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Abstract
Background
Subclinical hypothyroidism is diagnosed when serum thyroid stimulating hormone levels are higher whilst free thyroxine levels remain within their respective reference ranges. These reference ranges are uniformly applied in all adults, despite serum thyroid stimulating hormone levels naturally increasing with age. Research has found that mildly elevated thyroid stimulating hormone levels may be associated with some benefits in ageing patients, including reduced mortality and better cardiorespiratory fitness. Levothyroxine is typically prescribed to patients with hypothyroidism, but no conclusive evidence exists on whether levothyroxine therapy is beneficial or detrimental in older subclinical hypothyroid patients. Despite this, prescriptions for levothyroxine are increasing year-on-year. This study aims to determine if receiving levothyroxine affects the cardiovascular and bone health outcomes of subclinical patients in primary care aged 50 years and over.

Methods
This project includes a retrospective cohort analysis and a target trial emulation study using electronic patient records collected between 2006 and 2021 and recorded in The Health Improvement Network database. The primary outcome of this study is to compare the cardiovascular outcomes of subclinical hypothyroid patients aged over 50 years treated with levothyroxine compared to those untreated. Secondary outcomes are bone health and all-cause mortality outcomes. Descriptive and inferential statistics will both be employed to analyse the data. Secondary analysis will explore confounding factors, including age, sex, smoking status, body mass index, co-morbidities, and levothyroxine dosage.

Discussion
There needs to be a greater understanding of the potential risks of the current treatment for older patients with subclinical hypothyroidism in a primary care setting. We will investigate the clinical importance of this issue and whether older subclinical hypothyroid patients have poorer outcomes when treated. Clarifying this concern may help address the healthcare resource implications of ageing patients being misclassified as having mild hypothyroidism, as these patients are more likely to repeat their blood tests. This could reduce prescription wastage and improve patient outcomes and quality of life in the ageing population.

Trial registration
Not applicable.
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Background
Hypothyroidism is a common chronic disease caused by insufficient production of thyroid hormones [1]. Thyroid hormones produced by the thyroid gland regulate metabolism in all tissues, including the heart, liver, brain, muscles, and bones. Any interruption of the thyroid hormone balance can lead to metabolic dysfunction. The overall prevalence of hypothyroidism is approximately 5–10% of the general population in the United Kingdom (UK) [2] and is greater in females and people aged over 60 years [3–5]. Subclinical hypothyroidism (SCH) refers to serum thyroid stimulating hormone (TSH) levels higher than the reference range and levels of free thyroxine (fT4) remaining in the range [1, 6]. Overt hypothyroidism refers to TSH levels being elevated and fT4 levels below their respective reference ranges [7].
Cardiovascular disease remains the leading cause of death worldwide, with ischaemic heart disease and stroke accounting for 8.9 million and 6.1 million deaths, respectively, in 2019 [8]. Each year there are 160,000 deaths in the UK attributed to cardiovascular events [9], accounting for approximately 23.9% of deaths in the UK [10]. Therefore, unnecessary cardiovascular events must be reduced in the population. In addition, the UK population is increasing and ageing; the Office for National Statistics has predicted that by 2043, the number of people aged over 85 will have nearly doubled to 3 million [11]. Due to the ageing and growing population in the UK, a rise in pharmaceutical prescribing can be expected. In 2019, the National Health Service (NHS) distributed 32,956,754 prescriptions of LT4. This is a significant increase compared to only 20,426,378 LT4 prescriptions distributed in 2008 [12]. Moreover, the estimated number of individuals prescribed LT4 in the UK has increased from 2.8 to 4.1% over 11 years. Reducing the number of patients prescribed LT4 will not only potentially improve patient outcomes and quality of life in the ageing population but will reduce prescription wastage, hence cost to the NHS.
Mildly elevated TSH levels become more prevalent as people age [13]. The National Health and Nutrition Examination Survey, based in the United States (US), examined 16,533 people who were carefully selected to represent the general US population without thyroid disease and demonstrated that a significant proportion of older adults had high serum TSH (> 4.5 mIU/L) [4]. In addition, the Thyroid Epidemiology, Audit, and Research Study (TEARS) found that, based on a population of 153,127 people in Scotland, the 97.5th centile for TSH concentration steadily rose within age deciles, to an upper limit of 5.9 mIU/L in the over 90-year-olds [13]. This suggests that it is normal for the elderly population to have a TSH level within the range of 0.4–5.9 mIU/L rather than within the range of 0.4–4.0 mIU/L that is typically used. Furthermore, the longitudinal all-stars study, on 843 participants not taking thyroid medication, indicated that the 97.5th percentile TSH concentration could be as high as 8mIU/L in over 90-year-olds [14]. Longitudinal studies have also shown increased TSH levels in the same individuals over time, with no significant changes in fT4 concentrations [14–16]. Therefore, there is significant evidence to suggest that TSH concentration rises with age.
Slightly elevated TSH levels may be beneficial to the older person. Simonsick et al. [17] demonstrated better mobility and cardiorespiratory fitness functioning amongst adults over 70 years, with a mildly elevated TSH between 4.5 and 7.0 mIU/L compared to those with TSH levels of 0.4–4.5 mIU/L [17]. In the Leiden 85 + Study, 599 participants over 85 years old were followed up after four years. Those with a TSH level greater than 4.8 mIU/L had lower mortality than euthyroid individuals with a TSH level within 0.3–4.8 mIU/L; higher levels of fT4 were associated with increased all-cause mortality in the same cohort [18]. On the contrary, the Newcastle 85 + study found no association between higher TSH levels and all-cause mortality in a cohort of 643 patients aged 85 years followed up for 9 years [19]. In addition, a recent narrative review in 2021 found no unfavourable cardiovascular or musculoskeletal outcomes in patients with TSH levels between 4.5 and 7.0 mIU/L [6]. However, a case-control study found a significant mortality increase in patients prescribed LT4 aged over 65 with TSH below 10 mIU/L [20]. Much of the literature, including reviews that are powerful due to tertiary data, suggests that TSH levels between 4.5 and 10 mIU/L may benefit older adults.
However, TSH levels above 10 mlU/L have been found to be detrimental in all patients. A systematic review of 36 studies found an increased incidence of heart failure amongst patients aged over 65 years with TSH levels above 10 mlU/L [21]. Similarly, another systematic review of cohort studies found that in individuals with SCH and TSH levels above 10 mIU/L, there is an increased risk of coronary heart disease events, coronary heart disease mortality and heart failure events [22]. Current evidence indicates that TSH levels above 10 mlU/L can adversely affect older individuals. This is in line with the LT4 prescribing guidelines, stating that the majority of adults should only be prescribed LT4 with TSH levels above 10 mlU/L [23].
Previous studies that addressed the link between cardiovascular outcomes and LT4 treatment have failed to find a conclusive outcome. A cohort study on 1,642 patients aged over 70 years found no difference in cardiovascular events between treated and untreated groups [24]. The Thyroid Hormone Therapy for Older Adults with Subclinical Hypothyroidism (TRUST) study, a double-blind randomised placebo-controlled parallel-group trial of 737 adults aged 65 years and older with SCH, found no association between LT4 use and cardiovascular outcomes (hazard ratio 0.89; 95% confidence interval 0.47–1.69) [25]. The TRUST group concluded that LT4 should not be routinely prescribed to older people with SCH. Pooled results of the TRUST study and another randomised control trial found no significant difference in the cardiovascular risk of patients treated with LT4 versus those untreated [26]. However, both randomised controlled trials were underpowered due to small sample sizes. Most studies in older populations have not shown a clear association between SCH and cardiovascular events in patients aged over 65. The effect of mild thyroid failure on cardiovascular health becomes less evident with increasing age [27]. There is need for further large-scale studies investigating the impact of LT4 on cardiovascular health in patients over 50, particularly those aged between 50 and 65 years.
It is accepted that patients with overt hypothyroidism should be prescribed LT4 due to the association between the untreated condition and increased morbidity and mortality [28, 29]. However, the treatment of SCH is unclear due to a lack of reliable evidence in the past [30]. Over-treatment with thyroid hormones harms health, including poorer cardiovascular outcomes, atrial fibrillation, fractures, and osteoporosis [27, 31, 32]. However, over-treatment is common in older people and is associated with a longer time on replacement therapy and increasing age [33–35]. The European Thyroid Association guidelines recommend that SCH patients be prescribed LT4 when symptoms are shown and a TSH level is above 10 mIU/L [23]. It is also recommended that LT4 doses are personalised according to age, co-morbidities, and life expectancy [6]. However, research proves that these recommendations are not always followed [33].
The current literature suggests that older patients with mildly raised TSH concentrations may benefit from not being prescribed LT4 medication. The evidence is increasing and compelling to introduce age-specific TSH reference ranges for hypothyroidism regarding diagnostic thresholds and treatment targets to avoid patients being misclassified as having SCH and inappropriate treatment with thyroid hormones [13–15, 36, 37]. The distribution of TSH levels at the time of LT4 initiation has been described by Taylor et al., 2014 [33]. The median TSH when a patient is prescribed thyroid hormones has decreased from 8.7 mIU/L in 2001 to 7.9 mIU/L in 2009 in the UK, suggesting the likelihood a patient is prescribed LT4 treatment is increasing [33]. However, there has been a rising debate and emerging evidence suggesting that assessing borderline thyroid dysfunction may be more accurately characterised by fT4 levels rather than relying solely on TSH measurements [38, 39].
The literature is conflicting surrounding LT4 use and cardiovascular and bone health risk in the older population. A questionnaire answered by 408 individuals with SCH and taking LT4 found an increased risk of fractures in individuals over 50 years, particularly in the forearm [41]. It has also been found that the over-treatment of LT4 can increase the risk of cardiovascular morbidity, cardiovascular mortality and osteoporosis [42]. There is also conflicting evidence between the use of LT4 and mortality. The recent Baltimore Longitudinal Study of Ageing in 2021 found no association between all-cause mortality and LT4 use in over 65 year olds with normal TSH levels [43], while a much larger database study on 2,007,528 patients found that all-cause mortality was significantly higher in LT4-treated patients [44]. This suggests that LT4-based outcomes are dependent on both age and TSH levels.
The current research group has completed a National Institute for Health and Care Research (NIHR) Research for Patient Benefit study (Study of Optimal Replacement of Thyroxine in ElDerly (SORTED) – a feasibility study: Ref: PB-PG-0610-22139) and has demonstrated that older people can tolerate a lower dose of LT4 and hence higher TSH levels [45]. The work done in 2016 explored the relationship between the three variables: diagnosis of hypothyroidism, TSH measurement, and LT4 treatment. A feasibility analysis at one large rural general practice in Northumberland, England, with a practice list size of 11,752 found that 465 patients had been diagnosed with hypothyroidism. The prevalence of hypothyroidism at the practice was 4%, and the highest prevalence was in the 81–90 years age category, at 9.85%. The female-to-male ratio with hypothyroidism at the practice was 4.4:1.0, such that 379 females had been diagnosed. Despite 465 patients diagnosed with hypothyroidism (Read Coded), 622 patients received treatment with LT4. This is an excess of 157 patients receiving LT4 without a diagnosis of hypothyroidism. This may represent a proportion of SCH patients that are not Read Coded as hypothyroid but are receiving treatment. It is also possible that a small proportion of these patients are hyperthyroid patients receiving block and replace treatment or patients with pituitary disorders. Alternatively, some patients may report symptoms suggestive of hypothyroidism but still have normal serum thyroid function tests and receive LT4 therapy in contravention of accepted clinical practice and guidelines. For this reason, our search strategy centres upon the TSH values recorded in the database rather than a diagnosis. Between 2003 and 2015, 215 (1.9%) patients were recorded as having an age-specific index TSH as mildly elevated, in line with the TEARS study. Of those, 39% were untreated, and 61% were treated with varying degrees of treatment length. This feasibility work concludes that 53% of the treated patients may have been over-diagnosed due to their TSH level being within the range of 4.0 mIU/L and the upper TSH limit given by the TEARS study [13].

Methods/Design
Study aims
The study aims to evaluate whether LT4 benefits patients aged over 50 years with marginally raised TSH. The null hypothesis is that SCH patients over 50 years of age have the same bone health and cardiovascular outcomes when prescribed LT4 compared to those not prescribed LT4. The alternative hypothesis is that SCH patients aged over 50 years of age have worse bone health and cardiovascular outcomes when prescribed LT4 than those who are not prescribed LT4.

                           The objectives of the study are:

                           1) To use electronic healthcare records to undertake a cohort study comparing the cardiovascular outcomes (incident diagnosis of angina, myocardial infarction, stroke, peripheral vascular disease and stent/revascularisation procedure) between patients over 50 years of age with mildly elevated TSH levels prescribed LT4 versus those not prescribed LT4.

                           2) To use electronic healthcare records to undertake a cohort study comparing the bone health outcomes (incident diagnosis of osteoporosis, fragility fractures) between patients over 50 years of age with mildly elevated TSH levels prescribed LT4 versus those not prescribed LT4.

                           3) To use electronic healthcare records to undertake a cohort study comparing all-cause mortality outcomes between patients over 50 years of age with mildly elevated TSH levels prescribed LT4 versus those not prescribed LT4.

                           4) To use electronic healthcare records to undertake a target trial emulation study comparing the cardiovascular outcomes (incident diagnosis of angina, myocardial infarction, stroke, peripheral vascular disease and stent/revascularisation procedure) between patients over 50 years of age with mildly elevated TSH levels prescribed LT4 versus those not prescribed LT4 [46].

                           5) To use electronic healthcare records to undertake a target trial emulation study comparing the bone health outcomes (incident diagnosis of osteoporosis, fragility fractures) between patients over 50 years of age with mildly elevated TSH levels prescribed LT4 versus those not prescribed LT4.

                           6) To use electronic healthcare records to undertake a target trial emulation study comparing all-cause mortality outcomes between patients over 50 years of age with mildly elevated TSH levels prescribed LT4 versus those not prescribed LT4.

Study design
A retrospective cohort study and a target trial emulation study will be conducted using electronic health records held in The Health Improvement Network (THIN) database.

Study setting
THIN captures clinical data from general practices across the UK, holding anonymised records of approximately 6% of the UK population from 850 general practices. THIN has over 25 years of data recorded. To ensure a complete and reliable dataset, this project will capture data between January 1st, 2006, and December 31st, 2021. Preliminary counts from THIN show 530,792 patients with a TSH greater than 4 mIU/L. Preliminary counts also show 258,868 patients diagnosed with hypothyroidism within the same period. The variables that will be captured from the THIN database are as follows:
	sex,

	diagnosed with hypothyroidism,

	date of diagnosis of hypothyroidism,

	date LT4 treatment commenced,

	first and last recorded LT4 dose,

	co-morbidities (heart disease, asthma, chronic obstructive pulmonary disease, diabetes, chronic kidney disease, rheumatoid arthritis, depression, dementia, dyslipidaemia, osteoporosis, fragility fractures).

	date of diagnosis of co-morbidities,

	current and past medications,

	date of death (if applicable),

	TSH, fT4, thyroxine (T4), triiodothyronine (T3), and free triiodothyronine (fT3) levels,

	date of recorded TSH, fT4, T4, T3, and fT3 levels,

	thyroid peroxidase antibody status,

	body mass index (BMI) at entry and end of the study period,

	blood pressure,

	smoking status.




Inclusion criteria
	1.
Patients registered on the THIN database and aged over 50 on January 1st, 2006.

 

	2.
Patients with a recording of TSH above 4.0 mIU/L between January 1st, 2006, and December 31st, 2021.

 

	3.
Patients who are prescribed LT4 or receive no hormone replacement therapy. In the cohort study, patients in the treatment group will be prescribed LT4 before the end of the study period, December 31st, 2021. In the emulated target trial study, patients will initiate LT4 treatment and remain on it during a 5-year follow-up between January 1st, 2006, and December 31st, 2021. Patients in the emulated target trial study will be randomly assigned a strategy at baseline and be aware of their assignment.

 

	4.
In the cohort study, patient follow-up ends at death, withdrawal from the database or December 31st, 2021, whichever occurs first.

 





Exclusion criteria
	1.
Patients aged 50 years or under on January 1st, 2006.

 

	2.
Patients without a recording of TSH above 4.0 mIU/L between January 1st, 2006, and December 31st, 2021.

 

	3.
Patients diagnosed with thyroid cancer, pituitary disease or hyperthyroidism.

 

	4.
Patients prescribed medications such as amiodarone or lithium that can affect thyroid function.

 

	5.
Patients who have undergone thyroid surgery or radioiodine treatment, suggesting previous thyroid dysfunction.

 

	6.
Patients receiving a different form of thyroid replacement therapy to LT4, e.g. liothyronine or combination therapy with liothyronine and LT4.

 

	7.
Patients with a baseline diagnosis of angina, myocardial infarction, peripheral vascular disease or stroke, where cardiovascular is the outcome variable.

 

	8.
Patients with a baseline diagnosis of osteoporosis or fracture, where bone health is the outcome variable.

 






Statistical analysis
The sample size calculation is based on the primary outcome of determining a difference in cardiovascular outcomes between patients receiving LT4 or not. The TRUST study of 737 patients aged 65 years and older found a cardiovascular outcome rate of 4.9% in the treatment group and 5.4% in the placebo group. Therefore, based on these outcome rates, for the cohort study, the minimum sample size required is 82,118 patients. Of this sample, 41,059 patients will be prescribed LT4 and 41,059 patients will not be prescribed LT4. A matching ratio of 1:4 (treatment: no treatment) will be used for the target trial emulation study. Therefore, the sample size required is 129,020 patients, with 25,804 patients prescribed LT4 and 103,216 patients not prescribed LT4. This sample size provides a power of 0.9 and alpha of 5%. In both studies, if missing data occurs, multiple imputation methods will be used if up to 40% of the data is missing [47]. Otherwise, pairwise deletion will be used.
In the target trial emulation study, the causal contrasts of interest will be intention-to-treat effect. Chi-square analysis will be used to compare the categorical characteristics of the participants in both studies, such that a p-value of less than 0.05 will be considered significant. Descriptive statistics will be presented. In both studies, the frequency of hypothyroidism diagnosis, smoking status, sex, ethnicity, and location will be given for each group. Survival analysis methods, including Cox proportional hazard models and Kaplan-Meier curves, will be fitted to compare the time to outcome between the groups. The hazard ratios with their 95% confidence intervals will be given.
Confounding bias, immortal time bias, and information bias will be adjusted for both the cohort and target trial emulation studies [48]. In addition, selection bias and attrition bias will be adjusted for in the target trial emulation study. Confounding factors include sex, BMI, co-morbidities, and smoking status. The adjustment for confounding factors will be done using inverse probability weighting in the target trial emulation study [49]. In both studies, subgroup analysis will be done for each cardiovascular and bone health outcome and each age group (51–60, 61–70, 71–80, 81–90, 91 + years). A subgroup analysis including patients with a TSH level between 4 0.0 mIU/L and the upper limit of their age range in the TEARS study will be carried out. Another subgroup analysis of patients who have had a TSH level of 10 mIU/L or above or not will be conducted. Also, sensitivity analysis will be undertaken in both studies for different TSH thresholds, as the standard threshold can differ between laboratories. This study will perform a secondary analysis based on baseline fT4 levels, comparing patients with a low normal versus high normal levels (below and above median levels at baseline, respectively).


Discussion
The ACEL-UK study will add weight to the body of knowledge on this critical issue for ageing patients who are potentially experiencing significant harm from the possible over-prescription of thyroid hormones and will provide data to support or refute the concept of increased risk of cardiovascular and bone health risk in ageing patients. This study will look at LT4 treatment in ageing patients with mildly elevated TSH levels. The outcomes of this study may have implications for clinical practice and prescribing LT4 in the UK. Suggestions for future research after this study will include a randomised control trial with a large sample size to confirm the results of this study.
The main outputs will be reports (funder, local and national policymakers), academic publications, and national and international conference presentations. We will compile a summary report for publication in the Journal of Health Services Research to reach the NHS Commissioning Readership. We will disseminate our findings in popular GP press and peer-reviewed primary care and endocrine journals.
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