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Early disease detection is commonly assumed to be helpful for treatment initiation, disease
management, and prevention of complications. For several chronic conditions, the medical
community is labeling predisposing disease states at lower than diagnostic thresholds, such as
prediabetes and prehypertension, to improve monitoring of disease progression. While labeling
may improve awareness of disease progression, treatment at these lower thresholds may prompt
concerns for overdiagnosis and overtreatment. We investigate one of the most globally prevalent
diseases, hypothyroidism, which is treated with one of the most prescribed medications worldwide,
levothyroxine. Using commercial claims data from 2003 to 2021, we assess two common
thresholds in thyroid-stimulating hormone (TSH) levels, a lower monitoring threshold of
subclinical hypothyroidism (label) where prescription is controversial, and a higher prescription
threshold of overt hypothyroidism (diagnosis) where prescription is recommended. We estimate
local average treatment effects via a regression discontinuity design. We find no jump in
prescriptions at the higher diagnostic threshold. However, we observe a substantial increase in
prescriptions and associated costs at the lower labeling threshold without significant improvements
across health outcomes. A back-of-the-envelope calculation reveals that moving the labeling
threshold closer to the diagnostic threshold can generate cost savings exceeding $1.5 billion
annually among the U.S. adult population.
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Introduction

Early disease detection has promise to reduce disease burden, prevent disease progression
and associated costs, and improve patient outcomes by addressing health concerns before
complications arise. One way to achieve earlier detection is to expand diagnostic thresholds (i.e.,
increase test sensitivity) to include pre-disease labeling thresholds. Examples of this practice
include diabetes with prediabetes, hypertension with prehypertension and hypothyroidism with
subclinical hypothyroidism. Recently, the medical community has called for a measure of
preclinical obesity as well (Iacobucci 2025). In specific instances, such as in the case of cervical
cancer, pre-disease labels have proven effective (Viera 2011). However, expanding diagnostic
thresholds may inadvertently result in overlabeling, a phenomenon whereby heightened focus on
“pre-disease” states yields excessive categorization of at-risk or diseased individuals, even when
the actual likelihood of a significant health decline is minimal (Viera 2011).

There are numerous potential downstream consequences that may arise from overlabeling,
including overdiagnosis and overtreatment. ! Patients who might never experience adverse
outcomes from their labeled diagnoses (i.e., labels) may be exposed to greater psychological strain
or unnecessary treatment with associated side effects and financial burden. At the population level,
excessive healthcare utilization may ultimately raise health insurance premia overall (Levine &
Mulligan 2015). There is particular concern about overprescription, a type of overtreatment
prevalent in the U.S. healthcare system (Ooi 2020). Overprescription occurs when medications are
prescribed without strict adherence to medical guidelines, despite the availability of expert
recommendations (Lyu 2017). This practice contributes to polypharmacy, financial burden,

dissatisfaction with treatment (Peterson 2018), and drug-related morbidity and mortality (Hepler

! Overlabeling does not need to accompany overdiagnosis, but overdiagnosis usually accompanies overlabeling.
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2001, Patel & Zed 2002). It is essential to investigate the costs and benefits from expanding
diagnostic criteria to include pre-disease labels and investigate overlabeling concerns seriously.

To better understand labeling and any associated downstream consequences, we study
hypothyroidism, which affects over 11.7% of U.S. Americans (Wyne et al. 2023) and an estimated
10% globally (Chiovato et al. 2019).? Hypothyroidism, or underactive thyroid, is a disease of the
endocrine system that reflects insufficient production of thyroid hormone (thyroxine, or T4) from
the thyroid gland. Common symptoms include fatigue, cold sensitivity, muscle ache, weight gain,
and emotional and cognitive difficulty.

Traditional diagnosis is made with laboratory measurements, including thyroid stimulating
hormone (TSH, or thyrotropin), which stimulates the thyroid gland to produce and secrete thyroid
hormone.* Higher than normal levels of TSH suggest lower than normal thyroid hormone
production, because the endocrine system is attempting to stimulate increased thyroid hormone
production. In the United States, patients with normal free T4 levels and mildly elevated TSH levels
(>4.5mIU/L and <10mIU/L) receive the pre-disease label of subclinical hypothyroidism. Patients
with significantly elevated TSH levels (>10mIU/L) receive the diagnosis of overt hypothyroidism.
A substantial share of patients with subclinical hypothyroidism eventually progress to overt
hypothyroidism (Fatourechi 2009).

The standard of care for hypothyroidism management is levothyroxine, which acts as a
thyroid hormone replacement (Jonklaas et al. 2014). Medical guidelines generally recommend that

patients with subclinical hypothyroidism labels be monitored but not treated with levothyroxine

2 The statistics here are provided based on the two main types of hypothyroidism identified via blood panels and
referred to below as subclinical and overt hypothyroidism.

3 Serum free T4 (FT4) is also commonly recommended in medical guidelines as an additional measure but seldom
used (Sheehan 2016).
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(Jonklaas et al. 2014, Calissendorff and Falhammar 2020, Biondi and Cappola 2022), especially in
elderly patients (Du Puy 2021). For patients with overt hypothyroidism diagnoses, levothyroxine
treatment is indicated and has been documented to improve outcomes (Jonklaas et al. 2014, Biondi
and Cappola 2022).

Levothyroxine consistently ranks within the top five medications prescribed globally
(Iversen et al. 2022, ClinCalc 2023, HealthPrep 2023). Perhaps unsurprisingly, then,
overprescription of levothyroxine has been described for decades as a potential concern (Friedman
1992), both in the United States and worldwide (Ross et al. 1990, De Whalley 1995, Canaris 2000).
About 30% of patients prescribed levothyroxine may not meet diagnostic criteria for overt
hypothyroidism (Brito et al. 2021). In addition to the emotional weight and financial burden of an
additional prescription, levothyroxine’s side effect profile may increase patient risk for adverse
events, unnecessarily.

One channel for overlabeling is information delivery, namely how patient laboratory (i.e.,
lab) values related to diagnostic thresholds are conveyed to clinicians. Rather than provide separate
flags for patients with TSH lab values meeting labeling criteria for subclinical hypothyroidism and
patients with TSH lab values meeting diagnostic criteria for overt hypothyroidism, electronic health
record systems coarsely flag all TSH lab values outside of normal limits in the same way (see
Figure S1 for illustrative examples for laboratory reports). From the perspective of clinicians,
subclinical and overt hypothyroidism patients receive the same flag. If clinicians use a heuristic
that associates this TSH flag with levothyroxine prescription, then clinicians may overprescribe
subclinical hypothyroidism patients.

Establishing and quantifying the causal effects of labeling is critically important for

policymakers and healthcare providers to introduce evidence-based solutions. Because it would be
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unethical to assign patients to likely overlabeled conditions using a randomized controlled trial, the
causal relationship between labeling and its sequelae is difficult to measure. Instead, we employ a
regression discontinuity design (RDD) to study two thresholds of hypothyroidism salient for
clinician decision-making, one for overt hypothyroidism — the prescription threshold where
prescription is recommended — and one for subclinical hypothyroidism — the monitoring threshold
where prescription is not guideline-directed. In our setting, prescription at the monitoring threshold
may provide evidence of overlabeling. The RDD is a statistical method for obtaining quasi-random
causal evidence from retrospective real-world observational data when certain verifiable statistical
assumptions are met. The approach has been successfully used in a wide variety of research studies
across a plethora of disciplines (e.g., see Almond 2010, Jensen 2015, Geneletti 2015,
Venkataramani 2016, Lemp et al. 2023, Eyting et al. 2025) with strong evidence for internal and
external validity (Chaplin et al. 2018). The RDD allows investigation of the causal effect of medical
guidelines that introduce differential recommendations for clinical actions at a given threshold. For
example, if'a drug is prescribed with a higher likelihood above a certain labeled threshold for which
there is no explicit recommendation to treat, then the treatment effect can be interpreted as evidence
of overlabeling. The identifying assumption for causal interpretation of the RDD treatment effect
is that patients slightly above or below the threshold are considered equal in all attributes other than
their minimally different laboratory measurements, thus forming natural treatment and control
groups.

This study is among the first to provide causal evidence of overlabeling and associated
downstream effects on health and financial outcomes. We also contribute methodologically to the
literature on overdiagnosis and overtreatment, where it is challenging to employ causal

identification strategies due to ethical limitations on randomization. Using commercial claims data
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for millions of patients over nearly two decades, we observe a significant jump in the diagnosis rate
of hypothyroidism and prescription rate of levothyroxine at the TSH monitoring threshold of 4.5
mlU/L, at which guidelines recommend pre-disease labels of subclinical hypothyroidism but do
not recommend prescription (Jonklaas et al. 2014). If we had observed improvements in patient
health accompanying these diagnoses and prescriptions, then we would consider early treatment at
the TSH monitoring threshold to be an effective policy. However, we find that health outcomes do
not change in a clinically meaningful way at the monitoring threshold. Furthermore, associated
healthcare costs increase substantially. We interpret these increases in costs without accompanying
increases in benefits to be consistent with overlabeling. A back-of-the-envelope calculation reveals
substantial potential to reduce costs for the US adult population. Cost saving estimates range from
$1.64 billion within one year up to $2.77 billion within five years when moving the monitoring

threshold closer to the prescription threshold at which treatment is guideline-directed.

Methods

Data source and sample selection

We use health insurance data from Optum’s de-identified Clinformatics® Data Mart (CDM)
database, which include claims for diagnoses, prescriptions, and laboratory test results for
90,857,976 patients across 10,236,502 providers from 2003 to 2021 (Detailed definitions of each
outcome are provided in Table S1 and TSH Ilaboratory, Levothyroxine prescription, and
hypothyroidism diagnoses codes are available in Tables S2-S3). We focus on 15,683,706 unique
patients with TSH laboratory measurements, since TSH is considered the best and (often) only test

needed for evaluation of hypothyroidism (Sheehan 2016).* In clinical decision-making, upper

4 In further checks in the supplements, we show tests with serum free T4 (FT4) measures.
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limits of TSH measurements (i.e., maximum thresholds of the normal reference range) play a
critical role, because they are prominently highlighted in medical records viewed by clinicians
(Albert 2024). Values exceeding the upper limit may prompt further diagnostic actions, including
monitoring, and/or medical treatment. The majority (85%) of TSH measurements have a
laboratory-specific upper limit of 4.5 mIU/L or 5.5 mIU/L, and the modal threshold (56.1%) is 4.5
mlIU/L. This upper limit of 4.5 mIU/L is particularly relevant, since it is used as the threshold for
subclinical hypothyroidism labels (Wilson and Curry, 2005). Therefore, for estimation of our main
treatment effects, we focus on patients who receive TSH labs with an associated upper limit of 4.5
mlU/L. Patients with prior levothyroxine prescriptions, prior hypothyroidism diagnoses, prior
hyperthyroidism treatments, history of thyroid cancer, history of thyroidectomy, first levothyroxine
prescription after 1 year from initial TSH measurement, pregnancy at time of TSH test, missing
demographic information (e.g., race, age), and those younger than 18 years of age at time of first
TSH test are excluded. The primary cohort for estimates around the 4.5 mIU/L threshold includes
772,715 patients (see Figure S2). Patients with alternative TSH values and upper limits are included
in supplementary analyses.’
--- Table 1 ---

Table 1 provides descriptive statistics of patients identified by different bandwidths. The large
bandwidth contains information ranging from TSH values between 0.5 mIU/L to 15 mIU/L and
includes both the upper limit of 4.5 mIU/L (monitoring threshold associated with subclinical
hypothyroidism label) and 10 mIU/L (prescription threshold associated with overt
hypothyroidism). In the large bandwidth, 50.50% of patients are between the ages of 30 to 60 years,

54.50% are female, and 64.40% are white. Dates of TSH measurements range from January 1, 2003,

> We have a robustness check for all results with the 5.5 mIU/L upper limit which is available upon request.
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through November 19, 2021. 49.2% of patients are continuously enrolled in CDM for at least 1
year after initial TSH measurement. Baseline hypertension and diabetes mellitus were found in
35% and 14% of patients, respectively. To estimate a global quadratic polynomial around the upper
lab limit (and monitoring) threshold of 4.5 mIU/L, we construct a medium bandwidth of 2.0 to 7.0
mlU/L. However, neither the large nor medium bandwidths are sufficiently narrow to obtain a local
average treatment effect via RDD. Hence, we construct a narrow bandwidth from 3.25 to 5.75
mlU/L. This bandwidth has a slightly lower share of adult patients (42.30% aged 30 to 60) and
higher shares of female (56%), and white (67.70%) patients with baseline hypertension (39%) and
diabetes mellitus (16%) measures but is otherwise similar to the broader patient pool. For each
outcome of interest, we also construct optimal bandwidths following Imbens and Kalyanaraman

(2012).

Satisfying the relevant statistical assumptions for RDD

The RDD allows us to measure the impact of crossing guideline thresholds on prescriptions, health
outcomes, and financial outcomes due to quasi-random assignments above and below the TSH
upper limit threshold of 4.5 mIU/L. With RDD assumptions satisfied, we can make causal intent-
to-treat statements for patients that are sufficiently near the threshold.

The RDD requires that there is no clinician manipulation of laboratory values, in which
case certain patients may be more likely above the threshold and selected to receive treatment
relative to others. In our setting, laboratory tests are decentralized. Blood is drawn in a medical
clinic or external laboratory; external laboratories outside clinician purview conduct assays and
upload results to electronic medical record systems for clinicians to view. In this process, laboratory

technicians lack incentives to manipulate results. Statistically, we do not observe evidence of
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manipulation and find no change in the frequency of TSH values or covariates across the threshold
(see Figures S3-S7 and Table S4).

Further, one may worry about other interventions occurring at the same threshold, in which
case we cannot attribute our treatment effects to subclinical hypothyroidism labeling, alone. To our
knowledge, no other relevant clinical decision-making interventions occur at the TSH threshold of
4.5 mlIU/L. Therefore, we attribute any changes in outcomes to the salient subclinical

hypothyroidism label.

Results

Prescription, diagnoses, and costs increase at monitoring threshold but not prescription threshold

Guidelines distributed by the American Thyroid Association (ATA) and the Association of
American Family Physicians (AAFP) recommend levothyroxine prescription for management of
overt hypothyroidism, which diagnosis occurs at TSH levels above 10 mIU/L (i.e., prescription
threshold). In contrast, guidelines recommend routine monitoring but not prescription at TSH levels
above 4.5 mIU/L (i.e., monitoring threshold) but below 10 mIU/L (more details under
Methods/Description of hypothyroidism guidelines). Therefore, one may expect a large jump in
prescriptions at the TSH threshold of 10 mIU/L but not at the TSH threshold of 4.5 mIU/L. Any
jump observed at the monitoring threshold without accompanying health benefits is thus evidence
for overlabeling. We attribute jumps at the monitoring threshold to threshold salience, since it is at
this threshold that TSH values are first flagged as above normal limits.

--- Figure 1 ---
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Figure 1 depicts prescription, diagnoses, and thyroid-related cost outcomes one year after
initial TSH measurement.® In Figure 1 Panel A we do not observe any significant discontinuity in
the share of patients with prescriptions above versus below the prescription threshold of 10 mIU/L.’
However, we find a visually detectable jump in the share of patients with prescriptions at the
monitoring threshold of 4.5 mlIU/L, which coincides with the threshold for subclinical
hypothyroidism labels. The jump at 4.5 mIU/L is a sizeable 15 percentage points (pp.) from a
baseline level of 10%, which corresponds to a 150% relative increase in levothyroxine
prescriptions. These results are robust to other prescription windows (see Figure S8).

Given the jump in the prescription propensity at the monitoring threshold, one may expect
an associated increase in hypothyroidism diagnosis at this threshold. Indeed, Figure 1 Panel B
shows an increase of around 20 pp. in the likelihood of diagnosis at the 4.5 mIU/L threshold, which
corresponds to a 200% relative increase. When evaluating patients that receive both prescription
and diagnosis (Figure S9 Panel A), we find a jump consistent in magnitude to that observed for
prescriptions only. This is reassuring, since we would expect prescriptions to be accompanied by a
formal diagnosis (e.g., for insurance purposes). From a financial perspective, we may expect cost
increases to accompany observed increases in the share of prescriptions and diagnoses at the
monitoring threshold. Figure 1 Panel C shows an increase in thyroid-related costs by $22 (19%
above baseline).® These costs appear to be driven by levothyroxine prescription and refill costs
(Figure S9 Panel B and Figure S10) and TSH laboratory test costs (Figure S9 Panel C).

Stark increases in prescriptions and corresponding costs over the monitoring threshold

suggest that clinicians do not strictly adhere to medical guidelines for hypothyroidism management.

® Table 1 displays the treatment effects for these laboratory outcomes.
7 The coefficient is insignificant at the five percent level.
8 Thyroid related costs are defined based on thyroid-related prescriptions, laboratory measures, and procedures.
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The results are robust to alternative specifications and bandwidths (see Figures S11-13). However,
to claim that observed labeling practices are sub-optimal additionally requires that increases in
prescriptions and diagnoses at the subclinical hypothyroidism threshold are not accompanied by
associated improvements in health outcomes. Therefore, we study patient outcomes across two

dimensions of health: laboratory-based measures and diagnosis-based measures.

No meaningful effects based on laboratory or diagnosis-based measures

To better understand whether prescription and diagnosis behavior are associated with improved
health for patients with subclinical hypothyroidism labels, we study (1) whether there are any
beneficial changes in thyroid-relevant laboratory outcomes, and (2) whether diagnosis-based health
outcomes improve, for patients just above versus just below the monitoring threshold.

--- Figure 2 ---

Figure 2 depicts changes in laboratory outcomes one year after initial TSH measurement.
Treatment effects are estimated linearly using the narrow TSH bandwidth of 3.25 to 5.75 mIU/L.’
If levothyroxine prescriptions are beneficial, a substantial drop in TSH values is expected.
However, Figure 2 Panel A shows a statistically significant but clinically insignificant decrease in
TSH values of -0.16 mIU/L (3.5% relative to the baseline). While we do not observe a substantial
change in average TSH values, one might still expect changes at the extremes of TSH values.
Overly aggressive hypothyroidism treatment may result in iatrogenic thyrotoxicosis, a medically
induced condition defined by too much thyroid hormone, rather than too little, from excessive
levothyroxine use. Indeed, Figure 2 Panel B shows a significant increase in the fraction of TSH

values below the lowest normal TSH value (0.4 mIU/L), which corresponds to the threshold of

° Table 2 Panel B displays the treatment effects for these laboratory outcomes.

11
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concern for thyrotoxicosis. While concern for thyrotoxicosis is rare and affects only 2% of our
sample below the monitoring threshold, this share increases by 0.4 pp (20% relative to the baseline)
above the monitoring threshold, warranting attention, since thyrotoxicosis left untreated may result
in serious medical complications (Ross et al. 2016).

A substantial literature discusses the benefits of levothyroxine in reducing low-density
lipoprotein (LDL) cholesterol for individuals with hypothyroidism (Kotwal et al. 2020). If
levothyroxine were beneficial for patients at the threshold, then a reduction in LDL would be
expected. However, Figure 2 Panel C shows no significant reduction in LDL at the monitoring
threshold. If at all, we observe an insignificant increase in LDL. Similarly, studies have documented
that levothyroxine may improve kidney function (e.g., see Hennessey et al., 2021), which is
measured using the estimated Glomerular Filtration Rate (eGFR). However, Figure 2 Panel D
shows no clinically meaningful increase in eGFR at the monitoring threshold.!”

--- Figure 3 ---

Figure 3 illustrates changes in diagnosis-based health outcomes one year after initial TSH
measurement. !' Thyroid function is biologically linked to both skeletal and cardiovascular
physiology, and several studies have found associations between thyroid pathology and fracture
risk (Tuchendler and Bolanowski 2014) as well as thyroid pathology and cardiovascular risk (Razvi
et al. 2018). Were hypothyroidism effectively treated at the monitoring threshold, we might expect
decreases in the share of patients with fractures and cardiovascular complications above versus

below the threshold. Figure 2 Panel A and Panel B show the share of patients with fracture

10 Importantly, statistically significant estimates, as shown in Table 2 Panel B, are not robust to alternative functional
form specifications either. A robustness check using a quadratic shows an insignificant treatment effect on eGFR
(available upon request).

! Table 2 Panel C displays the treatment effects for these diagnosis-based health outcomes.

12
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diagnoses and CVD hospitalizations, respectively. We find no significant difference in shares of
affected patients at the monitoring threshold. We also study aggregate measures of health, including
all-cause hospitalization and all-cause mortality, which provide a comprehensive view into health
and capture other aspects of health that may come from early disease management. To justify the
current treatment regime for patients with subclinical hypothyroidism labels but not overt
hypothyroidism diagnoses, we might expect reductions in the likelihood of hospitalization and
mortality at the monitoring threshold. However, both Panel C and Panel D, which depict all-cause
mortality and all-cause hospitalization, respectively, do not indicate any change when crossing this
threshold.

All results from Figures 1-3 are robust to longer time horizons of 2, 3, or 5 years (Table S5-
7), inclusion of covariates, different weights (Table S8), an instrumental variables strategy (Table
S9), and pooling of the two most prevalent upper limits of the reference range, i.e. 4.5 mIU/L and
5.5 mIU/L (Table S10). The results are also robust to alternative specifications and different
bandwidths (see Figures S14-21). As such, we find no evidence of clinically meaningful changes
in laboratory-based or diagnosis-based proxies for patient health across the TSH monitoring

threshold of 4.5 mIU/L.

Moving monitoring threshold towards prescription threshold could improve health

Treatment for patients with subclinical hypothyroidism labels at the TSH monitoring threshold of
4.5 mIU/L appears to increase costs without improving—and potentially harming— health
outcomes. We interpret these findings about pre-disease labeling practices to be evidence of

overlabeling via channels of overdiagnosis and overtreatment (in this context, overprescription).

13
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One feasible solution to mitigate overlabeling concerns could be to move the monitoring
threshold used for subclinical hypothyroidism labeling closer to the prescription threshold used for
overt hypothyroidism diagnosis. Following Dong and Lewbel (2015), we investigate the
implications of this policy by simulating treatment effects for counterfactual labeling thresholds
(see Methods/Statistical analysis: extrapolation away from the threshold).

--- Table 3 ---

Table 3 shows extrapolated treatment effects from the status quo monitoring threshold of
4.5 mIU/L to new thresholds, including 5.0 mIU/L, 6.0 mIU/L, and 7.0 mIU/L, the last of which
has been recommended by the literature (Ross 2022). Table 3 Panel A shows that jumps in
levothyroxine prescriptions, hypothyroidism diagnoses, and thyroid-related costs increase when
moving the monitoring threshold towards the prescription threshold. These increases are
expected—as TSH values approach diagnostic criteria for overt hypothyroidism, and patient
symptoms likely increase, clinicians should increasingly manage concerns for hypothyroidism.
Table 3 Panel B shows simulated treatment effects for laboratory outcomes. As the monitoring
threshold moves further to the right, we observe stronger predicted reductions in future TSH values
and increases in eGFR values, suggestive improvements to lab-based proxies for health. However,
we also predict increases in LDL values and in the share of TSH values in the range of
thyrotoxicosis, which may warrant concern. While we predict some changes in laboratory outcomes
when moving the threshold, Table 3 Panel C shows that diagnosis-based health outcomes only

marginally change.

Back-of-the-envelope cost calculation when moving the threshold upwards

14
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While thyroid-related costs increase when extrapolating the monitoring threshold upwards, these
costs alone are not sufficient for a holistic understanding of the impact of changes to the monitoring
threshold. For example, this measure does not contain visits to the doctor, which monitoring can
comprise a large portion of healthcare expenditure and be expected to decrease as the share of
monitored patients decreases (i.e., as the monitoring threshold is shifted upwards). Further,
hypothyroidism may be associated with additional comorbidity burden or adverse effects from
treatment (Taylor et al. 2024) that may not be captured without other cost measures. Additionally,
behavioral effects from early hypothyroidism labels could lead patients to request healthcare
services that they otherwise would not seek. To account for these possibilities, we investigate more
comprehensive cost measures.

Table S11 depicts treatment effects on our monitoring threshold and extrapolated thresholds
as well as a back-of-the-envelope calculation based on 1-year estimates for a plethora of cost
outcomes. Table S11 Panel A mirrors Table 3 with a focus on a range of broader cost categories.'?
We find increases in costs from visits to general physicians (GP), the emergency room (ER), and
inpatient hospitalizations when crossing the monitoring threshold. Indeed, one-year total
standardized costs increase by around $256 on average per person, which is driven by inpatient
costs. 1> These findings appear to be consistent with the idea that patients with additional
comorbidities (i.e., from an additional diagnosis of hypothyroidism) receive more unnecessary
costly attention from physicians, particularly in the inpatient setting. Indeed, we observe increases

in general physician visits, emergency room visits, and new and established patient visits (Figure

12 We have estimates for more granular information on costs for all the subcategories, including costs on comorbidities.
All measures of costs are run with the main sample of 772,715 patients where patients that did not incur costs of a
particular type receive a cost of zero.

13 We also find significant increases in total standardized costs after year two and onwards (available upon request).
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S22 Panels A-D), all of which are consistent with increased monitoring. Importantly, in
counterfactual simulations, total standardized costs drop substantially by $424 when moving from
4.5 mIU/L to 7.0 mIU/L. These results suggest substantial financial benefits from prescribing and
diagnosing at higher thresholds, which likely stem from more tailored management of patients with
concern for hypothyroidism.'*

We use treatment effects from total standardized costs for a back of the envelope calculation
in Table S11 Panel B to better understand the counterfactual world in which labeling would occur
at a TSH value of 7 mIU/L rather than 4.5 mIU/L, as has been recommended by the medical
literature (Ross 2022). First, we multiply the prescription jump of 13.16 pp with the sample size of
patients in small and medium bandwidths (772,715 and 6,996,054 patients, respectively). Next, we
multiply this product with the extrapolated treatment effect at the 7 mIU/L threshold for one year
(-$424.85) and five years (-$717.85)." Finally, we interpret these results as estimated cost savings
of about $43 to $72 million for the small sample and $391 to $660 million for the medium sample
after one and five years, respectively. If instead we use the population of affected patients (11% of
266 million adults) across the United States, we arrive at total annual costs savings ranging from

$1.6 to $2.7 billion after one and five years, respectively.!¢

Discussion

This study investigates costs and benefits of pre-disease labeling for one of the most globally

prevalent diseases, hypothyroidism. Utilizing a regression discontinuity design, we find evidence

14 The histogram of TSH values in Figure S3 provides additional supporting evidence for this notion.

15 An equivalent version of the back-of-the envelope calculation could have used the jump in diagnosis of 19.67 pp.
However, the 13.16 pp. allows for a more conservative estimate and as such, we use it here.

16 We estimated the subclinical hypothyroidism prevalence to be 11% by scaling the 11.7% total hypothyroidism
prevalence from Wyne et al. (2023) by 94%—the proportion of subclinical cases (TSH >4.5 and <10 mIU/L) within
all hypothyroidism cases (TSH >4.5 mIU/L) found in our claims data. Overall, we consider the estimates to be
conservative with a separate upper bound for costs savings based on charges exhibiting a higher savings potential
(available upon request).
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of overprescribing near the upper limit of normal TSH measures, which coincides with the labeling
threshold for subclinical hypothyroidism, at which monitoring is guideline-recommended but not
pharmaceutical treatment. We also observe associated increases in thyroid-related and total costs
without evidence of improvements in health outcomes. Counterfactual simulations suggest that
moving the threshold used to label subclinical hypothyroidism may yield potential cost savings in
the United States from $1.6 to $2.7 billion. These results provide a basis for policymakers and
practitioners alike to reconsider pre-disease labeling practices and address overlabeling concerns
in hypothyroidism.

The “real world” results in this paper are, in a nuanced manner, comparable to those of a
randomized clinical trial (RCT). While RCTs are valuable, their statistical power is often
constrained by sample size. By investigating threshold treatment behavior on diagnoses,
prescriptions, and monitoring practices in general, we add to the literature from previously
published RCTs. It is reassuring that our results are consistent with findings from several RCTs,
notably on eGFR (Tang 2018) and fractures (Mooijaart 2019).!7 On the other hand, mortality
benefits for patients younger than 65 years compared to older patients were not observed (Peng
2021), nor did we find significant decreases in LDL (Li 2017), for patients more likely to receive

levothyroxine (i.e., those above the monitoring threshold).

Applying rigorous quasi-experimental methods to advance our understanding of overlabeling

This study demonstrates overlabeling near the upper normal limit of TSH for patients with
subclinical hypothyroidism labels. In this context, the consequences of overlabeling are realized

through overdiagnosis and overtreatment. Overlabeling is not well studied. To our knowledge, only

17 Similar to Mooijaart (2019), we also find null effects on the outcomes of atrial fibrillation and other cardiovascular
events (available upon request).
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two papers explore related issues but in a separate context of prediabetes and with a focus on the
diagnostic threshold (lizuka et al. 2021, Alalouf et al. 2024). Concerns about overdiagnosis and
overtreatment have been documented for decades, especially in the most recent opioid crisis (Welch
etal. 2011, Brownlee et al. 2017, Makary et al. 2017). However, this phenomenon has seldom been
investigated rigorously within a causal framework for such a large population nor at such low TSH
levels, which is essential for making prescription decisions (Feller 2018). Though levothyroxine
prescription is guideline-recommended at TSH levels of 10 mIU/L for overt hypothyroidism, we
find diagnosis and prescription increases at TSH levels of 4.5 mlIU/L for subclinical
hypothyroidism labels (the upper limit of the reference range for many laboratories), at which
threshold guidelines recommend monitoring but not prescribing. We also find associated increases
in healthcare expenditure. Importantly, we do not find associated improvements in thyroid-related
or aggregate measures of health outcomes.!'® Therefore, this study finds evidence for overlabeling
driven by overdiagnosis and overprescription.

Costs from overlabeling are especially important to consider. Spending is a major challenge
in the U.S. healthcare system. U.S. health expenditure accounted for 17.6% of GDP in 2023, which
amounts to $ 4.9 trillion (CMS 2023), and is projected to grow to 20% of GDP by 2033 (Keehan
2025). Relative to other industrialized nations, after excluding R&D expenditure, the U.S. has the
highest prescription drug costs per capita (Kesselheim et al. 2016). In fact, prescriptions account
for 41.9% of Medicare spending (CMS 2023). Saving on unnecessary medications could lead to
large reductions in overall costs, especially for commonly prescribed drugs like levothyroxine,

without reducing care quality. Similarly, healthcare inpatient and outpatient visit costs account for

18 This result is consistent with findings in other causal studies of health interventions, where increased engagement
or utilization did not lead to measurable health benefits (Hoffmann et al. 2025).
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around 61% of overall U.S. healthcare expenditure (HealthSystem Tracker 2024), implying a large
potential for reduction in costs from optimizing visits towards efficiently labeled patients who
would benefit most from monitoring.

We also note significant cost increases from TSH laboratory tests. These costs are not
necessarily sub-optimal in the status quo, because TSH tests are used for guideline-directed
monitoring of subclinical hypothyroidism, however if the monitoring threshold is too low, then
these costs are unnecessarily high. While we find evidence of monitoring activity, large jumps in
prescriptions and accompanying costs suggest that clinicians do not strictly adhere to medical
guidelines for hypothyroidism management. Perhaps this could be rationalized by acknowledging
clinical pressures. Short visit times common in primary care may lead to overprescription (Neprash
et al. 2023). Behavioral interventions seem unlikely to drive downstream outcomes, since standard
of care does not include recommendations beyond thyroid-specific monitoring or prescribing.
Therefore, it is plausible that any change in medical and financial outcomes when crossing the 4.5
mlU/L monitoring threshold is driven by prescriptions, tests, and diagnosis-related visits.

The regression discontinuity analysis jointly with an extrapolation exercise offers an
analytical way to estimate potential savings in healthcare expenditure achieved by counterfactual
pre-disease labeling thresholds. These results suggest that moving the monitoring threshold from
TSH values of 4.5 mIU/L to 7 mIU/L could result in overall healthcare savings of around $391
million to $660 million for one and five years, respectively, within the sample. Extrapolating to the
United States adult population, we obtain a cost savings estimate near $1.6 to 2.7 billion after one
year or five years, respectively. These savings arise without clinically meaningful changes to
patient health outcomes. As such, the potential economic value from increasing the labeling

threshold of subclinical hypothyroidism from 4.5 mIU/L to 7 mIU/L is immense.
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This large observational study has several limitations. The data used has limited national
coverage and only includes patients of UnitedHealthcare, which comprised about 12% of the
insured U.S. population in 2022 (Statista, 2022). Commercial claims data have limited coverage of
publicly insured individuals, namely Traditional Medicare and Medicaid beneficiaries (Gunaseelan
et al. 2019). A limitation of the regression discontinuity design is that the treatment effects
estimated at 4.5 mIU/L are local average treatment effects that are only valid close to the threshold.
Results from the extrapolation exercise must similarly be interpreted, and the reader must draw
conclusions about whether 7 mIU/L is already too far from the threshold. We argue that our
robustness checks (e.g., global polynomial functional form, alternative bandwidths) allow for such
an exercise. Further, while this is one of the largest samples on the topic of overlabeling, and
certainly in the context of hypothyroidism, the data is gathered in the context of the U.S. healthcare
system. Additional studies in other contexts are required to validate the external validity of these
causal findings.!® Moreover, commercial claims do not contain information on patient-provider
interactions, and hence, the conversations guiding clinical decision-making for patient encounters
are unknown. While we have shown evidence consistent with clinician prescribing behavior, we
cannot rule out the role played by patient preferences. However, were patient preferences to account
for a significant share of prescriptions, one may expect these preferences to be amplified for even
higher serum TSH values, but we observe no large visible jump in prescriptions at serum TSH

values of 10 mIU/L.%°

19 It is encouraging that the authors find similar jumps in prescribing behavior of levothyroxine in the United States
using samples from the Merative Marketscan (previously: IBM Marketscan) data which include patients from large
employers, managed care organizations, hospitals, EMR providers, Medicare and Medicaid. The authors similarly
find a similar jump in prescribing behavior in the United Kingdom using the CPRD data.

20" See also Table S12.
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Another limitation of this study is that we can neither observe whether patients are
symptomatic nor measure changes in quality of life. While guidelines from both the United States
Preventive Task Force and the Endocrine society do not recommend treatment at TSH values below
10 mIU/mL (Helfand 2004, Surks 2004, Rugge 2015, Bekkering 2019), joint ATA and American
Association of Clinical Endocrinologists (Garber 2012) state that the benefits for patients between
TSH levels of 4.5 mIU/L and 10 mIU/L are less certain: prescriptions can be considered when
patients are symptomatic. However, due to the non-specific nature of hypothyroidism-induced
symptoms (e.g., fatigue), defining “symptomatic” consistently is challenging. Even if patients do
not receive TSH tests because of symptoms, they may still ex post attribute non-specific symptoms
to hypothyroidism after receiving an abnormal TSH value.

However, there are multiple reasons why improvements in symptoms or quality of life are
unlikely to drive the jump in prescriptions at the monitoring threshold. First, there is no reason to
expect more symptoms for patients with TSH values marginally above versus below the monitoring
threshold of 4.5 mIU/L. Second, we do not find a smaller jump for the subgroup of patients
undergoing regular health examinations, which is consistent with the idea that prescriptions are not
driven by hypothyroidism-related symptoms (for further analyses with subgroups that are more
likely to be symptomatic — e.g., older adults or adults with FT4 labs drawn —, see statistical analysis:
heterogeneous treatment effects). These findings suggest that other factors may play a role in
observed overlabeling patterns, including but not limited to malpractice concerns, patient-driven
demand, difficulties in accessing previous medical records, stress, and exhaustion (Lyu 2017).
Therefore, we might expect any vague indication for subclinical hypothyroidism to contribute
substantially to overprescription of levothyroxine. One might also wonder whether treatment at the

monitoring threshold might benefit quality of life. However, a substantial body of evidence reports
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no improvements to quality of life (Feller et al. 2018, Chaker et al. 2022, Hegediis et al. 2022) after
the prescription of levothyroxine at the monitoring threshold for subclinical hypothyroidism.?! To
conclude, we find it unlikely that quality of life or symptoms are driving our results.

Overall, the findings from this study are relevant to policymakers and healthcare
organizations responsible for clinical guidelines and to clinicians responsible for treatment
decisions. Pre-disease labels like subclinical hypothyroidism are not limited to hypothyroidism but
exist for an expanding group of common chronic conditions, including diabetes, hypertension, and
obesity. While early labeling may be an effective tool for disease prevention and management, this
work illustrates key tradeoffs. Establishing labels too early may result in unnecessary medical
intervention and substantial financial burdens without associated clinically meaningful benefits. In
the context of hypothyroidism, we suggest increasing the current labeling threshold as well as
establishing continuous policy evaluations for calibration of optimal labeling guidelines. An
alternative but consistent approach would be to improve personalized medicine through artificial
intelligence such as machine learning methods. As such, our findings highlight the need for a more

nuanced approach to diagnostic and treatment thresholds common in clinical settings.

21 Even for older adults, which group may be expected to be more likely to experience positive effects, the literature
does not find any evidence on improvements in quality of life (Zhao et al. 2022).
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Figure 1. Prescription uptake and costs across thyroid stimulating hormone

Panel A: Levothyroxine prescriptions

Monitoring, Threshold Prescription Threshold
we B e
a0+
70 - ///
o
~ © i
§ 50
5
g 40 L
& 7
0 /
20 -
10+
s /
0§ 1 15 2 25 3 35 4 45 5 55 & 65 7 7S 8 85 8 95 10 105 11 115 12 125 13 135 14 4S5

Thyroid stimulating hormone (TSH) mIUL

Panel B: Hypothyroidism diagnosis

Monitoring, Threshold Prescription Threshold
80 ' . 1
80 : e t=ie
' AT
o i
s i .
g : g
£ so- : L
s A
= '
& :
30 - ,
{
20 - //.
N3y L +
05 1 15 2 25 3 35 4 45 5 55 B BS  ( (5 8 B5 8 85 10 105 11 115 12 125 13 185 14 4s

Thyroid stimulating hormone (TSH) mIU/L

Panel C: Thyroid std. costs

Monitoring Threshold Prescription Threshold
300 g P B v
25
250
225 I
e 1
= e
2 200
o
S s v
3 o
32
9 150 /
s
£
£
125
ARSI
100 -
75
50 i 1
T T T T T T GBS SN VNN NN S RN A | T T R T JA RN NI NN CEN E
05 1 16§ 2 25 3 35 4 45 5 55 6 65 7 75 8 85 9 95 10 105 11 115 12 125 13 135 14 145

Thyroid stimulating hormone (TSH) mIU/L

Note: The figure in Panel A displays Levothyroxine prescription 12 months after the first TSH laboratory
measurement (mIU/L) across the largest sample bandwidth from 0.5 to 15 mIU/L. We allow for up to 180 days to
pass within which Levothyroxine prescriptions may occur. Panel B and Panel C display hypothyroidism diagnosis
and thyroid-related standardized costs, respectively. The bandwidth of 3.25 to 5.75 mIU/L and 8.75 to 11.25 is used
for estimation of a polynomial of degree one.
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Figure 2. Laboratory measurements over thyroid stimulating hormone
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Note: The figure displays laboratory outcome measurements across the laboratory threshold for subclinical
hypothyroidism using a medium bandwidth of 2 to 7 mIU/L for display purposes and 3.25 to 5.75 mIU/L for
estimation of a polynomial of degree one. Outcome variables are displayed within 12 months after the TSH
laboratory measurement using the last available measure for outcome variables in Panel A and B and the average
for Panel C and D. The confidence intervals are based on heteroskedasticity robust standard errors.
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Figure 3. Diagnosis-based health outcomes over thyroid stimulating hormone
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Note: This figure shows the treatment effects on diagnosis-based health outcomes within one year after the TSH
laboratory measurement when crossing the threshold of 4.5 mlIU/L from left to right where subclinical
hypothyroidism is indicated on the right side of the threshold and monitoring is recommended. The figures displays
the share of patients within the medium bandwidth of 2.0 to 7.0 mIU/L for display purposes and 3.25 to 5.75 mIU/L
for estimation using a polynomial of degree one. Outcome measures in each panel are displayed within 12 months
after the TSH laboratory measurement using the average for each outcome variable. The confidence intervals are

based on heteroskedasticity robust standard errors.
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Table 1. Descriptive Statistics: sample selection from 2003-2021

Bandwidth
0.5-15 2.0-7.0 3.25-5.75
Mean SD Mean SD Mean SD
Running Variable
TSH (mIU/L) 2.08 1.25 3.00 0.95 4.03 0.64
Laboratory Characteristics | Mean SD Mean SD Mean SD
LDL 102.30 34.06 101.62 34.23 101.01  34.48
TG 140.39 103.93 143.68 102.98 | 145.80 101.21
eGFR 82.17 22.10 79.37 22.11 77.05 22.38
Comorbidities Mean SD Mean SD Mean SD
Diabetes Mellitus 0.14 0.35 0.15 0.36 0.16 0.37
Hypertension 0.35 0.48 0.37 0.48 0.39 0.49
Demographic
Characteristics % N % N % N
Age (in Years)"
18-20 1.90 132,284 1.70 50,092 1.70 12,979
20-30 11.80 827,983 10.10 289,483 8.80 68,509
30-40 1590 1,111,798 | 13.60 388,628 | 11.60 89,763
40-50 1730 1,210,363 | 15.80 453,991 | 14.20 109,861
50-60 17.30 1,211,660 | 17.10 489,740 | 16.50 128,212
60-70 20.00 1,404,760 | 22.00 630,654 | 23.60 182,698
70-80 11.40 800,888 13.70 392,767 | 15.80 122,466
>80 4.40 308,053 5.90 169,734 7.80 60,315
Male 4550 3,191,188 | 45.30 1,297,632 | 44.00 340,633
Female 54.50 3,816,077 | 54.70 1,567,249 | 56.00 434,117
White 6440 4,511,578 | 67.20 1,926,168 | 67.70 524,192
Hispanic 17.10 1,198,353 | 17.00 488,100 | 17.20 133,153
Black 12.70 888,129 9.70 277,823 8.70 67,354
Asian 5.80 409,729 6.00 172,998 6.50 50,104
Sample Size 6,996,054 2,865,089 772,715

Note: The table displays descriptive statistics such as the arithmetic mean (Mean), standard deviation (SD) for patients
from 2003-2021 who had a first laboratory test of the thyroid stimulating hormone (TSH). The first two columns contain
statistics for the full sample, the next two columns from the medium sample and the last two columns are for our main
sample around 4.5 mIU/L. The running variable is the laboratory test of the TSH measured in milliunits per liter (mIU/L).
All measures are assessed at baseline, i.e., prior to TSH measurement. *Open on left, closed on right.
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Table 2. 1-year treatment effects at early hypothyroidism threshold

Baseline Treatment effects Sample size
Panel A: Prescription, diagnosis, and costs
Prescription 0.07 0.1316 772,715
(0.1278, 0.1354)
Diagnosis 0.15 0.2054 772,715
(0.2009, 0.2100)
Thyroid std. costs 114.52 22.2583 772,715

(18.5002, 26.0165)

Panel B: Laboratory outcomes

TSH change -0.99 -0.1626 228,390
(-0.1864, -0.1388)

TSH below 0.4 0.02 0.0040 228,390
(0.0016, 0.0065)

LDL 100.44 0.7147 244,146
(0.0958, 1.3337)

eGFR 75.99 0.5874 317,727

(0.2359, 0.9389)

Panel C: Diagnosis-based health outcomes

Fracture 0.03 -0.0001 772,715
(-0.0019, 0.0018)

CVD hospitalization 0.02 -0.0006 772,715
(-0.0021, 0.0009)

All-cause hospitalization 0.09 0.0011 772,715
(-0.0018, 0.0041)

All-cause mortality 0.02 0.0005 772,715

(-0.0009, 0.0018)

Note: This table shows the treatment effects on outcomes within one year after the TSH laboratory measurement when
crossing the threshold of 4.5 mIU/L from left to right where subclinical hypothyroidism is indicated on the right side
of the threshold and monitoring is recommended. The baseline is the estimate of being directly below the cutoff of 4.5
mlU/L. All statistics are shown within the smallest bandwidth within 3.25 mIU/L to 5.75 mIU/L. Confidence intervals
are shown using heteroskedasticity robust standard errors.
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Table 3. Extrapolated treatment effects from early hypothyroidism threshold

Threshold: | 4.5 mIU/L 5.0 mIU/L 6.0 mIU/L 7.0 mIU/L

Panel A: Prescription, diagnosis, and costs

Prescription 0.1316 0.1834 0.2871 0.3908
(0.1278, 0.1354) (0.1804, 0.1865) (0.2796, 0.2946) (0.3774,0.4042)

Diagnosis 0.2054 0.2481 0.3334 0.4187
(0.2009, 0.2100) (0.2442, 0.2520) (0.3245, 0.3422) (0.4032, 0.4341)

Thyroid std. costs 22.2583 32.3348 52.4876 72.6404

(18.5002, 26.0165) (28.5001, 36.1695)

(43.7641, 61.2110)

(57.8823, 87.3984)

Panel B: Laboratory outcomes

TSH change -0.1626 -0.2594 -0.4530 -0.6465
(-0.1873,-0.1379)  (-0.2873,-0.2315) | (-0.5088, -0.3971) (-0.7368, -0.5563)

TSH below 0.4 0.0040 0.0082 0.0166 0.0251
(0.0015, 0.0066) (0.0055, 0.0110) (0.0110, 0.0223) (0.0157, 0.0344)

LDL 0.7147 1.3033 2.4804 3.6575
(0.0951, 1.3344) (0.6590, 1.9476) (1.1658,3.7950) (1.4875, 5.8276)

eGFR 0.5874 1.2020 24313 3.6605

(0.2325, 0.9423)

(0.8343,1.5670)

(1.6783, 3.1843)

(2.4156, 4.9054)

Panel C: Diagnosis-b

ased health outcomes

Fracture -0.0001 0.0001 0.0004 0.0007
(-0.0019, 0.0018)  (-0.0018, 0.0019) | (-0.0035,0.0042)  (-0.0058, 0.0071)
CVD hospitalization -0.0006 -0.0004 0.0001 0.0006
(-0.0021, 0.0009)  (-0.0019, 0.0012) | (-0.0031,0.0033)  (-0.0047, 0.0059)
Hospitalization 0.0011 0.0012 0.0012 0.0013
(-0.0018, 0.0041)  (-0.0018, 0.0041) | (-0.0050,0.0074)  (-0.0090, 0.0116)
All-cause mortality 0.0005 0.0008 0.0015 0.0022

(-0.0009, 0.0018)

(-0.0005, 0.0022)

(-0.0013, 0.0044)

(-0.0026, 0.0071)

Note: This table shows the treatment effects when we move the threshold of subclinical hypothyroidism of 4.5 mIU/L, where
monitoring is recommended, closer to the threshold of overt hypothyroidism of 10 mIU/L, where prescription is recommended.
Column 1 shows the impact of being just below vs above the threshold of subclinical hypothyroidism while the following columns
show the impact of being just below and above the new extrapolated thresholds of 5 mIU/L, 6 mIU/L, and 7 mIU/L. The confidence
intervals are in parenthesis and are based on heteroskedasticity robust standard errors.
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Methods

Description of hypothyroidism guidelines

The American Thyroid Association (ATA) deems it as merely acceptable to consider starting levothyroxine
prescription for patients with subclinical hypothyroidism. They do not have a recommendation in place to
start levothyroxine for patients below TSH values of 10 mIU/L. In contrast, they state levothyroxine “is the
treatment of choice for patients with” overt hypothyroidism, i.e., for patients with TSH values above 10
mlIU/L (Jonklaas 2014). The Association of American Family Physicians (AAFP) has guidelines for
treatment with Levothyroxine that are a bit easier to read than the ones from the ATA. In 2001 — prior to the
first available diagnosis in the 2003-2021 CDM data —, subclinical hypothyroidism started at a threshold
value for TSH at 6 mIU/L, with a recommendation to treat when the TSH laboratory measurement was
above 10 mIU/L (Hueston 2001, Wilson et al. 2021) of what we call the prescription threshold. At the time,
personalized care with Levothyroxine was recommended to physicians at the prescription threshold while
4.5 mIU/L. A jump at 4.5 mIU/L or at any laboratory threshold below 10, however, is evidence against
personalized care and rather evidence that a large group of individuals are treated similarly. Two decades
later, the AAFP updated the guidelines. Wilson and Curry (2005) mention a threshold of 4.5 mIU/L
explicitly for subclinical hypothyroidism at the beginning of our study period. The general guidelines for
subclinical hypothyroidism did not drastically change with the subclinical threshold value remaining at 4.5
mlU/L (Wilson et al. 2021). The authors recommend again a treatment with Levothyroxine only for patients
with laboratory values above 10. Ross (2022) further states that Levothyroxine treatment is not necessary

for patients unless the TSH value exceeds 7 mIU/L.

Data source and study population
Optum’s de-identified Clinformatics® Data Mart Database (CDM or Clinformatics®) is derived from a
database of administrative health claims for members of large commercial and Medicare Advantage health

plans. Clinformatics® utilizes medical and pharmacy claims to derive patient-level enrollment information,
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healthcare costs, and resource utilization information. The population is geographically diverse, spanning
all 50 states and is statistically de-identified under the Expert Determination method consistent with HIPAA
and managed according to Optum® customer data use agreementsl,2. CDM administrative claims
submitted for payment by providers and pharmacies are verified, adjudicated and de-identified prior to
inclusion. We leverage information from 2003 to 2021 through the Stanford Center for Population Health
Sciences (2021) and the University of Michigan. Our study population excludes patients with a prior
hypothyroidism diagnosis, children, and pregnant women. Further details on the study population are

included in the patient selection diagram in the supplementary materials.

Outcome and treatment variables

Our treatment variable is an indicator function determining crossing a threshold while the outcome variables
are measures of health expenditures and health outcomes where the latter are subdivided into laboratory
measures and diagnosis-based health measures. In the main text we show one-year outcome variables while
the supplementary material includes additional results for 2-years, 3-years, and 5-years after the first

laboratory measurement.

Statistical analysis: main analysis

To better understand the concept of overlabeling, we employ a regression discontinuity design to estimate
the treatment effects of crossing the subclinical threshold of 4.5 mIU/L for our outcomes of interests. We
leverage exogenous quasi-random variation from laboratory thyroid stimulating hormone (TSH) blood test
thresholds to test whether they induce a jump in our outcomes of interest through the following econometric
model:

Y, =ag+ a1 + a,1(r; > 0) + agl(r; > 0)r + ¢ €))

where r; = TSH — t;, i.e., the normalized running variable, and [(r > 0) is an indicator on the normalized

running variable which is one if the normalized running variable is greater than zero. The outcome variable
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Y; is a binary measuring whether an individual received a prescription of levothyroxine within twelve
months after the first TSH laboratory test measurement or a diagnosis of hypothyroidism as well as
laboratory outcomes, diagnosis-based health outcomes, and cost outcomes. The threshold ¢; is the upper
normal limit of TSH in the laboratory where the sample for individual i is measured. In our main estimation,
t; = 4.5 which overlaps with the monitoring threshold of 4.5 mIU/L which defines subclinical
hypothyroidism in the United States. In the above model, we are interested in the parameter a, which
informs us for Levothyroxine prescription whether there is a statistically significant and large jump in
prescriptions due to the laboratory threshold while allowing us to control for different linear slopes on the
left- vs the right-hand side of the threshold. Similarly, we are interested in the intent-to-treat effect on the
laboratory outcomes, diagnosis-based health outcomes, and cost outcomes of being just above the threshold

vs just below the threshold.

Statistical analysis: sensitivity analysis

In our main text, we use the bandwidth of 3.25-5.75 mIU/L for local polynomials and 2-7 mIU/L for global
polynomials. We vary the bandwidth, as shown in the supplementary material (Figure S.12 to S.26) and
show the robustness of the results per outcome based on the local and quadratic polynomial for the two
bandwidths. We further use the optimal bandwidth based on Imbens and Kalyanaraman (2012) as a
robustness check in the supplementary material. We find that all our results are robust to different

bandwidths and functional forms.

Statistical analysis: heterogeneous treatment effects

We ran three heterogeneity analyses to contextualize our evidence on overlabeling. Since we do not have
direct information on the symptoms of patients, we check sub-group for which we hypothesize symptomatic
prescriptions are more or less likely. As a measure of overlabeling, we use levothyroxine prescriptions and

analyze heterogeneity by age, general health-checkup visits, and free T4. We know that hypothyroidism is
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a disease that affects the elderly more strongly. Hence, we expect stronger prescription behavior for the
elderly since they are the ones that are more likely to have symptoms. As such, Figure S23 splits
prescriptions across TSH laboratory tests by the young, i.e. below 65 (Panel A) and the elderly, i.e. above
65 (Panel B). We do not find a medically meaningfully larger jump for the elderly relative to the young. If
at all, the jump in prescribing behavior is larger for the young (10 pp.) relative to the elderly (13 pp.).

An alternative way to proxy for symptoms is by inspecting TSH tests that are occurring during a
regular health check-up. Tests that occur during regular check-ups are less likely to be symptom driven, so
if prescriptions are less likely to be symptom-based, then we would not expect large differences for the
regular and non-regular health check-up groups. Figure S24 shows that the jump in prescribing behavior is
very similar during regular health check-ups (Panel A) relative to outside regular health check-ups (Panel
B), with a 12.30 pp. vs 12.54 pp. jump, respectively.

We run a last check on FT4, as shown in Figure S25. Since the actual diagnosis is theoretically
dependent on whether free T4 is low, i.e., below a level of 0.8 ng/dL (below the lower normal value), we
separately condition on the subset of patients for which FT4 measures are available (32% or around 2.8
million patients within the medium bandwidth). Panel A shows the majority of individuals that never receive
FT4 measures but who are nevertheless prescribed levothyroxine and are diagnosed as hypothyroid. It is
very unlikely that those patients have all symptoms, which implies that they are not treated correctly. Despite
the missing measures, we see a strong jump in prescribing behavior. Similarly, Panel B shows a jump for
patients with regular or high FT4 values that should not be diagnosed as hypothyroid. Given the jump that
is independent of FT4, FT4 does not seem to be used as a guiding second measure to prescribe levothyroxine,
even though it is recommended to make a diagnosis. Finally, there are few patients which are actually tested
for FT4 and exhibit low FT4. Panel C shows that patients with low FT4 exhibit the same jump as in our
main Figure 1 but at a higher level.

To conclude, the subgroup evidence implies that the groups that are more likely to have symptoms

are not more likely to drive our jump in prescribing behavior which adds to the idea that prescription
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behavior at the threshold is not symptom-related and indeed, that overprescription as a mechanism of

overlabeling is occurring at the 4.5 mIU/L subclinical hypothyroidism threshold.

Statistical analysis: extrapolation away from the threshold

To extrapolate treatment effects away from the threshold, we rely on the method from Dong and Lewbel
(2015) who introduce the concept of the treatment effect derivative (TED). They define the extrapolated
treatment effect as follows:

T(tnew) = T(to1a) + (tnew — tora) X TED 4)
where t,.,, is the new threshold for extrapolation, t,;, is the old real threshold and  is the treatment effect
evaluated at a particular threshold. The TED in the reduced form is the change in the slope when crossing
the threshold, i.e. it is the “coefficient of the interaction term between the treatment T and X — [t] in a (local)
linear regression of Y on a constant, T, X — [t], and (X — [t]) T” (Dong and Lewbel 2015). The new
extrapolated treatment effect T(t,,,,) is approximately identical to the treatment effect T at the regular
threshold t,;; while moving along the running variable by t,,.,, — t,14 Steps adjusting for the TED. Thew

new extrapolated treatment standard errors are constructed using the Delta method.

Ethics
This study has been approved by the Stanford University Center for Population Health Sciences IRB under
the study protocol IRB-40974 and by the University of Michigan IRB under the protocol HUM00247279.

It was determined to be not subject to approval.
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Significance Statement: Overlabeling can be a substantial driver of unnecessary health expenditures
without benefit in health outcomes, but it is often difficult to quantify these costs. In the case of
hypothyroidism diagnosis and levothyroxine prescription at a subclinical hypothyroidism threshold, a
regression discontinuity design identified an optimized cost-to-benefit threshold that would lead to

substantial cost reductions of millions of dollars per year for patients in the United States of America.
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Fig S1. Examples of laboratory reports

Panel A: TSH Below Reference Range

Test Name Result Flag Reference Range Lab

TSH 0.03 LOW 0.40-4.50 mIU/L RGA

Panel B: TSH Within Reference Range

Test Name Result Flag Reference Range Lab

TSH 3.57 NORMAL 0.40-4.50 mIU/L RGA

Panel C: TSH Above Reference Range

Test Name Result Flag Reference Range Lab

TSH 6.45 HIGH 0.40-4.50 mlU/L RGA

Note: The figure provides illustrative examples of three laboratory reports. Panel A shows a TSH
value below the reference range and a blue flag for hyperthyroidism. Panel B shows a TSH value
within the reference range and it has no colored flag. Panel C shows a TSH value above the
reference range and a red flag for subclinical hyperthyroidism. We exclude the header that
usually contains patient information and fully focus on clinical information. RGA stands for
Reference Group Analysis which implies that the results are contextualized against a reference
population.
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Fig S2. Patient selection diagram

Patients with TSH laboratory results:
15,198,783

v

Patients with TSH laboratory results between 0.5 and 15:

14,440,330
v

Patients without L-prescription or with L-prescription within a year:

12,857,180
v

Patients with TSH laboratory normal upper limits of 4.5 and 5:

10,348,698
 J

Patients without missing demographics above 18 years within 180-day window:

9,138,281
L

Patients without prior hypothyroidism diagnosis and in non-pregnancy episodes:

8,520,732
. 4

Patients without prior hyperthyroidism, thyroid cancer status post ablation, and thyroidectomy:

8,506,470
. 2

Patients with TSH laboratory normal upper limit of 4.5:
7,007,789

Note: The patients with Thyroid stimulating hormone (TSH) results are selected based on the LOINC codes 11579
3016-3, 11580-8. We excluded 180,813 patients under the age of 18 years. The 180 day window excludes 43,2

0,
74

patients. There are 492,845 patients with prior hypothyroidism diagnosis and 124,704 patients with pregnancy episodes

that were excluded. We further excluded 11,414 patients with a prior hyperthyroidism diagnosis, 70 patients with pr
thyroid cancer status post ablation, and 2,778 patients with a prior thyroidectomy.

ior
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Fig S3. Histogram of baseline thyroid stimulating hormone (TSH)

Frequancy [x10e5)
w
1

I T T T T T T T T T T T T T T T T T T T T T T T T 1
0s 1 " 2 2 3 3% 4 4% B 55 & &5 7 FE 8 BE 9 25 W WE M OME ZE OIEF OFO1EE 14 ME 05

Thryrold stemudating hermene [ TSH) mILL

Note: The figure displays the absolute frequency of TSH laboratory measurement across the TSH values.
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Fig S4. Demographic characteristics across TSH — polynomial of degree 1
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Note: The figure displays the averages of demographic characteristics across thyroid stimulating hormone (TSH)
laboratory measurement. The blue lines depict the local linear estimation on the left- and right hand side of the
cutoff of 4.5 mIU/L. Panel A contains the mean age whereas panel B through F contains the demographics of being

female, White, Hispanic, Black and Asian as a fraction over all patients. All measures are assessed at baseline prior
to TSH measurement.
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Fig S5. Comorbidities and laboratory characteristics across TSH — polynomial of degree 1

A. Diabetes Mellitus
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Note: The figure displays the averages of comorbidities and laboratory characteristics across thyroid stimulating
hormone laboratory (TSH) measurement. The blue lines depict the local linear estimation on the left- and right hand
side of the cutoff of 4.5 mIU/L. Panel A and B contain the fraction of patients with diabetes mellitus and
hypertension whereas panel C and D contain levels of low-density lipoprotein (LDL) and the estimated Glomerular
Filtration Rate (eGFR). All measures are assessed at baseline prior to TSH measurement.
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Fig S6. Demographic characteristics across TSH — polynomial of degree 2
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Note: The figure displays the averages of demographic characteristics across thyroid stimulating hormone (TSH)
laboratory measurement. The blue lines depict the global polynomial estimation of degree two on the left- and right
hand side of the cutoff of 4.5 mIU/L. Panel A contains the mean age whereas panel B through F contains the
demographics of being female, White, Hispanic, Black and Asian as a fraction over all patients. All measures are

assessed at baseline prior to TSH measurement.
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Fig S7. Comorbidities and laboratory characteristics across TSH — polynomial of degree 2
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Note: The figure displays the averages of comorbidities and laboratory characteristics across thyroid stimulating
hormone laboratory (TSH) measurement. The blue lines depict the global polynomial estimation of degree two on
the left- and right hand side of the cutoff of 4.5 mIU/L. Panel A and B contain the fraction of patients with diabetes
mellitus and hypertension whereas panel C and D contain levels of low-density lipoprotein (LDL) and the estimated
Glomerular Filtration Rate (eGFR). All measures are assessed at baseline prior to TSH measurement.
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Fig S8. L-prescriptions within 30 to 180 Days across thyroid stimulating hormone
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Note: The figure displays the share of patients receiving Levothyroxine (L)-prescriptions for 30, 60, 90, and 180
days after the laboratory measurement across the thyroid stimulating hormone (TSH) laboratory measurements. For

our estimation we allow for a window of 180 days.
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Fig S9. Prescriptions and hypothyroidism diagnosis across thyroid stimulating hormone

A. Prescription and hypothyroidism diagnosis jointly
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Note: The figure displays the primary exposure to a Levothyroxine prescription and hypothyroidism diagnosis as well
as TSH test costs 12 months after the first thyroid stimulating hormone (TSH) laboratory measurement (mIU/L). Panel

A shows average prescription and hypothyroidism diagnosis jointly, Panel B shows the number of prescriptions, and
Panel C shows TSH test costs.
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Fig S10. Prescription costs across thyroid stimulating hormone
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Note: The figure displays Levothyroxine prescription costs 12 months after the first thyroid stimulating hormone (TSH)
laboratory measurement (mIU/L). All costs are displayed in US-Dollars. Panel A shows the average charge. Panel B
through E provides the average copay amount, deductible, dispensing fee and estimated paid amount. The estimated
paid amount is calculated by subtracting the copay amount, and deductible amount from the charged amount.
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Fig S11. Varying bandwidths of threshold impact on Levothyroxine prescription

A. Polynomial degree 1 (BW = 1.25) B. Polynomial degree 2 (BW = 2.50)
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Note: The figure displays the average treatment effects on TSH test costs at the threshold of 4.5 mIU/L using the
thyroid stimulating hormone (TSH) laboratory measurement as a running variable. Each figure varies the bandwidth
from 75% to 125%. Panel A (B) shows effects using a local linear (quadratic) specification with a bandwidth of
1.25 (2.50). Panel C (D) uses the optimal bandwidth instead and shows again the local linear (quadratic)
specification.
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Fig S12. Varying bandwidths of threshold impact on hypothyroidism diagnosis

A. Polynomial degree 1 (BW = 1.25) B. Polynomial degree 2 (BW = 2.50)
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Note: The figure displays the average treatment effects on TSH test costs at the threshold of 4.5 mIU/L using the
thyroid stimulating hormone (TSH) laboratory measurement as a running variable. Each figure varies the bandwidth
from 75% to 125%. Panel A (B) shows effects using a local linear (quadratic) specification with a bandwidth of
1.25 (2.50). Panel C (D) uses the optimal bandwidth instead and shows again the local linear (quadratic)
specification.
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Fig S13. Varying bandwidths of threshold impact on thyroid std. costs

A. Polynomial degree 1 (BW = 1.25)
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Note: The figure displays the average treatment effects on TSH test costs at the threshold of 4.5 mIU/L using the
thyroid stimulating hormone (TSH) laboratory measurement as a running variable. Each figure varies the bandwidth
from 75% to 125%. Panel A (B) shows the effects using a local linear (quadratic) specification with a bandwidth of
1.25 (2.50). Panel C (D) uses the optimal bandwidth instead and shows again the local linear (quadratic)

specification.
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Fig S14. Varying bandwidths of threshold impact on TSH change

A. Polynomial degree 1 (BW = 1.25)
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Note: The figure displays the average treatment effects on TSH change at the threshold of 4.5 mIU/L using the
thyroid stimulating hormone (TSH) laboratory measurement as a running variable. Each figure varies the bandwidth
from 75% to 125%. Panel A (B) shows effects using a local linear (quadratic) specification with a bandwidth of
1.25 (2.50). Panel C (D) uses the optimal bandwidth instead and shows again the local linear (quadratic)

specification.
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Fig S15. Varying bandwidths of threshold impact on TSH below 0.4
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Note: The figure displays the average treatment effects on TSH below 0.4 at the threshold of 4.5 mIU/L using the
thyroid stimulating hormone (TSH) laboratory measurement as a running variable. Each figure varies the bandwidth
from 75% to 125%. Panel A (B) shows effects using a local linear (quadratic) specification with a bandwidth of
1.25 (2.50). Panel C (D) uses the optimal bandwidth instead and shows again the local linear (quadratic)

specification.
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Fig S16. Varying bandwidths of threshold impact on LDL

A. Polynomial degree 1 (BW = 1.25) B. Polynomial degree 2 (BW = 2.50)
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Note: The figure displays the average treatment effects on LDL at the threshold of 4.5 mIU/L using the thyroid
stimulating hormone (TSH) laboratory measurement as a running variable. Each figure varies the bandwidth from
75% to 125%. Panel A (B) shows effects using a local linear (quadratic) specification with a bandwidth of 1.25
(2.50). Panel C (D) uses the optimal bandwidth instead and shows again the local linear (quadratic) specification.
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Fig S17. Varying bandwidths of threshold impact on eGFR

A. Polynomial degree 1 (BW = 1.25)
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Note: The figure displays the average treatment effects on eGFR at the threshold of 4.5 mIU/L using the thyroid
stimulating hormone (TSH) laboratory measurement as a running variable. Each figure varies the bandwidth from
75% to 125%. Panel A (B) shows effects using a local linear (quadratic) specification with a bandwidth of 1.25

(2.50). Panel C (D) uses the optimal bandwidth instead and shows again the local linear (quadratic) specification.
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Fig S18. Varying bandwidths of threshold impact on Fracture Diagnosis

A. Polynomial degree 1 (BW = 1.25) B. Polynomial degree 2 (BW = 2.50)
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Note: The figure displays the average treatment effects on Fracture Diagnosis at the threshold of 4.5 mIU/L using
the thyroid stimulating hormone (TSH) laboratory measurement as a running variable. Each figure varies the
bandwidth from 75% to 125%. Panel A (B) shows effects using a local linear (quadratic) specification with a
bandwidth of 1.25 (2.50). Panel C (D) uses the optimal bandwidth instead and shows again the local linear
(quadratic) specification.
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Fig S19. Varying bandwidths of threshold impact on Cardiovascular Hospitalization

A. Polynomial degree 1 (BW = 1.25)
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Note: The figure displays the average treatment effects on CVD Hospitalization at the threshold of 4.5 mIU/L using
the thyroid stimulating hormone (TSH) laboratory measurement as a running variable. Each figure varies the
bandwidth from 75% to 125%. Panel A (B) shows effects using a local linear (quadratic) specification with a
bandwidth of 1.25 (2.50). Panel C (D) uses the optimal bandwidth instead and shows again the local linear

(quadratic) specification.
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Fig S20. Varying bandwidths of threshold impact on All-cause Hospitalization

A. Polynomial degree 1 (BW = 1.25) B. Polynomial degree 2 (BW = 2.50)
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Note: The figure displays the average treatment effects on All-cause Hospitalization at the threshold of 4.5 mIU/L
using the thyroid stimulating hormone (TSH) laboratory measurement as a running variable. Each figure varies the
bandwidth from 75% to 125%. Panel A (B) shows effects using a local linear (quadratic) specification with a

bandwidth of 1.25 (2.50). Panel C (D) uses the optimal bandwidth instead and shows again the local linear
(quadratic) specification.
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Fig S21. Varying bandwidths of threshold impact on All-cause Mortality

A. Polynomial degree 1 (BW = 1.25) B. Polynomial degree 2 (BW = 2.50)
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Note: The figure displays the average treatment effects on All-Cause Mortality at the threshold of 4.5 mIU/L using
the thyroid stimulating hormone (TSH) laboratory measurement as a running variable. Each figure varies the
bandwidth from 75% to 125%. Panel A (B) shows effects using a local linear (quadratic) specification with a
bandwidth of 1.25 (2.50). Panel C (D) uses the optimal bandwidth instead and shows again the local linear
(quadratic) specification.
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Fig S22. Types of visits across thyroid stimulating hormone

A. General Physician Visits
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Note: The figure displays the average treatment effects on visits at the threshold of 4.5 mIU/L
using the thyroid stimulating hormone (TSH) laboratory measurement as a running variable.
Panel A through D show treatment effects using a local linear specification on general physician
visits, emergency room visits, established visits, and new visits with a bandwidth of 1.25. The
confidence intervals are based on heteroskedasticity robust standard errors.
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Fig S23 L-prescriptions across thyroid stimulating hormone based on Age

A. L-prescription for the young
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Note: The figure displays the primary exposure to a Levothyroxine prescription 12 months after the first thyroid
stimulating hormone (TSH) laboratory measurement (mIU/L) across different age groups. We define young as
individuals below 65 years of age and old as including and above 65 years of age. Panel A (B) shows average
prescriptions for the young (elderly).
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Fig S24. L-prescriptions across thyroid stimulating hormone based on health checkups

A. L-prescription during regular health check-ups
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Note: The figure displays the primary exposure to a Levothyroxine prescription 12 months after the first thyroid
stimulating hormone (TSH) laboratory measurement (mIU/L) for differential health check-up visits. Panel A (B) shows
average prescriptions for patients during (outside of) regular health check-ups.
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Fig S25. Prescriptions across thyroid stimulating hormone based on FT4

A. Prescriptions for missing FT4

Laboratory threshold

80
70

60 —

40

Patient share (%)

30

|
I
]
1
I
1
|
1
!
|
|
h |
50 : }
|
1
1
I
1
|
[
1
20
|
|
1

Guideline, threshold

| i
T T T T T T T T T T T
85 9 95 10 105 11 115 12 125 13 135 14 145

Thyroid stimulating hormone (TSH) mIU/L

B. Prescriptions for Regular or High FT4

Palion. share (%)

Thyroid stimulating hormone (TSH) mIUL

C. Prescriptions for Low FT4

Paiorlsiam %)

Laboratory threshold Guideline, threshold

e

=
1

Thyroid siimulating hormare (TSH) mILIL

Note: The figure displays the primary exposure to a Levothyroxine prescription 12 months after the first thyroid
stimulating hormone (TSH) laboratory measurement (mIU/L). Panel A through C shows Levothyroxine
prescriptions for the 4.5 mIU/L upper limit of subclinical hypothyroidism for patients that did not receive any free
thyroxine (FT4) measure, who received a regular or high FT4 measure, and for those that received a low FT4

measure, respectively.
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Table S1. Description of outcome variables

Outcome Variable

Definition

Panel A: Prescription, diagnosis, and costs

Prescription

Diagnosis

Thyroid (std.) costs

Binary, indicating if a patient filled a Levothyroxine prescription within 1 year,
2 years, 3 years, or 5 years of TSH measurement

Binary, indicating if a patient was diagnosed with hypothyroidism within 1 year,
2 years, 3 years, or 5 years of TSH measurement

Continuous, sum of thyroid costs charged to a patient’s insurer in 2021 US
dollars (USD) within 1 year, 2 years, 3 years, or 5 years of TSH measurement.
Thyroid costs include TSH lab costs, Levothyroxine prescription costs, thyroid
ablation costs, and thyroidectomy costs. Optum constructs standard pricing
algorithms that account for variation in allowed payments across plans and
providers separately for facility inpatient, facility outpatient, professional,
ancillary, and pharmacy claims. These standardizations are provided from 2004-
2021 and indexed to 2021 USD. Standardized costs for 2003 data are assumed
to be $0 rather than missing.

Panel B: Laboratory outcomes

Change in TSH value

TSH below 0.4

Continuous, difference between first TSH value and the latest TSH value within
1 year, 2 years, 3 years, or 5 years of TSH measurement.

Binary, indicating if a patient has any TSH value below the lower limit of normal
range within 1 year, 2 years, 3 years, or 5 years of TSH measurement.
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LDL

eGFR

Continuous, mean serum LDL with units of mg/dL within 1 year, 2 years, 3
years, or 5 years of TSH measurement. Values below 0 or above 1,000 were
excluded.

Continuous, mean estimated glomerular filtration rate (¢GFR) by CKD-EPI
equation in 2009 using the race, gender, and creatinine values measured within
1 year, 2 years, 3 years, or 5 years of TSH measurement (Levey 2009).
Creatinine values below 0 or above 1000 were excluded.

Panel C: Diagnosis-based health outcomes

Fracture

CVD Hospitalization

All-Cause Mortality

All-cause Hospitalization

Binary, indicating if a patient has any record of fracture diagnoses (as defined
by ICD-9 and ICD-10 codes) within 1 year, 2 years, 3 years, or 5 years of TSH
measurement.

Binary, indicating if a patient has any record of hospitalization associated with
cardiovascular (CVD) diagnoses (as defined by ICD-9 and ICD-10 codes) on
admission within 1 year, 2 years, 3 years, or 5 years of TSH measurement.

Binary, indicating if a patient has a record of death within 1 year, 2 years, 3
years, or 5 years of TSH measurement. Because the format of date of death only

included year and month, the first day of each month was assumed to be the date
of death.

Binary, indicating if a patient has any record of hospitalization within 1 year, 2
years, 3 years, or 5 years of TSH measurement.

Other Measures

TSH Iab (std.) costs

Continuous, sum of TSH lab costs charged to a patient’s insurer in 2021 US
dollars (USD) within 1 year, 2 years, 3 years, or 5 years of TSH measurement.
Optum constructs standard pricing algorithms that account for variation in
allowed payments across plans and providers separately for facility inpatient,
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Charge

Out-of-pocket costs

General Physician Visits

Emergency Room Visits

Established Visits

New Visits

facility outpatient, professional, ancillary, and pharmacy claims. These
standardizations are provided from 2004-2021 and indexed to 2021 USD.
Standardized costs for 2003 data are assumed to be $0 rather than missing.

Continuous, sum of charges billed by a patient’s insurer inflation-adjusted to
2021 US dollars (USD) using the Medical Care component of the Consumer
Price Index for All Urban Consumers (CPI-U) within 1 year, 2 years, 3 years, or
5 years of TSH measurement (see Dunn et al. 2018 and BLS 2025).

Continuous, sum of out-of-pocket costs (deductible, copay, coinsurance) paid by
a patient inflation-adjusted to 2021 US dollars (USD) using the Health care
component of Personal Consumption Expenditure (PCE) price within 1 year, 2
years, 3 years, or 5 years of TSH measurement. (see Dunn et al. 2018 and Census
2025)

Continuous, recorded number of health maintenance visits for a patient (as
defined by ICD-9 and ICD-10 and CPT codes) within 1 year, 2 years, 3 years,
or 5 years of TSH measurement.

Continuous, recorded number of visits for a patient associated with an
emergency room (as defined by CPT codes) within 1 year, 2 years, 3 years, or 5
years of TSH measurement.

Continuous, recorded number of established (return) visits for a patient (as
defined by CPT codes) within 1 year, 2 years, 3 years, or 5 years of TSH
measurement.

Continuous, recorded number of new visits for a patient (as defined by CPT
codes) within 1 year, 2 years, 3 years, or 5 years of TSH measurement.

Covariates
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Age

Female

White race
Hispanic ethnicity
Black race

Asian race

Baseline diabetes mellitus

Baseline hypertension

Continuous, measured by difference in years between year of birth and year at
time of TSH measurement. Patients with missing values were excluded.

Binary, provided by data provider. Patients with missing values were excluded.
Binary, provided by data provider. Patients with missing values were excluded.
Binary, provided by data provider. Patients with missing values were excluded.
Binary, provided by data provider. Patients with missing values were excluded.
Binary, provided by data provider. Patients with missing values were excluded.

Binary, indicating if a patient has any record of diabetes diagnoses (as defined
by ICD-9 and ICD-10 codes) prior to TSH measurement.

Binary, indicating if a patient has any record of hypertension diagnoses (as
defined by ICD-9 and ICD-10 codes) prior to TSH measurement.

Baseline LDL Continuous, mean serum LDL with units of mg/dL in the 1 year prior to TSH
measurement. Values below 0 or above 1,000 were excluded.

Baseline eGFR Continuous, mean estimated glomerular filtration rate (eGFR) by CKD-EPI
equation in 2009 using the race, gender, and creatinine values measured in the 1
year prior to TSH measurement. Values below 0 or above 1,000 were excluded.

Explanatory Variable Definition

TSH Thyroid stimulating hormone (TSH) laboratory test with upper limits of 4.5

mlU/L (or 5.5 mIU/L in robustness checks)
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Table S2. Identification of Levothyroxine Prescriptions

Drug Name Drug type
Eltroxin Brand
Euthyrox Brand
Levothroid Brand
Levoxyl Brand
Roxin Brand
Synox Brand
Synthroid Brand
Thyronorm Brand
Thyrosec Brand
Thyrowin Brand
Thyrox Brand
Tirosint Brand
Unithroid Brand
Levothyroxine Generic
Thyroxine Generic
Liothyronine Generic

Note: All drugs here are considered equivalents of levothyroxine and are treated as identical.
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Table S3. Codes for laboratory measurements and diagnosis

Name Code Code type
Laboratory Measurement: TSH 11579-0 LOINC
Laboratory Measurement: TSH 3016-3 LOINC
Laboratory Measurement: TSH 11580-8 LOINC
Diagnosis: Hypothyroidism 243* ICD-9
Diagnosis: Hypothyroidism 244%* ICD-9
Diagnosis: Hypothyroidism E890* ICD-10
Diagnosis: Hypothyroidism E00* ICD-10
Diagnosis: Hypothyroidism E02* ICD-10
Diagnosis: Hypothyroidism E03* ICD-10

Note: The above-mentioned codes capture 96% of the variation of all TSH codes. The diagnosis of hypothyroidism is
not differentiated into subclinical and overt hypothyroidism and, hence, in clinical practice, the catch all
hypothyrodisim diagnosis is used.

79



Table S4. Discontinuity in baseline characteristics at eligibility threshold.

Variable Discontinuity at eligibility threshold Sample size

Age -0.0679 772,715
(-0.2516, 0.1158)

Female 0.0010 772,662
(-0.0041, 0.0061)

White race 0.0008 772,715
(-0.0040, 0.0056)

Hispanic ethnicity -0.0003 772,715
(-0.0042, 0.0036)

Black race -0.0023 772,715
(-0.0052, 0.0005)

Asian race 0.0018 772,715
(-0.0008, 0.0044)

Baseline diabetes mellitus 0.0007 772,715
(-0.0032, 0.0045)

Baseline hypertension -0.0000 772,715
(-0.0051, 0.0050)

Baseline LDL -0.1685 611,411
(-0.5837, 0.2467)

Baseline eGFR 0.1321 704,214
(-0.1082, 0.3724)

Frequency (McCrary Test) 0.0013

(-0.0015, 0.0041)

Note. The table shows whether the demographics, baseline comorbidities, baseline laboratory measures, and the
frequency of TSH measures are smooth across the 4.5 mIU/L threshold. The variables on the left are used as outcome
variable in the linear regression discontinuity specification.
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Table S5. 2-year treatment effects at early hypothyroidism threshold

Baseline Treatment effects Sample size
Panel A: Prescription, diagnosis, and costs
Prescription 0.07 0.1316 772,715
(0.1278, 0.1354)
Diagnosis 0.18 0.2054 772,715
(0.2008, 0.2101)
Thyroid std. costs 220.16 40.8992 772,715

(35.1136, 46.6348)

Panel B: Laboratory outcomes

TSH change -0.97 -0.1519 342,660
(-0.1726, -0.1313)

TSH below 0.4 0.02 0.0075 342,660
(0.0052, 0.0098)

LDL 102.09 0.0918 357,877
(-0.4093, 0.5928)

eGFR 77.63 0.4573 424,397

(0.1514, 0.7631)

Panel C: Diagnosis-based health outcomes

Fracture 0.05 0.0009 772,715
(-0.0014, 0.0032)

CVD hospitalization 0.03 -0.0010 772,715
(-0.0029, 0.0008)

All-cause hospitalization 0.13 0.0020 772,715
(-0.0015, 0.0055)

All-cause mortality 0.03 0.0001 772,715

(-0.0018, 0.0019)

Note: This table shows the treatment effects on outcomes within two years after the TSH laboratory measurement
when crossing the threshold of 4.5 mIU/L from left to right where subclinical hypothyroidism is indicated on the right
side of the threshold and monitoring is recommended. The baseline is the estimate of being directly below the cutoff
of 4.5 mIU/L. All statistics are shown within the smallest bandwidth within 3.25 mIU/L to 5.75 mIU/L. Confidence
intervals are shown using heteroskedasticity robust standard errors.
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Table S6. 3-year treatment effects at early hypothyroidism threshold

Baseline Treatment effects Sample size
Panel A: Prescription, diagnosis, and costs
Prescription 0.07 0.1316 772,715
(0.1278, 0.1354)
Diagnosis 0.19 0.2026 772,715
(0.1979, 0.2073)
Thyroid std. costs 295.51 49.4821 772,715
(42.2457, 56.7186)
Panel B: Laboratory outcomes
TSH change -0.97 -0.1358 375,882
(-0.1559, -0.1157)
TSH below 0.4 0.02 0.0082 375,882
(0.0059, 0.0106)
LDL 102.31 -0.0386 388,418
(-0.5141, 0.4369)
eGFR 78.03 0.4687 451,813
(0.1712, 0.7663)
Panel C: Diagnosis-based health outcomes
Fracture 0.06 0.0013 772,715
(-0.0012, 0.0038)
CVD hospitalization 0.04 -0.0001 772,715
(-0.0022, 0.0020)
All-cause hospitalization 0.16 0.0038 772,715
(-0.0001, 0.0076)
All-cause mortality 0.05 -0.0002 772,715

(-0.0024, 0.0020)

Note: This table shows the treatment effects on outcomes within three years after the TSH laboratory measurement
when crossing the threshold of 4.5 mIU/L from left to right where subclinical hypothyroidism is indicated on the right
side of the threshold and monitoring is recommended. The baseline is the estimate of being directly below the cutoff of
4.5 mIU/L. All statistics are shown within the smallest bandwidth within 3.25 mIU/L to 5.75 mIU/L. Confidence
intervals are shown using heteroskedasticity robust standard errors.
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Table S7. 5-year treatment effects at early hypothyroidism threshold

Baseline Treatment effects Sample size
Panel A: Prescription, diagnosis, and costs
Prescription 0.07 0.1316 772,715
(0.1278, 0.1354)
Diagnosis 0.21 0.1995 772,715
(0.1948, 0.2042)
Thyroid std. costs 388.08 65.6059 772,715
(56.6012, 74.6106)
Panel B: Laboratory outcomes
TSH change -0.98 -0.1295 398,799
(-0.1494, -0.1096)
TSH below 0.4 0.02 0.0091 398,799
(0.0067, 0.0115)
LDL 102.39 -0.0219 409,895
(-0.4805, 0.4368)
eGFR 78.22 0.4845 470,618

(0.1919, 0.7771)

Panel C: Diagnosis-based health outcomes

Fracture 0.08 0.0015 772,715
(-0.0013, 0.0043)

CVD hospitalization 0.05 0.0000 772,715
(-0.0023, 0.0023)

All-cause hospitalization 0.19 0.0042 772,715
(0.0002, 0.0083)

All-cause mortality 0.07 -0.0007 772,715

(-0.0032, 0.0019)

Note: This table shows the treatment effects on outcomes within five years after the TSH laboratory measurement when
crossing the threshold of 4.5 mIU/L from left to right where subclinical hypothyroidism is indicated on the right side of
the threshold and monitoring is recommended. The baseline is the estimate of being directly below the cutoff of 4.5
mlU/L. All statistics are shown within the smallest bandwidth within 3.25 mIU/L to 5.75 mIU/L. Confidence intervals
are shown using heteroskedasticity robust standard errors.
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Table S8. 1-year treatment effect at early hypothyroidism threshold varying covariates and weights

) 2 3) 4
Panel A: Prescription, diagnosis, and costs
Prescription 0.1316 0.1270 0.1246 0.1204
(0.1278, 0.1354) (0.1229, 0.1312) (0.1205, 0.1286) (0.1160, 0.1247)
Diagnosis 0.2054 0.2091 0.1945 0.1984
(0.2009, 0.2100) (0.2041, 0.2142) (0.1896, 0.1993) (0.1929, 0.2038)
Thyroid std. costs 22.2583 20.3938 21.5521 19.6814

(18.5002, 26.0165)

(16.5974, 24.1901)

(17.6704, 25.4338)

(15.8885, 23.4743)

Panel B: Laboratory outcomes

TSH change
TSH below 0.4
LDL

eGFR

-0.1626
(-0.1864, -0.1388)
0.0040
(0.0016, 0.0065)
0.7147
(0.0958, 1.3337)
0.5874
(0.2359, 0.9389)

-0.1480
(-0.1750, -0.1211)
0.0045
(0.0019, 0.0071)
0.4125
(-0.0739, 0.8990)
0.0228
(-0.1357, 0.1813)

-0.1603
(-0.1873, -0.1334)
0.0038
(0.0010, 0.0065)
0.8957
(0.2238, 1.5677)
0.5297
(0.1453, 0.9142)

-0.1470
(-0.1764, -0.1177)
0.0041
(0.0013, 0.0070)
0.5386
(0.0126, 1.0646)
0.0362
(-0.1351, 0.2076)

Panel C: Diagnosis-based health outcomes

Fracture -0.0001 0.0001 0.0007 0.0008
(-0.0019, 0.0018)  (-0.0019, 0.0022) | (-0.0013, 0.0027)  (-0.0014, 0.0030)
CVD hospitalization -0.0006 -0.0008 -0.0004 -0.0009
(-0.0021, 0.0009)  (-0.0024, 0.0009) | (-0.0021, 0.0012)  (-0.0027, 0.0009)
All-cause hospitalization 0.0011 0.0003 0.0007 0.0005
(-0.0018, 0.0041)  (-0.0029, 0.0034) | (-0.0024, 0.0039)  (-0.0030, 0.0039)
All-cause mortality 0.0005 0.0003 0.0005 0.0005
(-0.0009, 0.0018)  (-0.0011, 0.0018) | (-0.0010, 0.0020)  (-0.0010, 0.0021)
Covariates No Yes No Yes
Weights Uniform Uniform Triangular Triangular

Note: This table shows the treatment effects on outcomes within one years after the TSH laboratory measurement when crossing the
threshold of 4.5 mIU/L from left to right where subclinical hypothyroidism is indicated on the right side of the threshold and monitoring
is recommended. Column (1) and (3) show the estimated effects without covariates varying the weighting scheme from uniform to
triangular while column (4) and (5) show the estimated effects with covariates (as shown in Table S4 while similarly varying the
weighting scheme. The baseline is the estimate of being directly below the cutoff of 4.5 mIU/L. All statistics are shown within the
smallest bandwidth within 3.25 mIU/L to 5.75 mIU/L. Confidence intervals are shown using heteroskedasticity robust standard errors.
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Table S9. 1-year complier treatment effects from prescription at early hypothyroidism threshold

Baseline Treatment effects Sample size
Panel A: Prescription, diagnosis, and costs
Prescription (Endogenous Regressor)
Diagnosis 0.04 1.5568 772,715
(1.5253, 1.5883)
Thyroid std. costs 102.38 167.0136 772,715

(136.8765, 197.1508)

Panel B: Laboratory outcomes

TSH change -0.74 -1.2860 228,390
(-1.4777, -1.0944)

TSH below 0.4 0.01 0.0373 228,390
(0.0179, 0.0567)

LDL 99.95 5.1366 244,146
(0.9972,9.2761)

eGFR 75.60 4.0785 317,727

(1.6337, 6.5233)

Panel C: Diagnosis-based health outcomes

Fracture 0.03 -0.0026 772,715
(-0.0167, 0.0115)

CVD hospitalization 0.02 -0.0059 772,715
(-0.0172, 0.0054)

All-cause hospitalization 0.09 0.0077 772,715
(-0.0146, 0.0300)

All-cause mortality 0.02 0.0024 772,715

(-0.0075, 0.0123)

Note: This table shows the 2SLS regression complier treatment effects from prescription of Levothyroxine on
outcomes within one year after the TSH laboratory measurement when crossing the threshold of 4.5 mIU/L from left
to right where subclinical hypothyroidism is indicated on the right side of the threshold and monitoring is
recommended. The baseline is the estimate of being directly below the cutoff of 4.5 mIU/L. All statistics are shown
within the smallest bandwidth within 3.25 mIU/L to 5.75 mIU/L. Confidence intervals are shown using
heteroskedasticity robust standard errors.
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Table S10. 1-year treatment effects at early hypothyroidism threshold 4.5 and 5.5 mIU/L pooled

Baseline Treatment effects Sample size

Panel A: Prescription, diagnosis, and costs

Prescription 0.08 0.1378 817,734
(0.1340, 0.1416)

Diagnosis 0.16 0.2112 817,734
(0.2067, 0.2156)

Thyroid std. costs 113.89 22.5198 817,734

(18.8453,26.1942)

Panel B: Laboratory outcomes

TSH change -1.04 -0.1724 241,575
(-0.1971, -0.1477)

TSH below 0.4 0.02 0.0037 241,575
(0.0011, 0.0063)

LDL 100.89 0.7271 254,766
(0.1206, 1.3336)

eGFR 76.09 0.6444 330,979
(0.2975, 0.9912)

Panel C: Diagnosis-based health outcomes

Fracture 0.03 -0.0003 817,734
(-0.0020, 0.0015)

CVD hospitalization 0.02 -0.0007 817,734
(-0.0021, 0.0008)

All-cause hospitalization 0.09 0.0004 817,734
(-0.0024, 0.0033)

All-cause mortality 0.02 0.0003 817,734

(-0.0010, 0.0016)

Note: This table shows the treatment effects on outcomes within one years after the TSH laboratory measurement when
crossing the threshold of 4.5 mIU/L or 5.5 mIU/L from left to right where subclinical hypothyroidism is indicated on
the right side of the threshold and monitoring is recommended. The baseline is the estimate of being directly below
the cutoff of 4.5 mIU/L or 5.5 mIU/L. All statistics are shown within the smallest normalized bandwidth of -1.25

mlU/L to 1.25 mIU/L. Confidence intervals are shown using heteroskedasticity robust standard errors.
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Table S11. Granular cost effects and back-of-the-envelope calculation using 1-year estimates

Panel A: In-depth cost effects

Threshold:
4.5 mIU/L 5.0 mIU/L 6.0 mIU/L 7.0 mIU/L
GP visit std. costs 14.86 17.90 24.00 30.09
(9.32, 20.40) (12.22, 23.59) (12.35, 35.64) (10.79, 49.39)
ER visit std. costs 7.58 -1.29 -19.05 -36.80
(-1.55,16.71) (-10.22, 7.63) (-37.30, -0.79) (-67.38,-6.21)
Inpatient std. costs 122.59 5.42 -228.93 -463.27
(-82.53, 327.71) (-198.22, 209.05) (-687.92,230.06) | (-1242.43, 315.89)
Total std. costs 256.49 120.22 -152.31 -424.85
(-34.35, 547.33) (-161.97, 402.41) (-739.56,434.93) | (-1413.25, 563.55)

Panel B: Back-of-the-envelope calculation

Statistics

Small Bandwidth Sample Size (n$PM)

Medium Bandwidth Sample Size (n$P™)
Prescription Jump (p)

1-year cost treatment effect at 7 mlU/L (c1)
S5-year cost treatment effect at 7 mlU/L (c5)

Scaled Subclinical Hypothyroidism Prevalence of Americans (Wyne et al. 2023) (t)
US Adult Population in 2021 (Census, 2025) (n5,;

Cost-Analysis at extrapolated 7 mlU/L threshold:

Small Sample USD Savings (n$? x p x c1)

Medium Sample USD Savings (ny;" X p X c1)

CDM

US Prevalence Sample USD Savings (nbs,; X t X p X c1)

Small Sample USD Savings (n$? x p x c5)

Medium Sample USD Savings (n$™ X p x ¢5)
US Prevalence Sample USD Savings (n¥5,; X t X p X c5)

772,715
6,996,054
13.16 pp
-$424.85
-$717.85
11%
266,978,268

$43,202,697
$391,151,198
$1,641,950,680

$72,997,660
$660,910,645
$2,774,330,460

Note: This table shows the treatment effects when we move the threshold of subclinical hypothyroidism of 4.5 mIU/L, where
monitoring is recommended, closer to the threshold of overt hypothyroidism of 10 mIU/L, where prescription is recommended.
Column 1 shows the impact of being just below vs above the threshold of subclinical hypothyroidism while the following columns
show the impact of being just below and above the new extrapolated thresholds of 5 mIU/L, 6 mIU/L, and 7 mIU/L. The confidence
intervals are in parenthesis and based on standard errors that are derived using the Delta method. Results on surgery, ICU, imaging,
and procedures costs are available upon request.
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Table S12. 1-year treatment effects at prescription threshold 10 mIU/L

Baseline Treatment effects Sample size

Panel A: Prescription, diagnosis, and costs

Prescription 0.68 0.0185 21,406
(-0.0071, 0.0441)

Diagnosis 0.76 0.0127 21,406
(-0.0109, 0.0364)

Thyroid std. costs 188.26 10.0236 21,406

(-16.7149, 36.7622)

Panel B: Laboratory outcomes

TSH change -5.63 -0.0251 13,214
(-0.2396, 0.1894)

TSH below 0.4 0.10 0.0146 13,214
(-0.0063, 0.0356)

LDL 108.27 -0.1191 6,892
(-3.68006, 3.4424)

eGFR 78.31 0.1440 9,150
(-1.8939, 2.1820)

Panel C: Diagnosis-based health outcomes

Fracture 0.03 0.0032 21,406
(-0.0062, 0.0126)

CVD hospitalization 0.02 0.0034 21,406
(-0.0046, 0.0114)

All-cause hospitalization 0.10 -0.0028 21,406
(-0.0195, 0.0139)

All-cause mortality 0.02 0.0021 21,406

(-0.0064,0.0106)

Note: This table shows the treatment effects on outcomes within one years after the TSH laboratory measurement when
crossing the threshold of 10 mIU/L from left to right where overt hypothyroidism is indicated on the right side of the
threshold and prescription is recommended. The baseline is the estimate of being directly below the cutoff of 10 mIU/L.
All statistics are shown within the smallest bandwidth of 8.75 mIU/L to 11.25 mIU/L. Confidence intervals are shown

using heteroskedasticity robust standard errors.
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