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Introduction



This chapter begins with a comprehensive description of subclinical hypothyroidism
(SCH), including its definition, diagnosis, management, and related prevailing contro-
versies. The research questions, aims and objectives that guided this project are then
presented, followed by the structure of the thesis. This chapter, therefore, provides the
background information and justification for the rest of the thesis.

1.1 Thyroid

1.1.1 Thyroid gland

The thyroid gland is an endocrine organ whose anatomical position is the base of the
neck. It is frequently described as ‘butterfly-shaped’ because it comprises two larger
lobes, one on either side of the trachea, connected in the front by an isthmus (Figure 1.1).
The role of the thyroid gland is hormone production; thyroxine (T4) and triiodothyronine
(T3) are the two main thyroid hormones, as well as calcitonin [1].

—

Thyroid

Right lobe Left lobe

Isthmus

National Cancer Institute

Figure 1.1. Anatomical features of the thyroid gland (reproduced from the National Cancer
Institute courtesy of Don Bliss [2]).

1.1.1.1 Thyroid hormones

T3 and T4 have diverse roles in the body, influencing all the major organ systems. Their
functions include regulating body temperature, metabolism, growth and development of
the brain [3]. Calcitonin regulates blood calcium levels and differs markedly from T3 and
T4 in its production, mechanism of action and regulation [4]. For the remainder of this
text, ‘thyroid hormone(s)’ will refer to T3 and T4 only.



1.1.1.2 Thyroid homeostasis

Homeostasis refers to a state of balance - thyroid hormones are regulated through the
hypothalamic-pituitary-thyroid axis (Figure 1.2). In response to decreasing amounts of
thyroid hormones in the blood, the hypothalamus in the brain produces Thyrotropin
Releasing Hormone (TRH). TRH stimulates the pituitary gland in the brain to release
TSH, which in turn stimulates the production of thyroid hormones. It should be noted,
however, that most of the T3 circulating in the body is a product of enzymatic action on
T4 (deiodination) in peripheral organs such as the liver [5].

In contrast, high thyroid hormone levels activate the negative feedback loop, inhibiting
TRH production. External factors such as environmental pollutants are also thought to
influence this axis at the hypothalamic level [7, 8].
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Figure 1.2. The hypothalamic-pituitary-thyroid axis (reproduced from Keestra et al. [6]
which is licensed under the Creative Commons CC BY license).



1.2 Subclinical Hypothyroidism

1.2.1 Definition

Subclinical hypothyroidism (SCH) is an endocrine disorder characterised by levels of
circulating thyroid hormones (free T3 and free T4) within normal range and Thyroid
Stimulating Hormone (TSH) above the upper reference limit [9-11]. SCH is biochemically
distinguishable from overt hypothyroidism — where TSH is also raised, but free thyroid
hormone levels are lower than normal [12].

The upper limit of the TSH normal range varies, but based on the commonly used
threshold of 4 mIU/L [13, 14], SCH may be considered to be mild if TSH concentrations
are between 4 and 9.9 mIU/L or severe if TSH concentrations are higher than or equal to
10 mIU/L [15]. It has been estimated that up to 75% of SCH patients have mild disease
[16].

1.2.2 Prevalence

The prevalence of SCH is estimated to be 4-20% of the adult population, depending on
age, race, sex and iodine intake [15, 17, 18]. Other studies have reported between 1% and
15% prevalence in elderly populations [19, 20]. Prevalence likely varies between studies
because of the inconsistent application of diagnostic reference ranges, selection criteria
and sampling strategies [19, 21].

TSH reference ranges tend to vary across populations, and even laboratories in the same
geographical area could apply different values depending on the equipment used for the
assays [22]. In general, SCH is more common in women partly due to their underlying
predisposition to autoimmune thyroid disease, a known cause of SCH [15, 23] (Table 1.1).

Table 1.1. SCH prevalence in the literature (adapted from Yoo and Chung [24]).

Year Country Age(years) TSH threshold (mIU/L) Prevalence, % (women) Prevalence, % (men)
1977 UK (the Whickham survey) [25] >18 >6.0 7.5 2.8

1990 USA (nursing home) [26] >60 >4.5 14.6 9.7

1993  Japan (health examination) [27] Mean 46 >5.0 2.1 0.4

2000  USA (the Colorado study) [28] >18 >5.1 9.1 (men and women)

2002 USA (NHANES III) [29] =12 >4.5 4.3 (men and women)

2006 The Netherlands [30] >18 (46% >69) >4.0 4.9 3.0

2017 South Korea (KNHANES VI) [31] =10 >6.86 4 2.3

2019 Europe (meta-analysis) [20] >4.5 438 2.7

Note:
Abbreviations: TSH, thyroid-stimulating hormone; NHANES, National Health and Nutrition Examination Survey; KNHANES, Korean
National Health and Nutrition Examination Survey.

1.2.3 Causes

The most common cause of SCH is autoimmune diseases that affect the thyroid gland,
particularly Hashimoto’s disease, which is found in up to 80% of cases [15]. Other causes
of TSH elevation include iodine deficiency, radioiodine treatment for hyperthyroidism,
medication including amiodarone and lithium, recovery from non-thyroidal illness as
well as the surgical removal of sections of the thyroid [5, 15, 32, 33].



1.2.4 Natural history

Progression of SCH to overt hypothyroidism occurs in approximately 2-6% of patients
per year — it is more likely in women and those with both elevated TSH and antithyroid
autoantibodies [9, 15, 16]. Subsequently, overt hypothyroidism may cause non-specific
but progressively debilitating symptoms based on its severity, duration and the patient’s
treatment status [12, 34].

However, around 60% of cases, particularly those with mild SCH, have been found to
revert to normal thyroid hormone levels (euthyroidism) over time without ever receiving
treatment [16, 17, 35, 36]. The mechanism of such reversal is poorly understood [36], but
previous findings suggest that the hormonal changes could be seasonal [35].

1.2.5 Clinical presentation

Patients with SCH are typically asymptomatic [9, 37]. However, they can sometimes
have mild, non-specific symptoms such as fatigue, dry skin and constipation [14, 15, 38]
that may be inadvertently overlooked or attributed to other illnesses.

1.2.6 Diagnosis

Since it is a biochemical imbalance, SCH is only diagnosed through laboratory blood
tests measuring thyroid hormones and TSH, also known as thyroid function tests (TFTs).
Therefore, SCH is often detected by chance when TFTs are ordered in addition to other
investigations or in a routine test panel [11, 39].

For TFTs, optimal accuracy in diagnosing thyroid dysfunction is attained via assays for
TSH, free T3 (fT3) and free T4 (fT4) [40]. The distinction between ‘free’ and ‘bound’
thyroid hormone is that the latter is bound to plasma proteins — in the blood - and is
therefore not biologically active [41]. Total hormone assays, which combine free and
bound hormone levels, tend not to be diagnostically useful due to biological variations in
the amounts of thyroid-binding proteins.

The magnitude of changes in TSH levels in response to thyroid hormone levels is markedly
higher than the inverse, so blood TSH levels are considered the most reliable primary
indicator for SCH [42]. TSH production varies throughout the day and across individuals
[15, 16, 43], so a single abnormal TSH assay in isolation may not be sufficient for diagnosis
[44]. As aresult, it is recommended that positive tests should be repeated for confirmation
[42]. The NICE guidelines, for instance, recommend a second test 3 to 6 months after the
initial TFT [45].

The usual practice is to limit FT3 to the diagnosis of hyper-, rather than hypothyroidism,
whereas TSH and FT4 measurements are the gold standards for diagnosing SCH [42, 45].
Therefore, it should be noted that FT4 assays may be affected by illness, medications
such as anticonvulsants or lithium carbonate and factors that influence the circulating
amounts of thyroid hormone-binding proteins [40].

Based on an abnormal test result, laboratory protocols may also warrant the measurement
of thyroid peroxidase antibodies (TPOADb), previously linked to the progression from
subclinical to overt hypothyroidism [15, 15, 36]. Table 1.2 shows the types of thyroid
disorders detected using TFTs.



Table 1.2. Patterns of thyroid dysfunction obtained from TFTs [40].

TSH level FT4 or FT3 level Thyroid Disorder
High Normal Subclinical hypothyroidism
High Low Primary hypothyroidism
Low High Overt hyperthyroidism
Low Normal Subclinical hyperthyroidism
Low Low Central hypothyroidism
High High Central hyperthyroidism

1.2.6.1 Reference Range

Since it is a biochemical disorder, the diagnosis of SCH directly depends on what TSH
levels fall in the reference range [46]. The ideal comparator for a thyroid hormone or
TSH assay would be a prior measurement taken from the same individual, given that
their concentrations are relatively stable for long periods of time. In the absence of an
individual’s previous assays, the best alternative is to apply population-based reference
ranges, which are typically obtained from healthy people with no thyroid disease, irre-
spective of their demographic characteristics (e.g. age, ethnicity) [47]. However, it has
been found that TSH distribution curves are not normally distributed but instead exhibit
a left skew towards serum TSH levels higher than 4.5 mIU/L [47], as was demonstrated
in the National Health and Nutrition Examination Survey (NHANES) III [48]. Possible
explanations for this observation are the inclusion of individuals with early, undetected
thyroid disease and the progressive physiological increase of TSH as people grow older
[49-51].

Population-based reference ranges for TSH fail to account for the genetic differences that
influence physiologically normal TSH levels across individuals. A recent study comparing
genetically derived TSH ranges to population-based references found that almost 30% of
study participants previously classified as having thyroid disorders were biochemically
euthyroid based on their genetic profiles [52].

Furthermore, the sensitivity and specificity of lab assay equipment can bias the results
of TSH measurements [53, 54] since they tend to vary depending on the manufacturers’
chosen calibration and standardisation methods. Some assays contain antibodies which
are capable of detecting TSH isoforms that are biologically inactive, therefore yielding
misleading results [14, 55]. Laboratories also tend to apply manufacturer-provided
reference ranges rather than adapting them for the local population [56, 57]. Therefore, it
has been recommended that clinicians should view TSH ranges flexibly in light of assay
bias [55, 58].

A study comparing TSH assays from two manufacturers, Roche Diagnostics and Abbot
Laboratories, found that the lack of standardisation in the reference ranges provided
by the companies resulted in diagnostic discordance [58]. Less than half of the samples
(44%) had SCH according to both assays, though the Roche version was reported to have
a narrower range [58]. Overdetection and overdefinition are the two underlying causes
of overdiagnosis [59]; therefore, TFTs must be correctly interpreted.



1.2.6.2 Differential Diagnoses

Causes of transiently elevated TSH levels include obesity, pituitary gland tumours that
secrete TSH, and kidney failure [15, 16]. It is also possible for the increase to be outside
the reference range but non-pathological [15, 60], given that TSH reference ranges may
differ due to physiological factors like age [48, 61, 62] and exogenous factors such as
testing laboratory standards, even within the a single geographical region [63].

1.2.7 Treatment

Levothyroxine (LT4), a synthetic form of T4, is the drug of choice for treating SCH.
Its T3 analogue, liothyronine (LT3), is not typically used but may be combined with
levothyroxine for specific resistant cases [5, 64]. Even so, evidence supporting long-term
combination therapy is limited and notably relates to mixed forms of hypothyroidism
rather than directly to SCH [64, 65].

Furthermore, LT3 and LT4 may affect SCH patient physiology differently, such as the
degree of weight loss observed [66]. After the medication is initiated, patients usually
have periodic blood tests to check their TSH levels [67]. Figure 1.3 shows the potential
pathways that patients could follow after SCH is diagnosed.

Given the characteristically elevated TSH levels, the goal of treating SCH is usually
to normalise TSH to within the reference range [45], but achieving biochemical and
clinical euthyroidism requires periodic monitoring and dose adjustment [68]. Even so,
patients on long-term, high-dose levothyroxine treatment may have suppressed TSH
levels (<0.03 mIU/L), which are associated with a higher risk of cardiovascular disease
and fractures [69]. On the other hand, persistently high TSH levels while on treatment
may be caused by poor treatment compliance, impaired absorption of levothyroxine or
higher levothyroxine demand, for example, as a result of pregnancy or weight gain [70,
71].

The alternative to medication — typically for patients with mild SCH with few or no
symptoms - is patient monitoring with repeated TFTs at regular intervals [72]. In case of
progressively increasing TSH or worsening health, medication with levothyroxine may
then be initiated when needed (Figure 1.3).

Clinical guidelines for the management of SCH vary in their recommendations (Table 1.3)
but are united by the common theme of inadequate or weak evidence [9, 32, 73-75]. It has
also been noted that some patient subgroups, young adults, for instance, are relatively
underrepresented in SCH trials, so although more research is generally required, this
need is especially pertinent for specific sub-populations [76].
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Figure 1.3. Potential pathways following the diagnosis of SCH.




0T

Table 1.3. Clinical guidelines for managing SCH (adapted from Ku et al. [77]).

Guidelines Consideration of LT4 treatment Observation without LT4 treatment

TSH <10 mIU/L, age >70 years
TSH 4-10 mIU/L, age >65 years
TSH <10 mIU/L symptoms (-), age <70 years
TSH <10 mIU/L, age >70 years

ATA (2012) [78] TSH >10 mIU/L, age <70 years
TSH 4-10 mIU/L, age <65 years, symptoms (+)
TSH >10 mIU/L, age <70 years
TSH <10 mIU/L, age <70 years, symptoms (+)
TSH <10 mIU/L, age >70 years, symptoms (+) or high cardiovascular (CV) risk
TSH >10 mIU/L TSH 4.5-10 mIU/L, age > 65 years symptoms (-)

TSH 4.5-10 mIU/L, age < 65 years, CV risk
TSH 4.5-10 mIU/L, age > 65 years symptoms (+)
TSH 4.5-10 mIU/L, TPOAbD, autoimmune thyroiditis
TSH > 10 mIU/L

ETA (2013) [32]

LATS (2013) [79]

SEMDSA/ACE-SA (2015) [75] TSH 4-10 mIU/L, age > 65

TSH 4-10 mIU/L, age < 65 years, CV risk factors, TPOAb, pregnancy, psychiatric illness, T2DM or symptoms (+)
TSH 4-10 mIU/L, TPOAb
TSH >10 mIU/L, age <70 years
Especially, symptoms (+) or CV risk factors
6 months of LT4 treatment in the cases of TSH >4.5 and <7 mIU/L with symptoms

Clinical practice guideline (2017) [16] TSH >10 mIU/L, age >70 years

6 months of LT4 treatment in the cases with TSH >7 and <10 mIU/L, age <70 years

6 months of LT4 treatment in the cases with symptoms (+) regardless of age, CV risk factors, TPOAb
NICE guideline (2018) [45] TSH >10 mIU/L, age <70 years TSH >10 mIU/L, age >70 years
TSH 4-10 mIU/L, age <65 years, symptoms (+) TSH 4-10 mIU/L, age >65 years

Clinical practice guideline (2019) [73] Only women who are trying to become pregnant or patients with TSH >20 mIU/L Almost all adults

KTA (2023) [80] TSH >10 mIU/L, age <70 years TSH 6.8-10 mIU/L, age <70 years

All elderly patients

Note:
Abbreviations: LT4, levothyroxine; ATA, American Thyroid Association; TSH, thyroid-stimulating hormone; ACE-SA, Association of Clinical Endocrinologists of South Africa, ETA, European Thyroid

Association; TPOAD, thyroid peroxidase antibody; NICE, National Institute for Health and Care Excellence; KTA, Korean Thyroid Association; LATS, Latin American Thyroid Society; SEMDSA, Society for
Endocrinology, Metabolism and Diabetes of South Africa.



1.2.8 Screening

Screening for thyroid disease is not recommended because of insufficient evidence of its
benefits [15] but also due to the high likelihood of false positives, for instance, in cases
of transiently elevated TSH [76, 81]. A community study on the risk of abnormal TSH
levels in subsequent tests found that among subjects with SCH, more than 60% of TSH
measurements reverted to normal during the 5-year follow-up period [17], which implies
that screening may result in the transitory inflation of SCH incidence. Furthermore, there
is probably limited clinical value in identifying asymptomatic SCH cases [76] because of
the inconclusive nature of the existing evidence on the effects of treatment.

1.3 Controversies associated with SCH

1.3.1 Overtesting

There has been a steady increase in the ordering of TFTs in primary care [82-84], with
widely varying patterns reported between practices [38]. However, overtesting is not
limited to GP practices and routinely occurs within hospitals too [39, 85, 86]. For SCH,
‘overtesting’ refers to ordering TFTs without sufficient cause [82, 84]. Overtesting may be
considered akin to screening because both typically involve patients with no discernible
symptoms.

There is evidence of the overuse of TFTs in primary care in Canada and the UK [38, 87],
and its strongest predictor is, unsurprisingly, the frequency of GP-patient encounters.
It stands to reason that a high number of GP visits would result in more investigations,
including TFTs (which could result in an incidental SCH diagnosis).

Following an analysis of electronic medical records, over 30% of all adults attending
primary care practices in Ontario, Canada, were found to have received at least one TFT
over a 2-year follow-up period without clear clinical indications [84]. Crucially, less than
5% of the tests in the two years returned abnormal results, and the authors estimated
that the number of unnecessary tests translated to approximately $25 million [84]. The
extent of the issue is that nationwide campaigns have been designed to discourage the
use of poorly evidenced tests, treatments and procedures, including TFTs. The Choosing
Wisely Canada initiative [88] is an example that reduced the number of monthly TFTs in
participating primary care practices by 11% over two years compared to non-participating
practices [84].

The probable consequence of inappropriate test ordering is a corresponding increase in
the number of diagnoses of SCH (overdiagnosis). Overusing diagnostic tests increases
the probability of false positives [89], leading to ‘a cascade of further investigations and
unnecessary treatments’ [38]. A UK study found that the frequency of monitoring TFTs
for patients on LT4 did not align with clinical guidelines - those with disordered TSH
or fT4 had longer intervals, whereas intervals for people with baseline TFTs within the
reference range were too short, thus contributing to overtesting [90]. On balance, it
should also be noted that overdiagnosis misrepresents true prevalence estimates [61] and
can, therefore, have far-reaching implications.
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1.3.2 TSH normal range

TSH measurement is the gold standard for detecting thyroid disorders because of the
log-linear relationship between TSH and T4 [91], such that the magnitude of change
in TSH levels is amplified and, therefore, easier to detect than more minor changes in
T4 [22]. However, several factors influence TSH levels, including certain medications,
diurnal variation, sex, age and ethnicity [15, 22, 92]. The definition of ‘normal’ also
varies, given that the distribution of serum TSH skews to the right [13]. It has also been
established that an individual’s TSH levels may be fixed in the upper or lower part of the
reference range [47].

Thus arises the call for age and sex-specific reference ranges for TSH [93], which would
prevent the misdiagnosis of thyroid disorders and the burdens associated with managing
lifelong conditions, including the initiation of treatment. In a Japanese study on the
impact of changing the normal TSH ranges, Yamada et al. [49] reported that in the 60-69
age group, 62% of men and 78% of women with SCH were re-classified as euthyroid.
However, the cohort was mainly composed of people having their annual check-ups, and
the authors acknowledge that this limits the generalisability of their findings because
they were likely of higher socioeconomic standing [49].

Most laboratories do not use age-specific reference ranges; this has been reported in the
US [5, 48] and the UK [61]. The failure to apply different ranges depending on patient age
may be explained by the fact that most current testing guidelines also recommend single
cut-offs for TSH [18]. It is crucial to consider the age-specific differences because normal
ranges influence the diagnosis, treatment and monitoring of SCH. Elderly patients tend
to have high TSH levels, so it has been suggested that (i) their threshold for diagnosis
should be raised to prevent overdiagnosis and (ii) their levothyroxine dosages should be
lowered to prevent overtreatment [14, 94].

1.3.3 Clinical management

The main controversy in SCH relates to patient management — there are decades-long
arguments for and against treatment [95-98] but no clear evidence of its harms and
benefits. In the UK, the two most recent recommendations differ in their thresholds; one
advises against the treatment of SCH with levothyroxine except in three groups (young
adult patients aged 30 and under, those with severe symptoms or very high TSH levels of
>20 mIU/L, and women attempting to conceive) [73]. The other guideline, by the National
Institute for Health and Care Excellence (NICE), acknowledges the lack of evidence on
the long-term effects of levothyroxine prescribed for SCH but asks physicians to consider
treatment for adults with TSH of > 10 mIU/L [74]. The guidance by Bekkering et al. [73]
was based on a systematic review [99] that included insufficient data on the under-65 age
group and patients with TSH over 10 mIU/L and was otherwise underpowered when the
results of the TRUST trial [100] were excluded [101]. Therefore, the recommendations
relating to these two subgroups were likely based on extrapolated data [98].

It is plausible that the lack of clarity on what justifies the initiation of therapy, be it the
diagnosis of SCH or materially, a specific diagnostic attribute like the TSH threshold,
increases the frequency of inconsistent clinical care. From a different viewpoint, the
patient on levothyroxine must make lifestyle changes like maintaining adherence and
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compliance with the medication. They will likely be on lifelong treatment [95] and require
repeat appointments to monitor their TSH levels. The latter may translate to related
expenses — prescription costs, lost time and wages — and potential secondary health
complications [76]. Other possible concerns following the initiation of levothyroxine
therapy include drug malabsorption and increased thyroid hormone metabolism or
binding capacity, which negatively influence subsequent TFTs [102].

Also, given that some SCH patients’ TSH levels spontaneously revert to normal without
medication [36, 100], it may be that treatment is not always necessary. This possibility
must be emphasised because it remains unclear if symptomatic and asymptomatic patients
should be managed differently. Additionally, past trials on this topic have not evaluated
the subsequent reversal of symptoms after initiating levothyroxine, nor any potential
long-term effects of receiving treatment [103].

1.3.4 Overtreatment

The 2020/2021 Prescription Cost Analysis for England reports that levothyroxine was
the third most dispensed medicine in the country, with the number having risen slightly
compared to 2019 - 33.1 million and 33 million prescriptions, respectively [104]. Levothy-
roxine is prescribed for both overt hypothyroidism and SCH; however, it is more probable
that the larger proportion of these figures is due to SCH because of its higher estimated
prevalence in the general population or, possibly, overtesting and the use of lower TSH
testing thresholds [14, 64, 105].

Overuse of levothyroxine may lead to adverse effects such as heart failure and bone density
changes [63, 69, 106]. It is also understood that not all patients on treatment have TSH
levels within the normal range [28], although this may be due to anomalous TFT results
[102] or incorrect levothyroxine dosages [94]. A study of thyroid hormone users aged
65 years and over showed that many SCH patients were overtreated with levothyroxine
to the point of hyperthyroidism [94]. As such, over-replacement is another potential
concern fuelled by the insufficiency of definitive evidence of the clinical importance of
treating SCH.

1.3.5 Consequences of SCH

Evidence on the long-term adverse effects of SCH is mostly unclear - it has previously
been associated with cardiovascular complications [10, 16, 107, 108], frailty fractures [69],
cognitive dysfunction, anxiety and depression [109, 110]. However, these studies were
limited in their generalisability because of small sample sizes and varying diagnostic or
therapeutic reference ranges. More significantly, other studies with similar limitations
had negative findings [111-114]. Some studies have found no link between SCH and poor
health-related quality of life [11, 23], but others reported more total symptoms among
SCH patients than those with normal thyroid function [28].

1.4 Rationale for this Thesis

Uncertainty regarding the management of SCH, particularly the pleiotropic effects of
levothyroxine for SCH outcomes, poses a challenge to clinicians and patients. The most
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remarkable indicator of this issue is the disparities between clinical guidelines. More
research on this topic is thus required to facilitate informed decision-making by healthcare
practitioners.

An additional but critical concern is the potential for steadily increasing SCH diagnoses
due to overtesting, compounded by the relative insufficiency of evidence on long-term
treatment effects. This interplay of factors could result in more SCH patients receiving
suboptimal clinical care over lengthy durations. From the perspective of healthcare
management, overtesting, overdiagnosis, and overtreatment may all contribute to a
massive waste of limited resources. Furthermore, considering the paucity of conclusive
evidence [15, 16], the chances of new, adequately-powered randomised controlled trials
(RCTs) on SCH to assess long-term outcomes are probably low.

1.5 Aims & Objectives

1.5.1 Thesis aim

The management options for SCH are that patients are either: (i) started on treatment
(levothyroxine) or (ii) followed up with no pharmacological intervention. The overarching
aim of this PhD was to investigate the impact of these strategies on long-term clinical
outcomes. By comparing the impact of treatment and non-treatment on long-term health,
this thesis will add to the evidence base of whether patients benefit from treatment.

1.5.2 Thesis objectives

1. To review the existing literature on the impact of SCH and its treatment on long-
term clinical outcomes.

2. To characterise the epidemiology and clinical management of SCH using electronic
health record (EHR) data.

3. To investigate the impact of treating SCH with levothyroxine on long-term clinical
endpoints using routinely collected health data.

1.6 Thesis structure

This thesis is presented as a portfolio of research articles in the format required by the
University of St Andrews. There are four papers - three have been published in peer-
reviewed journals and are incorporated as such. The last manuscript is in publishable
format — submission is planned to follow the completion of this thesis. Because of the
portfolio-based format, there is an element of duplication throughout because all the
articles relate to the same topic.

The relatively large number of published evidence syntheses on SCH precluded conducting
another conventional systematic review. Hence, to avoid ‘duplication of effort’ [115],
umbrella review methodology was selected instead for examining the evidence base. This
is presented in Chapter 2 in its published format.
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Chapter 3 contains the published article of a descriptive study based on electronic health
records in the SAIL Databank. This chapter describes the cases of SCH in Wales between
January 2000 and December 2021 to provide additional real-world context on this topic.

RCTs are considered the gold standard for assessing treatment effects [116]. However,
over and above project resource limitations, emulation of a target trial was deemed an
appropriate alternative to a randomised trial because the framework has been validated
for causal inference [116, 117]. The trial emulation forms Chapter 4.

In Chapter 5, I summarise the findings from the umbrella review, descriptive study and
trial emulation. I also discuss the relevance of these results, the thesis strengths and
limitations, and potential areas for future research on this topic.
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2

Umbrella review



2.1 Introduction

Research is best informed by identifying what is already known on a topic. This chapter
describes an umbrella review that was performed to explore the published literature,
specifically systematic reviews and meta-analyses, on how the management of SCH is
associated with various long-term outcomes. It therefore addresses the first objective of
this thesis.

The review protocol was registered on PROSPERO [118] and published in BMC Systematic
Reviews [119]. Searches were conducted on electronic databases, and the identified
reviews were screened, their quality assessed, and their findings collated. The review
manuscript was then published in PLoS ONE [120]. Details of the two articles are as
follows:

1. Bauer BS, Azcoaga-Lorenzo A, Agrawal U, McCowan C. Management strategies
for patients with subclinical hypothyroidism: a protocol for an umbrella review.
Systematic reviews. 2021 Dec;10:1-6. https://doi.org/10.1186/s13643-021-01842-y

2. Bauer BS, Azcoaga-Lorenzo A, Agrawal U, Fagbamigbe AF, McCowan C (2022) The
impact of the management strategies for patients with subclinical hypothyroidism
on long-term clinical outcomes: An umbrella review. PLOS ONE 17(5): €0268070.
https://doi.org/10.1371/journal.pone.0268070

These publications are reproduced in this thesis under the Creative Commons Attribution
License with no changes. Supplementary materials are included in Appendix I.

2.2 Methods

2.2.1 Published protocol
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with subclinical hypothyroidism: a protocol
for an umbrella review

Brenda S. Bauer ®, Amaya Azcoaga-Lorenzo, Utkarsh Agrawal and Colin McCowan

Abstract

Background: Subclinical hypothyroidism is a thyroid disorder diagnosed from the laboratory blood test results of
otherwise asymptomatic patients. It has been associated with poor cardiovascular outcomes, mortality and progres-
sion to overt thyroid hormone deficiency. Current guidelines on the management of subclinical hypothyroidism differ
because of conflicting evidence on long-term treatment benefits. Even though there are several existing systematic
reviews on its clinical outcomes, no definitive conclusion has been reached yet. As such, a new synthesis could help
provide more insight and consensus on this topic. To this purpose, this umbrella review will evaluate and synthe-

sise current evidence on the long-term clinical outcomes of the different management strategies for subclinical
hypothyroidism.

Methods: This is a protocol for an umbrella review on the management strategies for subclinical hypothyroidism. We
will conduct literature searches in multiple electronic databases (from inception onwards), namely MEDLINE, EMBASE,
Scopus, Web of Science, Cochrane Database of Systematic Reviews, JBI Evidence Synthesis, Epistemonikos data-

base, PDQ Evidence and the PROSPERO register. There will be no restriction on the date or language of publication.
Additional material will be identified through grey literature searches and citation chaining. Review inclusion criteria
will be patients with subclinical hypothyroidism, receiving treatment or monitoring, no restrictions on the compara-
tors used and with cardiovascular events, frailty fractures, quality of life and all-cause mortality as primary outcomes
of interest. Two reviewers will independently screen all citations, full-text articles and abstract data on a pre-piloted
form in duplicate. Methodological quality (or bias) of included studies will be appraised using AMSTAR-2. Any conflicts
that arise will be resolved through discussion or involving a third reviewer. A narrative synthesis will be provided with
information presented in the main text and tables to summarise and explain the characteristics and findings of the
included reviews. Even so, it is not expected that a meta-analysis will be performed due to review variability. Study
limitations and methodological quality assessments will also be reported to provide context for the overall summary
of evidence.

Discussion: This review will provide a comprehensive summary of the effects of the pharmacological and non-phar-
macological management of subclinical hypothyroidism on specific long-term clinical outcomes. It is anticipated that
the findings of this umbrella review will aid in the development of consensus-based clinical recommendations for
subclinical hypothyroidism, as well as highlight areas for future research. Review findings will be disseminated primar-
ily through peer-reviewed publications.
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Andrews KY16 9TF, UK

©The Author(s) 2021. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
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original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http//creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http//creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.
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review

Background

Subclinical hypothyroidism (SCH) is a disorder of the
thyroid gland in which blood levels of free circulating
hormones are normal, but those of thyroid-stimulating
hormone (TSH)—which stimulates thyroid hormone
production—are elevated. It can only be diagnosed
through laboratory tests, and diagnosed patients are typi-
cally asymptomatic [1, 2]. As such, the detection of SCH
is often incidental [3, 4], and in approximately 2 to 5% of
patients, SCH has been found to progress to overt hypo-
thyroidism [2]. SCH has also been linked to an increased
risk of cardiovascular disease and mortality [5, 6], frailty
fractures [7], cognitive dysfunction, anxiety and depres-
sion [8]. Crucially, however, these associations are based
on differing conclusions from observational studies and
small randomised trials with relatively brief follow-up
periods [9].

SCH is treated through the replacement of thyroid
hormone using the drug levothyroxine [10]. Even so, the
decision to begin replacement therapy has long been
controversial because of conflicting findings on whether
treatment is beneficial for long-term outcomes [1, 2].
Recently published guidelines on the management of
SCH differ in their recommendations, as a result. One
evidence-based guideline recommends applying a TSH
threshold of 10 mU/L for prescribing levothyroxine
because of potential long-term benefits such as cardio-
vascular outcomes and symptom improvement [11, 12].
On the other hand, Bekkering et al. [13] considered a
systematic review of 21 trials that found minimal to no
evidence of clinical benefit from replacing thyroid hor-
mones in SCH [14]. In response, a strong recommenda-
tion was issued against treatment for most adult patients,
except patients with TSH levels greater than 20 mIU/L
and pregnant women [13].

It is widely acknowledged that inadequate research has
been conducted on the long-term clinical outcomes of
managing SCH, especially as inconsistencies remain in
the findings of the studies that have been performed to
date [1, 9, 15-17]. Since thyroid hormone replacement
is a lifelong treatment, it is vital to investigate how levo-
thyroxine affects health in subclinical disease. Equally
important are the clinical effects of follow-up with no
treatment—for patients who do not meet treatment
thresholds, for example—in determining the optimal
timing of treatment, as well as the suitability of certain
patient groups to receive treatment.
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The umbrella review approach is well-suited to the syn-
thesis of a body of contentious evidence, as it allows for
a rigorous and systematic assessment of the literature
[18]. We will employ this methodology to summarise and
compare systematic reviews of various clinical outcomes
of the management strategies of subclinical hypothyroid-
ism, which may be either to prescribe treatment or to
monitor the patient with no pharmacological interven-
tion. Specifically, the review questions are:

Q1: What is the impact of levothyroxine treatment on
long-term clinical outcomes for patients with subclinical
hypothyroidism?

Q2: What is the impact of follow-up without treatment
on long-term clinical outcomes for patients with subclin-
ical hypothyroidism?

Methods

Protocol development

This protocol was registered in the PROSPERO register
[19] as CRD42021235172. The methods described below
are based mainly on the ‘Umbrella Reviews’ chapter of
the JBI Manual for Evidence Synthesis [20], though some
elements—protocol length, referencing style, critical
appraisal and data collection tools, in particular—have
been adapted for our purposes. The Preferred Reporting
Items for Systematic Review and Meta-Analysis Proto-
cols (PRISMA-P) guidelines [21, 22] have been followed
in reporting this protocol, for which a completed check-
list is provided as an additional file [see Additional file 1].

Inclusion criteria

It is anticipated that all the systematic reviews obtained
for this review will have clearly defined inclusion and
exclusion criteria, in keeping with systematic review
norms and guidelines. Therefore, it will be possible to
apply the following criteria while selecting the relevant
literature. A summary of the screening criteria is pre-
sented in Table 1.

Participants

The population of interest is restricted to patients diag-
nosed with subclinical hypothyroidism, regardless of age,
setting and the country in which the studies took place.
Reviews relating solely to pregnant women, children and
adolescents will be excluded because these are special
patient groups with additional clinical considerations.
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Table 1 Review inclusion and exclusion criteria
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Inclusion criteria

Exclusion criteria

Participants
graphic or etiological restrictions

Intervention
up without treatment

Comparator No restriction on comparison or control groups

Cardiovascular outcomes
Cerebrovascular outcomes

Quality of life measures

Frailty fractures

All-cause mortality

Other reported outcomes (secondary)

Outcomes

Study design
research

Review characteristics Articles in any language

Any period of study or date of publication

Patients diagnosed with subclinical hypothyroidism, no demo-

Management of SCH, i.e. treatment using levothyroxine or follow-

Quantitative systematic reviews and meta-analyses of empirical

Pregnant women
Children and adolescents
Diagnosis of overt hypothyroidism

No reported treatment status

No reporting of any of the primary outcomes of interest

Any other study types (e.g. narrative reviews, scoping
reviews, qualitative syntheses)

Intervention

Inclusion is restricted to systematic reviews of studies
involving the management of SCH, whether (i) using lev-
othyroxine for treatment or (ii) follow-up with no treat-
ment. Studies that do not report the treatment status of
participants will not be included.

Comparator

Any comparison groups will be eligible for inclusion,
depending on whether one was used in the synthesis.
Therefore, reviews that compare the effects of treatment
against no treatment will be included, as well as those
that report findings from only one of the two strategies.

Outcomes

The primary clinical outcomes of interest are cardiovas-
cular (e.g. heart disease, heart failure, peripheral vascu-
lar disease), cerebrovascular (ie. stroke), quality of life
measures (e.g. Underactive Thyroid-Dependent Quality
of Life score, Short-Form 36, Thyroid-Related Quality-
of-Life Patient-Reported Outcome Measure), frailty frac-
tures and all-cause mortality. Secondary outcomes (e.g.
improvements in clinical symptoms, cognitive dysfunc-
tion) will also be included if reported in addition to the
above.

Study design

Only quantitative systematic reviews and meta-analyses
of empirical studies will be eligible for inclusion, regard-
less of whether the studies were randomised clinical tri-
als or observational. Narrative and scoping reviews, as
well as purely qualitative reviews, will be excluded dur-
ing study selection. Any systematic reviews that include
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theoretical or opinion articles will also be considered
ineligible.

Primary studies will not be considered, even when gaps
are identified in the evidence within included systematic
reviews.

Review characteristics

There will be no limitations on the year of publication or
study period to allow for temporal comparisons in study
findings. Publications in languages other than English
will be included in the first instance; if translation is not
possible, they will be excluded, but their details reported.

Information sources and search strategy

Comprehensive searches will be carried out on multiple
electronic databases: MEDLINE, EMBASE, Scopus, Web
of Science, Cochrane Database of Systematic Reviews,
JBI Evidence Synthesis, Epistemonikos database, PDQ
Evidence and the PROSPERO register, from inception
onwards. There will be no additional filters based on the
date or language of publication.

We will use controlled vocabularies and search terms
directly related to the review questions such as ‘treat-
ment, ‘levothyroxine’ and ‘subclinical hypothyroidism’
which will be modified, as needed, to account for data-
base-specific differences. Search filters will be applied to
retrieve only systematic reviews. The MEDLINE search
strategy, developed with the assistance of an academic
librarian, is shown in Additional file 2.

The reference lists of selected reviews will also be
checked for eligible syntheses (backward citation chain-
ing) and Google Scholar used for forward citation chain-
ing. A search will also be performed for grey literature,
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on the WorldCat and Open Grey databases and Internet
search engines.

These searches will be updated in the later stages of the
review (i.e. during data synthesis) to identify any relevant
systematic reviews that will have been published in the
interim.

Study selection

All the references retrieved from the searches will be
imported to EndNote X9 [23] to remove duplicate
records. The remaining citations will then be imported
to Covidence [24] and screened independently by a set of
two reviewers in duplicate—first by titles and abstracts—
against the inclusion and exclusion criteria described
above. In situations where it is impossible to identify
inclusion from the title and abstract alone, these articles
will progress to full-text review.

Afterwards, articles that pass through the initial screen-
ing will be obtained and read in full to determine their
eligibility for inclusion. Any disagreements in study selec-
tion will be resolved through discussion or the involve-
ment of a third reviewer to reach a consensus. Updated
systematic reviews will be included but treated as a single
study to prevent duplication during data extraction. All
decisions at this stage will be recorded and presented in a
PRISMA flow diagram in subsequent reports.

Data extraction

A pair of reviewers working independently will use a
standardised, pre-piloted form to extract data in dupli-
cate. Specifically, data will be collected on first author,
year of publication, reported a protocol, objective(s),
reported strategies to search literature, number of data-
bases searched and date of last search, any restrictions
(e.g. language, geographic or date), inclusion/exclusion
criteria, intervention(s) of interest and comparators,
patient population, main outcomes of interest, type of
study designs included (e.g. randomised controlled trials,
observational studies or both), number of included stud-
ies, number of studies reporting data for meta-analyses,
effect metric(s) reported (e.g. risk ratio), methods to
assess study risk of bias, statistical methods to combine
studies, summary meta-analytic estimates including het-
erogeneity measures, additional analyses (e.g. subgroup
analysis or sensitivity analysis), metabias assessment (e.g.
publication bias across studies), funding source and con-
flicts of interest. Where presented, data on the Grading
of Recommendations, Assessment, Development and
Evaluation (GRADE) rating for individual systematic
reviews will also be collected. A complete list of fields to
be extracted from included reviews is included in Addi-
tional File 3.
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Disagreements arising from data extracts will be
resolved by discussion with a third reviewer to reach a
consensus. Where necessary, review authors will be con-
tacted for further information on incomplete or missing
data.

Quality assessment

The critical appraisal of all selected systematic reviews
will be conducted in tandem with data extraction, using
the AMSTAR (A MeaSurement Tool to Assess system-
atic Reviews) tool. This checklist was designed to assess
the methodological quality of systematic reviews of ran-
domised trials [25] and is currently in its second version,
AMSTAR-2 [see Additional File 4]. In recognition of the
increasing number of systematic reviews incorporating
data from non-randomised and observational studies,
the original checklist was updated, published and sub-
sequently validated [26, 27]. Syntheses are judged on 16
domains, including the suitability of the research ques-
tion and inclusion criteria, the search strategy, the char-
acteristics and critical appraisal of included studies and
publication bias. Most domains are rated either ‘Yes’ or
‘No’ though some have the additional option of ‘Partial
Yes’

Discrepancies in the independent assessments made by
each pair of reviewers will be resolved by discussion with
a third reviewer to reach a consensus. The results of the
quality assessments will be applied in the overall synthe-
sis and presentation of findings so that it will also be pos-
sible to compare the included reviews by methodological
quality. However, the primary studies from included sys-
tematic reviews will not be evaluated individually.

Data synthesis

Review findings will be synthesised narratively, as it is
anticipated that there will be several differences in inclu-
sion criteria, methods of synthesis and outcome meas-
ures. Overall outcome measures will be presented in
tabular form, accompanied by detailed descriptions of
review characteristics and quality assessments.

If there are sufficient data from the included systematic
reviews, patient characteristics (e.g. age, sex) and meth-
odological differences (e.g. search strategies, definitions
of clinical outcomes) will be used to stratify the findings,
to allow for further comparisons in the management
options for SCH based on these criteria.

There is a considerable burden involved in performing
a meta-analysis of existing systematic reviews, given the
likelihood of primary studies being counted more than
once [28]. This is because of the complexity of taking
each review apart and then combining the results of sev-
eral individual studies, many of which are likely to have
different review questions and inclusion criteria. As such,
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it is anticipated that a meta-synthesis of included meta-
analyses will not be performed; key statistical data will
only be summarised.

Confidence in cumulative evidence

The GRADE ratings described within the included sys-
tematic reviews will be reported in this umbrella review.
However, it is anticipated that not all studies will report
these measures, especially older syntheses published
prior to the first GRADE guidelines [29]. For such
reviews, no new GRADE assessments will be conducted
because they involve an assessment of primary studies.
As such, this is beyond the scope of this umbrella review.

Discussion

This is a protocol outlining the processes through which
an umbrella review will be performed. It is anticipated
that this review of systematic reviews will be useful in
summarising and comparing the syntheses of evidence
on the management of SCH. As such, its findings may
either aid in the development of, or reinforce future evi-
dence-based clinical guidelines. Furthermore, the review
will be useful for the identification of any potential biases
or gaps that could explain the contradictions in the lit-
erature on this topic. Knowledge gaps identified in the
literature can also inform future studies and systematic
reviews.

The key strength of this overview will be to provide a
comprehensive summary of current evidence on the
management of SCH through the application of robust
and established methods to source, select, appraise and
synthesise existing systematic reviews. This information
will be of interest to researchers, clinicians and patients
with SCH seeking a high-level overview of the evidence;
this will be the first umbrella review on this topic, to the
authors’ knowledge.

This type of evidence synthesis—the umbrella review—
though useful, is also subject to several limitations.
First, inclusion in this review is restricted to systematic
reviews, but additional empirical studies on the same
topic are likely to have since been published. These new
findings would, therefore, not be captured in the scope
of this secondary synthesis. For this reason, all searches
will be updated at least once, towards completion of the
review.

Another potential challenge when applying meta-
review methodology is overlap in primary research.
Study results included in more than one systematic
review can cause misleading findings through a multi-
plier effect because a specified set of findings would be
counted more than once. Therefore, a crucial element
of data extraction and the subsequent synthesis will be
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to identify all primary studies and report all instances of
overlap.

A third limitation is the differences in inclusion criteria
between included studies that impede more quantitative
forms of synthesis when conducting an overview. How-
ever, given the aim of this review of systematic reviews
to collate and summarise all the synthesised literature on
the clinical management of SCH, a descriptive and tabu-
lar presentation of findings should suffice.

Protocol amendments

Any amendments to this protocol in the carrying out of
this umbrella review will be documented and reported
in both the PROSPERO register and any subsequent
publications.

Dissemination plans

The findings of this umbrella review will be disseminated
through publication in peer-reviewed journals, via social
media networks and relevant conferences.
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Abstract

Aim
This umbrella review summarises and compares synthesised evidence on the impact of
subclinical hypothyroidism and its management on long-term clinical outcomes.

Methods

We conducted comprehensive searches on MEDLINE, EMBASE, Scopus, Web of Science,
Cochrane Database of Systematic Reviews, JBI Evidence Synthesis, the PROSPERO reg-
ister, Epistemonikos Database and PDQ Evidence from inception to February and July
2021 using keywords on subclinical hypothyroidism, treatment with levothyroxine, monitor-
ing and primary outcomes (all-cause mortality, cardiovascular events, stroke, frailty frac-
tures and quality of life). Only systematic reviews and meta-analyses on adult patient
populations were considered. Study selection, data extraction and quality appraisal using
AMSTAR-2 were done independently by two reviewers and discrepancies were resolved
through discussion. Overlap across the selected reviews was also assessed, followed by a
narrative synthesis of findings.

Results

A total of 763 studies were identified from literature searches; 20 reviews met inclusion crite-
ria. Methodological quality ratings were high (n = 8), moderate (n = 7), and low (n = 5), but
no reviews were excluded on this basis. Though there was slight overlap across all reviews,
some pairwise comparisons had high corrected covered area scores. Compared to euthyr-
oidism, untreated subclinical hypothyroidism was associated with a higher risk of cardiovas-
cular events or death if Thyroid Stimulating Hormone was above 10mlIU/L at baseline.
Treatment was associated with a lower risk of death from all causes for patients younger
than 70 years and possibly better cognitive and quality of life scores than untreated individu-
als. Evidence on the risk of strokes and fractures was inconclusive.
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Conclusion

In the long term, treatment of subclinical hypothyroidism may be beneficial for some patient
groups. However, the findings of this review are negatively impacted by the relative sparse-
ness and poor quality of available evidence. Additional large and adequately powered stud-
ies are needed to investigate this topic further.

Systematic review registration
PROSPERO (CRD42021235172)

Introduction

Subclinical hypothyroidism (SCH) is characterised by elevated Thyroid Stimulating Hormone
(TSH) levels in contrast to free thyroid hormone-usually thyroxine/T4 -within the reference
range [1-3]. The leading cause of SCH is Hashimoto’s thyroiditis, a chronic autoimmune dis-
order that affects more women than men [2]. Prevalence varies worldwide but has been esti-
mated to be between 4% to 9%, increasing with age to more than 20% for women over 60 years
old [2, 4]. This broad range can also be explained by differences in race, dietary intake of
iodine and diagnostic cut-offs for SCH [2]. Patients usually exhibit few, if any, symptoms, so it
is common for SCH to be detected incidentally from a routine blood test panel [5, 6].

The reference ranges used for measurements of thyroid hormones and TSH vary between
laboratories because they are highly dependent on the reference population [7]. Nonetheless, a
distinction is sometimes made between mild and severe SCH with a TSH measurement of
10mIU/L as the cut-off [8, 9]. Approximately 60% of cases with mild SCH revert to normal
TSH levels over time [3, 9]. Furthermore, depending on the initial severity of their condition,
female SCH patients and those that are antithyroid peroxidase antibody-positive are more
likely to develop overt hypothyroidism [4]. This progression occurs in around 2-4% of cases
per year [2, 3].

Measurement of TSH and thyroid hormone levels is achieved through thyroid function
tests (TFTs) which are frequently ordered unnecessarily without medical indications [10-12].
One of the main pitfalls that could likely result from inappropriate TFTs is that more asymp-
tomatic patients are diagnosed as having SCH. Following diagnosis, there are two options for
the management of SCH, thyroid replacement therapy with levothyroxine or follow-up with-
out prescribing medication [2, 3]. Even so, a reasonable expectation for the latter is that treat-
ment would be initiated in the event of a patient’s worsening state, provided that the
progression can be attributed to SCH. Regardless of the strategy, patients require periodic
blood tests to monitor TSH levels for increasing severity or improvement of SCH [1, 3, 13].

The management of SCH is controversial-there has been no definitive evidence on the ben-
efits of replacing thyroid hormones, especially the long-term clinical consequences. This is
partly because few adequately powered randomised trials have investigated this topic [4, 14],
the most notable being the Thyroid Hormone Replacement for Untreated Older Adults with
Subclinical Hypothyroidism (TRUST) trial [15]. The TRUST Study Group reported that in
their trial with 737 adults over 65 years old, levothyroxine treatment did not improve patient
symptoms nor lower the risk of cardiovascular events and fractures [15]. On the other hand,
other smaller trials and observational studies have linked treatment of SCH to improved
patient outcomes [2, 4, 8]. Also, current UK clinical guidelines for the management of SCH
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differ in their recommendations for treatment thresholds and exclusions [14, 16]; these differ-
ences can be directly ascribed to inconsistencies in the existing evidence base.

Based on a systematic review by Feller et al. [17], a clinical guideline panel found no evi-
dence to recommend thyroid hormone replacement for SCH patients, except for those with
TSH levels above 20mIU/L and women that are pregnant or trying to conceive [14]. For the
outcomes they considered, for example, quality of life, cognitive function and cardiovascular
events, the panel found no vital difference between treated and untreated groups, irrespective
of patient age. Moreover, they noted the issue of practicality regarding medication—patients
require long-term treatment and follow-up and even risk developing hyperthyroidism in case
of overuse [14]. In contrast, the latest NICE guidance recommendation is for physicians to
consider treating adults with TSH of > 10 mIU/L to improve SCH patient outcomes [16]. The
reviewing committee found little evidence on SCH treatment but emphasised that additional
factors—such as the presence of symptoms-should be considered, over and above TSH levels
[13].

Therefore, an umbrella review was performed to collate and compare existing literature on
the long-term effects of SCH treatment and follow-up with no medication. Umbrella reviews—
also called overviews, meta-reviews or reviews of reviews [18]-are ideally suited to exploring
discrepancies in the literature by allowing for a broader scope of inquiry than a typical system-
atic review [18, 19]. The review questions of interest were: (i) what is the impact of levothyrox-
ine treatment on patient outcomes in subclinical hypothyroidism? and (ii) what is the impact
of monitoring without treatment on clinical outcomes for patients with subclinical hypothy-
roidism? Rather than restrict the focus of this overview to a direct comparison of these man-
agement strategies, we sought also to identify what is known for either option.

Methods

To a large extent, umbrella reviews are conducted similarly to typical systematic reviews. How-
ever, the critical difference between these methods is that the former use existing systematic
reviews and meta-analyses as the units of synthesis [18]. These will subsequently be referred to
as ‘primary reviews’ in this paper, in contrast to *primary studies’, the empirical studies
included in the systematic reviews. The protocol for this overview was registered on PROS-
PERO (CRD42021235172) and the methods followed have previously been described in detail
[20]; there were no deviations from the registered protocol. The reporting of this overview fol-
lows a checklist developed for overviews of systematic reviews based on recommendations
from existing guidelines [21].

Search strategy

Comprehensive searches were performed on multiple databases from inception to February
2021, namely MEDLINE, EMBASE, Scopus, Web of Science, Cochrane Database of Systematic
Reviews, JBI Evidence Synthesis, the PROSPERO register, Epistemonikos Database and PDQ
Evidence. The key search terms used included ’subclinical hypothyroidism’, ’'monitoring’,
‘treatment’ and ’levothyroxine’, in both free text and subject headings; the search syntax was
modified to match the different databases. The searches were updated in July 2021, during the
latter stages of data extraction, to identify any systematic reviews and meta-analyses that had
been published as the review was in progress. The MEDLINE search strategy is provided in S1
Appendix. No additional date or language filters were applied. Grey literature searches were
also performed, and the reference lists of eligible studies were scanned to identify other poten-
tially relevant primary reviews.
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Eligibility criteria

The following eligibility criteria were considered to determine inclusion in this umbrella
review. Only systematic reviews and meta-analyses on SCH, either in part or as a whole, were
considered, irrespective of whether the primary review included randomised trials or observa-
tional studies. Generally, all primary reviews had to report on the clinical outcomes of adult
patients (>18 years old) with SCH, regardless of the diagnostic thresholds that were initially
applied, for example, reference ranges for TSH and thyroid hormones. Patients with overt
hypothyroidism were excluded, as were children and pregnant women, whose thyroid hor-
mone requirements differ from the rest of the population.

The two eligible interventions were: (i) treatment with levothyroxine, and (ii) patient fol-
low-up without medication. Another essential requirement was that the treatment status of
patients was reported in the systematic reviews, such that it would be possible to distinguish
between treated and untreated groups. There were no additional restrictions on study compar-
ators and settings.

The primary outcomes of interest were all-cause mortality, defined as the death of patients
with SCH, irrespective of the cause, at least 12 months from baseline or the start of follow-up;
cardio- and cerebrovascular outcomes such as heart failure, arrhythmias, stroke, peripheral
vascular disease, coronary heart disease; quality of life as measured using suitable instruments
(or otherwise described as ’symptoms’ particularly in older publications); and, frailty fractures,
defined as fractures resulting from low-impact trauma, usually due to pre-existing disease.
Other long-term clinical outcomes reported in the included systematic reviews, for example,
cognitive function, were considered secondary outcomes.

Study selection

References retrieved from the searches were imported into Covidence (www.covidence.org/)
and initially screened in duplicate for eligibility by title and abstract. After that, the full texts of
selected primary reviews were obtained and read independently by pairs of reviewers who
assessed each paper against the selection criteria. When needed, primary review authors were
contacted to provide additional information.

Data extraction

A data extraction form was developed on Covidence and piloted by two reviewers. This
form was used to extract information on citation details, primary study selection criteria,
search parameters, selection and quality assessment methods and primary review findings
relating to the outcomes of interest for this umbrella review. Where provided, effect esti-
mates were extracted alongside their 95% confidence intervals and the treatment status of
the assessed group(s). This process was done by two reviewers working independently,
and discrepancies in the extracted data were resolved through discussion to reach a
consensus.

Table 1. AMSTAR-2 overall confidence ratings (from Shea et al. [22]).

Rating Interpretation

High <1 non-critical weakness

Moderate >1 non-critical weakness

Low 1 critical flaw +/- non-critical weaknesses
Critically low >1 critical flaw +/- non-critical weaknesses

https://doi.org/10.1371/journal.pone.0268070.t001
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Quality appraisal

The quality of the selected systematic reviews was independently assessed by two reviewers
using the Assessment of Multiple Systematic Reviews (AMSTAR-2) tool [22], an instrument
with 16 questions on the methodological quality of systematic reviews. These questions include
whether a comprehensive literature search was conducted, justification for excluding studies,
and risk of bias assessments for included studies (S2 Appendix). Overall ratings and their
meanings are shown in Table 1. AMSTAR-2 was chosen over the risk of bias in systematic
reviews (ROBIS) tool [23] because while both assess strongly related aspects (methodological
quality vs risk of bias), the former is advantageous for inter-rater reliability and usability [24-
26]. Disagreements between the reviewers were similarly resolved through discussion.

It has been suggested that GRADE criteria can be applied to systematic reviews [27]. How-
ever, this approach was initially designed for empirical studies, hence the paucity of relevant
guidance on how best to achieve this [18, 28]. Therefore, we did not perform any secondary
GRADE assessments on the included primary reviews but extracted any reported quality
ratings.

Assessing overlap

One of the unique challenges in conducting an umbrella review is overlap-the inclusion of the
same primary study or trial in more than one selected systematic review or meta-analysis [29,
30]. Any subsequent synthesis of more than one of these primary reviews would result in ’dou-
ble-counting’ and biased findings because the contribution of a subset of the data would have
been multiplied by some factor [30, 31]. The proposed methods for dealing with overlap are:
(i) selecting only the most recent systematic review or the one with the largest number of stud-
ies, (ii) selecting only the primary review of the highest quality, or (iii) including all primary
reviews but evaluating the amount of overlap [18, 30, 31].

To assess overlap between the included primary reviews, we calculated the corrected cov-
ered area (CCA) using the formula described by Pieper et al. [29]:

N-—r

rc—r

CCA (Corrected CA) =

where N-number of included primary studies in selected reviews

r-number of index publications

c-number of included primary reviews

A matrix of the included systematic reviews and their primary studies was created to iden-
tify the numerators and denominators shown above. CCA is interpreted in banded thresholds:
5% or less indicates slight overlap, 6% to 10% shows moderate overlap, 11% to 15% for high
overlap and values greater than 15% indicate very high overlap [29].

Synthesis of results

A narrative synthesis of results was performed due to high levels of study overlap and consider-
able heterogeneity in primary review inclusion criteria and reported outcomes. Summaries of
the included primary reviews are presented below in tabular form alongside corresponding
effect estimates such as odds and hazard ratios (where reported). Of note, no further re-analy-
sis of empirical study data was performed, as previously stated in the umbrella review protocol
[20]. The extracted data were grouped according to the clinical outcome of interest, regardless
of the degree of overlap among sets of studies. Moreover, because there is currently no agreed-
upon solution for the issue of low-quality systematic reviews in overviews [18, 26], all selected
papers were included in the narrative synthesis.
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Results

In total, 763 records were retrieved from the initial and updated searches. After screening by
title, abstract and full-text, 20 syntheses were selected for inclusion in this umbrella review.
Notably, two otherwise eligible primary reviews were excluded based on all their included
studies having been used in later publications by the same authors [32, 33]. Authors were
unable to provide further information for two other publications [34, 35]. One item of grey lit-
erature, a systematic evidence review commissioned by a government agency for healthcare
research, was included [36]. A list of the systematic reviews that were excluded after reading
full texts is provided in S3 Appendix. The PRISMA flowchart [37] showing the stages of study
selection is presented in Fig 1.

The characteristics of the selected primary reviews are shown in Table 2. Of the 20 included
syntheses, four were systematic reviews [36, 38-40], five were published as combined system-
atic reviews and meta-analyses [17, 41-44], six were labelled meta-analyses [45-50], and five
were individual participant data analyses [51-55]. The majority were published earlier than
the TRUST trial [15], with only seven primary reviews published during or after 2017 [17, 38,
41-43, 50, 51]. Most of the primary reviews synthesised observational data, although three
papers only included RCTs [17, 36, 40]. Generally, SCH was defined using similar TSH thresh-
olds (> 4.5 mIU/L) and normal T4, but some studies subdivided this further into degrees of
SCH or TSH elevation e.g., mild vs moderate (Table 2).

)\
s
5 Records identified from: Record§ rgmoved I
e Initial searches (n = 716) > scr%enlrljg. d = 341
E Updated searches (n = 47) uplicate records (n = )
)
—
' l
Records screened Records excluded
—>
(n=422) (n = 350)
Reports sought for retrieval o| Reports not retrieved:
2 (n=72) | Publication was retracted (n = 1)
s
e
: |
»n
Lo Reports excluded:
Reports assessed for eligibility - pNot a systematic review or meta-
(n=71) analysis (n = 23)
No reported management (treated or
not treated) (n = 7)
No primary outcome (n = 5)
Reported markers/midpoints rather than
events (n = 3)
v Wrong population (n = 4)
Not subclinical hypothyroidism (n = 3)
Full i blished i t
Studies selected for inclusion p:p;\(/:\ezvzp)u IShed In a separate
(n =20) Full data unavailable (n = 2)
Reviews were updated (n = 2)

Fig 1. PRISMA flowchart showing study selection (adapted from Page et al. [37]).
https://doi.org/10.1371/journal.pone.0268070.9001
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Table 2. Characteristics of the included systematic reviews and meta-analyses.

Study Design |Study aim Included Definition of SCH SCH Summary of findings AMSTAR-2
studies patients Overall
(%) confidence
Baumgartner IPD To examine the risk of AF in 11 cohort TSH level between 4.5 and 1958 The reviewers found no link High
etal. (2017) individuals with thyroid studies (IPD) | 19.9 mIU/L with T4 levels in | (6.5) between SCH and the risk of
[51] function within the normal the reference range AF; this was the same for
range and SCH individuals with TSH levels
within the normal range.
Blum et al. MA To assess the association of 13 cohort TSH level of 4.50 to 19.99 4092 There was no observed Moderate
(2015) [45] subclinical thyroid studies mIU/L with normal FT4 (5.8) association between SCH and
dysfunction with fractures levels fracture risk.
Chaker et al. IPD To evaluate the association 17 cohort TSH levels of 4.5 to 19.9 3451 There was no overall increase | Moderate
(2015) [52] between SCH and stroke studies mIU/L with normal T4 levels | (7.3) in the risk of stroke events and
fatal stroke in patients with
SCH than euthyroid patients,
except for patients younger
than 65 years.
Collet et al. IPD To compare the risks of CHD | 6 cohort TSH4.5t0 199 mIU/Land | 1691 Thyroid antibodies were found | Moderate
(2014) [53] mortality and events studies normal T4 level (4.4) to have no effect on CHD
associated with SCH by events and mortality though
thyroid antibody status SCH patients with higher TSH
levels were generally at higher
risk of developing these
outcomes.
Dhital et al. SR To look at the association 12 cohort Elevated TSH and normal Unclear | SCH was associated with better | Low
(2017) [41] +MA | between thyroid function studies T4 (study-specific cut-offs) functional outcomes after
profile and outcomes after acute ischemic stroke, but this
acute ischemic stroke depended on the initial levels
of free T3.
Feller et al. SR To examine the association of | 21 RCTS Thyrotropin and free 2192 There was no association High
(2018) [17] +MA | THT with quality of life and thyroxine levels above and (100) between treatment of SCH and
thyroid-related symptoms in within centre-specific improving thyroid-related
adults with SCH reference ranges, respectively symptoms and quality of life
(primary outcomes) or
cognitive function, depressive
symptoms and the other
secondary outcomes.
Gencer et al. IPD To clarify the association 6 cohort TSH level of 4.5 to 19.9 mIU/ | 2068 Patients with TSH levels higher | Moderate
(2012) [54] between subclinical thyroid studies L with normal FT4 levels (8.1) than 10mIU/L faced a
dysfunction and HF events significantly higher risk of HF
events.
Helfand (2004) | SR To evaluate the benefits of 8 RCTs Elevated TSH and normal T4 | Unclear | Evidence of an association Low
[36] screening for subclinical between treatment and
thyroid dysfunction reduced symptoms was
demonstrated only for SCH
patients with TSH >10 mIU/L
and those with a history of
Graves’ disease.
Peng et al. SR To investigate whether THT is | 2 RCTsand 5 | Grade 1 (TSH level 5.0-10 21055*> | Treatment was found to High
(2021) [42] +MA | associated with decreased cohort studies | mIU/L); Grade 2 (TSH level | (100) benefit SCH patients younger
mortality in adults with SCH >10 mIU/L) with free than 65 years; all-cause
thyroxine level within the mortality decreased by 50%,
reference range and cardiovascular mortality
decreased by 46%. However,
the same did not apply to
patients older than 65 years.
There was also no overall
benefit of treatment on
mortality.
(Continued)
PLOS ONE | https://doi.org/10.1371/journal.pone.0268070 May 19, 2022 7/22
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Table 2. (Continued)

Study Design |Study aim Included Definition of SCH SCH Summary of findings AMSTAR-2
studies patients Overall
(%) confidence
Razvi et al. MA To examine the influence of 15 cohort Mild SCH—TSH levels < 10 | 2,531 The overall incidence of IHD | High
(2008) [46] age and gender on IHD and studies mlIU/L (8.7) and mortality was not
mortality in SCH significantly higher for patients
with SCH, but IHD prevalence
was found to be significantly
elevated for patients younger
than 65 years.
Reyes SR To synthesize the evidence on | 5RCTsand 3 | Study-specific Unclear | Evidence was found linking High
Domingo et al. the effects of screening and cohort treatment for SCH with
(2019) [38] subsequent treatment for studies*? reduced all-cause mortality for
thyroid dysfunction patients younger than 65 years,
but it was determined to be of
low quality.
Rodondietal. | MA To determine whether SCH is | 5 cohort, 6 Elevated TSH and a normal | 1409 Compared to euthyroid High
(2006) [47] associated with an increased Cross- T4 (no pre-specified cut- (10.8) patients, CHD was 1.6 times
risk for CHD sectional and | offs) more likely in patients with
3 case-control SCH; this association was
studies constant throughout the
included studies but less
pronounced in the prospective
cohorts.
Rodondietal. | IPD To assess the risks of CHD and | 11 cohort Serum TSH level of 4.5 mIU/ | 3450 SCH patients with TSH levels | High
(2010) [55] total mortality for adults with | studies L or greater to less than 20 (6.2) higher than 10mIU/L had a
SCH mIU/L, with a normal T4 significantly higher risk of
concentration CHD events and mortality
than euthyroid patients.
Rugge et al. SR To assess the benefits and 13 RCTsand | 4.5-10.0 mIU/L (mildly Unclear | Reviewers found a potential Moderate
(2015) [39] harms of screening and 1 cohort study | elevated) or >10 mIU/L association between SCH and
treatment of subclinical and (markedly elevated) TSH cardiovascular disease but
undiagnosed overt levels with normal thyroxine inconclusive evidence that
hypothyroidism and treatment would be beneficial;
hyperthyroidism in adults* SCH treatment was also not
associated with improved
cognitive function or quality of
life.
Singh et al. MA To compare the relative risk 6 cohort Serum TSH above 4.0-5.0 1365 SCH was linked to a significant | Low
(2008) [48] for incident CHD events, studies mIU/L with normal free T4 | (10.2) risk of CHD at baseline and
cardiovascular-related and (range 0.7-1.8 ng/dL) both CHD and cardiovascular
total mortality associated with mortality during follow-up. On
subclinical thyroid the other hand, all-cause
abnormalities mortality was not found to be
increased with SCH.
Sun et al. SR To explore the relationship 16 cohort TSH levels >3.6 to 6 mIU/L | 5178 There was a significantly Moderate
(2017) [43] +MA | between subclinical thyroid studies (study-specific) (7.2) higher risk of CHD and
dysfunction and the risk of cardiovascular mortality for
cardiovascular outcomes SCH patients younger than 65
years, but the same effect was
not observed for patients older
than 80 years. A slightly higher
risk of AF and HF was also
associated with SCH.
(Continued)
PLOS ONE | https://doi.org/10.1371/journal.pone.0268070 May 19, 2022 8/22
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Table 2. (Continued)

Study

Villar et al.
(2007) [40]

Wirth et al.
(2014) [44]

Yan et al.
(2016) [49]

Yang et al.
(2019) [50]

Design

SR

SR
+MA

MA

MA

Study aim

To assess the effects of thyroid
hormone replacement for SCH

To assess the risk for hip and
non-spine fractures associated
with subclinical thyroid
dysfunction

To identify the relationship
between subclinical thyroid
dysfunction and the risk of
fracture

To assess the association
between subclinical thyroid
dysfunction and the clinical
outcomes of HF patients

Included
studies

12 RCTs

7 cohort
studies

5 cohort
studies

14 cohort
studies

Definition of SCH

TSH level above the upper
limit of the reference range
with normal values of total
T4 or free T4 (FT4), with or
without T3 or free T3 (FT3)
measurements

TSH level greater than 4.5 to
20.0 mIU/L and an FT4 level
in the reference range

TSH level greater than 4.0 to
5.5 mIU/L (study-specific)

Elevated TSH values in the
presence of normal FT4
values

SCH
patients
(%)

350 (100)

Unclear

2580
0.9)

2308
(10.9)

Summary of findings

It was not possible to assess the
benefits of SCH treatment on
reducing cardiovascular
mortality. However, there was
also no significant impact of

levothyroxine on health-related

quality of life and symptoms.

No association between SCH
and fracture risk was found,
but the reviewers could not
assess the effects of treatment
vs no treatment due to
insufficient data.

A link between SCH and
higher fracture risk was not
found, but the reviewers
acknowledge that they had
limited data.

Both adjusted and unadjusted
analyses showed a significantly
higher risk of all-cause
mortality and cardiovascular
death associated with SCH for
patients with heart failure.

AMSTAR-2
Overall
confidence

High

Moderate

Low

Low

THT—Thyroid Hormone Therapy; SR-Systematic Review; SR + MA-Systematic Review and Meta-Analysis; MA-Meta-analysis; IPD-Individual Participant Data
analysis; SCH-Subclinical Hypothyroidism; CHD-Coronary Heart Disease; AF-Atrial Fibrillation; RCT-Randomised Controlled Trial; HF-Heart Failure; THD-
Ischaemic Heart Disease; Thyroxine-T4, fT4, thyroid hormone; Thyrotropin-Thyroid Stimulating Hormone (TSH)

“this was an update to Helfand et al. [36], but because the searches did not overlap, this was considered a separate review.

*2only for the relevant research question on clinical outcomes for SCH.

*3the authors report potential overlap between the studies; hence the estimate may be incorrect.

https://doi.org/10.1371/journal.pone.0268070.t002

Coverage of the primary outcomes was good, given that all the outcomes of interest were
reported in at least two publications. However, it is crucial to note that most relevant results
were obtained via subgroup or sensitivity analyses in the primary reviews. As such, they were
not necessarily representative of the overall findings shown in Table 2.

All-cause mortality

Seven publications reported findings on all-cause mortality; of these, three primary reviews
compared rates between treated and untreated patients [38, 39, 42], three compared untreated
and euthyroid individuals [43, 46, 48], and one compared both treated and untreated SCH
groups with euthyroid participants [50]. There was no statistically significant difference in the
overall numbers of deaths from all causes for patients with SCH between those who were and
were not on treatment (Table 3).
Taking age into account, lower estimates of all-cause mortality were reported for patients
younger than 70 years on treatment (RR 0.50, 95% CI 0.29 to 0.85 [42]; HR 0.36, 95% CI 0.19
to 0.66 [38, 39]). However, these estimates were based on one study in Rugge et al. [39], and
another paper rated the same evidence as being of very low certainty [38]. On the other hand,
older patient groups demonstrated no significant association between levothyroxine treatment
and all-cause mortality (Table 3).

PLOS ONE | https://doi.org/10.1371/journal.pone.0268070 May 19, 2022
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Table 3. Review findings on all-cause mortality.

Study
Peng et al. (2021) [42]

Reyes Domingo et al. (2019) [38]

Rugge et al. (2015) [39]

Yang et al. (2019) [50]

Razvi et al. (2008) [46]

Sun et al. (2017) [43]
Singh et al. (2008) [48]

Outcome Treatment status Comparator Effect estimate (95% CI)
All-cause mortality Treated Untreated RR 0.95 (0.75-1.22)
All-cause mortality; age <65-70 years RR 0.50 (0.29-0.85)
All-cause mortality; age > = 65-70 years RR 1.08 (0.91-1.28)
All-cause mortality; adults (>18 years) Treated Untreated HR 1.91 (0.65-5.60)
All-cause mortality; adults (<65 or <70 years) IRR 0.63 (0.40-0.99
HR 0.36 (0.19-0.66)
All-cause mortality; adults (>65 years) HR 1.91 (0.65-5.60)
All-cause mortality; females IRR 0.99 (0.85-1.16)
1.08 (0.80-1.48)
All-cause mortality; males IRR 1.24 (0.89-1.16)
1.43 (0.87-2.34)
All-cause mortality; 40-70 years Treated Untreated HR 0.36 (0.19-0.66)
All-cause mortality; >70 years HR 0.71 (0.56-1.08)
All-cause mortality Untreated Euthyroid HR 1.48 (1.29-1.70)
Treated Euthyroid HR 1.48 (1.14-1.94)
IHD/all-cause mortality; <65 years Untreated Euthyroid OR 1.32 (0.95-1.83)
THD/all-cause mortality; > 65 years OR 0.87 (0.51-1.45)
Total mortality Untreated Euthyroid RR 1.01 (0.90-1.15)
All-cause mortality Untreated Euthyroid RR 1.115 (0.990-1.255)

HR-Hazard Ratio; RR-Relative Risk; IRR-Incident rate Ratio; IHD-Ischemic Heart Disease; OR-Odds Ratio.

https://doi.org/10.1371/journal.pone.0268070.t003

Only one of four comparisons of all-cause mortality between untreated and euthyroid
study participants was statistically significant (HR 1.48, 95% CI 1.29 to 1.70) [50]. The same

review found that death was more likely among SCH patients on treatment than in euthyroid
persons (HR 1.48, 95% CI 1.14 to 1.94) [50]. However, the population of interest for this review
all had heart failure, thereby limiting the generalisability of these findings to other SCH
patients.

Cardiovascular outcomes

Cardiovascular outcomes were the most extensively reported outcomes of interest across the
included reviews (n = 13) as shown in Table 4. No difference was found in the number of inci-
dent atrial fibrillation events between untreated persons and euthyroid controls, irrespective of
age and TSH level [51]. Similarly, the difference between treated and untreated SCH patients
was not statistically significant, though notably, the evidence was rated as being of very low to
moderate certainty [38].

Compared to euthyroidism, untreated SCH was significantly associated with a higher likeli-
hood of CHD and heart failure if patients had TSH levels above 10mIU/L (HR 2.17, 95% CI
1.19 t0 3.93) [55], (HR 2.37, 95% CI 1.59 to 3.54) [54] or were thyroid peroxidase antibody-
negative (HR 1.25, 95% CI 1.06 to 1.47); HR (3.76, 95% CI 1.77 to 8.01) [53]. It was also
reported that untreated SCH was associated with higher odds of ischaemic heart disease (OR
1.58,95% CI 1.07 to 2.35) [46] and a higher risk of developing coronary heart disease during
follow-up (RR 1.188, 95% CI 1.024 to 1.379) [48] than euthyroid participants. However, one
primary review found that incident CHD was not associated with untreated SCH [43]-this dif-
ference may have resulted from the reviewers’ decision to restrict the inclusion of primary
studies based on quality appraisal scores.

PLOS ONE | https://doi.org/10.1371/journal.pone.0268070 May 19, 2022 10/22
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Table 4. Reported primary review findings on cardiovascular outcomes.

Study Outcome Treatment Comparator Effect estimates (95% CI)
status
Baumgartner et al. Atrial fibrillation Untreated Euthyroid (TSH 3.50- For TSH 4.5-6.9 mIU/L: HR 0.87 (0.66-
(2017) [51] 4.49 mIU/L) 1.16)
For TSH 7.0-9.9 mIU/L: HR 1.22 (0.78-
1.92)
For TSH 10.0-19.9 mIU/L: HR 1.56 (0.84—
2.90)
Reyes Domingo et al. Atrial fibrillation; adults (>18y) Treated Untreated HR 0.80 (0.35-1.80)
(2019) [38] Atrial fibrillation; adults (<65 or <70) HR 0.76 (0.26-1.73)
Atrial fibrillation; adults (>65y) HR 0.80 (0.35-1.80)
Collet et al. (2014) [53] CHD events Untreated Euthyroid SH With -ve TPOAb HR 1.25 (1.06-1.47)
SH With +ve TPOAb HR 1.12 (0.88-1.41)
SH with TSH >10.0 mIU/L and neg.
TPOAb HR 3.76 (1.77-8.01)
SH with TSH >10.0 mIU/L and pos.
TPOAb HR 1.19 (0.61-2.32)
Rodondi et al. (2006) CHD Untreated Euthyroid OR 2.06 (1.36-3.14)
[47]
Rodondi et al. (2010) CHD Untreated Euthyroid For TSH 4.5-19.99 mIU/L: HR 1.17 (0.91-
[55] 1.50)
For TSH 10-19.99 mIU/L: HR 2.17 (1.19-
3.93)
Sun et al. (2017) [43] CHD Untreated Euthyroid RR 1.02 (0.92-1.14)
Singh et al. (2008) [48] CHD (during follow-up) Untreated Euthyroid RR 1.188 (1.024-1.379)
Gencer et al. (2012) [54] | Heart failure events; TSH 4.5-19.9 mIU/L Untreated Euthyroid HR 1.26 (0.93-1.69)
Heart failure events; TSH 10.0-19.9 mIU/L HR 2.37 (1.59-3.54)
Razvi et al. (2008) [46] IHD incidence; < 65 yrs Untreated Euthyroid OR 1.58 (1.07-2.35)
IHD incidence; > 65 yrs N/P
Rugge et al. (2015) [39] IHD; 40-70 yrs Treated Untreated HR 0.61 (0.39-0.95)
IHD; >70 yrs HR 0.99 (0.59-1.33)
Reyes Domingo et al. Fatal and non-fatal cardiovascular events (not Treated Untreated HR 0.89 (0.47-1.69)

(2019) [38]

AF); adults (>18y)

Fatal and non-fatal cardiovascular events (not
AF); adults (<65 or <70)

Fatal and non-fatal cardiovascular events (not
AF); adults (>65y)

Fatal and non-fatal cardiovascular events (not
AF); females

Fatal and non-fatal cardiovascular events (not
AF); males

HR 0.61 (0.39-0.95)

HR 1.03 (0.51-2.13)

IRR 1.11 (0.61-2.02)

HR 0.89 (0.47-1.69)

IRR 0.99 (0.70-1.38)

0.99 (0.70-1.40)

IRR 1.41 (0.83-2.40)

1.36 (0.79-2.35)

CHD-Coronary heart disease; HR-Hazard Ratio; RR-Relative Risk; IRR-Incident rate Ratio; IHD-Ischemic Heart Disease; OR-Odds Ratio.

https://doi.org/10.1371/journal.pone.0268070.t004

SCH patients receiving treatment and younger than 70 years were significantly less likely to
develop IHD than untreated individuals (HR 0.61, 95% CI 0.39 to 0.95) [38]. However, these
findings were based on a single empirical study in both primary reviews, in which it was
reported that the GRADE rating for this evidence was very low. A similar association was not
found for patients older than 70 years nor subgroups based on sex [38].

PLOS ONE | https://doi.org/10.1371/journal.pone.0268070 May 19, 2022

35

11/22



PLOS ONE

Management strategies for patients with subclinical hypothyroidism: An umbrella review

Table 5. Reported primary review findings on cardiovascular mortality.

Study Outcome

Peng et al. (2021) [42] Cardiovascular mortality

Cardiovascular mortality; age <65-70

years

Cardiovascular mortality; age > = 65-70

years

Reyes Domingo et al. (2019) | Cardiovascular deaths; adults (>18y)

[38]
<70)

Cardiovascular deaths; adults (>65y)

Cardiovascular deaths; females
Cardiovascular deaths; males
Rugge et al. (2015) [39]

Collet et al. (2014) [53] CHD mortality

Rodondi et al. (2010) [55] CHD mortality
Sun et al. (2017) [43]

Singh et al. (2008) [48]
Yang et al. (2019) [50]

Cardiovascular mortality

Cardiovascular mortality

Cardiovascular deaths; adults (<65 or

Cardiovascular deaths (40-70 years)

Cardiac death and/or hospitalization

Treatment
status

Treated

Treated

Treated
Untreated

Untreated

Untreated
Untreated
Untreated
Treated

Comparator | Effect estimates (95% CI)

Untreated

Untreated

Untreated
Euthyroid

Euthyroid

Euthyroid
Euthyroid
Euthyroid

RR 0.99 (0.82-1.20)
RR 0.54 (0.37-0.80)

RR 1.05 (0.87-1.27)

OR 2.01 (0.18-22.27)
HR 0.54 (0.37-0.92) IRR 0.55 (0.25-1.20)

OR 2.01 (0.18-22.27)

IRR 0.96 (0.77-1.21)

IRR 1.32 (0.83-2.08)

HR 0.54 (0.37-0.92)

SH With -ve TPOAb HR 1.34 (1.07-1.69)
SH With +ve TPOAb HR 1.28 (0.94-1.72)

SH with TSH >10.0 mIU/L and negative TPOAb HR 1.95
(0.76-4.98)

SH with >10.0 mIU/L and positive TPOAb HR 1.92 (1.09—
3.36)

For TSH 4.5-19.99 mIU/L: HR 1.25 (1.04-1.51)
For TSH 10-19.99 mIU/L: HR 1.85 (1.13-3.05)
RR 0.86 (0.56-1.32)

RR 1.278 (1.023-1.597)

HR 1.32 (1.08-1.60)

HR 1.36 (1.12-1.66)

CHD-Coronary Heart Disease; HR-Hazard Ratio; RR-Relative Risk; IRR-Incident rate Ratio; OR-Odds Ratio.

https://doi.org/10.1371/journal.pone.0268070.t005

We distinguished between all-cause mortality and cardiovascular mortality (n = 8), which
primary review authors defined as deaths arising from cardiovascular diseases (Table 5). Con-
sidering treated vs untreated SCH, an association between treatment and cardiovascular death
was found only for adult patients younger than 65-70 years [38, 39, 42]. Stratifying the results
by sex did not yield statistically significant findings. In addition, whereas the risk of cardiovas-
cular mortality was found to be higher for untreated SCH patients compared to euthyroid con-
trols in four primary reviews [48, 50, 53, 55], Sun et al. [43] reported a lower nonsignificant
estimate (RR 0.86, 95% CI 0.56 to 1.32) [43]. A possible reason for this difference, despite very
high overlap between pairs of these primary reviews, could be discrepancies in the determina-
tion of treatment status. Furthermore, Sun et al. [43] rated the quality of evidence for cardio-
vascular mortality in their primary review as low because of high heterogeneity.

Only one primary review considered the relationship between thyroid peroxidase antibody
status and cardiovascular mortality. Collet et al. [53] found that untreated thyroid antibody-
negative SCH was significantly associated with cardiovascular mortality (HR 1.34 95% CI 1.07
to 1.69), but the same did not apply for antibody-positive SCH (HR 1.28, 95% CI 0.94 to 1.72)
[53], except for patients that also had TSH levels above 10mIU/L (HR 1.92, 95% CI 1.09 to
3.36) [53]. Finally, compared to euthyroid controls, death and hospitalisation due to cardiovas-
cular causes were more likely to occur among treated SCH patients with heart failure [50].

PLOS ONE | https://doi.org/10.1371/journal.pone.0268070 May 19, 2022
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Table 6. Primary review findings on stroke.

Study Outcome
Chaker et al. (2015) [52] Stroke events
Fatal stroke

Treatment status Comparator Effect estimates (95% CI)
Untreated Euthyroid HR 0.96 (0.70-1.31)
HR 1.27 (0.74-2.16)

Dhital et al. (2017) [41] Stroke-modified Rankin scale Untreated Euthyroid OR after 1 month 2.58 [1.13-5.91]

OR after 3 months 2.28 [1.33-3.91]

Stroke-mortality after 3 months OR 0.20, (0.04-1.12)

HR-Hazard Ratio; OR-Odds Ratio.

https://doi.org/10.1371/journal.pone.0268070.1006

Table 7. Primary review findings on fractures.

Stroke

There were no direct comparisons of the risk of stroke between treated and untreated patients
with SCH. One primary review compared untreated individuals with SCH with euthyroid con-
trols, and no significant difference was found in either the incidence of strokes or deaths aris-
ing from strokes [52]. Dhital et al. [41] found that functional outcomes for untreated SCH
(based on the modified Rankin scale) were twice as likely to be better than those for euthyroid
controls 1 and 3 months after acute ischemic stroke (Table 6).

Fractures

No primary reviews that compared the risk or likelihood of fractures between euthyroid indi-
viduals and SCH patients that did or did not receive treatment found a significant difference
(Table 7). This result was similar across various types of fractures, for example, hip fractures
(HR 1.02, 95% CI 0.87 to 1.19 [45]; HR 1.10, 95% CI 0.81 to 1.50 [44]) and spine fracture (HR
1.16, 95% CI 0.66 to 2.04) [45].

Quality of life and presence of symptoms

For the 5 studies that explicitly reported quality of life outcomes, no statistically significant dif-
ferences were found between patients who did and did not receive treatment for SCH

(Table 8). Similarly, thyroid-related symptoms, fatigue, mental and general well-being scores
were not significantly associated with treatment status. However, Helfand [36] reported that
specific subgroups—patients with TSH values greater than 10 mIU/L and those with a history
of Graves’ disease seemed to benefit from treatment. Graves’ disease is an autoimmune thyroid
disorder treated with antithyroid medication, radiotherapy or surgery [56]. Nonetheless, it is

Study Outcome Treatment status Comparator Effect estimates (95% CI)
Blum et al. (2015) [45] Hip fracture Untreated Euthyroid HR 1.02 (0.87-1.19)
Any fracture HR 1.11 (0.94-1.30)
Non-spine fracture HR 1.13 (0.93-1.38)
Spine fracture HR 1.16 (0.66-2.04)
Reyes Domingo et al. (2019) [38] Fractures; adults (all >65) Treated Untreated HR 1.06 (0.41-2.76)
Yan et al. (2016) [49] Fractures (any) Untreated Euthyroid RR 1.25 (0.85-1.84)
Treated RR 1.22 (0.61-2.47)
Wirth et al. (2014) [44] Hip fractures Untreated Euthyroid HR 1.10 (0.81-1.50)
Non-spine fractures HR 1.11 (0.60-2.05)

HR-Hazard Ratio; RR-Relative Risk.

https://doi.org/10.1371/journal.pone.0268070.t007
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Table 8. Primary review findings on quality of life and symptoms.

Study Outcome Treatment status Comparator Effect estimates (95% CI)
Feller et al. (2018) [17] General QoL Treated Untreated SMD -0.11 (-0.25-0.03)
Reyes Domingo et al. (2019) [38] Thyroid QoL—less than 12 mo Treated Untreated MD 0.0 (-2.0-2.1)
Thyroid QoL—more than 12 mo MD 1.0 (-1.9-3.9)
-0.5 (-2.2-1.3)
Rugge et al. (2015) [39] Quality of life Treated Untreated Multiple
Rugge et al. (2015) [39] Thyroid-related symptoms Treated Untreated SMD 0.01 (-0.12-0.14)
Fatigue and tiredness SMD -0.01 (-0.16-0.15)
Depressive symptoms SMD -0.10 (-0.34-0.13)
Helfand (2004) [36] Symptoms Treated Untreated Multiple
Villar et al. (2007) [40] Symptoms, mood and quality of life Treated Untreated Multiple
Reyes Domingo et al. (2019) [38] Fatigue/tiredness—less than 12 mo Treated Untreated MD 0.4 (-2.1-2.9)
Fatigue/tiredness—more than 12 mo MD -3.5 (-7.0-0.0)
Mental well-being Multiple
Physical well-being MD -0.1 (-0.3-1.0)
-0.1 (-0.3-1.0)
General well-being Multiple

SMD-Standardised Mean difference; MD-Mean Difference.

https://doi.org/10.1371/journal.pone.0268070.t008

noted that the single study that this finding was based upon was a small trial of 33 participants,
all of whom had previously treated Graves’ disease [36].

Secondary outcomes

Some of the included papers (n = 4) reported on cognitive function (Table 9), which was
assessed using various tools such as the Letter-Digit Coding Test and Mini-Mental State Exam-
ination. All of the primary reviews found no significant difference in cognitive function
between treated and untreated groups [17, 38, 39] except Villar et al. [40]. However, this result
was based on only one included study with an unclear risk of bias assessment.

Overlap

The extent of overlap in this umbrella review is shown in Fig 2, an intersection heatmap of the
calculated CCA between pairs of the 20 included primary reviews. As shown, only one of the
included evidence syntheses [41] had a unique set of primary publications compared to all the
other primary reviews. Overall, excluding the diagonal, the pairwise comparisons showed
slight (66.7%), moderate (10%), high (2.6%) and very high (20.8%) overlap. However, it should

be noted that these values were obtained with no consideration of the specific outcomes

Table 9. Primary review findings on cognitive function.

Study Outcome Treatment status Comparator Effect estimates (95% CI)

Feller et al. (2018) [17] Cognitive function Treated Untreated Difference 1.01 (95% CI —0.56 to 2.46)
Reyes Domingo et al. (2019) [38] Cognitive function Treated Untreated Multiple (no difference)

Villar et al. (2007) [40] Cognitive function Treated Untreated MD 2.4 (0.3-4.5)

Rugge et al. (2015) [39] Cognitive function Treated Untreated Multiple (no difference)

MD-Mean Difference.

https://doi.org/10.1371/journal.pone.0268070.t009
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Fig 2. Heatmap showing pairwise calculated CCA.

https://doi.org/10.1371/journal.pone.0268070.9002

reported in each of the primary reviews and therefore require cautious interpretation. That is
because, although calculating CCA involved mapping all the primary studies included in each
publication, not all provided findings relevant to this umbrella review. The fundamental rea-
son for this complexity is that we were only interested in estimates reported with the partici-
pants’ corresponding treatment status. On balance, CCA for the entire overview was
calculated to be 5.12%, the higher limit for slight overlap [29].

Quality appraisal

Opverall confidence in review findings was found to be high for eight primary reviews [17, 38,
40, 42, 46, 47, 51, 55], moderate for seven primary reviews [39, 43-45, 52-54] and low for five
primary reviews [36, 41, 48-50]. Three syntheses did not include a meta-analysis and therefore
could not be assessed for questions 11, 12 and 15 [36, 38, 39]. The breakdown of checklist ques-
tions is shown in 0 10.

Discussion

This umbrella review on the impact of the management of SCH on clinical outcomes covers
evidence from 20 selected systematic reviews and meta-analyses of RCTs and observational
studies. Across the outcomes of interest, the synthesised literature found can be summarised
as follows. We found that the treatment of SCH may be associated with a reduced likelihood of
death from all causes for patients under 70 years old. On the other hand, the relationship
between SCH treatment status and the risk of death compared to the euthyroid population
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Table 10. Results of the AMSTAR-2 assessments.

Review Question Overall confidence in results
1 2 3 |4 5 |6 |7 8 9 10 |11 12 13 |14 |15 16
Baumgartner et al. (2017) [51] Y |Y Y |Y Y |[Y |Y Y Y N |Y Y Y |Y |Y Y |High
Blum et al. (2015) [45] Y |N N |Y Y [N |N Y Y Y | Y Y Y |Y |Y Y | Moderate
Chaker et al. (2015) [52] Y |N Y |[PY |Y (Y |Y Y Y N |Y Y N 'Y |Y Y | Moderate
Collet et al. (2014) [53] Y |N N |[PY |Y [N |N PY N N |Y N N N |Y Y | Moderate
Dhital et al. (2017) [41] Y N [N |PY |Y |Y N |Y |PY |N |Y Y Y [N N Y |Low
Feller et al. (2018) [17] Y |Y Y |Y Y |Y |Y Y Y Y Y Y Y Y N Y High
Gencer et al. (2012) [54] Y |[PY |Y |[PY Y |[N N Y Y Y |Y Y Y Y |Y Y | Moderate
Helfand (2004) [36] Y |[PY |Y |Y N [N N Y PY I[N |[NMA [NMA ([N (N |NMA |N |Low
Peng et al. (2021) [42] Yy Yy [N|PY Y |[Y N |Y |Y |Y |Y Y Y |Y |Y Y |High
Razvi et al. (2008) [46] Y N |Y |pY |Y |Y |PY |Y |Y [N |Y Y Y |Y |Y Y |High
Reyes Domingo et al. (2019) [38] |Y |Y Y |Y Y |Y |Y Y Y N |NMA |[NMA |Y Y NMA |Y High
Rodondi et al. (2006) [47] Yy N |Y N Y|y |y |[N Y [N Y Y Y |y |Y Y |High
Rodondi et al. (2010) [55] Yy |pYy |Y |PY |Y [N N |Y |Y |Y |Y Y Yy |y |Y Y |High
Rugge et al. (2015) [39] N PY |Y |Y |Y |Y N |N |PY [N [NMA NMA |Y |N |NMA |Y | Moderate
Singh et al. (2008) [48] Y |N Y |[PY N [N N Y N N |Y N N |[N |N N | Low
Sun et al. (2017) [43] Y |N Y [PY |Y |Y |N PY |Y N |Y Y Y |Y |N Y | Moderate
Villar et al. (2007) [40] Yy Yy |y |y |y |y |y |y |y |y |y Y Y |y [N Y |High
Wirth et al. (2014) [44] Y [PY N |Y Y |Y |Y Y Y N |Y Y Y |Y |Y Y | Moderate
Yan et al. (2016) [49] Y N [N |PY |Y |Y N |Y |Y [N |Y Y N Y |N Y |Low
Yang et al. (2019) [50] Y N [N |PY |Y |Y N |[N [N [N |Y N N |y |Y Y |Low

Y- Yes; N-No; PY-Partial Yes; NMA-No Meta-Analysis.

https://doi.org/10.1371/journal.pone.0268070.t010

remains unclear. Increased risk of all-cause mortality for untreated SCH was reported in only
one primary review [50], for which inclusion was restricted to patients with comorbid heart
failure.

We also found that compared to euthyroidism, untreated SCH patients with very high TSH
(>10mIU/L) may be at greater risk of cardiovascular events and death from cardiovascular
disease [54, 55]. The same effects were observed for thyroid peroxidase antibody-negative
patients [53]. Even so, there was discordance in findings between the primary reviews; whereas
seven primary reviews reported a higher risk of CHD and cardiovascular mortality for
untreated SCH patients than euthyroid persons [46-48, 50, 53-55], one primary review did
not [43]. We rated the latter as having more than one non-critical weakness according to the
AMSTAR-2 checKlist; the others were either "high’ or ‘moderate’ in overall confidence in their
results (Table 10). A high degree of overlap was calculated between the studies reporting car-
diovascular outcomes, as high as 38%. Therefore, it was not easy to ascertain the precise source
of the difference in results.

It was not possible to investigate the impact of treatment on the risk of stroke because the
only available comparisons were of untreated SCH and euthyroidism. The finding that
untreated patients had better functional outcomes one month following stroke was reported
only in one low-quality study [41] and is, therefore, inconclusive. In a similar vein, there was
insufficient evidence of the impact of treatment or no treatment of SCH on fracture risk. Over-
all confidence in the results of three out of the four primary reviews [38, 44, 45] was rated as
’high’ or ‘moderate’. However, none of the effect estimates was statistically significant, so it is
also not possible to make conclusions on this relationship based on the quantity of evidence.
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Reported findings on quality of life and the presence of symptoms between treated and
untreated SCH patients were mainly of no statistical significance. As such, we cannot defini-
tively state whether levothyroxine treatment improves or worsens these outcomes. Nonethe-
less, medication potentially benefits two patient groups—patients with severe SCH from the
start and those that previously received treatment for autoimmune hyperthyroidism/Graves’
disease [36].

The secondary outcome reported in the included primary reviews, cognitive function, was
only compared between treated and untreated SCH patients. Given that the majority of find-
ings were similar, it may be said that among patients with SCH, levothyroxine may have no
significant impact on cognitive function, notwithstanding the type of assessment tool used [17,
38-40]. Crucially, however, two points must be emphasised. First, that the amount of evidence
in favour of this statement is notably low, considering that few primary reviews that reported
on cognitive function. Second, that only the primary outcomes were included in the literature
searches, so the findings in this review cannot accurately reflect the body of evidence regarding
the relationship between SCH and cognitive function.

With reference to the number of primary reviews, the volume of evidence was discernibly
skewed in favour of cardiovascular outcomes (n = 13) rather than all-cause mortality (n = 7),
stroke (n = 2), fractures (n = 4), quality of life (n = 5) and cognitive function (n = 4). This
observation can be explained as having arisen from the umbrella review selection process, but
the relatively broad inclusion criteria make it less probable. Instead, two alternatives are sug-
gested; either that less research has been performed on the other clinical outcomes of interest
or that the evidence may not have already been synthesised due to high between-study hetero-
geneity, for example, in outcome definitions and measurements. Additional factors, such as
the comparative ease of measuring certain outcomes over others, may also influence which
types of studies are performed. However, it is not possible to conclusively account for this
asymmetry of evidence from this overview alone.

Generally, it cannot be ignored that most of our findings were based on empirical studies of
poor quality, as reported by the authors of the primary reviews. Equally important were the
critical flaws we found in the methodological quality of five of the selected primary reviews
[36, 41, 48-50] consequently rated as low’ in overall confidence in their results. Upon inspec-
tion, there was no clear boundary of review quality based on the type of empirical research that
was initially selected. For example, all the syntheses that included only RCT's did not consis-
tently get higher AMSTAR-2 ratings than those of only observational studies. As such, it can
be argued that cohort studies have an essential role in filling the gap left by insufficient rando-
mised trials on this topic.

It should be noted that there was a tendency for papers with the lowest ratings on the
AMSTAR-2 checklist to have little overlap of empirical studies with other higher-rated pri-
mary reviews. This could be explained by differences in the types of outcomes reported in
these syntheses; for instance, one would expect minimal overlap between fractures and cardio-
vascular mortality. Collectively, the reviews included in this overview had slight overlap, but as
Hennesy and Johnson [31] contend, such an observation can be attributed to the breadth of
the literature. This is especially true if only a small set of identical studies is shared across the
included syntheses, or the overlap is highly outcome-dependent [31]. In these cases, the overall
CCA would obscure the true level of overlap.

Strengths and limitations

To the authors’ knowledge, this is the first umbrella review on this topic. This overview was
conducted in a systematic manner and comprehensive searches were performed to identify the
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synthesised literature on the impact of the management of SCH on long-term clinical out-
comes. The database searches-including grey literature, to minimise the effects of publication
bias [57]-were updated in the course of the review. Screening, data extraction and quality
appraisal were all done in duplicate. Furthermore, the intended aim of the umbrella review to
compare the synthesised literature on this topic was achieved, even though a secondary meta-
analysis was not feasible.

Nonetheless, it is crucial to consider the limitations of this review which relied exclusively
on the availability, methods and quality of existing systematic reviews and meta-analyses. Of
note, it was not possible to re-analyse and pool all primary review findings due to the variety of
selection criteria and outcome definitions. Combining the findings of the included reviews in
spite of these differences—and potential confounders-would result in biased and misleading
inferences [58].

Also, an inherent limitation of the umbrella review methodology is the limited capacity to
conduct detailed evaluations of empirical studies when dealing with synthesised literature.
This was particularly challenging when evaluating overlap across the included reviews, as it
may have been influenced by factors such as study scope and eligibility criteria. On the other
hand, because this type of review was performed, it was possible to examine a wide variety of
outcomes for SCH and treatment status within our specific resource constraints. The compre-
hensive nature of umbrella reviews has been recommended for controversial topics [19]. Fur-
thermore, in this overview, we included IPD meta-analyses, which have been described as
beneficial for analysing long-term patient outcomes [59].

Another limitation was scope mismatch between the umbrella review and the included pri-
mary reviews, for example, in cases where a selected systematic review included patients with
subclinical hypo- and hyperthyroidism. This problem is commonly encountered in overviews
[18], and we opted to include such papers for two key reasons. First, a preliminary literature
search yielded few results with precisely the same research questions. Second, for an unre-
solved topic such as this, it was anticipated that the exclusion of these reviews would severely
restrict this synthesis by omitting potentially relevant findings. Therefore, to limit this type of
bias, inclusion in the umbrella review was based on the availability of results for which treat-
ment status was explicitly stated.

It was also not possible to calculate overlap for the included primary reviews subdivided by
their reported outcomes because most included both treated and untreated SCH patients.
Consequently, assessing overlap in this way would require a detailed inspection of all their pri-
mary studies to identify the exact data sources for the respective subgroup analyses. These
activities were considered to be burdensome and beyond the scope of this umbrella review,
given that systematic reviews and meta-analyses were the principal units of analysis. Even so,
to visualise overlap, we created a citation matrix and presented the results of the pairwise cal-
culations, most of which were in the ’slight’ band.

Conclusion

Through this umbrella review, we systematically gathered the existing synthesised literature on
the impact of the management of subclinical hypothyroidism on clinical outcomes. Our find-
ings seem to indicate that treatment may be beneficial for SCH patients younger than 70 years
due to the higher risk of all-cause mortality and cardiovascular events. In addition, untreated
SCH patients with TSH levels above 10mIU/L may be at higher risk of developing cardiovascu-
lar diseases than the euthyroid population. However, more robust evidence is needed on
stroke, fractures, quality of life and cognitive function in SCH. The main challenge in investi-
gating long-term outcomes is the need for large, adequately powered and timed randomised
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trials. This overview further highlights this need, given that majority of the significant findings
were based on very few empirical studies often deemed to be of poor quality by the primary
reviewers. Future work in observational studies may also be instrumental in strengthening the
evidence base.
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2.4 Recent publications

I repeated a section of the literature searches in August 2024 (only on MEDLINE and
Epistemonikos) to identify relevant systematic reviews and meta-analyses published
since July 2021. Using the same search strategy used in the umbrella review, I identified
four publications that would have otherwise met the inclusion criteria.

A meta-analysis of 13 observational studies compared untreated and euthyroid partic-
ipants and reported no significant association between untreated SCH and all-cause
mortality for those over 60 years old (pooled HR 1.22, 95% CI 0.87 to 1.70), but treatment
was associated with higher risk (pooled HR 1.15, 95% CI 1.01 to 1.30) [121]. For cardiovas-
cular mortality, the results were not statistically significant for untreated vs euthyroid
(pooled HR 0.95, 95% CI 0.44 to 2.04) and for the treated vs euthyroid analysis (pooled HR
1.07, 95% CI 0.93 to 1.24) [121]. These findings partly correspond to the umbrella review
- in both, treated patients had a higher risk of all-cause mortality than euthyroid partici-
pants, but the review by Yang et al. [122] found evidence that untreated individuals were
at higher risk than those who were euthyroid. The cardiovascular mortality estimates
were similar to one primary review. It should also be noted that six of the 13 included
studies were represented in the umbrella review, so overlap was unavoidable.

Holley at al. [123] investigated the impact of treatment vs non-treatment of SCH on
cardiovascular outcomes and bone health among older participants (=50 years) and
reported no significant association. These findings correspond with the umbrella review,
but it must be noted that four of their seven included studies overlapped with the selected
primary reviews.

In a systematic review and meta-analysis of 15 studies (1,199 individuals with SCH) on
cognitive function in people older than 60, Akintola et al. [124] found no evidence that
SCH is associated with cognitive impairment. One key distinction between this and the
four studies included in the umbrella review for the cognitive function outcome is that
this study also compared untreated SCH to euthyroidism. Even so, the findings across all
the reviews (and comparisons) were consistent.

Similarly, van Vliet et al. [125] analysed individual participant data for the association
between thyroid dysfunction and cognitive function. In a sensitivity analysis of SCH
excluding patients on treatment, they found no significant difference between untreated
and euthyroid participants in global cognitive function (SMD 0.04, 95% CI -0.02 to 0.10)
and memory (SMD 0.08, 95% CI -0.01 to 0.17) but those with SCH performed better in
executive function (SMD 0.09, 95% CI 0.01 to 0.16). However, these results were based on
various tests, which limited their comparability to the umbrella review.

2.5 Additional material

A cursory search of the published literature on SCH and long-term outcomes at the
start of this PhD revealed that several systematic reviews had been published, thereby
introducing the challenge of exploring the breadth of and summarising their results.
I therefore took this opportunity to perform an umbrella review in the interest of: (i)
presenting an overview of the SCH literature, (ii) identifying priorities for the studies to
follow, and (iii) broadening my methodological expertise in evidence synthesis.
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Umbrella review methodology was developed in light of the rapid and continuous expan-
sion of systematic reviews and meta-analyses to allow for the clustering of the evidence
covered by the same heading [126] or, as described by Choi and Kang [127], the ‘pouring
rain of evidence’. Indeed, it has been reported that there was a more than 20-fold increase
in published systematic reviews between 2000 and 2019 [128], and in 2022 alone, there
were over 19,000 [129]. Analogously, Slim and Marquillier [130] ran a MEDLINE search
on May 1, 2021, showing 1,999 articles indexed under the Umbrella Review heading,
which indicated their increasing popularity.

As recommended for all types of systematic reviews, I wrote a protocol detailing the
research questions and Population, Intervention, Comparator, Outcome (PICO)-based
inclusion criteria, the search strategy and relevant electronic databases and quality
assessment for the umbrella review. The protocol was registered on PROSPERO [131]
and subsequently peer-reviewed and published [119]. Although several umbrella reviews
have been published in the last decade, and guidelines have been developed for how
they should be conducted [132-134], as with any relatively novel research methodology,
problems persist [135]. The section below describes my main takeaways from conducting
the umbrella review in this thesis.

2.5.1 Search strategy

The search strategies for umbrella reviews do not substantially differ from those of the
‘traditional’ systematic review. In addition to standard electronic databases, I also used
Epistemonikos [136], a unique resource specialising in identifying, screening and storing
systematic reviews for health research. The availability of a systematic-reviews database
was beneficial during the searches to ensure that as many relevant studies as possible
were identified. The use of controlled vocabulary and subject headings may not always
yield exhaustive search results, hence the need to conduct searches on both principal
and supplementary resources [137]. The best combination of electronic databases for
searching for systematic reviews has been found to be MEDLINE and Epistemonikos
[138].

2.5.2 Article word limits

Many journals impose word limits on published articles, a lingering element from the old
practice of producing journals only in print. Despite the ubiquitousness of online journals
in recent years, the word counts permitted for systematic reviews and meta-analyses do
not always allow for comprehensive reporting of methods and results. As a result, it was
sometimes challenging to identify crucial aspects such as inclusion criteria and quality
assessments, particularly for older studies that often did not include Supplementary
Material and where the corresponding authors’ details were no longer accurate. Thus,
some reviews were necessarily excluded based on missing data.

Though it is possible to refer to the empirical studies in the systematic review as suggested
by some authors [139], this introduces additional complexity to the process by potentially
altering the evidence. After all, the unit of analysis for an umbrella review is the systematic
review, not the primary studies [140]. The option to redo the analyses in the systematic
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reviews would only be feasible where the number of included studies is low to avoid
scope creep. In my case, the levels of overlap and heterogeneity across the included
systematic reviews negated the need to repeat the reported analyses.

2.5.3 Study quality

The assessment of systematic review quality is a well-researched topic that has resulted in
the widespread use of tools such as AMSTAR-2 and ROBIS [141-143]. On the other hand,
when assessing the quality of a particular piece of clinical research, even the Grading
of Recommendations, Assessment, Development and Evaluations (GRADE) framework
[144, 145], a tool widely used for developing clinical guidelines, is not infallible [146,
147]. For instance, personal and professional values can be expected to vary between
practitioners, so objectivity is challenging. Also, it is problematic to assume higher quality
or confidence purely based on study design (e.g. RCTs) because relying on the cumulative
value of the evidence, i.e. ‘how many studies support this finding?’, risks pooling the
biases from selected studies, whether or not they are RCTs [148].

One of the findings from the umbrella review was that for the topic of SCH and its
association with long-term outcomes, many empirical studies have been of poor quality
[120]. This is concerning because the same studies have then been used in several
systematic reviews, echoing potentially misleading results. This problem likely ties
in with the discordance and controversy regarding SCH and its management under
the reasonable assumption that synthesised evidence can only be as good as the data
used to obtain it. Even so, the studies whose quality is less than optimal justify further
investigation into this topic, including a project such as this thesis.

2.5.4 Study overlap

I used the corrected covered area (CCA) method [149-151] to document overlap in
the umbrella review on SCH and long-term outcomes. In general, assessing overlap in
umbrella reviews directly depends on the quality of reporting in selected systematic
reviews and meta-analyses. It was not always clear which data from the primary studies
was used, such as review papers which reported ‘data not shown’ for subgroup analyses.
As described in Chapter 3, it is also likely that the overall CCA for the umbrella review
was underestimated because it was impossible to group the included reviews by outcome
for the assessment.

There is some guidance on managing overlap in umbrella reviews besides ensuring that it
is evaluated and reported for transparency [149, 150, 152]. The options include selecting
the most recent review, updating the selected primary reviews or using a quality threshold
[149]. However, CCA thresholds require further validation [151], and these strategies
can conflict with each other, for example, (i) when analysing several outcomes, some of
which are restricted to poor quality systematic reviews and meta-analyses, or (ii) when
the most extensive or most recent eligible review is found to be of lower quality than
smaller or older syntheses. In the interest of improving the conduct of umbrella reviews
as well as avoiding research waste [153], better recommendations are needed, particularly
if “the large majority of produced systematic reviews and meta-analyses are unnecessary,
misleading, and/or conflicted” [154].
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2.6 Conclusion

True to the name, this umbrella review provided an overview of the extant literature
on how clinical outcomes are affected by the management of SCH, crucially comparing
treatment to non-treatment and SCH to euthyroidism. The key messages from the results
were that treatment might be associated with lower all-cause mortality and ischemic
heart disease for patients under 70 years old, but the degree of overlap across the reviews
could obfuscate the strength of these associations. Evidence on the other outcomes was
mixed but predominantly not significant.

Another highlight was that though the body of evidence covered all the outcomes of inter-
est, the most frequently evaluated were all-cause mortality and cardiovascular outcomes.
There were no systematic reviews comparing stroke, for instance, between treated and
untreated individuals with SCH. This provided further justification for investigating a
range of outcomes for the trial emulation in Chapter 4 to build the evidence base.
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Descriptive cohort study



3.1 Introduction

This chapter details the first of two studies in this thesis that used routinely collected
heath data — EHR from the SAIL Databank. In the following sections, I describe the
benefits and challenges associated with using EHR for research, followed by the data
source, SAIL Databank. This is followed by the published article of a descriptive study on
SCH in Wales between January 2000 and December 2021. This paper was peer-reviewed
and published in PLoS ONE as follows [155]:

1. Bauer BS, Azcoaga-Lorenzo A, Agrawal U, Fagbamigbe AF, McCowan C. Sub-
clinical hypothyroidism in Wales from 2000 to 2021: A descriptive cohort study
based on electronic health records. PLOS ONE. 2024 May 21;19(5):e0298871. https:
//doi.org/10.1186/513643-021-01842-y

This publication is reproduced under the Creative Commons Attribution License with no
changes. Supplementary materials are included in Appendix IL

3.2 Methods

3.2.1 EHR-based research

The benefits of using EHR for research are that they contain data on populations that
tend to be underrepresented in RCTs [156], provide large sample sizes with information
on a range of clinical data [157], provide longitudinal coverage and because the data
are collected in real time, there is minimal to no risk of recall bias. Data linkage across
datasets also allows for a more comprehensive view of a person’s medical history.

EHR systems develop as time passes, so the richness of the data collected today is likely
higher — and therefore more useful — than the data collected when there were fewer
functionalities. On a related note, the dimensionality of EHR data provides opportunities
to investigate the impact of a broader range of covariates than may have otherwise been
possible [158]; the temporal span of the records enables the performance of longitudinal
studies with varying lengths of follow-up [159].

EHR-based research can also be cheaper than bespoke data collection in terms of funding,
time and the facilities required [159], but this would likely depend on the size of the
respective studies. To put this in context, convenience sampling of patients attending
a GP practice for a small cohort study could be more cost-effective than purchasing a
multi-study licence from a data provider.

However, (i) EHR data are not collected for research [157] and therefore differ from
‘purpose-driven’ primary epidemiological data; (ii) larger sample sizes may increase
statistical precision but do not eliminate confounding and bias (selection bias, misclassifi-
cation or measurement bias (ascertainment bias) [160, 161] and (iii) the probability of
missing data is high, hence there may be unmeasured confounding [159].

The lack of a diagnostic code in an individual’s EHR, for example, does not necessarily
mean they do not have a particular condition. Instead, possible alternative explanations
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include that: (i) the diagnosis was not recorded, (ii) an incorrect code was used, or (iii)
the person did not seek treatment and, therefore, the diagnosis was not possible — this is
also referred to as ‘informative presence’ [162].

It is sometimes challenging to accurately define the length of follow-up [163], that is,
baseline, and if or when an individual should be censored from the study because of
attrition. The recorded information may not match what happened if, for instance,
someone moved away but then forgot to update their GP registration until the next
month and vice versa. In this scenario, the former would result in right-censored EHR
data, whereas the latter would fit the definition of left-censoring, giving an incomplete
timeline of events.

3.2.2 SAIL Databank

Primary care coverage was the top priority when selecting a data source for this project
because GPs manage SCH. As such, it was imperative that the selected resource could
provide comprehensive patient data comprising primary care records and the ability to
link these data to other health records for extensive EHR-based phenotyping. The Secure
Anonymised Information Linkage (SAIL) Databank, a repository of health records for
the population of Wales, boasted GP practice coverage of ~80%, or population coverage
of 83% as of 2021 [164]. Currently, none of the other UK nations have almost complete
primary care coverage [165].

According to the 2021 UK census, the population of Wales was 3.1m, representing 1.4%
growth since the previous census in 2011 [166]. SAIL provides population-wide data,
which was advantageous for the study cohort size because it would allow for large-scale
studies on SCH. One of the critical challenges behind the controversy surrounding the
management of SCH has been the small sample sizes in the published literature. The
temporal coverage of the SAIL datasets was another significant positive because it would
provide relatively long follow-up periods, which, as the name suggests, would be vital
for evaluating long-term health outcomes.

Finally, my supervisors and I considered the costs of obtaining and accessing EHR data.
Due to a heavily subsidised pricing model, SAIL Databank was considerably cheaper
than similar data providers such as CPRD. For example, at the time, whereas an annual
single-study dataset licence from CPRD would have cost roughly £15,000 (+ VAT) plus
additional costs for data linkage, the data costs for this project amounted to £13,000 (+
VAT) for three years’ access to SAIL data.

3.2.2.1 Application process

The SAIL Databank Information Governance Review Panel (IGRP) reviews all applications
and proposals to access SAIL data to ensure that appropriate information governance
controls have been considered and will be maintained. The IGRP comprises representa-
tives from several institutions (Welsh Government, Public Health Wales, Health and Care
Research Wales, Digital Health and Care Wales, British Medical Association Cymru Wales,
Local Health Boards, academic institutions and lay members) [167, 168]. Applications
are also assessed by the Health Information Research Unit (HIRU) for data availability
and study feasibility [167].
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After a scoping discussion with SAIL Databank staff, I submitted my IGRP application on
December 14th, 2021; approval was granted on February 1st, 2022. Subsequently, data
provisioning was completed on February 3rd, 2022.

3.2.2.2 Requested datasets

Following IGRP approval, access was granted to the following eight datasets in the SAIL
Databank (Table 3.1 & Figure 3.1).

Welsh Demographic Service Dataset (WDSD)

Demographic data is routinely obtained from the Digital Health & Care Wales (DHCW)
(formerly NHS Wales Informatics Service), custodians for all identifiable data on Welsh
residents. Before 2009, this information was contained in the NHS Wales Administrative
Register.

For the thesis, WDSD was used as the population register — a record of people living in
Wales who were registered with a Welsh GP at any point during the study period, their
address and registration history, dating back to January 2000.
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Table 3.1. Details of the datasets requested from SAIL Databank.

SAIL Dataset Setting Data Collector Frequency of Updates Coverage Start Date Pathway
Annual District Death Extract (ADDE) All of Wales ONS Monthly 01/01/1996 -
Emergency Department Dataset (EDDS) Accident & Emergency DHCW Monthly 01/04/2009 Secondary Care
Outpatient Database for Wales (OPDW) Outpatient DHCW Monthly 01/04/2004 Secondary Care
Outpatient Referral Dataset (OPRD) Referrals DHCW Monthly 01/04/2009 Secondary Care
Patient Episode Dataset for Wales (PEDW) Hospitals DHCW Monthly 01/04/1995 Secondary/Tertiary Care
Welsh Demographic Service Dataset (WDSD) All of Wales DHCW Weekly 01/01/1990 -
Wales Results Reporting Service (WRRS) Test Clinics DHCW Weekly 01/06/1992 Primary/Secondary Care
Welsh Longitudinal General Practice Dataset (WLGP) GP Practices (83%)/ 86% of the population EMIS, Vision, Informatica Monthly 01/01/2000 Primary Care

Note:
Abbreviations: DHCW - Digital Health & Care Wales (formerly NHS Wales Informatics Service); EMIS — (formerly Egton Medical Information Systems); ONS — Office for National Statistics (Source: Health Data
Research UK (HDRUK) Gateway).


https://www.healthdatagateway.org
https://www.healthdatagateway.org

Welsh Longitudinal General Practice (WLGP)

This dataset contains patient interactions with GPs, including their presenting signs and
symptoms, tests performed, diagnoses, prescriptions and referrals. Crucially, it should be
noted that this dataset only covers 86% of the Welsh population due to factors such as
migration and registration [164]. Only 83% of GP practices in the country provide this
data, given that it is an opt-in service. As such, the timespan covered within the records
varies, depending on the practice.

Patient-related information is typically recorded at the GP’s discretion during the consul-
tation, whereas investigation results are collected directly from the providers’ systems.
Most of this information is recorded as Read codes, but research has shown discrepancies
in their use [169-172].

Given that SCH is diagnosed and managed by GPs, I used this dataset to identify patients
with clinically recorded diagnoses, comorbidities, and medical history, both of which
were relevant for selection criteria and study follow-up. On advice from SAIL, the length
of the study period was based on WLGP - I was informed of a marked improvement in
data quality from 2000, which was then selected as the start date (Figure 3.1).
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Figure 3.1. Temporal coverage of the SAIL Databank datasets.

Annual District Death Extract (ADDE)

ADDE is a single table containing data on all the deaths of people resident in Wales, even
if the actual event occurred outside the country, as obtained from the national death
registrations. I used this data to identify the date of death where relevant and to confirm
the recorded dates in WLGP for patients who passed away during the study period.

I used the following datasets: (i) to identify pre- and post- baseline comorbidities when
defining the study cohorts and identifying covariates, (ii) to detect the occurrence of
events for the outcomes of interest, and (iii) to ascertain the recorded diagnoses across
datasets.
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Patient Episode Database for Wales (PEDW)

PEDW contains the records of all NHS Wales hospital day cases and in-hospital admis-
sions, both inpatient and day cases. It also contains data on Welsh residents who receive
treatment in England. Each hospital is responsible for the collection and coding of data,
so data quality varies within the dataset, particularly regarding secondary diagnoses.
ICD-10 diagnostic codes are used in the PEDW tables.

Outpatient Database for Wales (OPDW)

This dataset contains patient data from all hospital outpatient departments, collected
separately from each of the hospitals in Wales. All scheduled outpatient appointments
are recorded, whether the patient attends the hospital or not. Diagnoses are coded using
ICD-10 codes.

Outpatient Referral Dataset (OPRD)

OPRD contains data on outpatient referrals made by primary care practitioners (GPs,
General Dental Practitioners (GDPs), A&E Departments) or self-referrals in a single table.

Emergency Department Dataset (EDDS)

Provided by DHCW, this dataset holds the records of persons attending Accident and
Emergency departments in Welsh hospitals. It includes records from the All Wales Injury
Surveillance Systems (AWISS) dataset but is provided as a single table in which diagnoses
are recorded using ICD-10 codes.

Wales Results Reporting Service (WRRS)

The WRRS dataset has all the laboratory results for blood tests requested within Wales,
whether from primary or secondary care pathways. The unified Welsh Laboratory
Information Management System (WLIMS) was designed to simplify healthcare provider
access to the records and patient access to local — and therefore more convenient — testing
facilities [173]. The data is structured into three tables (requests, results and reports).

3.2.2.3 Data structure

SAIL records are provided as split files, which can be linked using the Anonymous Linking
Field (ALF) generated from NHS registration numbers [167, 174]. SAIL data providers
separate the identifiable demographic data from the clinical data in the first instance. The
ALF is then added to the datasets to ensure that records from different SAIL datasets can
be linked within the secure environment [167]. The unique identifier is also encrypted to
form ALF-E (Encrypted) [175].

After IGRP approval, the ALF-E is further encrypted for each project to form ALF_PE
[167]. This final step enhances security by deterring cross-linkage of data across different
projects. Therefore, two separately approved projects cannot ‘share’ access to SAIL
records because the ALF_PE fields would not match [175, 176].
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3.2.2.4 Data access

Per standard practice, my access to the provisioned data views was restricted to the
secure SAIL Gateway [175], which required using a Yubikey security token that SAIL
provided. Secure login credentials were also provided after my primary supervisor and I
signed a Data Access agreement (Appendix II) with no authorisation to share or disclose
them to third parties.

3.2.2.5 Data management

Data preparation and cohort definition were performed for the respective studies using
the relevant selection criteria described in Chapters 3 and 4.

3.2.2.6 Ethical considerations

This project used only anonymised, routinely collected data from the SAIL Databank, so
there was no direct contact with Welsh residents or patients. In order to gain access to
the data, an IGRP application was required, in addition to completing a Safe Researcher
Training course.

Ethical approval for the study was sought from the University of St Andrews School of
Medicine Ethics Committee (SEC). Approval to proceed with the project was granted on
February 1st, 2022 from SAIL and March 14th, 2022 from the SEC. A separate application
submitted to access the SAIL Gateway was approved on March 1st, 2022. These documents,
as well as a signed copy of the SAIL Data Access Agreement, are included in Appendix II.

3.3 Published article
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Abstract

Background

Subclinical hypothyroidism (SCH) is a biochemical thyroid disorder characterised by ele-
vated levels of Thyroid Stimulating Hormone (TSH) together with normal levels of thyroid
hormones. Evidence on the benefits of treatment is limited, resulting in persistent controver-
sies relating to its clinical management.

Aim

This study describes the demographic and clinical characteristics of patients identified as
having subclinical hypothyroidism in Wales between 2000 and 2021, the annual cumulative
incidence during this period and the testing and treatment patterns associated with this
disorder.

Methods

We used linked electronic health records from SAIL Databank. Eligible patients were identi-
fied using a combination of diagnostic codes and Thyroid Function Test results. Descriptive
analyses were then performed.

Results

199,520 individuals (63.8% female) were identified as having SCH, 23.6% (n = 47,104) of
whom received levothyroxine for treatment over the study period. The median study follow-
up time was 5.75 person-years (IQR 2.65-9.65). Annual cumulative incidence was highest
in 2012 at 502 cases per 100,000 people. 92.5% (n = 184,484) of the study population had
TSH levels between the upper limit of normal and 10mIU/L on their first test. 61.9% (n =
5,071) of patients identified using Read v2 codes were in the treated group. 41.9% (n =
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19,716) of treated patients had a history of a single abnormal test result before their first
prescription.

Conclusion

In Wales, the number of incident cases of SCH has risen unevenly between 2000 and 2021.
Most of the study population had mild SCH on their index test, but more than a third of the
identified patients received levothyroxine after a single abnormal test result. Patients with
clinically recorded diagnoses were more likely to be treated. Given the expectation of
steadily increasing patient numbers, more evidence is required to support the clinical man-
agement of subclinical hypothyroidism.

Introduction

The thyroid gland is a butterfly-shaped endocrine organ in the neck whose function is regu-
lated by Thyroid Stimulating Hormone (TSH) from the pituitary gland. It produces the thy-
roid hormones thyroxine (T4) and triiodothyronine (T3), which primarily regulate bodily
metabolic function. Hypothyroidism generally refers to a deficiency of these hormones but
can be subdivided into overt and subclinical types. The latter, subclinical hypothyroidism
(SCH), is a frequently asymptomatic condition in which the thyroid hormone levels are within
normal range, but TSH is elevated [1, 2].

Reference ranges for TSH vary due to patient characteristics, particularly age, sex, race, eth-
nicity and pregnancy status [3, 4]. There is disagreement over what should be considered as
the upper limit of normal [5-9], so these values tend to differ between laboratories, given the
lack of universally applicable guidelines. However, a commonly used upper cut-off for TSH is
4.5 mIU/L [10], such that patients with measurements between 4.5 and 9.9 mIU/L are said to
have mild SCH. On the other hand, TSH levels >10 mIU/L are classified as severe SCH [2].

Among the causes of SCH, Hashimoto’s thyroiditis, an autoimmune thyroid disorder, is the
most frequent. Women are more likely to develop SCH than men, regardless of age [2, 11].
Previous studies have also reported that the population prevalence of SCH ranges between 4%
and 10%, depending on factors such as age and sex distribution patterns [1, 11-13]. The Colo-
rado Thyroid Disease Prevalence Study determined that in their study population of over
25,000 patients, approximately 9% of subjects not on thyroid medication were found to have
SCH [11]. The US National Health and Nutrition Examination Survey (NHANES III) reported
SCH prevalence figures of 4.3% in the total population [13].

It has been reported that around 2% to 6% of SCH cases each year experience progression
to overt hypothyroidism. This phenomenon occurs more commonly among female patients
and those found to test positive for thyroid peroxidase antibodies, for instance, in autoimmune
thyroid disease [1, 14]. As reported in some studies, the TSH levels of approximately 60% of
patients identified as having mild SCH may later spontaneously revert to normal [2, 15].

The pharmacological treatment for overt and subclinical hypothyroidism is levothyroxine
(LT4), a synthetic version of thyroxine. Controversy persists on the clinical management of
SCH, specifically around whether to initiate treatment and, in those cases, what level of TSH to
use as a threshold. The debate is due to insufficient robust evidence and conflicting study find-
ings on the long-term benefits—and, inversely, potential harms—of treatment for this disorder
[1, 10, 16-19]. For example, many studies have investigated the effects of SCH on cardiovascu-
lar disease, but while some found that levothyroxine lowered the incidence of myocardial
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infarctions, atrial fibrillation and cardiovascular mortality [20], others did not [21, 22]. Simi-
larly, Mooijaart et al. reported that in 2 randomised trials of levothyroxine treatment for
patients 80 years and above, there was no significant difference in quality of life (QoL) between
treatment and control groups [23]; whereas in a cohort study of 78 patients, Winther et al.
found marked improvements in health-related QoL within six months of starting treatment
[24]. Even so, current NICE guidelines state that treatment should only be commenced after a
repeat abnormal TSH result of >10 mIU/L three months after the first [25].

The debate extends to screening for SCH, despite the frequency of no reported symptoms,
due to the lack of substantiated evidence of benefits for the majority who might be diagnosed
through screening programs [2, 26, 27]. Other issues that are pertinent to the management of
SCH are the overuse of thyroid function tests, also known as overtesting, which can potentially
increase the detection of elevated TSH [28, 29], and the overuse of levothyroxine for SCH [19,
30], with no clarity on how it affects patients in the long-term.

Our study aims were to (i) describe the demographic and clinical characteristics of patients
identified as having SCH in Wales between 2000 and 2021; (ii) estimate the annual cumulative
incidence of SCH and the accumulation of patients identified as having SCH during the study
period; (iii) characterise thyroid function testing and levothyroxine prescribing over the study
period, including the TSH thresholds used to initiate treatment for SCH.

Methods
Study design

This is a retrospective, population-based cohort study using the anonymised, linked electronic
health records (EHR) for the population living in Wales between 1 January 2000 and 31
December 2021. These were individuals registered with a General Practitioner (GP) practice
contributing to the Secure Anonymised Information Linkage (SAIL) Databank.

Data source

The data source was the SAIL Databank, a repository of anonymised patient records for the
population of Wales, representing approximately 5 million individuals between January 2000
and December 2021 [31]. Data is collected from approximately 84% of all GP practices in the
country. The development, database structure, policies and requisite procedures governing the
use of SAIL data have been detailed previously [32-34]. Approval was granted by the Informa-
tion Governance Review Panel (IGRP) in February 2022 (ref 1371) for a study on SCH and
clinical outcomes to be performed using SAIL datasets. The primary care, hospital, outpatient,
emergency department, death, demographic and test result datasets (S1 Appendix) were first
accessed on 14 March 2022.

Study cohort

Cohort entry was defined by the presence of one or more of: SCH Read v2 codes, SCH Interna-
tional Classification of Diseases version 10 (ICD-10) codes or test results indicative of SCH
within the study timespan. For test results, the respective lab reference ranges were used as
recorded to identify the upper limit of TSH and normal levels of T4 (S2 Appendix). Subjects
could enter the cohort at any point between 1 January 2000 and 31 December 2021 (Fig 1).
Exit from the study occurred at the earliest of: (i) death, (ii) censoring due to the end of GP
registration or emigration from Wales or (iii) the end of the study period.
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Fig 1. Study design and examples of possible patient pathways.
https://doi.org/10.1371/journal.pone.0298871.9001

Eligibility criteria

To be included in the study, patients must have had a recorded SCH diagnostic code or test
result indicative of SCH. They must also have been registered with a GP for at least 12 months
before the index SCH code or test result.

The following groups were excluded: women with recorded pregnancies within 12 months
of the index SCH code or test, patients under 18 years old, those that had ever been identified
as having overt hypothyroidism, those given prescriptions for thyroid-altering medications
(amiodarone, lithium and antithyroid drugs) or thyroid hormone replacement (more than 30
days before the index code or test) and those with histories of radioiodine and thyroidectomy,
such that there were no other indications for the use of levothyroxine.

Study variables

Baseline characteristics were assessed on the index diagnostic code or test date, which was set
as the ‘date of identification’. Patients were further classified into two mutually exclusive
groups based on whether they received prescriptions for thyroid hormone replacement at any
point after the date of identification (‘treated’) or did not receive any treatment (‘untreated’).

Sex was recorded as either male or female. Age was calculated from demographic records as
the difference in years between the week of birth date and date of identification. This variable
was also categorised into bands spanning ten years each. Deprivation scores were enumerated
using the 2019 version of the Welsh Index of Multiple Deprivation (WIMD 2019) and assigned
based on the recorded home postcode on the date of identification [35, 36]. Length of follow-
up was calculated as the difference between the study start date and the exit date or study end
date.

Additional SCH-related characteristics such as TSH levels, hypothyroidism codes, and pre-
scribed medications were derived from the primary care or test result datasets. The presence of
>1 thyroid hormone prescription was used as a proxy indicator for treatment status. The
number of TFTs performed before and after initiating levothyroxine was also calculated for
treated patients. This was done to gauge the frequency with which the NICE treatment
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guideline-a repeat abnormal TSH result of >10 mIU/L after three months before commencing
treatment-was followed.

Where available, thyroid peroxidase (TPO) antibody measurements were extracted from
the test results dataset and compared to normal ranges. All references to TFT results in this
text required that TSH and FT4 results share the same specimen collection date. Hence, ‘nor-
mal TFT result(s)’ refers to TSH and FT4 having both been within their respective reference
ranges, whereas ‘abnormal TFT result(s)’ represents the elevated TSH and normal FT4 charac-
teristic of SCH. Rather than selecting fixed study thresholds for thyroid hormones and anti-
bodies, the reported lab reference ranges were used to align our identification of SCH with the
results clinicians would have received.

Statistical analy5sis

Descriptive statistics were used to summarise baseline demographic data and clinical charac-
teristics. For categorical variables, counts and percentages were used; means and standard
deviations were employed for continuous variables.

Estimates of annual cumulative incidence were obtained for each year between 2000 and
2021; this was calculated as the number of newly identified SCH cases between 1 January and
31 December divided by the total number of GP-registered individuals as of 1 July (mid-year
population) and multiplied by 100,000. The mid-2011 Welsh population was used to obtain
age- and sex-standardised estimates.

The frequencies of normal and abnormal TFT results per patient were classified as prior to
or later than the date of identification. We reported the total number of TFTs in the wider GP-
registered population to explore if there was a relationship to the number of tests ordered in
the same year for the study population. For the former, the study eligibility criteria were
applied to all patients who had recorded TFT results between 2000 and 2021 —the number of
tests per year was then calculated, irrespective of whether SCH was detected.

The frequency of levothyroxine prescriptions each year and the time between the date of
identification and the first prescription were also calculated.

Structured query language (SQL DB2) was used to retrieve and interrogate the SAIL data-
sets via the SAIL Gateway [37].

Ethical approval

The project was approved in writing by the SAIL Databank IGRP (ref 1371) and by the School
of Medicine Ethics Committee, acting on behalf of the University of St Andrews Teaching and
Research Ethics Committee (UTREC) (MD16055) in March 2022. As the study data are de-
identified, authors had no access to disclosive information and consent from individual
patients was not required.

The results are reported using the REporting of studies Conducted using Observational
Routinely-collected Data (RECORD) guidelines [38].

Results

Between January 2000 and December 2021, over 5.6 million individuals were identified in the
demographic register, 304,148 of whom had recorded diagnostic codes or tests indicative of
SCH. After applying the eligibility criteria resulting in the exclusion of 104,628 patients,
199,520 individuals were identified as incident SCH cases over the study period (Fig 2). The
proportion of untreated patients (n = 152,416; 76.4%) was more than three times that of those
who received levothyroxine over the study period (n = 47,104; 23.6%).
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Fig 2. Study flowchart illustrating the selection of eligible SCH patients using SAIL data.
https://doi.org/10.1371/journal.pone.0298871.9002

Patient characteristics

The baseline characteristics of the study population are shown in Table 1. There were more
female than male patients in the entire cohort (63.8% vs 36.2%). The mean age of study partici-
pants was 57.8 years, with a standard deviation of 17.55 years. The highest patient numbers
were observed in the 60-69 age band (n = 39,486; 19.8%). There were more untreated than
treated patients across all age bands.

The total length of follow-up for the study population was 1,286,883 person-years, with a
median duration of 5.75 person-years (IQR 2.65-9.65). 24.6% of the study population died
before the end of the study, as opposed to those censored (n = 7,715; 3.9%) because they
moved away from Wales or switched to non-SAIL GP practices. Most patients had records
running to the end of the study period, 31 December 2021 (n = 142,687; 71.5%).

There was considerable overlap between categories based on the means of identification
from the EHR. 99.2% of patients had recorded TFT results on the date of identification; only
149 patients had a combination of all three criteria (Table 1).
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Table 1. Patient characteristics classified by treatment status at baseline and the end of the study period (2000-2021) and the methods used to identify patients

using EHR.
Study population
Total (%)* Treated (%)° Untreated (%)°
N 199,520 47,104 (23.6) 152,416 (76.4)
Sex
Male 72,175 (36.2) 12,169 (16.9) 60,006 (83.1)
Female 127,345 (63.8) 34,935 (27.4) 92,410 (72.6)
Age (years), mean [SD] 57.8 [17.55] 54.7 [16.79] 59.5[17.71]
Age bands (years)
18-29 16,949 (8.5) 3,529 (20.8) 13,420 (79.2)
30-39 15,478 (7.8) 4,583 (29.6) 10,895 (70.4)
40-49 25,667 (12.9) 7,878 (30.7) 17,789 (69.3)
50-59 34,905 (17.5) 9,696 (27.8) 25,209 (72.2)
60-69 39,486 (19.8) 9,175 (23.2) 30,311 (76.8)
70-79 35,657 (17.9) 7,263 (20.4) 28,394 (79.6)
80-89 24,701 (12.4) 4,130 (16.7) 20,571 (83.3)
90-99 6,522 (3.3) 834 (12.8) 5,688 (87.2)
100+ 155 (0.1) 16 (10.3) 139 (89.7)
Deprivation WIMD 2019
Most deprived 39,360 (19.7) 10,022 (25.5) 29,338 (74.5)
Next most deprived 42,610 (21.4) 10,196 (23.9) 32,414 (76.1)
Middle deprivation 40,771 (20.4) 9,588 (23.5) 31,183 (76.5)
Next least deprived 36,806 (18.4) 7,949 (21.6) 28,857 (78.4)
Least deprived 32,355 (16.2) 7,911 (24.5) 24,444 (75.5)
Missing 7,618 (3.8) 1,438 (18.9) 6,180 (81.1)
Identification of SCH in EHR®
Read code 8,195 (4.1) 5,071 (61.9) 3,124 (38.1)
ICD-10 code 1,097 (0.5) 381 (34.7) 716 (65.3)
TFT 197,833 (99.2) 46,381 (23.4) 151,452 (76.6)
Read + ICD-10 + TFT 149 (0.1) 93 (62.4) 56 (37.6)
Length of follow-up (person-years)
Total 1,286,883
Median (IQR) 5.75 (2.65-9.65)
Study exit
Study ended 142,687 (71.5) 36,047 (25.3) 106,640 (74.7)
Censored? 7,715 (3.9) 1,506 (19.5) 6,209 (80.5)
Died 49,118 (24.6) 9,551 (19.4) 39,567 (80.6)

“ Percentage of all eligible patients (n = 199,520);

b Percentage of the total in the respective category-row percentage;

€ These groups add up to more than 100% due to overlap;

“9Due to the end of GP registration or emigration from Wales.
Abbreviations: SCH, Subclinical Hypothyroidism; SD, Standard Deviation; WIMD, Welsh Index of Multiple Deprivation; ICD, International Classification of Diseases

https://doi.org/10.1371/journal.pone.0298871.t001

Annual cumulative incidence

The annual cumulative incidence of SCH was irregular over the study period. The number of
new cases was highest at a single historical point: approximately 502 cases per 100,000 people
in 2012, following a marked decline in 2010 (297 cases per 100,000 people). Between 2015 and
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Fig 3. Trend of the annual cumulative incidence of SCH during the study period (2000-2021).
https://doi.org/10.1371/journal.pone.0298871.9003

2018, the cumulative incidence of SCH was steady but fell again until 2020 (275 cases per
100,000 people) (Fig 3).

When stratified by age and sex, the cumulative incidence charts followed a similar trajec-
tory, though it was noted that the number of female patients was higher for both measures (53
Appendix).

Testing and treatment patterns

The annual overall number of TFTs ordered for SCH patients in this study was 1,046 in 2000,
and because more patients were identified as having SCH over the study period, the totals
were highest in 2018 (n = 123,448) (Fig 4). There was a drop in 2020 (n = 88,000) compared to
the previous year (n = 121,448), coinciding with the COVID-19 pandemic. The plotted graph
for tests ordered for the wider GP-registered population appears similar to that for study par-
ticipants but has corresponding peaks and troughs of a larger magnitude (Fig 4).

On the date of identification, 92.5% (n = 184,484) of the study population had TSH values
between the upper limit of normal and 10 mIU/L. Of this group, 39,324 (21.3%) received pre-
scriptions for levothyroxine during the study. However, the split between treated and
untreated patients was reversed for patients with TSH levels higher than 10 mIU/L (Table 2).

In total, more than half of patients with severe SCH-TSH levels over 10 mIU/L-on the date
of identification were in the treated group (n = 6,891; 53%). There were also more patients
with elevated TPO antibodies on the recorded date of the first code or test among the treated
(n = 5,428; 59.5%) than the untreated group (n = 3,689; 40.5%), as shown in Table 2.

It was also noted that 6,811 (83.1%) of patients identified using Read v2 codes had mild
SCH at the time of identification, but almost two-thirds of these patients subsequently received
treatment over the study period (n = 4,140; 60.8%).
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Fig 4. Annual total number of TFTs ordered for the study participants (n = 199,520) and the wider GP-registered population after
applying the study eligibility criteria (n = 1,647,510).

https://doi.org/10.1371/journal.pone.0298871.9004

For the treated group, 19,716 (41.9%) patients received their first levothyroxine prescription

after only one test result showing raised TSH and normal T4. (Fig 5).
Most treated patients had between 1 and 5 TFTs performed in the first 12 months

(n =31,840; 67.6%), 24 months (n = 32,801; 69.6%) and 36 months (n = 30,348; 64.4%) after
treatment with levothyroxine was initially prescribed (Table 3). The proportion of untreated

patients with no recorded follow-up TFT's was larger than that of treated patients over the

same three-year period after SCH was identified or treated. Over this duration, more in the

treated group (n = 7,399; 15.7%) had more than five monitoring tests compared to the
untreated (n = 8,167; 5.4%).
The number of patients on treatment rose gradually, from 52 to 33,337 of the existing S

CH

cases in 2000 and 2021 respectively (Fig 6). Here, ‘initiating treatment’ refers to the number of

patients who received their first prescription for levothyroxine in that year, as opposed to
those that had already commenced treatment since the study start date (‘continuing treat-

ment’). Except at the start of the study (2000 to 2002), a smaller proportion of patients were

started on treatment throughout (Fig 6 and S4 Appendix).
Under one-fifth of patients in the treated group (n = 7,794; 16.5%) received their first

levothyroxine prescription within one month of their index test or code for SCH. In contrast,

most treated patients (n = 29,818; 63.3%) got their first prescription more than 12 months
after SCH was identified (Table 4).
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Table 2. Recorded TSH and TPO levels on the date of identification, overall and stratified by treatment status.

Study population
Total (%)* Treated (%)° Untreated (%)®

TSH on the date of identification

Upto 10 mIU/L 184,484 (92.5) 39,324 (21.3) 145,160 (78.7)

10-20 mIU/L 10,674 (5.3) 5,669 (53.1) 5,005 (46.9)

>20 mIU/L 2,328 (1.2) 1,222 (52.5) 1,106 (47.5)
TPO antibodies on the date of identification

Normal 1,588 (0.8) 309 (19.5) 1,279 (80.5)

Elevated 9,117 (4.6) 5,428 (59.5) 3,689 (40.5)

Missing® 188,815 (94.6) 41,367 (21.9) 147,448 (78.1)
Patients with SCH Read v2 codes (n = 8,195)°
TSH on the date of identification

Upto 10 mIU/L 6,811 (83.1) 4,140 (60.8) 2,671 (39.2)

10-20 mIU/L 452 (5.5) 363 (80.3) 89 (19.7)

>20 mIU/L 53 (0.6) 48 (90.6) 5(9.4)

# Percentage of all eligible patients (n = 199,520);
® Percentage of the total in the respective category-row percentage;
¢ These patients did not have TFT results recorded on the index date;

4 These patients did not have recorded TPO antibody tests on the date of identification;

“Not all patients with Read codes also had recorded TFT results.

Abbreviations: IU, International Units; SCH, Subclinical hypothyroidism; TSH, Thyroid Stimulating Hormone; TPO, Thyroid Peroxidase

https://doi.org/10.1371/journal.pone.0298871.t002
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Fig 5. The frequency of abnormal tests before treatment with levothyroxine was initiated for the treated group (n = 47, 104).

https://doi.org/10.1371/journal.pone.0298871.9005
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Table 3. The number of follow-up thyroid function tests performed in the immediate period (i) after the first pre-
scription, date for treated patients and (ii) after identification, for untreated patients.

Number of monitoring TFTs performed | Treated patients (n = 47,104) Untreated patients (n = 152,416)
After the first prescription (%) | After identification (%)

First year

None recorded 14,372 (30.5) 65,797 (43.2)

1-5 31,840 (67.6) 85,622 (56.2)

>5 892 (1.9) 997 (0.7)

First two years

None recorded 10,194 (21.6) 46,650 (30.6)

1-5 32,801 (69.6) 101,807 (66.8)

>5 3,747 (8.0) 3,512 (2.3)

First three years

None recorded 8,449 (17.9) 39,347 (25.8)

1-5 30,348 (64.4) 103,887 (68.2)

>5 7,399 (15.7) 8,167 (5.4)

https://doi.org/10.1371/journal.pone.0298871.t003

Discussion

Between 2000 and 2021, 199,520 individuals residing in Wales were identified as having SCH.
The annual cumulative incidence of SCH was irregular, with a marked drop in 2010 and a
prominent peak in 2012 for crude and both age- and sex-standardised estimates. In keeping
with other studies on SCH [11, 39], it was found that more females than males were identified
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Fig 6. The number of SCH patients with recorded prescriptions for levothyroxine during the study period.
https://doi.org/10.1371/journal.pone.0298871.9g006
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Table 4. The characteristics of the treatment given to SCH patients in Wales, 2000-2021.
Treated patients (n = 47,104)
Time from the date of identification to the first LT4 prescription
<lmonth | 7,794 (16.5)
1-6 months | 6,470 (13.7)
6-12 months | 3,022 (6.4)
> 1 year 29,818 (63.3)

Abbreviations: LT4, Levothyroxine

https://doi.org/10.1371/journal.pone.0298871.t004

with SCH. Less than one-third of the study population received treatment during the study
period. Most patients identified using diagnostic codes, specifically Read v2, received levothyr-
oxine over the study period, though an equally large proportion of these patients also had mild
SCH on their first test date.

In contrast, 6.5% of the study population had TSH levels higher than 10 mIU/L on their
index test results. Levothyroxine was prescribed for 42% of patients in the treated group after a
single abnormal test indicative of SCH. The frequency of TFTs for treated patients after their
first prescription was higher than tests performed for untreated patients after identifying SCH.

Annual cumulative incidence

The reason for the peak in annual cumulative incidence in 2012 was not immediately apparent.
However, most of the patients in this study were identified using TFT results rather than diag-
nostic codes. A potential reason for the irregular pattern of annual incident cases, therefore,
might be altered clinical decision-making as a result of new guidance; for example, the Royal
College of Physicians released a statement on the diagnosis and management of primary hypo-
thyroidism in 2008 [40] and updated the guidance in 2011 [41]. The intervening period corre-
sponds to the marked drop in incident cases of SCH in the study population around 2010, but
this conclusion cannot be reached based on a single study.

Notably, when standardised to the mid-2011 population of Wales, estimates of the annual
cumulative incidence of SCH were broadly similar across the age and sex categories. However,
the line representing patients aged 90 and over was flattened compared to the crude annual
cumulative incidence plot, suggesting that the proportion that was 90 years or older in the
standard population was smaller than among the study population.

Testing and treatment

Overtesting for thyroid function has been widely reported in the literature [28, 29, 42-44]. In
contrast, our findings show that in the years following the identification of SCH, most of the
untreated patients had fewer tests, which aligns with current guidance to perform repeat TFT's
annually or biennially for untreated SCH, depending on the presence of features of underlying
thyroid disease [25]. Treated patients, who would typically require frequent monitoring tests—
every three months until TSH levels normalise and then annually-were found to have had
more TFTs in comparison. Annual monitoring would possibly explain why 64% of treated
patients had between one and five tests in the first three years after treatment was started.

Data on TPO antibodies on the date of identification were available for only a small fraction
of patients in the cohort. However, this corresponds to the NICE recommendation to consider
antibody testing for elevated TSH levels and avoid repeating these specific tests [25]. TPO anti-
body assays predating these NICE guidelines would also likely have been infrequent.
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The plotted rise in the number of TFTs ordered for study participants can be explained by
the increasing number of identified SCH cases over the study period. On the other hand, the
marked drop observed around 2020 may be attributed to the COVID-19 pandemic, during
which mandatory lockdowns were implemented. It is, however, impossible to completely rule
out overtesting in this study because inappropriate TFT ordering accompanied by a higher
number of patients receiving tests would, unsurprisingly, present a false picture of a steady
average among patients with SCH.

Over 90% of the study population had mild SCH-TSH levels between the upper limit of
normal and the 10mIU/L threshold-on the date they were identified. This number is higher
than that reported from the Colorado Thyroid Disease Prevalence study, 74% [11]. However,
the participants in the Colorado study were the attendees of a statewide health fair, represent-
ing 25,862 individuals. Unlike this longitudinal study based on SCH cases over 20 years, the
fair facilitated a cross-sectional survey. As such, a more extended series of surveys might have
approximated our findings more closely.

Patients with a recorded diagnosis were more likely to receive treatment than those identi-
fied through test results. Of the latter, less than a third were in the treated group, suggesting
that GPs may have been more likely to disregard test results indicative of SCH if, for instance,
the TFTs were not directly relevant to their plans for the clinical management of presenting
symptoms. In such a scenario, the SCH diagnosis would not be recorded, decreasing the prob-
ability of the patient receiving a prescription for levothyroxine. Crucially, the study findings
also indicated that the presence of a diagnostic code in the EHR was not an indicator of the
severity of SCH-as determined using the 10 mIU/L threshold for TSH. Their index test results
showed that most patients with clinically recorded diagnoses had mild SCH in the first
instance.

More of the patients who had severe SCH on the index date received treatment during the
study, as would be expected. Several treatment guidelines around the world similarly recom-
mend the initiation of levothyroxine for cases with TSH levels above 10mIU/L, including those
from the American Thyroid Association [45, 46], European Thyroid Association [47] and Bra-
zilian Society of Endocrinology and Metabolism [48]. A crucial caveat to this guidance is that
patient age must be considered, given the physiological increases in TSH levels with age [20,
23]. It is frequently stated that a higher treatment threshold should be applied for older
patients, particularly for mild SCH [18, 49, 50]. Even so, a multinational survey on treatment
practices for SCH by Razvi et al. [51] found wide variability in the implementation of such rec-
ommendations. Potential reasons for the failure to treat cases of severe SCH, as observed for
3.1% of our study population, include patient age, transient increases in TSH or measurement
errors [2], which would be lower on subsequent tests.

Levothyroxine is currently the third most frequently prescribed drug by GPs in Wales [52-
54]. Previous studies have also described ‘overtreatment’-the tendency for clinicians to initiate
treatment even when it is not necessarily required and would not benefit the patient [30, 55].
The finding that 42% of all the patients in the treated group had levothyroxine initiated based
on a single abnormal test result indicative of SCH may be related to overtreatment. This pro-
portion was notably higher than the number of patients with severe SCH and those who tested
positive for TPO antibodies—according to current guidelines, these two groups would have
been deemed eligible for immediate treatment. Furthermore, the number of patients who had
severe SCH on the date of identification was lower than those who received their first prescrip-
tion within one month of that date. All these findings point to the potential overuse of
levothyroxine over the study period.
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Strengths and limitations

The strengths of this study included the use of multiple SAIL datasets to identify patients iden-
tified as having SCH and to assess their eligibility for this study; the scale and coverage of the
data used, which is almost the whole population of Wales spanning at least two decades, as
well as the characterisation of different aspects of SCH and SCH patients to provide a compre-
hensive description of the disorder and how it was managed clinically.

This study is subject to some limitations. Foremost are the inherent challenges of identify-
ing SCH in EHR: missing data, coding errors and inconsistencies in patient records influenced
the inclusion of patients in the study. It was observed that the test results dataset, in particular,
was plagued by these issues due to the variety of ways in which test names, codes and values
were recorded. Even so, this problem was mitigated by including the primary care and inpa-
tient datasets to identify patients who had been clinically diagnosed with the disorder. SAIL
Databank is also recognised as a high-quality primary care data source with a high level of cov-
erage in Wales (84%) [56]. Also, it was not possible to identify the ethnicity of eligible patients
as this information was not available in the provisioned datasets.

Related to these points, most of the study population was identified in the EHR using their
TFT results. However, these are not error-proof; it has been reported previously that due to
the use of population reference ranges, an individual may have a physiologically abnormal thy-
roid function test (TFT) result that matches what is otherwise considered normal range [1, 57].

It is also essential to note that for the evaluation of treatment, only prescribing data-not dis-
pensing data-were available. It was, therefore, impossible to ascertain whether the levothyrox-
ine prescriptions given were filled (adherence) and the medication taken by the patient as
instructed (compliance). This affected the interpretation of treatment duration, as it would
otherwise have been possible to explore LT4 use by accounting for the amount of medication
given and, possibly, to distinguish between treated patients by dosages and drug formulations.
However, it can reasonably be expected that most patients who received prescriptions took
their medication; hence, we used prescriptions as a proxy for treatment status.

A key challenge in estimating the true prevalence of SCH is the lack of agreement concern-
ing TSH reference ranges [9]. Diagnosis relies entirely on lab results; therefore, variations in
the upper limit of normal for TSH directly influence patient numbers. However, separate con-
straints arise from using EHR only to measure prevalence. Chief among these is the likelihood
of underestimating the number of existing cases because of the complex interplay of factors
that affect the decision to seek clinical care [58]. This selection bias arises because patients with
more severe symptoms are more likely to visit their GP and have a recorded visit in the EHR
[59, 60]. Another factor is that the restriction of study start and stop dates can mimic a closed
cohort in which the ‘existing patient’ count starts at zero. We did not use the study population
for prevalence estimates for these reasons.

Finally, the most recently reported SAIL coverage of GP practices in Wales is approximately
84% [56]; therefore, it cannot be assumed that the denominators used to estimate the annual
cumulative incidence are directly equal to the respective actual population counts. This chal-
lenge was mitigated by performing standardisation of the estimated cumulative incidence,
though the plotted graphs were essentially unchanged.

Conclusion

This descriptive study on SCH in Wales shows an uneven rise in the overall number of
patients, TFT and levothyroxine use between 2000 and 2021, with the highest annual cumula-
tive incidence in 2012 at 502 cases per 100,000 people.
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Compared to patients who only had test results indicative of SCH, those with clinically
recorded diagnoses were less likely to meet the 10mIU/L TSH cutoff for severe SCH but were
also more likely to be offered treatment. In contrast, patients with mild SCH on their index
test were less likely to receive levothyroxine. The clinical management of SCH was inconsistent
with the recommendation to consider treatment only if a repeat test reveals TSH levels higher
than 10mIU/L, considering that over a third of treated cases had only one prior abnormal test
result. However, per the current NICE annual monitoring guidance, TFTs were ordered more
frequently for treated than untreated patients.

Our findings show that more robust guidelines are needed to ensure the appropriate clinical
management of patients with SCH. Given the potential for a continued rise in patient numbers
and conflicting evidence on the impact of SCH on patients’ long-term health, more research is
needed to inform strategies to improve the use of TFTs and levothyroxine for managing this
thyroid disorder.
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3.4 Conclusion

In this chapter, I used routinely collected data from SAIL Databank to describe the
patterns of incidence, testing and treatment of SCH in Wales between the start of the
year 2000 and the end of 2021. The frequency of TFTs, and therefore the incidence of
SCH, consistently rose until the COVID-19 pandemic. Testing and prescriptions for
levothyroxine were inconsistent with the general guidance around confirmatory tests
and TSH thresholds. This study provided a nationwide profile of SCH, demonstrating
the impact of inconclusive guidance on clinical practice. Chapter 4 uses observational
data to investigate the causal effects of treating SCH on patient health in the long term.
The results of the trial emulation will contribute to the evidence base by applying an
analytical framework that aims to limit bias.
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PRISMA-P 2015 Checklist

This checklist has been adapted for use with systematic review protocol submissions to BioMed Central journals from Table 3 in Moher D et al:
Preferred reporting items for systematic review and meta-analysis protocols (PRISMA-P) 2015 statement. Systematic Reviews 2015 4:1

An Editorial from the Editors-in-Chief of Systematic Reviews details why this checklist was adapted - Moher D, Stewart L & Shekelle P:
Implementing PRISMA-P: recommendations for prospective authors. Systematic Reviews 2016 5:15

Section/topi Kist it Information reported]Line
ection/topic ecklist item m S )

‘ADMINISTRATIVE INFORMATION

Title
‘ Identification ‘1a ‘Identify the report as a protocol of a systematic review ‘ IE ‘ D ‘ 1-2
‘ Update ‘1 b ‘If the protocol is for an update of a previous systematic review, identify as such ‘ |:| ‘ |Z| ‘
Registration ‘2 ‘K;zgl:(t:red, provide the name of the registry (e.g., PROSPERO) and registration number in the ‘ IX ‘ D ‘ 56
\Authors
Provide name, institutional affiliation, and e-mail address of all protocol authors; provide physical 4-11
‘ Contact ‘33 mailing address of corresponding author Iz D
‘ Contributions ‘Bb ‘Describe contributions of protocol authors and identify the guarantor of the review ‘ X ‘ ] ‘ 324-327
If the protocol represents an amendment of a previously completed or published protocol, identify 281-283
‘Amendments ‘4 as such and list changes; otherwise, state plan for documenting important protocol amendments Iz D
\Support
‘ Sources ‘Sa ’Indicate sources of financial or other support for the review ‘ X ‘ O ‘ 319-322
‘ Sponsor ‘5b ‘Provide name for the review funder and/or sponsor ‘ X ‘ ] ‘ 319-322
Role of ) e . . ) |z |:| 319-322
‘sponsor/funder 5¢c  |Describe roles of funder(s), sponsor(s), and/or institution(s), if any, in developing the protocol ‘ ‘ ‘
INTRODUCTION
‘Rationale ‘6 ’Describe the rationale for the review in the context of what is already known ‘ X ’ ] ‘ 61-90

( BioMed Central

The Open Access Publisher
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Section/topic u Checklist item

Information reported|]Line
BT B D

Provide an explicit statement of the question(s) the review will address with reference to 91-100
Objectives 7 participants, interventions, comparators, and outcomes (PICO)
IMETHODS
Specify the study characteristics (e.g., PICO, study design, setting, time frame) and report |Z |:| 112-157
Eligibility criteria 8 characteristics (e.g., years considered, language, publication status) to be used as criteria for
eligibility for the review
Information sources 9 D_escnb_e all intended mformgtnon sources (e.g., glectronlc databases, contact with study authors, |Z |:| 159-173
trial registers, or other grey literature sources) with planned dates of coverage
Present draft of search strategy to be used for at least one electronic database, including planned Additional file
‘Search strategy ‘10 limits, such that it could be repeated Iz D 2
|STUDY RECORDS
‘ Data management ‘1 1a ‘Descnbe the mechanism(s) that will be used to manage records and data throughout the review ‘ X ‘ ] ‘ 177-183
Selection process 11b State the process that will be used for selecting studies (e.g., two independent reviewers) through |Z D 177-189
each phase of the review (i.e., screening, eligibility, and inclusion in meta-analysis)
Data collection e .. |Describe planned method of extracting data from reports (e.g., piloting forms, done independently, IX D 191-209
process in duplicate), any processes for obtaining and confirming data from investigators
. .. |Listand define all variables for which data will be sought (e.g., PICO items, funding sources), any IX D 193-203
Data items 12 " lpre- planned data assumptions and simplifications
Outcomes and 13 .. |Listand define all outcomes for which data will be sought, including prioritization of main and |Z D 134-140
prioritization additional outcomes, with rationale
Risk of bias in Describe anticipated methods for assessing risk of bias of individual studies, including whether this IX D 211-226
L . 14 |will be done at the outcome or study level, or both; state how this information will be used in data
individual studies .
synthesis
IDATA
‘ ‘15a ‘Describe criteria under which study data will be quantitatively synthesized ‘ X ‘ ] ‘ 228-242
If data are appropriate for quantitative synthesis, describe planned summary measures, methods of D &
Synthesis 15b |handling data, and methods of combining data from studies, including any planned exploration of
consistency (e.g., / 2, Kendall’s tau)
‘ ‘150 ‘Describe any proposed additional analyses (e.g., sensitivity or subgroup analyses, meta- ‘ X ‘ ] ‘233-236
BiolVied Central

98

C

The Open Access Publisher




Section/t Checklist it Information reported]ine
ection/topic ecklist item -“ )

[regression) \ | \
15d |If quantitative synthesis is not appropriate, describe the type of summary planned ‘ |z | |:| ‘ 237-242
Meta-bias(es) 16 Spemfy any p!anned' assessment of meta-bias(es) (e.g., publication bias across studies, selective |Z |:| 211-221
reporting within studies)
Confidence in . . . 244-249
cumulative evidence ‘17 ‘Descnbe how the strength of the body of evidence will be assessed (e.g., GRADE) ‘ |Z ‘ ‘

( BiolMed Central

The Open Access Publisher
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Additional file 2: MEDLINE search strategy

Inclusion criteria

Se

arch terms

Population

Patients with subclinical
hypothyroidism

No age restrictions

Limit by pregnancy
(screening stage)

XN kW=

— —
—_ O

— e e e
NN DA

exp Hypothyroidism/
exp Thyroid diseases/
hypothyroid*.tw
(thyroid? adj3 deficien*).tw
(thyroid? adj3 insufficien®).tw
(thyroid? adj3 failure?).tw
(thyroid? adj3 low adj3 product*).tw
(thyroid? adj3 under adj3 product®).tw
(thyroid? adj3 underactiv*).tw
. (thyroid? adj3 hypofunction).tw
. (thyroid? adj3 d?sfunction*).tw
. or/1-11
. (mild* OR sub-clinic* OR subclinic*).tw
.12 and 13
. (tsh adj3 (elevat® or increas* or high*)).tw.
. (SHT OR SCH).tw
.14or150r16

Intervention

Treatment with
Levothyroxine

N DN = =
— O O ™

22.

. exp Hormone replacement therapy/

. (thyroid? adj3 (therapy OR treat*)).tw

. exp Thyroxine/

. (thyroxin* or levothyrox* or levo-thyrox* or 1-
thyrox* or L-T4 or LT4).tw.

or/18-21

Follow-up with no
treatment

23.

24.

25.
26.

(follow?up OR monitor* OR observ* OR
surveil®).tw

((no OR lack*) adj2 (treatment* OR therap* OR
intervention*®)).tw

(untreated OR ('not' adj2 treat*)).tw

or/23-25

Comparator

NA

Outcomes

Cardiovascular outcomes

27.

28.

29.

30.

31.

Exp Cardiovascular diseases/ OR exp Heart diseases/
OR exp Myocardial ischemia/ OR exp Vascular
diseases/ OR exp Arteriosclerosis/

Carotid Intima Media Thickness/ OR Intima-Media
Thickness, Carotid/ OR Atherosclerosis/ OR
Atheroscleroses/ OR Atherogenesis/

((cardiovasc* OR vasc* OR cardio* OR cardia* OR
heart* OR coronary* OR myocard* OR pericard* OR
isch$em*) adj2 (disease? OR event? OR arrest? OR
fail* OR mortality)).tw.

(myocardi* adj (infarct* OR revascular* OR re-
vascular* OR isch$emi*)).tw.

(heart attack® OR angina).tw.
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32.

33.
34.

35.
36.

37.

38.

(morbid* adj5 (cardio* OR cardia* OR heart* OR
coronary* OR myocard* OR pericard* OR
isch$em*)).tw.

peripheral arter* disease*.tw.

(emboli* OR arrhythmi* OR thrombo* OR atrial
fibrillat* OR atrial flutter* OR tachycardi* OR
endocardi* OR (sick adj sinus)).tw.

(isch$emi* adj2 (vascular OR heart)).tw.
(flow-mediated vasodilat* OR flow-mediated dilat*
OR endothelial-dependent vasodilat* OR endothelial-
dependent dilat* OR endothelial function$ OR
carotid intima-media thickness OR intima-media
thickness OR carotid-wall thickness OR carotid
atherosclerosis OR C-IMT).tw.

(lipid$ OR cholesterol OR triglyceride$ OR LDL OR
HDL).tw

or/27-37

QoL

39.
40.
41.
42.

exp Quality of Life/
quality of life.tw.
(QoL OR HRQoL).tw
or/39-41

Cerebrovascular
outcomes

43.
44.
45.
46.

47.
48.

49.

exp Stroke/

exp Ischemic Attack, Transient/

(stroke$ OR apoplexy).tw

((cerebrovasc* OR cerebral vascular OR brain) adj2
(disease? OR event? OR arrest? OR fail* OR
mortality OR accident* OR death*)).tw

((brain* OR cerebral OR lacunar) adj2 infarct*).tw
(isch$emi* adj2 (transient OR attack* OR cerebral or
brain)).tw

or/43-48

Frailty fractures

50.
51.
52.
53.

exp Frailty/

frail*.tw

exp Fractures, bone/ OR fracture$.tw
(50 or 51) and 52

Mortality

54.

(mortality OR death*).tw

Study design

Systematic reviews

55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.

(SIGN Sys Reviews Filter)
Meta-Analysis as Topic/

meta analy$.tw.

metaanaly$.tw.

Meta-Analysis/

(systematic adj (review$1 or overview$1)).tw.
exp Review Literature as Topic/
or/55-60

cochrane.ab.

embase.ab.

(psychlit or psyclit).ab.
(psychinfo or psycinfo).ab.
(cinahl or cinhal).ab.

science citation index.ab.
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68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88.
89.
90.

bids.ab.
cancerlit.ab.
or/62-69

reference list$.ab.
bibliograph$.ab.
hand-search$.ab.
relevant journals.ab.
manual search$.ab.
or/71-75

selection criteria.ab.
data extraction.ab.
77 or 78

Review/

79 and 80
Comment/

Letter/

Editorial/

animal/

human/

85 not (85 and 86)
or/82-84,87

61 or 70 or 76 or 81
89 not 88

PICOS

91.

17 and (22 or 26) and (38 or 42 or 49 or 53 or 54)

PICOS + Filter

92.

90 and 91
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Data Extraction Template
Review citation details
first author (year)
journal

title

Review purpose
question(s)

aim/objectives

Review methods

protocol registered

reporting guideline used (e.g. PRISMA)
sources/databases searched

date range of searches

date of last search (if repeated)
synthesis methods/analysis

inclusion criteria: PICO — participants, intervention(s), comparator, outcomes of interest,

setting/context

definition/description of the outcome(s) — (by review authors)

exclusion criteria (if explicitly stated)

Reviews results

number of included studies

study designs included (e.g. RCT, cohort etc)
country of origin of included studies

total number of participants
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study details

author, year of publication, title, study type
- country

- PICO

- number of participants

- number of controls

- time of follow-up

Quality appraisal

- quality appraisal tool used
- quality appraisal rating for included studies

- risk of bias assessment

Quality of evidence (e.g. GRADE)

Review outcomes
relevant study
meta-analysis (Y/N)

- number of studies included in meta-analysis

- sub-group analysis criteria
effect size

- measure of effect size {eg, ‘Hedge's g', incidence rate ratio (IRR), odds ratio (OR), risk
ratio (RR)} of association (preferably unadjusted)}

- the outcome and its Cl (eg, '1.35 (95% CI 0.97 to 1.73)")

- statistical significance (P < 0.05)

Significance/direction

- p value; I% prediction interval; Cl of the largest study; equivalent OR; Egger test; excess

significance test

Overall review findings/conclusions
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Heterogeneity across included studies

Review limitations/potential biases

Additional notes/comments
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AMSTAR 2: a critical appraisal tool for systematic reviews that include randomised or non-
randomised studies of healthcare interventions, or both

1. Did the research questions and inclusion criteria for the review include the components of PICO?

For Yes: Optional (recommended)
[J  Population 1 Timeframe for follow-up [l Yes
U  Intervention [l No
[J  Comparator group
[1 Qutcome

2. Did the report of the review contain an explicit statement that the review methods were
established prior to the conduct of the review and did the report justify any significant deviations
from the protocol?

For Partial Yes: For Yes:
The authors state that they had a written ~ As for partial yes, plus the protocol
protocol or guide that included ALL the  should be registered and should also

following: have specified:
L Yes
[J  review question(s) [1 ameta-analysis/synthesis plan, [ Partial Yes
[l asearch strategy if appropriate, and 0 No
[ inclusion/exclusion criteria L} aplan for investigating causes

of heterogeneity
O justification for any deviations
from the protocol

[J arisk of bias assessment

3. Did the review authors explain their selection of the study designs for inclusion in the review?

For Yes, the review should satisfy ONE of the following:
[l Explanation for including only RCTs [l Yes
[0 OR Explanation for including only NRSI [J No
[J  OR Explanation for including both RCTs and NRSI

4. Did the review authors use a comprehensive literature search strategy?

For Partial Yes (all the following): For Yes, should also have (all the
following):
[ searched at least 2 databases [0 searched the reference lists / O Yes
(relevant to research question) bibliographies of included [ Partial Yes
[1  provided key word and/or studies [0 No
search strategy [J  searched trial/study registries
[ justified publication restrictions [J included/consulted content
(e.g. language) experts in the field

[1  where relevant, searched for
grey literature

[J  conducted search within 24
months of completion of the
review

5. Did the review authors perform study selection in duplicate?

For Yes, either ONE of the following:
[ at least two reviewers independently agreed on selection of eligible studies 0 Yes
and achieved consensus on which studies to include 1 No
[J  OR two reviewers selected a sample of eligible studies_and achieved good
agreement (at least 80 percent), with the remainder selected by one
reviewer.
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AMSTAR 2: a critical appraisal tool for systematic reviews that include randomised or non-
randomised studies of healthcare interventions, or both

6. Did the review authors perform data extraction in duplicate?

For Yes, either ONE of the following:
[ at least two reviewers achieved consensus on which data to extract from 0 Yes
included studies [l No
71 OR two reviewers extracted data from a sample of eligible studies and
achieved good agreement (at least 80 percent), with the remainder
extracted by one reviewer.

7. Did the review authors provide a list of excluded studies and justify the exclusions?

For Partial Yes: For Yes, must also have:

01 provided a list of all potentially [ Justified the exclusion from I Yes
relevant studies that were read the review of each potentially [1 Partial Yes
in full-text form but excluded relevant study \ No
from the review

8. Did the review authors describe the included studies in adequate detail?

For Partial Yes (ALL the following): For Yes, should also have ALL the
following:

[J  described populations (1 described population in detail [l Yes

[J described interventions [ described intervention in [ Partial Yes

1 described comparators detail (including doses where [J No

[]  described outcomes . fieleva.lgt)d tor in detail

[J  described research designs eseribec compara’or n detal

(including doses where
relevant)
[J  described study’s setting
[J  timeframe for follow-up

9. Did the review authors use a satisfactory technique for assessing the risk of bias (RoB) in
individual studies that were included in the review?

RCTs
For Partial Yes, must have assessed RoB  For Yes, must also have assessed RoB
from from:
[J  unconcealed allocation, and [1  allocation sequence that was 0 Yes
[1 lack of blinding of patients and not truly random, and U Partial Yes
assessors when assessing [1 selection of the reported result [J No
outcomes (unnecessary for from among multiple (1 Includes only
objective outcomes such as all- measurements or analyses of a NRSI
cause mortality) specified outcome
NRSI
For Partial Yes, must have assessed For Yes, must also have assessed RoB:
RoB: 0 methods used to ascertain O  Yes
[l from confounding, and exposures and outcomes, and \ Partial Yes
[1  from selection bias [ selection of the reported result 1 No
from among multiple 00 Includes only
measurements or analyses of a RCTs

specified outcome
10. Did the review authors report o n the sources of funding for the studies included in the review?

For Yes

[J Must have reported on the sources of funding for individual studies included 0 Yes
in the review. Note: Reporting that the reviewers looked for this information | No
but it was not reported by study authors also qualifies
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AMSTAR 2: a critical appraisal tool for systematic reviews that include randomised or non-
randomised studies of healthcare interventions, or both

11. If meta-analysis was performed did the review authors use appropriate methods for statistical
combination of results?

RCTs
For Yes:
[]  The authors justified combining the data in a meta-analysis [ Yes
[J  AND they used an appropriate weighted technique to combine U No
study results and adjusted for heterogeneity if present. [ No meta-analysis
[l AND investigated the causes of any heterogeneity conducted
For NRSI
For Yes:
[l The authors justified combining the data in a meta-analysis 0 Yes
[l AND they used an appropriate weighted technique to combine L No
study results, adjusting for heterogeneity if present 01 No meta-analysis

[J  AND they statistically combined effect estimates from NRSI that conducted

were adjusted for confounding, rather than combining raw data,
or justified combining raw data when adjusted effect estimates
were not available

[l AND they reported separate summary estimates for RCTs and
NRSI separately when both were included in the review

12. If meta-analysis was performed, did the review authors assess the potential impact of RoB in
individual studies on the results of the meta-analysis or other evidence synthesis?

For Yes:
[ included only low risk of bias RCTs L Yes
[1  OR, if the pooled estimate was based on RCTs and/or NRSI at variable [ No
RoB, the authors performed analyses to investigate possible impact of 1 Nometa-analysis
RoB on summary estimates of effect. conducted

13. Did the review authors account for RoB in individual studies when interpreting/ discussing the
results of the review?

For Yes:
[ included only low risk of bias RCTs O Yes
[J  OR, if RCTs with moderate or high RoB, or NRSI were included the b No
review provided a discussion of the likely impact of RoB on the results

14. Did the review authors provide a satisfactory explanation for, and discussion of, any
heterogeneity observed in the results of the review?

For Yes:
[ There was no significant heterogeneity in theresults
[1  OR if heterogeneity was present the authors performed an investigation of [ Yes
sources of any heterogeneity in the results and discussed the impact of this 7 No

on the results of the review

15. If they performed quantitative synthesis did the review authors carry out an adequate
investigation of publication bias (small study bias) and discuss its likely impact on the results of
the review?

For Yes:
[J  performed graphical or statistical tests for publication bias and discussed 7 Yes
the likelihood and magnitude of impact of publication bias No
[J  Nometa-analysis
conducted
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AMSTAR 2: a critical appraisal tool for systematic reviews that include randomised or non-
randomised studies of healthcare interventions, or both

16. Did the review authors report any potential sources of conflict of interest, including any funding
they received for conducting the review?
For Yes:
[J  The authors reported no competing interests OR 0 Yes

[]  The authors described their funding sources and how they managed 0 No
potential conflicts of interest

To cite this tool: Shea BJ, Reeves BC, Wells G, Thuku M, Hamel C, Moran J, Moher D, Tugwell P,
Welch V, Kristjansson E, Henry DA. AMSTAR 2: a critical appraisal tool for systematic reviews that

include randomised or non-randomised studies of healthcare interventions, or both. BMJ. 2017 Sep
21;358:j4008.
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Additional File 1. MEDLINE Search Strategy

Database: Ovid MEDLINE(R) and Epub Ahead of Print, In-Process & Other Non-Indexed
Citations, Daily and Versions(R) <1946 to February 17, 2021>
Search Strategy:

© N OO Ok~ WO N -

N N DN N N N N A A A a A a a a a a o
OO o0~ W N -2 O © 0N OO O s~ W N -~ O

27

exp Hypothyroidism/ (33056)
exp Thyroid Diseases/ (149791)
hypothyroid*.tw. (35912)

(
(
(
(
(
(

thyroid? adj3 deficien*).tw. (1536)

thyroid? adj3 insufficien*).tw. (488)

thyroid? adj3 failure?).tw. (549)

thyroid? adj3 low adj3 product*).tw. (7)

thyroid? adj3 under adj3 product®).tw. (4)

thyroid? adj3 underactiv*).tw. (27)

(thyroid? adj3 hypofunction).tw. (265)

(thyroid? adj3 d?sfunction).tw. (5642)

or/1-11 (162773)

(mild* or sub-clinic* or subclinic*).tw. (453666)

12 and 13 (8752)

(tsh adj3 (elevat* or increas* or high*)).tw. (6791)

(SHT or SCH).tw. (8664)

14 or 15 or 16 (22418)

exp Hormone Replacement Therapy/ (25185)

(thyroid? adj3 (therap* or treat*)).tw. (12185)

exp Thyroxine/ (48783)

(thyroxin* or levothyrox* or levo-thyrox* or I-thyrox* or L-T4 or LT4).tw. (34600)
or/18-21 (94909)

(follow?up or monitor* or observ* or surveil*).tw. (4488288)

((no or lack*) adj2 (treatment* or therap* or intervention*)).tw. (137605)
(untreated or ('not' adj2 treat*)).tw. (264180)

0r/23-25 (4777064)

exp Cardiovascular diseases/ or exp Heart diseases/ or exp Myocardial ischemia/ or

exp Vascular diseases/ or exp Arteriosclerosis/ (2435564)

28 Carotid Intima Media Thickness/ or Intima-Media Thickness, Carotid/ or

Atherosclerosis/ or Atheroscleroses/ or Atherogenesis/ (41075)
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29 ((cardiovasc® or vasc* or cardio* or cardia® or heart* or coronary* or myocard* or
pericard* or isch$em*) adj2 (disease? or event? or arrest? or fail* or mortality)).tw. (745362)
30 (lipid$ or cholesterol or TC or triglyceride$ or LDL or HDL).tw. (756725)

31 (myocardi* adj (infarct* or revascular* or re-vascular* or isch$emi*)).tw. (225198)
32 (heart attack® or angina).tw. (58869)

33 (morbid* adj5 (cardio* or cardia* or heart* or coronary* or myocard* or pericard* or
isch$em*)).tw. (25873)

34  peripheral arter* disease*.tw. (14503)

35  (emboli* or arrhythmi* or thrombo* or atrial fibrillat* or atrial flutter* or tachycardi* or
endocardi* or (sick adj sinus)).tw. (690392)

36 (flow-mediated vasodilat® or flow-mediated dilat* or endothelial-dependent vasodilat* or
endothelial-dependent dilat* or endothelial function$ or carotid intima-media thickness or
intima-media thickness or carotid-wall thickness or carotid atherosclerosis or C-IMT).tw.
(35362)

37 (isch$emi* adj2 (vascular or heart)).tw. (34721)

38 0r/27-37 (3563857)

39 exp Quality of Life/ (204526)

40 quality of life.tw. (295840)

41  (QoL or HRQoL).tw. (56831)

42  0or/39-41 (359236)

43 exp Stroke/ (140280)

44  exp Ischemic Attack, Transient/ (20638)

45 (stroke$ or apoplexy).tw. (263191)

46 ((cerebrovasc* or cerebral vascular or brain) adj2 (disease? or event? or arrest? or fail*
or mortality or accident* or death*)).tw. (62563)

47  ((brain* or cerebral or lacunar) adj2 infarct*).tw. (27518)

48 (isch$emi* adj2 (transient or attack* or cerebral or brain)).tw. (57232)

49 0r/43-48 (387778)

50 exp Frailty/ (3592)

51  frail*.tw. (24209)

52 exp Fractures, Bone/ or fracture$.tw. (310642)

53 (50 or 51) and 52 (1293)

54  (mortality or death™).tw. (1479781)

55 Meta-Analysis as Topic/ (19028)

56 meta analy$.tw. (194305)

57 metaanaly$.tw. (2211)

58 Meta-Analysis/ (126788)
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59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92

(systematic adj (review$1 or overview$1)).tw. (197114)

exp Review Literature as Topic/ (15372)
or/55-60 (335876)
cochrane.ab. (94602)
embase.ab. (105156)
(psychlit or psyclit).ab. (915)
(psychinfo or psycinfo).ab. (40574)
(cinahl or cinhal).ab. (32163)
science citation index.ab. (3252)
bids.ab. (563)

cancerlit.ab. (633)

or/62-69 (170652)

reference list$.ab. (19037)
bibliograph$.ab. (19191)
hand-search$.ab. (7333)
relevant journals.ab. (1216)
manual search$.ab. (4784)
or/71-75 (46231)

selection criteria.ab. (31649)
data extraction.ab. (23699)
77 or 78 (52968)

Review/ (2767148)

79 and 80 (29899)
Comment/ (894822)

Letter/ (1124632)

Editorial/ (558685)

animal/ (6756006)

human/ (19036693)

85 not (85 and 86) (4755937)
or/82-84,87 (6623165)

61 or 70 or 76 or 81 (402770)
89 not 88 (382792)

17 and (22 or 26) and (38 or 42 or 49 or 53 or 54) (2382)

90 and 91 (96)
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AMSTAR 2: a critical appraisal tool for systematic reviews that include randomised or non-
randomised studies of healthcare interventions, or both

1. Did the research questions and inclusion criteria for the review include the components of PICO?

For Yes: Optional (recommended)
] Population 0 Timeframe for follow-up I Yes
[] Intervention 7 No
[0 Comparator group

[J  OQutcome

2

Did the report of the review contain an explicit statement that the review methods were
established prior to the conduct of the review and did the report justify any significant deviations
from the protocol?

For Partial Yes: For Yes:
The authors state that they had a written  As for partial yes, plus the protocol
protocol or guide that included ALL the  should be registered and should also

following: have specified:
7 Yes
[ review question(s) 0 ameta-analysis/synthesis plan, 0 Partial Yes
[0 asearch strategy if appropriate, and 7 No

[J aplan for investigating causes
of heterogeneity

[l justification for any deviations
from the protocol

[ inclusion/exclusion criteria
[1  arisk of bias assessment

3. Did the review authors explain their selection of the study designs for inclusion in the review?

For Yes, the review should satisfy ONE of the following:
[1  Explanation for including only RCTs 1 Yes
[ OR Explanation for including only NRSI I No
[l OR Explanation for including both RCTs and NRSI

4. Did the review authors use a comprehensive literature search strategy?

For Partial Yes (all the following): For Yes, should also have (all the
following):
[l searched at least 2 databases [l searched the reference lists / [l Yes
(relevant to research question) bibliographies of included [1 Partial Yes
[0 provided key word and/or studies 1 No
search strategy [ searched trial/study registries
[0 justified publication restrictions [J included/consulted content
(e.g. language) experts in the field

1 where relevant, searched for
grey literature

[1 conducted search within 24
months of completion of the
review

5. Did the review authors perform study selection in duplicate?

For Yes, either ONE of the following:
[1 at least two reviewers independently agreed on selection of eligible studies 1 Yes
and achieved consensus on which studies to include 1 No
(1 OR two reviewers selected a sample of eligible studies_and achieved good
agreement (at least 80 percent), with the remainder selected by one
reviewer.
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AMSTAR 2: a critical appraisal tool for systematic reviews that include randomised or non-
randomised studies of healthcare interventions, or both

6. Did the review authors perform data extraction in duplicate?

For Yes, either ONE of the following:
[1 at least two reviewers achieved consensus on which data to extract from I Yes
included studies 2 No
[1  OR two reviewers extracted data from a sample of eligible studies and
achieved good agreement (at least 80 percent), with the remainder
extracted by one reviewer.

7. Did the review authors provide a list of excluded studies and justify the exclusions?

For Partial Yes: For Yes, must also have:

[1  provided a list of all potentially [ Justified the exclusion from I Yes
relevant studies that were read the review of each potentially 71 Partial Yes
in full-text form but excluded relevant study 7 No
from the review

8. Did the review authors describe the included studies in adequate detail?

For Partial Yes (ALL the following): For Yes, should also have ALL the
following:

[1 described populations 0 described population in detail 0 Yes

[1  described interventions [ described intervention in [ Partial Yes

"1 described comparators detail (including doses where 7 No

[ described outcomes re'e"‘?‘”‘) . .

. . [l described comparator in detail

[ described research designs

(including doses where
relevant)
[0 described study’s setting
[ timeframe for follow-up

9. Did the review authors use a satisfactory technique for assessing the risk of bias (RoB) in
individual studies that were included in the review?

RCTs
For Partial Yes, must have assessed RoB  For Yes, must also have assessed RoB
from from:
0 unconcealed allocation, and [1 allocation sequence that was | Yes
[ lack of blinding of patients and not truly random, and {1 Partial Yes
assessors when assessing [0 selection of the reported result 0 No
outcomes (unnecessary for from among multiple 1 Includes only
objective outcomes such as all- measurements or analyses of a NRSI
cause mortality) specified outcome
NRSI
For Partial Yes, must have assessed For Yes, must also have assessed RoB:
RoB: [1  methods used to ascertain T Yes
[1  from confounding, and exposures and outcomes, and [J Partial Yes
[1 from selection bias [ selection of the reported result 0 No
from among multiple 7 Includes only
measurements or analyses of a RCTs

specified outcome
10. Did the review authors report on the sources of funding for the studies included in the review?

For Yes
1 Must have reported on the sources of funding for individual studies included 0 Yes
in the review. Note: Reporting that the reviewers looked for this information 0 No
but it was not reported by study authors also qualifies
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AMSTAR 2: a critical appraisal tool for systematic reviews that include randomised or non-
randomised studies of healthcare interventions, or both

11. If meta-analysis was performed did the review authors use appropriate methods for statistical
combination of results?
RCTs
For Yes:
(1 The authors justified combining the data in a meta-analysis ] Yes
[J AND they used an appropriate weighted technique to combine [ No
study results and adjusted for heterogeneity if present. 1 No meta-analysis
[] AND investigated the causes of any heterogeneity conducted
For NRSI
For Yes:
[J  The authors justified combining the data in a meta-analysis [ Yes
[1  AND they used an appropriate weighted technique to combine O No
study results, adjusting for heterogeneity if present O No meta-analysis
[1 AND they statistically combined effect estimates from NRSI that conducted
were adjusted for confounding, rather than combining raw data,
or justified combining raw data when adjusted effect estimates
were not available
(7 AND they reported separate summary estimates for RCTs and
NRSI separately when both were included in the review
12. If meta-analysis was performed, did the review authors assess the potential impact of RoB in
individual studies on the results of the meta-analysis or other evidence synthesis?
For Yes:
[0 included only low risk of bias RCTs 0 Yes
[l OR, if the pooled estimate was based on RCTs and/or NRSI at variable O No
RoB, the authors performed analyses to investigate possible impact of 0 No meta-analysis
RoB on summary estimates of effect. conducted
13. Did the review authors account for RoB in individual studies when interpreting/ discussing the
results of the review?
For Yes:
[1 included only low risk of bias RCTs 1 Yes
[1  OR, if RCTs with moderate or high RoB, or NRSI were included the | No
review provided a discussion of the likely impact of RoB on the results
14. Did the review authors provide a satisfactory explanation for, and discussion of, any
heterogeneity observed in the results of the review?
For Yes:
[1  There was no significant heterogeneity in the results
[1  OR if heterogeneity was present the authors performed an investigation of I Yes
sources of any heterogeneity in the results and discussed the impact of this o No
on the results of the review
15. If they performed quantitative synthesis did the review authors carry out an adequate
investigation of publication bias (small study bias) and discuss its likely impact on the results of
the review?
For Yes:
[ performed graphical or statistical tests for publication bias and discussed | Yes
the likelihood and magnitude of impact of publication bias 1 No
) No meta-analysis
conducted
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AMSTAR 2: a critical appraisal tool for systematic reviews that include randomised or non-
randomised studies of healthcare interventions, or both

16. Did the review authors report any potential sources of conflict of interest, including any funding
they received for conducting the review?

For Yes:
[1  The authors reported no competing interests OR 1 Yes
[1  The authors described their funding sources and how they managed 1 No

potential conflicts of interest

To cite this tool: Shea BJ, Reeves BC, Wells G, Thuku M, Hamel C, Moran J, Moher D, Tugwell P,
Welch V, Kristjansson E, Henry DA. AMSTAR 2: a critical appraisal tool for systematic reviews that

include randomised or non-randomised studies of healthcare interventions, or both. BMJ. 2017 Sep
21,358:j4008.
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List of papers excluded after full-text screening

Not a systematic review or meta-analysis (n = 23)

1.

Leng O, Razvi S. Treatment of subclinical hypothyroidism: assessing when
treatment is likely to be beneficial. Expert Review of Endocrinology & Metabolism.
2021 Mar 4;16(2):73-86.

Panday P, Franchini AP, Iskander B, Anwer F, Oliveri F, Kakargias F, Hamid P.
Subclinical hypothyroidism in geriatric population and its association with heart
failure. Cureus. 2021 Apr 5;13(4).

Apostu D, Lucaciu O, Oltean-Dan D, Muresan AD, Moisescu-Pop C, Maxim A,
Benea H. The influence of thyroid pathology on osteoporosis and fracture risk: A
review. Diagnostics. 2020 Mar;10(3):149.

Biondi B, Palmieri EA, Lombardi G, Fazio S. Effects of subclinical thyroid
dysfunction on the heart. Annals of internal medicine. 2002 Dec 3;137(11):904-
14.

Delitala AP, Scuteri A, Maioli M, Mangatia P, Vilardi L, Erre GL. Subclinical
hypothyroidism and cardiovascular risk factors. Minerva Medica. 2019 Nov
11;110(6):530-45.

Chrysant SG. The current debate over treatment of subclinical hypothyroidism to
prevent cardiovascular complications. International Journal of Clinical Practice.
2020 Jul;74(7):e13499.

Tognini S, Pasqualetti G, Calsolaro V, Polini A, Monzani F. Cognitive function
and quality of life in mild thyroid hormone deficiency. Recent patents on
endocrine, metabolic & immune drug discovery. 2014 May 1;8(2):124-34.
Thvilum M, Brandt F, Brix TH, Hegedus L. A review of the evidence for and
against increased mortality in hypothyroidism. Nature Reviews Endocrinology.
2012 Jul;8(7):417-24.

Triggiani V, Angelo Giagulli V, De Pergola G, Licchelli B, Guastamacchia E,
lacoviello M. Mechanisms explaining the influence of subclinical hypothyroidism
on the onset and progression of chronic heart failure. Endocrine, Metabolic &
Immune Disorders-Drug Targets (Formerly Current Drug Targets-Immune,
Endocrine & Metabolic Disorders). 2016 Mar 1;16(1):2-7.

10.Surks M, Ortiz E, Daniels GH, Sawin CT, Col NF, Cobin RH, Franklyn JA,

Hershman JM, Burman KD, Denke MA, Gorman C. Subclinical thyroid disease:
scientific review and guidelines for diagnosis and management. Jama. 2004 Jan
14;291(2):228-38.

11.Helfand M. Screening for subclinical thyroid dysfunction in nonpregnant adults: a

summary of the evidence for the US Preventive Services Task Force. Annals of
internal medicine. 2004 Jan 20;140(2):128-41.

12.Sgarbi JA, Teixeira PF, Maciel LM, Mazeto GM, Vaisman M, Montenegro Junior

RM, Ward LS. The Brazilian consensus for the clinical approach and treatment of
subclinical hypothyroidism in adults: recommendations of the thyroid Department
of the Brazilian Society of Endocrinology and Metabolism. Arquivos Brasileiros de
Endocrinologia & Metabologia. 2013;57:166-83.

13.Allan GM, Morros MP, Young J. Subclinical hypothyroidism and TSH screening.

Canadian Family Physician. 2020 Mar 1;66(3):188-188.
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14.Mariotti S, Cambuli VM. Cardiovascular risk in elderly hypothyroid patients.
Thyroid. 2007 Nov 1;17(11):1067-73.

15.Marrakchi S, Kanoun F, Idriss S, Kammoun |, Kachboura S. Arrhythmia and
thyroid dysfunction. Herz. 2015 Apr;40(2):101-9.

16.Hennessey JV, Espaillat R. Reversible morbidity markers in subclinical
hypothyroidism. Postgraduate Medicine. 2015 Jan 2;127(1):78-91.

17.Velkeniers B, Van MA, Unuane D, Haentjens P. A critical synopsis of meta-
analysis in the field of subclinical thyroid disease. In Endocrine Abstracts 2010
Apr 1 (Vol. 22). Bioscientifica.

18.Johnson BE. Thyroid hormone therapy does not improve QoL or symptoms in
subclinical hypothyroidism. Annals of Internal Medicine. 2019 Feb;170(4):JC17.

19.Lee, J. H. Early detection and management of SCH is important. Journal of
Family Practice. 2006; 55 (6):543

20. Lucas-Martin AM. Hipotiroidismo subclinico: tratar o no tartar. Medicina Clinica.
2004; 122(5):182-183. doi:https://doi.org/10.1016/S0025-7753(04)74187-1.

21.Rodondi N, Maisonneuve P, Razvi S, Elzen WD, Gussekloo J, lervasi G, Asvold
BO, Imaizumi M, Vanderpump M, Westendorp RG, Franklyn JA. Subclinical
Hypothyroidism and the Risk of Coronary Heart Disease and Mortality: An
Individual Participant Data Analysis from Nine Prospective Cohort Studies.
Journal of General Internal Medicine. 2010 Jun 30;25:394-5.

22.Gencer B, Collet TH, Virgini V, Auer R, Rodondi N. Subclinical thyroid
dysfunction and cardiovascular outcomes among prospective cohort studies.
Endocrine, Metabolic & Immune Disorders-Drug Targets (Formerly Current Drug
Targets-Immune, Endocrine & Metabolic Disorders). 2013 Mar 1;13(1):4-12.

23.Rugge B, Balshem H, Sehgal R, et al. Screening and Treatment of Subclinical
Hypothyroidism or Hyperthyroidism. Agency for Healthcare Research and Quality
(US), Rockville (MD); 2011. PMID: 22299183.

No reported management (treated or not treated) (n = 7)

1. Haentjens P, Van Meerhaeghe A, Poppe K, Velkeniers B. Subclinical thyroid
dysfunction and mortality: an estimate of relative and absolute excess all-cause
mortality based on time-to-event data from cohort studies. European Journal of
Endocrinology. 2008 Sep 1;159(3):329-41.

2. Zhu H, Zhang J, Wang J, Zhao X, Gu M. Association of subclinical thyroid
dysfunction with bone mineral density and fracture: a meta-analysis of
prospective cohort studies. Endocrine. 2020 Mar;67(3):685-98.

3. Tsai TY, Tu YK, Munir KM, Lin SM, Chang RH, Kao SL, Loh CH, Peng CC,
Huang HK. Association of hypothyroidism and mortality in the elderly population:
a systematic review and meta-analysis. The Journal of Clinical Endocrinology &
Metabolism. 2020 Jun 1;105(6):2068-80.

4. Larsson SC, Allara E, Mason AM, Michaélsson K, Burgess S. Thyroid function
and dysfunction in relation to 16 cardiovascular diseases: a Mendelian
randomization study. Circulation: Genomic and Precision Medicine. 2019
Mar;12(3):e002468.
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5.

Ning Y, Cheng YJ, Liu LJ, Sara JD, Cao ZY, Zheng WP, Zhang TS, Han HJ,
Yang ZY, Zhang Y, Wang FL. What is the association of hypothyroidism with
risks of cardiovascular events and mortality? A meta-analysis of 55 cohort studies
involving 1,898,314 participants. BMC medicine. 2017 Dec;15(1):1-5.

Moon S, Kim MJ, Yu JM, Yoo HJ, Park YJ. Subclinical hypothyroidism and the
risk of cardiovascular disease and all-cause mortality: a meta-analysis of
prospective cohort studies. Thyroid. 2018 Sep 1;28(9):1101-10.

Brenta G, Vaisman M, Sgarbi JA, Bergoglio LM, Andrada NC, Bravo PP, Orlandi
AM, Graf H. Clinical practice guidelines for the management of hypothyroidism.
Arquivos Brasileiros de Endocrinologia & Metabologia. 2013;57:265-91.

No primary outcome (n = 5)

1.

He W, Li S, Zhang JA, Zhang J, Mu K, Li XM. Effect of levothyroxine on blood
pressure in patients with subclinical hypothyroidism: a systematic review and
meta-analysis. Frontiers in endocrinology. 2018:454.

Gbémez-lzquierdo J, Filion KB, Boivin JF, Azoulay L, Pollak M, Yu OH. Subclinical
hypothyroidism and the risk of cancer incidence and cancer mortality: a
systematic review. BMC endocrine disorders. 2020 Dec;20(1):1-0.

Gibbons VA. The Epidemiology and Management of Hypothyroidism in General
Practice 2011 (Doctoral dissertation, University of Auckland).

Burgos N, Toloza FJ, Singh Ospina NM, Brito JP, Salloum RG, Hassett LC,
Maraka S. Clinical outcomes after discontinuation of thyroid hormone
replacement: a systematic review and meta-analysis. Thyroid. 2021 May
1,31(5):740-51.

Segna D, Bauer DC, Feller M, Schneider C, Fink HA, Aubert CE, Collet TH, da
Costa BR, Fischer K, Peeters RP, Cappola AR. Association between subclinical
thyroid dysfunction and change in bone mineral density in prospective cohorts.
Journal of internal medicine. 2018 Jan;283(1):56-72.

Reported markers/midpoints rather than events (n = 3)

1.

Chen Y, Tai HY. Levothyroxine in the treatment of overt or subclinical
hypothyroidism: a systematic review and meta-analysis. Endocrine Journal.
2020:EJ19-0583.

Faber J, Gallge AM. Changes in bone mass during prolonged subclinical
hyperthyroidism due to L-thyroxine treatment: a meta-analysis. European journal
of Endocrinology. 1994 Apr 1;130(4):350-6.

Peng L, GU MJ. Influence of thyroxine treatment on serum lipid levels in patients
with subclinical hypothyroidism: a Meta-analysis. Academic Journal of Second
Military Medical University. 1985.

Wrong population (n = 4)
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Subclinical hypothyroidism in children and adolescents: is it clinically relevant?.
International Journal of Endocrinology. 2015 Mar 29;2015.
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Salerno M, Improda N, Capalbo D. Management of endocrine disease subclinical
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Not subclinical hypothyroidism (n = 3)

1.
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Full review published in a separate paper (n = 2)
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Full data unavailable (n = 2)
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meta-analysis of four prospective studies (Towards Understanding Longitudinal
International Older People Studies Consortium). Thyroid. 2021 Apr 1;31(4):552-
62.

Ochs N, Auer R, Bauer DC, Nanchen D, Gussekloo J, Cornuz J, Rodondi N.
Meta-analysis: subclinical thyroid dysfunction and the risk for coronary heart
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PRISMA 2020 Checklist

Section and Item pocaton
A Checklist item where item
Topic "
is reported
TITLE
Title 1 ‘ Identify the report as a systematic review. Pg1
ABSTRACT
Abstract 2 ‘ See the PRISMA 2020 for Abstracts checklist. Pg2-4
INTRODUCTION
Rationale Describe the rationale for the review in the context of existing knowledge. Pg5-7
Objectives Provide an explicit statement of the objective(s) or question(s) the review addresses. Pg7
METHODS
Eligibility criteria 5 | Specify the inclusion and exclusion criteria for the review and how studies were grouped for the syntheses. Pg8-9
Information 6 | Specify all databases, registers, websites, organisations, reference lists and other sources searched or consulted to identify studies. Specify the | Pg 8
sources date when each source was last searched or consulted.
Search strategy 7 | Present the full search strategies for all databases, registers and websites, including any filters and limits used. S1
Appendix
Selection process 8 | Specify the methods used to decide whether a study met the inclusion criteria of the review, including how many reviewers screened each record | Pg 8-9
and each report retrieved, whether they worked independently, and if applicable, details of automation tools used in the process.
Data collection 9 | Specify the methods used to collect data from reports, including how many reviewers collected data from each report, whether they worked Pg 10
process independently, any processes for obtaining or confirming data from study investigators, and if applicable, details of automation tools used in the
process.
Data items 10a | List and define all outcomes for which data were sought. Specify whether all results that were compatible with each outcome domain in each Pg 9,
study were sought (e.g. for all measures, time points, analyses), and if not, the methods used to decide which results to collect. Protocol
10b | List and define all other variables for which data were sought (e.g. participant and intervention characteristics, funding sources). Describe any Pg 10,
assumptions made about any missing or unclear information. Protocol
Study risk of bias 11 | Specify the methods used to assess risk of bias in the included studies, including details of the tool(s) used, how many reviewers assessed each | Pg 10 - 11
assessment study and whether they worked independently, and if applicable, details of automation tools used in the process.
Effect measures 12 | Specify for each outcome the effect measure(s) (e.g. risk ratio, mean difference) used in the synthesis or presentation of results. NA
Synthesis 13a | Describe the processes used to decide which studies were eligible for each synthesis (e.g. tabulating the study intervention characteristics and Pg12-13
methods comparing against the planned groups for each synthesis (item #5)).
13b | Describe any methods required to prepare the data for presentation or synthesis, such as handling of missing summary statistics, or data NA
conversions.
13c | Describe any methods used to tabulate or visually display results of individual studies and syntheses. Pg 12-13
13d | Describe any methods used to synthesize results and provide a rationale for the choice(s). If meta-analysis was performed, describe the Pg 12-13
model(s), method(s) to identify the presence and extent of statistical heterogeneity, and software package(s) used.
13e | Describe any methods used to explore possible causes of heterogeneity among study results (e.g. subgroup analysis, meta-regression). NA
13f | Describe any sensitivity analyses conducted to assess robustness of the synthesized results. NA
Reporting bias 14 | Describe any methods used to assess risk of bias due to missing results in a synthesis (arising from reporting biases). NA
assessment
Certainty 15 | Describe any methods used to assess certainty (or confidence) in the body of evidence for an outcome. NA
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015 1 PRISMA 2020 Checklist

Section and

Topic

Checklist item

Location
where item

is reported

data, code and
other materials

studies; data used for all analyses; analytic code; any other materials used in the review.

assessment
RESULTS
Study selection 16a | Describe the results of the search and selection process, from the number of records identified in the search to the number of studies included in | Pg 13, Fig 1
the review, ideally using a flow diagram.
16b | Cite studies that might appear to meet the inclusion criteria, but which were excluded, and explain why they were excluded. S3
Study 17 | Cite each included study and present its characteristics. Table 2
characteristics
Risk of bias in 18 | Present assessments of risk of bias for each included study. Pg 37 - 39,
studies Table 10
Results of 19 | For all outcomes, present, for each study: (a) summary statistics for each group (where appropriate) and (b) an effect estimate and its precision Pg 25 - 36
individual studies (e.g. confidence/credible interval), ideally using structured tables or plots.
Results of 20a | For each synthesis, briefly summarise the characteristics and risk of bias among contributing studies. Pg 13-25
syntheses 20b | Present results of all statistical syntheses conducted. If meta-analysis was done, present for each the summary estimate and its precision (e.g. Pg 12-13
confidence/credible interval) and measures of statistical heterogeneity. If comparing groups, describe the direction of the effect.
20c | Present results of all investigations of possible causes of heterogeneity among study results. NA
20d | Present results of all sensitivity analyses conducted to assess the robustness of the synthesized results. NA
Reporting biases 21 | Present assessments of risk of bias due to missing results (arising from reporting biases) for each synthesis assessed. NA
Certainty of 22 | Present assessments of certainty (or confidence) in the body of evidence for each outcome assessed. NA
evidence
DISCUSSION
Discussion 23a | Provide a general interpretation of the results in the context of other evidence. Pg 39-42
23b | Discuss any limitations of the evidence included in the review. Pg 44
23c | Discuss any limitations of the review processes used. Pg 43
23d | Discuss implications of the results for practice, policy, and future research. Pg 44-5
OTHER INFORMATION
Registration and 24a | Provide registration information for the review, including register name and registration number, or state that the review was not registered. Pg 4
protacol 24b | Indicate where the review protocol can be accessed, or state that a protocol was not prepared. Pg7
24c | Describe and explain any amendments to information provided at registration or in the protocol. Pg8
Support 25 | Describe sources of financial or non-financial support for the review, and the role of the funders or sponsors in the review. NA
Competing 26 | Declare any competing interests of review authors. NA
interests
Availability of 27 | Report which of the following are publicly available and where they can be found: template data collection forms; data extracted from included NA

From: Page MJ, McKenzie JE, Bossuyt PM, Boutron |, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ 2021;372:n71. doi: 10.1136/bmj.n71

For more information, visit: http://www.prisma-statement.org/
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PRISMA 2020 for Abstracts Checklist

Sectionand Topic 4™ Checklist item R e‘;?;ltjd

TITLE

Title 1 | Identify the report as a systematic review. Yes

BACKGROUND

Objectives 2 | Provide an explicit statement of the main objective(s) or question(s) the review addresses. Yes

METHODS

Eligibility criteria 3 | Specify the inclusion and exclusion criteria for the review. Yes

Information sources Specify the information sources (e.g. databases, registers) used to identify studies and the date when each | Yes
was last searched.

Risk of bias 5 | Specify the methods used to assess risk of bias in the included studies. Yes

Synthesis of results 6 | Specify the methods used to present and synthesise results. Yes

RESULTS

Included studies 7 | Give the total number of included studies and participants and summarise relevant characteristics of studies. | Yes

Synthesis of results 8 | Present results for main outcomes, preferably indicating the number of included studies and participants for | Yes
each. If meta-analysis was done, report the summary estimate and confidence/credible interval. If comparing
groups, indicate the direction of the effect (i.e. which group is favoured).

DISCUSSION

Limitations of evidence 9 | Provide a brief summary of the limitations of the evidence included in the review (e.g. study risk of bias, Yes
inconsistency and imprecision).

Interpretation 10 | Provide a general interpretation of the results and important implications. Yes

OTHER

Funding 11 | Specify the primary source of funding for the review. No

Registration 12 | Provide the register name and registration number. Yes

From: Page MJ, McKenzie JE, Bossuyt PM, Boutron |, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic
reviews. BMJ 2021;372:n71. doi: 10.1136/bmj.n71

For more information, visit: http://www.prisma-statement.org/
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Application 1371 - Subclinical hypothyroidism effects on clinical outcomes has been Approved

SAIL IGRP Team <igrp@chiswan.ac.uk>

=
c
m

0:26 AM

To: Brenda Bauer <bsb1@st-andrews.ac.uk>

Co crarkley@swanseaac.uk <crarkley@swansea.ac.uk>; clmenemey@swansea.acuk <clmenerney@swansea.acuk>; sailbusinessadmin@swansea.ac.uk
<sailbusinessadmin@swansea.ac.uk>; e.ahalfpenny@swanseaacuk <e.ahalfpenny@swansea.acuk>; cn.batchelder@swansea.ac.uk
<cn.batchelder@swansea.ac.uk>; Cathrine.ERichards@Swansea.ac.uk <Cathrine.E.Richards@Swansea.ac.uk>

Dear Brenda Bauer

1371 - Subclinical hypothyroidism effects on clinical outcomes

Your proposal to use the SAIL databank has been approved by the SAIL
Information Governance Rel f

ew Panel (IGRP). The membership of the IGRP is
comprised of representatives from:

* British Medical Association Cymru (BMA)
* MNational Research Ethics Service (NRES)
* Public Health Wales

* NHS Wales Informatics Service (NWIS)

* Health Boards

* The Public

Your application has now been handed to our data provisioning team and we wil
inform you as s

n as your data is available to you. The data provisioning process

takes approximately 4 weeks. We will inform you when your data vs have been

created and are available for use.

Any new user who requires access to the data via the SAIL Gateway will need to
apply for an account following the process outlined

here:https://saildatabank.com/application-process/following-approval/#remote-

access

As part of your permissions of use authors who use data from the SAIL Databank
resentations, reports or other publications must acknowledge SAIL using

owing wording "This study makes use o

f anonymised data held in the
nonymised | 7 kage (5 atabank. We would like to
mised data available for

SAIL publications.

you have any questions please contact https://help.saildatabank.com

Regards SAIL IGRP Team
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% SAIL

N

THE SAIL DATABANK
DATA ACCESS AGREEMENT

This agreement governs the terms on which access will be granted to the data stored in the SAIL
databank.

In signing this agreement, you are agreeing to be bound by the terms and conditions of access

set out in this agreement.

The terms of access set out in this agreement apply both to the User and the User’s Authorising
Institution. User and User’s Authorising Institution are referred to within the agreement as “You”

and “Your Institution” and shall be construed accordingly.

Definitions:

Anonymous means data from which personal identifiers have been removed and that the removed
identifiers are not held, in any form or place by the organisation holding the remaining data.
Authorising Institution is the organisation to which the user is affiliated or employed and which
signs the data access agreement.

Data means all data made available from SAIL.

Data Provider means the organisation that has agreed to share data with SAIL.

Disciplinary action means a sanction applied by SAIL against a User approved under the terms of
this Agreement

Information means any knowledge, insights or opinions that have been informed by the use of
the SAIL data.

Publication means, without limitation, articles published in print journals, electronic journals,
reviews, books, posters and other written and verbal presentations of research.

SAIL means the data linkage infrastructure and governance system housing the SAIL Databank;

more details can be found on the SAIL website http://www.saildatabank.com.

SAIL Databank means the database that contains all the data obtained via the Secure Anonymised
Information Linkage (SAIL) system'.

User Institution means the organisation at which the User is employed, affiliated or enrolled.

1 Ford DV, Jones KH, Verplancke JP, Lyons RA, John G, Brown G, Brooks CJ, Thompson S, Bodger O, Couch T, Leake K. The SAIL
Databank: building a national architecture for e-health research and evaluation. BMC Health Services Research 2009;9:157
http://www.biomedcentral.com/1472-6963/9/

SAIL Data Access Agreement, version 9.0, valid from 01/08/2021 Page 2 of 8
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% SAIL

User means a researcher whose Authorising Institution has previously completed this Data Access

Agreement and has received acknowledgement of its acceptance.

Terms and Conditions:

In signing this Agreement:

1.

You agree to use the data only according to the study outline in the SAIL application form
and understand that any amendments to this protocol must be passed through the
independent Information Governance Review Panel (IGRP) for approval. Use of the data for
any unapproved purposes is strictly prohibited and will result in disciplinary action.

You agree to the statement of the procedures, as given in the National Statistics Code of

Practice: Protocol on Data Access and Confidentiality?, adopted by Welsh Government to

protect the confidentiality of personal data, and confirm that in any use made of this data,
the User will follow these procedures and will adhere to the provisions of the General Data
Protection Regulation 2016/679, the UK GDPR under the provisions of the Data Protection
Privacy and Electronic Communications (Amendments etc) (EU Exit) Regulations 2019 and
the Data Protection Act 2018, both in letter and spirit, to the maximum extent that they
apply. Breaches will be recorded on a risk log and reported to relevant external bodies. SAIL
will work with all custodians to assist them enact any measures, including penalties, that
apply.

Any disputes arising between the providing and beneficiary organisations will be resolved
initially informally by reference to the principals to this agreement. Any outstanding issues
will be referred to the Information Governance Review Panel, whose determination will be
final in the matter.

You accept that the data may be protected by the General Data Protection Regulation
2016/679, the UK Data Protection Act 20183, the UK GDPR, the common law duty of

confidentiality and the Human Rights Act 1998 and that you are responsible for ensuring

compliance with any such applicable la. The Information Governance Review Panel reserves
the right to request and inspect data security and management documentation and
arrangements as required to ensure compliance.

You accept that access cannot be granted to anyone currently being investigated for any
data protection contravention, or anyone who has been found to have been breach of any
relevant policy or law.

This agreement shall be construed, interpreted and governed by the laws of England and
Wales and shall be subject to the exclusive jurisdiction of the courts of England and Wales.

You agree to follow the principles

’http://doc.ukdataservice.ac.uk/doc/8097/mrdoc/pdf/8097_ons_protocol_for_data_access_and_confidentiality.pdf
3 The Data Protection Act 2018. http://www.legislation.gov.uk/ukpga/2018/12/contents/enacted

SAIL Data Access Agreement, version 9.0, valid from 01/08/2021 Page 3 of 8
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% SAIL

=  You will use the information entrusted to you for the public good - to improve health
and health (and allied) services.

=  You will acknowledge the origins of the information you use and will respect the
rights of patients and their information guardians.

= You will only handle information that is anonymised to the point where an individual
cannot be identified by information held by SAIL or any information available to
SAIL.

= You will never make deliberate attempts to discover the identity of any individual
from the information to which you have access.

= You will never make public the results of our analysis that might result in an
individual, or small groups of individuals, being identified.

= You will abide by all relevant laws and codes of practice current at the time.

=  You will only use SAIL data for genuine research for the public good, in line with
your project scope agreed by the SAIL Information Governance Review Panel. You
will never use SAIL data for commercial purposes (e.g. market research).

= You will treat the information you may view responsibly and take proper precautions
with regard to the security of the information.

= You will conduct your analysis thoughtfully and only make public results that have
been carefully judged to be fair and unbiased.

= You will use the results of our analysis fairly and equitably, and will not enter into
campaigns or arguments that are not pursued solely in the public interest.

=  You will try and help improve the quality of routinely collected health information,
by passing on the lessons you learn.

= You will not allow the information to be used to embarrass, coerce or performance
manage organisations or the departments or individuals that work within them.

8. You agree to preserve, at all times, the confidentiality of information and data pertaining to
any identifiable individual. In particular, you undertake not to use, or attempt to use the
data to compromise or otherwise infringe the confidentiality of information relating to any
individual and their right to privacy.

9. You will be personally liable for any breach of data protection laws or wider obligation of
confidentiality where you have acted outside the remit of the relevant IGRP approval or the
reasonable instructions of your User Institution.

10. You will consult SAIL in writing before taking any step that could put at risk the
confidentiality or security of the data.

11. You will not attempt to match or link SAIL data to any data from another source that may
lead to the disclosure of information about individual units, households or businesses.

12. You understand and acknowledge that use of the data granted under this Agreement should
not be construed as conferring ownership of the data, which are protected by copyright and

other intellectual property rights.

SAIL Data Access Agreement, version 9.0, valid from 01/08/2021 Page 4 of 8
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14.

15.

16.

17.

18.

19.

20.

21.

% SAIL

Unless conflicting factors are reported to SAIL, you agree to share all computer code,
statistical scripts and similar material developed while using SAIL data with the SAIL user
community, through the channels SAIL make available for this purpose

You understand that no data, results, or any product derived from the data, may be copied,
by any means and for any purposes, from the SAIL Databank without it having first been
submitted for approval by a designated SAIL member. Data must not be released as part of
a study output that could identify an individual or could be used to identify an individual.
This includes all statistical findings, summary figures, counts, percentages, presentations,
publications, papers and analysis. The final decision in respect of release of outputs remains
with SAIL such permission shall not be unreasonably withheld or denied. You will proactively
bring to the attention of SAIL any outputs that you consider may identify an individual or
individuals.

You are required to provide a copy of all final publications (e.g. papers, reports, abstracts
and posters) to SAIL as soon as they become available in accordance with SAIL’s Impact
Assessment process. Details of publications and other outputs should be submitted via the
SAIL portal by clicking the ‘Update Outcomes’ link beside your project title.

You agree to abide by the terms outlined in the SAIL Publications Policy along with any

specific conditions prescribed by the data provider and the requirements as defined within
your IGRP approval.

Any reference to the use of SAIL data in any publication, poster, or presentation prior to
approval by the Information Governance Review Panel, must be clearly described as “Pending
approval”.

You agree to acknowledge SAIL in any published paper or presentation, which is based wholly
or partly on the data; you agree to acknowledge the source of the data and the role of SAIL

in making this available. A suitable wording is provided in the SAIL Publications Policy.

Your use of SAIL data is at your own risk in respect of data accuracy and completeness. You
accept that SAIL, the original data creators or guardians, depositors or copyright holders, or
the funders of the data or any part of the data supplied: a) bears no legal responsibility for
the accuracy or comprehensiveness of the data; and b) accept no liability for indirect,
consequential, or incidental, damages or losses arising from use of the data, or from the
unavailability of, or break in access to, the data for whatever reason.

You agree that you will submit a report through the Information Governance Review Panel,
if requested, on completion of the agreed purpose. The SAIL Information Governance Review
Panel agrees to treat the report and all information, data, results, and conclusions contained
within such report as confidential information belonging to the User Institution.

You agree that you and your collaborators will make any reasonable changes to the products

of your work involving the SAIL data, as requested by the Information Governance Review

SAIL Data Access Agreement, version 9.0, valid from 01/08/2021 Page 5 of 8
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22.
23.

24.

25.

26.

27.

28.

29.

30.

% SAIL

Panel. The SAIL Information Governance Review Panel will only request such changes if, in
its opinion, your work infringes the spirit of the agreement or the principles of collaboration
that SAIL has with its data provider organisations.

You accept that data will be refreshed from time to time, with notice given.

You accept that it may be necessary for SAIL or its appointed agent to alter the terms of this
agreement from time to time. In this event, SAIL or its appointed agent will contact you to
inform you of any changes.

You accept that this agreement will terminate immediately if you breach any term of this
agreement. In this event, you will be required to destroy any analysis and products derived
from this data and confirm that this has been done.

You accept that the user account created for you will be used by yourself only and no other
individual. By logging on you reaffirm your agreement to uphold data confidentiality and
security in terms of this Agreement.

You will take reasonable steps to ensure that, when accessing SAIL data, your display
screen is not being overlooked by unauthorised persons and that you have taken all
reasonable physical and other security precautions to maintain the security of the data
supplied.

You agree that data from the SAIL Databank shall not be electronically copied, disseminated
or distributed in its raw form.

You agree to ensure that your computer operating system, used to access the SAIL Gateway,
is updated with the latest security patches, and that you will run reliable, effective and up-
to-date anti-virus software. Failure to do this will result in your access privileges being
revoked.

You agree that if you suspect that the availability, integrity or security of the SAIL system is
compromised in any way you will immediately notify the helpdesk. You will also inform the
helpdesk if you detect weakness in the SAIL system which could result in it being

compromised. The SAIL Helpdesk can be reached via https://help.saildatabank.com/ or

saildatabank@swansea.ac.uk.

You accept that all projects which have been IGRP approved and their users may be subject
to an audit at any time to ensure that you are following SAIL policy, the specifications of the
approved application and the conditions of this agreement. Such audit shall be at a

reasonable interval of no more than once in any twelve month period.

31. You agree to demonstrate that you have satisfactorily completed an approved safe
researcher or other relevant training course. You will re-attend training if expiry of your
certificate occurs within the time period of your study.

32. Disciplinary Action - Offences and Penalties

SAIL Data Access Agreement, version 9.0, valid from 01/08/2021 Page 6 of 8
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SAIL reserves the right to suspend access to data if it considers that any User is perpetrating
or attempting to perpetrate any breach of the terms of this Agreement.

SAIL retains discretionary powers over the application of penalties for self-reported
breaches.

e The following are illustrative of the type of penalty that may be applied for a
breach that is not self-reported using the service and/or data for unapproved
commercial purposes - permanent suspension

e Infringing SAIL security protocols - first offence - 6 months suspension

e Transferring log in details to another user - more than one offence - permanent
suspension

The above list is illustrative and not exhaustive. SAIL also reserves the right to report any
action in breach of data protection laws to the Information Commissioners Office at its
discretion. The User retains legal liability for any action that arises as a result of their
actions that is in breach of this Agreement.

There shall be a right of appeal to a SAIL Director from the initial decision to apply a
sanction. The decision of the SAIL director on appeal is final.

33. SAIL holds non identifiable data that is outside the remit of the Data Protection Act. However
Section 171 of the Act provides for the offence of re-identification of de-identified data and
s170 of the Data Protection Act 2018 states that the knowing or reckless obtaining or
disclosure of personal data without the consent of the data controller is a criminal offence.
If SAIL believes that a breach of relevant sections of the Act has occurred it shall report

accordingly.

SAIL Data Access Agreement, version 9.0, valid from 01/08/2021 Page 7 of 8
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SAIL DATABANK
DATA ACCESS AGREEMENT

| have read the terms and conditions set out in the SAIL Data Access Agreement version 9.0 and agree
to be bound by them. | declare that | am not currently being investigated under the Data Protection

Act and have not been found to be in breach of the Act.

Name: Ms Brenda Bauer

Job Title: PhD Candidate
Organisation: University of St Andrews
Signature:

Date: 15 February 2022

Head of Department/Authorising Institution Approval
I confirm that | am happy for this applicant to have access to SAIL data and | am aware of the penalties

arising from breaches of these terms and conditions.

Name: Colin McCowan

Job Title: Professor in Health Data Science
Organisation: University of St Andrews
Signature: Colin Mt Casan

Date: _23/02/2022

t958ENREwWh
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Descriptive Study

S1 Appendix. Description of SAIL datasets

Demographic data, including residential periods in Wales, as well as indices of
deprivation, are available from WDSD. All relevant GP records within the study timespan are
obtained from WLGP - individual visits, investigations, diagnoses and prescribed
medications per patient. Similarly, PEDW contains data on secondary care from all
hospitals in Wales, precisely hospital admissions, diagnoses and interventions. Lab test
result data across Wales are available from WRRS, regardless of whether the originator of
the pathology request works in primary or secondary care. Outpatient referrals from
primary care and the details of outpatient encounters are recorded in OPRD and OPDW,
respectively. In EDDS, data are routinely collected on interactions with hospital emergency
departments - this dataset was included to lessen the likelihood that patient outcomes
would be missed. Deaths are recorded in multiple datasets, including WDSD, which
contains demographic records and ADDE, a standalone register of all deaths in Wales. All
EHR collected between 1 January 2000 and 31 December 2021 were subsequently

provisioned.

S1 Table. Datasets provided by SAIL Databank for this study

SAIL Datasets Description

Annual District Death Extract (ADDE) Death records

Emergency Department Dataset (EDDS) Accident & Emergency records
Outpatient Database for Wales (OPDW) Outpatient attendance records
Outpatient Referrals Dataset (OPRD) Outpatient referral records
Patient Episode Database for Wales (PEDW) Hospital admission records
Welsh Demographic Service Dataset (WDSD) Demographic data

Welsh Longitudinal General Practice (WLGP) Primary care/GP records
Welsh Results Reports Service (WRRS) Laboratory test records
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S2 Appendix. Case definition (SCH patients)

Eligible patients were identified using a combination of Read v2 and International
Classification of Diseases version 10 (ICD-10) diagnostic codes in the WLGP and
PEDW/OPDW datasets, respectively (Supplementary Table 2). Office for Population
Censuses Surveys version 4 (OPCS-4) codes were also used in PEDW to identify

interventions such as investigations and surgeries that patients had received.

S2 Table. Diagnostic codes used to identify patients with subclinical hypothyroidism

Code Type Description
C047.00 Read v2 Subclinical

hypothyroidism

CO0A5.00 Read v2 Subclinical iodine-
deficiency hypothyroidism
E02X ICD-10 Subclinical iodine-
deficiency hypothyroidism
E038 ICD-10 Borderline
hypothyroidism

Because SCH is diagnosed due to thyroid function tests, WRRS was also checked for
patients meeting the criteria of high TSH and normal FT4 from blood specimens collected
on the same day. The respective lab reference ranges were used, as recorded alongside the
test results. The assumption was that these patients had tests indicative of SCH, regardless
of whether their corresponding GP or hospital records contained the appropriate
diagnostic codes. It was not possible, however, to include levothyroxine treatment as a

criterion for case identification because its use is not restricted to SCH.
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S3 Appendix. Age- and sex-stratified annual cumulative incidence according to the
mid-2011 Welsh census data

Annual crude age-specific cumulative incidence of 3CH per
100,000 people [(2000-20271]
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Supplementary Fig 1. Age-standardised cumulative incidence of SCH over the study
period (2000-2021)
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Annual crude sex-specific cumulative incidence of SCH per
100,000 people (2000-2021)
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Supplementary Fig 2. Sex- standardised cumulative incidence of SCH over the study
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S4 Appendix. Levothyroxine use during the study period

$3 Table. Frequency counts of patients receiving levothyroxine over the study period
(2000-2021)

Year Cumulative Number of patients receiving LT4 prescriptions
total of SCH Total (%)? New users Existing
patients users

2000 200 52 (26.0) 52 0

2001 1,143 187 (16.4) 140 47

2002 3,235 773(23.9) 590 183

2003 5,103 1,333 (26.1) 599 734

2004 7,669 2,126 (27.7) 858 1,268

2005 11,307 3,180 (28.1) 1,150 2,030

2006 17,392 4,673 (26.9) 1,640 3,033

2007 23,969 5,815 (24.3) 1,393 4,422

2008 32,892 7,302 (22.2) 1,780 5,522

2009 44,962 9,340 (20.8) 2,342 6,998

2010 54,396 11,160 (20.5) 2,272 8,888

2011 67,382 13,321 (19.8) 2,674 10,647

2012 83,353 16,014 (19.2) 3,274 12,740

2013 97,011 18,398 (19.0) 3,199 15,199

2014 109,942 20,775 (18.9) 3,253 17,522

2015 124,291 23,105 (18.6) 3,348 19,757

2016 138,509 25,549 (18.4) 3,535 22,014

2017 152,754 27,784 (18.2) 3,479 24,305

2018 167,333 29,764 (17.8) 3,374 26,390

2019 180,184 31,534 (17.5) 3,276 28,258

2020 189,103 32,185 (17.0) 2,239 29,946

2021 199,520 33,337 (16.7) 2,637 30,700

2 Percentage of all SCH patients in the respective year;” Calculated as the number of
prescriptions divided by the total number of patients that received them.

Abbreviations: L74levothyroxine; SCHsubclinical hypothyroidism.
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