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ABSTRACT

Introduction: Chronic kidney disease (CKD)
may be associated with overt or subclinical
hypothyroidism [SCH; defined as elevated
serum thyroid-stimulating hormone (TSH)
despite normal free thyroxine levels). Although
some studies have demonstrated that thyroid
replacement therapy may improve renal func-
tion in overt hypothyroidism, there is no con-
sensus on its benefits in SCH. Clinical and
limited economic outcomes were evaluated in
levothyroxine-treated US  veterans  with
CKD + SCH.

Methods: Veterans Health  Administration
claims data from April 2013 to March 2018 for
levothyroxine-treated versus nontreated
CKD + SCH patients were compared. Eligible
patients with CKD + SCH (> 2 elevated TSH
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values recorded; > 2 normal thyroxine values
recorded) had > 1 TSH values recorded during
24-month  follow-up, and >1 estimated
glomerular filtration rate (eGFR) measurement
during baseline and follow-up. Continuous
levothyroxine wuse (treatment cohort) was
required during follow-up. The primary end-
point was eGFR at 6, 12, 18, and 24 months;
secondary endpoints included eGFR change
from baseline, CKD progression, and length of
hospital stay (LOS). Propensity score matching
(PSM) was performed.

Results: Of 453 eligible patients, 157 remained
in each cohort after PSM. Most were male (96%)
and white (88%); mean age was 75 years. No
significant differences were observed between
cohorts at any time point for eGFR, eGFR
change from baseline, or CKD progression.
Treated patients had numerically higher mean
eGFR at 6 and 12 months, lower proportions of
progression to higher CKD stages at 12, 18, and
24 months, and shorter mean all-cause LOS
versus nontreated patients (1.92 vs. 3.30 days;
P =0.3483) within the 24-month follow-up
period. A significantly shorter mean CKD-
related LOS was observed versus nontreated
patients (0.11 vs. 1.38 days; P < 0.0001) during
the 24-month follow-up.

Conclusion: Levothyroxine use was associated
with economic and clinical benefit in some
patients with CKD + SCH, despite an absence
of overall benefit on eGFR; confirmatory
research is needed.
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Key Summary Points

Why carry out this study?

Chronic kidney disease (CKD), a common
and debilitating condition tied to
considerable economic burden, can be
comorbid with subclinical
hypothyroidism [SCH; i.e., elevated serum
thyroid-stimulating hormone (TSH)
despite normal free thyroxine levels].

Although studies outside the US have
shown that levothyroxine replacement
therapy in CKD + SCH patients is
associated with improvements in renal
function, US evidence is lacking.

This study evaluated renal outcomes and
hospital length of stay (LOS) in a

CKD + SCH US veteran population
treated with levothyroxine.

What was learned from the study?

Although there was no significant
difference between levothyroxine-treated
and untreated CKD + SCH patients over
24 months in clinical outcomes
[estimated glomerular filtration rate
(eGFR) measures; CKD progression],
significantly lower LOS for CKD-related
reasons and numerically lower all-cause
LOS demonstrated a possible economic
benefit for levothyroxine.

Although not statistically significant,
CKD + SCH patients who were
levothyroxine-treated had numerically
lower proportions of progression to higher
CKD stages at 12, 18, and 24 months;
in a small subset with baseline

TSH > 10 mIU/L (n = 25: 15 treated, 10
untreated), a numerically lower
proportion of treated patients had CKD
progression to higher CKD stages
compared with untreated patients.

Prospective trials or larger retrospective
analyses of sufficient sample size may
further elucidate these retrospective
database analysis findings.

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.13295942.

INTRODUCTION

Chronic kidney disease (CKD) is a debilitating
condition affecting more than 37 million adults
in the United States, with annual Medicare costs
associated with CKD estimated at up to US$84
billion [1]. The National Health and Nutrition
Examination Survey (NHANES III), a national
sample of the US population, found that
approximately 11-23% of CKD patients also
have hypothyroidism, and 56% of these
patients have subclinical hypothyroidism [SCH;
i.e., elevated serum thyroid-stimulating hor-
mone (TSH) with normal thyroxine (T4)] rather
than overt hypothyroidism [2]. A recent meta-
analysis also reported that the pooled odds ratio
of SCH in CKD was 1.37 (95% CI 1.13-1.67,
P =0.000), independent of conventional risk
factors in a community-based population [3].
Thyroid hormones have numerous effects on
the kidneys, heart, and vascular system, and
thyroid dysfunction has a substantial impact on
renal function [4-9]. Thyroid hormones influ-
ence kidney development and growth, sodium
and water homeostasis, renal plasma flow, and
glomerular filtration rate (GFR) [5, 10, 11].
Decreased thyroid hormone has been shown to
result in reduced renal plasma flow and GFR,
and impaired urinary concentration and dilu-
tion [12]. Reduced GFR and creatinine clearance
have been reported in patients with overt
hypothyroidism [9, 11, 13-16], and both have
been shown to improve with thyroid replace-
ment therapy, such as levothyroxine [13, 15].
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The case for thyroid hormone replacement
for SCH in patients with CKD is less clear. Some
studies have reported adverse effects associated
with SCH in patients with CKD [17], but there is
no consensus on the clinical importance or
benefit of levothyroxine therapy in patients
with SCH and CKD. The 2012 American Asso-
ciation of Clinical Endocrinologists/American
Thyroid Association (AACE/ATA) guidelines
state that the decision to treat SCH when TSH
is < 10 mIU/L should be tailored to the indi-
vidual patient. The guidelines acknowledge that
there are limited clinical cardiovascular out-
comes data to support treating patients with
SCH when TSH levels are between 4.6 and 9.9
mlIU/L, and observe that there is limited but
specific information supporting levothyroxine
use when TSH is 2.5-4.5 mIU/L in cases of
pregnancy [18].

Given the limited evidence, treatment for
SCH in the general population remains a con-
troversial issue for which additional data are
needed [6, 10]. Furthermore, recent guidelines
have recommended against the use of thyroid
hormone therapy for patients with SCH because
of an absence in benefit of treatment. However,
these guidelines suggest the need for future
research to explore whether there is an
unidentified subgroup of patients that would
benefit from treatment of SCH [19]. There is
some evidence to suggest that levothyroxine
treatment of SCH provides clinical benefit by
improving renal function and delaying disease
progression in certain subpopulations with CKD
in studies conducted outside of the United
States [10, 13]. A study by Shin et al. in 2012
reported a significantly higher incidence rate of
end-stage renal disease (ESRD) among SCH
patients not treated with levothyroxine [10].
Treatment with levothyroxine was associated
with a delay in progression to CKD stage S5 or
ESRD, as well as overall renal function preser-
vation [10]. Additionally, Hataya et al. reported
that eGFR increased rapidly following initiation
of levothyroxine in patients with concomitant
SCH and CKD; however, the eGFR increase was
followed by a plateau [13].

To address the need for more quantitative
evidence within the United States on levothy-
roxine treatment outcomes in patients with

CKD and SCH, we evaluated clinical and limited
economic outcomes of CKD in patients with
SCH treated with levothyroxine compared with
patients not treated with levothyroxine.

METHODS

Study Design and Data Source

This retrospective observational cohort study
used data from the US Veterans Health Admin-
istration (VHA) database for the study period of
April 1, 2013, through March 31, 2018 (Fig. 1).
The VHA database reflects the largest integrated
health care system in the United States, pro-
viding care at 170 medical centers and 1074
outpatient clinics to more than 9 million vet-
eran enrollees [20]. For 2013-2018, renal func-
tion data reported as estimated GFR (eGFR;
available at the VHA since 2006) were obtain-
able from more than 98% of VHA facilities [21].
Through use of the VHA database, this study
had access to available laboratory data to iden-
tify SCH, in the absence of an International
Classification of Diseases (ICD) code, as well as
access to laboratory data over the desired fol-
low-up.

Because this retrospective database analysis
did not conduct collection, use, or transmittal
of identifiable data, institutional review board
approval for the study was not required, as it is
exempt according to 45CFR46.101(b)(4): Exist-
ing Data & Specimens—No Identifiers. Study
data meet the requirements of the Health
Insurance Portability and Accountability Act of
1996.

Patient Selection

During the patient identification period
between April 1, 2014, and March 31, 2016,
qualified patients with CKD plus SCH were
selected. Included patients had a diagnosis of
CKD (defined as > 1 claim for CKD stages 2, 3,
or 4, or eGFR 15-89 mL/min/1.73 m?) [22] and a
diagnosis of SCH [defined as > 2 elevated TSH
values recorded (> 4.12 mlIU/L) [18], and > 2
normal total thyroxine (T4; 4-11 pg/dL) values

I\ Adis



1188

Adv Ther (2021) 38:1185-1201

Study Period

Identification Period

Elevated TSH
value recorded

Normal total T4
value recorded

4/1/%013 4/1/2014 1514 day§ 3/31/2016 3/3|1/2018
4 L 2 2
12 months baseline At least 24 months follow-up*
<14 days
Elevated TSH || Normal total T4
¢ value recorded || value recorded | ¢
CKD Index date
diagnosis
date Continuous Enrollment

*Patients who died after at least 6 months of follow-up will be included in the study.

Fig. 1 General study design with study and patient identification periods; CKD chronic kidney disease, 74 serum thyroxine,

TSH serum thyroid-stimulating hormone

recorded, with evaluations within 14 days of
each other during the 12-month baseline per-
iod, which began with first elevated TSH value
recorded; Fig.1]. During the 12-month base-
line period, patients with eGFR > 90 mL/min/
1.73 m? or any evidence of ESRD/CKD stage 5,
renal replacement therapy, or transplant were
excluded.

The treatment cohort was required to have
one or more prescription claims for AB-rated
levothyroxine products during identification, as
well as continuous use without discontinuation
post-baseline. AB-rated levothyroxine products
are defined as US Food and Drug Administra-
tion-approved drug products with therapeutic
equivalence evaluations [i.e., the drug products
are the same formulation (e.g., tablet, capsule,
liquid) and have established bioequivalence in
the rate and extent of the active ingredients at
the site of action]. The AB-rated levothyroxine
drug products include Synthroid, Levo-T, Uni-
throid, or levothyroxine sodium [23]. For the
purposes of this trial, continuous use was
defined as having the proportion of days cov-
ered at > 80% throughout the 24-month fol-
low-up period [or death, transplant, or renal
replacement therapy (RRT) during follow-up]
and not having a gap between prescriptions
greater than the variable grace period based on

prescription supply days (e.g., the grace period
for a prescription for a 30-day supply is 30 days).
Discontinuation was defined as failure to refill
the levothyroxine prescription for a length of
time greater than the grace period. The index
date for the treatment cohort was the date of
first levothyroxine prescription fill; for the
nontreatment cohort, it was the date of the
second confirmatory SCH laboratory test.
Selected patients were aged 18 years or older
on the index date, with continuous health plan
enrollment 12 months before as well as in the
follow-up period (for 24 months, or up to time
of death at least 6 months later, transplant, or
RRT) (Fig. 1). Additionally, selected patients had
at least 6 months of follow-up post-index
date, > 1 eGFR laboratory value during baseline
and 24-month follow-up, and > 1 additional
TSH laboratory value available during the
24-month follow-up. For the treatment cohort,
continuous use of levothyroxine (documented
by AB-rated levothyroxine prescriptions) during
follow-up  without discontinuation was
required, whereas, for the nontreatment cohort,
evidence of no levothyroxine use during follow-
up was required. Additional exclusion criteria
included levothyroxine use after CKD diagnosis
date but before SCH diagnosis (treatment
cohort only), pregnancy, thyroid cancer, other
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nonskin malignancies, or acute kidney injury
(within 3 months of the 24-month follow-up).

Study follow-up beyond the minimum
24 months, which was required for primary,
secondary, and most other analyses, occurred
out to 36 months post-index date (selection
criteria similar to those for 24 months) for
longer-term evaluations for a single predeter-
mined subgroup analysis and one exploratory
endpoint. Long-term exploratory findings are
beyond the scope of this report.

Predefined time points and associated data
collection windows during the 24-month fol-
low-up for data analyses were at months 6, 12,
18, and 24. Data collection windows included
the preceding 3 months for month 6 and the
preceding 5 months for months 12, 18, and 24.
For all analyses, the value within the collection
window closest to the predefined time point
was used.

Primary, Secondary, and Exploratory
Objectives and Measures

The primary objective was to examine eGFR
change over time in treated versus nontreated
cohorts during the 24-month follow-up. For
patients who had evidence of RRT or renal
transplant during the post-baseline study per-
iod, the last eGFR observed before the trans-
plant/RRT was included. As indicated above, for
patients who had multiple eGFR values within
one or more data collection windows, the eGFR
value closest to the actual time point was used.

Secondary objectives compared treated ver-
sus nontreated cohorts for eGFR change from
baseline within 24 months, CKD progression
from baseline to 24 months, and healthcare
resource utilization (HRU; CKD-related and all
cause) within 24 months. If a patient demon-
strated CKD progression, defined by progression
to a higher (worse) stage of CKD from baseline
at 6, 12, 18, and 24 months based on diagnosis
or eGFR, the value was carried forward for the
subsequent time points; the number and pro-
portion were reported. Those who progressed to
RRT or transplant during follow-up were con-
sidered in ESRD, with follow-up ending and the
value similarly carried forward. All-cause HRU

was defined as inpatient length of stay (LOS)
within 24 months, whereas CKD-related HRU
was defined as CKD-related [based on ICD CKD
diagnoses codes] inpatient LOS.

Exploratory analyses included determining
within the 24-month follow-up (treated vs.
nontreated) the number and proportion of
patients who progressed to stage 5 CKD, num-
ber and proportion who achieved target TSH
measurements (0.45-4.12 mlIU/L), changes in
mean eGFR over time in patients stratified by
baseline TSH (4.12-10 or > 10 mIU/L), and
number and proportion who progressed to
higher CKD stage also stratified by baseline TSH
(4.12-10 or > 10 mIU/L).

A subgroup analysis detailed a priori called
for the description in treated patients of clinical
(eGFR; CKD progression) and economic out-
comes (HRU) for those who achieved TSH target
range versus those who did not during
24 months.

Statistical Analysis

Analyses were performed using Statistical Anal-
ysis System (SAS), v.9.4 (Cary, NC, USA). All
study variables—including patient baseline
demographics, clinical characteristics, and fol-
low-up outcomes—were reported descriptively.
Numbers and percentages were provided for
categorical  variables. Means, medians,
interquartile ranges, minima, maxima, and
standard deviations were provided for continu-
ous variables. Standardized mean differences
(SMDs) were calculated for each baseline vari-
able, with an SMD < 10 indicating a good bal-
ance between treatment and nontreatment
cohorts. Where appropriate, t tests, chi-square
tests, and nonparametric tests (e.g., Wilcoxon
rank-sum test) were used to test for intercohort
differences. Statistical significance was defined
as an alpha of 0.05.

Propensity Scoring Matching Analyses

Propensity score matching (PSM) was per-
formed to minimize confounding effects
between the treatment and nontreatment
cohorts. The propensity score is the probability
of receiving the treatment conditional on
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observed baseline characteristics. This method
mimics the design of a randomized controlled
trial by balancing patient baseline characteris-
tics to estimate the difference in treatment
effect. PSM covariates included age, sex,
race, Charlson comorbidity Index, hyperten-
sion, medication use (angiotensin-converting
enzyme inhibitors/angiotensin 1I receptor
blockers, nonsteroidal anti-inflammatory drugs,
diuretics), TSH, T4, eGFR, and inpatient LOS (O,
1-8, and > 9 days).

Multivariable Analysis Models

In addition to unadjusted comparisons, multi-
variable regression models were run in the
matched cohorts. The mixed model with repe-
ated measures (MMRM) and generalized linear
mixed model (GLMM) were used, respectively,
for continuous outcomes (eGFR and change in
eGFR) and categorical outcomes (CKD progres-
sion, TSH target achieved). The generalized
linear model (GLM) was used to evaluate inpa-
tient LOS.

RESULTS

Study Population and Baseline
Characteristics

A total of 453 patients (184 and 269 in treat-
ment and nontreatment cohorts, respectively)
were eligible after application of selection cri-
teria prior to PSM, and 157 patients remained in
each cohort after PSM (Fig. 2).

Most patients were male (after PSM: 96.8%
vs. 95.5% for treatment vs. nontreatment
cohorts, respectively) and elderly (after PSM:
mean age, 74.1 vs. 75.2years). The 3 most
common comorbidities at baseline were hyper-
tension (with > 2 out of 3 uncontrolled), dia-
betes, and diabetic neuropathy. The 2 cohorts
were well matched in terms of medication use,
TSH levels, and number of patients with stage 2
or 3 CKD after PSM (Table 1).

Primary and Secondary Outcomes

PSM-adjusted comparisons of CKD patients
with SCH in the treatment versus nontreatment
cohorts indicated no significant differences in
mean eGFR values at 6, 12, 18, and 24 months.
Although no statistically significant differences
were observed, the treated cohort had a
numerically higher mean eGFR over year 1;
however, this difference diminished during the
second year of follow-up (Fig. 3).

Findings from the MMRM model comparing
eGFR values showed that eGFR change over
time was not significant (coefficient of time:
- 0.01; P=0.8851) and that there was no sig-
nificant difference of eGFR change over time in
treatment versus nontreatment cohorts (coeffi-
cient of treatment x time: — 0.15; P = 0.1025).

No significant differences were observed
between treatment and nontreatment cohorts
for the 2 secondary clinical outcomes. PSM-
adjusted analysis did not demonstrate signifi-
cant differences in eGFR change from baseline
to month 24 between treatment and nontreat-
ment groups (Fig.4). In the MMRM model,
comparisons of eGFR change from baseline
between cohorts performed at each follow-up
time point did not show any significant differ-
ences (data not shown). In addition, no signif-
icant differences in CKD progression between
the 2 groups were found in PSM-adjusted anal-
yses. Although not significant, numerically
lower proportions of patients in the treatment
cohort progressed to a higher CKD stage at 12,
18, and 24 months (Fig. 5).

The GLMM model for pairwise comparisons
showed that patients in the treatment cohort
(vs. the nontreatment cohort) had numerically
lower odds of progressing to higher CKD stage
at 12, 18, and 24 months, but this was not sig-
nificant (Table 2).

At 24 months, the difference between treat-
ment and nontreatment cohorts for HRU as
measured by all-cause inpatient LOS was also
not significant (Fig. 6). Although the difference
was not significant, the GLM model showed
that patients in the treatment cohort had a
shorter mean all-cause inpatient LOS compared
with the nontreatment cohort (mean: 1.92 vs.
3.30 days, P = 0.3483; Fig. 6), despite having a
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Had CKD diagnosis in VHA database (study period: April 1, 2013 — March 31, 2018)
(N =4,431,993)

Had SCH diagnosis, defined by =2 elevated TSH and =2 normal total T4 (per ATA/AACE guidelines) values recorded
(N =1223)

Aged 218 years and did not die within 6 months
(N =1176)

Continuous enrollment from baseline through 24-month follow-up
(N =1160)

Treated (continuous levothyroxine use through follow-up)
(N =400)

Had =1 TSH values recorded during 24-month follow-up,
21 eGFR values recorded during baseline and
24-month follow-up
(N = 389)

Nontreated patients after exclusion criteria
(N =184)

Final Treatment Cohort Post-PSM

(N =157)

Fig. 2 Study population flow diagram for primary and
secondary objectives; AACE American Association of
Clinical Endocrinologists, 474 American Thyroid Asso-
ciation, CKD chronic kidney discase, ¢GFR estimated

numerically, but not significantly longer, mean
inpatient LOS at baseline (2.71 vs. 1.01 days;
Table 1). Furthermore, CKD-related inpatient
LOS was significantly shorter in the treatment
cohort compared with the nontreatment
(mean: 0.11 vs. 1.38 days, P < 0.0001; Fig. 6).

Exploratory analyses were limited in certain
cases by low sample size. For example, regard-
less of treatment status, less than 3% (n = 4 in
both groups) of patients progressed to CKD
stage 5 during the study. Due to insufficient
sample size, no further statistical testing was
performed.

Compared with the nontreatment group, a
significantly higher proportion of treated
patients achieved TSH target range at months 6,
18, and 24 (Fig. 7). The GLMM model with
repeated measures for pairwise comparisons

Nontreated patient cohort
(N = 427)

Had =1 TSH values recorded during 24-month follow-up,
21 eGFR values recorded during baseline and
24-month follow-up
(N =411)

Nontreated patients after exclusion criteria
(N = 269)

Final Nontreatment Cohort Post-PSM

(N =157)

glomerular filtration rate, PSM propensity score matching;
SCH subclinical hypothyroidism, 74 serum thyroxine,
TSH serum thyroid-stimulating hormone, VHA Veterans
Health Administration

confirmed that patients in the treatment cohort
(vs. the nontreatment cohort) had higher odds
of achieving TSH target at 6, 18, and 24 months
(Table 3).

Of the 157 patients in the treatment cohort,
134 (85.4%) achieved TSH within target range
by month 24, whereas 23 (14.6%) did not.
Treatment cohort TSH target achievers had
favorable outcomes compared with the non-
TSH target achievers. Significant differences
were observed in mean eGFR at 6 (61.6 vs. 45.1,
P =0.0055), 12 (61.9 vs. 50.5, P = 0.0098), and
24 months (60.6 vs. 49.1, P =0.0261). No sig-
nificant differences in CKD progression were
observed; however, a numeric trend favoring
TSH target achievers did emerge. Further anal-
yses in the non-TSH target achievers were not
conducted due to the low sample size.
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Table 1 Baseline characteristics: unadjusted and PSM-adjusted values

Characteristic Pre-PSM Adjustment (N = 453) Post-PSM (N = 314)
Treatment Nontreatment SMD Treatment Nontreatment SMD
cohort cohort (z = 269) cohort cohort (z = 157)
(n = 184) (n = 157)
Mean (SD) age, years  73.3 (18.3) 74.6 (18.2) 75 741 (18.6) 75.2 (17.6) 5.9
Median 69 72 - 70 71 -
Age group, years, 7 (%)
18-64 49 (26.6) 66 (24.5) 4.8 38 (24.2) 35 (22.3) 45
65-74 74 (40.2) 87 (32.3) 164 62 (39.5) 63 (40.1) 1.3
75-84 33 (17.9) 70 (26.0) 196 31 (19.7) 32 (20.4) 1.6
> 85 28 (15.2) 46 (17.1) 51 26 (16.6) 27 (17.2) 17
Sex, 7 (%)
Male 171 (92.9) 262 (97.4) 209 152 (96.8) 150 (95.5) 6.6
Female 13 (7.1) 7 (2.6) 209 5 (32) 7 (4.5) 6.6
Race, 7 (%)
White 162 (88.0) 227 (84.4) 10.6 137 (87.3) 140 (89.2) 5.9
Non-white 22 (12.0) 42 (15.6) 10.6 20 (12.7) 17 (10.8) 5.9
Mean (SD) Quan-CCI  1.76 (2.03) 1.52 (1.76) 129 183 (2.02) 1.71 (1.88) 62
score
Median 1 1 - 1 1 -
Mean (SD) DCSI score  1.93 (2.29) 1.96 (2.46) 1.0 1.99 (2.36) 2.10 (2.53) 42
Median 1 1 - 2 1 -
Comorbidities, 7 (%)
Diabetes 70 (38.0) 93 (34.6) 72 62 (39.5) 62 (39.5) 0.0
HTN 140 (76.1) 186 (69.2) 156 123 (78.3) 122 (77.7) 15
Uncontrolled 105 (75.0) 126 (67.7) 161 92 (74.8) 85 (69.7) 114
BP > 140/
90 mmHg
Controlled 35 (25.0) 60 (32.3) 161 31 (252) 37 (30.3) 114
BP < 140/
90 mmHg
CAD 8 (4.3) 11 (4.1) 13 7 (45) 6 (3.8) 32
CVA 17 (9.2) 24 (8.9) L1 16 (102) 14 (8.9) 43
Diabetic neuropathy 24 (13.0) 28 (10.4) 82 21 (134) 20 (12.7) 1.9
Hypertensive 12 (6.5) 23 (8.6) 77 9(57) 13 (8.3) 10.0
nephrosclerosis
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Table 1 continued

Characteristic Pre-PSM Adjustment (N = 453) Post-PSM (N = 314)
Treatment Nontreatment SMD Treatment Nontreatment SMD
cohort cohort (7 = 269) cohort cohort (n = 157)
(n = 184) (n = 157)
Chronic 0 (0.0) 0 (0.0) 00 0 (0.0) 0 (0.0) 0.0
glomerulonephritis
Nephrotic syndrome 0 (0.0) 1 (0.4) 8.6  0(0.0) 1 (0.6) 11.3
Nephrotic range 2 (1.1) 3 (1.1) 0.3 2 (1.3) 2 (1.3) 0.0
proteinuria

Medications, 7 (%)

ACEI/ARB 98 (53.3) 111 (41.3) 242 84 (535) 78 (49.7) 7.6
NSAIDs 77 (41.9) 78 (29.0) 27.1 59 (37.6) 60 (38.2) 1.3
Diuretics 84 (45.7) 94 (34.9) 21.9 68 (43.3) 67 (42.7) 1.3
Mean (SD) TSH,* 7.6 (6.7) 5.8 (2.5) 366 6.1 (3.6) 6.0 (2.5) 34
mlIU/L
Mean (SD) T4, pg/dL 7.5 (1.8) 7.5 (1.6) 30 75 (18) 7.5 (16) 0.4
Mean (SD) ¢GFR* 619 (153) 612 (15.1) 44 610 (152) 60.9 (15.4) 0.6
mL/min
All-cause HRU
Mean (SD) inpt LOS, 2.65 (14.29) 125 (7.08) 1245 271 (15.01) 101 (4.85) 15.24
days
Median (IQR) inpt 0 (0,0) 0 (0,0) ~ 0(00) 0 (0,0) -
LOS, days
LOS duration 0 days, 165 (89.7) 245 (91.1) 4.8 141 (89.8) 144 (91.7) 6.6
n (%)
LOS > 1 11 (6.0) 14 (5.2) 34 9(57) 7 (4.5) 538
and < 8 days, 7 (%)
LOS > 8 days, » (%) 8 (4.3) 10 (3.7) 32 7(45) 6 (3.8) 3.2

ACEI/ARB angjotensin-converting enzyme inhibitor/angiotensin receptor blocker, BP blood pressure, CAD coronary artery
disease, CVA cerebrovascular accident, DCSI Diabetes Complication Severity Index, ¢GFR estimated glomerular filtration
rate, HRU healthcare resource utilization, HTN hypertension, #zpt inpatient, IQR interquartile range, LOS length of stay,
NSAID nonsteroidal anti-inflammatory drug, PSM propensity score matching, Quan-CCI Quan-Charlson Comorbidity
Index, SCH subclinical hypothyroidism, SD standard deviation, SMD standardized mean difference, T7SH thyroid-stimu-
lating hormone

* TSH, T4, and eGFR are values closest to the index date (treatment cohort index date = date of first levothyroxine
prescription fill; nontreatment cohort index date = date of second/confirmatory SCH laboratory test)
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Mean eGFR, mL/min/1.73 m?

Treatment Cohort (N = 157) * Statistically Significant Difference (P<0.05)
M Nontreatment Cohort (N = 157) NS No Statistically Significant Difference (P=0.05)
70.00
NS NS NS NS NS
61.00  60.91
59.98 6737 60.25 o767 sa62  58.97 5043  60.14
60.00 — : :
50.00 —
40.00 —
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0.00
Baseline Month 6 Month 12 Month 18 Month 24

(N=157vs 157) (N=92vs59) (N=119vs117) (N=120vs99) (N =111vs 105)

eGFR Values at Given Follow-up Intervals

Fig. 3 PSM-adjusted mean eGFR over 24 months; ¢GFR estimated glomerular filtration rate, PSM propensity score

matching

Mean eGFR Change, mL/min/1.73 m?

Treatment Cohort (N = 157) * Statistically Significant Difference (P<0.05)
B Nontreatment Cohort (N =157) NS No Statistically Significant Difference (P=0.05)
5
4
3
2
1
0.04
0
_ —0.96 1
_3 NS — 229 —237 —1.90 —2.08
) NS NS —2.51
_5 NS
—6
—7
—8
9
—10
Month 6 Month 12 Month 18 Month 24
(N =92 vs 59) (N=119vs 117) (N =120 vs 99) (N =111 vs 105)

Change in eGFR Values at Given Follow-up Intervals

Fig. 4 PSM-adjusted ¢GFR change from bascline; eGFR estimated glomerular filtration rate, PSM propensity score

matching
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Treatment Cohort (N = 157)
M Nontreatment Cohort (N = 157)

100

% Statistically Significant Difference (P<0.05)
NS No Statistically Significant Difference (P=0.05)

90

80
70

60

50

40
30

NS

NS
28.0%

Percentage of Patients

20 NS NS

16.6% 22.3%

12.7%

7.6% 7.6%

10

Month 6

14.7%

Month 12

Month 18

CKD Progression at Given Follow-up Intervals

23.6%

Month 24

Fig. S PSM-adjusted percentage with CKD progression at each time point; CKD chronic kidney disease, PSM propensity

score matching

Table 2 CKD progression at each follow-up time point

OR 95% CI P value
Treatment vs. nontreatment at 6 months 1.00 0.4330, 2.3080 1.0000
Treatment vs. nontreatment at 12 months 0.85 0.4450, 1.6260 0.6239
Treatment vs. nontreatment at 18 months 0.69 0.3930, 1.2190 0.2023
Treatment vs. nontreatment at 24 months 0.79 0.4760, 1.3180 0.3688

ESTIMATE statement in SAS is used for estimation of any linear combination of model parameters to make simple

pairwise comparisons

CI confidence interval, CKD chronic kidney disease, OR odds ratio

Additionally, in treated TSH target achievers,
numerically longer all-cause inpatient LOS (2.05
vs. 1.13days, P =0.5528) and CKD-related
inpatient LOS (0.13 vs. 0.00, P = 0.0833) were
observed, but neither rose to the level of statis-
tical significance.

Lastly, no statistically significant differences
in mean eGFR over time were detected in either
TSH subgroup (4.12-10 or > 10 mIU/L; results
not shown). For patients with TSH > 10 mIU/L
at baseline, a numerically higher proportion of

untreated patients had CKD progression to a
higher stage compared with treated patients,
but this was not significant, and no further
analysis was conducted due to low sample size
(Table 4).

DISCUSSION

This retrospective real-world analysis of PSM-
matched patients with CKD and SCH found no
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Treatment Cohort (N = 157) * Statistically Significant Difference (P<0.05)
M Nontreatment Cohort (N = 157) NS No Statistically Significant Difference (P=0.05)
NS

35 3.30

3.0
m 2.5
>
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£ 20 :
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= 10

0.5

0.11
0
All-cause LOS CKD-related LOS

Health Care Resource Utilization

Fig. 6 PSM-adjusted healthcare resource utilization; CKD chronic kidney disease, LZOS length of hospital stay, PSM
propensity score matching

Treatment Cohort (N = 157) * Statistically Significant Difference (P<0.05)
I Nontreatment Cohort (N = 157) NS No Statistically Significant Difference (P=0.05)
g 100
S
¢ 90
©
2 80
=S
T 70
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s 60 S
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n“_’ - 170 31.8% 29.9%
5 30 —
0,
% 20 — 17.2%
T
§ 10 —
o
o 0
Month 6 Month 12 Month 18 Month 24
(N = 84 vs 40) (N =111vs 112) (N=117 vs 87) (N =108 vs 93)

Given Follow-up Intervals

Fig. 7 Exploratory objective: percentage of patients within TSH target range; TSH target: 0.45-4.12 mIU/L; TSH serum
thyroid-stimulating hormone
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Table 3 Pairwise comparisons of TSH target range achievement between treatment and nontreatment cohorts at each

follow-up time point

OR 95% CI P value
Treatment vs. nontreatment at 6 months 2.38 1.3960, 4.0720 0.0015
Treatment vs. nontreatment at 12 months 1.08 0.6880, 1.7000 0.7324
Treatment vs. nontreatment at 18 months 2.11 1.3310, 3.3540 0.0016
Treatment vs. nontreatment at 24 months 2.63 1.6460, 4.1870 0.0001

GLMM with repeated measures used to assess whether proportion of patients were different in treatment vs. nontreatment

cohorts. TSH target: 0.45-4.12 mIU/L

CI confidence interval, GLMM generalized linear mixed model, OR odds ratio, 7SH thyroid-stimulating hormone

Table 4 CKD + SCH (baseline TSH > 10 mIU/L): CKD progression at 6, 12, 18, and 24 months

n=25 P value SMD
Treatment cohort (2 = 15) Nontreatment cohort (z = 10)
n % n %
CKD progression from BL at:
6 months 1 6.7 3 30.0 0.1190  60.3
12 months 2 13.3 3 30.0 0.3074 394
18 months 3 20.0 4 40.0 0.2752 42.7
24 months 3 20.0 S 50.0 0.1152 63.3

BL bascline, CKD chronic kidney disease, SCH subclinical hypothyroidism, SMD standardized mean difference, 7SH

thyroid-stimulating hormone

significant difference between patients treated
with levothyroxine and those not treated with
levothyroxine in eGFR value or eGFR change
from baseline. Additionally, no statistically sig-
nificant difference was observed in CKD pro-
gression. However, the findings showed that
patients treated with levothyroxine trended
towards lower odds of CKD progression to a
higher stage of disease during the 24-month
follow-up compared with nontreated patients,
in both the overall patient population, as well as
a smaller subset of patients with baseline
TSH > 10 mIU/L. The findings also suggested
that patients treated with levothyroxine were
more likely to achieve TSH target levels, with a
trend towards favorable outcomes, when com-
pared with non-TSH target achievers in regard

to eGFR values and CKD progression. Finally,
significantly lower LOS for CKD-related reasons
demonstrated possible economic benefit of
levothyroxine treatment.

Considering the current study’s patient
population, many of the study’s null results
may be attributable to several factors, including
differences between male and female popula-
tions because the VHA system comprises mostly
older men, missing eGFR values that could
influence results, and clinical considerations in
the aging population (i.e., inherent TSH
increases with the normal aging process), which
can greatly influence renal dysfunction and
study outcomes [11, 13, 24]. Finally, although
hypothyroidism remains a chronic condition
that should be treated to a TSH target [18], TSH
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levels in untreated SCH can vary over time—
remaining stable, progressing to overt
hypothyroidism, or normalizing [25-32]—
which could have affected our results. Because
elevated TSH may be transient due to intra-
individual variation, confirmatory TSH and T4
tests 2 weeks to 3 months after initial values,
such as those done in this trial, have been rec-
ommended since 2004 [18, 33]. In a review of
available data, Karmisholt et al. concluded that,
if a repeated TSH value is within 40% of the
previous value, “then the result may well be due
to random variation.” Consequently, they rec-
ommend that the difference between 2 serial
TSH tests should be > 40% to suggest a true
change in thyroid function [30]. Moreover, in a
study looking at the natural history of what is
labeled by some as “mild SCH” in 241 women
with elevated TSH < 10 mIU/L followed for
5 years, 19.1% (46/241) required levothyroxine
therapy, whereas spontaneous normalization
was seen in 22.8% (55/241), and only 58.1%
(140/241) continued to meet criteria for SCH
[34].

Current research suggests that the correla-
tion between hypothyroidism and renal func-
tion still remains unclear. A meta-analysis of
individual patient data showed that, although
decreased thyroid function was shown to cor-
relate with lower eGFR values when evaluated
cross-sectionally, there was no association
between SCH and deterioration of renal func-
tion over time [35]. On the other hand, another
recent study evaluating over 15,000 patients
found an association between pre-ESRD TSH
levels and post-ESRD mortality, with a higher
risk of mortality observed among patients with
incrementally higher TSH levels [36]. Together,
previous research and our findings highlight the
need for further evaluation of the link between
low thyroid hormone and renal function over
time, and whether levothyroxine therapy truly
provides clinical benefit.

In terms of the economic aspect, limited
published research regarding HRU exists among
patients diagnosed with CKD and SCH.
Alexander et al. reported in 2009 that the
average number of physician visits and hospital
admissions increased in patients with later
stages of CKD compared with patients with

early-stage CKD or no CKD in the United States
[37]. Our results with respect to HRU among
CKD patients with SCH revealed that patients
with CKD and SCH treated with levothyroxine
had lower all-cause and CKD-related mean
inpatient LOS compared with nontreated
patients, suggesting a potential economic ben-
efit of levothyroxine treatment in this popula-
tion. Future research with more robust
economic analysis is needed to gain a better
understanding of the true economic impact of
initiating levothyroxine treatment for SCH in
patients with early stages of CKD, aiming to
delay progression.

This study was subject to certain limitations
inherent to claims analysis and this specific
dataset. Clinical conditions were identified
using ICD-9-CM diagnosis codes, which are
subject to potential miscoding. The presence of
a diagnosis code on a medical claim is not a
positive presence of disease, as the diagnosis
code may be incorrectly coded or included as
rule-out criteria rather than actual disease. In
addition, ICD diagnostic codes do not contain
the same level of detail as the information
provided in patient charts, and some diagnoses
are missing from these codes (e.g., there is no
ICD-9-CM diagnosis code for SCH). Laboratory
value information in claims data may be miss-
ing or unavailable. Because this analysis did not
use patient charts, some aspects of the patient’s
treatment course were outside of the scope of
the study. For example, information related to
thyroid disease etiology, types of clinical pro-
cedures conducted, or the reason behind testing
was not available from claims data. Therefore,
results of all such claims-based studies should be
interpreted accordingly. Specific to this study
and the VHA database, eGFR data were not
uniformly available for all patients at the same
intervals. This is evident from the decrease in
sample size at each time point. A linear mixed
model was used to account for this limitation.
TSH and T4 laboratory values were used to
define SCH and are consistent with guidelines
from the ATA, AACE, and medical textbooks;
however, this does not account for population
or age differences. Moreover, because VHA
beneficiaries are predominantly older and male,
results may not be generalizable to the
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population of CKD patients with SCH as a
whole. Certain information that could have an
effect on study outcomes, such as clinical and
disease-specific parameters, are not readily
available in the VHA database. Finally, the
economic outcomes investigated in this study
were limited and did not account for medica-
tion costs or hospital admissions, two factors
that should be included in future studies.

CONCLUSIONS

In this retrospective database analysis of US
veterans, clinical outcomes such as eGFR values,
eGFR changes from baseline, and CKD progres-
sion to a higher stage between the treated and
nontreated patients were not significantly dif-
ferent. Trends towards lower odds of CKD pro-
gression and numerically favorable outcomes in
treated patients achieving TSH target compared
with non-TSH target achievers point to areas
where future research is needed. Significantly
lower LOS for CKD-related reasons and a trend
towards lower all-cause LOS demonstrate a
possible economic benefit of levothyroxine
treatment. Although the economic analyses in
this study were limited, significant findings for
CKD-related LOS suggest future research may be
needed to investigate the full economic impact
of treating CKD and SCH patients with
levothyroxine. Nevertheless, we believe these
results provide valuable insights into real-world
clinical and economic outcomes of CKD
patients with SCH treated with levothyroxine.
Future research with larger patient sample sizes
is needed to continue to build on the under-
standing of the clinical and economic impact of
levothyroxine treatment in patients with con-
comitant CKD and SCH.
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