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Differences Between Chronological Age and Height 
Age in Goiter Interpretation

Objective: Some factors (age, weight, height, body mass index, body surface area, puberty stage, and iodine nutrition 
status) may affect thyroid volume (TV). We aimed to investigate the differences between chronological age and height age 
in interpreting goiter.

Materials and Methods: The thyroid ultrasonography records of 420 children aged 1–18 years were evaluated. We 
searched the difference between the interpretations of goiter by recalculating the TV standard deviation score (SDS) in terms 
of both chronological ages and corrected for height age. We also evaluated those with negative thyroid autoantibodies and 
normal thyroid hormone levels by subgroup analysis. The evaluation of TV according to chronological age and height age 
and the change of goiter interpretation were compared with the McNemar test.

Results: A total of 180 children who had euthyroid and negative thyroid autoantibodies were analyzed. A weak correlation 
was detected between TV and age (r=0.29, p<0.001), body weight (r=0.35, p<0.001), height (r=0.32, p<0.001), height 
age (r=0.32, p<0.001), body weight SDS (r=0.20, p=0.008) and height SDS (r=0.21, p=0.005). When the changes of 
goiter interpretation were compared, a statistically significant difference was determined in the whole group (p=0.029); 
however, there was no significant difference in children who were both euthyroid and found to have negative thyroid auto-
antibodies (p=0.375).

Conclusion: We observed that the interpretation of goiter changed according to chronological age and height age if thyroid 
hormone level and/or thyroid autoantibody positivity were included.
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INTRODUCTION

Thyroid function tests and thyroid ultrasonography are important tools for evaluating thyroid diseases, both in 
the diagnosis and follow-up of conditions requiring treatment. Thyroid ultrasonography informs the clinician 
about important parameters such as the anatomical location of the thyroid gland, gland size, echogenicity, 
and vascularization. In addition, its important advantages are that it does not require radiation, is not invasive, 
and is easily accessible and cost-effective. Reference cards with age and sex-specific values evaluate thyroid 
volume (TV). However, it has also been stated by the World Health Organization that the cards created for 
this evaluation show regional, ethnic, racial, and nutritional differences (1). Many studies have reported that 
age, body weight, height, body mass index, body surface area, puberty stage, and iodine nutrition status affect 
TV evaluation with B-mode ultrasonography (2–4). In a study conducted in our country, the most important 
predictors of TV were stated as body weight, body surface area, and height, respectively (5). Differences in 
countries or regions of a country, nonhomogeneous age range distribution in the sample group, and differ-
ences in pubertal assessments at certain ages were not taken into account while determining TV reference 
cards (6, 7). So, diagnostic problems may occur when using these reference cards, such as sometimes de-
tecting goiter in individuals without having goiter or performing normal evaluations in individuals with goiter. 
In our study, we evaluated TV with a reference card designed in our country according to chronological age 
(8). We aimed to explore the effect of the difference between the evaluations on the diagnosis of goiter by 
recalculating the TV corrected for height and age with the same reference card. In this way, we investigate 
the differences in the goiter interpretation by ultrasonography measured TV according to chronological age 
and height age of children.

MATERIALS and METHODS

Our study was conducted in accordance with the Declaration of Helsinki and approved by the Kayseri City Hospi-
tal clinical research ethics committee with its decision dated 18.05.2022 and numbered 631. 
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Subjects
A total of 635 pediatric patients who underwent thyroid ultraso-
nography between January 2020 and 2022 were included in this 
retrospective cross-sectional study. Ultrasonography with adequate 
radiological image quality and with both thyroid lobes reported as 
3-dimensional (3D) volumes was analyzed. Those whose thyroid 
gland dimensions had been determined as 3-dimensional volume 
by ultrasonography were included in this study. In addition, ultraso-
nography records of children with a concomitant systemic disease 
were not included. Inclusion criteria were being between 1–18 years 
of age, having appropriate radiological ultrasonography (homoge-
neous parenchyma without the presence of nodule), and dwelling in 
the Kayseri region. Exclusion criteria of the study were determined 
to have congenital thyroid anomalies (dysgenesis, ectopia; N: 18), 
nodular thyroid diseases (cyst or nodule larger than 5 mm) affecting 
thyroid dimensions (N: 52), being treated for congenital hypothy-
roidism (N: 76), and insufficient data on ultrasonography (N: 69). Of 
these patients, 420 children who had met the criteria for the study 
group were analyzed. Our study group consisted of patients who ap-
plied to our tertiary healthcare institution’s pediatric endocrinology 
outpatient clinics. Those with non-thyroid systemic diseases (genet-
ic or syndromic short stature, growth hormone deficiency, puberty 
disorders, etc.) that could affect height and age were excluded from 
the study. Eighteen children in our sample group were of Syrian and 
Iraqi origin, and the remaining 402 children were of Turkish origin.

Anthropometric Examinations
Weight, height, body mass index (BMI), and age and sex-specif-
ic standard deviation scores (SDSs) of these values were analyzed 
with an online calculation program (9) (www.childmetrics.org). 
Centers for Disease Control and Prevention (CDC) reference cards 
were used for the evaluation of anthropometric data. Since the 
children of families of Syrian and Iraqi origin (18 children) living in 
our region were also included in our patient group, it was preferred 
to use CDC-specific reference cards.

Laboratory Measurements
Blood samples were obtained early morning after a 10-hour 
fasting period for hormone measurements. Serum TSH, free T4 

(fT4), free T3 (fT3), thyroglobulin (Tg), antithyroid peroxidase 
(anti-TPO), and antithyroglobulin (anti-Tg) levels were measured 
by electrochemiluminescence immunological method (ECLIA) 
on the Cobas 8000 e602 analyzer (Roche Diagnostics, Mann-
heim, and Germany).

Thyroid Ultrasonography
Ultrasonography of the thyroid gland was performed by two radiol-
ogists (TS [pediatric radiologist] and K.Ö., with 12 and 31 years 
of experience, respectively) with an Aplio 500 ultrasound system 
(Toshiba Medical Systems, Tokyo, Japan) via 14 MHz linear array 
transducer. Thyroid gland volume was calculated from the dimen-
sions of each thyroid lobe (length x width x depth x 0.52). The TV 
is the sum of the volumes of both lobes. Thyroid volumes were 
evaluated according to age and sex-specific references, and SDSs 
were calculated (8). Thyroid volume standard deviation score (SDS) 
according to age and gender below -2 standard deviation (SD) was 
considered hypoplasia, and above +2 SD was considered goiter 
(8). The inter-observer variability of ultrasonography findings was 
assessed using Kappa (Κ) statistics (poor, <0; slight, 0.01–0.20; 
fair, 0.21–0.40; moderate, 0.41–0.60; good, 0.61–0.80; almost 
perfect, 0.81–0.99). Inter-observer agreement of ultrasonography 
findings was good (K 0.72–0.78).

Statistical Analysis
Data were analyzed by SPSS Version 24.0 (Armonk, NY, USA) 
software program. The mean, SD, median, 1st, and 3rd quartiles, 
and minimum and maximum values of the numerical variables 
were specified. Categorical variables were shown as frequency 
and percentage (%). The normal distribution of the variables was 
analyzed with the Shapiro-Wilk test. In addition, it was checked 
whether the kurtosis and skewness values of the variables ranged 
between -2 and +2. Chi-Square analysis was used to compare 
categorical variables. McNemar test was also used to compare 
the change before and after the process while investigating the 
effect of chronological age and height age on the interpretation 
of goiter. The Spearman correlation coefficient analyzed the as-
sociation between TV and variables, and a p-value less than 0.05 
was accepted as statistically significant.

Table 1. Anthropometric examinations, baseline characteristics, and thyroid volume data of the study group

	 Mean±SD	 Median (Q1–Q3)	 Minimum	 Maximum

Age	 12.8±3.8	 13.5 (10.3–15.8)	 1.1	 17.9

Weight	 49.7±19.4	 49.9 (35–61)	 14.1	 105

Height	 150.3±19.1	 156 (139.1–163)	 93.6	 186

Height age	 13±4.5	 12.7 (10.1–15.1)	 2.8	 20

Weight SDS	 0.34±1.14	 0.33 (-0.40–1.2)	 -2.85	 3.56

Height SDS	 -0.06±1.03	 -0.06 (-0.73–0.61)	 -2.47	 2.51

BMI SDS	 0.41±1.17	 0.45 (-0.35–1.27)	 -3.52	 3.85

TV (ml)	 10.4±8.2	 8.2 (4.8–13.3)	 0.55	 60.8

TV SDS adjusted for chronological age	 2.8±4	 1.65 (0.12–4.12)	 -2.71	 26.4

TV SDS adjusted for height age	 3.2±4.6	 1.8 (0.24–4.75)	 -2.71	 35.6

SDS: Standard deviation score; BMI: Body mass index; TV: Thyroid volume. Anthropometric examinations, baseline characteristics, and thyroid volume data of the study 

group (n=420)
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RESULTS

In our study, 420 children, 311 (74%) girls, and 109 (26%) boys, 
with a mean age of 12.8±3.8 years and between 1.1 and 17.9 
years, were evaluated. Anthropometric examinations, baseline char-
acteristics, and TV data of the study group are shown in Table 1.

While no nodule or cyst was observed by the thyroid ultrasonog-
raphy of 384 (91.4%) individuals, cysts or nodules smaller than 
5 mm were detected in 36 (8.6%) cases. While hypothyroidism 
was found in 35 (8.3%) children, hyperthyroidism was found in 
19 (4.5%) children. Thyroid function tests of 366 (87.1%) chil-
dren were found to be normal (euthyroid). Regarding Hashimoto’s 

thyroiditis, at least one of the thyroid autoantibodies (thyroid per-
oxidase or antithyroglobulin) was positive in 213 (50.7%) cases. 
Thyroid autoantibodies were negative in 207 (49.3%) cases.

The evaluation of TV according to chronological age, height age, 
and the change of goiter interpretation are shown in Table 2.

The effect of chronological age and height age in the interpretation 
of goiter was evaluated, and a statistically significant difference was 
found (p=0.029).

A total of 180 children with negative thyroid autoantibodies with 
euthyroid and no cysts or nodules by thyroid ultrasonography 
were analyzed. This group consisted of 110 (61.1%) girls and 

Table 3. Anthropometric examinations, baseline characteristics, and thyroid volume data of the euthyroid and negative thyroid autoantibody group

	 Mean±SD	 Median (Q1–Q3)	 Minimum	 Maximum

Age	 11.5±4.1	 12.5 (8.3–14.7)	 1.1	 17.9

Weight	 44.3±19.7	 43.9 (29–55.1)	 14.1	 96.2

Height	 145.1±22.2	 150 (130–162)	 93.6	 186

Height age	 11.8±4.8	 11.9 (8.3–14.3)	 2.8	 20

Weight SDS	 0.20±1.23	 0.22 (-0.52–1.05)	 -2.85	 3.56

Height SDS	 -0.08±1.05	 -0.04 (-0.90–0.66)	 -2.47	 2.25

BMI SDS	 0.27±1.27	 0.30 (-0.59–1.05)	 -3.52	 3.85

TV (ml)	 6.1±4.4	 5 (3.2–8.7)	 0.83	 32.3

TV SDS adjusted for chronological age	 0.7±2.1	 0.27 (-0.48–1.37)	 -2.3	 14.8

TV SDS adjusted for height age	 0.9±2.3	 0.43 (-0.38–1.6)	 -2.3	 17.8

SDS: Standard deviation score; BMI: Body mass index; TV: Thyroid volume. Anthropometric examinations, baseline characteristics, and thyroid volume data of the euthyroid 

and negative thyroid autoantibody group (n=180)

Table 2. Evaluation of thyroid volume according to chronological age, height age, and the change of goiter interpretation

			   Thyroid volume SDS adjusted for height age		  p

		  Goiter (no)	 Goiter (yes)	 Total

Thyroid volume SDS adjusted for chronological age				    <0.029*

	 Goiter (no)	 215	 19	 234

	 Goiter (yes)	 7	 177	 184

	 Total	 222	 196	 418

*: McNemar test; SDS: Standard deviation score

Table 4. Evaluation of thyroid volume according to chronological age, height age, and the change of goiter interpretation in the euthyroid and 

negative thyroid autoantibody group

			   Thyroid volume SDS adjusted for height age		  p

		  Goiter (no)	 Goiter (yes)	 Total

Thyroid volume SDS adjusted for chronological age				    <0.375*

	 Goiter (no)	 147	 4	 151

	 Goiter (yes)	 1	 27	 28

	 Total	 148	 31	 179

*: McNemar test; SDS: Standard deviation score
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70 (38.9%) boys, with a mean age of 11.5±4.1 years, between 
the ages of 1.1 and 17.9. While a weak correlation was detected 
between TV and age (r=0.29, p<0.001), body weight (r=0.35, 
p<0.001), height (r=0.32, p<0.001), height age (r=0.32, 
p<0.001), body weight SDS (r=0.20, p=0.008) and height SDS 
(r=0.21, p=0.005), no significant correlation was detected be-
tween BMI SDS (r=0.13, p=0.09).

Anthropometric examinations, baseline characteristics, and TV 
data of the euthyroid and negative thyroid autoantibody group are 
shown in Table 3.

The evaluation of TV in the euthyroid and negative thyroid auto-
antibody group according to chronological age and height age and 
the change of goiter interpretation are shown in Table 4.

The effect of chronological age and height age in the interpretation 
of goiter was evaluated, and no statistically significant difference 
was found in this group (p=0.375).

DISCUSSION

In our study, the differences in the goiter interpretation by ultraso-
nography measured TV according to chronological age and height 
age of children were investigated. In a recent study in our country, 
in which TV for chronological age was used as a reference in the 
interpretation of goiter in Turkish children, 205 children under 
18 were analyzed (8). In our study, analysis was made with 420 
children, and the same reference was first used when evaluating 
according to chronological age and then to height age. In addition, 
we evaluated the parameters that correlated with TV in a group 
(180 children) with normal thyroid function test results, negative 
thyroid autoantibodies, and homogeneous thyroid gland tissue by 
thyroid ultrasonography. In terms of the relationship with TV, the 
most significant factor after body weight was found to be height 
and age. We observed that the goiter interpretation changed ac-
cording to chronological age and height age if thyroid hormone 
level and/or thyroid autoantibody positivity were included. We be-
lieve this evaluation will benefit individuals with thyroid diseases, 
hypothyroidism, or hyperthyroidism, especially when making a 
treatment decision.

We observed significant differences in interpretation and the diag-
nosis of goiter in the evaluation of TV according to height, age, 
and chronological age in all age groups at certain rates. In this 
study, although thyroid function tests, thyroid autoantibodies, and 
thyroid ultrasonography were evaluated in the research group, no 
additional test for iodine deficiency was performed. Our study is 
considered significant because it was performed in a population 
with similar characteristics in a region previously shown to be at 
risk for iodine deficiency in the iodine map of Türkiye (10). We 
want to emphasize that while age is the parameter that shows the 
highest correlation with TV in some studies, sometimes it could be 
one of the other parameters (weight, BMI, height, body surface 
area, or SDSs of them) (5, 11). Recent studies have used methods 
such as the correlation between TV and body surface area and TV 
index corrected for body surface area (6, 12). The main reason 
for preferring these methods is that it would not be appropriate to 
diagnose goiter only with chronological age and gender. While thy-
roid function test results and thyroid ultrasonography were evaluat-

ed in terms of treatment decisions, anthropometric changes such 
as short stature and obesity could be observed in some children, 
especially children with hypothyroidism. This is noteworthy in a 
study of children with Turner Syndrome (13). While retardation 
in bone age is expected in hypothyroidism, progression in bone 
age is expected in hyperthyroidism, obesity, and precocious puber-
ty. Changes in bone age can affect height growth. While thyroid 
function tests and thyroid antibodies are used to evaluate goiter, 
height and age are also parameters that should be used for TV, 
which can change with physical change (14). Therefore, it would 
not be appropriate to diagnose goiter only with references specific 
to chronological age and gender. In one study, TV was associated 
with lean body mass, but no significant correlation was found with 
body fat (15). Therefore, it may not be appropriate to evaluate TV 
by body surface area and BMI while ignoring body fat mass. One 
of the important features of our study group was carried out on 
individuals with short and tall stature, malnutrition, and obesity. If 
we only consider age and gender, we ignore the effect of hormon-
al changes on an individual’s anthropometry. Hypothyroidism or 
hyperthyroidism may be observed in the patient’s admission to the 
doctor. Therefore, height and weight changes can be observed. 
This situation can also be long-term. In one study, it was stated 
that TV was positively correlated with the change in body weight 
in overweight children. It was emphasized that this relationship was 
independent of insulin resistance and thyroid function tests and 
was also reversible with weight loss (16). Height age rather than 
body surface area is thought to be a more accurate assessment tool 
in this respect. Recently, reference cards have begun to be created 
in pediatric endocrinology, which considers height in addition to 
age and gender in some diseases. For example, it is recommended 
to use specific references for age, gender, and height in definitions 
of pediatric metabolic syndrome and hypertension (17, 18). Our 
study determined that the interpretation of goiter differed signifi-
cantly according to the evaluation method in individuals.

Limitations
The limitations of our study were that the study group showed 
a wide range of distribution in terms of weight, height, and BMI 
and that no additional evaluation was made for iodine deficiency. 
Although a small group, the 18 children were of different ethnicity.

Our study was conducted in a city, and a single center, where prac-
tices to prevent iodine deficiency was carried out. On the other 
hand, having a wide range of anthropometry can also be consid-
ered an advantage.

CONCLUSION

Based on all these points, we wanted to draw attention to the ne-
cessity of creating new reference cards that consider height, age, 
and gender to evaluate pediatric goiter. Chronological age and 
height age may not always have a correlation, which may lead to 
different results in the interpretation of goiter by ultrasonography. 
We think that the clinician should consider these differences in the 
treatment decision.

Ethics Committee Approval: The Kayseri City Hospital Clin-
ical Research Ethics Committee granted approval for this study (date: 
18.05.2022, number: 631).
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