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Serum amyloid A (SAA) is one of the major acute phase 
proteins in many species including human beings7,10 and 
cats.5 SAA concentration may increase up to 1,000-fold in 
inflammatory status in human beings7 and cats.14 Therefore, 
measurement of SAA concentration is considered useful to 
detect the presence of inflammation.11,14 In human medicine, 
SAA is not only a marker of existing inflammation but also a 
prognostic marker for several diseases including inflamma-
tory diseases, neoplasia, and also noninflammatory diseases 
such as diabetes.3,4,6 In cats, SAA concentration increased 
not only in inflammatory diseases but also in neoplastic 
and noninflammatory diseases, such as diabetes mellitus and 
hyperthyroidism.14 The objective of the current study was to 
evaluate the relationship between SAA concentration and 
prognosis in cats.

Medical records of cats referred to the Veterinary Medical 
Center of the University of Tokyo (VMC-UT) from April 
2006 through July 2007 were reviewed. Follow-up data on 
mortality were collected until March 2012 from medical 
records, referring veterinarians, and telephone interviews with 
owners. Inclusion criteria for the study were confirmed diag-
nosis and sufficient clinicopathological data including SAA 
concentration at the time of arrival at the VMC-UT. Cats were 
excluded from the study if there was only a 1-day follow-up 
period because of insufficient information for survival analy-
sis. Cats that had unrelated and symptomatic concurrent dis-
eases were also excluded. Cats with incidentally detected, 
asymptomatic concurrent diseases such as chronic renal fail-
ure and cardiomyopathy were included in the present study.

Information including signalment, diagnosis, white blood 
cell count (WBC), packed cell volume (PCV), platelet count, 
and SAA concentration were collected from medical records. 
The data of the blood assays obtained on the day of first 
examination at VMC-UT was used for analysis. WBC, PCV, 
and platelet count were obtained using an automatic 
analyzer.a WBC was considered abnormal when the value 
was below 5,500 μl or above 19,500 μl. Anemia was defined 
as a PCV value below 24%, and platelet count was consid-
ered abnormal when the value was below 300,000 μl. As 
described in a previous study, SAA concentrations were 
measured in the cats by using a commercially available tur-
bidimetric immunoassay for human SAAb with an automated 
chemical analyzer.c,14 The reference range of feline SAA was 
selected as ≤0.82 mg/l on the basis of a previous study.14

Cats were divided into 2 groups according to SAA con-
centration. The nonelevated SAA group included the cats 
whose SAA concentration was within the reference range 
(≤0.82 mg/l), and the elevated SAA group included the cats 
whose SAA concentration was above the reference range 
(>0.82 mg/l). Furthermore, cats were divided into 3 categories 
according to diagnosis: neoplastic diseases, inflammatory 
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Abstract. Serum amyloid A (SAA) is reported not only as a marker for the presence of inflammation but also as a prognostic 
indicator in human beings. In cats, however, there is no report on the association between SAA concentration and prognosis. 
The objective of the current study was to evaluate SAA concentration as a prognostic marker in diseased cats. A total of 
175 cats with neoplastic diseases, inflammatory diseases, and other diseases were retrospectively recruited, and the medical 
records of these cats, including follow-up data on mortality, were reviewed. Cats were divided into 2 groups according to SAA 
concentration, and differences in survival between each group were assessed. Median survival time of cats in the elevated SAA 
(>0.82 mg/l) group was significantly shorter than that in the nonelevated SAA (≤0.82 mg/l) group (P < 0.001). Furthermore, by 
multivariate analysis, SAA concentration was shown as a significant and independent prognostic marker in cats with various 
diseases (P = 0.015). Serum amyloid A concentration in diseased cats is a useful predictive indicator of prognosis regardless 
of diagnosis.
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diseases, and other diseases. The inflammatory diseases cat-
egory included infectious diseases such as feline infectious 
peritonitis.

Statistical analyses were performed with a statistical soft-
ware package.d To determine differences between nonele-
vated and elevated SAA groups, the chi-square test was used 
for categorical data. The Mann–Whitney U-test was used to 
analyze continuous data. Differences in survival between 
each group were assessed using the Kaplan–Meier product 
limit method and the generalized Wilcoxon test. Correlation 
between SAA concentration and survival time was assessed 
using the Spearman rank correlation coefficient. Multivariate 
analyses were performed using the Cox proportional hazards 
model for any variables that were significant on the univari-
ate analysis. Variables with P values <0.05 were considered 
statistically significant.

A total of 175 cats with various diseases were included. 
Patient characteristics are summarized in Table 1. There 
were 110 cats in the nonelevated SAA group and 65 cats in 
the elevated SAA group. Median SAA concentration in each 
group was 0.15 mg/l (range: 0–0.8 mg/l) and 18.1 mg/l 
(range: 0.83–88.3 mg/l), respectively. There were no signifi-
cant differences between the 2 groups regarding age, sex, 
and platelet count. However, body weights of the elevated 
SAA group were significantly lower than those of the 

nonelevated SAA group (P = 0.047). Furthermore, in the 
elevated SAA group, 32 cats (49.2%) had abnormal WBC 
and 19 cats (29.2%) had anemia. These percentages were 
significantly higher than those in the nonelevated SAA group 
(P = 0.002 and 0.001, respectively).

According to diagnostic category, 65, 64, and 46 cats 
were categorized in neoplastic diseases, inflammatory dis-
eases, and other diseases, respectively. Diagnosis of each 
category and the number of cats that had elevated SAA con-
centration are shown in Table 2. Twenty-two cats had asymp-
tomatic concurrent diseases such as chronic renal failure and 
cardiomyopathy. These cats were categorized according to 
the symptomatic diagnosis; the concurrent diseases were not 
reflected in the data. The distribution of diseases was ana-
lyzed based on diagnostic categories, and there was no sig-
nificant difference between the nonelevated SAA and 
elevated SAA groups (P = 0.106).

Median follow-up time for all cats was 42 days (range: 
1–2,104 days). Seventy-seven cats (70%) in the nonelevated 
SAA group and 29 cats (44.6%) in the elevated SAA group 
were alive at the time of last contact. Reasons for premature 
cessation of hospital visits were not always available from 
medical records; those cats were censored from the survival 
analysis at the time of the last arrival. Median survival time 
for the nonelevated SAA group was 571 days compared 

Table 1. Study population and clinical characteristics of the cats included in the current study.*

Nonelevated SAA Elevated SAA P

Cats 110 65 NA
Median age (years) 8 (0.30–18) 9 (0.25–21) 0.3759
Median body weight (kg) 3.85 (1.2–7.8) 3.45 (0.9–8.15) 0.0465†
Sex 0.4556
 Neutered male 49 29  
 Intact male 15 4  
 Spayed female 36 25  
 Intact female 10 7  
Diagnostic category 0.1059
 Neoplastic diseases 35 30  
 Inflammatory diseases 46 18  
 Other diseases 29 17  
WBC 0.0016‡
 Normal 79 31  
 Abnormal 29 32  
Anemia 0.0012‡
 Absence 96 45  
 Presence 11 19  
Platelet count 0.2938
 Normal 41 30  
 Abnormal 65 34  
Median SAA (mg/l) 0.15 (0–0.80) 18.1 (0.83–88.3) NA

* The chi-square test was used for categorical data. The Mann–Whitney U-test was used for continuous data. Numbers in parentheses are ranges. SAA = 
serum amyloid A; WBC = white blood cell count; NA = not available.
† P < 0.05.
‡ P < 0.01.
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with 72 days for the elevated SAA group (P < 0.001; Fig. 1). 
No correlation was observed between the magnitude of 
SAA concentration and survival time (data not shown). 
With the Cox proportional hazards model, age, diagnostic 
category, abnormal WBC, presence of anemia, and elevated 

SAA concentration were shown to be significant prognostic 
factors by univariate analysis. These 5 parameters were 
included in the multivariate analysis, and elevated SAA 
concentration was shown to be a significant and indepen-
dent prognostic factor (hazard ratio: 1.39, 95% confidence 
interval: 1.07–1.81, P = 0.015).

In the present study, SAA concentration at the time of 
first examination at the hospital was demonstrated as a sig-
nificant prognostic factor in cats with neoplasia, inflamma-
tory diseases, and other diseases. From the survival curve 
analysis, SAA concentration seems to affect survival, par-
ticularly short-term survival. However, the prognosis was 
affected only by whether SAA concentration was elevated. 
The magnitude of SAA concentration at the first visit did not 
correlate with prognosis in the current study. Further investi-
gation is warranted to evaluate the association between serial 
changes of SAA concentration and prognosis.

Although cats with neoplastic diseases were included in 
the present study, and neoplastic diseases are generally con-
sidered to have poorer prognoses than non-neoplastic dis-
eases, SAA concentration was shown as an independent 
prognostic marker from diagnostic category by the Cox pro-
portional hazards model analysis. Age, abnormal WBC, and 
anemia were demonstrated as prognostic marker only by uni-
variate analysis. It was considered that age was related to 

Table 2. Diagnosis and number of cats in each diagnostic category in the current study.*

Diagnostic category/diagnosis No. of cats No. of cats with elevated SAA

Neoplastic diseases 65 30
 Lymphoma 32 18
 Adenocarcinoma 12 5
 Squamous cell carcinoma 6 2
 Mesothelioma 4 3
 Other neoplastic diseases 11 2
Inflammatory diseases 64 18
 Gastroenteritis 13 2
 Feline infectious peritonitis 12 7
 Cystitis 7 1
 Cholangitis 5 3
 Rhinitis 4 1
 Feline asthma 3 0
 Hepatitis 3 1
 Dermatitis 3 0
 Other inflammatory diseases 14 3
Other diseases 46 17
 Renal failure 8 6
 Diabetes mellitus 7 2
 Hyperthyroidism 7 3
 Cardiomyopathy 4 1
 Epilepsy 3 0
 Esophageal stricture 3 1
 Others 14 4

* SAA = serum amyloid A.

Figure 1. Kaplan–Meier survival curves of cats categorized 
according to serum amyloid A (SAA) level. The nonelevated 
SAA group (≤0.82 mg/l, broken line) and elevated SAA group 
(>0.82 mg/l, solid line) are shown. The significance of the 
difference between the curves was calculated by the generalized 
Wilcoxon test (P = 0.0001).
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diagnostic category and that abnormal WBC and anemia 
were related to SAA concentration, respectively.

There are several reasons why SAA concentration could 
function as a prognostic marker. First, increased inflamma-
tory markers, such as SAA, suggest that the diseases are 
poorly controlled, and chronic inflammatory status is consid-
ered to affect prognosis directly. The association between 
SAA concentration and prognosis in human patients with 
rheumatoid arthritis was reported.4 Furthermore, C-reactive 
protein (CRP), as well as SAA, is one of the major acute 
phase reactants in human beings, and elevated CRP concen-
tration was found to be a prognostic factor in rheumatoid 
arthritis.12 Because both SAA and CRP were reported as 
prognostic markers in patients with rheumatoid arthritis, the 
theory that these markers reflect the activity of the diseases is 
plausible. Second, SAA protein is known as a precursor of 
amyloid A fibrils, and sustained high SAA levels may give 
rise to secondary amyloidosis, so called reactive amyloid A 
amyloidosis.8 The development of amyloid A amyloidosis is 
considered an important prognostic factor.5 Third, there are 
several reports that SAA protein promotes cytokine produc-
tion13 and leukocyte migration.1 These functions of SAA 
protein might affect the prognoses. However, all of these 
facts were reported in human medicine, and it remains 
unclear whether it can be applied to cats.

A previous study demonstrated that cats with metabolic or 
endocrine diseases often showed high SAA concentration.14 
Also in human patients with diabetes and metabolic syn-
drome, high SAA concentrations were reported, and SAA 
concentration was considered to be a risk factor of these dis-
eases.3,9 Serum amyloid A concentration appears to be 
related to the development of cardiovascular disorders and 
nephropathy15 in diabetes, and these concurrent disorders are 
considered to affect prognosis.

The limitations of the current study are mainly due to the 
retrospective study design. Cats with various diseases were 
included in the study, and diagnostic criteria of these dis-
eases were not constant; furthermore, treatment before and 
after diagnosis differed among cats and might have affected 
the prognosis. Cats with neoplastic diseases were more likely 
to return for follow-up visits than cats with other non-
neoplastic diseases; therefore, mortality data of the cats with 
neoplasia were more abundant compared with the cats with 
other diseases. This might have led to a biased result. In 
human medicine, it was reported that mean SAA levels dur-
ing the treatment period were significantly related to the sur-
vival time of patients with lung cancer.2 Although the change 
in SAA concentration, an increase or decrease, is considered 
important in prognosis, serial data about each patient could 
not be collected in the present study.

In conclusion, SAA concentration was demonstrated as a 
significant and independent prognostic factor in diseased 
cats by retrospective analysis. The presence of systemic 
inflammation may have deleterious effects on the prognosis 
of cats as well as human beings. Future investigation should 

preferably evaluate the relationship between serial SAA con-
centrations and prognosis in cats with a single disease in a 
prospective study.

Sources and manufacturers

a. PocH-100, Sysmex Co., Kobe, Japan.
b. LZ-SAA, Eiken Chemical Co. Ltd., Tokyo, Japan.
c. TBA-80FR NEO2, Toshiba Medical Systems, Tokyo, Japan.
d. JMP version 5.0.1J, SAS Institute, Cary, NC.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with respect 
to the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support 
for the research, authorship, and/or publication of this article: This 
study was supported by a Grant-in-Aid for Scientific Research from 
the Japan Society for the Promotion of Science and the Ministry of 
Education, Culture, Sports, Science and Technology of the Japanese 
Government.

References

 1. Badolato R, Wang JM, Murphy WJ, et al.: 1994, Serum amy-
loid A is a chemoattractant: induction of migration, adhesion, 
and tissue infiltration of monocytes and polymorphonuclear 
leukocytes. J Exp Med 180:203–209.

 2. Cho WC, Yip TT,  Cheng WW, Au JS: 2010, Serum amyloid 
A is elevated in the serum of lung cancer patients with poor 
prognosis. Br J Cancer 102:1731–1735.

 3. Dalla Vestra M, Mussap M, Gallina P, et al.: 2005, Acute-phase 
markers of inflammation and glomerular structure in patients 
with type 2 diabetes. J Am Soc Nephrol 16(Suppl 1):S78–82.

 4. Gillmore JD, Lovat LB, Persey MR, et al.: 2001, Amyloid 
load and clinical outcome in AA amyloidosis in relation to 
circulating concentration of serum amyloid A protein. Lancet 
358:24–29.

 5. Kajikawa T, Furuta A, Onishi T, et al.: 1999, Changes in 
concentrations of serum amyloid A protein, alpha 1-acid 
glycoprotein, haptoglobin, and C-reactive protein in feline 
sera due to induced inflammation and surgery. Vet Immunol 
Immunopathol 68:91–98.

 6. Kimura M, Tomita Y, Imai T, et al.: 2001, Significance of 
serum amyloid A on the prognosis in patients with renal cell 
carcinoma. Cancer 92:2072–2075.

 7. Kushner I: 1988, The acute phase response: an overview. 
Methods Enzymol 163:373–383.

 8. Lachmann HJ, Goodman HJ, Gilbertson JA, et al.: 2007, 
Natural history and outcome in systemic AA amyloidosis. 
N Engl J Med 356:2361–2371.

 9. Lee KW, Hill JS, Walley KR, Frohlich JJ: 2006, Relative 
value of multiple plasma biomarkers as risk factors for coro-
nary artery disease and death in an angiography cohort. CMAJ 
174:461–466.

 10. Malle E, De Beer FC: 1996, Human serum amyloid A (SAA) 
protein: a prominent acute-phase reactant for clinical practice. 
Eur J Clin Invest 26:427–435.

 by guest on September 7, 2015vdi.sagepub.comDownloaded from 

http://vdi.sagepub.com/


 Tamamoto et al.432

 11. Nakayama T, Sonoda S, Urano T, et al.: 1993, Monitoring both 
serum amyloid protein A and C-reactive protein as inflamma-
tory markers in infectious diseases. Clin Chem 39:293–297.

 12. Otterness IG: 1994, The value of C-reactive protein measure-
ment in rheumatoid arthritis. Semin Arthritis Rheum 24:91–104.

 13. Song C, Hsu K, Yamen E, et al.: 2009, Serum amyloid A induc-
tion of cytokines in monocytes/macrophages and lymphocytes. 
Atherosclerosis 207:374–383.

 14. Tamamoto T, Ohno K, Ohmi A, et al.: 2008, Verification 
of measurement of the feline serum amyloid A (SAA) 
concentration by human SAA turbidimetric immuno-
assay and its clinical application. J Vet Med Sci 70: 
1247–1252.

 15. Wakabayashi I, Masuda H: 2006, Association of acute-phase 
reactants with arterial stiffness in patients with type 2 diabetes 
mellitus. Clin Chim Acta 365:230–235.

 by guest on September 7, 2015vdi.sagepub.comDownloaded from 

http://vdi.sagepub.com/

