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ABSTRACT

Introduction: Levothyroxine monotherapy
(Synthroid� or multiple generic levothyroxine
[GL] formulations) is standard treatment for
hypothyroidism. Our objective was to compare
effectiveness (as measured by achievement of
thyroid-stimulating hormone [TSH] levels) and
economic outcomes of Synthroid vs. any one of
multiple GLs in patients with hypothyroidism.
Methods: Data for this retrospective cohort
study were obtained from the HealthCore Inte-
grated Research Database�. All study patients
had C 2 claims between 1 January 2006 and 31
December 2017 with ICD-9/10-CM diagnosis
codes for hypothyroidism; were persistent users
of Synthroid vs. any GL; and had C 1 TSH lab-
oratory result during 12-month follow-up.
Patients were divided into one of two cohorts

based on index medication and were 1:1 mat-
ched using propensity scores. The primary out-
come was the proportion of patients with last
TSH laboratory result during follow-up within
the reference range (0.3–4.12 mIU/L). Second-
ary outcomes included all-cause and hypothy-
roidism-related healthcare resource utilization
(HCRU) and costs.
Results: After propensity score matching, the
Synthroid and GL cohorts each contained
18,382 patients. At follow-up, significantly
more patients receiving Synthroid were in the
TSH reference range vs. GL (78.5% vs. 77.2%,
respectively, p = 0.002). HCRU and costs were
broadly similar between the cohorts in terms of
all-cause inpatient hospitalizations, emergency
department visits, outpatient services, and
pharmacy fills. Irrespective of index medica-
tion, patients with TSH within the reference
range had significantly lower hypothyroidism-
related medical and total costs compared to
those outside the range.
Conclusions: This real-world data study
showed Synthroid was associated with better
TSH target achievement vs. GL in a US managed
care population. Achieving TSH goals may pro-
vide substantial economic value by reducing
hypothyroidism-related HCRU and costs.
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Key Summary Points

Why carry out this study?

Hypothyroidism (overt and subclinical) is
common in the US and associated with
adverse clinical outcomes.

Levothyroxine is considered standard of
care, with branded (Synthroid�) and
multiple generic versions (GL) available.

Prior preliminary research indicated that
TSH outcomes may differ between
patients with hypothyroidism treated
with Synthroid or GL.

What was learned from the study?

After 12 months from initiation,
significantly more patients receiving
Synthroid were in the TSH reference range
(0.3–4.12 mIU/L) vs. GL (78.5% vs. 77.2%,
p = 0.002).

Patients with TSH within the reference
range had significantly lower
hypothyroidism-related medical and total
costs compared to those outside the range.

Use of Synthroid may offer improved
health and economic outcomes relative to
generic formulations.

INTRODUCTION

Hypothyroidism is a common disease that cur-
rently affects 4.6% of the US population [1] and
will affect more than 12% of Americans at some
point during their lifetimes [2]. The condition
most commonly affects women and individuals
[ 60 years and people with certain autoim-
mune conditions (e.g., Hashimoto’s thyroiditis,
lupus, rheumatoid arthritis), and those with a
family history of thyroid disease are more likely
to develop hypothyroidism [3]. Effective treat-
ment largely depends on an accurate diagnosis
[4], and the most reliable screening test is

measurement of thyroid-stimulating hormone
(TSH) levels [5, 6]. TSH levels are also an indi-
cator of the effectiveness of hypothyroid treat-
ment, and achievement of a TSH level within
the normal reference range is a goal of thyroid
replacement therapy [4, 6, 7]. According to the
American Thyroid Association Task Force on
Thyroid Hormone Replacement, the recom-
mended treatment goal for TSH is in the range
of 0.4 mIU/L to 4.0 mIU/L; the limits may vary
with age, pregnancy, and race [1, 4–6].

Levothyroxine (LT4) monotherapy is con-
sidered the standard of care for the treatment of
hypothyroidism [6], with Synthroid� (levothy-
roxine sodium tablets, AbbVie) and any one of
multiple generic levothyroxine (GL) formula-
tions most often prescribed in the US.
Levothyroxine has a narrow therapeutic win-
dow, and slight variations in dose or differences
in bioavailability between products can impact
clinical effectiveness [8–10]. In the US, the cur-
rent regulatory process for assessing the bioe-
quivalence of levothyroxine products has raised
concerns that products with clinically signifi-
cant differences in bioavailability could still be
labeled as therapeutically equivalent; therefore,
professional organizations recommend consis-
tent use of the same (branded or generic) for-
mulation [11]. Previous real-world research
using administrative claims data demonstrated
differences in outcomes between patients with
hypothyroidism treated with Synthroid or GL
[9, 10]. Compared with patients who received
GL, significantly fewer patients in the Synthroid
treatment group had TSH levels outside the
recommended range (0.3 to 4.12 mIU/L) and a
smaller proportion was undertreated [9, 10].

To determine whether achievement of TSH
goals was more consistent (i.e., more likely to be
within the reference range) with Synthroid than
GL, we analyzed administrative claims for
patients with hypothyroidism over a 12-month
follow-up period. We also examined the eco-
nomic outcomes for patients who achieved TSH
goals compared with patients who did not
achieve TSH goals.

780 Adv Ther (2022) 39:779–795



METHODS

Data for this retrospective cohort study were
obtained from claims contained in the Health-
Core Integrated Research Database (HIRD�).
The HIRD is a health insurance database that
contains claims integrated across data sources
and service types (i.e., professional claims,
facility claims, outpatient pharmacy claims,
outpatient laboratory results, and enrollment
information) as well as across years. Data are
derived from a large national commercial payer
with membership in all 50 US states.

Researchers only accessed data in the format
of a limited data set for which a data use
agreement was in place with the covered enti-
ties in compliance with the Health Insurance
Portability and Accountability Act (HIPAA) Pri-
vacy Rule. An Institutional Review Board did
not review the study since only this limited data
set was accessed.

Patient Identification

To be included in the study, patients were
required to have at least two distinct claims
between 1 January 2006 and 31 December 2017
with ICD-9/10-CM diagnosis codes for
hypothyroidism (see Supplementary Material
Table 1). Patients were also required to have two
or more fills for either Synthroid or GL (same or
multiple). The date of the first fill that occurred
on or after the first hypothyroid diagnosis was
used as the index date. Patients were divided
into one of two cohorts based on their index
medication (Synthroid or GL).

All patients were C 18 years old on the index
date, and all had at least 6 months of pre-index
(baseline) and 12 months of post-index (follow-
up) health plan enrollment. Patients were
required to have at least 1 TSH laboratory result
during the 12-month follow-up period and be
persistent in their index therapy through fol-
low-up. Persistence was defined as continuous
use of the index therapy without either a switch
from brand to generic levothyroxine or vice
versa (switching between generic levothyroxi-
nes in the GL arm was permitted) or a gap in
levothyroxine treatment greater than the days’

supply on the last claim. Patients were excluded
from the study if they had a diagnosis of thyroid
cancer or pregnancy at any time during the
study period; had fills for both Synthroid and
GL on the index date; used liothyronine (LT3)
and/or desiccated thyroid within the 12-month
follow-up period; or had a baseline claim for a
levothyroxine other than Synthroid or any GL
(i.e., patients with Synthroid or GL fills prior to
their first hypothyroid diagnosis were not
excluded).

Outcome Measures

The primary outcome was the proportion of
patients with last TSH laboratory result during
follow-up between 0.3 mIU/L and 4.12 mIU/L
(reference range) [1, 4, 12]. This outcome was
assessed in patients who persistently followed
index therapy and were matched 1:1 (Synthroid
vs. GL) using propensity scores.

Secondary outcomes included all-cause and
hypothyroidism-related healthcare resource
utilization (HCRU) and costs. All-cause HCRU
and costs included all medical and pharmacy
claims, and costs were the sum of plan-paid and
patient-paid amounts. Hypothyroidism-related
HCRU and costs were based on medical claims
with a hypothyroid diagnosis code and phar-
macy claims for hypothyroid medications (see
Supplementary Table 1 for a list of codes).
HCRU and costs were stratified by place of ser-
vice (inpatient hospitalization, stand-alone
emergency department [ED] visits, outpatient
visits and services, and pharmacy dispensing).
Pharmacy costs, total medical costs (the sum of
inpatient, ED, and outpatient costs), and total
costs (the sum of medical and pharmacy costs)
were assessed. Costs are reported per patient
and were adjusted to 2017 USD price levels
using the medical care index provided by the
Bureau of Labor Statistics. Secondary outcomes
were measured in a subset of matched patients
from the primary objective with complete
pharmacy cost capture.

All-cause and hypothyroidism-related HCRU
and costs were also separately compared
between patients who were persistent and who
achieved target TSH levels during follow-up vs.
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those who did not achieve target TSH levels
(achievers vs. non-achievers). No matching was
performed for this comparison.

Statistical Analysis

All variables were summarized using descriptive
statistics. Means and standard deviations (SD)
were reported for continuous variables (for
select variables, medians were also reported)
and absolute and relative frequencies for cate-
gorical variables.

Due to the observational nature of the study
and lack of randomization of patients into the
two study cohorts (Synthroid vs. GL), it was
necessary to account for potential treatment
selection bias. This was achieved through 1:1
nearest neighbor matching on propensity
scores, with the propensity score defined as the
probability of initiating Synthroid (vs. GL)
given the baseline patient characteristics and
estimated using logistic regression (refer to
Supplemental Material Table 2 for a list of
included variables) [13]. Matching was finalized
before the outcome analyses were conducted.

For this matched cohort comparison of
Synthroid vs. GL, differences at baseline were
evaluated using standardized differences, with
an absolute value\0.1 indicating balance in
variables across cohorts [13]. Differences at fol-
low-up were evaluated using hypothesis testing.
Categorical variables were compared using v2

tests; TSH laboratory results, pharmacy fills, and
costs were compared using t-tests. The odds of
having TSH laboratory tests outside of the
specified range were calculated using logistic
regression with cohort (Synthroid vs. GL) as the
only independent variable.

For the comparison of TSH achievers and
non-achievers, where no matching was per-
formed, differences at baseline were also asses-
sed using standardized differences, while
differences at follow-up were assessed via
hypothesis testing using v2 tests and t-tests.
Costs at follow-up were also compared using a
GLM regression with gamma distribution and
log link function and several baseline variables
as covariates (refer to Supplemental Material
Table 3 for a list of included variables).

An alpha level of 0.05 was used to identify
statistical significance. No adjustments for
multiple comparisons were made in this study.
The statistical analyses were performed using
SAS Enterprise Guide 7.1 (SAS Institute Inc.,
Cary, NC, USA, 2014). Sensitivity analyses of
the primary outcome were performed using a
narrower TSH range (0.4 mIU/L to 4.0 mIU/L
[6]) and also among a subset of patients with at
least two TSH results at follow-up.

RESULTS

Patient Selection

A total of 153,775 patients (34,828 in the Syn-
throid cohort and 118,947 in the GL cohort)
were initially identified for potential study
inclusion (Fig. 1). Of these, roughly half persis-
tently followed index therapy (79,140 total;
18,694 Synthroid; 60,446 GL). After propensity
score matching, the Synthroid and GL cohorts
each contained 18,382 patients. This popula-
tion was used for analysis of the primary
outcome.

Of the 79,140 patients who were persistent
to their index therapy, 64,796 had complete
pharmacy claims information and comprised
the population used in the analysis of HCRU
and costs (Fig. 2). These patients were stratified
into those who achieved TSH goals (achievers,
n = 49,916) and those who did not reach TSH
goals (non-achievers, n = 14,880) for further
analysis of HCRU and costs.

Patient Characteristics

After matching, the Synthroid and GL cohorts
were balanced on baseline characteristics
(Tables 1, 2). The average age of study partici-
pants was 53 years, and 82% were female. Pre-
ferred provider organization (PPO) health plans
were the most common in both cohorts, and
approximately 8% had Medicare Advantage
plans.

The overall comorbidity burden was low
(mean Quan-Charlson index score\1) [14]. Of
those who had comorbidities, the most

782 Adv Ther (2022) 39:779–795



commonly reported were hyperlipidemia
(39.7% Synthroid, 40.1% GL), hypertension
(31.4% Synthroid, 31.3% GL), and goiter (13.6%
Synthroid, 12.8% GL). Among the subset of
patients with available TSH at baseline
(* 64–65%), i.e., before their first levothyrox-
ine claim following hypothyroidism diagnosis,
mean/median levels were 5.0/2.6 and 5.6/2.9
mIU/L, with 37.6% and 35.0% being within the
reference range, for Synthroid vs. GL users,
respectively.

At baseline, hospitalizations and ED visits
were rare (6–8% all-cause), while most patients
in both cohorts had outpatient visits and
pharmacy fills (94–99% all-cause), with mean
number of all-cause pharmacy fills per patient
of 9.2–9.3. Total all-cause costs were approxi-
mately $5800–6000 per patient in 2017 USD
(Table 2).

TSH at Follow-Up

At 12-month follow-up after starting LT4, the
proportion of patients achieving TSH levels
within the goal range was significantly higher
in the Synthroid cohort compared with the GL
cohort (78.5% vs. 77.2%, respectively,
p = 0.002; Table 3). The mean TSH level was 2.4
mIU/L in the Synthroid cohort and 2.6 mIU/L
in the GL cohort (p\0.001). The odds of a
patient having a TSH level outside the reference
range were 0.92 (95% CI 0.88–0.97; Fig. 3) for
Synthroid vs. GL.

These results remained consistent when a
narrower TSH range (0.4–4.0 mIU/L, as sug-
gested in the 2014 ATA guidelines [6]) was
applied: 75.2% of patients in the Synthroid
cohort and 73.9% in the GL cohort had TSH
levels within the narrower range (p = 0.003),
and the odds of having a TSH level outside the
range were 0.93 (95% CI 0.89–0.98) for

Fig. 1 Patient selection flow chart: full study population
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Synthroid vs. GL. In a smaller subset of patients
with at least two TSH results at follow-up, the
results were also directionally consistent, but
the difference was not statistically significant
(78.1% vs. 77.1%, p = 0.290; OR 0.94, 95% CI
0.85–1.05; see Table 3 and Fig. 3).

Utilization and Costs at Follow-Up

At follow-up, HCRU and costs were broadly
similar between the two cohorts in terms of
inpatient hospitalizations, ED visits, outpatient
services, and pharmacy fills (Table 4). In most
cases, statistically significant differences were
associated with small effect sizes, except for all-
cause inpatient hospitalizations and associated

costs (lower in the Synthroid cohort by * 20%
or $500) and hypothyroidism-related pharmacy
costs (higher in the Synthroid cohort by * 40%
or $192, driven by the underlying medication
costs of the branded and generic formulations).

TSH Achievers vs. Non-Achievers

Patients achieving TSH goals (i.e., normal ref-
erence range 0.3 mIU/L to 4.12 mIU/L) were of
similar age (* 54 years) but more likely to be
female (78% vs. 71%) compared to those not
achieving TSH goals (Supplemental Material
Table 4), and their mean baseline TSH was lower
(5.3 vs. 8.8 mIU/L). At follow-up, TSH goal-
achievers had significantly lower all-cause

All pa�ents with ≥2 medical claims for hypothyroidism between 
01/01/2006 and 12/31/2017

N=2,524,605 

Excluded Pa�ents with Thyroid Cancer diagnosis or 
Pregnancy
N=261,682

Pa�ents with ≥2 Rx claims for index levothyroxine 
a�er first hypothyroidism diagnosis

N=1,473,792 

Pa�ents with ≥1 TSH lab results and with no 
claims for a non-cohort-defining levothyroxine at 

baseline 
N=153,775   

TSH goal achievers  
N=49,916      

TSH goal non-achievers  
N=14,880

Pa�ents age ≥18 with ≥6 months pre-
index and ≥12 months post-index 

eligibility
N=630,600  

Excluded Pa�ents having fills for 
liothyronine or desiccated thyroid during follow-up

N=21,447

Pa�ents persistent to Index Rx
N=79,140  

Excluded pa�ents with missing Rx costs
N=14,344  

Final study popula�on 
N=64,796  

Fig. 2 Patient selection flow chart: economic analysis subset
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Table 1 Baseline patient demographics and clinical characteristics in the matched cohorts

Demographic and clinical characteristics Synthroid
persistent users
(n = 18,382)

Generic levothyroxine
persistent users
(n = 18,382)

Standardized
differencea

n (%)/mean (SD) n (%)/mean (SD)

Age at index (years), mean (SD) 53.4 (12.13) 53.4 (11.77) 0.000

Age categories, n (%)

18–39 2100 (11.4) 2046 (11.1) 0.009

40–64 13,806 (75.1) 14,152 (77.0) –0.044

65–74 1629 (8.9) 1407 (7.7) 0.044

75 ? 847 (4.6) 777 (4.2) 0.019

Female, n (%) 15,083 (82.1) 15,085 (82.1) 0.000

Health plan type, n (%)

PPO 10,919 (59.4) 10,270 (55.9) 0.071

HMO 5769 (31.4) 6154 (33.5) –0.045

CDHP 1694 (9.2) 1957 (10.6) –0.048

Medicare Advantage plan, n (%) 1442 (7.8) 1390 (7.6) 0.011

Geographic region of patientb, n (%)

Northeast 5176 (28.2) 5028 (27.4) 0.018

Midwest 2313 (12.6) 2291 (12.5) 0.004

South 6835 (37.2) 6937 (37.7) –0.011

West 4056 (22.1) 4125 (22.4) –0.009

Prescribing/treating physician specialtyc, n (%)

PCP 10,104 (55.0) 10,388 (56.5) –0.031

Endocrinologist 4961 (27.0) 4604 (25.0) 0.044

Others/unknown 3317 (18.0) 3390 (18.4) –0.010

Comorbidities

QCI, mean (SD) 0.5 (1.10) 0.5 (1.06) 0.005

Other comorbidities of interest, n (%)

Alopecia 347 (1.9) 335 (1.8) 0.005

Anemia 1590 (8.6) 1580 (8.6) 0.002

Celiac disease 59 (0.3) 41 (0.2) 0.019

Constipation 363 (2.0) 401 (2.2) –0.014

Goiter 2497 (13.6) 2353 (12.8) 0.023

Hyperlipidemia 7292 (39.7) 7373 (40.1) –0.009
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medical costs than those who did not reach TSH
goals (adjusted mean $7324 vs. $7822, respec-
tively, p B 0.001; Fig. 4; for unadjusted results,
see Supplemental Material Table 5). The same
pattern was also observed for total costs (ad-
justed mean $10,438 TSH achievers vs. $10,904
TSH non-achievers, p B 0.001). All-cause phar-
macy costs, however, were significantly higher
for TSH achievers than for non-achievers (ad-
justed mean $2601 vs. $2529, p B 0.001). Simi-
larly, hypothyroidism-related medical costs
(adjusted mean $1672 TSH achievers vs. $1910
non-achievers, p B 0.001) and hypothyroidism-
related total costs (adjusted mean $1777 TSH
achievers vs. $2060 TSH non-achievers, p
B 0.001; Fig. 5) were significantly lower among
patients who achieved TSH goals than among

those who did not. Hypothyroidism-related
pharmacy costs were also lower for TSH
achievers than for non-achievers (adjusted
mean $156 vs. $163, p B 0.001).

DISCUSSION

This study reported on the real-world compar-
ative effectiveness of persistent Synthroid com-
pared with persistent GL treatment in a
managed care setting using a large longitudinal
sample. At 12-month follow-up, a significantly
higher proportion of patients in the Synthroid
cohort were within both the broad (78.5% vs.
77.2%) and narrower (75.2% vs. 73.9%) TSH
reference ranges compared with the GL cohort.
Given that levothyroxine is one of the most

Table 1 continued

Demographic and clinical characteristics Synthroid
persistent users
(n = 18,382)

Generic levothyroxine
persistent users
(n = 18,382)

Standardized
differencea

n (%)/mean (SD) n (%)/mean (SD)

Hypertension 5763 (31.4) 5761 (31.3) 0.000

Inflammatory bowel disease 99 (0.5) 116 (0.6) –0.012

Obesity 1051 (5.7) 1195 (6.5) –0.033

Psoriasis 147 (0.8) 140 (0.8) 0.004

Rheumatoid arthritis 273 (1.5) 288 (1.6) –0.007

Urticaria 145 (0.8) 147 (0.8) –0.001

Laboratory testing

Patients with TSH resultd, n (%) 11,909 (64.8) 11,795 (64.2) 0.013

TSH result, mean (SD) [median], mIU/L 5.0 (11.82) [2.6] 5.6 (13.01) [2.9] –0.048

TSH results between 0.3 and 4.12 mIU/L, n (%) 6919 (37.6) 6440 (35.0) 0.054

CDHP consumer-driven health plan, HMO health maintenance organization, PCP primary care physician, PPO preferred
provider organization, SD standard deviation, TSH thyroid-stimulating hormone, mIU/L milli-international units per liter
aStandardized difference = difference in means or proportions divided by the pooled standard deviation. An absolute value
of the standardized difference\ 0.1 was used to indicate balance in a variable across the cohorts
bFor the remainder, geographic region information was not available
cOn index prescription claim
dMost recent serum TSH result in the 6-month pre-index period
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Table 2 Baseline HCRU and costs in the matched cohorts (subset with complete pharmacy cost capture)

HCRU and costs Synthroid persistent
users
(n = 14,140)

Generic levothyroxine
persistent users
(n = 15,891)

Standardized
differencea

n (%)/mean (SD) n (%)/mean (SD)

All-cause HCRU

Inpatient hospitalizations, n (%) 826 (5.8) 918 (5.8) 0.003

ED visits, n (%) 1088 (7.7) 1181 (7.4) 0.010

Outpatient services, n (%) 13,942 (98.6) 15,661 (98.6) 0.004

Pharmacy fills, n (%) 13,354 (94.4) 15,187 (95.6) –0.052

Fills per patient, mean (SD) 9.2 (7.45) 9.3 (7.58) –0.020

Hypothyroidism-related HCRUb

Inpatient hospitalizations, n (%) 456 (3.2) 503 (3.2) 0.003

ED visits, n (%) 299 (2.1) 240 (1.5) 0.045

Outpatient services, n (%) 11,511 (81.4) 13,072 (82.3) –0.022

Pharmacy fills, n (%) 9325 (65.9) 10,779 (67.8) –0.040

Fills per patient, mean (SD) 2.3 (2.27) 2.2 (2.18) 0.032

All-cause healthcare costs, per patient in 2017

USD

Inpatient hospitalizations, mean (SD) 1288 (9910) 1695 (16,956) –0.029

ED visits, mean (SD) 162 (863) 165 (984) –0.003

Outpatient services, mean (SD) [median] 2861 (6395) [1099] 2668 (5754) [1024] 0.032

Pharmacy fills, mean (SD) [median] 1478 (3618) [613] 1448 (3332) [585] 0.008

Total medical costsc, mean (SD) [median] 4311 (12,585) [1,215] 4528 (18,492) [1,121] –0.014

Total costsd, mean (SD) [median] 5788 (13,534) [2346] 5976 (19,143) [2211] –0.011

Hypothyroidism-related costsb, per patient in

2017 USD

Inpatient hospitalizations, mean (SD) 631 (5061) 786 (8722) –0.022

ED visits, mean (SD) 49 (539) 34 (501) 0.029

Outpatient services, mean (SD) [median] 291 (1352) [102] 277 (1166) [100] 0.011

Pharmacy fills, mean (SD) [median] 77 (76) [67] 35 (41) [25] 0.697

Total medical costsc, mean (SD) [median] 971 (5271) [114] 1097 (8820) [109] –0.017
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commonly prescribed drugs in the US, with use
rates between 5 and 7% of adults [15] (an esti-
mated 15 m users in 2021), the absolute differ-
ence of * 1.3 percentage points may translate
into tens of thousands of patients with subop-
timal outcomes.

These results are consistent with previous
claims-based studies using different databases,
which reported improvements in target TSH
levels achieved with Synthroid vs. GL. A previ-
ous study using the Clinformatics� Data Mart
database compared TSH levels at 1-year follow-

Table 2 continued

HCRU and costs Synthroid persistent users
(n = 14,140)

Generic levothyroxine persistent users
(n = 15,891)

Standardized
differencea

n (%)/mean (SD) n (%)/mean (SD)

Total costsd, mean (SD) [median] 1049 (5272) [211] 1132 (8819) [148] –0.011

ED emergency department, HCRU healthcare resource utilization, SD standard deviation, USD US Dollars
aStandardized difference = difference in means or proportions divided by the pooled standard deviation. An absolute value
of the standardized difference\ 0.1 was used to indicate balance in a variable across the cohorts
bHypothyroidism-related healthcare utilization and cost were based on medical claims with an ICD-9-CM diagnosis code of
(244.0x, 244.1x, 244.8x, or 244.9x) or ICD-10-CM diagnosis code of (E01.8%, E03.8%, E89.0%, or E03.9%) and pharmacy
claims for hypothyroidism medications (including levothyroxine, liothyronine, desiccated thyroid, liotrix, and thyroglobulin)
cTotal medical costs included inpatient, ED, and outpatient costs
dTotal costs were the sum of medical and pharmacy costs

Table 3 TSH levels at 12-month follow-up in the matched cohorts

Synthroid persistent
users
(n = 18,382)

Generic levothyroxine
persistent users
(n = 18,382)

p valuea

n (%)/mean (SD) n (%)/mean (SD)

Patients with C 1 TSH resultb, n (%) 18,382 (100.0) 18,382 (100.0) –

Mean (SD) [median] TSH, mIU/L 2.4 (3.77) [1.8] 2.6 (3.94) [2.0] \ 0.001

TSH laboratory results between 0.3 and 4.12

mIU/L, n (%)

14,436 (78.5) 14,184 (77.2) 0.002

TSH laboratory results between 0.4 to 4.0 mIU/L,

n (%)

13,828 (75.2) 13,578 (73.9) 0.003

Patients with C 2 TSH resultsb, n (%) 3910 (100.0) 3910 (100.0) –

Mean (SD) [median] TSH, mIU/L 2.5 (3.49) [1.9] 2.7 (4.00) [2.0] 0.002

TSH laboratory results between 0.3 and 4.12

mIU/L, n (%)

3055 (78.1) 3016 (77.1) 0.290

TSH laboratory results between 0.4 to 4.0 mIU/L,

n (%)

2910 (74.4) 2875 (73.5) 0.367

SD standard deviation, TSH thyroid-stimulating hormone, mIU/L milli-international units per liter
ap values were based on t-tests for continuous variables and v2 tests for categorical variables
bMost recent serum TSH laboratory result in the 12-month post-index period
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up among patients receiving Synthroid
(n = 14,017) or GL (n = 28,034). The findings
demonstrated a smaller proportion of patients
in the Synthroid cohort failed to achieve TSH
goals compared with the GL cohort (20.9% vs.
22.6%, respectively, p\ 0.0001) [10]. A second
study using the claims database of a large
commercial health insurer (Humana) reported
similar proportions of inadequately treated
patients at 1-year follow-up (19.4% Synthroid
vs. 21.4% GL, p\0.0461); the study population
was smaller than in the previous study
(n = 1595 Synthroid; n = 3190 GL), and the
patients were older (mean age 54 years vs.
74 years) [9]. In the current study, 21.5% of
patients receiving Synthroid failed to achieve
TSH target levels compared with 22.8% receiv-
ing GL (p = 0.002). The potential differences
across generics in their true clinical effective-
ness [11] together with the possibility of a
patient using different generic formulations
[16] may contribute to the differences in TSH
target achievement observed in our study.

Another recent study [16] examined short-
term (3 months) goal achievement for a cohort
consisting of multiple branded vs. multiple
generic levothyroxines using claims data from
OptumLabs� and found no significant differ-
ences between the cohorts. There are several

methodological differences between this study
and the current one that may explain these
findings (e.g., time windows for goal assess-
ment; width of the reference range; composi-
tion of cohorts).

In a subpopulation with at least 2 TSH values
recorded over 12 months follow-up, we found
directionally consistent results that were not
statistically significant. In this analysis, the
sample size was considerably reduced (contain-
ing only 21% of the base case cohort), which
may contribute to statistical uncertainty. Also,
the patients in this subcohort may have multi-
ple TSH values due to titration efforts, which
our study did not further explore.

With few exceptions, all-cause and
hypothyroidism-related HCRU was comparable
between the Synthroid and GL cohorts, most
notably in terms of hospitalizations, outpatient
services, and ED visits. Whereas no significant
difference between the two groups in all-cause
pharmacy fills was observed, the Synthroid
cohort had significantly more hypothyroidism-
related prescription fills per patient than the GL
cohort. The rate of hypothyroidism-related
prescription fills in the Synthroid cohort may
reflect improved medication adherence or con-
sistency compared with the GL cohort [17]. A
previous economic analysis reported that
although patients with hypothyroidism who
switched from Synthroid to GL had lower
medication costs than patients who remained
on Synthroid therapy, hypothyroidism-related
medical and overall total costs were higher [18].
The researchers suggested the elevated costs in
the GL group may be attributed to complica-
tions resulting from inadequate treatment or to
the need for increased monitoring [18].

The effect of consistent treatment on HCRU
and costs was further demonstrated in our
comparison of patients who achieved TSH goals
versus those who did not. Patients who
achieved TSH goals were significantly less likely
to have all-cause or hypothyroidism-related
inpatient hospitalizations as well as hypothy-
roidism-related outpatient services than
patients who did not achieve TSH goals. Addi-
tionally, TSH goal achievers incurred signifi-
cantly lower average medical and total all-cause
and hypothyroidism-related costs than non-

Less likely to have TSH 
outside the reference range

More likely to have TSH
outside the reference range

Odds ratios comparing Synthroid to generic levothyroxine (reference)

0.6 0.8 1.0 1.2 1.4

Base case 
N=18,382 : 18,382

Sensitivity Analysis #1: Using 
TSH range of 0.4–4.0 mIU/L 
N=18,382 : 18,382

Sensitivity Analysis #2: Matched 
Patients with ≥2 TSH lab values 
at follow-up
N=3910 : 3910

OR (95% CI)

0.92 (0.88, 0.97)

0.93 (0.89, 0.98)

0.94 (0.85, 1.05)

Fig. 3 Odds of having TSH results outside the reference
range with Synthroid compared with generic levothyrox-
ine. N sample sizes of Synthroid: generic levothyroxine
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Table 4 HCRU and costs at 12 months follow-up in the matched cohorts (subset with complete pharmacy cost capture)

HCRU and costs Synthroid persistent
users
(n = 14,140)

Generic levothyroxine
persistent users
(n = 15,891)

p valuea

n (%)/mean (SD) n (%)/mean (SD)

All-cause HCRU

Inpatient hospitalizations, n (%) 965 (6.8) 1208 (7.6) 0.009

ED visits, n (%) 1692 (12.0) 1985 (12.5) 0.166

Outpatient services, n (%) 14,136 (100.0) 15,886 (100.0) 0.874

Pharmacy fills, n (%) 14,140 (100.0) 15,891 (100.0) –

Fills per patient, mean (SD) 23.9 (14.33) 24.0 (14.81) 0.411

Hypothyroidism-related HCRUb

Inpatient hospitalizations, n (%) 670 (4.7) 779 (4.9) 0.508

ED visits, n (%) 464 (3.3) 531 (3.3) 0.772

Outpatient services, n (%) 12,572 (88.9) 14,167 (89.2) 0.506

Pharmacy fills, n (%) 14,140 (100.0) 15,891 (100.0) -

Fills per patient, mean (SD) 10.0 (3.48) 9.4 (3.59) \ 0.001

All-cause healthcare costs, per patient in 2017 USD

Inpatient hospitalizations, mean (SD) 1585 (9519) 2033 (13,485) 0.007

ED visits, mean (SD) 259 (1134) 309 (1310) 0.096

Outpatient services, mean (SD) [median] 5490 (13,768) [2460] 5339 (13,948) [2330] 0.002

Pharmacy costs, mean (SD) [median] 3433 (7213) [1665] 3387 (7006) [1535] \ 0.001

Total medical costsc, mean (SD) [median] 7334 (18,635) [2708] 7681 (21,342) [2597] 0.050

Total costsd, mean (SD) [median] 10,767 (21,291) [5260] 11,067 (23,702) [5121] \ 0.001

Hypothyroidism-related healthcare costsb, per

patient in 2017 USD

Inpatient hospitalizations, mean (SD) 1049 (7066) 1183 (8799) 0.476

ED visits, mean (SD) 76 (612) 84 (670) 0.747

Outpatient services, mean (SD) [median] 604 (1989) [227] 612 (2313) [223] 0.133

Pharmacy costs, mean (SD) [median] 328 (99) [313] 136 (79) [131] \ 0.001

Total medical costsc, mean (SD) [median] 1729 (7554) [251] 1879 (9280) [244] 0.278

790 Adv Ther (2022) 39:779–795



achievers. To our knowledge, this is the first
real-world study looking into outcomes for goal
achievers vs. non-achievers.

Limitations

In this observational study, TSH laboratory
values were only available for a subset of the

Table 4 continued

HCRU and costs Synthroid persistent
users(n = 14,140)

Generic levothyroxine
persistent users(n = 15,891)

p valuea

n (%)/mean (SD) n (%)/mean (SD)

Total costsd, mean (SD) [median] 2057 (7557) [589] 2015 (9282) [381] \ 0.001

ED emergency department, HCRU healthcare resource utilization, SD standard deviation, USD US Dollars
ap values were based on t-tests for continuous variables and v2 tests for categorical variables
bHypothyroidism-related healthcare utilization and cost were based on medical claims with an ICD-9-CM diagnosis code of
[244.0x; 244.1x, 244.8x, or 244.9x] or ICD-10-CM diagnosis code of [E0.8%, E03.8%, E89.0%, E03.9%] and pharmacy
claims for hypothyroidism medications (including levothyroxine, liothyronine, desiccated thyroid, liotrix, thyroglobulin)
cTotal medical costs included inpatient, ED, and outpatient costs
dTotal costs were the sum of medical and pharmacy costs
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Fig. 4 Comparison of multivariable model adjusted mean
all-cause costs in the 1-year follow-up period. p B 0.001
for all comparisons. Adjusted mean costs were calculated
using a generalized linear model regression (gamma
distribution with log link), which controlled for index
levothyroxine type (Synthroid vs. generic levothyroxine),
age, gender, insurance type, region, baseline Quan-

Charlson Comorbidity Index, year of index date, baseline
treating physician specialty (endocrinologist, PCP, others),
baseline hypothyroidism-related comorbidities, and other
baseline HCRU and costs (flag for hypothyroidism-related
inpatient hospitalizations and pharmacy dispensing; all-
cause outpatient, pharmacy, and total costs; and hypothy-
roidism-related inpatient, ER, outpatient, and total costs)
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population in the claims database; therefore, a
number of patients with hypothyroidism were
excluded because of the lack of TSH values
during the follow-up period. This may affect the
generalizability of the results to patients with-
out observable TSH values. Approximately a
third of patients with TSH available at baseline
were within the reference range when initiating
levothyroxine treatment, which is similar to
recent results from a different commercially
insured US population [17]; details on the eti-
ology of their hypothyroidism or the clinical
treatment plan rationale were not available. The
study focused on TSH levels and did not differ-
entiate between overt hypothyroidism and
subclinical hypothyroidism (where TSH levels
are abnormal while T4 levels are normal).
Propensity score matching was used to address

confounding of the treatment-outcome rela-
tionship by ensuring balance in the baseline
characteristics. However, as with other obser-
vational studies, this study was limited by the
potential for unmeasured confounders (for
example, patient socioeconomic status, disease
severity/longevity, or physician treatment pref-
erences). All patients in the study were enrolled
in commercial health plans. These results may
not be generalizable to patients with other types
of health insurance, those who are uninsured,
or those living outside the US. Our study
examined GL utilization as a single cohort and
did not differentiate between different generics,
whose effectiveness may not be identical. We
also did not assess titration patterns; however, it
is reasonable to assume these patterns to be
similar across the cohorts given the limited
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Fig. 5 Comparison of multivariable model adjusted mean
hypothyroidism-related costs in the 1-year follow-up
period. Note: p B 0.001 for all comparisons. Adjusted
mean costs were calculated using a generalized linear model
regression (gamma distribution with log link), which
controlled for index levothyroxine type (Synthroid vs.
generic levothyroxine), age, gender, insurance type, region,
baseline Quan-Charlson Comorbidity Index, year of index

date, baseline treating physician specialty (endocrinologist,
PCP, others), baseline hypothyroidism-related comorbidi-
ties, and other baseline HCRU and costs (flag for
hypothyroidism-related inpatient hospitalizations and
pharmacy dispensing; all-cause outpatient, pharmacy and
total costs; and hypothyroidism-related inpatient, ER,
outpatient, and total costs)
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follow-up time frame and the patients’ initially
similar demographic and clinical profiles gen-
erated through the propensity score matching
process. Lastly, limitations typically associated
with claims studies, such as undetected errors in
coding, may have had an effect on the results.
Additionally, the presence of a diagnosis code
on a claim does not guarantee positive presence
of a condition, and pharmacy claims only show
a prescription was filled; they do not indicate
whether the medication was consumed or taken
as directed.

CONCLUSIONS

This real-world study explored and refined
comparative effectiveness research of Synthroid
and GL. Consistent with previous findings using
other real-world data, persistent Synthroid use
was associated with better TSH target achieve-
ment vs. persistent GL use in a US managed care
population in the majority of the analyses.
These results provide evidence that achieving
TSH outcomes within the reference range for
persistent levothyroxine users may provide
substantial economic value by reducing
hypothyroidism-related HCRU and costs. This
analysis confirms that the use of Synthroid may
offer improved health and economic outcomes
relative to generic formulations in the treat-
ment and management of patients with
hypothyroidism.
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