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Abstract

Objectives The objective of this study was to investigate serum cystatin C (sCysC) and urinary cystatin C (uCysC)
in cats with hyperthyroidism and cats with feline immunodeficiency virus (FIV).

Methods Thirty cats with FIV, 26 hyperthyroid cats and 28 healthy cats were included. sCysC and uCysC:creatinine
(uCysC/uCr) ratio were measured with a human particle-enhanced nephelometric immunoassay, previously
validated for feline CysC measurement. Routine renal variables (serum creatinine [sCr], urine specific gravity,
urinary protein:creatinine ratio [UPC]) were also measured in the three groups.

Results Cats with hyperthyroidism had significantly higher sCysC and higher uCysC/uCr ratio, lower sCr and a
higher UPC than healthy cats. Cats with FIV infection did not show a significantly higher sCysC concentration but
had a significantly higher sCr and UPC than healthy cats. uCysC could be detected in only four of them.
Conclusions and relevance This study demonstrated that sCysC is increased in cats with hyperthyroidism, in
contrast with sCr, but not in cats with FIV. Many hyperthyroid cats, but only four cats with FIV, had an elevated

uCysC/uCr ratio. Further studies may reveal if uCysC might be a valuable marker for tubular dysfunction in cats.

Accepted: 26 May 2015

Introduction

Cystatin C (CysC) is a low molecular mass protein
responsible for the intracellular catabolism of peptides
and proteins.!> Most of the properties for endogenous
glomerular filtrate rate (GFR) markers apply to CysC.2
Studies in humans and dogs have shown the superiority
of serum CysC (sCysC) over serum creatinine (sCr) in
the early detection of renal impairment.*® Furthermore,
urinary CysC (uCysC) was used as a tubular marker in
both human and canine studies.”!! Therefore, interest in
investigating CysC as an early renal marker in cats has
increased as chronic kidney disease (CKD) is one of the
most common diseases in older cats, with a prevalence
of up to 30%.12 Our group has recently validated a
human particle-enhanced nephelometric immunoassay
(PENIA) for feline CysC measurement and has demon-
strated a significant difference in sCysC and uCysC con-
centration between healthy cats and cats with CKD.13 We
also reported that age, sex and breed do not influence
sCysC, in contrast to sCr and serum urea.'* The obtained
reference interval (RI) for sCysC was 0.58-1.95 mg/1.14

CKD mainly affects aged cats.! In this population hyper-
thyroidism is also a common disease, with a prevalence of
up to 11%,'® and a recent study by our group demonstrated
a feline immunodeficiency virus (FIV) seroprevalence of
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14% in cats older than 6 years.!” This means that concurrent
CKD and FIV infection or hyperthyroidism might occur. In
addition, both hyperthyroidism and FIV appear to have a
negative effect on kidney function.!81?

Hyperthyroidism causes an increased metabolism,
which is associated with decreased vascular resistance,
increased cardiac output, increased renal blood flow,
increased GFR, and hypertrophic and hyperplastic
tubuli. Untreated hyperthyroidism can induce renal
damage or exacerbate existing renal disease.?? Owing to
increased GFR, but also to decreased muscle mass in
hyperthyroid patients, sCr decreases, which leads to an
overestimation of renal function.?! The effect of thyroid
function on sCysC has been investigated in human med-
icine. After treatment for hyperthyroidism, sCysC
decreased over time.?! This means GFR is underesti-
mated when considering sCysC levels in untreated
hyperthyroid patients, in contrast with sCr.

Human patients with human immunodeficiency
virus (HIV) infection have a higher risk of developing
CKD.22 Therefore, interest in using sCysC as a renal
marker in HIV-positive patients has increased, and it has
been shown that sCysC is higher in patients with HIV
than healthy controls.?#?> There appears to be an associa-
tion between FIV and kidney abnormalities,'82¢ but the
effect of FIV on sCysC and uCysC has not been studied.

The objective of this study was to evaluate sCysC and
uCysC in cats with hyperthyroidism and in cats natu-
rally infected with FIV.

Materials and methods

Study population

Healthy cats, FIV-positive cats and hyperthyroid cats
were prospectively recruited. Cats were considered
healthy when there was no disease history and if no clin-
ically relevant abnormalities were detected upon physi-
cal examination, complete blood count (CBC), serum
biochemistry profile or urinalysis.'> Healthy cats were
excluded when they had received medication, such as
non-steroidal anti-inflammatory drugs (NSAIDs), corti-
costeroids, antibiotics, B-blocking agents or angiotensin-
converting enzyme inhibitors, within 1 month prior to
inclusion that might influence renal function.

FIV infection was confirmed with a positive in-house
FIV test (Witness FeLV-FIV; Synbiotics). Owing to ethical
considerations, FIV-infected cats treated with NSAIDs
and/or antibiotics within 1 month prior to inclusion
were not excluded. Cats were not included when they
showed abnormalities compatible with a concurrent dis-
ease on physical examination, CBC, serum biochemistry
profile and/or urinalysis.

Cats with hyperthyroidism were included when they
demonstrated clinical signs compatible with hyperthy-
roidism, increased total thyroxine (TT4) concentration
and increased thyroidal uptake of pertechnetate

(*mTcO,) on a diagnostic scintigraphic scan. Antithyroid
drugs had to be stopped at least 2 weeks before inclu-
sion, as all included hyperthyroid cats were treated with
I31] after the sampling, and it has been shown that con-
current administration of antithyroid drugs increases the
risk of iatrogenic hypothyroidism and adversely affects
the effective half-life of 1311.2728 Methimazole was stopped
for only 3 days in cats previously treated with =10 mg
methimazole daily in order to avoid the risk of a thyroid
storm by discontinuation of antithyroid drugs for
2 weeks.?’ Cats were excluded if there was evidence of a
concurrent disease on physical examination, CBC, serum
biochemistry profile and urinalysis.

In all three groups, cats with isosthenuric urine (ie,
urine specific gravity [USG] <1.015) were excluded. Cats
with USG <1.035 were only included if concurrent azo-
taemia (ie, sCr >161.8 umol/1) was absent. It is known
that low USG without concurrent azotaemia does not nec-
essarily reflect impaired kidney function.’ TT4 was meas-
ured in all FIV-positive and healthy cats, and FIV was
tested in all hyperthyroid and healthy cats. Healthy cats
and FIV-positive cats were excluded if TT4 >45.15nmol/L
In addition, hyperthyroid and healthy cats that tested
FIV-positive were also excluded.

Analytical methods

A standard physical examination was performed in all
cats, including thyroid gland palpation in the FIV-
infected cats suspected of having hyperthyroidism and
all healthy cats older than 6 years. An in-house FIV test
(Witness FeLV-FIV) was performed in all cats following
the test guidelines.

Five millilitres of blood was taken by jugular
venepuncture using a 23 G needle. One millilitre was
collected in an EDTA-containing tube for determination
of complete blood cell count in all cats (Advia 2120;
Siemens). After centrifugation (5 mins at 1931 X g), 1 ml
serum was analysed the same day. Serum biochemistry
was performed in all cats (Architect C16000; Abbott
Max-Planck-Ring). sCr was determined with a modified
Jaffe assay with an RI of 64.5-161.8 umol/l, previously
determined by our group according to the American
Society of Veterinary Clinical Pathology guidelines.!4!

TT4 was measured in all cats with a chemilumines-
cent immunoassay (Immulite 2000; Siemens), previously
validated in cats (RI 14.19-45.15 nmol/1).32 In all cats,
10 ml urine was taken by cystocentesis with a 22 G nee-
dle. USG was determined with a manual refractometer.
Urinalysis consisted of a wurinary dipstick test (IQ
200 SPRINT; Instrumentation Laboratory), measurement
of the urinary protein:creatinine ratio (UPC) (Iricell
Velocity; Instrumentation Laboratory), sediment analy-
sis and bacterial culture (Wask Copan, MLS, Vitek 2 sys-
tem; BioMerieux). Urine was centrifuged (3 mins at
365 X g) and urinary sediment was analysed within



660

Journal of Feline Medicine and Surgery 18(8)

30 mins, according to Paepe et al./” One millilitre of serum
and 1 ml urinary supernatant was stored at —72°C until
batched analysis.

sCysC and uCysC were determined with the human
PENIA (BN Prospec Nephelometric Immunoassay;
Siemens). This assay is based on the dispersion of light
caused by an immune complex formed by CysC and latex
particles coated with polyclonal antihuman CysC anti-
bodies. The human PENIA has recently been validated for
feline CysC determination both in serum and urine.®

Statistical analysis

Analyses were performed with SAS version 9.3 (SAS
Institute). The uCysC concentration was below the lower
limit of detection (LOD) in several cats, and TT4 concen-
tration was higher than the upper LOD in several hyper-
thyroid cats. Therefore, non-parametric techniques were
used and all measurements for uCysC below the LOD
were set at 0.0464 mg/1 and all measurements for TT4
above the LOD were set at 193.5 nmol/l. The non-
parametric Wilcoxon rank sum test was used to compare
sCysC and uCysC/uCr ratio, sCr, UPC and USG between
cats with hyperthyroidism or FIV and healthy cats. The
Spearman rank correlation coefficients were calculated
between sCysC and sCr, between sCysC and uCysC/uCr,
and between UPC and uCysC/uCr in the cats with hyper-
thyroidism, cats with FIV and healthy cats; and between
sCysC, sCr and TT4 in the cats with hyperthyroidism and
healthy cats. The level of significance was set at 0.05.

Results

Study population

Ninety cats (30 hyperthyroid, 30 FIV-infected and
30 healthy) were evaluated but only 84 were included as
four of the hyperthyroid cats and two of the healthy cats
were FIV-positive. Their signalment is presented in Table 1.
Within 1 month prior to inclusion, antibiotics were

Table 1 Signalment of all recruited cats

Cats with FIV (n = 30)

Breed
DSH/DLH 29
Maine Coon 1
Norwegian Forest Cat =
Ragdoll -
Peterbald -
Sex
M 3
MN 24
F 1
FN 2
Age (years), mean = SD 6.7 =28
Body weight (kg), mean = SD 45+1.0

administered in 10 FIV cats, NSAIDs in two FIV cats and
eight FIV cats had received both. At the time of inclu-
sion, six of them were still receiving antibiotics, one was
receiving NSAIDs and one received both. Two of the
hyperthyroid cats were not treated with antithyroid
drugs before inclusion. In 23 cats, therapy was stopped
2 weeks before inclusion. In one cat, antithyroid therapy
was stopped 3 days before inclusion.

Analytical procedures

sCysC, uCysC/uCr, the routine renal variables (sCr,
USG, UPC) and TT4 were measured in all cats. Ten
hyperthyroid cats had a TT4 concentration >193 nmol/1,
the upper measurable concentration limit of the analyti-
cal device (Architect C16000).

The descriptive statistics for the variables sCr, USG,
UPC, sCysC and uCysC/uCr for the FIV, hyperthyroid
and healthy cats are presented in Tables 2 and 3. Several
cats had USG <1.035 without concurrent azotaemia:
5/30 FIV-positive cats, 9/26 hyperthyroid cats and 6/28
healthy cats. For the healthy cats, there were no indica-
tions of early CKD at the time of inclusion as GFR was
normal based on a combined exogenous Cr-iohexol
clearance test in four of them, and abdominal ultrasound
revealed no renal abnormalities in one cat. More than
2 years after inclusion, USG was >1.035 without concur-
rent azotaemia in the other healthy cat. For the five FIV-
positive cats no follow-up data were available. For the
hyperthyroid cats, follow-up data after 13! treatment
were only available for three cats, and none of them
developed azotaemia when they became euthyroid.
Three of the six other cats were treated prior to sampling
with antithyroid drugs, and treatment was stopped 2
weeks before sampling. In these three cats, sCr, TT4 and
urea remained normal during medical treatment for
hyperthyroidism, making concurrent CKD in these cats
less likely.

Cats with HT (n = 26) Healthy cats (n = 28)

25 25

- 1

- 2

4 4

10 -

2 2

10 22

13.3+ 2.0 10.5 + 3.7
3.8+ 0.9 4.0+09

FIV = feline immunodeficiency virus; HT = hyperthyroidism; DSH = domestic shorthair; DLH = domestic longhair; M = male; MN = male

neutered; F = female; FN = female neutered
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Table 2 Descriptive statistics for the variables of the included cats with feline immunodeficiency virus (FIV),
hyperthyroidism and healthy cats

Values are presented as median (range)
*Significantly different compared with healthy cats

HT = hyperthyroidism; sCr = serum creatinine; USG = urine specific gravity; UPC = urinary protein:creatinine ratio; sCysC = serum cystatin C;
uCysC/uCr = urinary cystatin C:creatinine ratio; uCr = urinary creatinine; LOD = limit of detection (0.0464 mg/!)

Table 3 Routine renal parameters of all included cats, with the number of cats having values below, within and above

the reference interval

*Consequence of the inclusion criteria that healthy cats could not have isosthenuric urine (UPC >0.4; sCr had to be <161.8 umol/l in all cats)
FIV = feline immunodeficiency virus; HT = hyperthyroidism; sCr = serum creatinine; USG = urine specific gravity; UPC = urine
protein:creatinine ratio

Cats with hyperthyroidism had significantly higher
sCysC (P = 0.01), higher uCysC/uCr ratio (P <0.001),
lower sCr (P <0.001) and higher UPC (P <0.001) than
healthy cats. The uCysC/uCr ratio was significantly
higher in FIV-positive cats compared with healthy cats
(P <0.001). However, only four of the FIV-positive cats
had a detectable uCysC concentration. One of them had
not received NSAIDs or antibiotics prior to sampling.
The other three had received both NSAIDs and antibiot-
ics within 2 weeks prior to sampling but did not receive
medication at the time of blood collection. In addition, a
significantly higher sCr concentration (P <0.001) and a
higher UPC (P <0.001), but no significantly higher
sCysC concentration, was present compared with the
healthy cats (Figures 1 and 2).

The correlation coefficients are presented in Table 4.
Only in the hyperthyroid cats was a significant

correlation was observed between UPC and uCysC/uCr
(P <0.001) and between sCysC and uCysC (P = 0.03). A
positive but not significant correlation was found
between sCysC and TT4 in the hyperthyroid cats. In con-
trast, sCr was negatively and significantly correlated
with TT4 (P = 0.003). In the healthy cats, however, a
negative but not significant correlation with TT4 was
observed for both sCr and sCysC. No significant correla-
tion between sCysC and sCr was found in the three
groups.

According to our established RI of (0.58-1.95 mg/1),'4
none of the cats had a sCysC concentration above the
upper reference limit. Two cats with FIV, one cat with
hyperthyroidism and four healthy cats had a sCysC con-
centration below the RI. All healthy cats, 26 cats with FIV
and eight cats with hyperthyroidism had a uCysC/uCr
ratio below the detection limit.
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Figure 1 Box plot of serum cystatin C (sCysC) (mg/l) for cats
with hyperthyroidism (HyperT4; n = 26), feline immunodeficiency
virus (FIV; n = 30) and healthy cats (healthy; n = 28). This
displays an outlying value
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Figure 2 Box plot of the urinary cystatin C/urinary creatinine
ratio (uCysC/uCr ratio) for cats with hyperthyroidism
(HyperT4; n = 26), feline immunodeficiency virus

(FIV; n = 30) and healthy cats (healthy; n = 28)

Discussion

Feline sCysC and uCysC were evaluated in cats with
hyperthyroidism and in cats with FIV. Cats with hyper-
thyroidism had a significantly higher sCysC concentra-
tion and uCysC/uCr ratio compared with healthy cats.
However, cats with FIV only showed a significantly
higher uCysC/uCr ratio. However, only a few FIV-
infected cats had detectable uCysC.

For the hyperthyroid group, routine renal variables,
with the exception of USG, significantly differed from
healthy cats. The effects of thyroid dysfunction on the
kidney can be direct by influencing renal blood flow, and

indirect by influencing GFR, tubular secretion and
absorption, electrolyte pumps and kidney structure.!
Owing to increased GFR, but also to decreased muscle
mass in patients with hyperthyroidism, sCr decreases,
masking possible underlying CKD.2! Opposite effects
are observed in patients with hypothyroidism.*3* In our
study, sCr was, indeed, significantly lower and the UPC
significantly higher in the hyperthyroid cats when com-
pared with the control group. Our findings are in accord-
ance with previous studies evaluating kidney function
in hyperthyroid cats.35-%7

The hyperthyroid cats had a significantly higher
sCysC concentration than the healthy cats, in contrast to
sCr, which was significantly lower. Based on our estab-
lished RI for sCysC of 0.58-1.95 mg/1,'* hyperthyroid
cats cannot be distinguished from healthy cats. There was
no significant correlation between sCysC and TT4, and
an overlap in sCysC concentration between healthy cats
and cats with hyperthyroidism was observed (Figure 1).
Our observations are comparable with human stud-
ies.213438 In humans, GFR is underestimated in hyperthy-
roid patients when considering sCysC concentration,®
and the same might be true in cats. The exact mechanism
for a higher sCysC concentration in hyperthyroidism is
not yet revealed. Nevertheless, several hypotheses have
been proposed.?4%4! Trijodothyronine should increase
the level of transforming growth factor-p1 (TGF-p1),
which might, in turn, stimulate the secretion of sCysC.4!
This hypothesis appears the most plausible, as stimula-
tion of CysC secretion by TGF-B1 in vascular smooth
muscle cells has been demonstrated. 243

To our knowledge, this is the first study to compare
sCysC between healthy cats and cats with hyperthyroid-
ism. In an abstract by Jepson et al,* sCysC was meas-
ured in 19 hyperthyroid cats before and after treatment
with B In contrast with human data,®® no significant
change in sCysC concentration was observed, while a
significant change was reported in the GFR and sCr con-
centration. The authors did not find a correlation
between GFR and sCysC in the hyperthyroid cats before
treatment. This study by Jepson et al and our present
findings suggest that sCysC might not be a reliable GFR
marker in cats with hyperthyroidism, which is compara-
ble with the findings in human medicine.* However,
additional studies with GFR measurement and compari-
son with healthy cats are warranted.

Hyperthyroid cats had a significantly higher uCysC/uCr
ratio than the control group. However, not all hyperthy-
roid cats had a detectable uCysC concentration.
Moreover, the correlation coefficient between UPC and
uCysC/uCr ratio was significant (Table 3). The cats
without a detectable uCysC concentration did not have
proteinuria, while all hyperthyroid cats with a UPC >0.4
did have a detectable uCysC concentration. However,
we observed a significant correlation between sCysC
and uCysC/uCr, which suggests that uCysC is not
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Table 4 Spearman rank correlations for serum cystatin C (sCysC), serum creatinine (sCr), urinary cystatin C
(uCysC)/urinary creatinine (uCr), total thyroxine (TT4) and urinary protein:creatinine ratio (UPC) in cats with feline
immunodeficiency virus (FIV), hyperthyroid cats and healthy cats

Variable 1 Variable 2 Condition Correlation coefficient P value
sCysC sCr Hyperthyroidism -0.20 0.32
FIV -0.05 0.81
Healthy -0.12 0.54
sCysC uCysC/uCr Hyperthyroidism 0.42 0.03
FIV 0.07 0.73
Healthy 0.26 0.18
UPC uCysC/uCr Hyperthyroidism 0.71 <0.001
FIV 0.27 0.15
Healthy 0.16 0.42
sCysC TT4 Hyperthyroidism 0.24 0.33
Healthy -0.18 0.43
sCr TT4 Hyperthyroidism -0.55 0.003
Healthy -0.09 0.71

independent from sCysC. Further studies will reveal if
uCysC is a good marker for proximal tubular damage in
hyperthyroid cats. Other tubular markers, such as uri-
nary N-acetyl-B-D-glucosaminidase and urinary retinol-
binding protein,3>3¢ do fulfil the required properties to
detect tubular damage in hyperthyroid cats.

Cats with FIV had a significantly higher uCysC/uCr
ratio but no significantly higher sCysC concentration.
However, only 4/30 cats had detectable uCysC concentra-
tion, and three of them had received both NSAIDs and
antibiotics within 2 weeks prior to blood collection, which
could have influenced the results. However, uCysC could
not be detected in all FIV-positive cats that had received
medication prior to sampling. Further studies are required
to investigate if the presence of uCysC is due to FIV or
administration of NSAIDs. In contrast to the hyperthy-
roid cats, there was no significant correlation between
uCysC/uCr ratio and UPC, as not all of the proteinuric
cats had a detectable uCysC concentration. None of our
cats with FIV had a sCr concentration above the upper
reference limit (161.8 umol /1) of the RI we established in a
recent study.!* Nevertheless, it has been described that
cats with FIV can have tubular abnormalities, without
concurrent azotaemia,*” and several studies describe an
association between proteinuria and FIV infection.1848
Our study suggests that tubular dysfunction is absent or
not severe enough in most FIV cats to cease tubular catab-
olism of CysC, leading to the appearance of CysC in the
urine. The presence of CysC in the urine of humans with
HIV has only been reported in patients receiving a combi-
nation antiretroviral therapy and not in non-treated
patients with HIV.# sCysC was not significantly different
between healthy cats and cats with FIV, even although sCr
was significantly higher in the FIV cats. A higher preva-
lence of azotaemia in FIV-infected cats has been
described,®¥%° but other reports claim no association
between FIV and renal azotaemia.!®! Our results are in

contrast with human reports, where a significantly higher
concentration of sCysC was observed in HIV-infected
patients.?>52 In addition, a correlation of HIV RNA and
CD4+ T cell count with a decreased sCysC concentration
after therapy has been demonstrated,”® which is sugges-
tive of an association of HIV replication with the sCysC
level ®® and an underestimation of GFR in non-treated
HIV patients. However, in no human report was GFR
measured by a gold-standard method, so it is unclear if
HIV-associated renal disease also played a role in the
higher concentration of sCysC.

We did not observe a significant correlation between
sCysC and sCr in the three groups. This might have been
due to non-renal factors influencing sCr and/or sCysC,
such as FIV or hyperthyroidism, hydration status and
drugs.>* Sex and age distributions differed between the
groups. In particular, male neutered cats were over-
represented in the FIV-infected group, which is similar to
other reports.®5” However, no effect of age or sex on
sCysC could be observed in a recent study by our group.
The effect of age and sex on uCysC has not yet been evalu-
ated.!* Besides non-renal factors, other factors might
explain the lack of correlation between sCr and sCysC.
sCysC could be influenced by early mild kidney dysfunc-
tion or might not be a reliable GFR marker. Several healthy
cats, cats with hyperthyroidism and FIV-infected cats had
USGs <1.035 without concurrent azotaemia. It is hypoth-
esised that the normal range for feline USG is between
1.001 and 1.065,% or even 1.080,% but no large-scale stud-
ies have confirmed this. Because GFR was unavailable in
the majority of the included cats, we cannot rule out the
possibility that some of these cats may have had early
CKD, which might have affected the results of the present
study. The GFRs of healthy cats and cats with CKD meas-
ured with a gold-standard method need to be correlated
with both sCr and sCysC in order to study the sensitivity
of sCysC to detect early kidney dysfunction in cats.
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Our study is limited by the absence of a gold-stand-
ard method to measure GFR. We cannot exclude that
early kidney impairment was present in our studied
groups. A second limitation was the use of NSAIDs and
antibiotics in the cats with FIV prior to inclusion, which
might have influenced kidney function.

Conclusions

Cats with hyperthyroidism had a significantly higher
sCysC concentration, and most hyperthyroid cats had a
higher uCysC/uCr ratio compared with healthy cats.
However, based on the RI of sCysC, hyperthyroid cats
cannot be distinguished from the healthy cats. Our study
suggests that sCysC might not be a reliable GFR marker
in hyperthyroid cats. Further studies with GFR measure-
ment are required to reveal the mechanism of a possible
increased sCysC in feline hyperthyroidism. Further
studies must reveal the mechanism of the increased
uCysC/uCr ratio in hyperthyroid cats.

FIV infection did not influence sCysC, in contrast to
HIV. Only a few cats had a uCysC/uCr ratio above the
detection limit. Further studies are required to show if
only a subset of FIV cats have tubular dysfunction or
whether only severe tubular dysfunction is detected by
measuring uCysC.
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