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Chronic low-grade inflammation in
obesity is characterized by an increased
production of pro-inflammatory and
chemotactic cytokines that contribute
to insulin resistance and related 
comorbidities. Essential for survival,
nutrient metabolism and immunity
co-developed common organ systems
and signaling pathways during evo-
lution.1,2 This close link between
metabolism and immunity explains
how obesity is associated with an
inflammatory response.3 Excess
body weight leads to a systemic and
chronic low-grade inflammation that contributes to the
pathogenesis of obesity’s comorbidities, including diabetes
mellitus, cardiovascular diseases and osteoarthritis. 

We hypothesized that weight loss would improve insulin
sensitivity and increase anti-inflammatory and antioxidant
factors, and that pro-inflammatory and chemotactic cytokines
would decrease in correlation with the amount of fat mass.
To test the hypothesis, we investigated the plasma levels of a
wide array of cytokines (pro- and anti-inflammatory, chemo-
tactic and growth factors) in a ca-
nine model of weight loss. 

We recruited 18 overweight Beagle
dogs (six spayed females and 12
neutered males), with a body con-
dition score (BCS) of 7 to 8 (on 9-
point scale). Dogs were fed a
high-protein, low-calorie dry fooda

at 25% less than their individual
maintenance energy requirement

(MER) to induce gradual weight
loss over six months. All the dogs
reached an ideal weight by the end
of the program. Body composition
was assessed using dual-energy 
X-ray absorptiometry (DEXA), plasma
samples collected, and intravenous
glucose-tolerance tests (IVGTT)
conducted at baseline, month 
three and month six. Cytokines
were analyzed in duplicate using 
a bead-based multiplex immunoas-
say specific for the cytokine and
adipokine panels on the Luminex

100 IS system, following the manufacturer’s protocol.4

The results from DEXA (Table 1) and IVGTT confirmed
that the dogs were healthier by the end of the weight-loss
program with decreased fat mass and improved insulin
sensitivity. The hormone leptin, pro-inflammatory cytokines
keratinocyte chemokine (KC), interleukin (IL)-8 and IL-18,
growth factors granulocyte/macrophage colony stimulating
factor (GM-CSF), IL-7 and IL-2, and chemokines, interferon-
inducible protein (IP)-10 and monocyte chemotactic protein
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Glossary of Abbreviations
BCS: Body Condition Score
DEXA: Dual-Energy X-Ray 
Absorptiometry
GM-CSF: Granulocyte/Macrophage/
Colony Stimulating Factor
IL-8: Interleukin-8
IP-10: Interferon-Inducible Protein 10
IVGT: Intravenous Glucose Tolerance Test
KC: Keratinocyte Chemokine
MCP-1: Monocyte Chemotactic Protein 1
MER: Maintenance Energy Requirement

Table 1. Outcomes of Weight-loss Program on Overweight Dogs

Baseline Month 3 Month 6

Weight (kg) 15.0 (9.0 - 18.1) 10.6 (7.2 – 14.5)** 9.3 (6.3 – 13.6)**

BCS (1 – 9) 7.5 (7 – 8) 5.5 (4.5 – 7)* 4.5 (4 – 5.5)**

Fat mass (kg) 5.3 (2.8 – 6.5) 2.0 (0.4 – 3.5)* 0.4 (0.3 – 1.2)**

Tissue fat, % 36.9 (25.8 – 44.2) 16.7 (4.0 – 31.2)* 4.9 (4.0 – 13.1)**

* Significantly different from baseline, p<0.05
** Significantly different from baseline, p<0.01

a Purina Fit & Trim (Nestlé Purina PetCare Co., St. Louis, MO)
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(MCP)-1 all decreased significantly with weight loss, Several
of these cytokines correlated with the percentage of fat
measured by DEXA (Table 2).

Our goal was to characterize how weight loss may impact
different types of circulating cytokines in overweight dogs.
Our findings reflecting changes in several pro-inflammatory
and chemotactic cytokines are in accordance with human
and rodent studies, and some canine studies. In addition,
we identified additional cytokines, such as growth factors,
related to obesity-induced low-grade inflammation. 
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Table 2. Correlation Between Tissue Fat (%) and
Plasma Cytokines

Spearman r p-value

Pro-Inflammatory Cytokines

IFN-γ 0.193 0.162

KC 0.404 0.003

IL-6 -0.008 0.952

IL-8 0.284 0.037

IL-18 0.431 0.001

TNFα -0.052 0.707

Anti-Inflammatory Cytokines

IL-4 0.334 0.014

IL-10 0.209 0.130

Growth factors

GM-CSF 0.364 0.007

IL-7 0.306 0.025

IL-15 0.038 0.784

IL-2 0.371 0.006

Chemokines

IP-10 0.273 0.046

MCP-1 0.357 0.008

Adipokines

Adiponectin 0.374 0.028

Leptin 0.482 0.004


