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Abstract

Background: Patients with undiagnosed hypothyroidism
are not treated for the disease and are at high risk of devel-
oping serious complications, with major impact on public
health. There is a need to systematically review the available
evidence on this topic. Objective: To identify the prevalence
of undiagnosed hypothyroidism in Europe. Methods: A sys-
tematic review of the literature (Medline, EMBASE, and Co-
chrane Central) was performed to identify epidemiological
studies on the prevalence of undiagnosed hypothyroidism
among European populations published between January
2008 and April 2018. The Newcastle-Ottawa Scale was used
to assess the methodological quality of the included studies.
Random-effects meta-analyses were performed to pool esti-
mates of proportions (with 95% confidence intervals [Cls]) of
undiagnosed (1) subclinical, (2) overt, and (3) total hypothy-
roidism. Results: The search returned 15,565 citations (4,526
duplicates). Twenty papers were included in the study. Four-
teen and 6 studies were of good and moderate methodolog-

ical quality, respectively. The results of the meta-analyses
were as follows for the prevalence of undiagnosed hypothy-
roidism: subclinical, 4.11% (95% Cl 3.05-5.31%, I* = 99.32%);
overt, 0.65% (95% Cl 0.38-0.99%, I> = 96.67%); and total,
4.70% (95% Cl 2.98-6.79%, I> = 99.53%). According to the
sensitivity analysis, the prevalence of hypothyroidism tends
to be higher in female patients, in those aged >65 years,
among studies with lower sample sizes, in those with thy-
roid-stimulating hormone levels <4.5 mIU/L, and in Eastern
and Southern Europe. Conclusions: The current evidence
suggests that a considerable proportion of the European
population has hypothyroidism, particularly subclinical hy-
pothyroidism, which is undiagnosed. This issue deserves fur-
ther investigation because of possible deleterious conse-

quences for public health. © 2019 European Thyroid Association

Published by S. Karger AG, Basel

Introduction

Hypothyroidism is a condition of thyroid hormone
deficiency which is essentially defined based on biochem-
ical parameters. Overt hypothyroidism is the combina-
tion of an elevated level of serum thyroid-stimulating
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hormone (TSH) with a decreased level of serum free thy-
roxin (fT,) as compared to the reference ranges in the
general population. Subclinical hypothyroidism is de-
fined as an elevated serum TSH level in combination with
a normal serum T level [1, 2]. The reference ranges for
TSH and T currently used to define thyroid dysfunction
are subject of discussion because of the arbitrary nature
of the cutoffs. This issue is of clinical importance for di-
agnosis and treatment decision purposes [1, 3].

The prevalence of hypothyroidism varies consider-
ably across the general population. There is a number of
factors that can influence the prevalence of this condi-
tion. For example, the occurrence of hypothyroidism is
affected by differences in the iodine status between pop-
ulations, with higher prevalence among those with high
iodine intake and in severely iodine-deficient popula-
tions [4]. The prevalence of hypothyroidism is also
higher in women, in senior populations, and in Cauca-
sian individuals [5-9]. Furthermore, there is an in-
creased risk of hypothyroidism in patients with autoim-
mune diseases, including diabetes mellitus, rheumatoid
arthritis, or systemic lupus erythematosus, and also in
patients with other conditions, such as HIV infection
[10-14].

Several studies have been conducted to estimate the
prevalence of hypothyroidism. The estimates can vary
between 0.1 and 12.5%, depending on the definition
used [15, 16]. For example, some studies evaluated the
prevalence of undiagnosed and untreated subclinical
and/or overt hypothyroidism [17-19], while others ad-
dressed previously diagnosed and treated hypothyroid-
ism [20, 21]. Patients with undiagnosed hypothyroidism
are not treated for the disease and therefore might be at
higher risk of developing long-term complications, such
as serious and even fatal cardiovascular diseases, diabe-
tes, or others [22-25]. This situation may result in im-
portant implications for public health. Although a sys-
tematic review with a meta-analysis on the European
prevalence and incidence of (undiagnosed and diag-
nosed) thyroid dysfunction has been published, that
work considered only studies that reported simultane-
ously on both hypo- and hyperthyroidism. This ap-
proach led to the exclusion of studies that exclusively
addressed hypothyroidism. Furthermore, several stud-
ies were concluded after the publication of that meta-
analysis [26]. Therefore, there is rationale to perform a
systematic review and meta-analysis aiming to deter-
mine the prevalence of undiagnosed hypothyroidism in
Europe.

Prevalence of Undiagnosed
Hypothyroidism in Europe

Methods

This study conforms to standard guidelines and was written
according to the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) statement [27]. Online supplemen-
tary Table 1 (for all online suppl. material, see www.karger.com/
doi/10.1159/000499751) presents the PRISMA checklist.

Search Strategy

The Medline, EMBASE, and Cochrane Central databases were
searched for articles published between January 2008 and April
2018. Bibliographic reference lists of all relevant studies, meta-
analyses, and systematic reviews were hand searched to identify
additional eligible articles. The electronic database search strategy
is available in online supplementary Tables 2 and 3.

Study Selection

The titles and abstracts of all retrieved citations were screened
by two independent reviewers (D.M. and C.A.) to identify poten-
tially relevant publications. Full texts were retrieved for relevant
citations. Discrepancies were resolved by majority decision (two of
three) involving a third investigator (F.B.M.).

Studies were included if they met the following criteria: (1)
based on a European population, (2) included participants from the
general population (without age or sex restrictions) without previ-
ously known thyroid disease, (3) provided epidemiological data on
the prevalence of subclinical, overt, and/or total hypothyroidism,
and (4) provided definitions for subclinical and overt hypothyroid-
ism according to laboratory measurements, namely TSH and fT4
levels. Studies involving only participants with underlying diseases
(e.g., diabetes) or conditions (e.g., pregnancy) were excluded. Re-
views, case reports, abstracts, and conference proceedings were ex-
cluded. No further exclusion criteria were applied.

Data Extraction

Data were extracted by two independent reviewers (D.M. and
C.A.). The data retrieved from each study included first author’s
name, bibliographic reference, year of publication, country/re-
gion, study design, demographic characteristics (mean age, pro-
portion of females, number of subjects included), prevalence of
hypothyroidism, reference ranges for thyroid function tests and
thyroid disorder categories, as well as assays used to measure thy-
roid function in each study.

Evaluation of Methodological Quality

The Newcastle-Ottawa Scale was used to assess the method-
ological quality of the included studies. This scale considers the
following: selection of the study groups, comparability of the
groups, and ascertainment of either the exposure (for case-control
studies) or outcome of interest (for cohort studies) [28]. A maxi-
mum of 1 point for each item within the “selection” and “exposure/
outcome” categories could be awarded. For the “comparability”
category, a maximum of 2 points could be awarded. The summary
score equals the number of points earned by each study, totaling a
maximum of 9 (maximum of 8 points for cross-sectional analysis).
An adapted form of the Newcastle-Ottawa Scale was used to assess
cross-sectional studies [29]. Studies scoring >7 points were con-
sidered to be of good quality, those scoring <7 and 25 points were
considered to be of moderate quality, and those scoring <5 points
were considered to be of poor quality.
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Statistical Analysis

The co-primary outcomes were the proportion of people with
undiagnosed (1) subclinical, (2) overt, and (3) total hypothyroid-
ism (i.e., the sum of subclinical and overt cases). The classification
of cases as subclinical or overt hypothyroidism was the one pro-
vided by the authors of the studies included in this systematic re-
view.

Pooled estimates of proportions with corresponding 95% con-
fidence intervals (Cls) were calculated using the “exact” method
within a random-effects model [30, 31]. Between-study heteroge-
neity was assessed using the ¥* test and the I* measure of inconsis-
tency [32]. An I? estimate >50% was considered indicative of sub-
stantial heterogeneity. Publication bias was evaluated by Egger’s
regression asymmetry test and visually examined by a funnel plot
[33]. All reported p values are two-sided with significance being set
as <0.05. A sensitivity analysis was carried out to test the influence
of sex (male vs. female), age (mean age <65 years vs. 265 years),
TSH reference values for determining hypothyroidism (<4.5
mlIU/L vs. 24.5 mIU/L), the sample size of the studies (number of
patients <1,000 vs. 1,000-10,000 vs. >10,000), and geographic re-
gion (Northern, Southern, Western, and Eastern Europe) on the
estimates of prevalence. All statistical analyses were performed in
STATA version 13 (StataCorp, 2013).

Results

Included Studies

Figure 1 presents the search strategy flowchart. The
search returned 15,565 citations. After excluding 4,526
duplicates and 11,003 studies based on revision of titles
and abstracts, 36 full-text articles were assessed for eligi-
bility. Of those, 20 articles were selected. One article re-
ported results for two populations [15].

Study Characteristics

Table 1 presents the main characteristics of the studies
selected for systematic review. The sample size of selected
studies varied between 307 [34] and 80,490 [35]. The
studies included sample populations from Austria [35],
Belgium [36], Bulgaria [37], Denmark [38], Germany [39,
40], Italy [16, 18, 41], Norway [15, 42], Spain [17, 19, 34,
43], The Netherlands [44, 45], the UK [46, 47], and Tur-
key [48].

The report of selected articles results from cross-sec-
tional analysis of 8 population-based surveys [15-18, 40-
42, 49], 7 prospective cohort studies [34, 38, 39, 44-47], 2
retrospective cohort studies [35, 36], and 3 case-control
studies [37, 43, 48].

The conceptual definition of subclinical hypothyroid-
ism (elevated TSH and normal free thyroid hormone)
and overt hypothyroidism (elevated TSH and low free
thyroid hormone) was the same across the selected stud-
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ies, but the reference ranges for TSH and free thyroid hor-
mones (i.e., fTy and/or fT5) were not. The highest limit of
the reference range for TSH varied between 3.4 mIU/L
[40] and 5.5 mIU/L [48]. The lowest limits of the refer-
ence ranges varied between 8.0 pmol/L [42] and 12.8
pmol/L [40] for fT4 and between 2.96 pmol/L [48] and
3.92 pmol/L [40] for {T;.

Risk of Bias in Selected Studies

The studies’ methodological quality scores are avail-
able in online supplementary Tables 4-6. All cohort stud-
ies (n = 9), 2 case-control studies, and 3 cross-sectional
studies were considered to have good methodological
quality; 1 case-control study and 5 cross-sectional studies
were considered to have moderate quality.

Prevalence of Undiagnosed Hypothyroidism

The prevalence of undiagnosed hypothyroidism in
European countries is presented in Table 2.

With the exception of one study [15], all studies re-
ported the prevalence of undiagnosed subclinical hypo-
thyroidism, which varied between 0.5% in Germany [39,
50] and 12.5% in Italy [16].

The prevalence of undiagnosed overt hypothyroidism
was reported in 11 studies [15-19, 40-43, 46, 48] and var-
ied between 0.1% in Norway [15] and 3.2% in Germany
[46].

The prevalence of undiagnosed total (subclinical plus
overt) hypothyroidism was ascertained in 11 studies [15-
19, 40-43, 46, 48], with estimates ranging between 2.7%
[41] and 12.8% [16]. The prevalence of hypothyroidism
was lower in men than in women for subclinical (men:
min. 0.9%, max. 8.5%; women: min. 2.8%, max. 16.9%),
overt (men: min. 0.0%, max. 0.3%; women: min. 0.5%,
max. 0.9%), and total hypothyroidism (men: min. 1.2%,
max. 8.5%; women: min. 3.8%, max. 17.5%).

Meta-Analysis

The estimated prevalence of undiagnosed subclinical
hypothyroidism was 4.11% (95% CI 3.05-5.31%, p <
0.001, I* = 99.32%) (Fig. 2). The prevalence of undiag-
nosed overt hypothyroidism was 0.65% (95% CI 0.38-
0.99%, p < 0.001, I* = 96.67%) (Fig. 3). Undiagnosed total
hypothyroidism was estimated with a prevalence 0f 4.70%
(95% CI 2.98-6.79%, p < 0.001, I* = 99.53%) (Fig. 4).

The funnel plots (for studies studying subclinical,
overt, and total hypothyroidism) appear asymmetric,
with smaller studies tending to report larger proportions
of hypothyroidism, which may suggest publication bias
(online suppl. Fig. 1-3). Egger’s regression asymmetry
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Fig. 1. Flowchart of study selection in the systematic review.

test detected publication bias among the studies included
to assess the proportion of overt hypothyroidism, but not
among the subclinical or total hypothyroidism analysis
(subclinical hypothyroidism: coefficient 6.06, standard
error 3.56, p = 0.105; overt hypothyroidism: coefficient

Prevalence of Undiagnosed
Hypothyroidism in Europe

4.00, standard error 1.46, p = 0.021; total hypothyroidism:
coefficient 9.43, standard error 4.45, p = 0.06). The test
provides weak evidence for the presence of small-study
effects. However, there is evidence of substantial hetero-
geneity among the results of the three proportion esti-
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Table 1. Main characteristics of studies selected for systematic review

Study Location Period  Design Characteristics of the Participants, n Participants’ Definition of Assays
(first source population age, years hypothyroidism
author)
Heeringa, Rotterdam, 1990 cross-sectional all residents of the T: 1,607; median (range): SH: TSH >4.5 and TSH: Lumitest, Henning, Berlin,
2008 [44]* The Netherlands analysis within a Rotterdam suburb M: 632 68 (55-93) <19.9 mIU/L, fT, in the Germany; fTy: Vitros ECi Immunodi-
prospective cohort of Ommoord, (39.3%); reference range' agnostic System, Ortho-Clinical
study (The Rotter- The Netherlands, F: 975 Diagnostics, Amersham, UK
dam Study) aged >55 years (60.7%)
Hogervorst, UK (England 1998 cross-sectional subset of respondents T: 1,047; mean + SD: OH: TSH >4.8 mIU/L, TSH: enzyme-amplified immunomet-
2008 [46] and Wales) analysis within a originally recruited M: 513 73.646.2 T4 <13 pmol/L; ric assay kit (Novobiolabs Ltd.,
prospective cohort for the MRC-CFAS (49.0%); SH: TSH >4.8 IU/L, Cambridge, UK); fT,: analogue
study (MRC-CFAS) aged 265 years F:534 T4 = 13-23 pmol/L radioimmunoassay kit (Amerlex-M,
(51.0%) Kodak, Amersham, UK)
Ceresini, Ttaly 1998 cross-sectional community-dwelling T: 1,171 mean + SD: OH: TSH >4.68 mIU/L, TSH/fT: chemiluminescent immuno-
2009 [41)? analysis adults aged 265 years M: 519 75.3%7.3 (800 T4 <10.04 pmol/L; assay (Vitros Reagent, Ortho-Clinical
living in Tuscany, (44.3%); euthyroid SH: TSH >4.68 mIU/L, Diagnostics, Johnson and Johnson
Ttaly F: 652 participants) T4 =9.91-28.19 pmol/L Medical Section, Milan, Italy)
(55.7%)
Ittermann, Pomerania, 1997-  cross-sectional adults aged 20-79 T: 2,339 median (range): SH: TSH >4.5 and TSH/fT,: immunochemiluminescent
2010 [39]* Germany 2001 analysis within a years living in West M: 1,148 45 (20-85) <19.9 mIU/L, fT, in the procedures (LIA-mat, Byk Sangtec
prospective cohort Pomerania, Germany (49.1%); reference range‘ Diagnostica GmbH, Frankfurt,
study F: 1,191 Germany)
(50.9%)
Lucas, Catalonia, Spain 2001 cross-sectional study nonhospitalized T: 1,124 mean + SD: OH: TSH >4 mIU/L, TSH: Immulite Third Generation TSH
2010 [17)® within the Health adults aged 18-74 M: 500 44.8+15.2 T, <10.30 pmol/L; SH: Chemiluminescent Enzyme Immuno-
Survey of Catalonia years living in (44.5%); TSH >4 mIU/L, T, = assay; fT,: Immulite fT, Chemilumi-
(based on interview- Catalonia, Spain F: 624 10.30-24.46 pmol/L nescent Enzyme Immunoassay; all
er-directed question- (55.5%) from DPC, Los Angeles, CA, USA
naires with 165
items)
Asvold, Nord-Trondelag, 1995-  cross-sectional all adults living in T: 29,480; median (range): OH: TSH >4.0 mIU/L, TSH: DELFIA hTSH Ultra Kit; fT:
2011 [42] Norway 1997 analysis within a Nord-Trondelag M: 9,769 57 (41-98) fT4 <8.0 pmol/L; SH: DELFIA fT, Kit; all from Wallac Oy,
(HUNT 1) survey (comprehen- county in Norway (33.1%); TSH = 3.6-4.0 mIU/L, Turku, Finland
sive questionnaires, F: 19,711 or TSH >4.0 mIU/L and
clinical examination, (66.9%) T, 28.0 pmol/L
blood sampling, and
thyroid function
measurements)
Schultz, Copenhagen, 1998-  cross-sectional participants aged T: 605; mean + SD: SH: TSH >4.0 mIU/L, TSH: immunoradiometric method
2011 [38] Denmark 2000 analysis within a 50-91 years recruited M: 253 68.0+10.7 T, in the reference (RIA-GNOST, Behringwerke AB,
survey (comprehen- from the general (41.8%); range Marburg, Germany); fT,: solid-phase,
sive questionnaires, population in F:352 chemiluminescent, competitive
clinical examination, Frederiksberg, Copen- (58.2%) immunoassay (Immulite 2500)
blood sampling, and hagen, Denmark
thyroid function
measurements)
de Jongh, The Netherlands  1992-  cross-sectional individuals aged T: 1,219 mean + SD: SH: TSH >4.5 mIU/L, TSH: RIA (Centaur, Bayer Diagnos-
2011 [45] 1993 analysis within a 55-85 years included M: 603 75.546.6 T4 = 11-22 pmol/L, tics); fT'y: competitive immunoassay
prospective cohort in LASA (49.5%); T3 = 3.5-6.5 pmol/L (Centaur, Bayer Diagnostics)
study F:616
(50.5%)
Digel, Adana, Turkey ~ 2008-  cross-sectional healthy people T:373; mean (95% CI) = OH: TSH >5.5 mIU/L, TSH/fT,: third-generation chemilumi-
2012 [48]% 2009 analysis within a (age- and sex- M: 198 55.6 (54.2-57.0) T4 <9.52 pmol/L, nescent immunoassay (ADVIA
case-control study matched control (53.1%); fT5 <2.96 pmol/L; Centaur, Siemens Diagnostic)
(cancer patients vs. group for cancer F: 175 SH: TSH >5.5 mIU/L,
healthy people) patients) (46.9%) T4 =9.52-19.56 pmol/L,
fT5 = 2.96-5.40 pmol/L
Diez, Segovia, Spain 2004-  cross-sectional control group in the T:911; mean + SD: OH: TSH >5 mIU/L, TSH/fT,;: immunochemiluminescent
2012 [43] 2010 analysis within a study, patients M: 332 57.4+16.1 T, <9 pmol/L; SH: assay (Immulite, Diagnostic Products,
case-control study without diabetes nor (36.4%); TSH >5 mIU/L, normal Los Angeles, CA, USA)
(diabetic patients vs. known thyroid F: 579 Ty
healthy people) diseases (63.6%)
Resta, Bari, Italy 2008-  cross-sectional patients aged 64-86 T: 337; mean + SD: OH: TSH >3.6 mIU/L, TSH/fT,: commercial kits (DiaSorin
2012 [16]° 2010 analysis years attending a M:177 74.3%5.8 T, <10.30 pmol/L; S.p.A., Saluggia, Italy)
geriatric service of the (52.5%); SH: TSH >3.6 mIU/L,
University of Bari F: 160 Ty = 10.30-21.88
(47.5%) pmol/L
Asvold, Nord-Trondelag, 1995-  cross-sectional adult residents in the T:33,917; median (range): OH: TSH >4.5 mIU/L, TSH: DELFIA hTSH Ultra Kit; fT,:
2013 [15] Norway 1997 analysis within a Nord-Trondelag M: 10,643 49 (36-64) T, <8 pmol/L; SH: DELFIA fT, Kit; all from Wallac Oy,
(HUNT 2)? survey (comprehen- county (31.4%); TSH >4.5 mIU/L, Turku, Finland
sive questionnaires, F: 23,274 T, = 8-20 pmol/L
clinical examination, (68.6%)
blood sampling, and
thyroid function
measurements)
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Table 1 (continued)

Study Location Period  Design Characteristics of the Participants, n Participants’ Definition of Assays
(first source population age, years hypothyroidism
author)
Asvold, Nord-Trondelag, 2006-  cross-sectional adult residents in the T: 49,180; median (range): OH: TSH >4.5 mIU/L, TSH: DELFIA hTSH Ultra Kit; fT,:
2013 [15] Norway 2008 analysis within a Nord-Trendelag M: 22,358 53 (40-64) T, <8 pmol/L; SH: DELFIA fT, Kit; all from Wallac Oy,
(HUNT 3)? survey (comprehen- county (45.5%); TSH >4.5 mIU/L, Turku, Finland
sive questionnaires, F: 26,822 Ty = 9-19 pmol/L
clinical examination, (54.5%)
blood sampling, and
thyroid function
measurements)
Delitala, Sardinia, Italy 2001 cross-sectional participants in the T: 6,252; median (range): OH: TSH >4.0 mIU/L, TSH/fT,: automated chemilumines-
2014 [18]° analysis within the Sardinian survey M: 2,826 41.7 (28.8-57) fT4 <11.46 pmol/L; cence assay system (Immulite 2000,
Sardinian survey (45.2%); SH: TSH >4.0 mIU/L, Erlangen, Germany)
F:3,426 T, = 11.46-22.65 pmol/L
(54.8%)
Formiga, Barcelona, Spain 2009 cross-sectional subjects from the T: 307; N/A OH: TSH >5 mIU/L, TSH/fT: electrochemiluminescence
2013 [34] analysis within a follow-up prospective M: 123 T4 <10 pmol/L; SH: immunoassay based on the sandwich
prospective cohort cohort study of (45.4%); TSH >5 mIU/L, principle with MABs (Roche Diagnos-
study participants from the F: 184 T, = 10-26 pmol/L tics)
OCTABAIX study (54.6%)
Kovar, Vienna, Austria  1993-  cross-sectional individuals aged >18 T: 80,490; median (range): SH: TSH >4.5 and TSH/fT: electrochemiluminescence
2015 [35)° 2004 analysis within a years admitted to the M: 31,577 48 (34-61) >20.0 mIU/L, fTy = immunoassays “ECLIA” (Elecsys 2010
retrospective cohort Institute of Medical (39.2%); 9.01-21.88 pmol/L and Modular Analytics E170, respec-
study and Chemical F: 48,913 tively, Roche Diagnostics, Mannheim,
Laboratory Diagnos- (60.8%) Germany)
tics of the Medical
University of Vienna,
Austria; fT, values
within normal range
Ludwig, Leutkirch, 2002 population-based individuals aged >18 T: 1,276; mean + SD: OH: TSH >3.4 mIU/L, TSH/fT: Elecsys® 2010 Disk and
2015 [40] Germany cross-sectional study years living in M: 674 40.7+12.7 T4 <12.8 pmol/L; Rack Analyzers (Roche Diagnostics,
based on a standard- Leutkirch, Germany (52.8%); SH: TSH >3.4 mIU/L, Indianapolis, IN, USA)
ized questionnaire who participated in F: 602 T4 = 12.8-20.4 pmol/L,
and documentation the EMIL study (47.2%) fT5 = 3.92-6.74 pmol/L
of physical, bio-
chemical, and
ultrasonographic
findings
Pfister, Norfolk, UK 1993-  cross-sectional adults aged 40-79 T: 11,642; median (range): SH: TSH >4.5 and N/A
2015 [47]! 1997 analysis within a years living in M: 5,461 58 (39-78) <19.9 mIU/L, fT, in the
prospective cohort Norfolk, England (46.9%); reference range!
study F: 6,181
(53.1%)
Valdés, Spain 2009-  cross-sectional, adults aged >18 years T: 4,554; median (range): OH: TSH >5.0 mIU/L, TSH/fT,: electrochemiluminescence
2017 [19] 2010 population-based living in Spain M: 1,932 50 (18-93) T4 <11.0 pmol/L; immunoassay (Modular Analytics
survey (42.4%); SH: TSH >5.0 mIU/L, E170, cobas e 602; Roche Diagnostics,
F: 2,622 T4 211.0 pmol/L Basel, Switzerland)
(57.6%)
Veltri, Brussels, Belgium 2015 cross-sectional individuals aged >20 T: 676; mean * SD: SH: TSH >4.0 mIU/L, TSH/fT4: chemiluminescence Centaur
2017 [36] analysis within a years living in M: 151 44.2+15.3 fT, in the reference XP Siemens immunoanalyzer
retrospective cohort Brussels (22.3%; range
study F: 525
(77.7%)
Elenkova, Sofia, Bulgaria 2009-  cross-sectional control group in a T: 106; mean * SD: OH: TSH >4.0 mIU/L, TSH/fT,: commercial kits produced
2017 [37] 2012 analysis within a case-control study: M: 0 35.5+8.46 T4 <10.0 pmol/L; by BRAHMS GmbH, Germany
case-control study healthy women aged (0.0%); SH: TSH >4.0 mIU/L,
>18 years F: 106 T4 210.0 pmol/L
(100%)

CI, confidence interval; EMIL, Echinococcus Multilocularis Infection and other medical disorders in Leutkirch; F, female; LASA, Longitudinal Aging Study Amsterdam; M, male; MRC-CFAS, Medical Research
Council Cognitive Function and Ageing Study; N/A, not available; OH, overt hypothyroidism; SD, standard deviation; SH, subclinical hypothyroidism; T, total; TSH, thyroid-stimulating hormone. ! According to
Baumgartner et al. [50]. 2 Patients aged >65 years. * Units for reference ranges for fT, (ng/dL) and/or fT5 (pg/mL) originally presented in the study were converted to SI units (pmol/L).

mates, which makes the publication bias analysis difficult.

Moreover, there are studies reporting a reduced number
of events, particularly in the estimation of overt hypothy-
roidism, which can lead to false-positive publication bias

test results.

Prevalence of Undiagnosed

Hypothyroidism in Europe

Sensitivity Analysis
Table 3 presents the results of the sensitivity analysis.
In general, the prevalence of hypothyroidism tends to be
higher in female patients, those aged >65 years, among

studies with lower sample sizes, in case of TSH reference
levels <4.5 mIU/L, and in Eastern and Southern Europe.
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Study (first author) ES (95% Cl) Weight, %
Heeringa, 2008 [44] I 0.0566 (0.0463, 0.0690) 4,92
Hogervorst, 2008 [46] - 0.0315 (0.0225, 0.0439) 4.82
Ceresini, 2009 [41] - 0.0222 (0.0152, 0.0323) 4.85
Ittermann, 2010 [39] & i 0.0051 (0.0029, 0.0089) 4.98
Lucas, 2010 [17] = 0.0356 (0.0262, 0.0481) 4.84
Asvold, 2011 [42] (HUNT 1) : = 0.0687 (0.0658, 0.0716) 5.10
Schultz, 2011 [38] — 0.0512 (0.0363, 0.0718) 4.63
de Jongh, 2011 [45] I 0.0525 (0.0413, 0.0665) 4.86
Disel, 2012 [48] - 0.0536 (0.0350, 0.0814) 4.38
Diez, 2012 [43] - 0.0220 (0.0143, 0.0337) 478
Resta, 2012 [16] ! —_— 0.1246 (0.0935, 0.1642) 4.32
Asvold, 2013 [15] (HUNT 2) & | 0.0272 (0.0255, 0.0290) 5.10
Asvold, 2013 [15] (HUNT 3) " : 0.0106 (0.0097, 0.0115) 5.10
Delitala, 2014 [18] b= 0.0469 (0.0419, 0.0524) 5.06
Formiga, 2013 [34] —— 0.0651 (0.0426, 0.0985) 4.25
Kovar, 2015 [35] 'm 0.0489 (0.0474, 0.0504) 5.10
Ludwig, 2015 [40] —— 0.0266 (0.0191, 0.0370) 4.87
Pfister, 2015 [47] |- 0.0521 (0.0482, 0.0563) 5.08
Valdés, 2017 [19] = 0.0461 (0.0404, 0.0526) 5.04
Veltri, 2017 [36] | —— 0.0695 (0.0527, 0.0912) 4.68
Elenkova, 2017 [37] ; 0.0283 (0.0097, 0.0799) 3.23
Overall (2 = 99.3175%, p = 0.0000) <> 0.0411 (0.0305, 0.0531)  100.00
T ! T T T 1
0 0.05 0.1 0.15 0.2

Fig. 2. Prevalence of undiagnosed subclinical hypothyroidism. ES, estimate of proportions; CI, confidence inter-

val.

Study (first author) ES (95% Cl) Weight, %
Hogervorst, 2008 [46] | —_ 0.0325 (0.0233, 0.0450 7.88
Ceresini, 2009 [41] - 0.0051 (0.0024, 0.0111 8.07
Lucas, 2010 [17] - 0.0027 (0.0009, 0.0078 8.00
Asvold, 2011 [42] (HUNT 1) o 0.0058 (0.0050, 0.0068) 10.01
Disel, 2012 [48] —L— 0.0107 (0.0042, 0.0272 5.63
Diez, 2012 [43] —— 0.0066 (0.0030, 0.0143 7.63
Resta, 2012 [16] B — 0.0030 (0.0005, 0.0166 5.38
Asvold, 2013 [15] (HUNT 2) = 0.0062 (0.0054, 0.0071) 10.02
Asvold, 2013 [15] (HUNT 3) = | 0.0010 (0.0008, 0.0014) 10.05
Delitala, 2014 [18] - 0.0067 (0.0050, 0.0091 9.65
Ludwig, 2015 [40] - 0.0141 (0.0089, 0.0222 8.20
Valdés, 2017 [19] . 0.0037 (0.0023, 0.0060 9.49
Overall (I = 96.6701%, p = 0.0000) <> 0.0065 (0.0038, 0.0099) 100.00

I ! T T 1

0 0.02 0.04 0.06

Fig. 3. Prevalence of undiagnosed overt hypothyroidism. ES, estimate of proportions; CI, confidence interval.
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Table 2. Prevalence of undiagnosed hypothyroidism in European countries

Study Location Period Sex Source population  Undiagnosed hypothyroidism
subclinical overt total
n % n % n % n %

Heeringa, Rotterdam, 1990 M 632 39.3 - - -
2008 [44]" The Netherlands F 975 60.7 - - -

T 1,607 100 91 5.7 - -
Hogervorst, UK (England 1998 M 513 49.0 - - -
2008 [46] and Wales) F 534 51.0 - - -

T 1,047 100 33 3.2 34 32 67 6.4
Ceresini, Italy 1998 M 519 443 - - -
2009 [41] F 652 55.7 - - _

T 1,171 100 26 2.2 6 05 32 2.7
Ittermann, Pomerania, 1997- M 1,148 49.1 - - -
2010 [39]" Germany 2001 F 1,191 50.9 - - _

T 2,339 100 12 0.5 - -
Lucas, Catalonia, 2001 M 500 44.5 18 3.6 0 0.0 18 3.6
2010 [17] Spain F 624 55.5 22 3.5 3 05 25 4.0

T 1,124 100 40 35 3 02 43 3.8
Asvold, Nord-Trendelag, 1995- M 9,769 33.1 - - -
2011 [42] Norway 1997 F 19711 669 - - -
(HUNT 1) T 29,480 100 2,024 6.9 172 0.6 2,196 7.4
Schultz, Copenhagen, 1998- M 253 41.8 5 2.0 - -
2011 [38] Denmark 2000 F 352 58.2 26 7.4 - -

T 605 100 31 5.1 - -
de Jongh, The Netherlands 1992- M 603 49.5 - - -
2011 [45] 1993 F 616  50.5 - - -

T 1,219 100 64 53 - -
Disel, Adana, 2008- M 198 53.1 - - -
2012 [48] Turkey 2009 F 175 46.9 - - -

T 373 100 20 5.4 4 1.1 24 6.4
Diez, Segovia, 2004- M 332 36.4 3 0.9 1 03 4 1.2
2012 [43] Spain 2010 F 579 63.6 17 2.9 5 09 22 3.8

T 911 100 20 2.2 6 0.7 26 2.9
Resta, Bari, 2008- M 177 52.5 15 8.5 0 0.0 15 8.5
2012 [16] Italy 2010 F 160 47.5 27 169 1 0.6 28 175

T 337 100 42 125 1 03 43 12.8
Asvold, Nord-Trendelag, 1995- M 10,643 31.4 224 2.1 21 0.2 245 2.3
2013 [15] Norway 1997 F 23274 686 698 3.0 186 0.8 884 358
(HUNT 2)%3 T 33,917 100 922 2.7 207 0.6 1,129 3.3
Asvold, Nord-Trendelag, 2006- M 22,358 45.5 224 1.0 22 0.1 246 1.1
2013 [15] Norway 2008 F 26,822 54.5 295 1.1 27 0.1 322 1.2
(HUNT 3)>3 T 49,180 100 519 1.1 49 0.1 568 1.2
Delitala, Sardinia, 2001 M 2,826 452 - - -
2014 [18] Italy F 3,426 54.8 - - _

T 6,252 100 293 4.7 42 0.7 335 5.4
Formiga, Barcelona, 2009 M 123 454 9 7.3 - -
2013 [34] Spain F 184 54.6 11 6.0 - -

T 307 100 20 6.5 - -
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Table 2 (continued)

Study Location Period Sex Source population  Undiagnosed hypothyroidism
subclinical overt total
n % n % n % n %

Kovar, Vienna, 1993- M 31,577 39.2 868 2.7 - -
2015 [35] Austria 2004 F 48,913 60.8 3,066 6.3 - -

T 80,490 100 3,934 3.7 - -
Ludwig, Leutkirch, 2002 M 674 52.8 - - -
2015 [40] Germany F 602 47.2 - - _

T 1,276 100 34 2.7 18 14 52 4.1
Pfister, Norfolk, 1993- M 5,461 46.9 - - -
2015 [47] UK 1997 F 6,181 53.1 - - _

T 11,642 100 607 5.2 - -
Valdés, Spain 2009- M 1,932 42.4 65 3.4 1 0.1 66 34
2017 [19] 2010 F 2,622 576 145 55 16 0.6 161 6.1

T 4,554 100 210 4.6 17 0.3 227 5.0
Veltri, Brussels, 2015 M 151 22.3 - - -
2017 [36] Belgium F 525 777 - - _

T 676 100 47 6.9 - -
Elenkova, Sofia, 2009- M 0 0.0 - - -
2017 [37] Bulgaria 2012 F 106 100 3 2.8 - -

T 106 100 3 2.8 - -

M, male; F, female; T, total. ! Data obtained from Baumgartner et al. [50]. 2 Table presents data from Asvold et al. [15]. Fleiner et al.
[81] reported results for untreated total hypothyroidism in patients without diabetes from HUNT 2 (men, 2.2%; women, 3.7%; both
sexes, 3.7%) and HUNT 3 (men, 1.2%; women, 1.3%; both sexes, 1.2%). > Absolute values were calculated based on percentages.

Study (first author) ES (95% Cl) Weight, %
Hogervorst, 2008 [46] |—— 0.0640 (0.0507, 0.0805) 8.30
Ceresini, 2009 [41] —— 0.0273 (0.0194, 0.0383) 833
Lucas, 2010 [17] — 0.0383 (0.0285, 0.0511) 832
Asvold, 2011 [42] (HUNT 1) | - 0.0745 (0.0715, 0.0775) 8.61
Disel, 2012 [48] - 0.0643 (0.0436, 0.0940) 777

Diez, 2012 [43] — 0.0285 (0.0195, 0.0415) 8.25
Resta, 2012 [16] |

Asvold, 2013 [15] (HUNT 2) - | 0.0334 (0.0315, 0.0353) 8.62
Asvold, 2013 [15] (HUNT 3) . : 0.0116 (0.0107, 0.0126) 8.62
Delitala, 2014 [18] I—-— 0.0536 (0.0483, 0.0594) 8.57
Ludwig, 2015 [40] — 0.0408 (0.0312, 0.0531) 8.36
Valdés, 2017 [19] - 0.0498 (0.0439, 0.0566) 8.56

(
(
(
(
(
(
—=— > 0.1276 (0.0961, 0.1675) 7.69
(
(
(
(
(
(

Overall (7 = 99.5252%, p = 0.0000) — 0.0470 (0.0298, 0.0679) 100.00

T
0 0.05 0.1 0.15

Fig. 4. Prevalence of undiagnosed total hypothyroidism. ES, estimate of proportions; CI, confidence interval.
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Table 3. Prevalence of hypothyroidism according to the results obtained in the sensitivity analysis

Variable Subclinical hypothyroidism  Overt hypothyroidism Total hypothyroidism

Sex

Men 2.70% (1.81-3.76%) 0.06% (0.01-0.12%) 2.67% (1.62-3.96%)
P =97.15%* P =30.37%** 2 =96.08%*

Women 4.80% (2.85-7.20%) 0.49% (0.11-1.09%) 4.83% (2.74-7.46%)
I =99.45%* P =97.13%*** 2 =99.06%*

Age!

<65 years 3.58% (2.39-4.98%) 0.54% (0.29-0.86%) 4.16% (2.34-6.48%)
PP =99.54%* P =96.67%*** P =99.54%*

>65 years 5.12% (3.30-7.30%) 1.10% (0.03-3.42%) 6.60% (2.54-12.35%)

P =91.67%*

2 = 97.00%*** I =NR*

Sample size (number of patients)

<1,000 5.61% (3.40-8.32%)
I = 88.65%*

1,000-10,000 3.37% (2.20-4.77%)
2 =95.92%*

>10,000 3.85% (1.92-6.39%)

I? = 99.85%*

0.64% (0.28-1.11%)
I = NR*

0.87% (0.09-1.52%)
I =91.72%*

0.39% (0.01-0.88%)
I? = NR**

6.72% (2.11-13.60%)
I> = NR*

4.54% (3.73-5.42%)
I? = 81.41%*

3.54% (0.87-7.93%)
12 — NR**

TSH reference values

<4.5 mIU/L 5.34% (3.98-6.88%)
2 =94.37%*
>4.5 mIU/L 3.46% (2.30-4.85%)

I? = 99.43%*

0.62% (0.40-0.87%)
I? = 67.94%*
0.70% (0.30-1.25%)
I? =97.65%*

6.11% (4.48-7.97%)
I? = 95.70%*
3.68% (2.22-5.49%)
I =99.10%*

European geographic region

North 3.75% (1.74-6.47%) 0.76% (0.31-1.41%) 4.16% (1.48-8.11%)
I? =99.78%* I? =98.97%* I? =99.86%*

West 3.90% (2.12-6.20%) 1.41% (0.89-2.22%) 4.08% (3.12-5.31%)
I =97.82%* I2 = NR* I2 = NR*

East 4.67% (2.91-6.80%) 1.07% (0.42-2.72%) 6.43% (4.36-9.40%)
I = NR* 2 = NR*** I? = NR*

South 4.50% (3.28-5.91%) 0.47% (0.33-0.63%) 4.78% (3.52-6.23%)

P =91.18%*

I =21.68%* I =91.38%*

NR, not reported; TSH, thyroid-stimulating hormone. ! The mean age of patients included in each study was
considered. * p < 0.0001, ** p < 0.001, *** p < 0.05.

Discussion

This systematic review and meta-analysis aimed to iden-
tify the prevalence of undiagnosed hypothyroidism (sub-
clinical, overt, and total) in the general population of Eu-
rope. As we were interested in studying current figures, the
time horizon of the search strategy was limited to articles
published over the last 10 years. Several studies were dedi-
cated to characterizing the epidemiology of thyroid dys-
functions, but only few addressed the problem of underdi-
agnosing such diseases [26]. For example, some studies ap-
plied drug utilization approaches or electronic health
record analysis based on prescriptions data, pharmacy

Prevalence of Undiagnosed
Hypothyroidism in Europe

claims, or surveys to identify consumption of antithyroid
medication and estimate the prevalence of treated hypothy-
roidism [21, 51-54]. Furthermore, many studies investi-
gated the prevalence of this disorder or its role as a risk fac-
tor for other diseases in specific populations, for example
in pregnant women, patients with diabetes, patients with
cardiovascular diseases, or immunocompromised individ-
uals [12, 24, 55-59]. Therefore, there is room and need for
systematically review of the evidence on the prevalence of
undiagnosed hypothyroidism in the general population. As
such, patients with known thyroid dysfunction and/or us-
ing antithyroid medication at baseline were not considered
in this review, as defined in the inclusion criteria.
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The present results point out that the current preva-
lence of undiagnosed subclinical hypothyroidism (4.11%)
is higher than the prevalence of undiagnosed overt hypo-
thyroidism (0.65%). This is an unsurprising finding tak-
ing into account the conclusions of other studies. A previ-
ous meta-analysis on thyroid dysfunctions estimated the
mean prevalence of undiagnosed hypothyroidism in Eu-
rope at 4.94%, with a clear predominance of the subclini-
cal form of the disease: subclinical hypothyroidism 4.59%,
overt hypothyroidism 0.62% [26]. The higher prevalence
of subclinical hypothyroidism may be explained by the
fact that many patients are asymptomatic or report fewer
and milder symptoms than patients with overt hypothy-
roidism [2]. Furthermore, 75% of patients with subclini-
cal hypothyroidism have a serum TSH level <10 mIU/L
(i.e., mild subclinical hypothyroidism) [60], being less
prone to hypothyroid symptoms and, for example, car-
diovascular events than patients with severe subclinical
hypothyroidism [2, 22-24]. Moreover, the TSH concen-
tration usually normalizes within 2 years for 46% of pa-
tients with subclinical hypothyroidism if the TSH level is
<7 mIU/L in a single measurement [61-63]. Yet, the risk
of progression to overt hypothyroidism among patients
with severe forms of subclinical hypothyroidism is esti-
mated at 2-6% per year [51, 61, 62].

The results of this meta-analysis should be interpreted
with caution given its high heterogeneity (I* > 96%).
There are considerable differences between the selected
studies, including study design (e.g., prospective and ret-
rospective cohort studies, population-based surveys),
studied population (e.g., inclusion/exclusion criteria,
sex, age), sample size (i.e., range from hundreds to tens
of thousands), laboratory tests performed (e.g., TSH, fT},
fT5, antibodies), laboratory techniques and material, and
reference ranges of circulating thyroid hormones used to
diagnose the several forms of hypothyroidism. Despite
the limitations of the present meta-analysis, a quantita-
tive synthesis that matches the research question is pos-
sibly preferred over qualitative interpretations of results
or unclear quasi-quantitative analyses [64]. In addition
to the production of overall estimates, meta-analysis pro-
vides the advantage of assessing the consistency of find-
ings and improving the understanding of moderator
variables, boundary conditions, and generalizability [64-
66].

The prevalence of hypothyroidism (both subclinical
and overt) was higher in women than in men, which is
also in line with previous findings [26]. Monitoring the
thyroid status is particularly important in the group of
pregnant women or women of childbearing potential

140 Eur Thyroid ] 2019;8:130-143
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since correction of overt hypothyroidism reduces the risk
of fetal loss and preterm birth [67, 68]. Treatment of overt
hypothyroidism is therefore recommended during preg-
nancy [69]. Pregnant women with subclinical hypothy-
roidism before 20 weeks of gestation are at a higher risk
of miscarriage [70]. Treatment may reduce miscarriage
in thyroid autoantibodies (TPOAD)-positive pregnant
women, and therefore women with TSH concentrations
>2.5 mIU/L should be evaluated for TPOAD status. Fur-
thermore, TPOAb-positive women with TSH levels
greater than the pregnancy-specific ranges as well as
women with TPOAb-negative status and TSH levels >10
mlIU/L should be treated with levothyroxine. Other sub-
groups of pregnant women may be considered for treat-
ment depending on TSH levels [69]. Nevertheless, uni-
versal thyroid screening in pregnancy is still a matter of
debate [71]. The results of randomized controlled trials
pointed out that treating pregnant women with subclini-
cal hypothyroidism with levothyroxine provided no ben-
efit on the IQ of the offspring or obstetric outcomes [72,
73]. However, levothyroxine therapy was initiated after
the critical phase of fetal brain development, i.e., from the
end of the first trimester of pregnancy.

The results of our sensitivity analysis also indicated
that the prevalence of any form of hypothyroidism is
higher among patients aged 265 years (subclinical 5.12%,
overt 1.10%) as compared to younger ones (subclinical
3.58%, overt 0.54%). The study by Lucas et al. [17] also
illustrates the influence of age on estimates of prevalence:
when the authors restricted the analysis to subjects >60
years, the prevalence of subclinical and overt hypothy-
roidism was estimated at 6.2 and 0.44%, respectively (vs.
3.5 and 0.2% in the general population).

With regards to the reference ranges of serum thyroid
hormones, the variation of the highest limit of the refer-
ence range for TSH concentration in the studies included
in this meta-analysis is considerable (between 3.4 and 5.5
mlU/L) [40, 48]. According to the sensitivity analysis, a
higher prevalence of subclinical and total hypothyroid-
ism was found for studies using lower TSH reference val-
ues. The most commonly cited reference range for TSH
concentration in the clinical literature set the highest lim-
it at 4.0 mIU/L (and the lowest limit at 0.4 mIU/L), while
the reference range for fT, depends on the type of assay
and the population in question [1]. Nevertheless, the ref-
erence level cutoffs used to determine overt and subclini-
cal hypothyroidism have changed over the years [46].
Thus, in the context of the present meta-analysis, the lack
of consensus on reference ranges for levels of thyroid hor-
mones used to establish diagnoses may result in inaccu-
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rate comparisons because of nonoverlapping definitions
of disease across the included studies.

Moreover, the sensitivity analysis also detected differenc-
es in the prevalence of hypothyroidism depending on the
sample sizes of included studies — higher estimates of preva-
lence among those with lower number of patients — and on
the European region — the prevalence of hypothyroidism
tended to be higher in Eastern and Southern Europe.

There is great variation in the clinical manifestations of
hypothyroidism, ranging from the absence of signs or
symptoms to life-threatening conditions, such as myxede-
ma coma [1]. The most common symptoms are nonspe-
cific and vary depending on different individual factors,
such as the age or sex of patients. Furthermore, autoim-
mune hypothyroidism is asymptomatic or associated with
only one symptom in nearly 15% of patients with the con-
dition, while 70% of euthyroid individuals have at least
one symptom that is usually related with hypothyroidism
[74]. These issues may contribute to preclude or at least
delay the diagnosis of hypothyroidism. In addition, with
the exception of some populations, such as patients with
type 1 diabetes mellitus [75, 76], there is no consensus on
TSH screening in the general population [1].

The long-term consequences of hypothyroidism are
clinically important and adversely affect the health of pa-
tients. Those consequences have been mainly studied in
patients with subclinical hypothyroidism, given that
overt hypothyroidism is usually treated. The body of evi-
dence is particularly robust with regards to the associa-
tion between hypothyroidism and adverse cardiovascular
outcomes. A meta-analysis of individual data on >2,500
elderly participants found that the risk of coronary heart
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