, later diagnosis and treatment 
initiation was associated with lower QoL, particularly in emotional and social domains. No significant correlations were observed between 
TSH levels at diagnosis and IQ or QoL. ADHD and LD were linked to lower IQ and school-related QoL scores. Despite these challenges, 
QoL in the cohort was similar to the Portuguese pediatric population. There was a strong positive correlation between IQ and total QoL, 
emphasizing the relationship between cognitive function and QoL in this population. 
Thyroid hormone insufficiency has been linked to structural abnormalities in the brain, particularly in the corpus callosum, which connects 
the cerebral hemispheres and is crucial for integrated brain function[23]. Abnormalities in these neural connections have been observed not 
only in hypothyroidism but also in autism spectrum disorders (ASD) and ADHD[24]. This suggests that structural defects in brain in CH 
may contribute to the neurodevelopmental issues observed in these children. In fact, the high prevalence of ADHD observed in our cohort is 
consistent with literature that reports elevated attention-related disorders in children with thyroid dysfunction[6–10], including a large 
Australian cohort where mildly elevated neonatal TSH levels were linked to a higher risk of ADHD and school performance issues[25]. 
Maternal thyroid dysfunction during pregnancy has also been associated with neurodevelopmental problems, including ADHD[6,11,12]. 
Recent studies have also reported higher prevalences of ASD among patients with CH[9,10]. Notably, one study links the occurrence of ASD 
to undertreated CH, contrasting with the association of ADHD with overtreatment[9]. However, no cases of ASD were observed in our 
cohort, indicating potential variability in neurodevelopmental outcomes associated with different treatment practices in this population.  
Children with ADHD in our cohort exhibited lower total IQ, with significantly lower verbal and perceptual organization scores. Previous 
studies have consistently shown that, in addition to symptoms of inattention and hyperactivity-impulsivity, children with ADHD often 
experience distinct cognitive impairments[26–28]. Interestingly, the pattern of subscores in our cohort differs from the typical cognitive 
profile seen in ADHD, where lower scores are generally observed in the Processing Speed Index and Freedom from Distractibility Index (not 
included in the Portuguese WISC-III), rather than in the Verbal Comprehension or Perceptual Organization Index[27,29]. The lower 
Perceptual Organization Index in our cohort may be influenced by CH, as it was the lowest score in the WISC evaluation for this population 
and showed a decline when CH treatment was initiated later.  
The lower school-related QoL scores in children with ADHD in our cohort are consistent with studies highlighting the negative impact of 
ADHD on academic and social functioning [30,31]. These children often face difficulties with attention and executive functioning, which 
likely contributes to their diminished QoL in different settings[30,31]. Together, these findings highlight the need for comprehensive 
management of ADHD in children with CH, as both conditions appear to have a significant impact on cognitive function and QoL, 
particularly in academic and social settings. Early detection and tailored interventions for ADHD in this population could play a crucial role 
in improving long-term neurodevelopmental outcomes. 
In our cohort, 37 of 47 patients began treatment before 15 days of life, aligning with current best practices[2]. However, eight patients started 
treatment between 15 and 45 days, and one outlier—due to an administrative error—initiated treatment at 3 months. This case is the only 
instance of an intellectual disability diagnosis in our study. This underscores the critical importance of efficient communication within 
screening programs to prevent delays in treatment, which can significantly impact neurocognitive development throughout life. 
Numerous studies have demonstrated the importance of early treatment of CH to prevent developmental defects[5,32]. Despite neonatal 
screening programs significantly reducing the rates of severe intellectual disability in children with CH, neurocognitive impairments, 
including difficulties in cognitive function, language development, motor skills, and learning achievements, remain evident into school-age 
and adolescence[1,33]. In our cohort, the proportion of children with cognitive levels below the norm and intellectual disability aligned with 
expectations for the general population[20]. However, the high prevalence of LD in our cohort highlights the significant academic challenges 
faced by children with CH. Additionally, the poorer general and school-related QoL observed in children with LD, reflects its profound 
impact on academic functioning and daily life. The observed decline in IQ scores over time, particularly in those diagnosed and treated later, 
further illustrates the impact of late treatment in cognitive functions. Our results are in line with the study of Pulungan et al[5] that also 
reports a negative correlation between later treatment initiation and Performance IQ, with no association with Verbal IQ. This suggests that 
non-verbal cognitive domains may be more vulnerable to treatment delays, a vulnerability that may only manifest at later developmental 
stages. However, some studies have found correlations between treatment timing and other IQ components, highlighting variability in how 
delays may affect different cognitive domains[32]. 
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Our study found that children with CH generally had a QoL comparable to the normative Portuguese pediatric population, with significant 
associations between later treatment initiation and lower QoL scores in the emotional, social, and total QoL domains. Interestingly, QoL was 
associated only with the age of treatment initiation, not the age of diagnosis, emphasizing the critical importance of timely treatment. The 
literature on QoL in CH patients presents mixed findings. Some studies report similar QoL scores to those of healthy individuals[13–15], 
while others report either better[16,17] , or lower QoL[18] . In terms of the relationship between QoL and the timing of treatment initiation, 
other recent studies have also found significant negative correlations, consistent with our findings[16,17]. These studies, like ours, reported 
no significant association between QoL and TSH levels at diagnosis, reinforcing the relevance of treatment timing over biochemical markers 
at diagnosis in predicting long-term outcomes. However, not all research supports these conclusions, with some studies reporting no 
correlation between age at treatment initiation and QoL[34,35].A recent critical review suggests that no single physiological, genetic, clinical, 
demographic, or behavioral factor can be definitively linked to either poor or good QoL in CH patients[36]. Nevertheless, factors such as 
weight gain, the presence of anti-thyroid peroxidase antibodies, physical activity, and lifestyle choices may all play a role in shaping 
QoL[36]. This range of potential influencing factors highlights the complexity of the interactions between hormone levels, hypothyroidism 
symptoms, and QoL. 
Moreover, the clear link between IQ and QoL observed in our cohort emphasizes the broader implications of cognitive function for overall 
well-being. This association between cognitive function and QoL has been noted in previous literature[35], where lower IQ was linked to 
worse QoL, though with no clear association to later therapy initiation. In our study, parents of children with higher IQ reported better QoL, 
particularly in school-related domains, which underscores the importance of cognitive support for this population. These findings highlight 
the need for targeted interventions to improve cognitive outcomes - whether through early treatment, educational support, or ADHD 
management. Routine neurodevelopmental evaluations and tailored interventions should be a priority in the long-term care of children with 
CH, as preventing cognitive damage and addressing neuropsychological impairments must remain central goals in CH screening and 
treatment programs. 
Despite the valuable insights provided by our study, certain limitations should be acknowledged. The relatively small sample size, especially 
in the later cognitive assessments, may limit the generalizability of our findings. Additionally, questionnaire-based assessments of QoL can 
be influenced by biased recall and variable interpretation. However, they still serve as a useful tool for a general assessment of QoL in CH. 
While the study's longitudinal design allows for the observation of changes over time, the assessments conducted at specific intervals may 
not fully capture the nuances of long-term cognitive trajectories Furthermore, the tests administered to the subjects may be influenced by 
various sociodemographic factors, such as family characteristics and parental education level, which were not available for analysis in this 
study. To confirm our results and explore the mechanisms underlying cognitive decline in children with delayed treatment initiation, future 
studies with larger sample sizes, longer and more frequent follow-up periods are needed. Investigating specific interventions, such as 
cognitive training or behavioral therapy for ADHD, will also be essential to improve outcomes for children with CH.  
CONCLUSION 
Our study reinforces the critical importance of early thyroid hormone replacement therapy in mitigating neurocognitive deficits and 
improving future QoL in children with CH. Despite advances in neonatal screening that have reduced severe intellectual disability, subtle 
cognitive impairments, particularly in non-verbal domains, persist. Early diagnosis, timely treatment, and continuous monitoring are crucial 
for optimizing long-term cognitive and QoL outcomes. Additionally, addressing comorbid ADHD is essential for improving both 
neurodevelopmental and academic outcomes in this population. 
This manuscript includes content that was presented at the Annual Meeting of the Society of Pediatric Endocrinology and Diabetology in 
2023 and the 10th Congress of the European Academy of Paediatric Societies in 2024. 
AUTHORSHIP CONTRIBUTION 
Laura Leite-Almeida: Contributed to the conception and design of the study, data acquisition, drafting of the manuscript, and analysis and 
interpretation of the data. 
Rita Curval: Contributed to the conception and design of the study, data acquisition, and drafting of the manuscript. 
Inês Pais-Cunha: Involved in data acquisition and critical revision of the manuscript. 
Bárbara Pereira-Neto: Involved in data acquisition and critical revision of the manuscript. 
Sofia Ferreira: Contributed to data analysis and interpretation and critical revision of the manuscript. 
Rita Santos Silva: Contributed to data analysis and interpretation and critical revision of the manuscript. 
Micaela Guardiano: Contributed to data analysis and interpretation and critical revision of the manuscript. 
Paulo Almeida: Contributed to the conception and design of the study, data acquisition, analysis and interpretation of the data, and critical 
revision of the manuscript. 
Cíntia Castro-Correia: Contributed to the conception and design of the study, analysis and interpretation of the data, and critical revision of 
the manuscript. 
All authors have read and approved the final version of the manuscript. 
REFERENCES 
1. Wassner AJ. Congenital Hypothyroidism. Clin Perinatol. 2018;45(1):1–18. 
2. Van Trotsenburg P, Stoupa A, Léger J, Rohrer T, Peters C, Fugazzola L, Cassio A, Heinrichs C, Beauloye V, Pohlenz J, Rodien 
P, Coutant R, Szinnai G, Murray P, Bartés B, Luton D, Salerno M, De Sanctis L, Vigone MC, Krude H, Persani L, Polak M. Congenital 
Hypothyroidism: A 2020–2021 Consensus Guidelines Update—An ENDO-European Reference Network Initiative Endorsed by the 
European Society for Pediatric Endocrinology and the European Society for Endocrinology. Thyroid. 2021;31(3):387–419. 
3. Donbaloğlu Z, Savaş-Erdeve Ş, Çetinkaya S, Aycan Z. Cases Referred from the Turkish National Screening Program: Frequency 
of Congenital Hypothyroidism and Etiological Distribution. J Clin Res Pediatr Endocrinol. 2019;11(3):240–246. 
4. Ahmed RG. Hypothyroidism and Brain Developmental Players. Thyroid Res. 2015;8(1):1–6. 
5. Pulungan AB, Oldenkamp ME, van Trotsenburg ASP, Windarti W, Gunardi H. Effect of Delayed Diagnosis and Treatment of 
Congenital Hypothyroidism on Intelligence and Quality of Life: An Observational Study. Med J Indones. 2019;28(4):396–401. 
6. Drover SSM, Villanger GD, Aase H, Skogheim TS, Longnecker MP, Zoeller RT, Reichborn-Kjennerud T, Knudsen GP, Zeiner P, 
Engel SM. Maternal Thyroid Function During Pregnancy or Neonatal Thyroid Function and Attention Deficit Hyperactivity Disorder: A 
Systematic Review. Epidemiology. 2019;30(1):130–144. 
7. Villanger GD, Ystrom E, Engel SM, Longnecker MP, Pettersen R, Rowe AD, Reichborn-Kjennerud T, Aase H. Neonatal 
Thyroid-Stimulating Hormone and Association with Attention-Deficit/Hyperactivity Disorder. Paediatr Perinat Epidemiol. 2020;34(5):590–
596. 
8. Rovet JF, Hepworth S. Attention Problems in Adolescents with Congenital Hypothyroidism: A Multicomponential Analysis. 
Horm Res. 2001;55:1–7. 
9. Bongers-Schokking JJ, Resing WCM, Oostdijk W, De Rijke YB, De Muinck Keizer-Schrama SMPF. Relation Between Early 
Over- and Undertreatment and Behavioural Problems in Preadolescent Children with Congenital Hypothyroidism. Horm Res Paediatr. 
2019;90(4):247–256. 

UNCORRECTED PROOF



10. Lin HY, Liang CS, Tsai SJ, Hsu JW, Huang KL, Su TP, Bai YM, Hsu TW, Chen MH. Congenital Hypothyroidism and Risk of 
Subsequent Autism Spectrum Disorder and Attention-Deficit/Hyperactivity Disorder in Taiwan. Psychiatry Clin Neurosci. 2024;78(1):12–
21. 
11. Fetene DM, Betts KS, Alati R. Mechanisms in Endocrinology: Maternal Thyroid Dysfunction During Pregnancy and Behavioural 
and Psychiatric Disorders of Children: A Systematic Review. Eur J Endocrinol. 2017;177(5):R261–R273. 
12. Thompson W, Russell G, Baragwanath G, Matthews J, Vaidya B, Thompson-Coon J. Maternal Thyroid Hormone Insufficiency 
During Pregnancy and Risk of Neurodevelopmental Disorders in Offspring: A Systematic Review and Meta-Analysis. Clin Endocrinol 
(Oxf). 2018;88(4):575–584. 
13. Naafs JC, Marchal JP, Verkerk PH, Fliers E, van Trotsenburg ASP, Zwaveling-Soonawala N. Health-Related Quality of Life in 
Patients with Early-Detected Central Congenital Hypothyroidism. J Clin Endocrinol Metab. 2021;106(10):E4231–E4241. 
14. Sato H, Nakamura N, Harada S, Kakee N, Sasaki N. Quality of Life of Young Adults with Congenital Hypothyroidism. Pediatr 
Int. 2009;51(1):126–131. 
15. Hirtz R, Keesen A, Hölling H, Hauffa BP, Hinney A, Grasemann C. No Effect of Thyroid Dysfunction and Autoimmunity on 
Health-Related Quality of Life and Mental Health in Children and Adolescents: Results from a Nationwide Cross-Sectional Study. Front 
Endocrinol (Lausanne). 2020;11:1–11. 
16. Rochmah N, Faizi M, Dewanti C, Suryawan A. Pediatric Quality of Life in Congenital Hypothyroidism: An Indonesian Study. Int 
J Thyroidol. 2020;13(2):150–154. 
17. Manjunath P, Saurabh S, Kalra P, Selvan C, Nallur S, Kolla B, Ali A. Clinical, Biochemical Parameters and Its Co-Relation with 
Quality of Life in Congenital Hypothyroidism—A Cross-Sectional Study from a Tertiary Centre in South India. Indian J Pediatr. 2022;62:1–
7. 
18. Van der Sluijs Veer L, Kempers MJE, Last BF, Vulsma T, Grootenhuis MA. Quality of Life, Developmental Milestones, and 
Self-Esteem of Young Adults with Congenital Hypothyroidism Diagnosed by Neonatal Screening. J Clin Endocrinol Metab. 
2008;93(7):2654–2661. 
19. Vilarinho L, Garcia P, Pinho e Costa P. Programa Nacional de Diagnóstico Precoce: Relatório 2017. Instituto Nacional de Saúde 
Doutor Ricardo Jorge. 2018:1–81. 
20. Wechsler D. WISC III - Escala de Inteligência de Wechsler Para Crianças. 3rd ed. Hogrefe; 2003. 
21. Ferreira PL, Baltazar CF, Cavalheiro L, Cabri J, Gonçalves RS. Reliability and Validity of PedsQL for Portuguese Children Aged 
5-7 and 8-12 Years. Health Qual Life Outcomes. 2014;12(1):1–9. 
22. Lima L, Prista Guerra M, Serra de Lemos M. Adaptação da Escala Genérica do Inventário Pediátrico de Qualidade de Vida—
Pediatric Quality Life Inventory 4.0—PedsQL, a Uma População Portuguesa. Rev Port Saúde Pública. 2009;27(1):83–95. 
 
Table 1 – Demographic, clinical characteristics, and cognitive assessment of the study population 

Characteristics  
(n=46) 

Age, years 9.1 ± 0.6 
Female sex  27 (58.7%) 
Age at diagnosis, days  12.9 ± 2.2 
Age at initiation of treatment, days 14.5 ± 2.1 
TSH level at diagnosis, IU/mL  177.2 ± 28.3 
Etiology of congenital hypothyroidism 

 dysgenesis 
 dyshormonogenesis 

 
38 (82.6%) 
8 (17.4%) 

Gestational risk 
 Gestational diabetes 
 Maternal thyroid pathology 
 In-Vitro Fertilization 

 
7 (15.2%) 
3 (6.5%) 
1 (2.2%) 

Gestational age, weeks  39.0 ± 0.3 
Birth anthropometry  

 Weight, grams 
 Height, centimeters 
 Head Circumference, centimeters 

 
3088.3 ± 67.9 
47.8 ± 0.3 
34.6 ± 0.3 

Cognitive Assessments, n years  
 First evaluation 
 Second evaluation 
 Third evaluation 
 Fourth evaluation 

 
43 2.4 ± 0.6 
35 4.8 ± 0.2 
13 5.6 ± 0.2 
20 9.1 ± 0.4 

Intelligence Quotient scores  
 First evaluation (Griffiths) 
 Second evaluation (Griffiths)  
 Third evaluation (WPPSI) 
 Fourth evaluation (WISC) 

 - Verbal IQ 
 - Performance IQ 
 -  Perceptual Organization Index 
 -  Verbal Comprehension Index  
 -  Processing Speed Index 

 
100.1 ± 10.4 
100.1 ± 8.9 
100.2 ± 15.9 
93.6 ± 19.5 
99.7 ± 18.9 
91.8 ± 19.3 
88.5 ± 16.9 
100.4 ± 18.9 
97.5 ± 17.9 

Neurodevelopment Disorders 
 ADHD 
 Learning disorder 
 Intellectual Disability 

 
12 (26.1%) 
9 (19.6%) 
1 (2.2%) 

 
Data are expressed as n (%) or mean ± standard deviation 
ADHD - Attention deficit hyperactivity disorder; IQ – Intelligence Quotient; IU – International Units; TSH – Thyroid Stimulating Hormone; 
WISC - Wechsler Intelligence Scale for Children; WPPSI - Wechsler Preschool and Primary Scale of Intelligence 
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Table 2 - Quality of Life scores of children with congenital hypothyroidism and comparison to the Portuguese pediatric population  
CH Patients Portuguese Population[22] p-value 

Total QoL 83.0 ± 13.8 79.8 ± 12.1  0.120 

Physical 87.0 ± 15.5 83.5 ± 14.8  0.138 

Emotional  80.6 ± 17.6 73.3 ± 16.7  0.007* 

Social  87.6 ± 18.1 84.6 ± 15.1  0.263 

Scholar  76.8 ± 18.8 78.2 ± 15.9 0.616 

 
CH – Congenital Hypothyroidism; QoL – Quality of Life; * - p<0.05 
The data is presented as mean ± standard deviation 
 
 
Table 3 – Correlations between age at diagnosis, age at treatment initiation, TSH levels at diagnosis, and cognitive and quality of life scores 
in children with congenital hypothyroidism  

Diagnosis Age (days) Treatment Initiation Age 
(days) 

TSH levels at diagnosis 
(IU/mL) 

 
r p-value r p-value r p-value 

Total IQ -0.43 0.098 -0.42 0.063 0.36 0.301 

- Verbal IQ -0.23 0.383 -0.22 0.338 0.39 0.234 

- Performance IQ -0.50 0.050 -0.50* 0.028 0.237 0.510 

Perceptual Organization 
Index 

-0.54* 0.040 -0.57* 0.022 0.32 0.373 

Verbal Comprehension 
Index  

-0.14 0.597 -0.17 0.495 0.38 0.246 

Processing Speed Index -0.42 0.119 -0.44 0.920 0.32 0.373 

Total QoL 0.41* 0.008 -0.45* 0.002 0.18 0.306 

- Physical -0.18 0.249 -0.27 0.075 0.17 0.333 

- Emotional  -0.39* 0.013 -0.46* 0.001 0.30 0.087 

- Social  -0.41* 0.008 -0.39* 0.007 0.07 0.713 

- Scholar  -0.28 0.072 -0.29 0.053 0.07 0.707 

 
IQ - Intelligence quotient; QoL – Quality of Life; r - Pearson correlation coefficient; * - p<0.05UNCORRECTED PROOF



 
Table 4 - Correlation between intelligence quotient scores and quality of life in children with congenital hypothyroidism  

Total QoL Physical QoL Emotional QoL Social QoL Scholar QoL 

 
r p-value r p-value r p-value r p-value r p-value 

IQ1 Griffiths 0.28 0.065 0.14 0.356 0.04 0.814 0.36* 0.017 0.33* 0.029 

IQ2 Griffiths 0.34* 0.046 0.40* 0.029 0.57** <0.001 0.59** <0.001 0.50* 0.030 

IQ3 WPPSI 0.46 0.118 0.31 0.310 0.17 0.585 0.50* 0.081 0.46 0.118 

IQ4 WISC 0.78** <0.001 0.66** 0.002 0.40 0.078 0.64** 0.002 0.72** <0.001 

IQ4 QIV 0.69** <0.001 0.62* 0.003 0.32 0.160 0.52* 0.016 0.71** <0.001 

IQ4 QIR 0.74** <0.001 0.66* 0.002 0.37 0.105 0.66* 0.002 0.61* 0.005 

IQ4 VCI 0.67* 0.002 0.62* 0.007 0.40 0.096 0.47 0.050 0.71** <0.001 

IQ4 POI 0.82** <0.001 0.75** <0.001 0.50 0.050 0.73** <0.001 0.68** 0.004 

IQ4 PSI 0.51* 0.042 0.47 0.070 0.29 0.285 0.52* 0.038 0.38 0.148 

IQ - Intelligence quotient; QoL – Quality of Life; WISC - Wechsler Intelligence Scale for Children; WPPSI - Wechsler Preschool and 
Primary Scale of Intelligence  
r - Pearson correlation coefficient; * p<0.05; ** p<0.001 
 
 
Table 5 - Comparison of intelligence quotients and quality of life scores between children with and without attention deficit hyperactivity 
disorder in congenital hypothyroidism  

 ADHD  
n = 12 

Non-ADHD 
n = 34 

p-value 

Total IQ 4 85.6 (19.9) 100.2 (17.1) 0.051 
- Verbal IQ 90.2 (17.3) 106.8 (17.4) 0.022* 
- Performance IQ 85.2 (21.8) 97.2 (15.9) 0.095 
Verbal Comprehension Index 95.6 (18.1) 104.2 (19.5) 0.175 
Perceptual Organization Index 79.9 (17.5) 95.2 (13.8) 0.041* 
Processing Speed Index 92.9 (19.8) 101.1 (16.6) 0.196 
Total QoL 78.0 (15.6) 84.8 (12.8) 0.096 
Physical 85.8 (16.0) 87.4 (15.6) 0.387 
Emotional  80.1 (18.2) 80.8 (17.7) 0.456 
Social  82.7 (22.7) 89.4 (16.3) 0.180 
Scholar  63.3 (12.8) 81.6 (16.4) 0.002* 

 
ADHD – attention deficit hyperactivity disorder; IQ - Intelligence quotient; QoL – Quality of Life; * p<0.05 
The data is presented as mean (standard deviation) 
  

UNCORRECTED PROOF



Table 6 - Comparison of intelligence quotients  and quality of life scores between children with and without learning disorders in congenital 
hypothyroidism  

 LD 
n = 9 

Non-LD 
n = 37 

p-value 

Total IQ 4 77.5 (15.0) 104.3 (14.0) 0.001* 
- Verbal IQ 83.9 (12.4) 109.5 (15.3) 0.002* 
- Performance IQ 78.1 (17.8) 100.9 (14.6) 0.010* 
Verbal Comprehension Index 84.0 (12.9) 108.6 (16.0) 0.010* 
Perceptual Organization Index 79.9 (17.5) 97.0 (11.3) 0.002* 
Processing Speed Index 89.8 (18.9) 102.1 (16.6) 0.163 
Total QoL 70.3 (16.3) 86.1 (11.3) 0.005* 
Physical 80.4 (19.2) 88.6 (14.3) 0.197 
Emotional  73.0 (25.3) 82.4 (15.1) 0.397 
Social  71.9 (27.5) 91.5 (12.9) 0.063 
Scholar  56.0 (13.5) 81.9 (16.4) <0.001* 

 
IQ - Intelligence quotient; LD – Learning disorders; QoL – Quality of Life; * p<0.05; ** p<0.001 
The data is presented as mean (standard deviation) 
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