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Background: Many primary and secondary disorders disturb growth and cause short stature (height below —2 SDS) in childhood.
Growth monitoring programs aim at their early detection but are not evidence-based: epidemiology of childhood growth disorders is
poorly characterized, and no consensus exists on priority target conditions. Herein, we describe population-based epidemiological data
on several primary and secondary growth disorders associated with short stature in childhood.

Materials and Methods: This retrospective population-based 20-year birth cohort study examined 1 144 503 children (51% boys) born in
Finland between 1998 and 2017, with 16.5 million care notifications including medical diagnoses. The first occurrences of key primary or
secondary growth disorders were identified in multiple registers. Median ages at diagnosis (MAD), and age- and sex-specific cumulative
incidences (CMI) from birth until 16 years of age were determined.

Results: Turner syndrome was the most common primary growth disorder (CMI 52 per 100 000 at 16 years, MAD 4.0 years). Most
primary growth disorders were diagnosed before the age of 4 years, and thereafter, secondary growth disorders increased in number.
MAD of growth hormone deficiency (GHD) was 8.7 (boys) and 7.2 years (girls). At 16 years, the CMI of GHD was higher in boys
than in girls (127 versus 93 per 100 000, respectively), whereas the CMI of hypothyroidism was higher in girls (569 versus 306 per
100 000). Celiac disease was the most common secondary growth disorder and more common in girls than in boys (988 versus 546 per
100 000 at 16 years, respectively).

Conclusion: These population-based epidemiological data indicate that childhood growth monitoring should be age- and sex-specific.
In the early childhood, the focus should be on primary growth disorders, and from preschool age also on secondary growth disorders.
These results provide evidence for improving growth monitoring programs and diagnostic practices targeting on Turner syndrome,
GHD, hypothyroidism, and celiac disease.
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Introduction

Short stature is defined as a height standard deviation score (SDS) below —2 (ie, below 2.3rd percentile) for a given age
and sex.' Growth retardation and poor growth velocity are also frequently used terms in the same context, and if left
untreated, these may finally lead to short stature. A wide range of disorders may disturb growth: for example, the
European Society of Paediatric Endocrinology has proposed a list of over 100 primary, secondary, and idiopathic diseases
that might manifest with short stature.' However, basic epidemiological data are scarce even regarding the most common
disorders that lead to short stature.”

Primary growth disorders include a number of clinically defined syndromes, in which abnormal growth is observed
among other features.'* With the exception of idiopathic short stature, Turner syndrome (TS) is the most common cause
of short stature in otherwise healthy girls.* Early diagnosis of TS is important to identify other comorbidities, as well as
to enable timely treatment with growth hormone (GH) and thus to optimize adult height.* Other short stature syndromes
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(SSS), such as Noonan, Prader-Willi and Russel-Silver syndrome, are rare congenital syndromes in both sexes, but were
the most numerous causes of severe pathological short stature (below —3 SDS) in a recent Finnish study.’

Secondary causes for short stature comprise several common childhood disorders. They include endocrine conditions,
such as growth hormone deficiency (GHD) and hypothyroidism (HT), in which hormonal treatments are essential to
optimise final adult height.®’ There are also systemic disorders that may manifest with growth failure before other
symptoms, such as celiac disease (CD) and Crohn’s disease.! Growth retardation is often evident years before the actual
diagnosis of CD,* but growth may be optimised with appropriate diet.'®""

Growth monitoring practices have become a universal part of preventive pediatric health care especially in developed
countries.'> However, these practices are not evidence-based and there are remarkable variations among developed
countries, as recently demonstrated in a systematic review by Scherdel et al.”> Although TS, GHD, HT, and CD are known
to be common causes of short stature, and often considered in the evaluation of children with short stature, there is no
consensus on priority target conditions. Depending on the growth screening program and population, the target
conditions for growth screening vary or remain undetermined.’

In Finland, recently updated growth curves and screening rules are integrated into children’s electronic health records
which enables an automated growth monitoring program.'® Since 1972, virtually whole Finnish child population has
been covered with an extensive monitoring program with over 20 scheduled visits focusing on the early diagnostics of
growth disorders.'*'> Referral from primary health-care system to the outpatient clinic of general paediatric department
is made if there is a suspicion of underlying disease. Diagnosis is set at specialized health care and all diagnoses are
registered for the Care Register of Health Care (CRHC) as ICD-10 codes.'®

The aim of the present study was to characterize the epidemiology of several primary and secondary growth disorders
in a population-based 20-year birth cohort, and thereby obtain a better consensus on a few priority target conditions for
growth screening. These data are needed for planning and developing growth screening at the population level and
diagnostic practices in specialized health care. We hypothesized that there is age- and sex-specific variation in the
epidemiological measures of growth disorders and that the best estimates could be obtained in a population covered with
a longitudinal, extensive growth monitoring program, well-functioning health care, and multiple registers gathering data
on the population.

Materials and Methods
Study Design, Population and Data Collection

This was a retrospective register study, in which the initial study population consisted of all children (n=1 151 821) born
in Finland between 1 January 1998 and 31 December 2017 registered in the Medical Birth Register (MBR) containing
data on all births'” (Figure 1). More than 92% of these children in the study population were of Finnish background.'®
Data on medical diagnoses made in hospital care were obtained from the MBR and the Care Register of Health care
(CRHC)."® Both MBR and CRHC are maintained by the Finnish Institute of Health and Welfare (THL). Data on deaths
(n = 4414) were collected from Statistics Finland'® and the purchases of prescription medicines from the prescription
register maintained by the Social Insurance Institution of Finland (SII).>° People with incorrect personal ID codes or
incomplete register notifications (n = 7318) were excluded. The final study population included 1 144 503 children (51%
boys) with more than 16.5 million register notifications during the follow-up. The first date of an ICD-10 diagnosis given
for an individual was considered as the diagnostic date. Data on growth measurements were not available.

Six conditions or groups of conditions were selected for further analysis: Turner syndrome (TS: ICD-10 code Q96),
other short-stature syndromes (SSS: Q87.1, Q87.27, Q87.06/D82.1), growth hormone deficiency (GHD: E23.00, E23.01,
E23.02), hypothyroidism (HT: E03.2-E03.9, E23.05), celiac disease (CD: K90.0), and Crohn’s disease (K50). The
selected disorders represent the potential key target conditions for growth screening: they are known to be common
childhood diseases, but the detailed epidemiological data are scarce.” Growth failure may be the earliest and only
symptom of these disorders; and their early diagnosis and treatment is important to optimize the final adult height. Other
SSS are, however, rare, but are included in the analyses because they are the most common cause of severe short stature
according to a recent study.’
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Figure | Flowchart of the study population and register data.
Abbreviation: CRCH, Care Register of Health Care.

GHD was subdivided into isolated GHD (E23.01 and E23.02) and panhypopituitarism (E23.00). The diagnosis of
GHD in Finland is confirmed with two separately performed GH simulation tests with subnormal responses.>' To
crosscheck the accuracy of diagnoses, we also verified the dates of the first purchases and reimbursements of growth
hormone (ATC code HO1AC) and thyroxine (HO3AAO1) from the drug purchase register of SII between 1998 and
2018.

Statistical Analyses

The variables needed for the analyses were the following: date of birth, diagnosis (ICD-10 code), date of diagnosis, date
of death, and sex. The cumulative incidence (CMI) of the disorders was estimated from birth until the maximum of 16
years of age. Estimation was conducted using the Cumulative Incidence Function (CIF, Aalen-Johansen estimator),
which estimates the probability of occurrence of the event of interest (the first diagnosis) in the presence of other
(competing) events (ie, some children had more than one disease affecting growth, but only one disease can be diagnosed
first). Death before the end of the follow-up time was considered as a competing risk, and follow-up was censored at the
final day of 2017. Median ages at diagnosis were estimated using the CMI. Incidence rate ratios were calculated between
two age groups (children under 4 years of age versus children 4-16 years). Data were processed in SPSS version 25, and
R statistical software version 3.6.1 (R Foundation) was used to calculate CIFs.

Research Ethics

Data were pseudonymised. There was no contact between researchers and the study population. According to Finnish
legislation, consent was not needed. The study was approved by the Research Ethics Committee of the Northern Savo
Hospital District, and permissions to use data were obtained from the data maintainers (THL, Statistics Finland, SII).

Results

The study population resulted in 10.9 million person-years of follow-up (an average of 9.6 years per child). In total, 9987
children (41% boys) had at least one, 288 children had two, and 7 children had three of the selected disorders observed
before the age of 16 years during the follow-up.
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Primary Growth Disorders

Turner Syndrome

The study population included 223 girls with TS diagnosed during the follow-up. The median age at diagnosis was 4.0
years (range 0—15.2 years) (Table 1). The CMI of TS was 52 per 100 000 (1/1911) at 16 years. Altogether, 67% of the
girls (150/223) with TS had reimbursement for growth hormone (GH) and at least one purchase of GH during the follow-

up. Of the TS diagnoses, 38%, 50%, 66%, and 82% were made by 1, 4, 8, and 12 years of age, respectively (Figure 2,

Table 1).

Table | Cumulative Incidences and Median Ages at Diagnosis of Disorders Associated with Short Stature

Growth Cumulative Incidence Per 100 000 (Rescaled CIF in %) at Different Ages Cumulative | Median
Disorders Incidence Age at
Years
(n) (1/'Whole Diagno-
0 1 2 3 4 6 8 10 12 14 16 Number) at | sis, Years
16 Years of
Age
Turner 6.6 20.0 223 25.0 26.3 31.0 345 40.0 43.0 47.6 523 171911 4.0
syndrome (12.6) | (38.3) | (42.7) | (47.7) | (50.2) | (59.2) | (65.9) | (76.4) | (82.1) | (90.9) | (100.0)
(223)
Other SSS
Girls (295) | 3.8 25.4 332 383 41.9 50.3 52.5 55.1 55.5 58.0 61.3 1/1632 1.5
6.1) (41.5) | (54.2) | (62.4) | (68.4) | (82.2) | (85.7) | (89.9) | (90.5) | (94.6) | (100.0)
Boys (355) | 3.8 29.0 36.6 42.6 49.7 56.0 62.3 64.8 67.1 68.1 69.3 1/1443 1.7
(54) (41.8) | (52.8) | (61.4) | (71.8) | (80.8) | (89.9) | (93.6) | (96.9) | (98.3) | (100.0)
GHD®
Girls 314) | 0.4 25 4.1 6.3 9.5 28.0 42.7 55.4 73.9 87.2 93.2 1/1073 8.7
(0.4) 2.7) | 44 (6.8) | (10.2) | (30.0) | (45.8) | (594) | (79.3) | (93.5) | (100.0)
Boys (476) | 0.3 2.1 37 7.6 15.6 44.8 68.4 92.0 1106 | 1173 | 1268 1/789 72
0.3) (1.6) | (29 (6.0) | (12.3) | (353) | (54.0) | (72.6) | (87.3) | (92.5) | (100.0)
Hypo-
thyroidism
Girls (1562) | 1.8 14.7 243 335 45.6 76.6 127.1 | 2063 | 311.6 | 4143 | 568.6 11176 1.6
0.3) (2.6) | (43) (5.9) | (8.0) (13.5) | (224) | (36.3) | (54.8) | (72.9) | (100.0)
Boys (886) 1.2 1.3 19.0 28.3 375 54.7 8l1.8 111.7 | 160.2 | 224.7 | 305.8 1/327 11.8
©4) | 3.7 (6.2) 9.3) | (123) | (17.9) | (26.8) | (36.5) | (52.4) | (73.5) | (100.0)
Celiac
disease
Girls (3221) | 0 (0) | 3.1 311 73.1 1442 | 329.7 | 4945 | 613.2 | 7384 | 8493 | 988.1 17101 8.0
(0.3) (3.1 (74) | (14.6) | (334) | (50.0) | (62.1) | (74.7) | (86.0) | (100.0)
Boys (1862) | 0 (0) | 2.5 21.1 47.5 90.4 1832 | 265.9 | 3404 | 409.2 | 470.6 | 5458 1/183 82
0.5) | (3.9 (8.7) | (l16.6) | (33.6) | (48.7) | (62.4) | (75.0) | (86.2) | (100.0)
Crohn’s
disease
Girls (464) | 0(0) | 7.3 12.1 19.8 26.8 37.0 50.7 69.8 93.9 1235 | 153.8 1/650 10.9
“48) | (79 (12.8) | (17.4) | (24.1) | (33.0) | (454) | (61.0) | (80.3) | (100.0)
Boys (624) | 0 (0) | 6.3 1.0 18.7 26.5 38.9 56.0 75.5 1145 | 1647 | 222.0 1/450 1.9
2.8) | (5.0 84) | (11.9) | (17.5) | (25.2) | (34.0) | (51.6) | (74.2) | (100.0)

Notes: *100 x [(cumulative incidence at the indicated age) / (cumulative incidence at 16 years of age)]. Includes the isolated GHD and panhypopituitarism with GHD.
Abbreviations: GHD, growth hormone deficiency; SSS, short-stature syndrome; CIF, cumulative incidence function.
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Figure 2 Cumulative incidence of Turner syndrome (TS), other short-stature syndromes (SSS), and growth hormone deficiency (GHD) from birth to 16 years of age.
Cumulative incidence of GHD increases steeply from 4 years onwards both in boys and girls, whereas before 4 years of age, the primary growth disorders are more
common.

Other Short-Stature Syndromes

A total of 650 children (55% boys) had a diagnosis of other SSS during the follow-up (see Supplementary Table 1 for
detailed information). The median age at diagnosis was 1.5 years among girls (range 0-16.0 years) and 1.7 years among
boys (range 0—14.3 years) (Table 1). The CMI of other SSSs at 16 years did not differ between girls (61 per 100 000;
95% CI 54.0-69.4) and boys (69 per 100 000; 95% CI 62.1-77.2). Most SSS diagnoses (68% among girls and 72%
among boys) were made before the age of 4 years (Figure 2).

Before the age of 4 years, the incidence rate of diagnoses of any SSS was 4.8-times higher than later at 4 years or
above (95% CI 4.11-5.57, p < 0.001).

Secondary Growth Disorders

Growth Hormone Deficiency

Study population included 1002 children diagnosed with GHD during the follow-up. Of these, 212 children also had an
underlying syndromic disorder (either TS or other SSS) and were included in these categories a priori. Consequently,
there were 790 non-syndromic children with GHD (60% boys). They all had reimbursement for GH and 775 (98%) had
at least one purchase of GH.

The median age at GHD diagnosis was 8.7 years among girls (range 0—15.3 years) and 7.2 years among boys (range
0-16.0 years) (Table 1). At 16 years, the CMI of GHD was higher among boys (127 per 100 000; 95% CI 114.9-139.8)
than among girls (93 per 100 000: 95% CI 82.6—105.0) (Figure 2). Isolated GHD (n = 719; 61% boys) was more common
than panhypopituitarism (n = 71; 56% boys). The CMI of GHD increased from the age of 4 years onwards: 10% and 79%
of the GHD diagnoses among girls and 12% and 87% of the GHD diagnoses among boys were made by 4 and 12 years of
age, respectively.

Of the children with GHD, 133 (of which 35 panhypopituitarism; 26%) were diagnosed before the age of 4 years, and
657 (of which 36 panhypopituitarism; 5%) were diagnosed between 4 and 16 years of age. The incidence rate of the
GHD was 3.0-times higher at 4-16 years of age in comparison to those under 4 years (95% CI 2.5-3.6, p < 0.001).

Celiac Disease

The study population included 5083 children (37% boys) with a diagnosis of CD during the follow-up. At 16 years, the
CMI of CD was higher among girls (988 per 100 000; 95% CI 951.3—-1026.1) than among boys (546 per 100 000; 95% CI
519.1-573.5) (Table 1). The median age at diagnosis was 8.0 years among girls and 8.2 years among boys (range 0-16.0

Clinical Epidemiology 2022:14 htps: 1209

Dove:


https://www.dovepress.com/get_supplementary_file.php?f=372870.docx
https://www.dovepress.com
https://www.dovepress.com

Harju et al Dove

1000

©
o
o
L
900 1000

800

700

600

600

500

400 -

Cumulative Incidence (per 100 000)
300 400

N
=}
o
I
200

100

Age at Diagnosis, Years

Figure 3 Cumulative incidence of celiac disease (CD), hypothyroidism (HT), and Crohn’s disease (CrD) from birth to 16 years of age.

years for both). The CMI of CD began to rise in early childhood, and thereafter, CD was the most common condition in the
study (Figure 3).

Hypothyroidism

In total, 2448 children (36% boys) had a diagnosis of HT during the follow-up, of which 2188 (89%) had at least one purchase
of thyroxine. The median age at the diagnosis was 11.6 years among girls and 11.8 years among boys (range 0—16.0 years for
both sexes) (Table 1). At 16 years, the CMI of HT was higher in girls (569 per 100 000; 95% CI 537.4-601.2) than in boys
(306 per 100 000; 95% CI 283.7-329.3) (Figure 3).

Crohn’s Disease
A total of 1088 children (57% boys) had Crohn’s disease during the follow-up. The median age at diagnosis was 10.9 years
among girls (range 0.1-16.0 years) and 11.9 years in boys (range 0-16.0) (Table 1). The CMI of Crohn’s disease increased
faster from 10 years onwards, and at 16 years, it was higher among boys (222 per 100 000; 95% CI 203.2-242.3) than
among girls (154 per 100 000; 95% CI 138.6-170.4) (Figure 3).

The incidence rate of the secondary growth disorders (GHD, CD, TS, or Crohn’s disease) was 2.2-times higher at
4 years of age or older in comparison to those under 4 years (95% CI 2.1-2.3, p < 0.001).

Discussion

This nationwide 20-year birth cohort study provides the first comparative age- and sex-specific epidemiological data on
common childhood disorders that, if left untreated, lead to growth failure and short stature as part of the clinical
spectrum. We show that among the selected growth disorders there are remarkable differences in age- and sex-specific
epidemiology. These data are important for planning and developing growth screening at the population level and
diagnostic practices in specialized health care.

We found only a few previous studies on epidemiology of disorders affecting childhood growth. In a Danish study by
Nielsen and Wohlert* the incidence of TS was 1 per 2130 girls which is in line with our result (CMI 1 per 1911 at
16 years). TS is often diagnosed late, resulting in short adult height or other health consequences.> %> The median age of
TS diagnosis in our population was 4.0 years, whereas in the study by Massa et al,>> which included 242 Belgian girls,
the median age at diagnosis was 6.6 years.
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Furthermore, in a study by Gravholt et al,>® 90% of TS diagnoses among Danish girls were made within the first 15
years, compared to 99% in the present study. These observations support our hypothesis that epidemiological measures
obtained from our extensively screened population are reliable. Since the incidence of TS is virtually same in different
populations, it seems warranted that TS would be made a priority target condition for growth monitoring.

Short stature is a typical feature in many rare congenital syndromes. In infancy, only subtle dysmorphic features may
be present even though growth is already compromised. Other studies reporting age at diagnosis of SSSs were not found.
Some reviews suggest that the incidence of Noonan syndrome varies between 1/1000 and 1/2500,%”-*® that of Prader-
Willi syndrome varies between 1/10 000—1/30 000,%° and that of Russell-Silver syndrome varies from 1/30 000 to 1/100
000,%° which is in line with our results. The majority (68% among girls and 72% among boys) of the other SSSs were
diagnosed before the age of 4 years.

Syndromes were the most numerous primary growth disorder and more frequent in girls in the recent Finnish study that
investigated the causes of severe (height below —3 SDS) short stature after the age of three years.” Down syndrome, which
was the most frequent (n = 43) single syndrome in their study, was not included in our analysis. Other syndromes with severe
short stature in their study were, for example, Turner syndrome (n = 17), Mulibrey nanism (n = 8), Noonan syndrome (n = 6),
Silver-Russell syndrome (n = 4), and DiGeorge syndrome (n = 4).> Since the differences in study design, the number of
corresponding disorders in our study are bigger and cannot be compared with the study of Kirkinen et al.’

After the early childhood, the focus of growth screening should be widened from primary disorders to acquired
conditions that become more common from 3—4 years of age. One of the most commonly accepted target conditions for
growth screening is GHD. A few studies have focused on the epidemiology of GHD with prevalence estimates varying
from 1:3480 to 1:8646.>'>% Stochholm et al reported that the average annual incidence rate of childhood onset GHD (ie,
diagnoses before 18 years of age) was 2.58 in boys and 1.70 in girls, both per 100 000.>* The CMI estimates obtained in
the present study (93 per 100 000 among girls and 127 per 100 000 among boys at 16 years) are high, but they are not
directly comparable with other studies. These diverse results may reflect the intensity of growth monitoring and the full
availability of diagnostic tools, such as IGF-I and IGFBP-3 measurements, provocative GH testing, genetic testing, and
neuroimaging.®*

In their study of etiology of severe short stature, Kérkinen et al identified 94 patients with GHD of which 76 patients
had isolated GHD.” GHD was also more prevalent in boys.” Similar observations of boys having higher incidence of
GHD have been made in Denmark.*® The median age at disease onset among boys was higher in a Danish cohort (9.1
years) than in our data (7.2 years), whilst it was almost the same among girls (8.6 versus 8.7 years, respectively).”” In
general, the age at GHD diagnosis differs greatly between countries, ranging from 4.6 years in Germany to 7.0 years in
the UK and 9.4 years in the US.?” Overall, most of the GHD diagnoses were made between 5 and 10 years of age in the
present population, indicating that the index of suspicion of GHD should be high in prepubertal years when the
opportunity to improve adult height is available.

Another endocrine condition that is classically associated with growth failure is acquired hypothyroidism. It is
carefully studied among adolescents and adults, but its epidemiology in childhood remains obscure. Rivkees et al report
that despite thyroxine treatment, acquired HT may result in a permanent height deficit.® In the present study, the CMI
estimates of acquired HT (1 per 176 in girls and 1 per 327 in boys at 16 years) confirm that HT is already more common
among girls during childhood. The steepest rise in the CMI of HT was seen between 10 and 16 years of age, warranting
a high index of suspicion during late childhood and puberty.

Celiac disease was the most common disorder in the study, and by 4 years of age, the CMI of CD was greater than
that of other acquired growth disorders together. At the age of 16 years, the CMI of CD was 0.99% for girls and 0.55%
for boys. These results are consistent with the prevalence of CD among Finnish adults (0.70% for women and 0.38% for
men).>® Even higher figures were reported in North America, where the CMI of CD is 3.1% at the age of 15 years.’’
However, this high incidence of CD could be an isolated cohort effect, as the study discussed.

The observation that CD is significantly more common among girls from the early age onwards is novel. We have
previously demonstrated that growth is already abnormal 2 years before the CD diagnosis in the majority of children.® In
a recent study, 944 new-borns at risk of CD were examined periodically, and by 6 years, 12% had developed CD.
However, the growth failure started before the serology result turned positive for CD.>® We propose that due to the high
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incidence and its unfavourable effect of growth, CD should be included among the priority target conditions for growth
screening in childhood.

The CMI of Crohn’s disease (1 per 650 in girls and 1 per 450 in boys at 16 years) was lower than the CMIs of CD and
HT in this study. The biggest rise in the CMI of Crohn’s disease diagnoses was seen between 10 and 16 years of age, as
observed in other studies.>® Previous studies indicate that growth impairment is one of the most significant complications
of pediatric-onset Crohn’s disease. In fact, growth failure was observed in 15-40% of patients upon the diagnosis of

39,42

Crohn’s disease.*™*' Combined with the diagnostic delays and increasing incidence over the past decades, these

findings make Crohn’s disease a potential target condition for growth screening.

Strengths

This study has several strengths. First, the study population is large, over 1.1 million individuals representing the whole
child population born in a 20-year period. Second, the population was carefully monitored by one of the world’s most
extensive growth- and health monitoring programs with over 20 check-ups.'*'> If growth screening was abnormal,
further examinations were programmed systematically to diagnose the potential cause.**** Therefore, it is probable that
the diagnoses of growth disorders are obtained in a timely manner. Third, the nationwide registers are shown to be good
data sources.*> Additionally, we were able to confirm the accuracy of TS, GHD, and hypothyroidism diagnoses using
medication data.

Limitations

Even though the Finnish well-child program is among the most extensive growth monitoring programs worldwide, the
diagnostic accuracy of any program is never 100%. Despite careful growth monitoring, there is always a delay of
variable length from the onset of a disorder to the diagnosis. Therefore, the CMI figures are always underestimates of true
figures. Further, there can be differences in the genetic predisposition to various growth disorders between populations,
and thus our data may not be generalizable to all populations. However, based on the previous literature discussed above,
this does not seem probable. Migration was not taken into account when calculating the CMI due to a lack of data.
However, the number of emigrants/immigrants is known to be small, and disregarding migration is unlikely to have
a significant influence on the results. Since we did not have access to the actual growth measurements, we can only
speculate about how the yield of growth monitoring would mirror these data. Nevertheless, we can now postulate about
how a growth monitoring program should perform in a child population.

Conclusion

This study provides for the first population-based epidemiological data on several primary and secondary growth
disorders associated with short stature in childhood. Median age at TS diagnosis was 4.0 years, and it was the most
common primary growth disorder. Median age at GHD diagnosis was 8.7 years among girls and 7.2 years among boys.
The CMI of GHD was lower in girls than boys, whereas CD and HT were more common in girls than boys. In
conclusion, growth monitoring should be age- and sex-specific, and the main focus should be widened from primary also
to secondary growth disorders from preschool age and onwards. This study further confirms our understanding that
principal target conditions for growth screening are at least TS, GHD, HT, and CD. Further studies evaluating the
accuracy and cost-effectiveness of growth monitoring are warranted, focusing on the key target conditions whose age-
and sex-specific epidemiological patterns are now elucidated.
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