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Abstract
Little is known about the global prevalence of congenital hypothyroidism (CH), though it is known to vary across countries
and time periods. This meta-analysis aims to estimate the global and regional prevalence of CH among births between 1969
and 2020. PubMed, Web of Sciences, and Embase databases were searched for relevant studies between January 1, 1975,
and March 2, 2020. Pooled prevalence was calculated using a generalized linear mixed model, and expressed as a rate per
10,000 neonates. The meta-analysis involved 116 studies, which analyzed 330,210,785 neonates, among whom 174,543
were diagnosed with CH. The pooled global prevalence of CH from 1969 to 2020 was 4.25 (95% confidence interval (CI)
3.96-4.57). The geographic region with highest prevalence was the Eastern Mediterranean (7.91, 95% CI 6.09-10.26), where
the prevalence was 2.48-fold (95% CI 2.04-3.01) that in Europe. The national income level with the highest prevalence was
upper-middle (6.76, 95% CI 5.66-8.06), which was 1.91-fold (95% CI 1.65-2.22) that in high-income countries. Global
prevalence of CH was 52% (95% C1 4-122%) higher in 2011-2020 than in 1969-1980, after adjusting for geographic region,
national income level, and screening strategy.

Conclusion: The global prevalence of CH increased from 1969 to 2020, which may reflect the implementation of national
neonatal screening, neonatal testing for thyroid-stimulating hormone, and a lowering of the diagnostic level of this hormone.
Additional factors are likely to be driving the increase, which should be identified in future research.

What is Known:

o Cumulated evidence had suggested that the occurrences of congenital hypothyroidism (CH) among newborns were varied in different countries..

o Up-trends of the birth prevalence of CH were observed in many European and American countries.

What is New:

o This is the first meta-analysis to estimate global and regional prevalence of CH among newborns.

o The global prevalence of CH has increased by 127% since 1969. The Eastern Mediterranean has the highest prevalence and stands out with
the most pronounced escalation in the prevalence of CH.
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Introduction

Congenital hypothyroidism (CH) is typically defined as
thyroid hormone deficiency present at birth, which is one
of the most common endocrine disorders in infants [1]. If
left untreated, CH leads to severe intellectual and physical
developmental disorders in children [2-5]. The prevalence of
CH has been estimated at 1 per 20004000 births worldwide
[6]. CH can result from genetic defects or exposure to sub-
stances in the environment, or it can arise idiopathically for
unknown reasons. The implementation of universal newborn
screening (NBS) in several countries substantially improved
our ability to detect CH and analyze its epidemiology [7, 8].
A detailed understanding of this epidemiology has
become more important with the publication of reports
documenting rises in CH prevalence over the last decades in
the USA [9] as well as several European and Asian countries
[10-14]. Synthesizing these various studies in order to gain a
globally coherent picture is challenging because of heteroge-
neity in how newborns are screened for the condition in vari-
ous countries as well as in how prevalence data are reported
and analyzed. Despite the difficulty, such synthesis is a
crucial component in our understanding of gaining insight
into the epidemiological characteristics of CH. Therefore,
we performed a systematic review and meta-analysis of the
global prevalence of CH among births between 1969 and
2020. We pooled estimates from studies involving roughly
comparable screening and analytical approaches.

Methods

This study was conducted in accordance with the guidelines
of the “Preferred Reporting Items for Systematic Reviews and
Meta-Analyses” (PRISMA) [15]. The study protocol was pre-
specified and registered with PROSPERO (CRD42021268324).

Search strategy

We searched PubMed, Web of Science, and Embase on
March 2, 2021, using the following search string: (“hypothy-
roidism” OR “TSH Deficiency” OR “Thyroid-Stimulating
Hormone Deficiency”) and (“Morbidity” OR “Morbidities”
OR “Basic Reproduction Number” OR “Incidence” OR
“Prevalence” OR “Detection Rate” OR “Detectable Rate”
OR “Detection”) and (“Infant” OR “Newborn” OR “Neo-
nate” OR “Neonates” OR “Newborn” OR “Newborns” OR
“Infant” OR “Infants”). Searches were limited to original
research abstracts or full texts published in English between
January 1, 1975, and March 2, 2021. A search strategy was
initially developed for PubMed and then adapted to the other
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two databases by mapping the search terms to additional
controlled vocabulary and subject heading terminology
(see Supplemental Table 1 in the Supplement). The web-
sites of government departments, relevant organizations, and
research institutions were searched in an effort to identify
potentially eligible gray literature. Reference lists of full-text
articles and publications were manually searched.

Study selection

After removing duplicates, two reviewers independently
screened the titles and abstracts of all retrieved records, then
the full texts were assessed. We included studies with a cross-
sectional, cohort, or other observational design, such as regu-
lar reports collected by information system and epidemiologi-
cal monitoring services. To be eligible for inclusion, studies
had to report CH prevalence among neonates or infants during
at least 1 year. We excluded reviews, conference abstracts,
comments, letters, and studies if the full text was unavail-
able; studies that did not report denominators or numerators;
and studies conducted on clinically specific populations such
as preterm infants, low-birth-weight infants, or infants with
Down syndrome. In case of disagreement about whether to
include a study, consensus was reached through discussion,
and if necessary, a third researcher was consulted. When mul-
tiple publications involved the same investigators or sample,
we included only the article from which we could extract the
most complete information.

Risk assessment of included studies

Risk of bias in included studies was independently assessed
by two authors using the Quality Assessment Scale for Rat-
ing the Risk of Bias in Prevalence Studies [16]. The scale
uses 10 items to assess the internal and external validity of
a study. Questions focused on external validity in terms of
the representative character of the target population and the
sampling frame, selection of the sample, and non-response
bias. Other items examined internal validity in terms of
whether data were collected from subjects directly or indi-
rectly, whether cases were appropriately defined, whether
measurement instruments had been validated, whether data
were collected in a consistent manner, how long was the
shortest period used to calculate prevalence, and whether
prevalence was calculated appropriately. Studies with scores
of 7-10 were considered at low risk of bias, while those
with scores of 0—6 were at high risk [17-19]. Studies at high
risk of bias were excluded from the meta-analysis [20]. Any
discrepancies in assessments of risk of bias were resolved
by discussion with a third researcher.
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Data extraction

Data were independently extracted from included studies
by two authors using a previously designed data extraction
form (see Supplemental methods in the Supplement). The
same two authors independently entered all data, then the
two records were checked against each other and, if nec-
essary, against the original publications in order to arrive
at a single correct database. Disagreements were resolved
through consultation with other authors. If the necessary
data were not reported, they were requested from the cor-
responding authors.

Statistical analysis

Statistical analysis was conducted using the meta and meta-
for packages in R (version 4.0.3, R Foundation for Statis-
tical Computing) [21, 22]. Meta-analyses were performed
using a single-arm random-effects model to synthesize data
on the prevalence of CH (all types) or CH subtypes. One
type of analysis examined two subtypes of CH: permanent
CH (PCH) or transient CH (TCH). Another type of analy-
sis examined three subtypes of CH: dyshormonogenesis
(DHG) or hyperthyrotropinemia (HTT) [23-28]. CH preva-
lence among births was calculated using a random-effects
method and generalized linear mixed model, [29, 30] and it
was expressed as a rate per 10,000 neonates, together with
95% confidence intervals (CIs). Prevalence rates for each
time period (see below) were pooled by setting five 10-year
periods. Between-study heterogeneity was assessed using
the Cochran Q test and I statistic.

Based on the literature [31], we analyzed CH preva-
lence during the following 10-year periods: 1969-1980,
1981-1990, 1991-2000, 2001-2010, and 2011-2020. The
year of prevalence data was taken to be the year when the
study was performed, not the year in which the study was
published (see Supplemental Table 2 in the Supplement).
When a study reported a single prevalence for a period
spanning multiple years, the prevalence was assigned to the
median year in the span.

We planned to conduct subgroup analyses to estimate
CH prevalence based on the following stratifying vari-
ables: time period; geographic region, as defined by the
World Health Organization [32] (Eastern Mediterranean,
European, Americas, South-East Asia, Western Pacific,
African); national income level, based on country rankings
by the World Bank [33] (low, lower-middle, upper-middle,
high); CH subtype (see above); or NBS strategy (based on
thyroid-stimulation hormone (TSH) assay, with positive
cutoff values defined as >20 mIU/L; based on TSH assay,
with positive cutoff values defined as <20 mIU/L; or based
on thyroxine (T4) assay). We did not perform subgroup

analyses if they involved only one or two studies. The stud-
ies in our meta-analysis did not analyze countries assigned to
the “African region” by the World Health Organization or to
“low-income” countries by the World Bank because we did
not identify any studies involving those countries.

To detect strong influence of specific subgroups on global
CH prevalence, we performed meta-regression in which the
dependent variable was CH prevalence and the independ-
ent variables were as follows: geographical region (dummy
variable), national income level (categorical variable), NSB
screening strategy (categorical variable), and year of inves-
tigation (dummy variable).

To detect strong influence from individual studies on
pooled prevalence, we performed sensitivity analyses in
which each study was omitted one-by-one [34] or in which
we excluded studies whose samples were smaller than the
fifth percentile of samples in all studies in the given meta-
analysis. Publication bias was not assessed due to the lack of
an appropriate tool for single-arm studies [35].

Results

A total of 116 studies were included in this systematic review
and meta-analysis (Fig. 1). All studies met the prespecified qual-
ity criterion of at least seven points, with none judged as being
at high risk of bias (see Supplemental Tables 3 and 4 in the Sup-
plement). The included studies enrolled a total of 330,210,785
neonates, of whom 174,543 were diagnosed with CH. The stud-
ies were conducted in 42 countries across five WHO regions, 41
(35%) papers were in the European region, 29 (25%) in the East-
ern Mediterranean, 25 (22%) in the Americas, 13 (11%) in the
Western Pacific, and 8 (6.9%) in Southeast Asia. Supplemental
Fig. 1 shows the map of countries included in this meta-analysis.
Meanwhile, 30% (n=35) of all included literature was at the
national level and 70% (n=81) was partial, while 79% (n=91)
of the studies were from registry data on newborn screening and
only 22% (n=25) were hospital-based. And three-quarters of
the studies in the included literature are based on TSH, and one-
quarter is based on T4, while the number of newborns screened
based on TSH is 2.9 times that of T4. And total of 63 studies
(54%) reported prevalence data for one or more specific CH
subtypes, while 23 (20%) reported prevalence covering more
than 1 year. Detailed characteristics of the included studies are
shown in Supplemental Table 5 in the Supplement.

Over the period of 1969-2020, the pooled global preva-
lence of CH was 4.25 (95% CI 3.96—4.57) per 10,000 neo-
nates (Table 1). This result was associated with substan-
tial heterogeneity (I2 =99.7%, 0=103,759.7, P<0.001).
Repeating the meta-analysis after omitting each study one
by one indicated a range of prevalence from 4.23 (95% CI
3.94-4.53) to 4.28 (95% CI 3.99-4.59) per 10,000 neonates
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(see Supplemental Table 6 in the Supplement). No single
study had an excessive influence on the pooled prevalence of
CH. After excluding studies with a sample smaller than the
fifth percentile, the overall birth prevalence of CH was (4.15
(95% CI 3.87-4.46), I’=99.7%, Q=103,697.7, P <0.001]
per 10,000 neonates.

Among the subset of studies reporting prevalence of
different subtypes of CH, the prevalence of PCH was 3.37
(95% CI 2.99-3.80) per 10,000 neonates, significantly higher
than the 1.00 (95% CI 0.74-1.37) for TCH (P <0.001). The
prevalence of thyroid dysgenesis was significantly higher
than those of HTT or DHG (both P <0.001). Prevalence of
global CH was significantly higher when disease screening
was based on TSH than when it was based on T4.

There were significant differences in the birth prevalence
of CH across geographic regions and national income levels
(Table 3). The highest reported CH prevalence was found in
the Eastern Mediterranean (7.91 (95% CI 6.09-10.26 per
10,000 neonates), which was 2.48-fold (95% CI 2.04-3.01)
that in the European Region, where prevalence was low-
est. Prevalence was highest in countries with upper-middle
income (6.76 (95% CI 5.66-8.06) per 10,000 neonates),
which was 1.91-fold (95% CI 1.65-2.22) that in countries
with high income.

Overall pooled CH prevalence increased from 2.37
(95% CI 1.97-2.85) per 10,000 neonates in 1969-1980
to 5.26 (95% CI 4.03-6.85) per 10,000 neonates in
2011-2020. After adjusting for geographic region, national
income level, and NBS screening strategy, CH prevalence
was 52% (95% CI 4-122%) higher in 2011-2020 than in
1969-1980 (Table 3). In addition, the global prevalence
increased more sharply during 2001-2010 than during
1969-2000 (Fig. 2). Across the five 10-year periods, CH
prevalence continuously increased in the Eastern Medi-
terranean and Western Pacific (Table 2). Prevalence in
the Americas and European region increased from 1969
to 2010, but declined from 2011 to 2020; the same was
observed across high-income countries as a group.

Discussion

To the best of our knowledge, this is the first meta-analysis
to synthesize available data on global prevalence of CH
since the widespread introduction of NBS. Our findings
indicate a global CH prevalence of 1 per 2353 neonates
worldwide from 1969 to 2020, which varies across geo-
graphic regions and national income levels.

Table 1 Pooled prevalence of

. e Subgroup Prevalence 95% CI Heterogeneity
congenital hypothyroidism by
subgroup, from 1969 to 2020 Tau? Q P

Entire sample 4.25 3.96-4.57 0.47 103,759.69  <0.0001

By geographic area 35.53 <0.0001
Eastern Mediterranean 7.91 6.09-10.26  0.94
Southeast Asia 5.71 2.76-11.79  0.61
Americas 4.11 3.78-4.46 0.18
Western Pacific 3.71 3.31-4.15 0.16
European 3.56 3.21-3.96 0.33

By national income level 46.24 <0.0001
High 3.57 3.36-3.80 0.21
Upper-middle 6.76 5.66-8.06 0.72
Lower-middle 4.60 3.07-6.92 0.63

By neonatal screening strategy 6.50 0.01
Thyroid-stimulating hormone 4.82 4.40-5.28 0.32
Thyroxine (T4) 3.94 3.47-4.48 0.66

Subtype of congenital hypothyroidism
Transient 1.00 0.74-1.37 1.92 12,512.76 <0.0001
Permanent 3.37 2.99-3.80 0.20 1914.42 <0.0001
Central origin 0.73 0.42-1.29 043 70.07 <0.0001
Thyroidal origin 2.89 0.84-9.96 0.02 16.42 <0.0001
Thyroid dysgenesis 2.33 1.87-2.91 0.39 1276.36 <0.0001
Dyshormonogenesis 0.71 0.34-1.52 2.50  464.36 <0.0001
Hyperthyrotropinemia 1.64 0.22-12.31 043  70.07 <0.0001

CI confidence interval
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Table 2 Prevalence of congenital hypothyroidism during different time periods, stratified by geographic region or national income level

Stratifying factor 1969-1980 1981-1990 1991-2000 2001-2010 2011-2020
Region
Americas Prevalence (95% CI) 2.58 (2.05-3.26) 2.9 (2.52-3.34) 4.14 (3.76-4.55) 5.57 (4.88-6.36) 2.77 (1.54-4.99)

OR (95% CI)
Eastern Mediterranean

European
Southeast Asia
Western Pacific
National income level
High
OR (95% CI)

Upper-middle

Lower-middle

Prevalence (95% CI)

Ref
NA
NA
2.32 (1.64-3.29)
Ref
NA
NA
NA
NA

2.37 (1.98-2.85)
Ref
NA
NA
NA
NA

1.21 (0.87-1.68)
3.85(2.79-5.32)
Ref
3.06 (2.56-3.64)
1.24 (0.75-2.04)
NA
NA
2.65 (1.93-3.64)
Ref

2.99 (2.69-3.31)
1.25 (0.94-1.66)
NA
NA
NA
NA

1.72 (1.26-2.36)
4.09 (2.98-5.61)
1.00 (0.47-2.15)
3.43 (2.76-4.25)
1.4 (0.85-2.3)
NA

NA

3.27 (2.63-4.06)
1.34 (0.95-1.89)

3.66 (3.30-4.06)
1.54 (1.16-2.04)
3.83 (2.95-4.98)
Ref
NA
NA

2.33 (1.70-3.20)

14.17 (9.69-20.70)

3.86 (1.92-7.79)
4.58 (3.72-5.64)
1.87 (1.14-3.07)
6.9 (1.57-30.15)
Ref

4.48 (3.78-5.3)
1.8 (1.27-2.55)

4.68 (4.12-5.33)
1.95 (1.46-2.61)
7.93 (6.34-9.92)
2.07 (1.40-3.06)
5.19 (2.72-9.89)
Ref

1.19 (0.74-1.91)
9.84 (5.09-19.01)
2.97 (1.40-6.28)
3.73 (3.06-4.55)
1.51 (0.86-2.65)
5.15 (2.68-9.89)
0.73 (0.16-3.36)
4.58 (4.17-5.02)
1.84 (1.26-2.7)

3.59 (3.04-4.23)
1.47 (1.03-2.09)
9.5 (6.02-14.99)
2.49 (1.51-4.08)
3.71 (2.15-6.39)
0.73 (0.32-1.68)

CI confidence interval, NA not applicable, OR odds ratio, Ref reference

We observe three major increases in global CH preva-
lence since reliable data first became available in 1969.
NBS for CH was reported first in North America in 1972,

C

when CH prevalence was 1 per 3000-4000 neonates [28].
This rate far exceeded the rate of 1 per 7000-10,000 births
when CH was diagnosed based on clinical manifestations

D
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Table 3 Meta-regression to assess influence of different subgroups on

pooled prevalence estimates of congenital hypothyroidism

Subgroup OR (95% CI)
Crude Adjusted

Time group
1969-1980 Ref Ref
1981-1990 1.23 (0.84-1.81)  1.13 (0.81-1.57)
1991-2000 1.53 (1.06-2.22)  1.33 (0.96-1.84)
2001-2010 2.50(1.72-3.62)  1.66 (1.19-2.32)
2011-2020 2.27(1.52-3.39)  1.52 (1.04-2.22)

Neonatal screening strategy
TSH, cutoff >20 mIU/L
TSH, cutoff <20 mIU/L
T4

Geographic region
European
Americas
Eastern Mediterranean
Southeast Asia
Western Pacific

National income level
High
Upper-middle
Low-middle

Ref
1.43 (1.21-1.70)
1.10 (0.90-1.33)

Ref

1.15 (0.99-1.34)
2.48 (2.04-3.01)
1.54 (0.96-2.48)
1.01 (0.84-1.22)

Ref
1.91 (1.65-2.22)
1.26 (0.91-1.74)

Ref
1.35 (1.17-1.55)
1.47 (1.21-1.78)

Ref

1.35 (1.17-1.55)
1.47 (1.21-1.78)
1.35 (1.17-1.55)
1.47 (1.21-1.78)

Ref
1.87 (1.59-2.20)
1.15 (0.82-1.62)

CI confidence interval, Ref reference, T7SH thyroid-stimulating hor-

mone, T4 thyroxine

[36], constituting the first major rise in CH prevalence.
Since 1979, NBS for CH has spread throughout the indus-
trialized world, although such programs remain inadequate
in many parts of Asia and the Western Pacific [37, 38].
Before 1980s, most NBS programs were based on the

5.97
[

5.26

4 3:69

2.98

2.37

Prevalence (per 10,000 neonates)

1969-1980 1981-1990 1991-2000 2001-2010 2011-2020
Decade

Fig.2 Global prevalence of congenital hypothyroidism by decade,
1969-2020. The red shaded area indicates the 95% confidence inter-
val
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primary T4 assay [39]. Since the mid-1990s, many NBS
programs around the world switched from the primary T4
assay to the easier-to-use and potentially more sensitive
primary TSH assay, which may have led to the second
major rise in CH prevalence [40]. Indeed, we found that
CH prevalence was lower among the subset of studies
based on T4 assay than among those based on TSH assay.
Almost all countries that started newborn CH screening
in the 1990s or later adopted a primary TSH assay. Before
the 1990s, most industrialized countries screened for CH
based on a recommended TSH value of 20 mIU/L [41].
Starting in 2000, some European countries [42, 43], the
USA [44], and Iran [45] revised this cutoff downward in
an effort to reliably detect the disease, including milder
cases. This led to the third major increase in CH preva-
lence. According to our findings, the CH prevalence when
the TSH cutoff value was < 20 mIU/L was 1.36-fold higher
than the prevalence when the TSH cutoff value was > 20
mlU/L. Lowering of the TSH cutoff value may have con-
tributed to the substantial increase in global CH preva-
lence between the periods 1991-2000 and 2001-2010.

Several other factors may have contributed to the
observed increases in CH prevalence, including higher
survival rates of preterm babies or twins or triplets [46,
47], more sensitive detection in low-birth-weight neonates
as a result of resampling [48], better detection of CH in
preterm and acutely ill infants who show a delayed TSH
rise [49-51], increasing rates of birth among older women,
increased exposure to harmful chemicals in the environ-
ment, and climate change [52]. Still-unidentified factors
may also be contributing to rising prevalence [53].

Our meta-analysis found the highest CH prevalence in
the Eastern Mediterranean region, and it is consistent with
literature published by Iran, [13] Saudi Arabia [54], Pakistan
[55], and Bahrain [56]. There are several reasons, firstly we
get the conclusion based on data from studies in eight out
of 22 countries in the region and most of the data from the
Eastern Mediterranean region was after the year 2000, espe-
cially in Iran. This may have led to a rapid increase in the
CH prevalence rate in the Eastern Mediterranean region after
2000. Secondly, people in the Eastern Mediterranean region
may be at higher risk of genetic disorders, [57, 58] includ-
ing thyroid dysplasia [24, 59]. Thirdly, the CH is related to
iodine deficiency disorders (IDD). Although previous studies
indicated that Iran was free of iodine deficiency disorders
(IDD) in 2007 [60-62], there was still a study conducted in
2009 that found that the iodine deficiency among pregnant
women was over 66.9% and even as high as 98.6% in moun-
tainous areas [63].

Although we attempted to reduce heterogeneity by initially
screening the included literature by literature quality assess-
ment, using random-effects subgroup analysis and meta-
regression analysis in the analysis phase, and using sensitivity
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analysis in the later stages of the analysis. However, the results
in this paper showed high heterogeneity as in many meta-anal-
yses of prevalence, [64, 65] so it is best to combine the result
in conjunction with confidence intervals. Given the different
focus of screening strategies across countries and the varying
likelihood of access to the data of national newborn screen-
ing, a more comprehensive collection of data across countries
thereafter would probably provide a more accurate estimate
of CH prevalence.

Additionally, our study has some limitations. Firstly, our
findings should be interpreted with caution given that we did
not include studies from the African region. NBS is under-
developed in this region, especially in sub-Saharan Africa,
which reflects lack of funding as well as a focus on screening
for sickle cell disease [66]. Just over half the studies in our
meta-analysis came from high-income countries, so to what
extent our results can be generalized to countries of low- or
lower-middle income needs to be explored. Scarcity of data
from such countries likely also reflects an underdevelopment
of NBS. A second limitation is that the number of included
studies from high-income countries dropped off dramatically
after 2011, which may affect the reliability of pooled preva-
lence estimates for the most recent decade. A third limitation is
that in regions where NBS is incomplete, our results of pooled
prevalence may over- or underestimate the actual prevalence.

Conclusion

This systematic review and meta-analysis indicate a nearly
continuous increase in global CH prevalence among neo-
nates since 1969. This increase likely reflects the worldwide
expansion of NBS with a shift toward TSH screening and
more restrictive TSH cutoff thresholds. Our work highlights
the need for future research into additional, unknown fac-
tors that may contribute to rising CH prevalence, which is a
global public health concern.
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