A mild increase in SDMA reveals a patient’s
greater risk of kidney disease and is often
the earliest indicator

Key study takeaways

* After a single mildly increased SDMA, there was a 72%
probability of a recurrent increase in SDMA within one year.

* 81% of animals with mildly increased SDMA that persisted had
creatinine within the reference interval when SDMA was first
increased.

» Half of cats and dogs had an increased creatinine by one year
following a mild increase in SDMA that persisted.

* Increases in SDMA and creatinine warrant follow-up testing.
Study data suggests follow-up testing within 1 month, as waiting
longer may risk delayed diagnosis and/or disease progression.

Introduction

Identifying kidney impairment early and beginning proper therapy is
known to extend patient survival."?® This highlights the importance
of symmetric dimethylarginine (SDMA) as an early biomarker of
glomerular filtration rate (GFR) that increases with as little as 25%
loss of kidney function.*®

Mildly increased SDMA concentrations (results in the 15-19

ug/dL range) make up 57% of the increased SDMA concentrations
reported by IDEXX Reference Laboratories. Improved clarity

is needed for the implications of a mildly increased SDMA
concentration on the patient’s outcome. A mild increase in SDMA
may be the first sign of a progressive decline in renal function, or

it may be a signal of an acute event that will resolve. The clinical
course and outcome of kidney disease in cats and dogs is often
uncertain.

The purpose of this study is to provide a baseline expectation for
the clinical course in patients that present with a mildly increased
SDMA concentration, by assessing how often these results

are persistent (followed by repeated instances of SDMA above
the reference interval) and when creatinine is also increased.
Additionally, it examines various follow-up timelines to recommend
when to conduct further tests.

The International Renal Interest Society (IRIS) and IDEXX both
provide information on how to stage kidney disease and what
follow-up actions to take when renal disease is suspected.®” This
study builds on these resources by examining the trends in renal
markers for thousands of cats and dogs over the course of a year
following their initial increase in SDMA, with particular emphasis on
animals that presented with mildly increased SDMA results.

Study design

AllU.S. cats’ and dogs’ chemistry panels submitted to IDEXX
Reference Laboratories over a 22-month enrollment period
beginning in July 2015 were considered for this study. Animals
were required to be between the ages of 1 and 25 years old

with at least 3 chemistry panels including the IDEXX SDMA® Test
performed during the enrollment period.

In order to limit inclusion of patients with ongoing renal impairment,
the first result (TO) was required to be within the reference interval
(RI) for SDMA and creatinine (SDMA =14 ug/dL and creatinine
=2.3 mg/dL in cats and creatinine <1.5 mg/dL in dogs). The
second result (T1) had no value restrictions. It was only required to
follow a chemistry result that met TO requirements. The third result
(T2) was required to be between 14 days and 12 months after

T1. This result and all subsequent chemistry results were used to
assess the probability of future increased SDMA concentrations,
concordance of creatinine, and to examine follow-up timelines.

Of interest to the study were the 16,454 cats and 16,523 dogs for
which T1 SDMA concentrations were above upper limit of the RI
(14 ug/dL) and the comparison of their probability of an increased
SDMA concentration on the next test to that of the 43,764 cats and
112,999 dogs for which T1 SDMA concentration was within the RI.

Methods

The probability of an increased SDMA concentration on the next
test was calculated as the percent of T2 SDMA concentrations
above the Rl and were presented with 95% confidence intervals
calculated using the binomial exact method. The Aalen-Johansen
estimator for cumulative transition intensities was used to calculate
the probability of creatinine results rising above the Rl at any

time after an increase in SDMA.? Equivalence tests were used

to compare persistence probabilities of cats and dogs with T1
SDMA concentrations of 15-19 ug/dL with follow-up testing within
1 month to those with follow-up between 1 and 6 months and
those between 6 and 12 months. An equivalency threshold of
+5% probability of persistently increased SDMA concentration

on follow-up (T2) was used at a significance level of 5% (P < .05)
after adjusting for multiple comparisons using the Holm-Bonferroni
method.

This study was limited by its reliance on retrospectively collected
data, i.e., study cats and dogs had unknown diagnoses,
treatments, and outcomes. Additionally, the study requirement that
animals have 3 or more chemistry panels performed may have
biased the sample towards animals that received more veterinary
care or were in poorer health than the population that did not
receive regular diagnostic testing. This study also may have been
limited by survivor bias as animals that died before they could have
3 chemistry panels performed were not included. Study data did
not include animals for which follow-up testing was not conducted
for increased renal markers. The use of available test results means
that timing between chemistry panels was variable, and potentially
influenced by unknown confounding variables, and may not
represent all follow-up activities.



Results

Figure 1 shows the probability of an increased SDMA concentration
on T2 for each T1 SDMA concentration. In animals with T1

SDMA concentrations below the RI (=14 ug/dL), the probability

of an increased SDMA concentration on T2 was only 9%. The
average probability for all animals with mildly increased SDMA
concentration (15-19 ug/dL) was 48%, more than 5 times that of
animals with a T1 SDMA concentration within the RI. Of the cats
and dogs with mildly increased T1 SDMA concentrations that did
not persist on T2, nearly half had an additional increased SDMA
concentration within the year. This shows that following one mildly
increased SDMA concentration, there is a 72% risk of further GFR
impairment within 1 year (figure 2).
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Figure 1. Probability of increased SDMA on follow-up increases proportionally
with T1 SDMA concentration
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Figure 2. 72% of cats and dogs with a mildly increased SDMA concentration
have another increased SDMA concentration within 1 year

Figure 3 shows the percentage of increased creatinine in cats and
dogs with persistently increased SDMA (T2 SDMA >14 ug/dL) for
which the T1 SDMA concentration was mildly increased. At T1,
only 19% of these animals had concurrently increased creatinine,
increasing to 48% by 1 year.

T2 follow-up SDMA testing was conducted at various time intervals.
To determine whether the timing of follow-up testing influences the
probability that an SDMA concentration remains increased, this
study compared the probability of persistence for mildly increased
SDMA concentrations when cases are followed up within 1 month,
between 1 and 6 months, and between 6 months and 1 year of
initial increase. The persistence probabilities were equivalent to
within 5% (1-6 months: P < .001; 6-12 months: P < .001).
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Figure 3. Mildly increased SDMA concentrations that persist often precede an
increased creatinine

Discussion

This study demonstrates that mildly increased SDMA
concentrations are most often the first indicator of impaired GFR
and that they frequently persist. It also identifies the frequency,
general time frame, and patterns of the progression of functional
renal biomarkers. Notably, the probability of increased SDMA
persisting rises appreciably through the mildly increased SDMA

RI (15-19 ug/dL) and beyond. The 48% probability of continued
GFR impairment on the next test represents a five-fold increase in
risk over the population of patients that did not have an increased
SDMA concentration on the prior test. Together, these points
provide strong evidence for clinical investigation and follow-up of
a single mildly increased SDMA concentration. The probabilities of
persistence along the range of SDMA concentrations are similar
to those of creatinine (IDEXX unpublished data),® although an
important difference is that a mildly increased SDMA concentration
is the only indicator of decreased GFR 81% of the time in cases
that persist.



Not all cases of impaired GFR are expected to persist, and
potential reasons for restoration of SDMA concentrations back
to within the Rl include successful treatment™™ (e.g., fluids,
antibiotics, hypertension control, diet), renal compensation,' 2
repair from an acute event (e.g., dehydration, toxicity), early
chronic kidney disease (SDMA concentrations at or near the
RI),"* and biological or analytical variability. This study examined
the risk of further GFR impairment in the population for which
SDMA indicated restored GFR following an initial mildly increased
SDMA concentration. In this study when mildly increased SDMA
concentrations returned to within the RI and further testing was
available from that year, 46% of patients had another increased
SDMA. This suggests that a single increased SDMA indicates
patients that have a much higher probability of future GFR
impairment than the control population, even if this impairment
appears to restore on follow-up testing.

The longitudinal examination of when patients with persistent
mildly increased SDMA concentrations also developed increased
creatinine demonstrates the sequence and timeline in which
many patients experience progression of early kidney disease

or continued GFR impairment. The data shows that increases in
SDMA most frequently preceded increases in creatinine, and that
by one year after an initial mildly increased SDMA concentration,
nearly half of the cats and dogs also had increased creatinine. This
evidence is highly supportive of prior reports that SDMA is a more
sensitive and earlier indicator of reduced GFR than creatinine*s
and provides an average timeline for serum renal indicators

in a clinical setting beginning with mildly increased SDMA
concentrations.

Follow-up testing can enable diagnosis of kidney disease or
identify resolution of GFR impairment. Only 16% of mildly increased
SDMA results in this study were followed up within 1 month, yet the
probability of persistence is equivalent for all follow-up conducted
within a year. Earlier testing could lead to earlier diagnosis prior to
when creatinine also increases and may lead to more successful
interventions.

Conclusion

This study shows the importance of recognizing and investigating
a single mildly increased SDMA concentration. A mildly increased
SDMA concentration with appropriate diagnostic follow up can
lead to the recognition of on-going impairment of GFR and the
potential for kidney disease. These findings establish a timeline

for progression and support a recommendation for follow-up
diagnostics including the IDEXX SDMA® Test within a month of
initial increase. This study emphasizes that even with restoration of
GFR, serial monitoring of SDMA and creatinine is warranted.
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