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ABSTRACT

Introduction: Clinical guidelines recommend
levothyroxine as the standard of care for
hypothyroidism and that patients should be
treated with a consistent preparation of syn-
thetic levothyroxine without switching among
formulations. This study examines the likeli-
hoods of negative clinical outcomes between
continuous users of Synthroid® (AbbVie, Inc.)
and patients who switch from Synthroid® to an
alternative formulation of levothyroxine.

Methods: This retrospective cohort analysis
utilized data from Optum Clinformatics™
DataMart covering May 1, 2000 to March 30,
2016. After 6 months of consistent use of
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Synthroid®, patients were categorized as con-
tinuous users or as switchers (by filling a pre-
scription for an alternative formulation). Key
outcomes included the likelihood of a thyroid-
stimulating hormone (TSH) laboratory value
out of a guideline recommended range and/or
an adverse clinical composite endpoint identi-
fied by ICD codes in the patient’s claims data
over the following 2 years for any of the fol-
lowing: chronic kidney disease, depression,
fatigue, heart failure, hyperlipidemia, hyper-
tension, or obesity. Individual components of
the composite endpoint were also examined.
Outcomes were analyzed using multivariable
logistic models on propensity score matched
cohorts. Analyses controlled for patient char-
acteristics using SAS 9.4 software. Chi-square
and f tests were employed and P < 0.05 was pre-
specified as statistically significant.

Results: Propensity score matching resulted in
a sample of 9925 continuous users and 9925
switchers. Switchers were significantly more
likely than continuers to have a TSH laboratory
value out-of-range in the post-period [odds ratio
(OR) 1.15; 95% confidence interval (CI)
(1.08-1.23)]. Switchers were also more likely to
have the composite clinical endpoint [OR 1.23;
CI (1.12-1.37)] and to have individual diag-
noses of chronic kidney disease, depression,
fatigue, hypertension, or obesity in the post-
period.

Conclusions: Results of this large retrospective
study over an extended time horizon support
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clinical guideline recommendations that
switching among alternative formulations of
synthetic levothyroxine should generally be
avoided. Continuous use of Synthroid® was
associated with a significantly higher likelihood
of maintaining the TSH laboratory value within
a guideline recommended range and a signifi-
cantly lower likelihood of being diagnosed with
adverse clinical outcomes.

Keywords: Clinical outcomes; Hypothyroidism;
Levothyroxine; Switching; Synthroid®;
Thyroid-stimulating hormone

Key Summary Points

Why carry out this study?

Hypothyroidism is common in the USA
and can be clinically overlooked but,
nevertheless, is associated with a variety of
adverse clinical outcomes.

Clinical guidelines recommend
levothyroxine (LT4) as the standard of
care for hypothyroidism and that patients
should be treated with a consistent
preparation of synthetic levothyroxine
without switching among formulations.

This study examined clinical outcomes
(TSH laboratory values out of
recommended ranges and diagnoses of
comorbidities) between two cohorts of
patients with hypothyroidism, one treated
continuously with Synthroid® and the
other that switched to an alternative LT4
formulation.

What was learned from the study?

Among insured adults in the USA with
hypothyroidism who had initial

stable treatment with Synthroid®, people
who were switched to an alternative LT4
formulation tended to be older, more
likely to be male, and less likely to have
had a visit to an endocrinologist’s office
than those who were treated continuously
with Synthroid®.

Switching to an alternative LT4
formulation was associated with a higher
likelihood of a TSH laboratory value
outside of the target range in the post-
period as compared to continuous use of
Synthroid®.

Compared to continuous treatment,
switching was associated with higher
likelihoods of being diagnosed with a
number of negative clinical outcomes:
chronic kidney disease, depression,
fatigue, hypertension, or obesity as well as
a composite clinical endpoint.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.13078886.

INTRODUCTION

An estimated 4.6% [1] of the US population
have hypothyroidism, an endocrine disorder
characterized by insufficient generation of
endogenous thyroid hormone (thyroxine) and,
to a lesser extent, trilodothyronine. Hashimo-
to’s (autoimmune) thyroiditis is the most com-
mon cause of hypothyroidism in the USA [2].
Hypothyroidism can be clinically overlooked as
it may present with nonspecific complaints or
symptoms that may be attributed to other
conditions [3]. Known associations between
hypothyroidism and other serious comorbidi-
ties include depression [4, S], obesity [6, 7],
fatigue [8, 9], hyperlipidemia [3, 10, 11],
hypertension [12, 13], chronic kidney disease
(CKD) [14], and heart failure [3].

The American Association of Clinical
Endocrinologists (AACE) and the American
Thyroid Association (ATA) have issued joint
guidelines recommending levothyroxine (LT4)
as the standard of care for the management of
hypothyroidism and that the dose be adjusted
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sO as to maintain thyroid-stimulating hormone
(TSH) levels within a target range (the range
being dependent upon personal characteristics
of the patient such as age and pregnancy sta-
tus.) [15]. While there are various formulations
of LT4 that are available for use in clinical
practice, current recommendations encourage
the use of a consistent L-thyroxine preparation
for individual patients to minimize variability
from refill to refill [15]. This recommendation
was based on several factors, including LT4's
narrow therapeutic index, a lack of sufficient
data about natural thyroid formulations, and
the uniqueness of the various tablet formula-
tions of LT4 [15]. Studies of hypothyroidism
treatment in clinical practice have examined
the concordance of TSH outcomes achieved
with the guideline recommendations. For
instance, one study evaluated pregnant women
with  hypothyroidism treated with LT4
(N = 2340) and found that only 52.6% of preg-
nant women achieved TSH levels within the
trimester-specific target range [16]. Among
older adults diagnosed with varying degrees of
hypothyroidism (N = 4025), a substantial pro-
portion (28.0%) were not receiving levothyrox-
ine therapy and, of those who did receive such
therapy (N =2899), 32.9% were not being
monitored to determine whether the dosage
was appropriate [17]. Examination of the con-
sequences of switching among LT4 formula-
tions has shown that such switching was
associated with changes in TSH levels in chil-
dren with hypothyroidism [18] and, in other
studies, higher medical costs [19, 20]. More
generally, only about 50% of patients with
hypothyroidism adhere to LT4 prescription
regimens during the first year of treatment [21]
and higher medical costs have also been asso-
ciated with nonadherence [22]. However, little
research has explored how LT4 switching may
affect the likelihood of having specific clinical
outcomes.

The purpose of the present study was to
compare the clinical outcomes of two cohorts of
patients with hypothyroidism treated with LT4
over a 2-year follow-up period: those who
switched from Synthroid® (AbbVie, Inc.) to an
alternative formulation of LT4 and those who
were continuous users of Synthroid®. The

outcomes of interest included the likelihood of
having an out-of-range TSH level and the odds
of being diagnosed with  additional
comorbidities.

METHODS

This observational, matched cohort study used
data spanning the time frame from May 1, 2000
through March 30, 2016 from the Optum
Clinformatics'™ database. The database con-
tains information on over 150 million individ-
uals and laboratory results for over 30 million
people. Before release, the data were verified,
adjudicated, and adjusted. Data elements
include patient demographics, inpatient and
outpatient services, and outpatient prescription
drugs. The information is fully de-identified and
HIPAA compliant. Given the retrospective nat-
ure of the study design and de-identified data,
the study was exempt from internal review
board evaluation.

For inclusion in the study, patients were
required to initially have compliant use of
Synthroid® for a 6-month lead-in period, where
compliant use was defined as receipt of at least
146 days’ supply of Synthroid® (i.e., greater
than 80% medication possession ratio) for the
6-month lead-in period with no filling of pre-
scriptions for any other LT4 formulation. In the
subsequent 6-month identification period,
patients were defined as continuous users of
Synthroid® or switchers from Synthroid® to an
alternative LT4 formulation. Specifically, con-
tinuous users filled at least one prescription for
Synthroid® and did not fill any prescriptions of
non-Synthroid® formulations of LT4, while
switchers filled at least one prescription for a
non-Synthroid® formulation during the identi-
fication period. The non-Synthroid formula-
tions considered in the study included
Levothroid, Levoxyl, Tirosint, Unithroid, and
generic levothyroxine. For continuous users,
the index date was defined as the date of first fill
of a Synthroid® prescription during the identi-
fication period, while for switchers the index
date was defined as the date of first fill for non-
Synthroid® LT4 prescription during the identi-
fication period. The post-period was defined as
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klndex Date (within Identification Period):

‘ Switcher: First Rx for non-Synthroid® formulation

/

Identification

Use of Synthroid® 6 Months

Period .\ Continuous User: First Rx for Synthroid® formulation

Post-Period
2 Years

Database Time Frame: May 1, 2000 through March 31, 2016

Fig. 1 Study design. The 6 months prior to index date was considered the pre-period, which was utilized to conduct

propensity score matching

the time from the index date through 2 years
following the index date. Figure 1 presents the
study design.

In addition to being identified as a continu-
ous user or switcher, patients were required to
have received at least one diagnosis of
hypothyroidism (ICD-9-CM codes 243, 244.0,
244.1, 244.8, 2449 or ICD-10-CM of EO030,
E031, E038, E039, E890) at some point from the
start of the lead-in period through the end of
the post-period (i.e., the study period), to have
at least one TSH laboratory test result recorded
during the last 6 months of the post-period, and
to have had continuous insurance coverage
over the study period. Patients were excluded if
they were identified as pregnant (ICD-9-CM of
630.xx-679.xx, V22.xx, V23.xx or ICD-10-CM
of Oxxxx, Z33xx, Z34xx) or if a diagnosis of
thyroid cancer (ICD-9-CM of 193 or ICD-10-CM
of C73), iodine hypothyroidism, or other iatro-
genic hypothyroidism (ICD-9-CM of 244.2,
244.3 or ICD-10-CM of EO0Oxx, EOlxx, E02xx,
E032) was included in the patient’s record at
any time over the study period. In addition,
patients were excluded if they filled a prescrip-
tion for liothyronine or a liothy-
ronine-levothyroxine combination therapy
during the study period or if they were younger
than 18 years old at the index date. Figure 2
shows how these inclusion/exclusion criteria
affected sample size.

Given the above cohort, a 1:1 nearest
neighbor, greedy matching algorithm without
replacement was applied to match continuous
users and switchers on the basis of propensity
scores. The propensity score model estimated
the probability that a patient would switch
therapy while controlling for patient-level
characteristics. Differences in post-period out-
comes between the propensity score matched
groups were then examined using multivariable
logistic regressions.

The key outcomes of interest were TSH lab-
oratory values that were not within the range
recommended by expert bodies and, also, neg-
ative clinical outcomes. The primary recom-
mended TSH laboratory value range
(0.45-4.12 mIU/L) was based upon AACE/ATA
guidelines (2012) while an alternative TSH
range, (0.4-4.0 mIU/L) based upon ATA task
force guidelines (2014), was used in a sensitivity
analysis. A negative clinical outcome was
defined as a composite endpoint, operational-
ized as receipt of a diagnosis of at least one of
the following: chronic kidney disease (CKD),
depression, fatigue, heart failure, hyperlipi-
demia, hypertension, or obesity, during the
post-period. In addition, the likelihoods of an
individual negative clinical outcome in the
post-period for any of the above conditions
were also examined.

Both the propensity score model and the
logistic regressions controlled for patient
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Identified as a continuous user of Synthroid® or a
switcher from Synthroid® to an alternative
levothyroxine formulation
N=520,240

. 2

( Receipt of at least 1 diagnosis of hypothyroidism over

the Study Period
N=493,479

2

( No filled prescription for liothyronine or liothyronine-

levothyroxine formulation over the Study Period
N=475,835

4

f No diagnoses of pregnancy, thyroid cancer, iodine W

hypothyroidism or iatrogenic hypothyroidism over the
Study Period
N=430,602

4

(" At least 1 recorded TSH laboratory result during the last
6 months of the Post-Period
N=46,443

. 4

( Continuous insurance enrollment over the Study Period

N=36,167
Age > 18 years at Index Date
N=35,443
( Continuous Users W ( Switchers ]
L N=25,363 | N=10,080

Propensity Score Matched Cohorts

Continuous Users: N=9,925
Switchers: N=9,925

Fig. 2 Inclusion/exclusion criteria and sample size. Study
period defined from the beginning of the lead-in period
through the end of the 2-year post-period (see Fig. 1)

characteristics and general health status in the
6 months prior to the index date (i.e., the pre-
period). Specifically, the analyses controlled for
patient age, sex, region of residence, type of
insurance coverage, pre-period Charlson
Comorbidity Index (CCI) score, and visits to an
endocrinologist. In addition, the propensity
score model also controlled for the dose of
Synthroid® and the average copayment for
Synthroid® in the lead-in period, while the
models that examined outcomes controlled for

index LT4 prescription dose and copayment.
Multivariable logistic models that examined
patient outcomes also included a lagged
dependent variable to control for prior presence
of the condition of interest. As exploratory
analyses, the associations between the key out-
comes and the number of switches among LT4
medications in the post-period were examined.
In these analyses, a subsequent switch could
have been to any of the other LT4 formulations,
including a switch back to Synthroid®.

All analyses were conducted using SAS, Ver-
sion 9.4 (Cary, NC), and a P value less than 0.05
was considered, a priori, to be statistically
significant.

RESULTS

There were 25,363 continuous users and 10,080
switchers included in this study (Fig. 2). After
1:1 propensity score matching, 9925 patients
remained in each cohort. Table 1 shows char-
acteristics of continuous users and switchers
both before and after propensity score match-
ing. Prior to the match, there were statistically
significant differences between continuous
users and switchers, with switchers being sta-
tistically significantly older, more likely to be
male, and less likely to have visited an
endocrinologist in the pre-period. Furthermore,
switchers were statistically significantly more
likely to have pre-existing CKD, depression,
hyperlipidemia, hypertension, or obesity. After
propensity score matching, some significant
pre-period differences between continuous
users and switchers remained, but numerical
differences between the two groups generally
were reduced. After the match, switchers were
more likely to have visited an endocrinologist.
CKD and obesity also continued to be statisti-
cally significantly different between switchers
and continuous users. There were no statisti-
cally significant differences between the cohorts
in having a TSH laboratory value out of range
during the pre-period.

Figure 3 shows the association between
switching LT4 formulations and having a TSH
value outside of range. Both the main and sen-
sitivity analyses indicate that switching was
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Table 1 Descriptive statistics pre- and post-matching

Pre-matching

Post-matching

Continuous Switchers P value Continuous Switchers P value
users users
Sample size 25,363 10,080 9925 9925
Demographics
Age, mean (SD) 49.8 (10.5) 50.8 (10.1) 0.0000 512 (10.1) 50.8 0.0006
(10.1)
Sex, 7 (%) 0.0000 0.0873
Male 4065 (160) 1852 1906 (192) 1812
(18.4) (18.3)
Female 21,295 (84.0) 8228 8019 (80.8) 8113
(81.6) (81.7)
Unknown 3 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Region, 7 (%) 0.0000 0.0000
Northeast 2519 (9.9) 857 (8.5) 757 (7.6) 843 (8.5)
Midwest 4122 (16.3) 1691 2097 (21.1) 1672
(16.8) (16.9)
South 16527 (652) 6521 6218 (627) 6422
(64.7) (64.7)
West 2190 (8.6) 1009 850 (8.6) 986 (9.9)
(10.0)
Other 5 (0.0) 2 (0.0) 3 (0.0) 2 (0.0)
Insurance plan type, 7 (%) 0.0000 0.0000
Exclusive provider organization 3454 (13.6) 1567 1580 (15.9) 1545
(15.6) (15.6)
Health maintenance organization 5628 (22.2) 1584 1820 (18.3) 1570
(15.7) (15.8)
Point of service 14128 (55.7) 6114 5531 (55.7) 6000
(60.7) (60.5)
Other 2153 (8.5) 815 (8.1) 994 (10.0) 810 (8.2)
Index prescription, mean (SD)
Dose of index LT4 prescription (mcg) 99.3 (43.9) 102.5 0.0000  102.3 (45.3) 102.2 0.9052
(43.2) (43.1)
Copayment for index LT4 19.3 (13.0) 95 (54) 00000 213 (13.5) 94 (53)  0.0000

Prescription ($)

Pre-period general health and specialist visit
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Table 1 continued

Pre-matching

Post-matching

Continuous Switchers P value Continuous Switchers P value
users users
CCI, mean (SD) 0.4 (0.9) 04 (10) 00000 05 (1.0) 04 (10)  0.0714
Visited endocrinologist, 7 (%) 5656 (22.3) 1591 0.0000 1257 (12.7) 1581 0.0000
(15.8) (15.9)
Pre-period TSH and diagnoses, 7 (%)
TSH out of range 5304 (20.9) 2326 04216 2271 (22.9) 2278 0.6676
(23.08) (23.0)
Chronic kidney disease 121 (0.5) 79 (0.8) 0.0005 50 (0.5) 78 (0.8) 0.0130
Depression 1841 (7.3) 835 (83)  0.0010 832 (8.4) 825 (83) 0.8574
Fatigue 3515 (139) 1437 03306 1440 (145) 1411 0.5573
(14.3) (14.2)
Heart failure 197 (0.8) 84 (0.8) 0.5877 105 (1.1) 80 (0.8) 0.0648
Hyperlipidemia 8423 (33.2) 4042 0.0000 4000 (40.3) 3940 0.3847
(40.1) (39.7)
Hypertension 5960 (23.5) 3000 0.0000 2859 (28.8) 2922 0.3250
(29.8) (29.4)
Obesity 840 (3.3) 416 (41) 00002 351 (3.5) 407 (41)  0.0381

Differences in means examined using ¢ tests. Differences in categorical variables examined using chi-square tests. Propensity

score matching controlled for the age, sex, region of residence, type of insurance coverage, and pre-period Charlson

Comorbidity Index (CCI) score of the patient and whether the patient had a pre-period visit to an endocrinologist

LT4 levothyroxine, TSH thyroid-stimulating hormone, SD standard deviation

associated with a higher likelihood of having a
TSH value outside of the target range in the
post-period compared continuous users. Specif-
ically, under the 2012 guidelines, switching was
associated with a 15% higher likelihood of an
out-of-range TSH laboratory result compared to
continuous use of Synthroid® [odds ratio (OR)
1.15; 95% confidence interval (CI) (1.08-1.23)].
Using the 2014 guidelines, switching was asso-
ciated with a 13% higher likelihood of a TSH
laboratory value out-of-range according to these
updated guidelines [OR 1.13; CI (1.04-1.20)].
Figure 4 shows the associations between
switching and clinical outcomes. Results illus-
trate that after controlling for patient demo-
graphics, index dosing, copayment for LT4, pre-

period CCI score, pre-period visit to an
endocrinologist, and the prior existence of a
condition of interest, switching was associated
with a higher likelihood of the negative clinical
outcome in the 2-year post-period compared to
continuous use of Synthroid®. Specifically,
switching was associated with a 23% higher
likelihood of the negative composite endpoint
compared to continuous use [OR 1.23; CI
(1.12-1.37)]. When examining each of the
individual components of the composite end-
point, switching was associated with a higher
likelihood of being diagnosed with CKD [OR
1.42; CI (1.10-1.83)], depression [OR 1.14; CI
(1.04-1.26)], fatigue [OR 1.16; CI (1.08-1.24)],
hypertension [OR 1.12; CI (1.03-1.22)], or
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|
. . Switchers, compared to
Main Analysis: continuous users of |
TSH Out-Of-Range Synthroid, were significantly I
0.45 — 4.12 mIU/L more likely to have a TSH
ST : lab value out-of-range in the l

(Garber et. al. 2012) B

|
Sensitivity Analysis: |
Alternative TSH |
Out-Of-Range I
0.4-4.0 mIU/L
(Jonklaas et. al. |
2014) |

0.8 0.9

1.0
Odds Ratios (and 95% Confidence Intervals)

1.15

11 12 13

Fig. 3 Associations of switching and TSH Labs out of
range (during post-period). Results from multivariable

characteristics (age, sex, region, insurance type) index dose,
index copay, pre-period CCI, pre-period visit to endocri-

logistic ~ regressions which controlled for patient nologist, and lagged dependent variable
. . | 23
Composite Endpoint [
| 142
Chronic Kidney Disease I A
Depression *
| Switchers, compared to
Fatigue | & continuous users of
001 Synthroid, were significantly
Heart Failure : more likely to be diagnosed
1.04 with ttt_a’co-posuje eldp?ilf,
Hyperlipidemia h CKD, dep: n,
| i fatigue, hypertension, or
Hypertension l [l 136 obesity in the post-period
. [e=icai———q|
Obesity I
0.7 0.8 0.9 1 11 13 14 15 1.6 1.7 18 1.9 2
Odds Ratios (and 95% Confidence Intervals)

Fig. 4 Associations of switching and clinical diagnoses
(during post-period). Results from multivariable logistic
regressions which controlled for patient characteristics

obesity [OR 1.36; CI (1.21-1.52)]. However,
there were no statistically significant differences
between the two groups when examining the
likelihood of being diagnosed with heart failure
or hyperlipidemia in the post-period.

While Figs.3 and 4 compare outcomes
between continuous wusers and switchers,
Table 2 presents the associations between out-
comes and the number of switches. As Table 2
reveals, the impact of switching only once is
similar to that of switching in general, with all

(age, sex, region, insurance type) index dose, index copay,
pre-period CCI, pre-period visit to endocrinologist, and
lagged dependent variable

clinical outcomes examined except heart failure
and hyperlipidemia being associated with a
significantly higher occurrence among patients
who switched once in the post-period relative to
continuous users. In contrast, switching three
or more times in the post-period was associated
with a higher likelihood of all of the outcomes
examined. In addition, the odds ratios associ-
ated with switching three or more times were
numerically greater than the odds ratios asso-
ciated with switching only once, indicating that
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Table 2 Associations between number of switches and patient outcomes post-period
Outcome 1 switch 2 switches 2 3 switches

n = 4653 n = 2693 n = 2579

Odds ratio 95% CI Odds ratio 95% CI Odds ratio 95% CI
TSH out of range 1.08 1.00-1.17 1.29 1.17-1.42 1.23 1.08-1.40
Composite endpoint 1.21 1.08-1.35 1.18 1.03-1.36 1.52 1.24-1.86
Chronic kidney disease 1.40 1.06-1.84 1.34 0.94-1.90 1.74 1.15-2.66
Depression 1.14 1.02-1.27 1.08 0.94-1.24 1.29 1.08-1.53
Fatigue 1.10 1.02-1.20 1.20 1.09-1.33 1.30 1.15-1.48
Heart failure 0.87 0.67-1.13 0.73 0.51-1.05 1.55 1.06-2.28
Hyperlipidemia 1.03 0.95-1.13 1.00 0.89-1.12 1.19 1.2-1.38
Hypertension 1.13 1.03-1.24 1.05 0.93-1.18 1.22 1.05-1.43
Obesity 1.37 1.21-1.55 1.31 1.12-1.53 1.39 1.14-1.69

Odds ratios represent likelihood of being diagnosed with outcome of interest compared to continuous users (N = 9925) of

Synthroid®. Results from multivariable logistic regression models of clinical outcomes associations with number of switches

including controls for patients” demographics (age, sex, region of residence, and insurance type), index dose and copayment

of levothyroxine prescription, pre-period Charlson Comorbidity Index score, pre-period visit to endocrinologist, and lagged

dependent variable
CI confidence interval, 7SH thyroid-stimulating hormone

three or more switches increased the likelihood
of any adverse clinical outcome examined. As
an additional test of the robustness of the
results, all analyses were re-conducted with the
addition of a variable—year of the index date—
to control for cohort effect (results not shown).
Results of these last analyses were generally not
sensitive to this alternative specification with
these exceptions: (1) switching was no longer
associated with increased likelihoods of post-
period diagnoses of CKD or fatigue; and (2)
switching was associated with a significantly
increased likelihood of a post-period diagnosis
of hyperlipidemia.

DISCUSSION

Using real-world data, this study examined the
clinical consequences of switching from Syn-
throid® to an alternative formulation of LT4.
The outcomes of interest in this study included
the likelihood of having out-of-range TSH lab-
oratory results or the prevalence of clinical
diagnoses in continuous users of Synthroid®

and switchers. The findings indicated that
switchers are more likely to have negative clin-
ical outcomes relative to continuous users of
Synthroid®. For instance, patients with
hypothyroidism and prior compliant use of
Synthroid® over a 6-month period and who
then switched to an alternative LT4 formulation
were more likely to have TSH laboratory values
outside the recommended target levels for TSH
than were patients who continued filling pre-
scriptions for Synthroid®. Further, relative to
the continuous users of Synthroid®, those who
switched to another LT4 formulation were 23%
more likely to have met the negative composite
endpoint and had higher likelihoods of having
an individual diagnosis of five of the seven
comorbidities included in the analysis. A caveat
is that the propensity score model did not work
pertfectly to balance the two cohorts on all the
patient characteristics, in particular the pro-
portions of patient with CKD and obesity. In
evaluating the increased risk associated with
switching that was observed for these two clin-
ical outcomes, it is important to recall the

I\ Adis



346

Adv Ther (2021) 38:337-349

statistically significant differences that existed
at baseline. Further, obesity has been recognized
as a condition that has historically been unre-
liably recorded in claims data which may lead to
bias in the current study’s result for this condi-
tion [23].

Most patients switched only once. However,
when the number of switches in the post-period
was greater than or equal to three, the
exploratory analyses showed that the odds of a
negative clinical outcome were numerically
higher when compared to one switch. Further-
more, the results for all individual comorbidi-
ties examined in patients who switched three or
more times were statistically significant when
compared against continuous use of Syn-
throid®. Regardless of the number of switches,
switchers were also more likely to have TSH
levels outside the recommended target range. In
sum, these findings support clinical guidelines
which advise that patients with hypothy-
roidism should continue therapy with the same
synthetic LT4 formulation and avoid switching
among LT4 formulations, when possible [15].

The present study may complement previous
research on the health economic consequences
of switching among LT4 formulations in
patients with hypothyroidism. Healthcare pro-
viders and payers may determine to switch users
of Synthroid® to alternative generic LT4 for-
mulations in order to lower the costs of pro-
viding treatment [19]. However, studies have
shown that the lower drug acquisition costs are
more than offset by increases in other cost cat-
egories (e.g., hypothyroidism-related non-drug
medical costs) such that total treatment costs
are higher for switchers than continuous users
of Synthroid® [19, 20]. The present study offers
a possible explanation for those cost findings in
that the presence of comorbid conditions and
TSH excursions may require additional clinical
follow-up and additional healthcare costs asso-
ciated with management of comorbidities.

Limitations

Claims data research has general limitations.
Insurance claims provide images of the financial
transactions between facilities (outpatient,

inpatient, and pharmacy) and payers (insurance
companies), and these images reflect but do not
fully document the interactions between
patients and physicians. For instance, the pres-
ence of a diagnosis code on a medical claim
does not guarantee the positive presence of a
disease; a diagnosis may have been coded
incorrectly or included as a rule-out criterion.
Furthermore, a richer dataset would have
allowed for additional adjustment and inter-
pretation of results. For instance, pill-taking
behaviors, use of nutritional supplements, or
patient-reported outcomes are just a few exam-
ples of data that are not captured in insurance
claims data. Also, while switching behavior,
including the number of switches, was captured
in the data, the reason(s) for switching among
LT4 formulations was not available. In addition
to the general limitations of claims-based
research, there were several limitations specific
to this study. For instance, the switching
examined was not restricted to LT4 formula-
tions that were A/B rated to Synthroid® but,
rather, considered all switches among LT4 for-
mulations which were found in these data that
are reflective of clinical practice. Further, the
analyses may underestimate the true incidence
of switching as the study only evaluated
patients who were compliant users of Syn-
throid® during the lead-in period. The refer-
ence range for TSH values is a population-based
reference that varies according to which specific
assay manufacturer is used and the same
method may not produce the same results
between assay manufacturers because of the
multiple isomers of TSH. The clinical outcome
of interest, i.e., a diagnosis in the post-period,
may not have represented an incident case; for
some individuals the diagnosis was present
before the switch. To control for the presence of
ICD codes at baseline before switch, a lagged
dependent variable of diagnosis was included in
statistical models. The analyses focused on
individuals who were continuously insured for
a period of at least 2 years after they initiated
treatment with Synthroid®, and this population
may not be generalizable to the population of
all patients prescribed Synthroid®. Finally, the
analyses focused on associations between
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treatment patterns and outcomes; no causal
inferences can be drawn from associative
results.

CONCLUSIONS

Study findings support the notion that
hypothyroidism treatment outcomes may
improve if providers and patients can reduce
the amount of switching among LT4 medica-
tions and reinforces the importance of utilizing
a consistent LT4 formulation to treat patients
with hypothyroidism. As such, this study ties
together and supports previous research on
switching behavior, medical resource use, and
costs among patients with hypothyroidism.
Future work should examine if these results
hold if switching is restricted to formulations
that are A/B rated to Synthroid®. Also, since
only well-insured patients were included in
these analyses, future research that includes
uninsured individuals with hypothyroidism
may provide a more complete picture of pat-
terns of care and health outcomes for patients
with hypothyroid dysregulation.
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