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Abstract

Hyperthyroidism in cats can mask changes in renal function, including chronic kidney dis-
ease (CKD), because of hyperfiltration and muscle loss. Symmetric dimethylarginine
(SDMA) has been shown to increase earlier than creatinine in cats with renal dysfunction,
and, unlike creatinine, SDMA is not impacted by lean muscle mass. The aim of this study
was to describe the relationship between SDMA, creatinine, body weight and TT4 over time
during treatment of hyperthyroidism. Cats were retrospectively identified from the US
IDEXX Reference Laboratories database where TT4, SDMA and creatinine were measured
on the same cat at multiple time points. A hyperthyroid treated group was identified (TT4 <
4.7 ug/dL and decreased by a minimum of 2.5 pg/dL) that had body weight and laboratory
results available from more than one visit, and was used to evaluate body weight, creatinine,
SDMA and TT4 pre-treatment and at 1-30, 31-60, 61-90, 91-120 days post-treatment.
Creatinine significantly decreased with increasing concentrations of TT4 (Spearman’s p =
-0.37, P <0.001), whereas SDMA did not. Body weight, SDMA and creatinine concentra-
tions significantly increased during the immediate 1-30 day post-treatment period (P <
0.012, P <0.001, P <0.001, respectively). During treatment creatinine continued to increase
as cats gained weight. In contrast, SDMA remained stable during treatment and was compa-
rable to age-matched control cats. Therefore, SDMA may be a more reliable biomarker of
renal function than creatinine in hyperthyroid cats before and during treatment.

Introduction

Hyperthyroidism is the most common endocrinopathy affecting the geriatric feline popula-
tion, with a prevalence of 6 to 10 percent reported in cats greater than 10 years of age. [1,2].
Chronic kidney disease (CKD) is a common co-morbidity in this population; estimated to
occur in 15 to 49 percent of hyperthyroid cats [3-8]. The hypermetabolic state caused by

PLOS ONE | https://doi.org/10.1371/journal.pone.0227964  January 28, 2020

1/13


http://orcid.org/0000-0003-4107-2353
https://doi.org/10.1371/journal.pone.0227964
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0227964&domain=pdf&date_stamp=2020-01-28
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0227964&domain=pdf&date_stamp=2020-01-28
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0227964&domain=pdf&date_stamp=2020-01-28
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0227964&domain=pdf&date_stamp=2020-01-28
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0227964&domain=pdf&date_stamp=2020-01-28
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0227964&domain=pdf&date_stamp=2020-01-28
https://doi.org/10.1371/journal.pone.0227964
https://doi.org/10.1371/journal.pone.0227964
http://creativecommons.org/licenses/by/4.0/
https://www.idexx.com/en/about-idexx/

@ PLOS|ONE

Retrospective evaluation of the relationship between SDMA, CREA, and BW in hyperthyroid cats

to publish, or preparation of the manuscript. The
specific roles of these authors are articulated in the
author contributions section.

Competing interests: Seven of the authors (DS,
JR, RM, JO, CC, DJM, MJC) have an affiliation to
the commercial funders of this research, as
employees or past employees of IDEXX
Laboratories. The work presented in this study was
funded by IDEXX Laboratories, Inc. Westbrook,

ME, USA (https://www.idexx.com/en/about-idexx/).

IDEXX Laboratories, Inc., holds a patent on the
ELISA methodology for measuring SDMA
concentration (https://www.idexx.com/en/about-
idexx/patents/) United States Patent No. US
481,690 B2; Date: July 9, 2013 Murthy et al.,
Methods for Detecting Symmetrical
Dimethylarginine. IDEXX Laboratories, Inc.,
manufactures the IDEXX SDMA® Test evaluated in
this study. This does not alter the authors’
adherence to PLOS ONE policies on sharing data
and materials. Data is freely available upon request.

hyperthyroidism leads to increased glomerular filtration rate (GFR) and reduced muscle mass,
often confounding the diagnosis of CKD [9,10]. These pathologic changes complicate finding
a reliable and consistent marker for renal dysfunction in hyperthyroidism. The ability to iden-
tify cats with change in renal function prior to, or at the onset of treatment for, hyperthyroid-
ism may influence the long-term management of hyperthyroidism, as well as influence renal
health.

Creatinine (CREA) has been the most common renal biomarker used in the diagnosis and
monitoring of renal dysfunction in cats. Loss of muscle mass results in decreased CREA [11];
this leads to difficulty interpreting CREA in hyperthyroid cats due to the degree of muscle
wasting often present [9]. CREA can remain within the normal reference range in some cats
with hyperthyroidism despite concurrent renal disease [12]. Symmetric dimethylarginine
(SDMA) has been shown to be an earlier and more sensitive biomarker for the assessment of
GFR and the evaluation of CKD in feline and canine patients [13-15]. SDMA is a byproduct of
intranuclear arginine methylation, and is excreted primarily (greater than 90%) by renal clear-
ance [16,17]. Because SDMA is excreted by the kidneys, serum concentrations are affected by
changes in GFR [13,14,18]; however, unlike CREA, are not impacted by lean body mass
[15,18]. Because SDMA is unaffected by lean body mass, it is hypothesized that SDMA would
be a consistent indicator of kidney function in hyperthyroid cats undergoing treatment for
hyperthyroidism.

The objective of this study was to use big data to describe the relationship between CREA
and TT4, SDMA and TT4, and the changes observed in bodyweight, SDMA, and CREA during
treatment of feline hyperthyroidism. A secondary objective of this study was to demonstrate
the feasibility and utility of a data collection method referred to as big data. Big data uses statis-
tical methods to take a large population with low information density and create interpretable
data to better understand the relationships and dependencies within populations, and perform
predictions of outcomes and behaviors. By aggregating large amounts of data and accounting
for the multitude of inputs and layers a better picture of what constitutes a disease, trend, or
result interpretation for an entire population can be developed [19]. In this study this method-
ology was used to collect a specific feline population for evaulation and outcome.

Materials and methods

Data were obtained through the US IDEXX Reference Laboratories database from clinical case
samples submitted from 13 July 2015 to 17 January 2017. Each study sample was obtained and
submitted to an IDEXX commercial reference laboratory by a practicing veterinarian during
the routine diagnostic workup or monitoring of clinically well and ill cats in his or her care. All
samples were obtained on the consent of the pet owner. Each sample result was identified by
the breed, age, and sex of the cat from which the sample was obtained. To ensure privacy,
demographic information on the pet, pet owner, or veterinarian who submitted the sample
was not collected.

Samples from a total of 453,126 individual cats were eligible for inclusion into the study. To
be included in the study, cats needed a TT4, SDMA and CREA measured at least once on a sin-
gle blood sample. For clarity, a consort diagram of the study population appears in Fig 1, and
terms used in this study are defined in S1 Table.

A hyperthyroid cat group was identified from this sample population. For inclusion into
the hyperthyroid cat group, cats had to be between 6 to 25 years of age and had to have at least
a single blood sample with a TT4 concentration that was greater than 4.7 ug/dL (the upper ref-
erence interval for IDEXX Reference Laboratory) along with a SDMA and CREA
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Consort Diagram of Study Population

Baseline Feline Population

453,126
Study Group
113,535
Excluded from Study
+ 983 hypothyroid (TT4 < 0.8)
« 13.878 grey zone (2.3 <TT4<4.7)
Control Group (0.8 <TT4<2.3) Hyperthyroid Cat Group (IT4 > 4.7)
61,243 37,431
Excluded from Hyperthyroid Treated Group
+ 31.202 did not have second visit
Age-Matched Controls where TT4 < 4.7
12,810 + 1,549 had TT4 > 4.7 post-treatment
v
Hyperthyroid Treated Group
4,680

Hyperthyroid Treated Group
(with complete body weight information)
1,281

Fig 1. Consort diagram of study population.
https://doi.org/10.1371/journal.pone.0227964.9001

concentration measured concurrently. Body weights (kg) were obtained when available for
cats in the hyperthyroid cat group.

A hyperthyroid treated group was identified from the hyperthyroid cat group. For inclusion
in the hyperthyroid treated group, hyperthyroid cats had to have samples from more than one
visit in which the TT4, SDMA, and CREA were measured and demonstrated a change in TT4
concentrations in those samples using the following criteria: on the sample from the visit fol-
lowing their maximal TT4 concentration (> 4.7 pg/dL) the concentration of TT4 had to
have decreased by a minimum of 2.5 pg/dL and be < 4.7 ug/dL. Treatment was defined in
this manner since individual therapy for each cat was unknown. The pre-treatment visit was
defined as the first time at which the cat’s sample had a TT4 concentration > 4.7 pg/dL. The
post-treatment visits were defined as all subsequent visits where the cat’s sample had a TT4
concentration < 4.7 pg/dL with a minimum decrease of 2.5 pg/dL from pre-treatment levels.
All cats had to have at least one post-treatment visit. For this study the post-treatment period
was limited to 120 days. Cats with samples that remained hyperthyroid (TT4 > 4.7 ug/dL) dur-
ing the post-treatment visits were excluded.

A control group was identified from the baseline feline population of 453,126 cats. For
inclusion in the euthyroid control group, cats had to have samples for at least one visit in
which the TT4, SDMA, and CREA were measured and have a TT4 concentration > 0.8 ug/dL
and < 2.3 pg/dL on all visits. Control cats with bodyweight information were selected at a 10:1

PLOS ONE | https://doi.org/10.1371/journal.pone.0227964  January 28, 2020 3/13


https://doi.org/10.1371/journal.pone.0227964.g001
https://doi.org/10.1371/journal.pone.0227964

@ PLOS|ONE

Retrospective evaluation of the relationship between SDMA, CREA, and BW in hyperthyroid cats

age-matched comparison with the hyperthyroid treated population that had complete body
weight information.

The time (measured in days) from pre-treatment to the post-treatment visits was separated
into 30-day increments to reflect clinical follow-up times. The binning of the post-treatment
time periods was done pre-hoc and blinded to the results of the response variables. If a cat had
more than one visit in a defined 30-day increment, the latest visit was used. These time periods
(1-30 days, 31-60 days, 61-90 days, and 91-120 days) were used as timepoint comparisons for
changes in BW, SDMA, and CREA. Pre-treatment population was compared to all time points,
and each time point to each other to determine if any significant changes were present in BW,
SDMA and CREA during treatment.

Biomarkers

CREA, SDMA, and TT4 concentrations were determined at IDEXX Reference Laboratories
on Beckman AU clinical chemistry analyzers. SDMA was determined using a commercially
available high-throughput immunoassay (IDEXX SDMA™ Test; IDEXX Laboratories Inc.,
One IDEXX Drive, Westbrook, Maine 04092, USA). CREA was determined by a colorimetric
method, Jaffe’s reaction using picrate at alkaline pH (Beckman Coulter, Inc, Brea CA). Total
T4 was determined by automated enzyme immunoassay (EIA) method to measure serum TT4
(DRI T4 assay; Microgenics, Freemont, CA, USA) [20]. Reference intervals for SDMA (0-

14 pg/dL), CREA (0.9-2.3 pug/dL) and TT4 (0.8-4.7 ug/dL) in adult cats were previously estab-
lished according to Clinical Laboratory and Standards Institute (CLSI) guidelines [21].

Statistical analysis

Associations between TT4 and renal biomarkers were performed using a Spearman Rank cor-
relation test in the hyperthyroid treated population. Descriptive statistical analysis was per-
formed to document sequential changes in the renal biomarkers, CREA and SDMA, using
medians and interquartile ranges at each sample time period for cats defined as the hyperthy-
roid treated population. Visual inspection of quantile-quantile plots indicated a non-normal
distribution for CREA, SDMA and bodyweight thus the two-sided Mann Whitney U test was
used to compare the distributions between the time periods among the hyperthyroid treated
population and the age-matched control population. Since all time periods within the hyper-
thyroid treated group are paired, the two-sided Wilcoxon Signed-rank test was used along
with the Holm-Bonferroni method for p-value adjustment to account familywise error rate

in multiple testing [22]. To ensure that weight data were missing at random, the two-sample
Kolmogorov-Smirnov test was used to compare the distributions of CREA, SDMA and age
between the complete and incomplete weight data for the hyperthyroid treated cat population.
Significance was set at an o of 0.05. All data analysis was performed with R version 3.3.1 [22].
Graphical analysis and data cleaning was performed using the dplyr, ggsignif, ggpubr and
ggplot2 R packages [23-26].

Results

The study population is described in Fig 1. Definitions for each category are found in S1 Table.
The baseline feline population of 453,126 cats had a total of 113,535 cats with complete SDMA,
CREA, and TT4. A total of 37,431 cats made up the hyperthyroid cat group population with at
least one visit where the cat had a TT4 value > 4.7 pg/dL. From the hyperthyroid cat group
population, 4,680 cats met the criteria to be included in the hyperthyroid treated group and
were used for analysis. The median age at pre-treatment visit was 14 years (range: 6-24 years).
Domestic cats (Domestic Short Hair, Domestic Medium Hair, and Domestic Long Hair cats)
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Fig 2. Relationship between TT4, SDMA and CRE concentrations in all cats with complete data (n = 113,535). 2A.
Box plots illustrating the relationship between TT4 and CREA concentrations. 2B. Box plots illustrating the relationship
between TT4 and SDMA concentrations.

https://doi.org/10.1371/journal.pone.0227964.9002

made up 82% of the hyperthyroid treated group. The other four most common breeds were
Siamese, American Short Hair, Maine Coon and Abyssinian, accounting for approximately
5% of the group. There were 10,358 sample visits; however, not all cats had a sample evaluated
at each time-period and only 2,804 had visits that included complete body weight information
(S2 Table).

Correlation between SDMA, CREA and TT4

SDMA and CREA were compared to TT4 concentrations for the entire study group

(n =113,535) and a series of boxplots were used to illustrate the relationship between TT4 and
SDMA concentrations and similarly TT4 and CREA (Fig 2). When a Spearman rank correla-
tion test was conducted for cats defined with hyperthyroidism (n = 4,680), a negative relation-
ship was found between CREA and TT4 concentrations (Spearman’s p = -0.37, P < 0.001, S1
Figure). No relationship was found between SDMA and TT4 concentrations (Spearman’s p =
0.008, P = 0.426).

Associations between hyperthyroidism and body weight

One thousand two hundred and eighty-one (1,281; 27.4%) of the hyperthyroid treated cats had
body weights available for their pre-treatment visit. To assess whether the hyperthyroid treated
cats with complete body weight information were representative of the entire hyperthyroid
population, the difference in the distributions of CREA concentrations, SDMA concentrations,
and age were tested between the two populations. There was no statistically significant differ-
ence between the distributions of SDMA, creatinine, and age between the cats that had their
body weights recorded when compared to those cats that did not, (Kolmogorov-Smirnov test,
P =0.906, P = 0.822, and P = 0.205, respectively); supporting that this sub-group of hyperthy-
roid cats with recorded body weights was representative of the entire population of 4,680
hyperthyroid cats. When a comparison of the body weights of control euthyroid cats to
hyperthyroid cats was performed using a 10 to 1 age-matched comparative analysis, cats with
hyperthyroidism weighed less than control cats (Mann-Whitney U Test, P < 0.001, Fig 3A).
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Fig 3. Comparison of the distributions of body weights, and SDMA and CREA concentrations between control
cats (n = 12,810), pre-treatment visit hyperthyroid cats (n = 1,281), and first post-treatment visit hyperthyroid
cats (n = 683). 3A. Changes in body weights. 3B. Changes in CREA concentrations. 3C. Changes in SDMA
concentrations. Whiskers represent 1.5 times the interquartile range.

https://doi.org/10.1371/journal.pone.0227964.g003

Similarly, cats with hyperthyroidism had lower concentrations of both CREA and SDMA com-
pared to control euthyroid cats (Mann-Whitney U Test, P < 0.001, Fig 3B and 3C).

CREA and SDMA concentrations are shown in Fig 3. Bodyweight, CREA, and SDMA con-
centrations increased significantly between the pre-treatment hyperthyroid state and the 1-30
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Table 1. Descriptive statistics of SDMA, CREA, and bodyweight.

N Median IQR Min Max Mean Standard Deviation 95% CI Around Mean P-Value P-Value
(91-120) (Pre-Treat)
SDMA (pg/dL)
Control 12810 12 12-12 1 100 14.49 10.24 14.31-14.67 0.114* <0.001*
Pre-Treatment 1281 11 11-11 1 84 11.81 5.65 11.50-12.12 <0.001 ---
1-30 Days 447 12 12-12 2 82 14.02 8.20 13.26-14.79 0.203 <0.001
31-60 Days 683 12 12-12 2 98 13.40 7.19 12.86-13.94 0.076 <0.001
61-90 Days 295 12 12-12 5 50 13.55 5.78 12.89-14.21 0.225 <0.001
91-120 Days 98 13 13-13 6 41 14.67 6.66 13.33-16.00 --- <0.001
CREA (mg/dL)
Control 12810 1.6 1.6-1.6 0.2 26.9 1.89 1.43 1.87-1.92 0.170* <0.001*
Pre-Treatment 1281 1.1 1.1-1.1 0.3 9.4 1.24 0.59 1.20-1.27 <0.001 ---
1-30 Days 447 1.5 1.5-1.5 0.4 8.3 1.61 0.84 1.54-1.69 <0.001 <0.001
31-60 Days 683 1.5 1.5-1.5 0.2 11.2 1.66 0.78 1.60-1.71 <0.001 <0.001
61-90 Days 295 1.6 1.6-1.6 0.4 6.0 1.72 0.81 1.63-1.81 0.007 <0.001
91-120 Days 98 1.8 1.8-1.8 0.7 5.4 1.99 0.91 1.82-2.17 --- <0.001
Body Weight (kg)
Control 12810 5.4 54-54 0.5 22.7 5.59 1.85 5.56-5.62 <0.001* <0.001*
Pre-Treatment 1281 39 3.9-39 0.5 11.3 4.10 1.29 4.03-4.17 0.006 ---
1-30 Days 447 3.9 3.9-3.9 1.4 10.0 4.09 1.28 3.98-4.21 0.009 0.960
31-60 Days 683 4.0 4.0-4.0 1.4 8.9 4.18 1.26 4.09-4.28 0.043 0.101
61-90 Days 295 4.1 4.1-4.1 1.4 11.3 4.25 1.34 4.10-4.41 0.124 0.064
91-120 Days 98 4.2 4.2-42 1.8 7.5 4.45 1.34 4.38-4.72 --- 0.006

*All comparisons to the control group are done using the Mann-Whitney U test. All other comparisons are made using Wilcoxon signed-rank test. All multiple
comparison p-values where adjusted using the Holm-Bonferroni method [22].

https://doi.org/10.1371/journal.pone.0227964.t001

day post-treatment visit (Wilcoxon Signed Rank Sum Test, P < 0.001, Fig 3, Table 1). CREA
concentrations were significantly lower at the 1-30 day post-treatment visit compared to the
control cats (Mann Whitney U Test, P < 0.001, Fig 3B, Table 1). SDMA concentrations at the
1-30 day post-treatment visit were not statistically different from controls (Mann Whitney U
Test, P = 0.473, Fig 3C, Table 1).

The longer-term effect of treatment on body weight, CREA and SDMA concentrations are
shown in Table 1. Hyperthyroid cats had significantly lower body weights pre-treatment, and
at 1-30 days and 31-60 days versus 91-120 days (Wilcoxon Signed Rank Sum Test, all P
values < 0.043, Table 1, Fig 4A, S3 Table). Hyperthyroid cats had significantly lower CREA
concentrations pre-treatment, and at 1-30 days, 31-60 days versus 91-120 days (Wilcoxon
Signed Rank Sum Test, all P values < 0.007, Table 1, S4 Table). Pre-treatment SDMA concen-
trations were significantly lower in comparison to all post-treatment time points (Wilcoxon
Signed Rank Sum Test, all P values < 0.001, Table 1, Fig 4B, S5 Table). However, after the ini-
tial increase in SDMA concentrations at 1-30 days, there was no significant difference in
SDMA concentrations throughout the remainder of the treatment periods (Table 1, Fig 4C, S6
Table). Comparisons across all combinations of time points can be found in S3-S5 Tables for
bodyweight, CRE, and SDMA. Due to the small number of cats with visits at the 91-120 time
point (n = 98), the distributions of CRE, SDMA, and age were compared for each time period
in the group of cats with the 91-120 time and those without the 91-120 time point to ensure
there was minimal survivorship bias. There was no statistically significant difference between
the distributions of SDMA, creatinine, and age between the cats that had the 91-120 day time
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Fig 4. Comparison of the distributions of body weights, and SDMA and CREA concentrations between pre-
treatment visit hyperthyroid cats (n = 1,281), 1-30 day post-treatment visit hyperthyroid cats (n = 447), 31-60 day
post-treatment visit (n = 683), 61-90 day post-treatment visit (n = 295), and 91-120 day post-treatment visit

(n = 98). 4A. Changes in body weights. 4B. Changes in CREA concentrations. 4C. Changes in SDMA concentrations.
Whiskers represent 1.5 times the interquartile range.

https://doi.org/10.1371/journal.pone.0227964.9004

and those that did not have the 91-120 day (Kolmogorov-Smirnov test P > 0.05, all combina-
tions of p-values (56 Table).

Discussion

Veterinarians rely heavily on kidney biomarkers such as CREA and blood urea nitrogen (BUN)
to diagnose decreased renal function. These tests are nonspecific and can be affected by extra
renal factors [13]. The purpose of this retrospective study was to describe the relationship
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between the renal biomarkers, SDMA and CREA, and TT4, in relation to body-weight changes
in cats undergoing treatment of hyperthyroidism. Analysis of big data demonstrated that
increased TT4 concentrations correlated with a decrease in CREA concentrations (Fig 2A). This
finding is consistent with previous observations that kidney dysfunction may be masked by the
hypermetabolic state of hyperthyroidism [27] and that reduced muscle mass results in reduced
production of CREA [10]. By contrast, SDMA concentrations did not significantly decrease
with increasing concentrations of TT4 (Fig 2B), suggesting that SDMA is more resistant to the
effect of reduced muscle mass and increased GFR associated with increased TT4 concentrations
than is CREA. A recent study on thyroidectomized hyperthyroid cats suggested a weak correla-
tion between SDMA, bodyweight and TT4 levels [28]. In contrast, when pre-treatment cats
were compared to control cats in the present study population, only pre-treatment cats had a
significantly lower SDMA, and at no other time point was the SDMA concentration lower than
the control population concentrations. This finding implies that if increased protein turnover
resulting in increased SDMA production is occurring, it may be a relatively small effect.

It has been well established that the hyperthyroid state in cats causes an upregulation of
GFR or hyperfiltration [5, 8, 10]. Several previous studies would suggest that as treatment is
initiated, regardless of type, this upregulation of GFR is corrected around 30 days [5,10]. In
this study SDMA did increase significantly between pre-treatment and 1-30 days in the treated
population. This likely represents the correction of hyperfiltration and correlates with an
expected normalization in GFR after treatment. The lack of significant difference between the
SDMA concentrations at 1-30 days and the rest of the time periods likely reflects how minimal
the effects of extrarenal factors may be on SDMA, especially those of such as muscle wasting
and subsequent weight gain during treatment of the hyperthyroid state. A 1.5 kg weight differ-
ence was demonstrated between euthyroid controls and pre-treatment visit hyperthyroid cats
(Fig 3A), and an age-matched comparison supports that this subgroup of hyperthyroid cats
with recorded body weights was representative of the entire population of 4,680 hyperthyroid
cats. On average, this represented a 27% reduction in body mass in the hyperthyroid popula-
tion versus their age-matched counterparts. It is likely that a portion of this weight loss is due
to reduced muscle mass, as thyrotoxicosis causes loss of muscle mass in the feline patient [29-
31] and is a hallmark of hyperthyroidism, affecting over 75% of patients [9]. As muscle mass
scores were not available in this retrospective study, changes in body weight were interpreted
to be a proxy for the loss of muscle mass. Thus, in the study population a lower baseline weight
in the hyperthyroid treated group served as a basis for evaluation of CREA and SDMA and the
effect of reduced in muscle mass during treatment for hyperthyroidism.

A significant increase in body weights were seen subsequent to treatment, demonstrating
that the study population appears to align with the known changes in muscle mass during ther-
apy for hyperthyroidism [9]. Cat body weights increased an average of 0.4 kg by four months
post hyperthyroid treatment (Table 1). This increase in weight may demonstrate recovery
from a catabolic state and theoretically represents the potential change in muscle mass as these
cats improve. Both CREA and SDMA concentrations increased in the initial 1-30 day time
period, however only CREA concentrations continued to increase for months after GFR
should have stabilized. This supports the conclusion that changes to muscle mass continued to
affect CREA even 3 months post initiation of therapy for hyperthyroidism. Peterson et al dem-
onstrated that a small percentage (10%) of appropriately treated cats remained thin, but almost
half remained muscle wasted, and even in cats with follow up exceeding 6 months, muscle
wasting was still present [6]. CREA concentrations therefore may remain an inadequate mea-
sure of renal function beyond achievement of euthyroid status.

There are several design limitations that are relevant to the interpretation of these results.
In this study, the retrospective patient big data set have incomplete results for some
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parameters, irregular timepoints, potential bias toward frequent testing of sick patients, espe-
cially those with co-morbidities such as renal calculi, AKI events, iatrogenic hypothyroidism
and other diseases or insults known to impact kidney function in addition to CKD. An addi-
tional limitation in this study was that mean body condition scores and muscle condition
scores, or body mass index, were not available for the cats and body weight was used as a
proxy for lean body mass. There were only 98 cats that had a follow-up time point at the 91-
120 day time period, thus survivorship bias could be a factor in some of the results seen. We
attempted to mitigate survivorship bias by comparing the distributions of SDMA and CRE
between those cats that did and did not have a visit at the 91-120 day time period. Although
no statistically significant difference between the distributions was seen, other variables not
accounted for could be a factor in survivorship within the study. Further limitations are that
other renal biomarkers such as urine specific gravity were not incorporated and that a subset
of cats with a confirmed diagnosis of CKD was not identified. The population under study
only included those patients that were considered effectively treated for hyperthyroidism and
our data do not give us any insight into those that were not completely treated or not treated at
all. In addition, we converted the time post-treatment from a continuous variable into an ordi-
nal variable with defined bins reflecting key clinical follow-up times. Though this might aid in
the interpretability for clinical viewers, it decreases the power and precision of our estimates.
Multivariate or simultaneous analysis of the biomarkers was not performed since it is beyond
the scope of the present work. Despite these limitations, big data allowed laboratory results
from a large feline population to be collected and evaluation of multiple of data points pro-
vided by each individual patient and visit to be analyzed to best define statistically significant
trends leading to further medical insights.

To better understand the relationship of these biomarkers, further work is needed to define
a subgroup of hyperthyroid cats diagnosed with renal dysfunction with the goal of establishing
the relative reliability and strength of CREA and SDMA for confirmation, monitoring, and
management of the hyperthyroid cat with renal dysfunction, including CKD. This information
may facilitate earlier discovery of renal dysfunction and avoidance of over-treatment, which
are important for patient quality of life and prognosis [32].

Conclusion

The goal of this study was to present descriptive data to help support current hypotheses about
renal biomarkers and hyperthyroidism. Our findings suggest that CREA concentrations signif-
icantly decreased with increasing concentrations of TT4, whereas SDMA did not. In cats
treated for hyperthyroidism both CREA and SDMA concentrations increased in the immedi-
ate post-treatment period, indicating resolution of hyperfiltration and reduction in GFR. After
this initial increase post-treatment, SDMA concentrations remained stable during the post-
treatment period. CREA concentrations, however, continued to increase throughout the
extended post-treatment period supporting the argument that extrarenal factors such as mus-
cle mass influence CREA in this disease state. Further work is needed to define a subgroup of
hyperthyroid cats with CKD and study how CREA and SDMA concentrations are affected by
hyperthyroid treatment to better understand these relationships and clinical ramifications.
This study supports that SDMA is less affected by extrarenal factors than CRE in hyperthyroid
cats before and after treatment.
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