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Background: The frequency and factors associated with thyroid hormone replacement therapy among patients
with subclinical hypothyroidism (SCH) remain uncertain.
Methods: In this electronic health records-based observational cohort study, we included adults diagnosed with
SCH from four academic centers (the United States and Mexico) from January 1, 2016, to December 31, 2018.
We aimed to identify the determinants of thyroid hormone replacement therapy for SCH and the frequency of
treated SCH.
Results: A total of 796 patients (65.2% women) had SCH, and 165 (20.7%) were treated with thyroid hormone
replacement therapy. The treated group was younger [51.0 (standard deviation {SD} 18.3) vs. 55.3 (SD 18.2)
years, p = 0.008] and had a higher proportion of women (72.7% vs. 63.2%, p = 0.03) compared with the
untreated group. Only 46.7% of patients in the treated group and 65.6% in the untreated group had confirmatory
thyroid function tests (TFTs) before the decision to start thyroid hormone replacement therapy was made. There
was no difference in the frequency of thyroid autoimmunity evaluation, but a positive thyroid autoimmunity test
was more frequent in the treated group compared with the untreated group (48.2% vs. 20.3%, p < 0.001). In a
multivariable logistic regression model, female sex (odds ratio [OR] = 1.71 [CI 1.13–2.59], p = 0.01) and index
thyrotropin (TSH) level (OR = 1.97 [CI 1.56–2.49], p < 0.001 for every SD [2.75 mIU/L] change) were asso-
ciated with higher odds of treatment.
Conclusions: Among patients with SCH, female sex and index TSH level were associated with higher odds of
treatment. Moreover, in our population, the decision to treat or not to treat SCH was often based on only one set
of abnormal TFTs, and thyroid autoimmunity assessment was underused.
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Introduction

Subclinical hypothyroidism (SCH) is a common di-
agnosis based on biochemical data: an elevated serum

thyrotropin (TSH) level in combination with a free thyroxine
(fT4) level within the normal reference range.1,2 SCH affects
up to 15% of the adult population and roughly more than one
billion adults worldwide.3–5 Many symptoms have been linked
to SCH; however, most are not specific (e.g., fatigue), and
around 30% of patients with SCH have no symptoms.4,6–8

Levothyroxine (LT4) is the mainstay of treatment for hy-
pothyroidism.1,9,10 LT4 use has significantly increased over
the last few decades,11 and it has become one of the most
prescribed drugs for adults in the United States,12,13 despite
the relatively low prevalence and stable incidence of overt
hypothyroidism in the general population.3,14–16 Although it
is unclear what is driving the surge in LT4 prescriptions in the
United States, it has been described that one of the main
factors could be an increase in the diagnosis and treatment of
SCH.17–19 There is evidence for potential overtreatment of
patients with SCH causing a substantial and unnecessary
economic and treatment burden17,20,21 despite inconsistent
benefits.22–32 Indeed, in a recent clinical guideline,33 the
panel concluded that almost all adults with SCH would not
benefit from thyroid hormone treatment based on randomized
clinical trials that showed a lack of benefit in patient-
important outcomes. Instead, it was recommended that cli-
nicians should monitor the progression or resolution of the
thyroid dysfunction in these adults.33

On the contrary, most of the previous guidelines recom-
mend treatment with LT4 for patients with SCH based on
specific criteria, such as TSH level, patient’s age, the pres-
ence of hypothyroidism-related symptoms, positive thyroid
autoantibodies, or evidence of cardiovascular disease.1,9

To better understand the appropriateness of LT4 use among
patients with SCH and to propose strategies to attenuate
overdiagnosis and overtreatment of SCH, it is necessary to
examine the frequency of and factors associated with LT4 use
in patients with SCH. We performed a multicenter electronic
health records-based observational cohort study to identify
patients’ and clinicians’ determinants of thyroid hormone re-
placement therapy for SCH and the proportion of SCH patients
treated with thyroid hormone replacement therapy.

Methods

Study design, setting, and patient population

In this electronic health records-based observational co-
hort study, we included eligible patients from four academic
centers: University of Arkansas for Medical Sciences
(UAMS) (Little Rock, AR, USA), Mayo Clinic (Rochester,
MN, USA), University of Florida (UF) (Gainesville, FL,
USA), and Universidad Autonoma de Nuevo Leon (UANL)
(Monterrey, Mexico). The study was approved by each ac-
ademic center’s Institutional Review Board (IRB) (Mayo
Clinic IRB, study ID no. 19-007744; UAMS IRB, study ID
no. 249970; UF IRB, study ID no. 201902544; UANL IRB,
study ID not applicable, approval date: February 20, 2020).
Each IRB waived the need for informed patient consent, and
individual data transfer/use agreements were obtained.

We included adults ‡18 years old, diagnosed with SCH
(at least one set of elevated TSH and normal fT4 or total

thyroxine (TT4) during the study period; the first instance of
high TSH was considered ‘‘index TSH’’ and used for eval-
uation) from January 1, 2016, to December 31, 2018. The
diagnosis of SCH was based on each institution’s reference
range for TSH and fT4/TT4. Patients who were pregnant,
postpartum, severely ill, had a recent hospitalization (within
4 weeks before index TSH), using thyroid-affecting medi-
cations (amiodarone, lithium, and tyrosine kinase inhibitors)
or using medications for weight loss, with transient hypo-
thyroidism (e.g., acute or subacute thyroiditis), and a history
of thyroidectomy, radioactive iodine therapy, or neck radia-
tion were excluded from this study. Severe illness was de-
fined as any acute illness that required hospital admission to
the medical ward/intensive care unit.

Data collection

Electronic medical records from the included participants
were reviewed, and sociodemographic data, thyroid function
tests (TFTs) with dates and values, thyroid peroxidase anti-
body (TPOAb) status, thyroid ultrasound findings, and fac-
tors documented in the clinicians’ notes that could influence
their decision to treat SCH such as symptoms, comorbidities,
family history of thyroid disorders, physical examination
findings, and patients’ preference/desire for treatment were
extracted. We defined thyroid autoimmunity as the presence
of positive TPOAbs according to each institution’s assay-
specific cutoff values. The presence/absence of symptoms
was manually extracted from the information documented in
each individual patient’s medical records, especially from the
data reported in the chief complaint, history of present illness,
and review of system sections of their charts. Relevant co-
morbidities were extracted directly from the medical history
data included in the chart at the time when the treatment
decision was made.

Data related to thyroid hormone replacement therapy, such
as confirmation of SCH with a second set of TFTs before
thyroid hormone replacement therapy prescription, the timing
of therapy in relation to index abnormal TFTs, type and initial
dose of thyroid hormone replacement therapy, justification for
prescription (documented in patient’s chart assessment/plan
section), and clinicians’ characteristics (specialty, type of cli-
nician) were also retrieved. All the data were extracted using a
standardized data extraction sheet in a secure, Health Insurance
Portability and Accountability Act-compliant web-based ap-
plication designed for data collection for research studies
(Research Electronic Data Capture). We had multiple meetings
to ensure standardization of the data-gathering process.
Quality checks were performed to ensure data accuracy and
plausibility.

Statistical analyses

Our primary outcome was to identify the determinants of
thyroid hormone replacement prescription for SCH. Sec-
ondary outcomes were to estimate the frequency of SCH
treated with thyroid hormone replacement and factors asso-
ciated with thyroid function confirmatory testing.

A descriptive summary analysis of patients’ baseline
characteristics was performed stratified by treatment status.
Data are presented as frequencies (percentages) for the cat-
egorical variables and means (standard deviation [SD]) for
the continuous variables. Differences between categorical
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variables were assessed using the Fisher’s exact test and
between continuous variables using the Welch’s two-sample
t-test.

For our primary outcome, an initial multivariable logistic
regression analysis with the most clinically relevant variables
and those that were significantly different among the treat-
ment groups (age, sex, presence of any thyroid symptoms,
history of arrhythmias, history of osteoporosis, history of
cardiovascular disease, index TSH level, and fT4 level) was
developed (model 1). Then, we added two additional clini-
cally relevant variables, which had a significant percentage of
missing data (thyroid autoimmunity and abnormal thyroid
examination) to the model with multilevel multiple imputa-
tions for missing data34 (model 2). Five imputed data sets
were created and pooled for analyses using Rubin’s rules.35

Finally, a multivariable logistic regression model including
thyroid-related symptoms as the only predictors (only
symptoms reported by ‡30 patients were included) was per-
formed to assess for individual symptoms as potential drivers
of thyroid hormone replacement therapy (model 3).

For our secondary outcomes, we calculated the proportion
of patients who received thyroid hormone replacement
therapy. Univariable logistic regressions were performed to
examine the factors associated with confirmatory TFTs
within 90 days of the index TSH and to examine the factors
associated with thyroid hormone replacement therapy in the
entire population. A sensitivity analysis for the assessment of
factors associated with confirmatory TFTs was performed
after excluding patients with SCH diagnosis in 2016 (to ex-
clude patients who might have had previous, not captured by
our study design, abnormal TFT laboratory data before Jan-
uary 2016).

We completed a subgroup analysis including only the
subset of patients who received confirmatory testing within
90 days after the index TSH. In this subgroup, we performed
a univariable logistic regression to examine the factors as-
sociated with thyroid hormone replacement therapy and a
multivariable logistic regression model to examine the fac-
tors associated with thyroid hormone replacement therapy,
which was simultaneously adjusted for age, sex, any thyroid-
related symptoms, index TSH level, and confirmatory TSH
level.

For those univariable analyses with multiple comparisons,
we applied Bonferroni corrections. For the multivariable
models, we assessed collinearity on the fit of the model using
variance inflation factors with a threshold of 4.0 to indicate
that collinearity may be negatively affecting model estima-
tes. Results of the univariable and multivariable logistic re-
gressions are reported as odds ratios (ORs) and 95%
confidence interval (CI). A p of <0.05 was considered sta-
tistically significant and all testing was 2-sided. All statistical
analyses were performed using R 4.1,36 and multiple impu-
tation was performed using the R package mice.37

Results

Sociodemographic, clinical,
and treatment characteristics

A total of 796 patients with SCH were included from the
four participating institutions (Mayo Clinic, n = 273; UAMS,
n = 194; UANL, n = 63; UF, n = 266). Of those, 65.2% were
women, 75.9% were white, 87.3% non-Hispanic, and the

population mean age (SD) was 54.4 (18.3) years. Overall, 165
patients diagnosed with SCH (20.7%) were treated with
thyroid hormone replacement therapy. LT4 was prescribed in
all but one of the cases (99.4%), in which desiccated thyroid
extract was prescribed. Initial LT4 dose ranged from 12.5 to
137 lg/day (interquartile range = 25–50 lg/day). The treated
group was younger (mean age [SD]; 51.0 [18.3] vs. 55.3
[18.2] years, p = 0.008) and had a higher proportion of women
(72.7% vs. 63.2%, p = 0.03) compared with the untreated
group.

The treated group had a different composition in terms of
employment status when compared with the untreated group
( p = 0.01), with a higher number of employed patients
(54.7% vs. 39.9%) and a lower number of retired patients
(21.1% vs. 34.2%). A family history of thyroid disorders was
more frequently found in the treated group compared with the
untreated group (29.8% vs. 14.7%, p = 0.0008). The treated
group had more patients with weight gain (20.6% vs. 11.3%,
p = 0.047) and fatigue (40.6% vs. 25.7%, p = 0.002) compared
with the untreated group. No differences were found in other
hypothyroidism-related symptoms among treated and un-
treated patients, such as cold intolerance, depression, con-
stipation, dry skin, hair loss, menstrual abnormalities, and
musculoskeletal or cognitive issues (Supplementary
Table S1). Additional sociodemographic characteristics,
physical examination findings, and comorbidities by treat-
ment groups are displayed in Tables 1 and 2, and Supple-
mentary Table S2, respectively. A summary flowchart
including treatment status and confirmatory testing is pre-
sented in Figure 1.

Biochemical data

The treated group had a higher index TSH level (mean
[SD], 7.6 [5.0] mIU/L vs. 6.0 [1.6] mIU/L, p < 0.001) and a
higher proportion of TSH level ‡10 mIU/L (11.5% vs. 3.2%,
p < 0.001) compared with the untreated group. There was a
linear relationship between index TSH and the proportion of
patients prescribed LT4 (Supplementary Fig. S1). The trea-
ted group had a slightly lower fT4 level (mean [SD], 1.0
[0.2] vs. 1.1 [0.2], p = 0.03) compared with the untreated
group. There was no difference in the frequency that thyroid
autoimmunity was assessed (33.9% vs. 32.8%, p = 0.78);
however, a positive thyroid autoimmunity test was more
frequent in the treated group compared with the untreated
group (48.2% vs. 20.3%, p < 0.001). A summary of the
biochemical data per treatment group is presented in
Table 2.

Confirmatory thyroid evaluation

Only 46.7% (77/165) of the patients in the treated group
and 65.6% (414/631) of the patients in the untreated group
had confirmatory TFTs before the decision to start thyroid
hormone replacement therapy was made (Fig. 1). When re-
peat TFTs were obtained, TSH levels normalized in 50.7%
(249/491) patients, and of those, 6.4% (16/249) were treated,
and 93.6% (233/249) remained untreated (Fig. 1). Of those
patients with repeat TFTs, SCH was confirmed in 79.2% (61/
77) of treated patients and 43.7% (181/414) of the untreated
patients (Fig. 1). A sensitivity analysis excluding the patients
with SCH diagnosis in 2016 (since previous thyroid labora-
tories were not captured) showed similar results regarding
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confirmatory thyroid evaluation. A total of 250 patients had
confirmatory TFTs done within the first 90 days after index
TSH. Characteristics associated with confirmatory testing
done within the first 90 days after index TSH are presented in
Supplementary Table S3.

Clinician characteristics

More patients whose index TSH testing was ordered by a
physician’s assistant/nurse practitioner were subsequently
treated compared with physicians (28.6% vs. 19.2%,
p = 0.02). The main justification for prescribing thyroid hor-
mone replacement therapy was abnormal TFTs (69.1%),
followed by presenting symptoms at diagnosis (44.8%), un-
known (11.5%), increased cardiovascular risk (4.2%), patient

choice (4.2%), pregnancy desire (3.6%), and other (3.6%).
On the contrary, the main justification for not prescribing
thyroid hormone replacement therapy included normaliza-
tion of TFTs (35.8%), asymptomatic presentation (27.6%),
other reason (25.8%), unknown (19.5%), elderly age (4.3%),
and patient preference (2.2%).

Determinants of thyroid hormone replacement therapy

In the model 1, which examined factors associated with the
prescription of thyroid hormone replacement therapy, female
sex (OR = 1.71 [CI 1.13–2.59], p = 0.01) and index TSH level
as a continuous variable (OR = 1.97 [CI 1.56–2.49],
p < 0.001; for every SD [2.75 mIU/L] change) were associ-
ated with higher odds of treatment (Table 3). Similar results

Table 1. Demographic and Social Characteristics per Treatment Group

Characteristic Treated (N = 165) Untreated (N = 631) Total (N = 796) FET, p-value

Age, mean (SD) 51.0 (18.3) 55.3 (18.2) 54.4 (18.3) 0.008a

Age ‡65 years, % (n) 24.2 (40) 36.3 (229) 33.8 (269) 0.004
Sex, % (n) 0.03

Female 72.7 (120) 63.2 (399) 65.2 (519)
Male 27.3 (45) 36.8 (232) 34.8 (277)

Race, % (n/N) 0.48b

White 73.8 (121/164) 76.4 (479/627) 75.9 (600/791)
Black 11.0 (18/164) 10.0 (63/627) 10.2 (81/791)
Asian 2.4 (4/164) 1.6 (10/627) 1.8 (14/791)
Other 12.8 (21/164) 12.0 (75/627) 12.1 (96/791)
Missing 0.6 (1/165) 0.6 (4/631) 0.6 (5/796)

Ethnicity, % (n/N) 0.29
Hispanic 15.2 (25/164) 12.1 (75/622) 12.7 (100/786)
Non-Hispanic 84.8 (139/164) 87.9 (547/622) 87.3 (686/786)
Missing 0.6 (1/165) 1.4 (9/631) 1.3 (10/796)

Education, % (n/N) 0.44
No high school diploma 19.6 (10/51) 14.0 (31/222) 15.0 (41/273)
High school diploma/GED 33.3 (17/51) 29.3 (65/222) 30.0 (82/273)
Associate’s degree 11.8 (6/51) 16.2 (36/222) 15.4 (42/273)
Bachelor’s degree 27.5 (14/51) 24.3 (54/222) 24.9 (68/273)
Graduate school 7.8 (4/51) 16.2 (36/222) 14.7 (40/273)
Missing 69.1 (114/165) 64.8 (409/631) 65.7 (523/796)

Marital status, % (n/N) 0.22
Married/relationship 50.6 (82/162) 57.9 (362/625) 56.4 (444/787)
Divorced 11.1 (18/162) 12.3 (77/625) 12.1 (95/787)
Single 30.2 (49/162) 23.7 (148/625) 25.0 (197/787)
Other 8.0 (13/162) 6.1 (38/625) 6.5 (51/787)
Missing 1.8 (3/165) 1.0 (6/631) 1.1 (9/796)

Employment, % (n/N) 0.01
Employed 54.7 (70/128) 39.9 (197/494) 42.9 (267/622)
Unemployed 7.8 (10/128) 9.1 (45/494) 8.8 (55/622)
Retired 21.1 (27/128) 34.2 (169/494) 31.5 (196/622)
Disability 6.2 (8/128) 8.1 (40/494) 7.7 (48/622)
Student 5.5 (7/128) 2.6 (13/494) 3.2 (20/622)
Homemaker 4.7 (6/128) 6.1 (30/494) 5.8 (36/622)
Missing 22.4 (37/165) 21.7 (137/631) 21.9 (174/796)

Insurance, % (n/N) 0.03
Public 44.8 (74/165) 56.5 (356/630) 54.1 (430/795)
Private 49.7 (82/165) 39.0 (246/630) 41.3 (328/795)
Uninsured 5.5 (9/165) 4.4 (28/630) 4.7 (37/795)
Missing 0.0 (0/165) 0.2 (1/631) 0.1 (1/796)

aTwo-sample t-test p-value.
bWhite versus other races.
FET, Fisher’s exact test; GED, graduate equivalency degree; SD, standard deviation.
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Table 2. Clinical and Biochemical Characteristics per Treatment Group

Characteristic Treated (N = 165) Untreated (N = 631) Total (N = 796) p

BMI (kg/m2), mean (SD; N) 31.7 (9.0; 156) 30.8 (8.4; 567) 31.0 (8.5; 723) 0.26a

Missing 5.5 (9/165) 10.1 (64/631) 9.1 (73/796)

Weight (kg), mean (SD; N) 89.1 (27.6; 157) 87.0 (25.5; 597) 87.4 (25.9; 754) 0.39a

Missing 4.8 (8/165) 5.4 (34/631) 5.3 (42/796)

Blood pressure (mmHg), mean (SD; N)
Systolic 130.4 (22.3; 159) 129.2 (18.9; 583) 129.4 (19.7; 742) 0.54a

Diastolic 79.2 (12.5; 159) 76.6 (12.0; 583) 77.2 (12.2; 742) 0.02a

Missing 3.6 (6/165) 7.6 (48/631) 6.8 (52/796)

Heart rate (bpm), mean (SD; N) 78.6 (13.0; 157) 78.0 (14.7; 571) 78.2 (14.4; 728) 0.62a

Missing 4.8 (8/165) 9.5 (60/631) 8.5 (68/796)

Temperature (�F), mean (SD; N) 97.9 (0.7; 117) 97.8 (0.7; 464) 97.8 (0.7; 581) 0.31a

Missing 29.0 (48/165) 26.5 (167/631) 27.0 (215/796)

Abnormal thyroid examination, % (n/N) 0.006b

Yes 17.3 (23/133) 8.6 (37/430) 10.7 (60/563)
No 82.7 (110/133) 91.4 (393/430) 89.3 (503/563)
Missing 19.4 (32/165) 31.9 (201/631) 29.3 (233/796)

fT4 level (ng/dL), mean (SD; N) 1.0 (0.2; 164) 1.1 (0.2; 629) 1.0 (0.2; 793) 0.03a

Index TSH (mIU/L)
Level, mean (SD; N) 7.6 (5.0; 165) 6.0 (1.6; 631) 6.3 (2.8; 796) <0.001a

TSH ‡10 mIU/L, % (n/N) 11.5 (19/165) 3.2 (20/631) 4.9 (39/796) <0.001b

Confirmation testing, % (n/N) 46.7 (77/165) 65.6 (414/631) 61.7 (491/796) <0.001b

Confirmation TSH level, mean (SD; N) 6.3 (2.8; 77) 4.5 (2.1; 414) 4.7 (2.3; 491) <0.001a

Abnormal TSH confirmed, % (n/N) 79.2 (61/77) 43.7 (181/414) 49.3 (242/491) <0.001b

Autoimmunity laboratories, % (n/N)
Laboratories checked 33.9 (56/165) 32.8 (207/631) 33.0 (263/796) 0.78b

Positive laboratories 48.2 (27/56) 20.3 (42/207) 26.2 (69/263) <0.001b

aWelch’s two-sample t-test.
bFisher’s exact test.
BMI, body mass index; fT4, free thyroxine; TSH, thyrotropin.

FIG. 1. Flowchart summarizing treatment status and confirmatory testing in patients with SCH. SCH, subclinical hy-
pothyroidism; TFTs, thyroid function tests; TSH, thyrotropin.
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were seen with the model 2 after including thyroid autoim-
munity positivity and abnormal thyroid examination (Sup-
plementary Table S4). In addition, in the model 3, which
included individual thyroid-related symptoms as the only
predictors, fatigue (OR = 1.84 [CI 1.24–2.73], p = 0.002) and
weight gain (OR = 1.70 [CI 1.06–2.74], p = 0.03) were asso-
ciated with higher odds of thyroid hormone replacement
therapy prescription (Supplementary Table S5).

Subgroup analysis: determinants of thyroid hormone
replacement in patients with confirmatory testing

When only the subset of patients who received confirma-
tory TFTs within 90 days after the index TSH was analyzed,
univariable logistic regression analyses showed that age >65
years was associated with lower odds of treatment (OR = 0.49

[CI 0.24–0.98], p = 0.05), while family history of thyroid
disease (OR = 2.60 [CI 1.16–5.85], p = 0.02), positive thyroid
autoimmunity (OR = 3.75 [CI 1.39–10.09], p = 0.009), index
TSH level (OR = 1.77 [CI 1.19–2.62], p = 0.005), and con-
firmatory TSH level (OR = 2.42 [CI 1.69–3.48], p < 0.001)
were associated with higher odds of treatment (Table 4).

Moreover, in a multivariable logistic regression model
simultaneously adjusting for age, sex, any thyroid-related
symptoms, index TSH level, and confirmatory TSH level, the
only factor associated with the prescription of thyroid hormone
replacement therapy was the confirmatory TSH level
(OR = 2.46 [CI 1.64–3.68], p < 0.001) (Supplementary
Table S6) in the subset of patients who received a confirmatory
TSH test within 90 days after the index TSH was analyzed.
Sex-specific data (demographics and social characteristics,
reported SCH symptoms, comorbidities, and other medical-
and treatment-related characteristics of the studied population)
are presented in the Supplementary Tables S7 to S10. The
definitions used for the comorbidities of interest are presented
in Supplementary Table S11.

Discussion

In this multicenter cohort study, approximately one of
every five patients with SCH was treated with thyroid hor-
mone replacement therapy. Interestingly, only 46.7% of the
patients in the treated group and 65.6% of the patients in the
untreated group had confirmatory TFTs before the decision to
start thyroid hormone replacement therapy was made. Thy-
roid autoimmunity was checked in about one of every three
patients in both groups; however, a positive thyroid autoim-
munity test was more frequent in the treated group compared
with the untreated group. In the multivariable analysis, fe-
male sex and index TSH level were associated with higher
odds of treatment.

We described a lower prevalence of treated SCH (20.7%)
compared with the only study,38 to the best of our knowledge,
describing the prevalence of treated SCH from an unselected
adult population in the United States. In 2003, Fatourechi
et al.38 retrieved data from medical records of patients with
TSH levels between 5.1 and 10.0 mIU/L and reported that
LT4 therapy was prescribed for 39% of these patients.
However, this study analyzed a subsample (n = 450) of the
entire initial population (n = 2655) after computer-based
random selection according to their thyroid antibody status

Table 3. Multivariable Logistic Regression Model Examining Factors and Covariates Associated

with Thyroid Hormone Replacement Therapy (Model 1)

Variable Referent OR CI p

Age (years) D= 18.3 years 0.88 0.72–1.09 0.24
Female Male 1.71 1.13–2.59 0.01
Any thyroid symptoms No symptoms 1.37 0.92–2.03 0.12
Arrhythmia (yes) No 0.48 0.21–1.12 0.09
Osteoporosis (yes) No 0.56 0.26–1.22 0.15
Cardiovascular disease No risk factors

Has cardiovascular disease 1.57 0.76–3.23 0.22
At risk of cardiovascular disease 1.26 0.79–1.98 0.33

Index TSH (mIU/L) D= 2.75 mIU/L 1.97 1.56–2.49 <0.001
fT4 (ng/dL) D= 0.21 ng/dL 0.97 0.80–1.16 0.71

CI, confidence interval; OR, odds ratio.

Table 4. Factors Associated with Thyroid

Hormone Replacement Therapy in the Subset

of Patients Having a Confirmation Thyrotropin

Performed Within 90 Days of Their

Index Thyrotropin

Variable n/Na OR [CI] p

Age (years) 55/250 0.90 [0.66–1.23] 0.50
Age >65 years 55/250 0.49 [0.24–0.98] 0.05
Female 55/250 1.28 [0.67–2.43] 0.45
Abnormal thyroid

examination
44/178 0.95 [0.33–2.75] 0.92

Any thyroid symptoms 55/250 1.28 [0.68–2.42] 0.44
Arrhythmia 55/250 0.57 [0.16–2.00] 0.38
Osteoporosis 55/250 0.71 [0.26–1.96] 0.51
Family history

of thyroid disease
36/153 2.60 [1.16–5.85] 0.02

Cardiovascular disease 55/250 0.69 [0.29–1.66] 0.41
Thyroid autoimmunity 25/100 3.75 [1.39–10.09] 0.009
fT4 level 55/248 0.77 [0.57–1.05] 0.10
Index TSH level 55/250 1.77 [1.19–2.62] 0.005
Confirmation TSH

level
55/250 2.42 [1.69–3.48] <0.001

TSH difference
(confirmation-index)

55/250 1.88 [1.33–2.66] <0.001

aThe n/N column is presented to gauge how missing data may
affect the analysis. For this analysis, subjects with a confirmation
TSH occurring more than 90 days from their index TSH were
excluded. ORs and corresponding CI were extracted from univari-
able logistic regression analyses.
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with ratios of *2:2:1 (positive = 43.8%, negative = 40.7%,
and not checked = 15.5%), which differs from our study
population (positive = 8.7%, negative = 24.4% and not
checked = 66.9%).

Fatourechi et al.38 also explored factors that influence
clinicians’ decisions to treat SCH, and similarly to our find-
ings, they described that treated individuals were younger,
had a higher proportion of women, higher TSH levels, and a
higher proportion of positive thyroid microsomal antibodies
compared with the untreated group. Women are more fre-
quently diagnosed with and treated for thyroid disorders than
men.3,5,39 This finding could be explained by a perceived in-
creased risk of progression to overt hypothyroidism15,40 or due
to the potential treatment benefit on reproductive outcomes.41

In our population, the treated group showed significantly
higher TSH levels when compared with the untreated group
(mean [SD], 7.6 [5.0] mIU/L vs. 6.0 [1.6] mIU/L, p < 0.001).
This finding is probably explained by a higher probability of
treating patients with higher TSH levels, as we have de-
scribed, especially if TSH levels are above 7–10 mIU/L as
recommended by current guidelines. The European Thyroid
Association (ETA) guidelines and the American Association
of Clinical Endocrinologists/the American Thyroid Associa-
tion cosponsored guidelines recommend thyroid hormone re-
placement therapy for patients with serum TSH >10 mIU/L.1,9

In addition, the proposed treatment approach in UpToDate
recommends that most patients younger than 65–70 years with
TSH 7.0 mIU/L or higher should be treated, given the report of
increased cardiovascular mortality in this population.42 How-
ever, it is important to consider that although we found a
significant difference in the TSH level by treatment groups,
this difference might be too small to be clinically significant.

Most patients with SCH are asymptomatic, and when
symptoms are present, they tend to be nonspecific, such as
weight gain, fatigue, dry skin, and constipation.6,43–46 Indeed,
patients with SCH did not report a higher hypothyroidism
symptom score compared with euthyroid controls in a Danish
population-based study.47 We described that weight gain and
fatigue were more frequent in SCH patients who received
thyroid hormone replacement compared with untreated in-
dividuals. As these symptoms are common and bothersome
complaints of adults in the outpatient setting, we suspect that
when they are present in conjunction with SCH and in the
absence of other possible explanatory etiologies, thyroid
hormone replacement is likely prescribed as a therapeutic
trial to obtain any potential benefit and with follow up to
assess its response.

On the contrary, individuals with SCH and a known family
history of thyroid disorders or the presence of goiter on
physical examination are frequently treated in clinical prac-
tice given their association of these factors with the devel-
opment of thyroid disorders,48,49 and the evidence of thyroid
volume reduction when treated with LT4.50

Interestingly, contrary to what is recommended by some
guidelines, less than half of the treated individuals had con-
firmatory TFTs before the decision to start thyroid hormone
replacement therapy. The ETA guidelines recommend that an
initially raised serum TSH with fT4 within the reference
range should be investigated with a repeat measurement of
both serum TSH and fT4, along with TPOAbs, preferably
after a 2- to 3-month interval.1 Similarly, the proposed di-
agnostic approach in UpToDate recommends that if the se-

rum TSH level is elevated, the TSH measurement should be
repeated along with a serum fT4 after 1–3 months before
diagnosing SCH.42 The low frequency of confirmatory TFTs
occurred despite the strong evidence showing that TSH val-
ues normalize without intervention for most adults39,51–54

and recent data suggesting that even when LT4 is initiated, up
to a third of patients remained euthyroid after LT4 discon-
tinuation, especially those with SCH.55

When repeat TFTs were obtained, around 50% normal-
ized, likely impacting the decision to start thyroid hormone
replacement therapy and avoiding unnecessary treatment.
However, we also found that of the 77 treated patients who
had confirmatory testing done, around 20% were treated
despite the normalization of their TFTs.

Thyroid autoimmunity is another factor frequently as-
sessed when thyroid hormone replacement therapy is con-
sidered in the setting of SCH, as the risk of progression from
SCH to overt hypothyroidism is related to the presence of
TPOAb.40,56–59 In this study, thyroid autoimmunity was
checked only in one-third of the individuals in both the
treated and untreated groups, suggesting that there is poten-
tial underuse of this diagnostic aid in the decision-making
process in some instances. Most of the guidelines recommend
that TPOAb measurements should be considered when
evaluating patients with SCH1,9; however, the proposed di-
agnostic approach in UpToDate does not recommend routine
measurement of thyroid antibodies in patients with SCH;
instead, they recommended checking when the decision to
treat or to monitor is not obvious.42

Importantly, there is overuse of LT4 as evidenced by fre-
quent initiation of LT4 for patients with SCH in a study
analyzing the use of LT4 in the United States for commer-
cially insured and Medicare Advantage enrollees from 2008
to 2018.19 In addition, Taylor et al. found that the median
TSH level at initiating LT4 therapy fell from 8.7 to 7.9 mIU/L
from 2001 to 2009 in the United Kingdom, suggesting a more
frequent use of LT4 for marginal/mild degrees of hypothy-
roidism, such as SCH.60 Our findings have implications for
clinicians managing thyroid hormone replacement therapy and
their patients with SCH. It is necessary to highlight the im-
portance of a repeat set of TFTs, usually after 1–3 months, to
confirm the SCH diagnosis, as we identified that clinicians
often decide whether to treat or not to treat SCH based on only
one set of abnormal TFTs. In addition, there is an opportunity
to increase thyroid autoimmunity assessment as a diagnostic
aid in decision-making in some instances. Therefore, adopting
those two strategies can potentially reduce the overdiagnosis
and overtreatment of patients with SCH and ameliorate the
impact and harm of exposing some patients with SCH to long-
term thyroid hormone replacement therapy.

Our study has several limitations, including the inability to
explore if those patients who entered the cohort at the be-
ginning of the study period had their TFTs checked previ-
ously, the potential of selection bias (all four institutions were
academic centers), by which the study population may not be
truly representative of the general population, and the in-
ability to control for other potential confounder factors. There
are also inherent limitations due to the nature of our study; for
example, the use of data from electronic health records may
have lower accuracy than data collected from prospective
cohorts, especially for the data that rely entirely on the ef-
fort/time of the clinician’s documentation in the chart (e.g.,
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symptoms, patient preferences), as well as the missing or
unclear data in the electronic health records needing clarifi-
cation that we were unable to include in the analyses.

On the contrary, our study has several strengths, including
a diverse group of participants from four different popula-
tions, a relatively large sample size, which enabled us to
assess for multiple covariables, the description of the prev-
alence of treated SCH, and the inclusion of clinicians’
characteristics and justifications for treatment with thyroid
hormone replacement in the setting of SCH.

This study described a comprehensive assessment of fre-
quency and determinants for thyroid hormone replacement
therapy in adults with SCH. Among patients with SCH, fe-
male sex and index TSH level were associated with higher
odds of treatment. Moreover, in our population, the decision
to treat or not to treat SCH was often based on only one set of
abnormal TFTs, and thyroid autoimmunity assessment was
underused. Further studies are needed to evaluate the ap-
propriateness of thyroid hormone replacement therapy and
whether those factors are associated with SCH overtreatment
or can identify patients who might benefit from treatment.
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