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Abstract

Purpose—To compare cardiovascular outcomes and rates of fractures and falls among patients 

with persistent brand-name versus generic L-thyroxine use.

Methods—Retrospective, 1:1 propensity-matched longitudinal study using a national 

administrative claims database to examine adults (≥18 years) who initiated either brand or 

generic L-thyroxine between 2008 and 2018, censored at switch or discontinuation of L-thyroxine 

formulation or disenrollment from the health plan. Main outcome measures included rates of 

hospitalization for atrial fibrillation, myocardial infarction, congestive heart failure, stroke, spine 

and hip fractures, and rate of falls in the outpatient or inpatient setting. Hospitalizations for 

pneumonia were used as a negative control.

Results—195,046 adults initiated treatment with L-thyroxine between 2008 and 2017: 87% 

generic and 13% brand formulations. They were mostly women (76%), young (94.6% under age 

65), white (66%), and 47% had baseline thyroid stimulating hormone levels between 4.5 and 9.9 

mIU/L. Among 35,667 propensity-matched patients, there were no significant differences between 

patients treated with brand versus generic L-thyroxine in atrial fibrillation (HR 0.96, 0.58–1.60), 

myocardial infarction (HR 0.66, 0.39–1.14), congestive heart failure (HR 1.30, 0.78–2.16), stroke 

(0.72, 0.49–1.06), spine (HR 0.87, 0.38–1.99) and hip fractures (HR 0.86, 0.26–2.82), or fall 

outcomes (HR 1.02, 0.14–7.32). Hospitalization rates for pneumonia (used as negative control) did 

not differ between groups (HR 0.85, 0.61–1.19). There were no interactions between brand versus 

generic L-thyroxine, these outcomes, and thyroid cancer, age, or L-thyroxine dose subgroups.

Conclusions—We found no significant differences in cardiovascular outcomes and rates of falls 

and fractures for patients who filled brand versus generic L-thyroxine.

Keywords

Generic; Brand; Levothyroxine; Hypothyroidism

Brito et al. Page 2

Endocrine. Author manuscript; available in PMC 2022 June 21.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Background

L-thyroxine is the most common thyroid hormone replacement therapy used for patients 

with hypothyroidism and it has become the most frequently prescribed medication in the 

United States [1, 2]. L-thyroxine is a synthetic form of thyroxine and is available as a 

brand-name or generic preparation. Generic formulations are chemically identical to their 

reference brand-name drugs in dosage form, strength, route of administration, quality, 

performance characteristics, and intended use, but they are substantially cheaper than brand-

name L-thyroxine [3].

Despite potential advantages of prescribing generic L-thyroxine, the use of brand L-

thyroxine continues to be common. Approximately 40% of L-thyroxine formulations 

prescribed by endocrinologists in 2016 were for brand L-thyroxine [4]. Once patients 

received a brand L-thyroxine prescription, they are more likely to continue taking that 

formulation. One study found that only 20% of brand L-thyroxine initiators experienced 

generic substitution within 12 months [5].

L-thyroxine is a drug with a narrow therapeutic index, meaning that small deviation of the 

dose and subsequent drug blood concentration can cause clinically meaningful effects on 

patients including therapeutic failures or adverse reactions. Some experts have warned that 

small deviation of drug blood concentrations could arise from using generic L-thyroxine 

formulations as opposed to consistent use of brand L-thyroxine [6, 7]. A possible difference 

in clinical effect across L-thyroxine formulations could cause abnormal levels of thyroid 

hormone concentration in the blood that may affect metabolic demands of the heart and 

bone, and possibly result in heart failure exacerbation, heart ischemia, arrhythmia, and bone 

loss [8, 9]. A study by Smallridge et al., using national data from a large administrative 

claims database, found no difference in the incidence of cardiovascular events between 

patients using generic versus brand L-thyroxine. This study, however, did not adjust for 

baseline thyroid hormone values, the dose of L-thyroxine, or assess rates of falls and 

fractures [10].

To better understand the comparative safety of branded and generic L-thyroxine, we used 

a national administrative database to explore the impact of persistent use on cardiovascular 

events and on rates of falls and fractures, after propensity-matching the two groups. Unlike 

the prior study, we used data on baseline thyrotropin stimulating hormone (TSH) levels 

and on dose of L-thyroxine used. Given that the majority of patients receiving relatively 

low doses of L-thyroxine have some endogenous thyroid function that could buffer any 

difference across preparations, we specifically investigated the comparative safety of brand 

vs. generic L-thyroxine among patients with thyroid cancer, patients receiving high doses of 

L-thyroxine, and patients with history of thyroid surgery.

Methods

Study design and data source

We conducted a retrospective analysis of de-identified administrative claims data linked 

with laboratory results from a large database, OptumLabs™ Data Warehouse (OLDW), 
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which includes commercially insured and Medicare Advantage enrollees throughout the 

United States [11]. The database contains longitudinal health information on enrollees and 

patients, representing a diverse mix of ages, ethnicities, and geographical regions across 

the United States [12]. The health plans provide comprehensive full insurance coverages 

for physician, hospital, and prescription drug services. Pharmacy claims include information 

on medications dispensed, size, and dates of prescriptions. Study data were accessed using 

techniques compliant with the Health Insurance Portability and Accountability Act of 1996. 

Because this study involved analysis of pre-existing, de-identified data, the Mayo Clinic 

Institutional Review Board declared it exempt from board approval.

Study population

We included adults (≥18 years) who newly initiated either brand or generic L-thyroxine 

preparations between Jan 1, 2008 and Dec 31, 2018. We limited the study to patients who 

had continuous medical and pharmacy benefits for at least 12 months prior to the first 

L-thyroxine fill. Date of this prescription fill was considered the index date. At baseline, 

we excluded adults who were pregnant, had diagnosed hypopituitarism, hyperthyroidism, 

and those who had a medical condition or used medications that could affect thyroid 

stimulating hormone (TSH) levels (List of medications in Appendix Table #1) within 1 

year before the index date [13]. Finally, we excluded adults who filled other forms of 

non-recommended thyroid replacement therapy before index date [13], including thyroid 

extracts, or T3 therapy, such as liothyronine, thyroid desiccated/extracts, as well as the 

following brands: Cytomel, Armour Thyroid, or Nature Thyroid.

Exposure

We had a total of 33,038,162 fills for L-thyroxine during the study period, of which 

2,178,862 were first fills (index date). For patients initiating L-thyroxine, we characterized 

whether the pharmacy fill was for a brand-name or generic L-thyroxine using First 

Databank. First Databank categorizes pharmacy products as generic if they are sold under 

a generic pharmacy label. Participants who switched across formulation (e.g., brand to 

generic) or switched to other thyroid hormones, disenrolled from the health plan, or ended 

treatment (defined as not refilling a prescription within 30 days of the end of the last filled 

prescription) during the study time were censored.

Outcomes

Our primary outcomes were: atrial fibrillation (Afib), myocardial infarction (MI), congestive 

heart failure (CHF), pneumonia, falls, and spine and hip fractures. Afib and CHF outcomes 

were defined as primary diagnoses of Afib or CHF during hospitalization; MI and stroke 

outcomes were defined based on previous algorithm as primary or first secondary diagnosis 

of MI or stroke during hospitalization. Pneumonia outcome was defined as primary 

diagnosis of pneumonia during hospitalization. Falls, spine and hip fractures were defined as 

primary diagnosis in hospitalization or emergency department visits. We chose pneumonia 

hospitalization as the negative control because it has no known association with the exposure 

of interest [14]. If we were to find an association between rate of pneumonia and use 

of brand-name L-thyroxine, it would suggest that there are still important unadjusted 

confounding factors.
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Baseline characteristics

Baseline patient characteristics included age, sex, race/ethnicity, household income, census 

region, provider specialty (endocrinologist vs. other specialists), year of index prescription, 

L-thyroxine dose, Charlson comorbidity index [15], and conditions and medications that 

may be associated with the exposure and/or affect the risk of developing any of the outcomes 

of interest (Table 1). We defined comorbidities using International Classification Disease 

[ICD] billing codes (ICD-9-CM/ICD-10) from administrative claims.

Statistical analyses

We used propensity score to match patients who initiated brand name L-thyroxine with those 

who initiated generic L-thyroxine [16]. Logistic regression model was used to estimate the 

propensity to receive brand name versus generic L-thyroxine. Based on clinical relevance 

and evidence from prior studies, the covariates related to the propensity score included 

demographics, baseline comorbidities, medications, and baseline TSH values shown in 

Table 1. We evaluated the balance among the treatment groups by comparing standardized 

mean differences of baseline covariates between the groups. A baseline characteristic was 

considered balanced if the maximum standardized mean difference was under 0.1. Patients 

on generic L-thyroxine were matched 1 to 1 to patients receiving brand L-thyroxine using 

nearest neighbor matching with a caliper of 0.2. Cox proportional hazards regression was 

used to compare the risk of experiencing the first incidence of the outcomes between brand 

versus generic L-thyroxine users in the matched cohort. The proportional hazard assumption 

was tested on the basis of Schoenfeld residuals and it was valid for all outcomes. Robust 

sandwich estimates were included to account for clustering within matched sets. The event 

rate, hazard ratio (HR), and 95% CI for each outcome of interest were calculated.

We then performed stratified analyses by age (under 65 and 65 years or older), history of 

thyroid cancer (present/absent), history of total thyroidectomy (present/absent), and dose of 

L-thyroxine used (under 100 and 100 mcg and over). Finally, we conducted a sensitivity 

analysis for primary outcomes after excluded patients taking L-thyroxine capsule, due to 

concerns that L-thyroxine capsules may have different absorption profile than L-thyroxine 

tablets and thus an impact on outcome of interest. Differences in hazard ratios (HR) by 

subgroups of interest were tested using interaction terms. Analyses were performed in SAS 

9.4 (SAS Institute Inc., Cary, NC) and Stata version 14.1 (StatCorp, College Station, TX). P 
< 0.05 was considered statistically significant.

Results

The characteristics of the 195,046 participants who filled L-thyroxine between Jan 1, 2008 

and Dec 31, 2018 are shown in Table 1. Most adults in the cohort were women (75%), 95% 

were under age 65, 64% were white, and 38% had baseline TSH levels between 0.3 and 4.4 

mIU/L. Patients who received brand-name compared with generic L-thyroxine were more 

likely to be female (81% vs. 74%), to be white (68% vs. 63%), to have a household income 

> $200,000 (17% vs. 10%), to have a claim for thyroid cancer (4% vs. 1%), hypothyroidism 

(59% vs. 46%), and to have an endocrinologist as the prescriber specialty (29% vs. 10%).
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After 1:1 propensity score matching, there were 35,667 patients in each treatment group. 

There were no significant differences between brand and generic L-thyroxine cohorts with 

respect to all of the examined factors (standardized mean differences <0.1). Matched 

patients’ mean and median follow-up time were 0.88 (SD 1.05) years and 0.49 years, 

respectively. The crude event rates per 100 person-years and corresponding HRs for the two 

groups are shown in Table 2. Among all the matched patients, there were no significant 

differences between adults treated with brand versus generic L-thyroxine in atrial fibrillation 

(HR 0.96, 95% confidence interval [CI] 0.58–1.60), myocardial infarction (HR 0.66, 0.39–

1.14), congestive heart failure (HR 1.30, 0.78–2.16), stroke (0.72, 0.49–1.06), spine (HR 

0.87, 0.38–1.99) and hip fractures (HR 0.86, 0.26–2.82), or fall outcomes (HR 1.02, 0.14–

7.32). Hospitalization rates for pneumonia—a negative control—also did not differ between 

groups (HR 0.85, 0.61–1.19). Kaplan-Meier curves for each outcome are depicted in Fig. 

1. Furthermore, there were no significant interactions in any subgroups for the outcomes of 

interest (Table 3). Finally, sensitivity analysis after excluding L-thyroxine capture did not 

show different results in primary outcomes (Table 4).

Discussion

In this observational study of 195,046 adults who initiated L-thyroxine replacement therapy, 

we found, among 35,667 propensity-matched patients, no statistically significant differences 

in cardiovascular outcomes or in rates of falls and fractures associated with the use of 

brand versus generic L-thyroxine formulations, including across subgroups of interest: 

younger vs. older adults, and those with potential low endogenous thyroid production. As 

patients tend to take the same formulation without switching, these results are important as 

they reassure clinicians and patients that taking generic L-thyroxine persistently does not 

offer any disadvantage compared to brand L-thyroxine in regards to the patient-important 

outcomes. In doing so, these results add important information about rates of falls and 

fractures to the study published by Smallridge et al. [10], in which they found no difference 

in the incident cardiovascular event rates between brand and generic L-thyroxine for patients 

with hypothyroidism.

In our study, the majority of patients received low doses of L-thyroxine (average initiating 

L-thyroxine dose of 70 mcg), likely due to having mild forms of thyroid dysfunction, 

suggesting that the majority had remaining intact endogenous thyroid function. Yet, we 

thought it was important to explore the effect of brand L-thyroxine formulation in patients 

with low or no endogenous thyroid production, as one study suggested that, for a group 

of 20 children with congenital hypothyroidism, with low or non-endogenous thyroid 

production, TSH values were different between brand and generic L-thyroxine [17]. In 

our study, we identified important subgroups of patients likely to have low or no thyroid 

endogenous production: patients with no thyroid, patients with thyroid cancer, and patients 

receiving full replacement L-thyroxine doses. Although we had limited statistical power due 

to the small size of the subgroups, we found no risk differences in the outcomes of interest, 

suggesting similar safety of brand and generic formulations in these patients. In contrast to 

the study conducted in children with congenital hypothyroidism, our study did not assess 

the short term biochemical impact of L-thyroxine formulation; rather, we used a pragmatic 

Brito et al. Page 6

Endocrine. Author manuscript; available in PMC 2022 June 21.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



approach to understand how persistent use of brand vs generic L-thyroxine formulation 

impacts patient-important outcomes.

Implication for clinical practice and research

Our results support the concept that there is little difference in patient-important outcomes 

with use of either brand or generic L-thyroxine. Yet, there are still other aspects about 

L-thyroxine formulation that need to be investigated. For instance, we did not take 

into account the effect of switching formulations (between brand and generic) and 

switching manufacturers within each formulation. Experts recommend maintaining the 

same prescription L-thyroxine preparation throughout the duration of treatment (brand or 

generic) [13]. However, there are several manufacturers of generic L-thyroxine and it is 

known that switching among the products made by these manufacturers occurs at the 

pharmacy level, with such changes not necessarily noted by the patient. Given that clinicians 

are often unaware when patients are switched to L-thyroxine products made by different 

manufacturers, experts recommend using brand L-thyroxine. Future research is needed 

to explore the effect of the frequency and direction of switching between L-thyroxine 

formulations on thyroid hormone levels, and patient-important outcomes.

Limitations

Our study has several limitations. This is an observational study, in which residual 

confounding factors may exist. To overcome this limitation, we used a negative control, 

pneumonia. The fact that the rate of pneumonia was not associated with the interventions 

(brand or genetic L-thyroxine) argues against, but does not completely eliminate, the 

presence of residual confounding. Furthermore, we were not able to capture thyroid 

hormone doses during treatment, such that the similar safety between brand and generic 

L-thyroxine formulations could be explained by L-thyroxine dose adjustments that occurred 

during the follow-up of these patients. Whether these adjustments occurred similarly in 

both groups is unknown. The database used in this study does not capture all thyroid test 

results for the included patients during study follow-up, limiting our ability to understand 

the impact of thyroid function levels over time on the outcomes of interest. However, we 

did not note any difference in safety for patients with thyroid cancer (these patients’ dose 

adjustments at follow-up may be similar in both groups as they both need to maintain a 

similar thyroid hormone target to suppress tumor growth). Moreover, there was a short 

follow-up period and the majority of patients dropped (censored at switch or discontinuation 

of L-thyroxine formulation or disenrollment from the health plan) from the analysis in the 

first 2 years. This limits our confidence about the impact of brand-name versus generic 

L-thyroxine use on the outcomes, as it is possible that for some of the included outcomes, 

several years of follow-up might be necessary to detect differences. Yet, if there was any 

effect of brand-name versus generic L-thyroxine on thyroid hormone values, this would 

likely affect cardiovascular outcomes over the short term. For instance, high levels of thyroid 

hormone may lead to heart arrhythmias, and subsequently other cardiovascular outcomes. 

Finally, our sample size includes mostly patients with commercial health insurance so the 

generalizability of our findings to under-insured populations is unclear.
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Conclusions

Our study of the comparative safety of persistent use of brand vs generic L-thyroxine for 

patients with mild forms of thyroid dysfunction showed that these formulations do not differ 

with respect to clinically important outcomes such as cardiovascular events, falls or fracture. 

Further research is needed to clarify if these findings are consistent among patients who 

switched between L-thyroxine formulations made by different manufacturers during the 

course of treatment.
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Appendix

Appendix

Appendix Table 1

Clinically relevant medications that may affect thyroid function

• Antithyroid Medications (PTU, Propylthiouracil, 6-N Propylthiouracil, Methimazole, Felimazole, Northyx, Tapazole, 
Thiamazole, Carbimazole, Benzylthiouracil, Methylthiouracil)

• Lithium carbonate

• Amiodarone hydrochloride

• Phenytoin

• Interferon alfa

• Interleukin 2

• Gefitinib

• Erlotinib

• Sorafenib

• Sunitinib

• Dasatinib

• Lenvatinib

• Imatinib

• Cabozantinib

• Vandetanib
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Fig. 1. 
Kaplan–Meier curves for outcomes of interest; a atrial fibrillation, b myocardial infarction, c 
congestive heath failure, d stroke, e pneumonia, f spine fractures, g hip fractures, h falls
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Table 2

Event rates and hazards ratios (95% confidence interval) of study outcomes in propensity score-matched 

cohorts of new users of brand or generic levothyroxine

Events per 1000 patient years* Hazard ratio (95% CI) brand vs. generic P-value

Outcomes Brand T4 Generic T4

Atrial fibrillation 0.95 0.98 0.96 (0.58, 1.60) 0.88

Myocardial infarction 0.72 1.08 0.66 (0.39, 1.14) 0.14

Congestive heart failure 1.11 0.85 1.30 (0.78, 2.16) 0.31

Stroke 1.44 1.98 0.72 (0.49, 1.06) 0.10

Pneumonia 2.06 2.41 0.85 (0.61, 1.19) 0.34

Spine fractures 0.33 0.37 0.87 (0.38, 1.99) 0.73

Hip fractures 0.16 0.19 0.86 (0.26, 2.82) 0.81

Falls 0.07 0.06 1.02 (0.14, 7.32) 0.99

*
Censored on end of coverage, 30 days after end of treatment, event or brand to generic, generic to brand switch or switch to other thyroid 

medications
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Table 4

Sensitivity analysis for primary outcomes after dropping L-thyroxine capsule

Events per 1000 patient years* Hazard ratio (95% CI) brand vs. generic P-value

Outcomes Brand T4 Generic T4

Atrial fibrillation 0.93 0.98 0.94 (0.56, 1.57) 0.82

Myocardial infarction 0.70 1.08 0.64 (0.37, 1.10) 0.11

Congestive heart failure 1.13 0.85 1.32 (0.80, 2.18) 0.28

Stroke 1.46 1.98 0.73 (0.50, 1.08) 0.11

Pneumonia 2.06 2.41 0.85 (0.61, 1.19) 0.34

Spine fractures 0.33 0.37 0.88 (0.38, 2.02) 0.76

Hip fractures 0.17 0.19 0.87 (0.27, 2.85) 0.82

Falls 0.07 0.06 1.03 (0.14, 7.40) 0.98

*
Event rates and hazards ratios (95% confidence interval) of study outcomes in propensity score-matched cohorts of new users of brand or generic 

levothyroxine
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