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Serum adipokine concentrations in dogs with diabetes 
mellitus: a pilot study
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This study was conducted to determine whether serum adipokine concentrations differed between healthy dogs and dogs with diabetes mellitus 
(DM). To accomplish this, 19 dogs with newly diagnosed DM were compared to 20 otherwise healthy dogs. The serum concentrations of 
visfatin, leptin, IL-1, IL-6, IL-18, and TNF- were significantly higher in diabetic dogs than in healthy dogs, whereas the serum adiponectin 
concentrations were lower in diabetic dogs. However, there were no significant differences in the IL-10 and resistin levels between groups. 
The serum leptin concentrations in diabetic dogs with and without concurrent disorders differed significantly. Treatment with insulin induced 
a significant decrease in IL-6 in diabetic dogs without concurrent disorders. These results show that the clinical diabetic state of dogs could 
modulate the circulating visfatin and adiponectin concentrations directly, while upregulation of leptin was probably a result of concurrent 
disorders rather than an effect of persistent hyperglycemia as a result of DM.
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Introduction

Diabetes mellitus (DM) is a common endocrinopathy in dogs 
[11] that is characterized by persistent hyperglycemia caused by 
a relative or absolute insulin deficiency. The most common 
form in dog resembles type 1 DM in humans [11,31]. The 
mainstay of the clinical treatment of DM in dogs is insulin 
therapy, and its clinical signs include polydipsia, polyuria, and 
weight loss, which are associated with hyperglycemia and 
glucosuria [31]. Multiple factors might contribute to the 
etiology of canine DM [11,14], including obesity, diet, exposure 
to toxic chemicals or drugs that cause insulin resistance, 
immune-mediated destruction of islet cells, and the destruction 
of islet cells secondary to pancreatitis [5,11,14,38]. 

In general, adipokines are defined as biologically active 
substances produced in adipose tissue that act in an autocrine/ 
paracrine or endocrine manner [29,39]. In human medicine, 
adipokines have attracted a tremendous amount of scientific 
interest because of the dramatic rise in obesity and its metabolic 
sequelae during the past few decades [7,28]. Evidence suggests 
that adipokines may contribute to the regulation of diverse 
biological processes, including inflammation and immune 
functions [33], hemostasis and vascular biology [23], hematopoiesis 

[10], and cellular proliferation and angiogenesis [29,39]. In 
humans, several studies of metabolic diseases have reported the 
clinical implications of adipokines such as leptin, adiponectin, 
resistin, and visfatin, as well as cytokines such as tumor 
necrosis factor (TNF)- and interleukin (IL)-6 [7,28]. 

It is unclear whether the dysregulation of adipokines is a 
cause or a result of DM in humans [5,35], but elevated 
concentrations of various adipokines and cytokines (TNF- 
[35], IL-6 [27], and resistin [25]) have been reported in the 
circulatory systems of humans and rodents with insulin resistance. 
In contrast, two other adipokines, leptin and adiponectin, are 
known to increase insulin sensitivity and improve the effects of 
insulin in rodents [8]. Several clinical studies have suggested 
that serum adipokines might be related to the pathophysiology 
of diabetic humans [5,9]. However, there is a lack of well- 
documented studies of the relationship between adipokines and 
DM in dogs. A recent study proposed that the dysregulation of 
adipokines might be related to the pathogenesis of diabetic 
ketoacidosis (DKA) in dogs [26], but there is still a lack of 
information regarding the roles of adipokines in the pathogenesis 
of DM in dogs. Therefore, this study investigated whether the 
concentrations of serum adipokines differed in healthy and 
diabetic dogs with or without concurrent disorders.
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Materials and Methods

Case selection
Seventy-five dogs with newly diagnosed, untreated DM were 

enrolled in this prospective, observational cohort study. Thirty- 
six dogs were selected based on their body condition score 
(BCS; nine-point scale), which was 4/9. Nine dogs with 
complications of diabetes such as DKA or hyperosmolar 
hyperglycemic syndrome were excluded from this study, as 
were eight intact female dogs because the production of 
adipokines may be affected by reproductive status. Thus, only 
19 dogs with DM were included in this study. Twenty healthy 
client-owned dogs with the same BCS scores (4/9) were 
included as controls. The healthy dogs were recruited from dogs 
that presented for health examination at the same veterinary 
medical center. Informed consent was obtained from the owners 
and the University Ethics Committee approved all of the animal 
studies.

Diagnosis of DM was based on the history of polyuria, 
polydipsia, weight loss despite good appetite, persistent glycosuria, 
increased serum fructosamine concentration (IDEXX Laboratories, 
Korea), and a persistent fasting blood glucose concentration 
＞ 250 mg/dL [22,31]. The clinical signs or presence of 
concurrent disease did not affect study inclusion or exclusion. 
Dogs in the healthy group were considered to be healthy based 
on physical examination, indirect measurement of their systolic 
blood pressure, examination of fecal specimens to determine 
the presence of parasites using a flotation technique, heartworm 
antigen testing, complete blood count analysis, serum biochemical 
analysis, urinalysis, adrenocorticotropic hormone response 
testing, and diagnostic imaging, including survey radiography 
and abdominal ultrasonography. In addition, diabetic dogs were 
clarified based on a physical examination, indirect measurement 
of their systolic blood pressure, examination of fecal specimens 
to determine the presence of parasites using a flotation 
technique, heartworm antigen testing, complete blood count 
analysis, serum biochemical analysis, urinalysis, adrenocorticotropic 
hormone response testing, thyroid function testing, and diagnostic 
imaging, including survey radiography and abdominal 
ultrasonography. 

Assay
All of the dogs were fasted for ≥ 12 h prior to blood 

collection. Serum was separated from clotted whole blood by 
centrifugation at 1,200 × g for 10 min within 1 h of blood 
collection and stored at −80oC until the assay. The following 
adipokines were measured: leptin, visfatin, adiponectin, resistin, 
IL-1, IL-6, IL-10, IL-18, and TNF-. Serum leptin was 
analyzed in duplicate according to the manufacturer’s protocol 
using a canine-specific ELISA kit (Canine Leptin ELISA kit; 
Millipore, USA), where the intra-assay variability was 4%, the 
inter-assay variability was 6%, and the leptin assay sensitivity 

was 0.4 ng/mL. The serum visfatin concentrations were measured 
using a canine-specific ELISA kit (Canine Visfatin ELISA kit; 
Tsz Biosciences, USA), where the intra- and inter-assay 
variabilities were 3% and 9%, respectively, and the assay 
sensitivity was 0.2 ng/mL. Serum resistin was measured using 
a canine-specific ELISA kit (Canine Resistin ELISA kit; Tsz 
Biosciences), where the intra-and inter-assay variabilities were 
＜ 5% and ＜ 7%, respectively, according to the manufacturer’s 
instructions. Serum adiponectin was measured using a canine- 
specific ELISA kit (Canine Adiponectin ELISA kit; Millipore), 
where the intra- and inter-assay variabilities were ＜ 5% and ＜ 
3%, respectively, and the assay sensitivity was 0.03 g/mL. 
Serum IL-1 was measured using a canine-specific ELISA kit 
(Canine ELISA kit; USCN Life Sciences, China), where the 
intra- and inter-assay variabilities were ＜ 10% and ＜ 12%, 
respectively, and the assay sensitivity was 6.4 pg/mL. The 
optical density was determined at 450 nm using an automated 
microplate reader (ELx 808; BioTek instruments, USA). The 
serum IL-6, IL-10, IL-18, and TNF- levels were measured in 
duplicate using a Milliplex MAP Canine kit (Canine 
Cytokine/Chemokine MAGNETIC kit; Millipore). The intra- 
and inter-assay variabilities of all the variables were ＜ 5% and 
＜ 15%, respectively, and the assay sensitivities of IL-6, IL-10, 
IL-18, and TNF- were 3.7, 8.5, 5.8, and 6.1 pg/mL, respectively. 
The assays were determined using Luminex (Luminex 200; 
Luminex, USA). All of the samples, standards, and controls 
were assayed in duplicate. 

Circulating adipokine concentrations after treatment with 
insulin

All of the dogs diagnosed with DM received recombinant 
human neutral protamine Hagedorn (NPH) insulin (Humulin N; 
Eli Lilly and Company, Korea). The initial dose of NPH insulin 
was 0.25 IU/kg, which was administered subcutaneously every 
12 h. Subsequently, adjustments in the insulin dose were made 
by the managing clinician for each dog based on the dog’s body 
weight and response to the previous insulin dose on the glucose 
curve with the goal of maintaining the blood glucose concentration 
between 80 and 300 mg/dL, and the lowest blood glucose 
concentration between 80 and 150 mg/dL [22,31].

To evaluate the circulating adipokine concentrations after 
insulin treatment, a second round of testing was conducted 
when the dogs were judged to be clinically well controlled 
based on improvement or disappearance of clinical signs and 
the blood glucose concentration [22,31]. To exclude the effects 
of other factors such as hypercortisolemia, only eight diabetic 
dogs without concurrent diseases were selected. The blood 
glucose concentrations of all eight dogs were within the target 
ranges after 12 weeks of treatment with NPH insulin, at which 
time they were reassessed to determine whether their adipokine 
concentrations had been affected by insulin treatment.
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Table 1. Baseline characteristics of diabetic and healthy dogs

Analyte Healthy
(n = 20)

Diabetic (n = 19)

non-concurrent 
(n = 8)

concurrent 
(n = 11)

Median age
 (range, yr)

11
(6–14)

10.5
(8–16)

11
(7–14)

Median body weight
  (range, kg)

4.32 
(2.03–19.32)

3.30 
(2.25–6.72)

3.34 
(2.42–7.24)

Males
Intact (n) 4 2 4
Neutered (n) 5 1 2

Females
Intact (n) – – –
Neutered (n) 11 5 5

Breeds (n)
Miniature Poodle 3 1 3
Maltese 3 – 1
Cocker Spaniel 3 1 –
Mixed breed 2 1 1
German Shepherd 2 – –
Dachshund 2 – –
Pomeranian 1 – 1
Shih Tzu 1 1 –
Beagle 1 – –
Siberian Husky 1 – –
Boston Terrier 1 – –
Yorkshire Terrier – 3 3
Miniature
 Schnauzer 

– – 2

Spitz – 1 –
n: number of animals.

Statistical analysis
Data were analyzed using a commercially available statistical 

program (GraphPad Prism 6; GraphPad Software, USA). Normality 
tests (D’Agostino-Pearson omnibus test) were performed to 
determine whether the data were normally distributed. Mann- 
Whitney U tests were used to identify differences between 
diabetic dogs with or without concurrent diseases and healthy 
dogs, and the data were expressed as medians (ranges). The p 
values were calculated for two-tailed tests and the 95% 
confidence intervals (CIs) of the differences between medians 
were determined. Wilcoxon matched-pairs signed rank tests 
were used to compare the results for diabetic dogs before and 
after insulin treatment, and the data were expressed as medians 
(ranges) and 95% CIs. Parameters that did not satisfy a normal 
distribution were transformed mathematically to improve their 
symmetry before subsequent analyses. The associations among 
variables were tested by univariable linear regression analysis. 
For all comparisons, a p ＜ 0.05 was considered significant. 

Results

Concurrent diseases in diabetic dogs
This study included 20 healthy dogs and 19 dogs with DM 

(Table 1). Overall, 11 of the diabetic dogs had at least one 
concurrent disease. Eight of the 11 diabetic dogs with 
concurrent disease(s) had acute pancreatitis (AP) concurrent 
with chronic kidney disease (CKD) or hyperadrenocorticism 
(HAC). Specifically, one dog had AP only, four dogs had AP 
and CKD, and three dogs had AP and HAC. Three of the 
remaining 11 diabetic dogs had HAC, CKD, or myxomatous 
mitral valve disease (MMVD), one had CKD, one had HAC, 
and one had HAC and MMVD. Three of five dogs with HAC 
were treated for HAC prior to the DM episode. There were no 
significant differences in body weight or age of healthy and 
diabetic dogs, regardless of concurrent diseases.

Circulating adipokine concentrations in diabetic dogs
The serum leptin (95% CI = −0.02 to 2.39, p = 0.0498) and 

visfatin (95% CI = 0.05 to 0.11, p = 0.0006) concentrations were 
significantly higher in diabetic dogs than healthy dogs, whereas 
the serum adiponectin (95% CI = −12.2 to −3.58, p ＜ 0.0001) 
concentration was significantly lower in diabetic dogs than 
healthy dogs (Fig. 1). However, the serum resistin (95% CI = 
−2.15 to 22.98, p = 0.1005) concentrations did not differ 
significantly between diabetic and healthy dogs. Serum IL-1, 
IL-6, and TNF- were not detected in the majority of the healthy 
dogs, but were detected in several diabetic dogs (Table 2). The 
serum IL-18 (95% CI = 4.70 to 63.6, p = 0.0070) concentration 
was significantly higher in dogs with DM than healthy dogs, 
whereas the serum IL-10 (95% CI = −20.4 to 5.30, p = 0.2060) 
concentration did not differ significantly between the two 
groups. Univariate linear regression did not detect significant 
associations between the blood glucose concentrations and any 
of the log-transformed hormone concentrations in healthy and 
diabetic dogs.

Differences in circulating adipokine concentrations between 
diabetic dogs with and without concurrent diseases

The diabetic dogs were divided into two groups to determine 
whether the adipokine levels might have been affected by 
concurrent diseases, those with DM alone and diabetic dogs 
with concurrent disease. The serum leptin concentrations were 
significantly higher in diabetic dogs with concurrent diseases 
(95% CI = 0.19 to 4.03, p = 0.0157) than in diabetic dogs 
without concurrent diseases (Fig. 2). The serum leptin 
concentration was also significantly higher in diabetic dogs 
with concurrent diseases (95% CI = 0.86 to 3.81, p = 0.0009) 
than healthy dogs. However, the leptin (95% CI = −1.07 to 1.66, 
p = 0.5315) concentration did not differ significantly between 
diabetic dogs without concurrent diseases and healthy dogs. 

The serum visfatin (95% CI = −0.03 to 0.09, p = 0.6415) and 
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Table 2. Median cytokine concentrations in healthy and diabetic dogs

Analyte Healthy (n = 20) Diabetic (n = 19)

IL-1 (pg/mL)
*Detected 3/20 19/19
Median (range) 0 (0–18.90) 27.50 (2.30–248.20)

IL-6 (pg/mL)
Detected 4/20 19/19
Median (range) 0 (0–12.80) 37.00 (8.88–142.00)

IL-18 (pg/mL)
Detected 20/20 12/19
Median (range) 24.8 (14.5–68.1) 44.5† (5.8–289.0)

TNF- (pg/mL)
Detected 0/20 12/19
Median (range) 0 (0) 5.23 (0–54.90)

IL-10 (pg/mL)
Detected 20/20 19/19
Median (range) 29.00 (5.19–67.80) 20.20 (3.20–143.00)

*Numbers of subjects in which each cytokine was detected. †Significant 
difference between healthy dogs and diabetic dogs (p ＜ 0.05). IL, interleukin;
TNF, tumor necrosis factor.

Fig. 1. Scatter plots of the serum leptin, visfatin, adiponectin, and resistin concentrations in healthy dogs (n = 20) and dogs with dia-
betes mellitus (n = 19). The horizontal bars indicate the median and range. *The median values were significantly (p ＜ 0.05) different
in healthy dogs and diabetic dogs (Mann-Whitney U test). DM: diabetes mellitus.

adiponectin (95% CI = −3.46 to 2.13, p = 0.2363) concentrations 
did not differ significantly between diabetic dogs with and 
without concurrent diseases. However, the visfatin concentrations 
were significantly increased (95% CI = 0.04 to 0.12, p = 0.0070; 
95% CI = 0.02 to 0.12, p = 0.0060, respectively) and the 
adiponectin concentrations were significantly decreased (95% 
CI = −13.0 to −2.26, p = 0.0008; 95% CI = −13.3 to −3.52, 
p ＜ 0.0001, respectively) in diabetic dogs with or without 
concurrent disorders. The serum resistin concentrations did not 
differ significantly among the three groups (healthy dogs vs 
diabetic dogs without concurrent diseases, 95% CI = −18.7 to 
28.1, p = 0.8143; healthy dogs vs diabetic dogs with concurrent 
diseases, 95% CI = −11.5 to 23.6, p = 0.5763; diabetic dogs 
without concurrent diseases vs diabetic dogs with concurrent 
diseases, 95% CI = −27.4 to 35.3, p = 0.5278).

The serum IL-1 (95% CI = −25.9 to 62.0, p = 0.6364), IL-10 
(95% CI = −19.3 to 25.2, p = 0.9494) and IL-18 (95% CI = −2.20 
to 170, p = 0.0588) concentrations did not differ significantly 
between diabetic dogs with and without concurrent diseases 
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Fig. 2. Scatter plots of the serum leptin, visfatin, adiponectin, and resistin concentrations in healthy dogs (n = 20), diabetic dogs without
concurrent diseases (n = 8), and diabetic dogs with concurrent diseases (n = 11). The horizontal bars indicate the median and range.
*The median values were significantly (p ＜ 0.05) different in healthy dogs and diabetic dogs (Mann-Whitney U test).

Table 3. Median cytokine concentrations in healthy and diabetic dogs with and without concurrent diseases

Analyte Healthy (n = 20)
Diabetic (n = 19)

non-concurrent (n = 8) concurrent (n = 11)

IL-1 (pg/mL) 0 (0–18.9) 22.7 (5.9–90.1) 22.5 (2.3–180)
IL-6 (pg/mL) 0 (0–12.8) 12.6 (7.98–88.1) 63.4 (8.88–142)*
IL-18 (pg/mL) 24.8 (14.5–68.1) 30.6 (16.9–212) 69.6 (5.8–289)†
TNF- (pg/mL) 0 (0) 0 (0–37.6) 7.88 (0–54.9)
IL-10 (pg/mL) 29.0 (5.19–67.8) 17.1 (0–96.8) 20.0 (3.2–143)

*p ＜ 0.05 vs. diabetic dogs without concurrent diseases. †p ＜ 0.05 vs. healthy dogs. IL, interleukin; TNF, tumor necrosis factor.

(Table 3). Serum TNF- was only detected in only one diabetic 
dog without concurrent diseases, whereas it was detected in 
nine of the 11 diabetic dogs with concurrent diseases. However, 

the serum IL-6 (95% CI = 17.6 to 85.6, p = 0.0084) concentration 
was significantly higher in diabetic dogs with concurrent 
diseases compared with diabetic dogs without concurrent 
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diseases. In addition, the serum IL-18 (95% CI = 17.3 to 87.5, 
p = 0.0010) concentration was significantly higher in diabetic 
dogs with concurrent diseases than in healthy dogs.

Circulating adipokine concentrations after treatment with 
insulin

Twelve weeks after the initiation of insulin therapy, the 
clinical signs, including polyuria, polydipsia, and polyphagia, 
had resolved in the eight diabetic dogs without concurrent 
diseases. The body weights and BCS did not differ significantly. 
There was a significant decrease in the serum IL-6 (95% CI = 
−64.90 to −4.00, p = 0.0020) concentration after treatment with 
NPH insulin relative to before treatment, but there were no 
significant differences in the other analytes.

Discussion

Previous studies have shown that leptin might be associated 
with obesity in humans and dogs [16,24,37]. Therefore, 
diabetic dogs and healthy dogs with the same BCS (4/9) were 
enrolled in the present study to exclude the effects of adiposity 
on circulating leptin concentrations. In the present study, the 
median leptin concentrations between healthy dogs and 
diabetic dogs were similar, but the serum leptin concentrations 
were higher in diabetic dogs in the presence of concurrent 
diseases. There were no differences in serum leptin concentrations 
of healthy and diabetic dogs without concurrent diseases. In 
addition, univariate linear regression did not identify any 
associations between blood glucose concentrations and the 
log-transformed leptin concentrations, and there was no 
difference in leptin concentrations before and after treatment 
with insulin. These results suggest that the increased leptin 
concentration in diabetic dogs might have been caused by 
concurrent diseases, instead of being a direct effect of 
hyperglycemia due to DM. Previous studies have also provided 
evidence of the dysregulation of serum leptin concentrations by 
other specific diseases [3,6,17]. A recent study of dogs with 
pituitary-dependent hyperadrenocorticism suggested that 
higher circulating leptin concentrations might be associated 
with hypercortisolemia [6]. In humans, several studies have 
shown that leptin concentrations were higher in patients with 
acute pancreatitis [17] and chronic kidney disease [3]. In the 
present study, AP (8/11, 72.7%), HAC (5/11, 45.5%), and CKD 
(5/11, 45.5%) were confirmed as concurrent disorders in 
diabetic dogs. However, further studies will be required to fully 
understand the regulation of serum leptin concentrations in 
diabetic dogs. 

Previous studies have not investigated serum visfatin 
concentrations in dogs. There is also little information available 
regarding the dysregulation of visfatin in human type 1 DM and 
it remains controversial [1,21]. In the present study, the 
circulating visfatin concentrations were upregulated in diabetic 

dogs, regardless of concurrent diseases. Visfatin, which was 
first isolated from the visceral fat of humans and mice, exhibits 
an insulin-like action by binding to the insulin receptor [13]. 
Because of the blood glucose-lowering actions of visfatin, some 
studies have suggested that increased plasma visfatin concentrations 
may be a compensatory mechanism in response to hyperglycemia 
[9,15,21]. It has also been suggested that visfatin is an 
extracellular nicotinamide phosphoribosyltransferase enzyme 
that plays an important role in insulin secretion from pancreatic 
-cells via systemic nicotinamide adenine dinucleotide biosynthesis 
in humans [30]. Therefore, the upregulated visfatin concentrations 
in diabetic dogs might be associated with a mechanism that 
compensates for -cell functioning. 

It is well known that hyperglycemia associated with insulin 
resistance, or a lack of insulin can modulate cytokine 
production by immune cells and a variety of host immune 
functions in humans and rodents [2,18]. The present study 
analyzed proinflammatory cytokines and revealed that the 
circulating concentrations of IL-1 and IL-6 were higher in 
diabetic dogs, despite their lack of concurrent diseases. 
However, there were no significant differences in the other 
analytes. These findings suggest that DM in dogs might trigger 
a proinflammatory state as a consequence of persistent 
hyperglycemia. However, the higher levels of IL-1 and IL-6 
might also be involved in the pathogenesis of naturally occurring 
canine DM. 

The present study also showed that the circulating adiponectin 
levels were downregulated in non-obese diabetic dogs, regardless 
of concurrent diseases. In contrast, previous studies showed that 
the plasma adiponectin levels were higher in humans with type 1 
DM or insulin-dependent DM [12,32]. The plasma adiponectin 
levels of humans are known to be negatively correlated with 
insulin resistance or type 2 DM and metabolic syndrome [20], 
and the lower adiponectin concentrations in obesity are generally 
considered to be a key component of insulin resistance [19,20]. 
However, the development of DM in dogs is mainly associated 
with absolute insulin deficiency rather than insulin resistance 
[4,14]. This difference in the adiponectin concentrations of 
diabetic patients is probably related to differences in the 
adiponectin physiology of dogs and humans [36,38]. A recent 
study showed that the serum adiponectin concentrations were 
not lower in dogs with obesity and not associated with 
obesity-associated changes in insulin sensitivity [37]. Thus, 
further quantitative assessments will be necessary in dogs with 
DM because the roles of adiponectin in dogs are still poorly 
understood.

It is well known that resistin expression can be upregulated in 
humans with type 1 DM, type 2 DM, obesity, and inflammatory 
diseases [34], but there is only one report of elevated serum 
resistin concentrations in dogs with diabetic ketoacidosis, 
although the subject did not have uncomplicated DM [26]. 
However, in the present study, there was no difference in the 
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resistin concentrations of healthy dogs and diabetic dogs, 
regardless of the presence of concurrent diseases. 

This study was originally designed as a pilot study and 
therefore had several limitations. One was the small number of 
dogs with DM, which limited the reliability of the negative 
findings, such as the nonsignificant difference in the resistin and 
IL-10 concentrations; however, this limitation does not reduce 
the validity of the positive findings. Another limitation was that 
the dogs in this study had concurrent diseases which could have 
affected the concentrations of adipokines. Therefore, the 
possibility that concurrent diseases might have affected both the 
positive and negative findings cannot be excluded completely. 
Furthermore, the lack of differences between diabetic dogs with 
concurrent diseases and healthy dogs or diabetic dogs without 
concurrent diseases might have been due to biological variations 
caused by the various concurrent diseases. The duration of the 
study was also too short to evaluate the effects of insulin 
administration on diabetic dogs. In the present study, only the 
serum IL-6 concentrations were lower after insulin treatment, 
which might have been due to persistent hyperglycemia 
mediating chronic inflammation during parts of each day, even 
after insulin treatment. 

Furthermore, dogs with DKA and hyperosmolar hyperglycemic 
syndrome were excluded from our study. A recent study 
compared the adipokine concentrations of healthy dogs, dogs 
with DM, and dogs with DKA, regardless of concurrent 
diseases [26], and the results differed from those obtained in the 
present study, i.e., the IL-6 and leptin levels were below the 
detection limit in the majority of dogs, and the TNF- and 
adiponectin concentrations did not differ significantly between 
the DKA, DM, and healthy dogs. The different results in these 
two studies might be explained by the exclusion of diabetic 
dogs with specific concurrent diseases and/or the methodology. 
Further studies will be required to elucidate the roles of 
adipokines during the pathogenesis of DM in dogs. 

Overall, our results suggest that the circulating concentrations 
of visfatin and adiponectin might be dysregulated directly in 
diabetic dogs. However, the upregulation of leptin was probably 
a consequence of concurrent disorders, rather than being an 
effect of persistent hyperglycemia as a result of DM. Further 
studies are required to elucidate the association between 
hyperglycemia and adipokine dysregulation in diabetic dogs. 
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