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LEPTIN - A USEFUL ADIPOKINE
IN PREVENTING AND MANAGING OBESITY IN DOGS
LEPTINA - O ADIPOKINA UTILA
IN PREVENIREA SI GESTIONAREA OBEZITATII LA CAINI

ABSTRACT |

Anthropomorphizing of dogs has drastically
changed their environment, social, and food behavior
with serious health consequences, obesity being at the
top of the list. This article highlights the potential role
of leptin as a biomarker associated with obesity in
dogs. Leptin analysis (ng/mL) was performed on ve-
nous blood by the enzyme-linked immunosorbent
assay (ELISA). All data on plasma concentration were
recorded and classified based on animal profile: age,
gender, race, BCS, weight, nutrition, and primary di-
sease. Statistical analysis matched pairs analysis, and
multiple regression models of leptin concentrations
were employed to analyze the relationship between
serum leptin levels and some independent variables.
The data from dogs is not normally distributed, and
50% of the animals had leptin concentration between
3 ng/mLand 6 ng/mLin year 1 (2010), between 3 ng/
mL and 9 ng/mL in year 2 (2011) and between 2 ng/
mL and 4 ng/mL in year 3 (2015). Monitoring animals
since they were born, nutrition counseling, including
adipokine monitoring, are essential for preventing o-
besity. Active maintenance of the animal is also impor-
tant. The multiple regression models generated for
leptin concentrations are a useful tool to estimate the
animal's potential for developing obesity.
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REZUMAT

Antropomofizarea cainilor le-a schimbat drastic
mediul, comportamentul social si alimentar, cu conse-
prima pe lista de afectiuni. Acest articol evidentiaza
rolul potential al leptinei ca biomarker asociat obezi-
tatii la caine. Analiza leptinei (ng/mL) a fost efectuata
pe sange venos, prin tehnica imunoenzimatica
(ELISA). Toate datele privind concentratia plasmatica
au fost inregistrate si clasificate pe baza profilului ani-
malelor: varsta, sexul, rasa, Scorul Corporal de Greu-
tate (BCS), greutatea, tipul de alimentatie si afectiu-
nea primara. Analiza statistica a asocierilor si mode-
lele de regresie multipld a concentratiilor de leptina au
fost folosite pentru a analiza relatia dintre nivelele lep-
tinei serice si unele variabile independente. Datele ob-
tinute de la céini nu sunt distribuite in mod normal si
50% dintre animale au avut concentratia de leptina
intre 3 ng/mL si 6 ng/mL in anul 1 (2010), intre 3 ng/
mL si 9 ng/mLin anul 2 (2011) siintre 2 ng/mLsi 4 ng/
mL Tn anul 3 (2015). Monitorizarea animalelor ince-
pand de la nastere, consilierea nutritionald, inclusiv
monitorizarea adipokinelor, sunt esentiale pentru pre-
venirea obezitatii. Mentinerea activa a animalului este
de asemenea importantd. Modelele de regresie multi-
pld generate pentru concentratiile de leptina repre-
zinta un instrument util pentru estimarea potentialului
animalului de a dezvolta obezitatea.

Cuvinte cheie: monitorizarea leptinei,
obezitate, caini

Obesity is one of the most important health pro-
blems of the animal population, especially those raised
as pets, at the top of the list being cats and dogs.
Approximately 55% of dogs and cats in the United
States were considered overweight and obese in 2013
(1), while in 2017 it is estimated that the proportion
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reached 60% of cats and 56% of overweight or obese
dogs (2, 3). Domestication, even the anthropomor-
phism of these pets has drastically changed their
environment and with very serious consequences on
social and food behavior. A recent study in Europe on
the investigation of dog owner's perceptions about
their own obesity and their dogs' obesity has demon-
strated that among 3185 respondents from ten coun-
tries, between 19.1% and 48.8% of the owners and
their dogs were overweight/obese.

The predisposing factors identified were the age,
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gender and owners' attitude towards diet and physical
activity (4). These statistics are alarming, and obesity
is not just a build-up of adipose tissue, it leads to the
production of important metabolic and hormonal
changes in the body. The high incidence of overweight
and obese pets results in high morbidity and mortality
and affects the quality of life, longevity and wellbeing
of dogs and cats (5).

Genetics plays an important role in the predisposi-
tion to obesity in dogs, like for example at dog breeds
such as Terrier Cairn, Dachshund, Scottish Terrier,
Beagle, Cocker Spaniel, Basset Hound, Labrador, Gol-
den Retriever, Rottweiler, Newfoundland, Saint Ber-
nard, Bernese Mountain Dog (6). Also, another predis-
posing factor for obesity is age. Like the elderly, the
dogs, but also the cats are the most exposed to the
risk of becoming overweight, although younger ani-
mals may find themselves in this condition. Gender is
another predisposing factor, females, like most spe-
cies, are at increased risk for obesity because physio-
logically during the gestation and lactation period the
animal accumulates energy reserves in the form of fat
deposits and nutrients and greatly restrains the move-
ment, remaining around the nest to defend and nou-
rish the offspring. Also, sterilization of females and
males is another predisposing factor of obesity, sex
hormones influencing basal metabolism but ensuring
daily moderate movement after sterilization and a ba-
lanced diet can prevent weight gain. However, studies
have shown that early sterilization in females at about
5-6 months seems to reduce the risk of weight gain,
although hormonal changes have a direct effect on
nerve centers responsible for satiety and metabolism
(hypothalamus, for example), and indirectly affect cell
metabolism and the activity of hormones that regulate
food consumption (ghrelin, leptin etc.). Estrogen is a
hormone with inhibitory activity of lipogenesis and is
also known to be a determinant in the production of
adipocyte count (5). Miller (2011) shows in a study the
association between obesity and castration in dogs
and cats. It is essential to educate the owners about
how to feed animals and adapt the post-neutering diet
(7). In addition to genetic or predisposing factors, oral
or injectable contraceptives, endocrine diseases
(diabetes or hyperadrenocorticism), hypothalamus le-
sions, drugs such as glucocorticosteroids (dexame-
thasone, for example) can indirectly induce polypha-
gia and then increase in weight (5). In obesity, meta-
bolic, hereditary, nervous, endocrine and nutritional
factors are incriminated (8).

The rate of obesity in dogs and cats (and not only in

these species) is increasing and the study of adipokines
as biomarkers is essential in assessing the risks for the
development of obesity-related complications (9).
Adipose tissue is a group of several endocrine glands
that act differently and produce over 50 bioactive adi-
pokines involved in metabolism with influence on the
immune system and inflammatory effects (1, 11). The
most well-known and studied are: leptin, which regu-
lates the functions of the immune and reproductive
system and modulates insulin resistance; resistin that
increases the production of cytokines with pro-inflam-
matory effect and increase inflammatory markers (TNF
a, Il-1, IR-6, Protein C reactive); adiponectin, also with
inflammatory effects and increasing insulin sensitivity,
apelin, an adipokine involved in increasing insulin sen-
sitivity as a visfatin, otherwise participating in the ab-
sorption of glucose by the muscle and adipocyte cells.

With the discovery of leptin in 1994, studies on this
satiety hormone, as it was called, began to develop, its
role in energy homeostasis and the maintenance of
body mass is extremely important (10). The circula-
ting concentrations of leptin correlate with the fat
mass in both dogs and cats. Thus, increased fat mass,
either from experimentally induced obesity or from
pets with BCS (Body Corporal Score) over ideal (BCS=
3), results in predictable and measurable increases in
leptin. On the contrary, the reduction in fat mass also
leads to a decrease in leptin concentrations in both
species (5). This study presents the results of 30 ana-
lyzed samples from 10 subjects that were monitored
over a period of about 5 years between November
2010 and April 2015. The animals were at least once
each year registered in a veterinary clinic in Bucha-
rest, regarding various routine treatments, vaccina-
tions, spayed/neutering or other necessary treat-
ments. Detailed information: name, race, gender, phy-
siological status, number of meals/days, type of food
used in the animal's diet, and medical history of each
individual patient.

MATERIALS AND METHODS

All data on plasma leptin concentration were recor-
ded and classified based on animal profile, for ten dogs:
age (months, gender, race, assessment of BCS (with
values from 1 to 5), weight monitoring periodically
(kg), type of diet, spaying/neutering or not, and pri-
mary disease. The monitoring was done between 2012
-2015, and the leptin concentration analysis was per-
formed at the beginning of the study (2010), one year
after the start (2011), and the end of the study (2015).
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14
Table 1
Summary statistics leptin concentration (ng/mL) 12
in dogs - year 1 (2010) 10
Mean Std Dev Std Err Upper 95% | Lower 95% N 8
Mean Mean Mean
6
7.64 | 4.9947083 | 1.5794655 | 11.212999 4.0670009 10
4
2
Fig. 1. Distribution of leptin concentration (ng/mL)
in dogs - year 1 (2010)
14
Table 2
Summary statistics leptin concentration (ng/mL) 12
in dogs - year 2 (2011) 10
Mean Std Dev Std Err Upper 95% | Lower 95% N 8
Mean Mean Mean
6
7.9 5.2008546 | 1.6446546 | 11.620467 4.1795327 10
4
2
Fig. 2. Distribution of leptin concentration (ng/mL)
in dogs - year 2 (2011)
20
Table 3
Summary statistics leptin concentration (ng/mL)
in dogs - year 4 (2015) 15
Mean Std Dev Std Err | Upper 95% | Lower 95% N
Mean Mean Mean 10
7.57 5.7986684 | 1.8337 11.718118 3.4218825 10
5

Leptin analysis (ng/mL) was done on venous
blood, at least 2 mL of serum, collected in vacutainer
without anticoagulant; the serum samples were se-
parated by centrifugation and analyzed for leptin
dosing by the enzyme-linked immunosorbent assay
(ELISA) using an automated immunodiagnostic de-
vice with Leptin Sandwich ELISA kit.

The blood plasma sample was from all subjects
investigated, during the monitoring period. Thus,
blood was collected at least 10 hours after the last
meal or at least 10 hours after the last dose of insulin.
For the statistical analysis, the data were processed
using the Matched pairs platform and the Fit model
platform of the JMP10 software.

The linear model that has been tested is a multiple
regression.

Fig. 3. Distribution of leptin concentration (ng/mL)
in dogs - year 4 (2015)

The independent variables considered were: age
(numerical continuous), weight (numerical continuous),
gender (binary variable), BCS (ordinal variable).

RESULTS AND DISCUSSION

The summary statistics are shown in Tables 1-3 and
Figures 1-3. The data are not normally distributed. The
summary statistics suggest that a larger group of
animals should be observed covering all variables that
are indicated in the literature to influence the level of
leptin. Figures 1-3 show that 50% of the animals under
observation had leptin concentration between 3 ng/mL
and 6 ng/mL in year 1 (2010), between 3 ng/mL and 9
ng/mL in year 2 (2011), and between 2 ng/mL and 4
ng/mLinyear 3 (2015).
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Appetite, food intake, body weight, and BCS

It is well known that, as has been proven by many
studies, the main role of leptin is to induce satiety and
to regulate food intake. All ten dogs were monitored
between 2010 and 2015, and the leptin concentration
was determined in 2010, then at one year (2011), and
at the end of the monitoring period (2015). Among the
dogs, one received diet (Intestinal Low Fat), three re-
ceived home-made food, one received a mix of com-
mercial food and food scraps, and five have received
commercial food premium/super premium.

A study on the influence of food on the microbiome
showed that a "high-protein, low-carbohydrate" diet
caused the development of proteolytic bacteria while
"moderate-protein, moderate-carbohydrate" diet has
led to the development of saccharolytic bacteria and
the growth of bifidobacterial and ghrelin in the blood
which stimulates appetite and lactobacilli, whose
value was correlated with the increase in total blood
cholesterol and leptin (11).

These statements were also valid in this study.
Dogs who received home-made diet and commercial
food economic range with a moderate-low nutritional
value, BCS was in two dogs 5, and in one, 3; in all
dogs, the plasma leptin concentration increased du-
ring the monitoring period. Findings on the role of in-
testinal microbiota in obesity have been mentioned by
Ostro and Lutz (2015) (13). The same results were al-
so obtained and presented by Vesteretal.(2012) (14).

During the first year of monitoring, 2010-2011,
dogs were medically evaluated on the basis of va-
riables (nutrition, gender, spayed / neutered, weight,
BCS, and leptin concentration). The level of leptin is a
good indicator of the body's fat content in humans,
dogs, and rodents. Shibata et al. (2003) have shown
that ELISA-determined leptin concentration may be
useful in assessing obesity (13). In the monitored
dogs, the leptin concentration increased in 2010-2011
in 6 dogs (predominantly those with BCS 5 and 4);
these dogs generally received 2-3 meals/day.

The results presented in Tables 1-2 and Figures 1-
2, show an increase in leptin concentration during this
year. Dogs' leptin concentrations are increased after a
fat meal or after a high energy consumption. In dogs,
this effect may increase by 2 to 3 times leptin concen-
trations, for 8 hours. A study by Yamka (2007) on nu-
trients in experimentally administered food for weight
loss of the dog showed that formulas with high content
of amino acids and proteins and increased content in
soluble fiber compared to commercially available diets
in commerce for obesity prevention, with increased

content in total dietary fiber, have been effective in re-
ducing weight and loss of body fat (14).

The animals monitored in this study spend their
time in the house and go out controlled, limited pe-
riods of time. Owners have been advised to adopt a
controlled feeding of animals so as to prevent the
installation of obesity. During the monitored period
(2010-2015) no food was changed but strict control of
the administered amount was recommended, and
motion was also recommended. Adult animals which
live in a stress-free environment and who receive
healthy diets from a nutritional point of view, balance
the expenses with long-term energy consumption (1).
At the end of the monitoring period, the results pre-
sented in Table 3 and Figure 3 in dogs show a variation
in leptin concentration for the three periods in the in-
vestigated animals.

The effectiveness of an obesity prevention pro-
gram is even more efficient as animals are growing
and evaluation and monitoring is done from birth. An
adequate diet during the key development periods
(growth, pregnancy, lactation, weaning) both in dogs
and cats is essential for their health and reproduction
(16). Surely, diet is essential in a weight loss program
along with an effective program of movement.

Sunvold (2008) shows that weight loss is influ-
enced by changes in the carbohydrate metabolism by
the use of nutrients that influence blood glucose (e.g.,
starch source), some mineral substances (e.g., chro-
mium) and fermentable fibers; changes in lipid meta-
bolism by carnitine supplementation, for example as a
longchain fatty acid carrier via the mitochondrial
membrane or supplementation with some vitamins
(e.g., vitamin A) as well as vitamin D (17). Generally,
proper protein intake, the use of low-glycemic carbo-
hydrate sources (e.g. cereals such as barley, sorghum
or buckwheat) as well as mineral and vitamin supple-
ments are useful in preventing obesity equally in hu-
mans and animals (dogs, cats).

Regarding race influence on BCS, fat mass and adi-
pokine concentrations, studies are fairly low. Ishioka
etal. (2007) shows that the race may still influence the
leptin concentrations for the dog while this does not
apply to the cat. Thus, comparative analysis of BCS
and leptin concentration in Shetland Sheepdog breeds
was higher compared to the results obtained in dogs
from the Miniature Dachshund and Shih Tzu breeds,
for example (18). In this study, 6 mixed-breed dogs
and 4 breed dogs were investigated (Bullmastiff, 84
months, BCS 5; Golden Retriever, 120 months, BCS 3;
Cocker, 132 month, BCS 3; Bichon, 84 month, BCS 4)
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in which no BCS variation was observed during the
monitoring period, except for the Bichon for which
BCS was reduced to 3.

Plasma leptin concentration is a good indicator of
obesity. A study of male Beagle dogs that received a
high calorie diet for 3 months showed that they all
became obese, and the plasma leptin concentration
increased significantly from 2.4+/-1.2 to 4.9+/-0.9
ng/mL, correlating positively with the body fat content
estimated by the deuterium oxide dilution method
(r=0.87) (19).

In this study, in the 10 dogs monitored, plasma
leptin concentration based BCS values were: for BCS
3, the leptin concentration was of 2.9-4.0 ng/mL; for
BCS 4, the leptin concentration was of 8.2-13.5 ng/
mL, and for BCS 5, the leptin concentration was of
13.0-18.7 ng/mL. The results are almost similar to
those from other studies. Also, Ishioka et al. (2002)
shows that the leptin concentrations of plasma sam-
ples collected from 59 dogs in veterinary clinics were
compared with BCS. Plasma leptin concentrations in
obese dogs were 9.7+/-,and 12.3+/- ng/mL at BCS 4,
and respectively, BCS = 5, which were significantly hi-
gher than those of optimal dogs (BCS = 3) 2.7+/-0.3
ng/mL. There was no significant effect of gender and
race. We found a poor positive correlation (r=0.37)
between the plasma and age leptin concentration,
probably due to the lower visceral fat content at pup-
pies younger than 1 year. These results indicate that
leptin from plasma is a good index of adiposity in dogs,
irrespective of race, age, and gender, and can be use-
ful for quantitative assessment of obesity in small ani-
mals (19).

The relationship between spaying

or neutering, and leptin concentrations

According to Godoy (2018) there are changes
between gonadectomy, hormonal changes (especially
those of ghrelin, leptin, adiponectin, glucagon-like
peptide-1) and appetite regulation. Therefore, a
therapeutic approach to obesity has to start from the
investigation of physiological hormones to a dietary
management adapted to satiety control and hunger,
the more so as the composition of food in nutrients
greatly influences the phylogeny and the functional
capacity of the microbiota (5). Of the 10 monitored
dogs, half of them were neutered; in 4 of these, the
leptin concentration increased during the monitoring
period, average values found between 9.12-9.72 ng/
mL. In non-neutered dogs, both females and males,
mean values of leptin concentration during the moni-

toring period were between 6.28-5.42 ng/mL.

Kawauchi et al. (2017) shows in a study that a diet
with 94.0 g protein/1000 kcal ME seems to be a be-
neficial nutritional strategy to maintain the dog's body
condition after neutering (22). It is worth noting that
after sterilization in cats, the corporal weightincreases
significantly from the moment the animal is neutered.
In general, for animals with age under one year, the
concentration of plasmatic leptin was lower, as fat tis-
sueisreduced (23).

Leptin anditsrole

in the development of diabetes

Wakshlag et al. (2011), show that in a dog, follo-
wing a weight loss process, a series of chronic inflam-
mations (e.g. serum C-reactive protein, monocyte
chemoattractant protein-1, total adiponectin, HMW
adiponectin, resistin, leptin) have remained un-
changed, except for leptin that recorded a significant
reduction after the weight reduction program which
suggests that insulin resistance and type 2 diabetes is
less prevalentin dogs (20).

Although the consequences of obesity are very si-
milar to those of humans, there are differences be-
tween the two species: diabetes in dogs is not neces-
sarily associated with obesity, they develop a type 1
diabetes while in cats; this pathology is similar to hu-
man type 2 diabetes in terms of pathophysiology, risk
factors and treatment (12, 21).

CONCLUSIONS

Obesity is on the rise in pets - dogs and cats, and
this is evidenced by a series of studies around the
world. The list of diseases caused by obesity is long,
and prevention is the best solution in this case.

Adipokines are currently being analyzed as poten-
tial biomarkers for risk assessment in the develop-
ment of obesity-related complications.

In this study, in the dogs monitored, plasma leptin
concentration based BCS values were: for BCS 3, the
leptin concentration was of 2.9-4.0 ng/mL; for BCS 4,
the leptin concentration was of 8.2 -13.5 ng/mL, and
for BCS 5, the leptin concentration was of 13.0-18.7
ng/mL. There was no significant effect of gender and
race, and the results are almost similar to those from
other studies. The approach to therapy has to go from
investigating physiological hormones to dietary ma-
nagement adapted to satiety control and hunger, and
last but not least, the change in physical activity as an
important factor in weight maintenance.
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