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ABSTRACT

The objective of this study was to assess the 
effect of excess body weight (BW) on blood 
cholesterol, triacylglycerol (TAG), acute 
phase proteins, and on urinary F2-Isopros-
tane in healthy cats. Seven lean and 20 
overweight cats fed ad libitum with the same 
food were investigated. The results show 
that excess BW is associated with increased 
oxidative processes in cats, as indicated by 
a significantly increased urinary F2-Isopros-
tane/creatinine ratio in overweight cats. A 
significant and positive correlation between 
BW and urinary F2-Isoprostane/creatinine 
ratio was also detected, whereas other blood 
variables were similar in lean and over-
weight cats. An age-effect was also observed 
on TAG plasma concentration, TAG being 
higher in older cats, with the difference 
coming from the overweight group.

INTRODUCTION
The reported prevalence of obesity or excess 
body weight (BW) in cats ranges from 17 to 
52 %.1,2,3 Similar to human patients, obe-
sity is recognized as a health risk in cats. 
Indeed, even a small increase in BW leads 
to decreased insulin sensitivity, increased 
insulin resistance and increased blood lipid 
concentrations in felines.4,5 Furthermore, 
overweight cats bear an increased risk of de-
veloping hepatic lipidosis, hyperlipidemia, 
diabetes mellitus, lameness, non-allergic 
skin disease, lower urinary tract diseases or 
death at middle age.6,7

In humans, obesity goes along with 
oxidative stress that is associated with or 
resulting from different conditions such as 
hyperglycemia, hyperleptinemia, increased 
tissue lipid levels, inadequate antioxidant 
defences, increased rates of free radical 
formation by endothelial cells, and chronic 
inflammatory processes.8 Rats and mice used 
as models of obesity-associated disorders 
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also provide evidence that oxidative stress 
and inflammation occur.9 Among the indica-
tors of obesity-associated oxidative stress 
and inflammationare increased levels of F2-
Isoprostanes10 and of acute-phase proteins11 
respectively. 

Although oxidative and inflammatory 
markers are used for diagnostic and re-
search purposes in companion animals,12,13 
investigations about the relation between 
overweight and oxidative or inflammatory 
markers are not yet available in the scientific 
literature. Therefore, the objectives of this 
study were to assess the effects of excess 
BW on blood lipids and acute-phase proteins 
as well as on urinary F2-Isoprostane in cats.

MATERIAL AND METHODS

Animals and Diet
Twenty seven European domestic short hair 
cats, accustomed to ad libitum fed dry diets, 
were enrolled for this study. Seven male and 
female neutered cats, aged 5.1±1.4 y had a 
maximum body condition score (BCS) of 5 
(BCS ranging from 1-9, with 1-3 lean; 4-5 
ideal, 6-9 overweight to obese)14 and were 
attributed to the group of Lean cats, 

whereas 20 male and female neutered cats, 
aged 4.6 ±0.9 y had a BCS ranging from 6 to 
9 and were considered as Overweight (Table 
1). Weight gain had been originally induced 
by allowing ad libitum food consumption 
all life long. All cats were determined to be 
healthy on the basis of results of physical 
examination and clinical laboratory data. 

Cats were maintained at the Affinity Pet-
care center facility, housed by groups (n=6 
or 7) in indoor parks and given free access 
to water. 

The cats received ad libitum a high qual-
ity maintenance diet with pork fat as main 
source of lipids (40 % protein, 32 % starch, 
17 % fat, 5 % total dietary fibre, 4,570 kcal/
kg measured metabolisable energy, dry mat-
ter basis). Diet exceeded FEDIAF (European 
Pet food industry federation) guidelines for 
a maintenance diet for adult cats. The cats 
were fed the diet for 8 weeks and were test-
ed after the 8-week time period. Mean Food 
intake by group was recorded every day. 

All animal handling procedures were 
carried out following the recommendations 
of the Law on Animal Welfare 22/2003 
published in Spain in the “Diari Oficial de 

la Generalitat de Catalunya” 
(DOGC, 2003).

Experimental Protocol	
BW (expressed in kg), BCS 
(score ranging from 1-9), 
cranial thoracic circumfer-
ence (CTC, expressed in cm), 
pelvic circumference (PC, 
expressed in cm), body length 
(L, expressed in cm) and right 
forelimb length (RF, ex-
pressed in cm) were measured 
and body fat was calculated 
using the following morpho-
metric equation: (Body fat 
% = -0.02*L2/BW-4.12*RF 
+ 1.48*PC –1.16*CTC + 
92.93).15  

Blood samples were col-
lected from the jugular vein 
after 20 hr-fast and immedi-
ately placed into dry, EDTA-, 

Table 1: Characteristics of lean and overweight cats investi-
gated in the study. Data are shown as mean ± SEM.

n number of cats; NM neutered male; NF neutered female; BW 
Body weight; BCS Body condition score; CTC Cranial thoracic 
circumference; PC Pelvic circumference; c. Body Fat Calcu-
lated body fat.

a,b Within a line, values with a different letter indicate a signifi-
cant group-related difference (lean vs. overweight) (P <0.05).



Intern J Appl Res Vet Med • Vol. 7, No. 1, 2009. 38

and heparin-coated tubes on ice 
for serum or plasma collection. 
After collection, blood samples 
were spun and serum or plasma 
was frozen before being sent 
on dry ice to the laboratory. 
Samples were stored at -20°C, 
until assays were performed. 
The following blood parameters 
were analysed by a veterinary 
laboratory (Idexx labora-
tory, Barcelona, Spain): cho-
lesterol, triacylglycerol (TAG) 
by spectrophotometry; acute 
phase proteins (haptoglobin and 
serum amyloid A [(SAA)] by 
enzyme-linked immuno-assay; 
α-1 glycoprotein by radial im-
munodiffusion). Plasma leptin 
was also determined by use of 
the Multispecies Leptin RIA Kit 
(Linco Research Inc., Missouri, 
USA) that is validated in cats.16,17

Urinary samples were taken 
by use of a sterile urinary catheter 
when the animals were sedated 
(100 µg/kg; Domitor, Pharmacia Animal 
Health). Urine samples were centrifuged and 
supernatant was frozen before being sent 
on dry ice to the laboratory. Samples were 
stored at -80°C until assay. Urinary F2-Iso-
prostane concentration was determined by 
enzyme immunoassay (Cayman, Ann Arbor, 
USA). 

Briefly, urine samples were defrosted 
and pH adjusted to 2-2.5 with 2 normal 
hydrochloric acid (2N HCl). Samples were 
centrifuged for 10 minutes at 3,600 rpm 
and 4° C. One ml of supernatant was run 
through a C18 1ml•100 mg-1 column (Bond 
Elut,Varian, Harbor City, CA, USA). Col-
umn was rinsed with 1 ml water and 1 ml 
hexane. Elution was performed with 2 ml (4 
x 500 µl) ethyl-acetate/methanol (95:5 V/V). 
Eluate was vacuum dried and restituted 
with buffer provided by the manufacturer. 
The kit was consequently used according to 
manufacturer’s instructions. With-in assay 
coefficient of variation of the assay was 

below 7 %; between-assay coefficient of 
variation was below 17 %. Urinary creati-
nine was determined by spectrophotometry 
and F2-Isoprostane concentrations were 
standardised for urine dilution by expressing 
data as an F2-Isoprostane/urinary creatinine 
ratio.12

Statistical Analysis
Data were tested for normality. For each 
continuous variable, one general linear 
model (SAS proc GLM) was performed. 
The model included the effect of group (lean 
versus overweight), age, sex and their inter-
actions, except for food and energy intake, 
which model only included the group effect. 
Data are expressed as mean ± SEM. Correla-
tions between variables were tested by use 
of linear regression. The limit of statisti-
cal significance of the tests performed was 
defined as P ≤ 0.05 while trend was defined 
as P ≤ 0.10.

RESULTS
Overweight cats had a significantly (P<0.05) 
higher BW, BCS, CTC, PC, and % cal-

Table 2: Blood parameters assessed in healthy lean cats 
(n=7) and overweight cats (n=20). Data are shown as mean 
± SEM. Significant (P<0.05) group effects (lean vs. over-
weight) are indicated

TAG: triacylglycerol, SAA : serum amyloid A

a,b Within a line, values with a different letter indicate a 
significant group-related difference (lean vs. overweight) (P 
<0.05).
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culated body fat than lean cats (Table 1). 
Compared to lean cats, mean excess BW and 
calculated body fat (%) of overweight cats 
achieved 44% and 74 %, respectively. No 
significant age effect was observed on BW 
or morphometric measurements. A signifi-
cant (P<0.05) gender effect was observed 
on BW, neutered male having higher BW 
than neutered females, but not on BCS or 
morphometric measurements.  

The mean food intake by day was simi-
lar during the study with 81 ± 1 g/day (349 
± 6 kcal/cat/day) in lean versus 77 ± 2 g/day 
(335 ± 8 kcal/cat/day) in overweight cats. 
However, lean cats consumed significantly 
more food when expressed in kcal/kg BW/
day (Lean 96 ± 2 versus overweight 66 ± 2 
kcal/kg BW/d) (P<0.05). The modification 
of BW observed at the end of the investiga-
tion period was not significant (overweight 
+1%, lean +3% BW) (P>0.05). 

Cholesterol, TAG, Leptin, haptoglobin, 
α1-glycoprotein, and SAA concentrations 
(Table 2) were within laboratory refer-
ence range and not significantly different 
between lean and overweight cats. How-
ever, blood TAG levels were positively and 
significantly correlated with BW (r= 0.44, 
P < 0.05). Regarding urinary 
F2-Isoprostane/creatinine ratio, 
a significant difference between 
lean and overweight cats was 
observed, overweight cats having 
higher values than lean cats (Table 
2). Urinary F2-Isoprostane/cre-
atinine ratio was significantly and 
positively correlated with BW (r= 
0.40; P < 0.05), but not with blood 
parameters. 

A significant age effect was 
observed on TAG concentration 
and a positive correlation existed 
between TAG concentration and 
age (r=0.56, P<0.05) (Table 3). 
A significant gender effect was 
observed on cholesterol concentra-
tion (P<0.05), cholesterol concen-
tration being higher in neutered 
males (119 ± 3 mg/dl) than in 

neutered females (90 ± 2 mg/dl).

DISCUSSION
The objective of this study was to assess in 
cats the effect of excess BW on blood pa-
rameters and urinary F2-Isoprostane in order 
to assess whether feline obesity is associ-
ated with hyperlipidemia, oxidative stress, 
and/or inflammation as described in human 
patients.8

Despite ad libitum feeding, the cats’ BW 
during this 8 weeks study was not signifi-
cantly changed (Overweight + 1% and lean, 
+3 % BW), suggesting that cats were in a 
steady phase of BW maintenance.  Lean cats 
with a maximum BCS of 5 on the 9-point 
scale, which is considered as ideal, had an 
estimated body fat ranged within previously 
reported reference values for lean cats, 14 
but a real evaluation with accurate methods 
as Dexa-Scan or deuterium injection would 
have to be used to obtain more exact body 
fat measurement. Despite significantly high-
er BW and calculated body fat in overweight 
than in lean cats, leptin concentrations did 
not differ significantly between groups. This 
could be justified because neither extremely 
lean nor extremely obese cats had been com-
pared in this study. Furthermore, cats were 

Table 3: Cholesterol and triacylglycerol plasma concen-
tration in young, adult and senior cats. Significant age 
effects are indicated.

*within a column, indicates a significant (P<0.05) age 
effect
a,b within a column, values with a different letter are sig-
nificantly different  (P <0.05).
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ad libitum fed with a mean energy intake for 
both groups higher than recommended by
 NRC (2006) 18 while in other published 
studies, cats were energy-restricted to main-
tain BW. 19,20

No significant differences were observed 
between lean and overweight cats for cho-
lesterol or TAG concentrations, which is in 
disagreement with previous works reporting 
increased concentrations of TAG 19,20 and 
cholesterol 19 in obese cats. Overweight cats 
investigated in this study had similar TAG 
values than those previously reported in 
obese insulin-resistant cats, but the lean cats 
had higher TAG values than reported by oth-
ers. 19,20 Regarding cholesterol concentration, 
values in overweight cats were lower than 
reported in the literature. 19,20 Chronically 
obese cats could have similar cholesterol 
values than lean cats, but with abnormalities 
of LDL and HDL lipoprotein fractions,20 but 
in the current study, lipoprotein separation 
was not performed. Despite no significant 
difference between lean and overweight ani-
mals, blood TAG levels were positively and 
significantly correlated with BW, which is in 
favour of increased TAG with weight gain.  

A limitation of this study is the small 
sample size and lack of age- and gender-
matched controls. That is why group, age, 
and sex effects were tested together in the 
statistical model. We found a significant 
effect of age on blood TAG concentra-
tion, the difference coming from the 
overweight group, and a significant effect 
of gender on cholesterol concentration 
that overlapped group (lean versus over-
weight) and age effects. A previous study 
with lean cats showed that age influences 
lipoprotein lipase, hepatic lipases, and 
lecithin:cholesterol acyl transferase enzy-
matic activity, but no significant increase 
in blood lipids with age was reported.21 In 
humans, it has been shown that ageing is 
associated with impaired-cell sensitivity to 
glucose and impaired-cell compensation to 
insulin resistance22 and  that muscle insulin 
resistance - due to decreased muscle glyco-
gen synthesis - promotes hepatic de novo 

lipogenesis, resulting in an increased plasma 
triglyceride concentrations.23 In cats as well, 
risk factors for diabetes mellitus include 
obesity, age, male gender, inactivity, and be-
ing neutered.23,24 It remains to be determined 
if this increase in blood TAG concentration 
could be a sign of decreased muscle insulin 
sensitivity. A gender effect had also previ-
ously been shown, neutered males having 
higher blood cholesterol than intact males or 
intact females.21 

Urinary F2-Isoprostanes are markers 
of in vivo lipid peroxidation and are used 
as an index of oxidative status.10 In human 
patients, increased F2-Isoprostanes concen-
tration in a variety of diseases (cardiovas-
cular, pulmonary, neurological, renal, and 
liver) suggests an excess of free radicals 
and oxidant injury. Although the association 
between increased oxidative stress and dis-
ease does not necessarily imply a causative 
link, the fact that the F2-Isoprostane levels 
increase is an early event in pathologies like 
asthma, hepatic cirrhosis, scleroderma, and 
Alzheimer’s disease suggests a causative 
role for oxidative stress at least in these 
diseases.10 A significant increase of urinary 
F2-Isoprostane was observed in overweight 
cats, as it has been observed in obese hu-
mans, suggesting that obesity in cats could 
be associated with an increased pro-oxida-
tive burden or increased cell oxidation sus-
ceptibility. However, a complete urinalysis 
might be performed to rule out lower urinary 
tract inflammation as a source of F2-iso-
prostanes in the urine of these obese cats. It 
remains also to be determined if an oxida-
tive status modification is a predisposing 
factor for frequently observed diseases in 
obese cats (e.g. hepatic lipidosis, hyperlipid-
emia, diabetes mellitus, lameness, renal, or 
urinary diseases). It has already been shown 
that cats with diabetes mellitus or with renal 
insufficiency undergo oxidative stress, as 
indicated by decreased plasma superoxide 
dismutase, increased serum 8-OHdG or 
comet assay parameters.25,26  

Acute-phase proteins were not signifi-
cantly modified in overweight cats, sug-
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gesting that the inflammation associated 
with excess BW was limited or that these 
markers were not sensitive enough to detect 
a slight modification. Indeed, in another 
study performed in obese cats, expression 
of inflammatory cytokine TNFa (tumor ne-
crosis factor alpha) in fat tissue was shown 
to be increased, suggesting an inflammatory 
status in overweight cats.5 In this study, fat 
biopsies were not performed for reasons of 
animal well-being.  

In conclusion, this preliminary study 
shows that ad libitum fed overweight cats 
undergo increased oxidative processes that 
can be evidenced by F2-Isoprostanes in 
urine samples. Also, age is a predisposing 
factor to increased TAG blood concentration 
in overweight cats.
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