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ABSTRACT. We investigated the clinical characteristics of healthy cats in accordance with the 
target organ damage (TOD) risk category, on the basis of systolic blood pressure (SBP). This 
prospective multi-center study included 137 healthy cats. Indirect blood pressure was measured 
using an oscillometric technique. The median SBP in all cats was 147 mmHg (interquartile range: 
134–158). On the basis of the TOD risk category, 57.7, 19.7, 21.9, and 0.7% of the cats were classified 
into categories I–IV, respectively. Age, sex, and body weight did not affect the SBP. This study 
provides basic information on the distribution of TOD risk categories in clinically healthy cats.
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Systemic hypertension is defined as a persistent increase in systemic arterial pressure, and the recognition of this disorder in cats 
has increased in recent times. Systemic hypertension often induces clinical complications, including ocular injury, encephalopathy, 
renal abnormalities, and cardiovascular abnormalities; these are referred to as target organ damage (TOD) [10, 13]. In 2007, the 
American College of Veterinary Internal Medicine (ACVIM) consensus panel published guidelines for the definition, diagnosis, 
and management of systemic hypertension. The guidelines proposed four classifications, i.e., TOD risk categories, on the basis of 
the risk of developing TOD using systolic blood pressure (SBP): TOD is more likely to occur at SBP ≥160 mmHg (category III), 
while SBP ≥180 mmHg (category IV) is thought to confer a very severe risk of TOD [4, 16].

Three methods of indirect blood pressure measurement are commonly used in clinical practice: Doppler, oscillometry, and 
photoplethysmography techniques. The distribution of indirect blood pressure in healthy cats has been reported to be between 121 
and 162 mmHg [2, 3, 14, 16, 17]. Although some studies have shown that indirect blood pressure measurements using oscillometry 
provide diagnostic information related to systemic hypertension in cats [3, 6, 16], the diagnostic criteria for systemic hypertension 
have varied across these studies. Furthermore, no basic information is available on the relationship between clinical features and 
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the TOD risk category measured by oscillometry. Therefore, the objectives of the present study were to investigate the clinical 
features of healthy cats based on TOD risk categories, and to describe the relationship between SBP and age, sex, and body weight.

This prospective multi-center study included cats examined between July 2014 and March 2017. The 140 cats were recruited 
from veterinary students and clients of the referral clinics at animal hospitals. Client-owned cats were presented at each center 
for routine health checks. The owners provided informed consent before their cats participated in the study. All cats underwent 
a physical examination, indirect blood pressure measurement, echocardiography, and blood sampling at the time of initial 
examination, which were performed without sedation in a quiet examination room. Cats ≥6 months old were included in this study 
if they appeared normal on clinical examination, provided that the owner did not report any clinical symptoms [15]. After data 
collection, the cats were classified into four groups on the basis of the TOD risk categories in the ACVIM guidelines: category I 
(SBP <150 mmHg), category II (150‒159 mmHg), category III (160‒179 mmHg), and category IV (≥180 mmHg) [4]. Cats 
with heart disease, chronic kidney disease (plasma creatinine concentration >1.6 mg/dl) [9], diabetes mellitus (plasma glucose 
concentration ≥280 mg/dl), hyperthyroidism (serum thyroxine concentration ≥4.2 µg/dl) [18], or other systemic diseases were 
excluded.

Indirect blood pressure was measured using a noninvasive oscillometric monitor (BP100D, FUKUDA ME, Tokyo, Japan; 
petMAP, Ramsey Medical, Inc., Tampa, FL, U.S.A.). Measurements were recorded at the initial examination. All cats were allowed 
a minimum 5-min acclimation period before the blood pressure measurements. An appropriately sized cuff (inflatable bladder 
width approximately 0.3‒0.4 times the circumference of the measurement site) was applied. The cats were restrained minimally 
and positioned in sternal recumbency. The cuff was placed directly around the forelimb, minimizing the vertical distance between 
the cuff site and the heart, eliminating the need for reading correction to account for such a difference. A minimum of five readings 
were obtained from each cat at each measurement occasion and the mean of the series, calculated. If a high SBP is recorded 
during the first measurement, repetition of the SBP measurement after an acclimatization period has been reported to be better at 
differentiating normal from abnormal SBP [17]. In this study, if the SBP exceeded 160 mmHg, a second set of measurements was 
conducted after a 30‒60 min acclimatization period, and the mean of the second measurements was used. To evaluate the variations 
in blood pressure values between devices, blood pressures in four healthy cats under anesthesia were compared. The blood 
pressures between devices were comparable (Table 1).

The blood samples were collected from the cephalic vein in heparinized and plain tubes and then centrifuged at 3,000 rpm for 
10 min at 4°C. Plasma biochemistry and serum thyroxine concentrations were measured at a commercial laboratory (FUJIFILM 
Monolith, Co., Ltd., Tokyo, Japan).

Transthoracic echocardiography was performed using an ultrasonographic unit with a 7.5‒12 MHz probe by experienced 
echocardiographers. The left atrium to aorta (LA/Ao) ratio was determined and B-mode or M-mode echocardiography was 
performed from the right parasternal short-axis view. Then, the intraventricular septum (IVSd), left ventricular internal (LVIDd), 
and left ventricular posterior wall (LVPWd) dimensions at end-diastole were calculated.

All data were described as median (interquartile range). The normality of data was assessed with the Kolmogorov-Smirnov test. 
The Kruskal-Wallis test was used to compare data from three groups or more. A post hoc analysis was performed using the Dunn 
test. Univariate regression analysis was used to evaluate the correlations between SBP and other variables. A value of P<0.05 was 
considered statistically significant.

Clinically healthy cats aged 0.7‒16.6 years and weighing between 2.0‒10.1 kg were enrolled. Among the cats in TOD risk 
category IV, three were ≤3.0 years old and were excluded from the analysis because of excitement during the blood pressure 
measurements. Thus, the study population consisted of 137 cats. Overall, the breed most commonly represented was the domestic 
short hair (n=102). Other breeds are listed in Table 2. The blood pressures of 108 cats were measured by BP100 D while pet 
MAP was used for 29 cats. The median SBP, mean blood pressure (MBP), and diastolic blood pressure (DBP) were 147 mmHg 
(134‒158), 117 mmHg (105‒127), and 98 mmHg (82‒108), respectively. Distributions of blood pressure are shown in Fig. 1. 
The kurtoses of SBP, MBP, and DBP were 4.92, 2.57, and 2.60, respectively. On the basis of TOD risk categories, 79 (57.7%), 27 
(19.7%), 30 (21.9%), and 1 (0.7%) cats were classified into categories I to IV, respectively. Table 3 summarizes the results of the 
physical examination, biochemistry, and echocardiography based on TOD risk categories. No significant differences were found 

Table 1. Comparison of blood pressure measurements between devices

BP100D petMAP
Systolic blood pressure 90.6 ± 11.8 94.9 ± 13.2
Mean blood pressure 65.3 ± 13.2 63.3 ± 12.6
Diastolic blood pressure 50.6 ± 13.9 46.3 ± 13.3

Data are described as the mean ± standard deviation. No significant difference in 
blood pressures is observed between devices.

Table 2. Breed distribution

Number
Domestic short hair 102
Scottish fold 9
American short hair 7
Abyssinian 3
Russian blue 3
Chinchilla persian 2
Maine coon 2
Munchkin 2
Singapura 2
Other breeds 5
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among the categories for each parameter. The SBP showed no correlation with age, sex, or body weight.
Previous studies have reported indirect SBP levels measured by oscillometric techniques in healthy cats in the range 115–

146 mmHg [3, 6, 14, 16]. However, the populations of cats in these reports were relatively small (n=37 to 104), and some cats were 
classified as normal on the basis of only clinical symptoms, so cats with underlying diseases may potentially have been enrolled 
in these studies. One study of 104 healthy cats reported a median SBP, measured using oscillometry, of 139.4 mmHg (standard 
deviation; 26.9), which included 32 cats with suspected hypertensive retinopathy [3]. Our study, comprising a larger population 
that consisted only of healthy cats, found a median SBP of 147 (interquartile range: 134‒158) mmHg. Furthermore, this is the first 
study to show the distribution of TOD risk categories in healthy cats: 57.7, 19.7, 21.9, and 0.7% of the cats were classified into 
categories I–IV, respectively. Our results provide basic information regarding oscillometric blood pressure measurements in healthy 
cats.

In the present study, age, sex, and body weight did not affect the SBP in healthy cats. Previous studies have reported that SBP 
increases with age in cats [3, 14, 16]; however conflicting findings have also been reported [12, 17], and our study did not show 
any relationship between age and blood pressure. This discrepancy may reflect differences in study populations; further some 
studies did not assess underlying disease, such as renal function and cardiomyopathy, in all cats [3, 14, 16]. However, a recent 
longitudinal study demonstrated that SBP increases slightly with age (0.4 mmHg/100 days) in healthy cats [2], hence routine blood 
pressure measurements are necessary for older cats.

A diagnosis of idiopathic hypertension is established when there is a sustained increase in blood pressure with no identifiable 
underlying cause. Idiopathic hypertension has been reported in 13–55% of cats with systemic hypertension [8, 11, 13]. This large 

Fig. 1. Distribution of oscillometric blood pressures in the 137 cats (A to C). SBP, systolic blood pressure; MBP, mean blood 
pressure; DBP, diastolic blood pressure.

Table 3. Comparison of variables in cats among the groups

TOD risk
Category I Category II Category III Category IV

Male/Female 50/29 14/13 11/19 1
Age (Y) 5.2 (2.5–8.9) 8.0 (4.2–11.5) 6.4 (3.0–11.3) 11.8
Body weight (kg) 4.2 (3.6–5.0) 4.2 (3.3–5.3) 4.1 (3.5–4.6) 3.5
Heart rate (bpm) 180 (150–196) 180 (165–202) 194 (178–207) 210
Echocardiography

IVSd (mm) 4.2 (3.7–5.0) 4.4 (3.5–5.0) 4.3 (4.1–5.1) 5.0
LVIDd (mm) 14.2 (13.0–16.0) 14.6 (13.5–16.5) 15.5 (12.3–16.7) 13.0
LVPWd (mm) 4.8 (3.9–5.3) 5.0 (4.1–5.5) 4.7 (3.8–5.4) 5.0
LA/Ao ratio 1.36 (1.22–1.49) 1.32 (1.19–1.54) 1.36 (1.21–1.49) 1.44

Biochemistry
Total protein (g/dl) 7.3 (6.9–7.8) 7.3 (7.0–8.0) 7.4 (7.1–8.2) 6.4
Albumin (g/dl) 3.1 (2.8–3.3) 3.0 (2.9–3.2) 3.1 (2.9–3.3) 2.4
Glucose (mg/dl) 114 (98–139) 118 (105–153) 110 (94–133) 130
Urea nitrogen (mg/dl) 25 (21–29) 24 (20–27) 24 (21–29) 22
Creatinine (mg/dl) 1.3 (1.1–1.5) 1.2 (1.0–1.4) 1.3 (1.0–1.5) 1.6
Sodium (µEq/l) 154 (152–156) 155 (153–156) 155 (153–158) 149
Potassium (µEq/l) 4.0 (3.6–4.2) 3.9 (3.5–4.0) 4.1 (3.7–4.3) 3.5
Chloride (µEq/l) 119 (116–122) 120 (116–122) 118 (115–123) 107
Thyroxine (µg/dl) 2.0 (1.7–2.5) 1.9 (1.5–2.3) 2.1 (1.7–2.5) 0.9

Data are described as the median (interquartile range). IVSd, end-diastolic intraventricular septum; LVIDd, end-
diastolic left ventricular internal dimensions; LVPWd, end-diastolic left ventricular posterior wall; LA/Ao ratio, the 
ratio of the left atrium to the aorta.



Y. HORI ET AL.

516doi: 10.1292/jvms.18-0187

range in prevalence may reflect differences in the study populations. For example, in a study of cats with hypertensive retinopathy, 
no clearly identifiable cause was detected in 55.1% of the cats [13]. Among our healthy cats, four cats were in TOD risk category 
IV, and one of these was suspected of having idiopathic hypertension. Idiopathic hypertension accounts for 95% of all cases 
of hypertension in humans [5], while its prevalence may be markedly lower in clinically healthy cats. Since the prevalence of 
idiopathic hypertension in cats remains unclear, additional studies are needed.

This study had several limitations. First, the ACVIM statement recommends that to diagnose systemic hypertension the blood 
pressure of cats with TOD should be re-evaluated within 1–2 weeks [4]. Although 61 cats were classified as TOD risk category ≥II 
in our study, it was difficult to re-evaluate SBP, so we cannot exclude white-coat hypertension [1]. Second, SBP in anesthetized cats 
has been reported to be significantly higher when measured using oscillometry than when measured using the Doppler technique 
[7]; therefore, the use of a different method, i.e., the Doppler technique, may affect the results of blood pressure measurements.

This study measured indirect blood pressure in cats using an oscillometric technique. This is the first study to determine the 
distribution of TOD risk categories in healthy cats. The median SBP in cats was 147 mmHg (interquartile range: 134‒158), and 
0.7% were classified as TOD risk category IV. These results provide basic information on the distribution of TOD risk categories in 
healthy cats.

REFERENCES

 1. Belew, A. M., Barlett, T. and Brown, S. A. 1999. Evaluation of the white-coat effect in cats. J. Vet. Intern. Med. 13: 134–142. [Medline]  [CrossRef]
 2. Bijsmans, E. S., Jepson, R. E., Chang, Y. M., Syme, H. M. and Elliott, J. 2015. Changes in systolic blood pressure over time in healthy cats and cats 

with chronic kidney disease. J. Vet. Intern. Med. 29: 855–861. [Medline]  [CrossRef]
 3. Bodey, A. R. and Sansom, J. 1998. Epidemiological study of blood pressure in domestic cats. J. Small Anim. Pract. 39: 567–573. [Medline]  

[CrossRef]
 4. Brown, S., Atkins, C., Bagley, R., Carr, A., Cowgill, L., Davidson, M., Egner, B., Elliott, J., Henik, R., Labato, M., Littman, M., Polzin, D., Ross, 

L., Snyder, P., Stepien R., American College of Veterinary Internal Medicine 2007. Guidelines for the identification, evaluation, and management of 
systemic hypertension in dogs and cats. J. Vet. Intern. Med. 21: 542–558. [Medline]  [CrossRef]

 5. Carretero, O. A. and Oparil, S. 2000. Essential hypertension. Part I: definition and etiology. Circulation 101: 329–335. [Medline]  [CrossRef]
 6. Carter, J. M., Irving, A. C., Bridges, J. P. and Jones, B. R. 2014. The prevalence of ocular lesions associated with hypertension in a population of 

geriatric cats in Auckland, New Zealand. N. Z. Vet. J. 62: 21–29. [Medline]  [CrossRef]
 7. Caulkett, N. A., Cantwell, S. L. and Houston, D. M. 1998. A comparison of indirect blood pressure monitoring techniques in the anesthetized cat. 

Vet. Surg. 27: 370–377. [Medline]  [CrossRef]
 8. Elliott, J., Barber, P. J., Syme, H. M., Rawlings, J. M. and Markwell, P. J. 2001. Feline hypertension: clinical findings and response to 

antihypertensive treatment in 30 cases. J. Small Anim. Pract. 42: 122–129. [Medline]  [CrossRef]
 9. International Renal Interest Society 2016.IRIS Staging of CKD (modified 2016)−IRIS Kidney. http://iris-kidney.com/pdf/3_staging-of-ckd.pdf 

[accessed on June 10, 2017].
 10. Jepson, R. E. 2011. Feline systemic hypertension: Classification and pathogenesis. J. Feline Med. Surg. 13: 25–34. [Medline]  [CrossRef]
 11. Jepson, R. E., Elliott, J., Brodbelt, D. and Syme, H. M. 2007. Effect of control of systolic blood pressure on survival in cats with systemic 

hypertension. J. Vet. Intern. Med. 21: 402–409. [Medline]  [CrossRef]
 12. Kobayashi, D. L., Peterson, M. E., Graves, T. K., Lesser, M. and Nichols, C. E. 1990. Hypertension in cats with chronic renal failure or 

hyperthyroidism. J. Vet. Intern. Med. 4: 58–62. [Medline]  [CrossRef]
 13. Maggio, F., DeFrancesco, T. C., Atkins, C. E., Pizzirani, S., Gilger, B. C. and Davidson, M. G. 2000. Ocular lesions associated with systemic 

hypertension in cats: 69 cases (1985–1998). J. Am. Vet. Med. Assoc. 217: 695–702. [Medline]  [CrossRef]
 14. Mishina, M., Watanabe, T., Fujii, K., Maeda, H., Wakao, Y. and Takahashi, M. 1998. Non-invasive blood pressure measurements in cats: clinical 

significance of hypertension associated with chronic renal failure. J. Vet. Med. Sci. 60: 805–808. [Medline]  [CrossRef]
 15. Payne, J. R., Brodbelt, D. C. and Luis Fuentes, V. 2017. Blood Pressure Measurements in 780 Apparently Healthy Cats. J. Vet. Intern. Med. 31: 

15–21. [Medline]  [CrossRef]
 16. Sansom, J., Rogers, K. and Wood, J. L. 2004. Blood pressure assessment in healthy cats and cats with hypertensive retinopathy. Am. J. Vet. Res. 65: 

245–252. [Medline]  [CrossRef]
 17. Sparkes, A. H., Caney, S. M., King, M. C. and Gruffydd-Jones, T. J. 1999. Inter- and intraindividual variation in Doppler ultrasonic indirect blood 

pressure measurements in healthy cats. J. Vet. Intern. Med. 13: 314–318. [Medline]
 18. Williams, T. L., Elliott, J. and Syme, H. M. 2013. Renin-angiotensin-aldosterone system activity in hyperthyroid cats with and without concurrent 

hypertension. J. Vet. Intern. Med. 27: 522–529. [Medline]  [CrossRef]

http://www.ncbi.nlm.nih.gov/pubmed/10225603?dopt=Abstract
http://dx.doi.org/10.1111/j.1939-1676.1999.tb01141.x
http://www.ncbi.nlm.nih.gov/pubmed/25917326?dopt=Abstract
http://dx.doi.org/10.1111/jvim.12600
http://www.ncbi.nlm.nih.gov/pubmed/9888110?dopt=Abstract
http://dx.doi.org/10.1111/j.1748-5827.1998.tb03710.x
http://www.ncbi.nlm.nih.gov/pubmed/17552466?dopt=Abstract
http://dx.doi.org/10.1111/j.1939-1676.2007.tb03005.x
http://www.ncbi.nlm.nih.gov/pubmed/10645931?dopt=Abstract
http://dx.doi.org/10.1161/01.CIR.101.3.329
http://www.ncbi.nlm.nih.gov/pubmed/24138677?dopt=Abstract
http://dx.doi.org/10.1080/00480169.2013.823827
http://www.ncbi.nlm.nih.gov/pubmed/9662782?dopt=Abstract
http://dx.doi.org/10.1111/j.1532-950X.1998.tb00143.x
http://www.ncbi.nlm.nih.gov/pubmed/11303854?dopt=Abstract
http://dx.doi.org/10.1111/j.1748-5827.2001.tb02008.x
http://www.ncbi.nlm.nih.gov/pubmed/21215946?dopt=Abstract
http://dx.doi.org/10.1016/j.jfms.2010.11.007
http://www.ncbi.nlm.nih.gov/pubmed/17552443?dopt=Abstract
http://dx.doi.org/10.1111/j.1939-1676.2007.tb02982.x
http://www.ncbi.nlm.nih.gov/pubmed/2342023?dopt=Abstract
http://dx.doi.org/10.1111/j.1939-1676.1990.tb03104.x
http://www.ncbi.nlm.nih.gov/pubmed/10976302?dopt=Abstract
http://dx.doi.org/10.2460/javma.2000.217.695
http://www.ncbi.nlm.nih.gov/pubmed/9713807?dopt=Abstract
http://dx.doi.org/10.1292/jvms.60.805
http://www.ncbi.nlm.nih.gov/pubmed/27906477?dopt=Abstract
http://dx.doi.org/10.1111/jvim.14625
http://www.ncbi.nlm.nih.gov/pubmed/14974583?dopt=Abstract
http://dx.doi.org/10.2460/ajvr.2004.65.245
http://www.ncbi.nlm.nih.gov/pubmed/10449221?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23517505?dopt=Abstract
http://dx.doi.org/10.1111/jvim.12062

