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Clinical hypothyroidism is defined by the inadequate production of thyroid

hormone from the thyroid gland to maintain normal organ system functions.

For nearly all patients with clinical hypothyroidism, lifelong treatment with

thyroid hormone replacement is required. The primary goal of treatment is to

provide the appropriate daily dose of thyroid hormone to restore normal

thyroid function for each individual patient. In current clinical practice,

normalization of thyrotropin (TSH) level is the primary measure of

effectiveness of treatment, however the use of a single biomarker to define

adequate thyroid hormone replacement is being reevaluated. The assessment

of clinical health outcomes and patient-reported outcomes (PROs), often

within the context of intensity of treatment as defined by thyroid function

tests (i.e., undertreatment, appropriate treatment, or overtreatment), may play a

role in evaluating the effectiveness of treatment. The purpose of this narrative

review is to summarize the prominent health outcomes literature in patients

with treated hypothyroidism. To date, overall mortality, cardiovascular

morbidity and mortality, bone health and cognitive function have been

evaluated as endpoints in clinical outcomes studies in patients with treated

hypothyroidism. More recent investigations have sought to establish the

relationships between these end results and thyroid function during the

treatment course. In addition to clinical event outcomes, patient-reported

quality of life (QoL) has also been considered in the assessment of adequacy of

hypothyroidism treatment. From a health care quality perspective, treatment of

hypothyroidism should be evaluated not just on its effectiveness for the

individual patients but also to the extent to which patients of different

sociodemographic groups are treated equally. Ultimately, more research is

needed to explore differences in health outcomes between different

sociodemographic groups with hypothyroidism. Future prospective studies

of treated hypothyroidism that integrate biochemical testing, PROs, and end

result clinical outcomes could provide a more complete picture into the

effectiveness of treatment of hypothyroidism.
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Introduction

Health outcomes research primarily aims to study the end

results of health care practices and interventions. Within the

scope of health care quality, health outcomes can serve as a form

of measurement of the effectiveness of a specific treatment or

group of treatments, in particular for chronic diseases in which

the disease course is managed over time (1). Hypothyroidism is

one of the most common endocrine diseases and is often

managed over the course of the patient’s lifetime (2).

Traditionally, the effectiveness of thyroid hormone

replacement has been measured by restoration of thyroid

hormone levels, especially TSH, to normal ranges. However, a

growing body of evidence has demonstrated abnormal metabolic

parameters (3), as well as persistent symptoms and overall

patient dissatisfaction with thyroid hormone replacement in a

subset of patients (4), in the face of normalized thyroid hormone

levels. While TSH remains the primary biomarker for the

diagnosis and management of hypothyroidism in clinical

practice, additional measures for the effectiveness of thyroid

hormone treatment on a populat ion scale remain

underexplored. This narrative review seeks to outline the

prominent literature in health outcomes—including clinical,

neurocognitive, and patient-reported outcomes—to examine

the relationship between thyroid hormone replacement,

thyroid function tests, and end result health outcomes. By

examining hypothyroidism care through the lens of health

outcomes, we can expand the definition of success in the

treatment of hypothyroidism to include additional outcomes

that directly reflect the patients’ longevity, morbidity, and

quality of life.
Methods

The literature included in this narrative review was identified

from PubMed searches of English-language articles (1990 –

present), articles previously identified by the authors from

prior work, and the review of ci tat ions from the

aforementioned articles. PubMed searches included the

following key terms: “hypothyroidism,” “health outcomes,”

“levothyroxine,” “mortality,” “cardiovascular,” “bone health,”

“cognitive,” and “patient-reported outcomes.” Case series and

case reports were not included. In the case when relevant review

articles were identified, both the review article and the primary

literature were cited. In keeping with the scope of this narrative

review, literature was selected that examined end result clinical

outcomes of hypothyroidism treatment that represent significant

morbidity for the affected patient. Studies of clinical outcomes

including all-cause mortality, cardiovascular morbidity and

mortality, bone health, and neurocognitive outcomes are the

focus of this review because they have been the most extensively
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studied and reflect end result outcomes, although studies of

other clinical outcomes do exist. Additionally, only studies that

directly compared treated hypothyroidism to healthy controls

without thyroid disease or compared groups of treated patients

with different TSH levels were included. Studies comparing

patients with treated and untreated hypothyroidism (including

subclinical hypothyroidism) or comparing treated subclinical

hypothyroidism alone with healthy controls were excluded.

It is important to clarify that, given outcomes research often

captures real-world data, a significant number of study

participants treated with thyroid hormone likely presented

with subclinical hypothyroidism (a condition defined by an

elevated TSH level with a normal free T4 level). There are

clear practice patterns that indicate that treatment with

thyroid hormone is commonplace for subc l in ica l

hypothyroidism along with overt hypothyroidism (5, 6). Some

studies examining health outcomes of the use of levothyroxine

do not distinguish between treatment for overt and subclinical

hypothyroidism, although we have assumed in such cases that

the patient population includes both those treated for overt and

subclinical hypothyroidism. Despite this important limitation,

we have included such studies in the review because they offer

important insights into the effects of overtreatment and

undertreatment with thyroid hormone.
The evolution of markers of thyroid
hormone status

Prior to the widespread clinical use of TSH and thyroid

hormone radioimmunoassays, physicians relied on measurable

bio-metabolic parameters to determine the appropriate dose of

thy ro id hormone rep l a c emen t fo r pa t i en t s w i th

hypothyroidism. These included heart and respiratory rates,

weight changes, basal metabolic rate, serum protein-bound

i od in e l e v e l , and s ymp toms o f hypo thy ro i d i sm

(undertreatment) and hyperthyroidism (overtreatment) (7,

8). During this time period, providing consistent thyroid

hormone replacement was challenging due to the imprecise

measurement and nonspecific nature of the above parameters,

i n add i t i on to incons i s t en t thy rox in e (T4 ) and

triiodothyronine (T3) content within a variety of thyroid

hormone preparations (9). The dual discoveries of the TSH

radioimmunoassay (10) and peripheral conversion of oral T4

to T3 in humans (11) provided clinicians with a quantifiable

biomarker and more consistent thyroid hormone preparations

with which to treat hypothyroidism. Over time, advances in

thyroid hormone preparation bioequivalence have resulted in

generic forms of levothyroxine being virtually interchangeable

without affecting TSH levels, going against long-held

conventional wisdom that patients must stay on a single

thyroid hormone preparation for as long as possible (12).
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In today’s clinical practice, thyroid function tests have become

the primary factors in the determination of euthyroidism in those

taking thyroid hormone replacement. In hindsight, this practice

shift was predictable in that it provided both physicians and

patients with a clear “normal/abnormal” dichotomy regarding

thyroid hormone replacement, which is desirable in a clinical

environment that is burdened with growingmedical complexity in

the setting of clinic visit time constraints. However, there is

evidence that the “normal/abnormal” dichotomy of thyroid

function tests (and TSH in particular), while an essential feature

of clinical practice, may not fully determine if euthyroidism has

been achieved from a multi-organ system perspective for select

patients (13). Data from patient surveys have demonstrated that a

significant minority of patients are dissatisfied with their thyroid

hormone treatment (4, 14). These results have led investigators to

explore whether TSH and other thyroid function tests alone are a

sufficient measure of euthyroidism (15). In addition, there is a

large body of evidence from levothyroxine-treated patients that

subnormal energy expenditure (16–18), abnormal lipid

metabolism (3, 19, 20), unresolved cognitive impairments (21),

and decreased quality of life (QoL) (22, 23) were observed

concurrently with normal TSH levels. There is no single

explanation for why some patients with normal serum thyroid

function tests have persistent metabolic and cognitive

abnormalities. It is likely that thyroid-specific and general non-

specific patient factors contribute. In addition to the effects of

aging and non-thyroid comorbidities, it is likely that individual

differences in thyroid hormone gastrointestinal absorption (24),

tissue-specific deiodinase activity (25), and hormone transport

across cellular membranes (26) contribute to these abnormalities

observed in some patients. In clinical practice, TSH remains the

most important biomarker for the diagnosis and management of

hypothyroidism. From a population perspective, the limitations of

TSH and thyroid hormone levels to fully capture the thyroid

status of all patients taking thyroid hormone has led to an

emphasis on other measures of hypothyroidism treatment

success: clinical and patient-reported health outcomes.
Treatment of hypothyroidism and
clinical health outcomes

If thyroid function testing alone does not provide a complete

picture of the thyroid status for a significant minority of patients

treated with thyroid hormone, then the evaluation of the

effectiveness of thyroid hormone therapy across a population

of patients should include additional outcome measures. In

conjunction with thyroid function tests, evaluation of health

outcomes in treated patients would be informative. From this

perspective, the goal of thyroid hormone replacement would be

to normalize thyroid function tests and allow patients with

hypothyroidism to achieve health outcomes that are

indistinguishable from those without thyroid disease.
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All-cause mortality

Several observational studies examining large patient

populations have sought to determine the association between

treated hypothyroidism and mortality. Relatively few published

studies have compared all-cause mortality rates of those with

treated hypothyroidism and those with normal thyroid function.

In two earlier studies, all-cause mortality rates between treated

hypothyroid patients and euthyroid controls were not significantly

different (27, 28). Of note, TSH levels over the time course of the

study were not included in either study, and those treated for

subclinical hypothyroidism were likely included in the claims-based

study (27). Conversely, a recent study of a large retrospective

Korean claims database found all-cause mortality rates were

increased in levothyroxine-treated patients (N=501,882; thyroid

function tests were not reported) compared to a control cohort

(N=1,505,646), with relative risk being higher in patients under 65

years of age and in those with higher cardiovascular risk at baseline

(29). Similar to the previous studies, a major limitation of this study

is that no thyroid function tests were collected in the study, and

patients treated for overt and subclinical hypothyroidism could not

be differentiated.

More recently, several studies have examined mortality

relative to overtreatment and undertreatment as defined by TSH

levels in different clinical settings (30–33). There is general

agreement amongst these studies that overtreatment and

undertreatment of hypothyroidism is associated with increased

risk for mortality, thus prompting experts to reinforce the

importance of the normalization of TSH levels in the treatment

of hypothyroidism (34). Specifically, a retrospective cohort study

of the Danish National Patient Register examining serial TSH

levels in treated patients found that each six-month period of an

above- or below-normal TSH level was associated with increased

risk of mortality compared to controls without hypothyroidism

(35). Results were similar between those treated for overt and

subclinical hypothyroidism. Importantly, overtreatment and

undertreatment with thyroid hormone are not consistently

defined from study to study, with some relying on a single TSH

value to determine level of treatment. This is a limitation of studies

relying on real-world clinical data in which thyroid function tests

are often collected in a sporadic manner (36).
Cardiovascular outcomes

Thyroid function abnormalities are known to exert

prominent effects on multiple organ systems, including the

cardiovascular system (37). Similar to studies of all-cause

mortality, several studies have examined the effect of treatment

of hypothyroidism on key cardiovascular (33, 38–40) and stroke

(41, 42) outcomes. Similar to mortality outcome studies, there is

a general trend in the literature that overtreatment and

undertreatment of hypothyroidism does increase the risk of
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worse cardiovascular outcomes, including stroke. To take into

account variations in treatment over time, some studies have

used a variety of longitudinal analytical approaches to capture

changes in TSH over time when examining the association

between treatment and cardiovascular outcomes (38, 39, 42).

As an example, a large retrospective study of US veterans

modeled cardiovascular mortality in thyroid hormone users

with TSH and free thyroxine (FT4) as time-varying

explanatory covariates, which provided researchers with the

ability to associate specific TSH and FT4 levels with

cardiovascular mortality risk levels (39). In a population of

patients treated for either overt or subclinical hypothyroidism,

the study demonstrated worsening cardiovascular risk the

further the TSH level moved away from the reference range.
Bone health outcomes

Thyroid hormone also exerts prominent effects on bone,

both during childhood during the growth phase, and during

adulthood when thyroid hormone stimulates osteoclastic bone

resorption (43). Several outcome studies have examined

osteoporosis and fracture risk in the setting of levothyroxine

use (44–47). In a retrospective study of the Danish National

Patient Registry using TSH as a time-varying covariate,

overtreatment with levothyroxine was associated with

increased fracture risk in women over the age of 50 (47). In a

retrospective study of levothyroxine-treated individuals aged 70

years and older, those with a current prescription of

levothyroxine were more likely to fracture than those whose

last prescription ended over 6 months prior to fracture (46). The

effect was more pronounced when the dose of levothyroxine was

higher, suggesting those on higher doses of levothyroxine are at

increased risk of overtreatment, although thyroid function tests

were not collected in this study. In summary, overtreatment

appears to be a primary driver of adverse bone outcomes in

treated hypothyroidism, although the role of undertreatment, if

any, is less clear.
Neurocognitive outcomes

Overt (untreated) hypothyroidism has well established

negative cognitive effects, including deficits in verbal memory,

attention, language, psychomotor function, and executive

function (48–51). There is some evidence that subtle

detrimental effects on cognition may not be fully reversed with

thyroid hormone replacement (21, 52). Several studies utilizing a

variety of measurement tools to evaluate neurocognitive

function have demonstrated persistent deficits in some but not

all measurements following treatment (48, 53, 54). In particular,

in a cross-sectional, interventional study, spatial and associative

memory deficits were shown to persist despite treatment in overt
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hypothyroidism, implicating the hippocampus as a brain region

that is particularly sensitive to low thyroid hormone levels (49).

However, this study did not provide specific TSH levels

following treatment, allowing for the possibility of

undertreatment or overtreatment at the time of cognitive

testing. The underlying mechanisms of persistent deficits in

cognitive function are not well understood, however

neuropathological studies have pointed to cerebrovascular

d i sease be ing a more l ike ly cu lpr i t compared to

neurodegeneration (55). A cross-sectional functional MRI

(fMRI) study of younger individuals with Hashimoto’s disease

on treatment with normalized TSH levels (mean age, 32 years;

mean treatment duration 4.4 years; mean TSH 2.0 mIU/L) did

not reveal cognitive deficits in a battery of neuropsychological

tests performed during fMRI acquisition (56). However, the

duration of treatment was associated with differences in grey

matter in the supracalcarine cortex, inferior frontal gyrus,

amygdala, and frontal cortex. The exact ramifications of these

changes are not yet clear. Additional studies utilizing fMRI and

PET techniques have implicated glucose metabolism and

cerebral blood flow as potential mediators of the negative

effects of hypothyroidism on cognitive function (57–59),

although data in treated individuals are sparse.

Not all studies have identified cognitive deficits in treated

individuals. A cross-sectional study of mostly older women with

an average of 20 years on treatment with normal TSH levels

(mean age 76.1 years; mean TSH 1.54 mIU/L) showed similar

cognitive functioning results compared to euthyroid peers

(mean age 73.6 years) (60). Several studies of overtly

hypothyroid patients have demonstrated significant

pretreatment cognitive deficits, which normalized after

treatment (61, 62). Two studies have also examined the

relationship between changes in TSH within the reference

range and cognitive outcomes, both of which found no

association between TSH level and cognitive function (63, 64).

A potential rationale for the conflicting data on cognitive

outcomes in treated hypothyroidism may be that each individual

patient has a set “cognitive demand” that is determined by

mental tasks that vary in intensity daily, and a “cognitive

reserve” to compensate if thyroid hormone treatment does not

fully restore normal neurocognitive function on a cellular and

tissue basis within the brain (Figure 1). It is possible that

symptoms arise when demand is greater than supply, which

for some patients may occur frequently for some but rarely for

others (56, 65).
Inherent limitations of health outcome
studies

Studies that examine the association between degree of

treatment of hypothyroidism (i.e. overtreatment and

undertreatment) and health outcomes from real-world datasets
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provide a measure of the effectiveness of thyroid hormone

replacement and also demonstrate the consequences of

overtreatment and undertreatment. However, there are several

important limitations that must be considered when interpreting

these types of studies. First, there is a degree of selection bias

built into these studies because patients without thyroid function

tests are often not included. In a study of an adult German

population with either a diagnosis of thyroid disease or a

prescription for thyroid hormone, up to 40% of the population

did not have an available TSH value over a 12 month period (36).

It is likely that by studying only patients with available thyroid

function studies, a substantial proportion of the hypothyroid

population and therefore outcome events remain uncaptured.

Second, as many studies seek to retrospectively determine

outcomes of the treatment of hypothyroidism, often data on

whether patients were initially treated for overt or subclinical

hypothyroidism are not available. Outcomes may differ between

these groups due to differences in endogenous thyroid hormone

production, dose requirements, presence of antibodies, etc. It is

important to keep in mind that these studies seek to determine

the outcome of a real-world health care intervention with the

understanding that thyroid hormone is prescribed to resolve

biochemical abnormalities and/or symptoms in both overt and

subclinical hypothyroidism.

Third, it is likely that inconsistent use of thyroid hormone

coincides with inconsistent use of other medications that modify

cardiovascular risk. While isolating the specific effect of thyroid

hormone on a clinical outcome remains a challenge in study

design and statistical approach, TSH level remains an important

marker of care for an individual patient. It can be reasonably
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assumed that patients with a strong pattern of adherence to

thyroid hormone also regularly take other appropriate therapies,

and vice versa. Fourth, there is no consistent definition of

overtreatment and undertreatment of thyroid hormone in the

existing literature with respect to which thyroid function tests

should be included, what levels should be considered

“abnormal,” and over what time period. The clinical use of

individualized TSH reference ranges remains a point of heated

debate (66). Comprehensive, longitudinal studies of serial

thyroid function tests and clinical outcomes may provide

valuable insight for clinicians as to realistic treatment goals for

patients with hypothyroidism to minimize adverse outcomes.
Patient-reported outcomes

ThyPRO

The Centers of Medicare and Medicaid Services define a

patient reported outcome (PRO) as any report of a patient’s

health condition that is provided by the patient without

interpretation of the response by a researcher or health care

provider (67). Over a decade ago, researchers in Denmark

developed a thyroid-specific patient reported outcome

(ThyPRO) questionnaire (68, 69), which has subsequently

been validated in a variety of settings to measure QoL in

people with thyroid disease (70). ThyPRO was designed to

evaluate three primary categories of PROs: 1) physical

symptoms, 2) tiredness and mental health, and 3) impact of

thyroid disease on daily life. The current version of the ThyPRO
FIGURE 1

Depiction of loss of cognitive reserve in treated hypothyroidism. Cognitive demands consist of the daily responsibilities that require attention.
Cognitive supply is supported by positive habits, including adequate nutrition, exercise, and rest. When full neurocognitive function due to overt
hypothyroidism is not fully restored, which can occur with thyroid hormone replacement, cognitive reserve is limited. As a result, cognitive
demand outweighs cognitive supply, causing symptoms.
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questionnaire has 85 items and is reported in multiple scales. A

shorter version (ThyPRO-39) has been developed by the original

authors, which consolidates questions to address physical

symptoms, mental and social well-being, appearance, and

overall QoL (71). A standard measurement tool across patient

populations has proved beneficial in a variety of research

settings, including measuring the effect of levothyroxine

therapy on QoL in subclinical hypothyroidism (72). The role

of ThyPRO in the clinic setting is less clear, although researchers

have sought to determine the minimal important change in

ThyPRO scoring should it be used in a serial fashion over the

course of treatment (73). Since its development, the extent to

which ThyPRO has been used in the real-world clinic setting—

either in primary care or endocrinology clinics—as a measure of

the effectiveness of thyroid hormone treatment has not

been described.
PROs in treated hypothyroidism

Since the development of the ThyPRO (69, 71) and the

hypothyroidism-specific ThyDQoL (74) questionnaires, several

studies have examined PROs in those with hypothyroidism.

Importantly, any PRO measurement must be interpreted within

the context of the patient’s thyroid function at the time of

assessment. For example, a high fatigue score in the setting of

an elevated TSH level would first be thought to be due to

undertreatment with thyroid hormone. The fatigue score

simply reflects how the patient feels at that time, regardless of

the cause of those symptoms. The result remains a true reflection

of the patient’s experience (for an individual or a population),

however the corresponding thyroid function test would direct

the clinician as to how to approach those symptoms. An

abnormal thyroid function test may trigger a thyroid hormone

dose adjustment. It is equally important to recognize that

persistent hypothyroid symptoms in an individual patient in

the setting of normal thyroid function may not be the result of

suboptimal thyroid replacement, but due to another cause.

How do QoL scores of treated subjects compare to controls

without hypothyroidism? Numerous randomized and

observational studies have included QoL measures as primary

or secondary outcomes in patients with treated clinical and

subclinical hypothyroidism (75), with many utilizing ThyPRO as

a primary or secondary outcome measure (22, 64, 76–80).

Overall, the body of literature is quite heterogeneous (e.g.,

population demographics, etiology of hypothyroidism), and

many compare different types of treatment or treatment versus

no treatment in the case of subclinical hypothyroidism. As a

result, the literature does not lend itself to any generalized

conclusions on PROs in treated hypothyroidism. There are

studies comparing PROs in treated hypothyroidism versus

healthy controls that suggest that some deficits in mood and

cognitive QoL parameters may persist in some participants
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despite normalization of TSH and thyroid hormone levels (22,

81, 82). Adequate and suppressive treatment of hypothyroidism

have been associated with worse QoL scores compared to

healthy controls (81). Thyroid autoimmunity appears to also

play a role (22, 82). One prospective study of 78 patients with

diagnosed chronic autoimmune (Hashimoto’s) thyroiditis were

followed from the point of diagnosis to 6 months after the onset

of treatment with levothyroxine (22). ThyPRO scores improved

from baseline after treatment, but moderate differences between

the healthy control population remained. Of note, nearly 30% of

subjects had a moderately elevated TSH at the time of PRO

assessment. While undertreatment could account for lower QoL

scores, additional analysis did not identify a relationship

between TSH level and QoL score amongst the treated study

participants. Similar results have been seen in other studies that

have included patients with autoimmune thyroid disease (23, 78,

83). Of note, a post-thyroidectomy study found restoration of

QoL scores similar to that of a healthy control population after

treatment for nontoxic nodular goiter, although many patients

treated with subtotal thyroidectomy did not require thyroid

hormone after surgery (84).
The limitations of using PRO studies to
inform clinical management

A reasonable definition of successful treatment of

hypothyroidism should include the restoration of thyroid

function (defined by biochemical tests) and resolution of

symptoms (measured formally by PROs). This aligns

with prominent society guidelines on the treatment

of hypothyroidism, which outline three primary goals of

treatment: 1) normalization of TSH; 2) resolution of

symptoms; 3) avoiding overtreatment (85, 86). However, as

observed in several of the aforementioned studies examining

QoL in treated hypothyroidism, normalization of TSH level does

not always guarantee “normalization” of QoL for some patients.

Furthermore, based on multiple clinical trials, changes in TSH

within the normal and near-normal reference range do not

appear to affect QoL scores for most patients (64, 87). A cross-

sectional study of 218 patients taking thyroid hormone and with

normal TSH levels using ThyPRO found that only the tiredness

scores increased (i.e., more tiredness) with increasing TSH, while

all other QoL domains were not correlated with TSH level (80).

A reasonable interpretation of these results, given the non-

specific nature of hypothyroid symptoms, is that lower QoL

scores in treated patients with normal TSH levels are the result of

other conditions or lifestyle behaviors, as opposed to

undertreated hypothyroidism. In QoL studies that include

patients treated for subclinical hypothyroidism, there is likely

some degree of selection bias due to the presence of non-specific

symptoms being the reason to screen for hypothyroidism and

treat in the first place. We caution against interpreting the PRO
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literature as evidence that TSH should not guide treatment, or

that patients with persistent symptoms should be “overtreated.”

On the contrary, the body of literature of outcomes research

reviewed previously has provided strong evidence that

overtreatment with a suppressed TSH should be avoided as

much as possible. We advocate for guideline-directed use of

levothyroxine only in the setting of a confirmed diagnosis of

hypothyroidism or in certa in cases of subcl inica l

hypothyroidism (88), with a TSH treatment target within the

normal range. Persistent symptoms despite normalization of

TSH should be investigated by the physician, and other

underlying causes should be addressed. Some experts argue for

a trial of T4 and T3 (i.e. combination therapy) in patients with

persistent symptoms, as some patients may benefit from T3 (89).

While a comprehensive discussion of the use of combination

therapy is outside of the scope of this review, there is general

agreement that further clinical trials are needed to support its use

on a routine basis.

Most outcomes studies have focused on key clinical

outcomes (e.g., mortality or cardiovascular morbidity) or

PROs, but not both. Many studies consider thyroid function

testing in the context of intensity of treatment (i.e.,

overtreatment, undertreatment, or appropriate treatment).

However, there may be a role for questionnaires such as

ThyPRO to be used not as a study outcome but as a

measurement of treatment, along with thyroid function

testing. For example, such a study design could explore health

outcomes in those with normal thyroid function but persistent

symptoms or lower QoL scores. Of course, these types of studies

must overcome limitations such as confounding factors and

would require long-term survey follow up. However,

examination of the relationship between hypothyroidism

treatment and clinical health outcomes, in the context of both

PROs and biochemical thyroid function (Figure 2), may lead to a

more nuanced and useful definition of the successful treatment

of hypothyroidism.
Sociodemographic disparities in
clinical outcomes

To date, there has been relatively few investigations into

inequalities in the treatment of benign thyroid disease between

sociodemographic groups, although more attention has been

paid to the issue in recent years (90). When interpreting

disparities research in hypothyroidism, it is important to

recognize that disparities in the initiation of thyroid hormone

have been identified in the background of increasing thyroid

hormone prescriptions in the general population and across

sociodemographic groups (91, 92). While untreated

hypothyroidism has become increasingly less common, there is

evidence that untreated hypothyroidism remains more likely for
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certain patient groups, in particular for men, individuals

younger than 45 years of age, and those without access to

regular health care (93, 94). Several studies have examined

racial/ethnic factors that influence whether a patient will

receive treatment for hypothyroidism (95–99). An analysis of

the Cardiovascular Health Study dataset of those aged 65 years

and older demonstrated that White women over any other race

and sex group were more likely to start treatment with thyroid

hormone (96). A study of the Baltimore Longitudinal Study of

Aging found similar results (97). A study of the Canadian

Community Health Survey found that non-White individuals

were less likely to be screened for thyroid disease, but found no

differences in screening or treatment between men and women

(98). Lastly, among pregnant women in the U.S. with subclinical

hypothyroidism, Hispanic women were less likely than White

women to receive levothyroxine (99). Overall, it appears that age,

sex, and race/ethnicity influence the likelihood of an individual

receiving thyroid hormone. Whether differences exist in the

clinical outcomes of treated hypothyroidism between different

sociodemographic groups remains unclear.

Overall, there are several challenges that limit our ability to

identify sociodemographic disparities in clinical outcomes in

treated hypothyroidism. The interplay between age, sex, race/

ethnicity, and thyroid function, and their relationship between

clinical outcomes, is made more complex by potential differences

in the “normal” ranges of thyroid function between different

sociodemographic groups (100). Furthermore, a large body of

investigative work has been dedicated to defining and measuring

sociodemographic and racial/ethnic disparities in clinical

outcomes relevant to hypothyroidism, including cardiovascular

morbidity/mortality and bone health (101–103). While there is

no expectation that changes in thyroid hormone prescribing

alone would ameliorate these disparities, any future studies

examining sociodemographic disparities in clinical outcomes

in the hypothyroid population would have to be interpreted

within the context of these baseline differences.
Knowledge gaps and future
directions

As mentioned previously, significant knowledge gaps remain

in the study of health outcomes in treated hypothyroidism. In

several of the large, retrospective studies, delineating between

outcomes of treatment for overt versus subclinical

hypothyroidism is not possible. Studies identifying patients at

the time of diagnosis and initiation of treatment and measuring

outcomes in a prospective manner would allow investigators to

distinguish outcomes between these two groups. Furthermore,

stratifying study populations not only by diagnosis, but also by

age, sex, race/ethnicity, geographic location, or access to health

care could further develop our limited knowledge of disparities
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in treatment (90). Our understanding of the clinical

consequences of overtreatment and undertreatment has been

solidified over the last 10-15 years, but the questions of “who” is

at risk of suboptimal treatment, and “why,” remain largely

unanswered. Finally, one of the principal challenges in the

management of hypothyroidism remains the patient with

normal thyroid function and persistent hypothyroid

symptoms. What is the role of outcomes research in helping to

address this challenge? PROs can help identify those patients

with persistent symptoms, but the evidence does not support

using PRO/QoL measures to guide therapy. From clinical

experience, we believe successful treatment of hypothyroidism

in challenging cases often requires a multi-faceted approach,

centered on an appropriate level of thyroid hormone

replacement to achieve normalized thyroid function, with

appropriate management of comorbid conditions, lifestyle

adjustments, and a positive patient-physician relationship.

Utilizing defined biochemical, clinical, and patient-reported

outcomes as measuring posts, outcomes research can provide

future insight on which health care practices in hypothyroidism

provide measurable benefit to patients, and how to implement

such practices.
Conclusion

The study of health outcomes in treated hypothyroidism has

yielded important findings that have expanded our understanding
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of the effectiveness of thyroid hormone replacement to restore

normal thyroid function, improve QoL measures, and prevent

adverse outcomes associated with hypothyroidism. Numerous

studies have been conducted examining health outcomes or

PROs in the context of TSH and thyroid hormone levels.

Overall, these studies have demonstrated that there is room for

improvement in the treatment of hypothyroidism with respect to

health outcomes and QoLmeasures, and that maintaining thyroid

function within the normal range for the duration of the treatment

course is paramount to minimizing adverse health outcomes.

Generally, restored thyroid function levels are associated with

normalized cardiovascular health outcomes, but periods of

overtreatment and undertreatment, if not rapidly corrected,

increase the risk of adverse cardiovascular outcomes and overall

mortality. Some deficits in cognitive function have been shown to

persist even in the setting of normalized thyroid function. PROs in

treated hypothyroidism have tended to follow a similar pattern in

which lower QoL scores have persisted despite normalized thyroid

function, particularly in populations with underlying autoimmune

thyroid disease. While these thyroid function-outcome disparities

warrant further investigation, there is no evidence to support

titrating thyroid hormone treatment to resolve hypothyroid

symptoms at the expense of normal thyroid function levels.

Significant knowledge gaps also remain in the prevalence and

underlying causes of sociodemographic disparities in health

outcomes and PROs in hypothyroidism. Future prospective

studies which integrate multiple health and patient-reported

outcomes, along with biochemical thyroid testing, would
FIGURE 2

Intersection of health outcomes hypothyroidism research. TSH, thyrotropin; T4, thyroxine; T3, triiodothyronine; TPO, thyroid peroxidase;
ThyPRO, thyroid specific patient reported outcome questionnaire.
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provide a better understanding of the quality gaps—and how to

improve them—for many patients with hypothyroidism.
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et al. Thyroid replacement therapy, thyroid stimulating hormone concentrations,
and long term health outcomes in patients with hypothyroidism: longitudinal
study. BMJ (2019) 366:l4892. doi: 10.1136/bmj.l4892

34. Perros P, Nirantharakumar K, Hegedus L. Recent evidence sets therapeutic
targets for levothyroxine-treated patients with primary hypothyroidism based on
risk of death. Eur J Endocrinol (2021) 184(2):C1–3. doi: 10.1530/EJE-20-1229

35. Lillevang-Johansen M, Abrahamsen B, Jørgensen HL, Brix TH, Hegedüs L.
Over- and under-treatment of hypothyroidism is associated with excess mortality:
A register-based cohort study. Thyroid (2018) 28(5):566–74. doi: 10.1089/
thy.2017.0517

36. Kiel S, Ittermann T, Volzke H, Chenot J, Angelow A. Frequency of thyroid
function tests and examinations in participants of a population-based study. BMC
Health Serv Res (2020) 20(1). doi: 10.1186/s12913-020-4910-7

37. Jabbar A, Pingitore A, Pearce S, Zaman A, Iervasi G, Razvi S. Thyroid
hormones and cardiovascular disease. Nat Rev Cardiol (2017) 14(1):39–55.
doi: 10.1038/nrcardio.2016.174

38. Lillevang-Johansen M, Abrahamsen B, Jorgensen H, Brix T, Hegedus L.
Duration of over- and under-treatment of hypothyroidism is associated with
increased cardiovascular risk. Eur J Endocrinol (2019) 180(6):407–16.
doi: 10.1530/EJE-19-0006

39. Evron J, Hummel S, Reyes-Gastelum D, Haymart M, Banerjee M,
Papaleontiou M. Association of thyroid hormone treatment intensity with
cardiovascular mortality among US veterans. JAMA Network Open (2022) 5(5).
doi: 10.1001/jamanetworkopen.2022.11863

40. Leese G, Jung R, Guthrie C, Waugh N, Browning M. Morbidity in patients
on l-thyroxine - a comparison of those with a normal TSH to those with a
suppressed TSH. Clin Endocrinol (1992) 37(6):500–3. doi: 10.1111/j.1365-
2265.1992.tb01480.x

41. Suh B, Shin D, Park Y, Lim H, Yun J, Song S, et al. Increased cardiovascular
risk in thyroid cancer patients taking levothyroxine: a nationwide cohort study in
Korea. Eur J Endocrinol (2019) 180(1):11–20. doi: 10.1530/EJE-18-0551

42. Papaleontiou M, Levine DA, Reyes-Gastelum D, Hawley ST, Banerjee M,
Haymart MR. Thyroid hormone therapy and incident stroke. J Clin Endocrinol
Metab (2021) 106(10):e3890–900. doi: 10.1210/clinem/dgab444

43. Williams G, Bassett J. Thyroid diseases and bone health. J Endocrinol Invest
(2018) 41(1):99–109. doi: 10.1007/s40618-017-0753-4

44. Papaleontiou M, Banerjee M, Reyes-Gastelum D, Hawley S, Haymart M.
Risk of osteoporosis and fractures in patients with thyroid cancer: A case-control
study in US veterans. Oncologist (2019) 24(9):1166–73. doi: 10.1634/
theoncologist.2019-0234

45. Papaleontiou M, Reyes-Gastelum D, Haymart M. Fragility fractures in Male
veterans on thyroid hormone therapy. Endocr Pract (2020) 26(3):359–61.
doi: 10.4158/1934-2403-26.3.359

46. Turner M, Camacho X, Fischer H, Austin P, Anderson G, Rochon P, et al.
Levothyroxine dose and risk of fractures in older adults: nested case-control study.
Bmj-British Med J (2011) 342. doi: 10.1136/bmj.d2238

47. Abrahamsen B, Jorgensen H, Laulund A, Nybo M, Bauer D, Brix T, et al.
The excess risk of major osteoporotic fractures in hypothyroidism is driven by
cumulative hyperthyroid as opposed to hypothyroid time: An observational
register-based time-resolved cohort analysis. J Bone Miner Res (2015) 30(5):898–
905. doi: 10.1002/jbmr.2416

48. Osterweil D, Syndulko K, Cohen SN, Pettler-Jennings PD, Hershman JM,
Cummings JL, et al. Cognitive function in non-demented older adults with
hypothyroidism. J Am Geriatr Soc (1992) 40(4):325–35. doi: 10.1111/j.1532-
5415.1992.tb02130.x
Frontiers in Endocrinology 10
49. Correia N, Mullally S, Cooke G, Tun T, Phelan N, Feeney J, et al. Evidence
for a specific defect in hippocampal memory in overt and subclinical
hypothyroidism. J Clin Endocrinol Metab (2009) 94(10):3789–97. doi: 10.1210/
jc.2008-2702

50. Miller KJ, Parsons TD, Whybrow PC, Van Herle K, Rasgon N, Van Herle A,
et al. Verbal memory retrieval deficits associated with untreated hypothyroidism. J
Neuropsychiatry Clin Neurosci (2007) 19(2):132–6. doi: 10.1176/jnp.2007.19.2.132

51. Burmeister LA, Ganguli M, Dodge HH, Toczek T, DeKosky ST, Nebes RD.
Hypothyroidism and cognition: preliminary evidence for a specific defect in
memory. Thyroid (2001) 11(12):1177–85. doi: 10.1089/10507250152741037

52. Ritchie M, Yeap B. Thyroid hormone: Influences on mood and cognition in
adults. Maturitas (2015) 81(2):266–75. doi: 10.1016/j.maturitas.2015.03.016

53. Wekking EM, Appelhof BC, Fliers E, Schene AH, Huyser J, Tijssen JG, et al.
Cognitive functioning and well-being in euthyroid patients on thyroxine
replacement therapy for primary hypothyroidism. Eur J Endocrinol (2005) 153
(6):747–53. doi: 10.1530/eje.1.02025

54. Samuels MH, Schuff KG, Carlson NE, Carello P, Janowsky JS. Health status,
psychological symptoms, mood, and cognition in l-thyroxine-treated hypothyroid
subjects. Thyroid (2007) 17(3):249–58. doi: 10.1089/thy.2006.0252

55. Brenowitz W, Han F, Kukull W, Nelson P. Treated hypothyroidism is
associated with cerebrovascular disease but not alzheimer's disease pathology in
o lder adu l t s . Neurob io l Ag ing ( 2018) 62 :64–71 . do i : 10 .1016 /
j.neurobiolaging.2017.10.004

56. Quinque E, Karger S, Arelin K, Schroeter M, Kratzsch J, Villringer A.
Structural and functional MRI study of the brain, cognition and mood in long-term
adequately treated hashimoto's thyroiditis. Psychoneuroendocrinology (2014)
42:188–98. doi: 10.1016/j.psyneuen.2014.01.015

57. Bauer M, Silverman D, Schlagenhauf F, London E, Geist C, van Herle K,
et al. Brain glucose metabolism in hypothyroidism: A positron emission
tomography study before and after thyroid hormone replacement therapy. J Clin
Endocrinol Metab (2009) 94(8):2922–9. doi: 10.1210/jc.2008-2235

58. Constant E, De Volder A, Ivanoiu A, Bol A, Labar D, Seghers A, et al.
Cerebral blood flow and glucose metabolism in hypothyroidism: A positron
emission tomography study. J Clin Endocrinol Metab (2001) 86(8):3864–70.
doi: 10.1210/jc.86.8.3864

59. He X, Ma N, Pan Z, Wang Z, Li N, Zhang X, et al. Functional magnetic
resource imaging assessment of altered brain function in hypothyroidism during
working memory processing. Eur J Endocrinol (2011) 164(6):951–9. doi: 10.1530/
EJE-11-0046

60. Kramer C, von Muhlen D, Kritz-Silverstein D, Barrett-Connor E. Treated
hypothyroidism, cognitive function, and depressed mood in old age: the rancho
Bernardo study. Eur J Endocrinol (2009) 161(6):917–21. doi: 10.1530/EJE-09-0606

61. Miller K, Parsons T, Whybrow P, Van Herle K, Rasgon N, Van Herle A,
et al. Memory improvement with treatment of hypothyroidism. Int J Neurosci
(2006) 116(8):895–906. doi: 10.1080/00207450600550154

62. Capet C, Jego A, Denis P, Noel D, Clerc I, Cornier AC, et al. [Is cognitive
change related to hypothyroidism reversible with replacement therapy? Rev Med
Interne (2000) 21(8):672–8. doi: 10.1016/s0248-8663(00)80022-3

63. Samuels MH, Kolobova I, Smeraglio A, Niederhausen M, Janowsky JS,
Schuff KG. Effect of thyroid function variations within the laboratory reference
range on health status, mood, and cognition in levothyroxine-treated subjects.
Thyroid (2016) 26(9):1173–84. doi: 10.1089/thy.2016.0141

64. Samuels MH, Kolobova I, Niederhausen M, Janowsky JS, Schuff KG. Effects
of altering levothyroxine (L-T4) doses on quality of life, mood, and cognition in l-
T4 treated subjects. J Clin Endocrinol Metab (2018) 103(5):1997–2008.
doi: 10.1210/jc.2017-02668

65. Ettleson MD, Raine A, Batistuzzo A, Batista SP, McAninch E, Teixeira M,
et al. Brain fog in hypothyroidism: Understanding the patient's perspective. Endocr
Pract (2022) 28(3):257–64. doi: 10.1016/j.eprac.2021.12.003

66. Boucai L, Hollowell J, Surks M. An approach for development of age-,
gender-, and ethnicity-specific thyrotropin reference limits. Thyroid (2011) 21
(1):5–11. doi: 10.1089/thy.2010.0092

67. Patient-Reported Outcome Measures. Baltimore, Maryland, USA: Centers
for Medicare andMedicaid Services (CMS): Measures Management System (MMS)
(2022). Available at: https://www.cms.gov/files/document/blueprint-patient-
reported-outcome-measures.pdf.

68. Watt T, Bjorner JB, Groenvold M, Rasmussen AK, Bonnema SJ, Hegedüs L,
et al. Establishing construct validity for the thyroid-specific patient reported
outcome measure (ThyPRO): an initial examination. Qual Life Res (2009) 18
(4):483–96. doi: 10.1007/s11136-009-9460-8

69. Watt T, Hegedus L, Groenvold M, Bjorner J, Rasmussen A, Bonnema S,
et al. Validity and reliability of the novel thyroid-specific quality of life
questionnaire, ThyPRO. Eur J Endocrinol (2010) 162(1):161–7. doi: 10.1530/EJE-
09-0521
frontiersin.org

https://doi.org/10.1210/jc.2005-1833
https://doi.org/10.1001/archinte.150.10.2077
https://doi.org/10.3389/fendo.2021.680647
https://doi.org/10.1007/s12020-017-1453-8
https://doi.org/10.1530/EJE-16-0708
https://doi.org/10.2215/CJN.06920712
https://doi.org/10.2215/CJN.06920712
https://doi.org/10.1136/bmj.l4892
https://doi.org/10.1530/EJE-20-1229
https://doi.org/10.1089/thy.2017.0517
https://doi.org/10.1089/thy.2017.0517
https://doi.org/10.1186/s12913-020-4910-7
https://doi.org/10.1038/nrcardio.2016.174
https://doi.org/10.1530/EJE-19-0006
https://doi.org/10.1001/jamanetworkopen.2022.11863
https://doi.org/10.1111/j.1365-2265.1992.tb01480.x
https://doi.org/10.1111/j.1365-2265.1992.tb01480.x
https://doi.org/10.1530/EJE-18-0551
https://doi.org/10.1210/clinem/dgab444
https://doi.org/10.1007/s40618-017-0753-4
https://doi.org/10.1634/theoncologist.2019-0234
https://doi.org/10.1634/theoncologist.2019-0234
https://doi.org/10.4158/1934-2403-26.3.359
https://doi.org/10.1136/bmj.d2238
https://doi.org/10.1002/jbmr.2416
https://doi.org/10.1111/j.1532-5415.1992.tb02130.x
https://doi.org/10.1111/j.1532-5415.1992.tb02130.x
https://doi.org/10.1210/jc.2008-2702
https://doi.org/10.1210/jc.2008-2702
https://doi.org/10.1176/jnp.2007.19.2.132
https://doi.org/10.1089/10507250152741037
https://doi.org/10.1016/j.maturitas.2015.03.016
https://doi.org/10.1530/eje.1.02025
https://doi.org/10.1089/thy.2006.0252
https://doi.org/10.1016/j.neurobiolaging.2017.10.004
https://doi.org/10.1016/j.neurobiolaging.2017.10.004
https://doi.org/10.1016/j.psyneuen.2014.01.015
https://doi.org/10.1210/jc.2008-2235
https://doi.org/10.1210/jc.86.8.3864
https://doi.org/10.1530/EJE-11-0046
https://doi.org/10.1530/EJE-11-0046
https://doi.org/10.1530/EJE-09-0606
https://doi.org/10.1080/00207450600550154
https://doi.org/10.1016/s0248-8663(00)80022-3
https://doi.org/10.1089/thy.2016.0141
https://doi.org/10.1210/jc.2017-02668
https://doi.org/10.1016/j.eprac.2021.12.003
https://doi.org/10.1089/thy.2010.0092
https://www.cms.gov/files/document/blueprint-patient-reported-outcome-measures.pdf
https://www.cms.gov/files/document/blueprint-patient-reported-outcome-measures.pdf
https://doi.org/10.1007/s11136-009-9460-8
https://doi.org/10.1530/EJE-09-0521
https://doi.org/10.1530/EJE-09-0521
https://doi.org/10.3389/fendo.2022.1026262
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Ettleson and Papaleontiou 10.3389/fendo.2022.1026262
70. Wong C, Lang B, Lam C. A systematic review of quality of thyroid-specific
health-related quality-of-life instruments recommends ThyPRO for patients with
benign thyroid diseases. J Clin Epidemiol (2016) 78:63–72. doi: 10.1016/
j.jclinepi.2016.03.006

71. Watt T, Bjorner J, Groenvold M, Cramon P, Winther K, Hegedus L, et al.
Development of a short version of the thyroid-related patient-reported outcome
ThyPRO. Thyroid (2015) 25(10):1069–79. doi: 10.1089/thy.2015.0209

72. Stott DJ, Rodondi N, Bauer DC, Group TS. Thyroid hormone therapy for
older adults with subclinical hypothyroidism. N Engl J Med (2017) 377(14):e20.
doi: 10.1056/NEJMc1709989

73. Nordqvist SF, Boesen VB, Rasmussen Å K, Feldt-Rasmussen U, Hegedüs L,
Bonnema SJ, et al. Determining minimal important change for the thyroid-related
quality of life questionnaire ThyPRO. Endocr Connect (2021) 10(3):316–24. doi:
10.1530/EC-21-0026

74. McMillan C, Bradley C, Woodcock A, Razvi S, Weaver J. Design of new
questionnaires to measure quality of life and treatment satisfaction in
hypothyroidism. Thyroid (2004) 14(11):916–25. doi: 10.1089/thy.2004.14.916

75. Borson-Chazot F, Terra JL, Goichot B, Caron P. What is the quality of life in
patients treated with levothyroxine for hypothyroidism and how are we measuring
it? a critical, narrative review. J Clin Med (2021) 10(7). doi: 10.3390/jcm10071386

76. Razvi S, Ingoe L, Keeka G, Oates C, McMillan C, Weaver J. The beneficial
effect of l-thyroxine on cardiovascular risk factors, endothelial function, and quality
of life in subclinical hypothyroidism: Randomized, crossover trial. J Clin Endocrinol
Metab (2007) 92(5):1715–23. doi: 10.1210/jc.2006-1869

77. McMillan C, Bradley C, Razvi S, Weaver J. Evaluation of new measures of
the impact of hypothyroidism on quality of life and symptoms: The ThyDQoL and
ThySRQ. Value Health (2008) 11(2) :285–94. doi : 10.1111/j .1524-
4733.2007.00232.x

78. Quinque E, Villringer A, Kratzsch J, Karger S. Patient-reported outcomes in
adequately treated hypothyroidism - insights from the German versions of
ThyDQoL, ThySRQ and ThyTSQ. Health Qual Life Outcomes (2013) 11.
doi: 10.1186/1477-7525-11-68

79. Michaelsson L, la Cour J, Medici B, Watt T, Faber J, Nygaard B.
Levothyroxine/Liothyronine combination therapy and quality of life: Is it all
about weight loss? Eur Thyroid J (2018) 7(5):243–50. doi: 10.1159/000490383

80. Moron-Diaz M, Saavedra P, Alberiche-Ruano M, Rodriguez-Perez C,
Lopez-Plasencia Y, Marrero-Arencibia D, et al. Correlation between TSH levels
and quality of life among subjects with well-controlled primary hypothyroidism.
Endocrine (2021) 72(1):190–7. doi: 10.1007/s12020-020-02449-4

81. Samuels M, Kolobova I, Smeraglio A, Peters D, Janowsky J, Schuff K. The
effects of levothyroxine replacement or suppressive therapy on health status, mood,
and cognition. J Clin Endocrinol Metab (2014) 99(3):843–51. doi: 10.1210/jc.2013-
3686

82. Groenewegen KL, Mooij CF, van Trotsenburg ASP. Persisting symptoms in
patients with hashimoto's disease despite normal thyroid hormone levels: Does
thyroid autoimmunity play a role? a systematic review. J Transl Autoimmun (2021)
4:100101. doi: 10.1016/j.jtauto.2021.100101

83. Bianchi G, Zaccheroni V, Solaroli E, Vescini F, Cerutti R, Zoli M, et al.
Health-related quality of life in patients with thyroid disorders - a study based on
short-form 36 and Nottingham health profile questionnaires. Qual Life Res (2004)
13(1):45–54. doi: 10.1023/B:QURE.0000015315.35184.66

84. Sorensen J, Watt T, Cramon P, Dossing H, Hegedus L, Bonnema S, et al.
Quality of life after thyroidectomy in patients with nontoxic nodular goiter: A
prospective cohort study. Head Neck-J For Sci Spec Head Neck (2017) 39(11):2232–
40. doi: 10.1002/hed.24886

85. Jonklaas J, Bianco AC, Bauer AJ, Burman KD, Cappola AR, Celi FS, et al.
Guidelines for the treatment of hypothyroidism: prepared by the american thyroid
Frontiers in Endocrinology 11
association task force on thyroid hormone replacement. Thyroid (2014) 24
(12):1670–751. doi: 10.1089/thy.2014.0028. A. T. A. T. F. o. T. H. Replacement.

86. Okosieme O, Gilbert J, Abraham P, Boelaert K, Dayan C, Gurnell M, et al.
Management of primary hypothyroidism: statement by the British thyroid
association executive committee. Clin Endocrinol (Oxf) (2016) 84(6):799–808.
doi: 10.1111/cen.12824

87. Walsh J, Ward L, Burke V, Bhagat C, Shiels L, Henley D, et al. Small changes
in thyroxine dosage do not produce measurable changes in hypothyroid symptoms,
well-being, or quality of life: Results of a double-blind, randomized clinical trial. J
Clin Endocrinol Metab (2006) 91(7):2624–30. doi: 10.1210/jc.2006-0099

88. Biondi B, Cappola AR, Cooper DS. Subclinical hypothyroidism: A review.
JAMA (2019) 322(2):153–60. doi: 10.1001/jama.2019.9052

89. Jonklaas J, Bianco AC, Cappola AR, Celi FS, Fliers E, Heuer H, et al.
Evidence-based use of Levothyroxine/Liothyronine combinations in treating
hypothyroidism: A consensus document. Thyroid (2021) 31(2):156–82.
doi: 10.1089/thy.2020.0720

90. Chen D, Yeh M. Disparities in thyroid care. Endocrinol Metab Clinics North
America (2022) 51(2):229–41. doi: 10.1016/j.ecl.2021.11.017

91. Johansen ME, Marcinek JP, Doo Young Yun J. Thyroid hormone use in the
united states, 1997-2016. J Am Board Fam Med (2020) 33(2):284–8. doi: 10.3122/
jabfm.2020.02.190159

92. Mitchell AL, Hickey B, Hickey JL, Pearce SHS. Trends in thyroid hormone
prescribing and consumption in the UK. BMC Public Health (2009) 9(1):132.
doi: 10.1186/1471-2458-9-132

93. Ettleson MD, Bianco AC, Zhu M, Laiteerapong N. Sociodemographic
disparities in the treatment of hypothyroidism: NHANES 2007-2012. J Endocr
Soc (2021) 5(7):bvab041. doi: 10.1210/jendso/bvab041

94. Asvold BO, Vatten LJ, Bjøro T. Changes in the prevalence of
hypothyroidism: the HUNT study in Norway. Eur J Endocrinol (2013) 169
(5):613–20. doi: 10.1530/eje-13-0459

95. Gavigan C, Cooper DS. Racial disparities in thyroid disease care. Clin
Thyroidology (2020) 32(11):529–33. doi: 10.1089/ct.2020;32.529-533

96. Somwaru LL, Arnold AM, Cappola AR. Predictors of thyroid hormone
initiation in older adults: results from the cardiovascular health study. J Gerontol A
Biol Sci Med Sci (2011) 66(7):809–14. doi: 10.1093/gerona/glr063

97. la Cour JL, Medici BR, Grand MK, Nicolaisdottir DR, Lind B, Faber J, et al.
Risk of over- and under- treatment with levothyroxine in primary care in
Copenhagen, Denmark. Eur J Endocrinol (2021) 185(5):673–9. doi: 10.1530/EJE-
21-0485

98. Stoll K. Disparities in thyroid screening and medication use in Quebec,
Canada. Health Equity (2019) 3(1):328–35. doi: 10.1089/heq.2018.0051

99. Maraka S, Mwangi R, Yao X, Sangaralingham L, Ospina N, O'Keeffe D, et al.
Variation in treatment practices for subclinical hypothyroidism in pregnancy: US
national assessment. J Clin Endocrinol Metab (2019) 104(9):3893–901.
doi: 10.1210/jc.2019-00057

100. Surks M, Boucai L. Age- and race-based serum thyrotropin reference
limits. J Clin Endocrinol Metab (2010) 95(2):496–502. doi: 10.1210/jc.2009-1845

101. Kyalwazi A, Loccoh E, Brewer L, Ofili E, Xu J, Song Y, et al. Disparities in
cardiovascular mortality between black and white adults in the united states, 1999 to
2019. Circulation (2022) 146(3):211–28. doi: 10.1161/CIRCULATIONAHA.122.060199

102. Schultz W, Kelli H, Lisko J, Varghese T, Shen J, Sandesara P, et al.
Socioeconomic status and cardiovascular outcomes challenges and interventions.
Circulation (2018) 137(20):2166–78. doi: 10.1161/CIRCULATIONAHA.117.029652

103. Noel S, Santos M, Wright N. Racial and ethnic disparities in bone health
and outcomes in the united states. J Bone Miner Res (2021) 36(10):1881–905.
doi: 10.1002/jbmr.4417
frontiersin.org

https://doi.org/10.1016/j.jclinepi.2016.03.006
https://doi.org/10.1016/j.jclinepi.2016.03.006
https://doi.org/10.1089/thy.2015.0209
https://doi.org/10.1056/NEJMc1709989
https://doi.org/10.1530/EC-21-0026
https://doi.org/10.1089/thy.2004.14.916
https://doi.org/10.3390/jcm10071386
https://doi.org/10.1210/jc.2006-1869
https://doi.org/10.1111/j.1524-4733.2007.00232.x
https://doi.org/10.1111/j.1524-4733.2007.00232.x
https://doi.org/10.1186/1477-7525-11-68
https://doi.org/10.1159/000490383
https://doi.org/10.1007/s12020-020-02449-4
https://doi.org/10.1210/jc.2013-3686
https://doi.org/10.1210/jc.2013-3686
https://doi.org/10.1016/j.jtauto.2021.100101
https://doi.org/10.1023/B:QURE.0000015315.35184.66
https://doi.org/10.1002/hed.24886
https://doi.org/10.1089/thy.2014.0028
https://doi.org/10.1111/cen.12824
https://doi.org/10.1210/jc.2006-0099
https://doi.org/10.1001/jama.2019.9052
https://doi.org/10.1089/thy.2020.0720
https://doi.org/10.1016/j.ecl.2021.11.017
https://doi.org/10.3122/jabfm.2020.02.190159
https://doi.org/10.3122/jabfm.2020.02.190159
https://doi.org/10.1186/1471-2458-9-132
https://doi.org/10.1210/jendso/bvab041
https://doi.org/10.1530/eje-13-0459
https://doi.org/10.1089/ct.2020;32.529-533
https://doi.org/10.1093/gerona/glr063
https://doi.org/10.1530/EJE-21-0485
https://doi.org/10.1530/EJE-21-0485
https://doi.org/10.1089/heq.2018.0051
https://doi.org/10.1210/jc.2019-00057
https://doi.org/10.1210/jc.2009-1845
https://doi.org/10.1161/CIRCULATIONAHA.122.060199
https://doi.org/10.1161/CIRCULATIONAHA.117.029652
https://doi.org/10.1002/jbmr.4417
https://doi.org/10.3389/fendo.2022.1026262
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Evaluating health outcomes in the treatment of hypothyroidism
	Introduction
	Methods
	The evolution of markers of thyroid hormone status
	Treatment of hypothyroidism and clinical health outcomes
	All-cause mortality
	Cardiovascular outcomes
	Bone health outcomes
	Neurocognitive outcomes
	Inherent limitations of health outcome studies

	Patient-reported outcomes
	ThyPRO
	PROs in treated hypothyroidism
	The limitations of using PRO studies to inform clinical management

	Sociodemographic disparities in clinical outcomes
	Knowledge gaps and future directions
	Conclusion
	Author contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


