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Abstract: Obesity and diabetes mellitus are common diseases in humans, dogs and cats 
and their prevalence is increasing. Obesity has been clearly identified as a risk factor for 
type 2 diabetes in humans and cats but recent data are missing in dogs, although there is 
evidence that the unprecedented rise in canine obesity in the last decade has led to a rise in 
canine diabetes of similar magnitude. The insulin resistance of obesity has often been 
portrayed as major culprit in the loss of glucose control; however, insulin resistance alone 
is not a good indicator of progression to diabetes in people or pets. A loss of beta cell 
function is necessary to provide the link to impaired fasting and post-prandial plasma 
glucose. Increased endogenous glucose output by the liver is also a prerequisite for the 
increase in fasting blood glucose when non-diabetic obese humans and pets develop 
diabetes. This may be due to decreased hepatic insulin sensitivity, decreased insulin 
concentrations, or a combination of both. While inflammation is a major link between 
obesity and diabetes in humans, there is little evidence that a similar phenomenon exists in 
cats. In dogs, more studies are needed to examine this important issue. 
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1. Introduction 

Obesity is the most common nutritional disorder in dogs and cats and has been shown to be a risk 
factor for the development of type 2 diabetes in cats and humans. More recent epidemiological studies 
examining if obesity is a risk factor for diabetes in dogs as well are missing, although obesity has also 
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been reported to have increased dramatically in dogs in the last decade and the increase was paralleled 
by an increase in diabetes of similar magnitude suggesting a cause/effect relationship [1]. Obesity leads 
to insulin resistance, which, if not accompanied by an appropriate increase in insulin concentrations, sets 
the path for glucose intolerance and eventually overt diabetes. In the veterinary literature, especially 
when primary data from pets are missing, it is not uncommon to find attempts to project from the 
human data connecting obesity to diabetes. Rather than do this, this review will examine the evidence 
available for similarities and differences among these three species. Specifically, we will examine insulin 
secretion, regulation of endogenous glucose production by the liver, and the role of inflammation. 

2. Obesity-Associated Changes in Insulin Secretion: A Risk Factor for Diabetes Mellitus  
in Dogs and Cats? 

It was shown in a hallmark study by Kealy and coworkers over a decade ago that higher food intake 
and body fat is detrimental for a dog’s health and longevity and leads to changes in lipid and glucose 
metabolism [2]; however, there are no recent epidemiological studies examining if obesity in the dog 
also leads to overt diabetes. The fact that data from a large Swedish retrospective study of the prevalence 
of diabetes, which was carried out from 2000 to 2003, showed that 55% of dogs were overweight or 
obese at first diagnosis of diabetes compared to 20% of normal-weight dogs of the same age group 
suggests that obesity may be a risk factor in dogs [3]. A connection between obesity and diabetes was 
also implied by a recent summary by Banfield Hospitals, in which it was reported that the large 
increase in canine obesity, which they observed from 2007 to 2012, was accompanied by an equally 
large increase in diabetes [1], strongly suggesting that obesity might be causing the increase in diabetes. 
That a form of diabetes similar to type 2 diabetes in humans is present in some dogs has already been 
shown four decades ago by Kaneko and coworkers who were able to distinguish a group of obese 
diabetic dogs from lean diabetic dogs based on their insulin and glucose profiles [4]. The obese 
diabetic dogs were characterized by high glucose and high fasting insulin concentrations but were 
unable to mount an appropriate insulin response when challenged with high glucose concentrations. 

It was suggested in a recent study of a small number of obese non-diabetic dogs which had normal 
fasting plasma glucose (FPG) and normal glucose tolerance that obese dogs do not develop a type of 
diabetes similar to type 2 seen in humans because they increase insulin output, including first phase, in 
response to obesity, whereas people do not [5]. However, such statement about a difference between 
dog and human insulin secretion is not supported by evidence from human clinical studies. It has been 
known for decades that in people obesity by itself leads to a robust response in insulin secretion of 
both phases [6–8]. Results from a large Finnish study showed that obese subjects with an approximately 
40% reduction in insulin sensitivity, but FPG and 2 h plasma glucose (2-h PG) concentrations within 
the reference categories had increases of over 50% in early and late phase insulin secretion [9]. This 
has been called the Stage 1 or compensation phase of obesity [10] and results from an increase in  
�-cell mass [10–12]. Insulin sensitivity decreased further when subjects developed impaired fasting 
glucose and impaired glucose tolerance. However, early-phase insulin release only reached a 
substantial decrease in those subjects in whom FPG and 2-h PG increased into the diabetic range. This 
indicates that a decrease in early (first) phase insulin secretion would not be expected in a dog or 
person with normal FPG and normal glucose tolerance. Instead, non-diabetic obese dogs or people 
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with normal FPG have higher early and late phase insulin secretion compared to lean subjects in this 
compensation phase, and one can conclude that glucose tolerant people and dogs compensate well for 
the increase in insulin resistance. 

Over 80% of obese insulin-resistant humans remain euglycemic and do not progress to type 2 
diabetes [13]. It is not known how many obese dogs progress to diabetes, although, as stated above, 
new evidence suggests that it is an important risk factor. It was shown in a recent study that several 
prerequisites have to be present for an insulin-resistant dog to progress to diabetes [14]. In that study, 
diet-induced obesity led to a decrease in peripheral insulin sensitivity, which was perfectly met by an 
increase in insulin concentrations. Hepatic insulin sensitivity was maintained and glucose tolerance 
remained normal, as would be expected in a non-diabetic obese dog. It was not until beta cell mass was 
greatly reduced by the administration of various doses of the beta cell toxin streptozotocin, that insulin 
secretion decreased in a dose dependent manner, and impaired fasting glucose and diabetes ensued.  
It can be seen from that study that insulin resistance alone elicited the appropriate regulatory 
responses: Insulin concentrations increased to counteract the peripheral resistance, allowing normal 
glucose control. The loss in beta cells had to be severe before a deterioration of FPG and glucose 
tolerance was seen. In fact, when fasting blood glucose increased and glucose tolerance became 
abnormal, insulin concentrations had decreased by 90%.  

The compensatory hyperinsulinemia, which is seen in obese non-diabetic dogs, has been thought to 
be the result of upregulation of beta cell sensitivity to glucose and subsequent increase in insulin 
secretion. However, based on recent data from a large number of dogs with varying fat mass, it was 
proposed that changes in insulin clearance resulting in higher insulin levels feed back onto insulin action 
of peripheral and hepatic tissues and are the primary cause for the hyperinsulinemia of obesity [15]. 

Figure 1. Area under the curve for insulin during a low dose intravenous glucose tolerance 
test (0.5 g/kg body weight; Mean ± SEM; 1B) in 20 adult neutered cats (equal gender 
distribution) at 0%–60% weight increases and in 12 cats at 100%. Identical superscripts 
indicate significant differences (reprinted with permission from Obesity [21]). 
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Using the gold-standard method to evaluate insulin sensitivity, the euglycemic hyperinsulinemic 
clamp, we found that in cats obesity leads to a decrease in glucose effectiveness and an increase in 
insulin resistance, similar to what has been shown in people and dogs [16,17]. Development of obesity 
in cats is not associated with a change in FPG, even when obesity is severe [18–20]. This was recently 
shown in a longitudinal study, where 20 cats were fed ad libitum and became obese [21]. Even with an 
increase in fat mass of 100%, fasting glucose concentrations remained normal. Early phase and total 
insulin concentrations increased until 100% increase in fat mass was reached (Figure 1), when a 
blunting of early insulin secretion and altered glucose clearance was seen, indicating that under 
extreme conditions (high degree of resistance and high glucose dose), the response of the beta cell to 
glucose becomes abnormal. These results are similar to those described in people by Matsumoto and 
coworkers, who compared glucose tolerance, insulin secretion, and insulin sensitivity in a large 
number of non-obese and obese Japanese subjects [22]. They found a blunted early phase of insulin 
secretion only in those obese people who had impaired glucose tolerance, and suggested that impaired 
early phase insulin release may be the initial abnormality in the development of glucose intolerance. 
The worsening from impaired glucose tolerance to diabetes in their study was associated with a greater 
decrease in early-phase insulin secretion, a significant decrease in total insulin secretion, and a 
significant increase in insulin resistance. There is no long-term longitudinal study in obese cats, which 
has examined if results from intravenous glucose tolerance testing can be used as biomarkers for 
progression to diabetes. It is questionable if intravenous glucose tolerance testing is appropriate to 
answer this question. This skepticism is supported by the fact that a difference in glucose tolerance, 
characterized by a lower glucose clearance, could not be seen between lean and obese cats until a 
supramaximal dose of glucose (1.3 g/kg) was administered [18]. This suggests that testing beta cells 
with high glucose concentrations is indicated to evaluate their maximal secretory capacity but the same 
test might not be a good indicator of an animal’s or person’s beta cell function during their normal 
daily routine. One needs to appreciate that glucose values seen during IV glucose tolerance testing 
with high glucose doses are never seen after a meal in a cat or dog and represent an extreme challenge 
for the endocrine pancreas, as well as for peripheral tissues and the liver, and results are likely not 
good indicators of progression. Intravenous glucose tolerance tests are rarely used in human medicine 
to examine factors that lead to a deterioration of glucose control and the dose is much lower (0.3 g/kg) 
than that used in cats. In people, glucose tolerance is usually tested with a dose of orally administered 
glucose (75 g), which leads to blood glucose concentrations not too dissimilar to what a person experiences 
after normal food intake. This may explain why results from tests in humans are more predictive of 
progression because the abnormality is already present at lower levels of glucose, i.e., levels that are 
actually present in a person under normal physiological conditions. It is glucose concentrations seen 
under those conditions, which influence beta cell function long-term. We were unable to show a 
difference between lean and obese cats when we followed their daily glucose concentrations with 
continuous glucose monitoring for 7 days. Only one of the obese cats in that study showed a glucose 
profile, which fluctuated between the upper and mildly high glucose range after having been severely 
obese for many years [19]. It would be speculation to make a prediction whether this cat might be a 
“progressor”. It is well known from human subjects that generally about 35% to 50% of those with 
impaired fasting blood glucose convert to diabetes after 10–20 years of follow-up [23]. While reference 
values for glucose tolerance tests have been published for client-owned cats, the results vary greatly, 
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even within one and the same laboratory [24–26]. This indicates that these tests are not useful when 
applied to the general cat population and should only be used in strictly controlled research populations. 
Clearly, long-term longitudinal studies are needed to examine which biochemical changes might be 
biomarkers for progression in cats, i.e., healthy cats should be followed until they develop diabetes. 

In a recent study of normal-weight, overweight, obese, and diabetic cats, we showed that insulin but 
not glucose concentrations were significantly higher in overweight and obese non-diabetic cats 
compared to normal weight non-diabetic cats and were significantly lower in naïve diabetic cats [20], 
supporting the notion that marked insulin deficiency is necessary for the progression to diabetes.  
This notion is also supported by the finding that a combination of both insulin resistance and insulin 
deficiency due to a reduction in beta cell mass were needed for the development of experimental diabetes 
in cats [27]. In that study, overt diabetes was not seen until insulin secretion was about 80% lower than 
that seen in healthy cats. 

In summary: Insulin resistance alone is not a good indicator of progression to diabetes in people or 
pets. A loss of beta cell function is necessary to provide the link to impaired fasting and post-prandial 
plasma glucose. 

3. The Role of the Liver in Glucose Control 

The liver plays a crucial role in the disposal of exogenous glucose and the control of endogenous 
glucose production (EGP). As with the evaluation of insulin secretion profiles, one needs to be careful 
to distinguish obese non-diabetic subjects from obese diabetic subjects when evaluating liver function. 
Usually, in insulin-resistant obese non-diabetic humans with normal FPG and normal glucose 
tolerance, the inhibitory effect of insulin on endogenous glucose output is preserved [28,29]. In obese 
non-diabetic people, the maintenance of euglycemia was found to be due to a reduction in glycogenolysis, 
whereas gluconeogenesis was increased in both, non-diabetic and diabetic obese people, although 
more in diabetic subjects. These changes resulted in increased endogenous glucose production in 
diabetic but not in obese non-diabetic patients [29]. No change in overall glucose production was also 
seen by Basu and coworkers in obese non-diabetic compared to lean non-diabetic patients [30], 
although they found that only a change in gluconeogenesis but not glycogenolysis led to the maintenance 
of euglycemia in obese non-diabetic patients [30]. Progression to impaired glucose tolerance and 
diabetes was characterized by increased endogenous glucose production and, concomitantly, endogenous 
glucose production became less suppressible by insulin. No change in endogenous glucose production 
or suppressibility by insulin occurred in those people, who did not progress to the diabetic state [31]. 

In our own studies in cats, we found that endogenous glucose production was decreased in obese 
cats in the fasted and post-prandial state, counteracting the effect of insulin resistance on peripheral 
glucose uptake and resulting in the maintenance of euglycemia in long-term obese animals [32,33].  
In one study of fasted cats, the lower EGP in the obese cats was due to a lower glycogenolysis and 
gluconeogenesis (Figure 2) [32]. There was a strong negative correlation between plasma insulin 
concentrations and endogenous glucose production and between endogenous glucose production and 
girth, as well as body mass index, suggesting that the decreased endogenous glucose production in our 
long-term obese cats was due to the higher insulin concentrations of obesity. To our knowledge, 
glucose turnover and metabolic fluxes have not been evaluated in diabetic cats. However, one might 
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expect to also see a progressive loss of insulin sensitivity of the liver and an increase in endogenous 
glucose production when cats become diabetic, similar to what has been described in humans [31]. 
However, the switch from normal glucose regulation to diabetes appears to occur quickly in obese cats 
because there was no difference in fructosamine concentrations, an indicator of glucose control in the 
previous 2 weeks, among lean, overweight and obese cats [20]. Fructosamine concentrations, which 
are tightly correlated with blood glucose concentrations (Figure 3), were clearly separated from naïve 
diabetics and treated diabetics. If progression from the obese to the diabetic state would occur slowly 
in obese cats, a sliding scale of glucose and fructosamine concentrations would have been expected in 
this study of client-owned cats. 

Figure 2. Mean ± SEM of endogenous glucose production (EGP), glycogenolysis and 
gluconeogenesis in lean and obese cats. Identical superscripts indicate significant 
differences (modified from Kley et al. Am J Physiol Regul Integr Comp Physiol 296: 
R936-R943, 2009 [32]). 

Figure 3. Correlation between serum fructosamine and glucose concentrations in 117 cats 
(25 normal body condition, 27 overweight, 24 obese, 21 naïve diabetic, and 20 treated 
diabetic cats) (reprinted with permission from JAVMA [20]). 
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The authors are not aware of a comparison of hepatic metabolism among healthy, obese, and 
spontaneously diabetic dogs. In 18 hour-fasted lean healthy dogs, glycogenolysis was found to be the 
major contributor to EGP, and gluconeogenesis accounted for approximately one third of the glucose 
production [34]. This is different from what has been described in cats and in people for a similar 
postprandial time period. In both cats and people, gluconeogenesis contributes about two thirds and 
glycogenolysis contributes about one third to endogenous glucose production [32,33,35]. Glycogenolysis 
appears to be more sensitive than gluconeogenesis to suppression by insulin in dogs [30,36], whereas both 
are already suppressed almost completely in lean people by a 50% lower dose of insulin [30]. It is not 
known what physiological effect this difference might have. Perhaps it should be reflected in a difference 
in liver glycogen content. It is, however, known, that liver glycogen is similar among the three species. 
The glycogen content in healthy dogs and people is approximately 4% of liver wet weight [37,38]. We 
have found that the liver of lean and obese cats contains about 5% of glycogen [33]. 

It has been suggested that insulin action in the liver is in part determined by the intrahepatic 
triglyceride content. In people, obesity is associated with an increase in intrahepatic triglycerides, an 
abnormality known as nonalcoholic fatty liver disease [39]. Its prevalence increases linearly with 
increasing body mass index but also occurs in about 15% of normal-weight subjects [40]. The amount 
of triglycerides in the liver was shown in one study not only to correlate with insulin resistance in the 
liver, but also in muscle and adipose tissue [39]. The mechanism by which hepatic lipids induce 
hepatic insulin resistance is not well understood and it is unclear if hepatic triglycerides are the cause 
or effect of insulin resistance. A 2 hits theory has been proposed: The first hit would be lower fatty 
acid oxidation, higher fatty acid synthesis, and lower VLDL efflux from the liver due to the oversupply 
of fatty acids because of lower lipoprotein lipase activity and the hyperinsulinemia of obesity.  
The result would be increased esterification of fatty acids and deposition of triglycerides in the liver. 
The second hit would be oxidative stress resulting in lipid peroxidation leading to hepatocellular 
degeneration and necrosis [41]. 

Traditionally, excessive hepatic triglyceride content, or steatosis, has been defined as exceeding 5% 
of liver volume or liver weight, or histologically when 5% of hepatocytes contain visible intracellular 
triglycerides [42]. In a recent study the threshold for a normal amount of intrahepatic triglycerides was 
reported to be 5.6% of liver volume, whereas others have not found any evidence of an obvious 
threshold that can be used to define normality [40]. 

We recently measured liver fat in lean and obese cats using nuclear magnetic resonance spectroscopy. 
Median liver fat percentages in lean and obese cats were 1.3% and 6.8%, respectively [43]. In a different 
group of lean and obese cats, we employed a chemical assay with similar results (1.7% for lean cats 
and 6% for obese cats [43]. A previous publication involving chemical liver triglyceride measurement 
in wedge biopsies from cats reported a mean liver triglyceride content of 1% for 5 cats of ideal body 
weight [44]. A 2–3 fold increase in liver fat was also reported in cats after weight gain [45].  
This shows that obese cats have higher triglyceride accumulation in the liver compared to lean cats; 
however, as in the human studies, a cause/effect relationship to insulin sensitivity cannot be 
established. To our knowledge, liver fat content in obese or diabetic dogs has not been quantified. 

Liver steatosis is responsive to thiazolidinediones (TZD) in people. TZDs are agonists of 
peroxisome proliferator-activated receptor gamma (PPAR�), a nuclear transcription factor that is a key 
regulator of adipogenesis [46]. The natural ligands for PPAR� are unknown, but the receptor possesses 
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a low affinity for various endogenous fatty acids and eicosanoids [47]. PPAR� is expressed abundantly 
in adipose tissue, and at low levels in other tissues, including pancreatic �-cells [46,47]. In humans, 
dogs and cats, TZD administration leads to an increase in whole-body insulin sensitivity [48–50]. It is 
known that in people this occurs parallel to a reduction of triglyceride content in non-adipose tissues 
such as liver and skeletal muscle, and lowering of serum triglyceride and/or non-esterified fatty acid 
concentrations [50]. There are no similar studies in dogs and cats to show if hepatic triglyceride 
content changes with thiazolidinediones, although one might also expect a reduction in liver steatosis 
because of the similarities of its positive effect on metabolism and insulin sensitivity in those species. 

In summary: Increased endogenous glucose output by the liver is a prerequisite for the increase in 
fasting blood glucose when non-diabetic obese humans and pets develop diabetes. This may be due to 
decreased hepatic insulin sensitivity, decreased insulin concentrations, or a combination of both. 

4. The Role of Inflammation in Obesity and Diabetes 

There is abundant scientific evidence of a link between obesity/diabetes and inflammation in  
people [51–53]. Inflammatory cells and other markers of inflammation increase with the expansion of 
fat mass in white adipose tissue and also in the liver in human subjects [39,54]. White adipose tissue 
secretes a variety of factors, which influence metabolism and are involved in the regulation of 
inflammation. Some of these, like leptin and adiponectin, are primarily produced by fat tissue.  
Other cytokines, like TNF-a, MCP-1, and IL-6 are produced by macrophages and other cells involved in 
the immune response, as well as adipocytes. Lipid accumulation in the adipocyte increases reactive oxygen 
species (ROS) and cellular stress pathways are activated leading to the secretion of pro-inflammatory 
cytokines [55]. The increased ROS leads to a decrease in activities of anti-oxidant enzymes, such as 
glutathione peroxidase, Cu,Zn-superoxide dismutase (SOD), and catalase. When cats were followed 
longitudinally during the development of obesity in one study, it was shown that there was no change in the 
anti-oxidant enzymes catalase, glutathione peroxidase, and red blood cell as well as heparin-releasable 
superoxide dismutase. There was also no change in the inflammatory cytokines, IL-1, IL-6 and TNF-� 
suggesting that development of obesity in cats does not lead to the same changes in circulating 
inflammatory markers and activity of antioxidant enzymes that is seen in other species. Urinary 
isoprostane concentrations were also not different in long-term obese cats and there was no infiltration of 
white fat with inflammatory cells [21]. Jeusette and coworkers found higher urinary isoprostane 
concentrations in obese cats compared to lean after both were given ad libitum food for 8 weeks, but no 
difference in other oxidative stress markers was seen [56]. No difference was also seen before and 
after successful weight loss of acute phase proteins, and enzymes associated with inflammation 
(buturylcholinesterase and paraoxonase) [57]. The notion that inflammation does not play a role in the 
development of insulin resistance with increasing obesity in cats is also supported by results from a 
study of immune responses in lean and obese cats [58]. In that study, complete blood counts and 
lymphocyte distribution were examined and immune function was assessed by measuring the 
proliferative activity of different cellular fractions in response to several polyclonal mitogens. Phagocytosis 
and natural killer cell cytotoxicity was examined to test innate immune functions. It was shown that a 
similar immune innate and adaptive immune response was elicited regardless of body condition and 
concluded that obesity does not alter immune responses in cats. It is unclear why insulin resistance of 
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obesity in cats is not associated with an inflammatory response and a change in immune function. But it 
may explain the fact that obese cats do not develop cardiovascular disease and clinical hypertension. 

Few studies have examined inflammatory cytokines in obese and lean dogs. Anti-oxidant enzyme 
activity has not been compared between lean and obese dogs, to the author’s knowledge. In laboratory 
dogs, weight loss did not lead to a change in acute phase proteins [59]. The cytokine IL-6 was below 
the detection limit of the assay in that study. In another study, TNF-� as well as leptin were below the 
detectable limit in the majority of dogs. Haptoglobin and serum amyloid A were lower after weight loss 
than before suggesting that obese dogs have higher concentrations but no comparison to normal-weight 
dogs was included [60]. In both studies, a comparison was not made between lean and obese dogs 
before weight loss. It appears that a comparison of anti-oxidant enzymes, inflammatory cytokines, and 
immune function using assays that have been validated for canine serum or plasma are important next 
steps to elucidate the role of inflammation in obese dogs. 

Concentrations of the adipokines, adiponectin and leptin, have been reported in many studies in 
human subjects and several studies in dogs and cats. Adiponectin, an insulin sensitizing adipokine, has 
an important role in glucose and lipid metabolism and its expression is regulated by PPAR-� [57,61,62]. 
It has anti-inflammatory activity and anti-atherogenic properties, and suppresses NK cytotoxicity.  
It also inhibits phagocytic activity and TNF-� production, and inhibits lipid accumulation in a variety 
of cells [63]. In addition, adiponectin has anti-apoptotic effects on beta cells in vitro, which appear to 
be mediated by reduction of ceramide concentrations [64,65]. In people [66] and cats [17,32], fat cells 
secrete higher amounts of adiponectin in the lean state but concentrations decrease with increasing fat 
mass. In obese dogs, plasma adiponectin concentrations have been found to be lower [62,67] or 
unchanged [60,68] compared to lean dogs. In one study, adiponectin was only lower in those obese 
dogs with metabolic syndrome, i.e., dogs with high glucose and lipid values, systolic blood pressure 
and body condition scoring but not in obese dogs without signs of metabolic syndrome [69]. In another 
study, adiponectin levels remained unchanged when dogs lost weight [60]. However, in that study the 
average adiponectin levels were reported to be very low (10 pg/mL), whereas other studies show 
adiponectin concentrations in dogs to be several magnitudes higher (ug/mL) and similar to those of 
other species. This makes the low results questionable. 

Leptin is an adipokine, which acts in the hypothalamus and suppresses food intake and increases 
energy expenditure. Contrary to adiponectin, it is positively correlated with fat mass in humans, dogs, 
and cats [17,70–72]. Increased circulating leptin in obesity is a marker of leptin resistance. Leptin acts 
as a positive regulator of immune functions and cytotoxicity of splenic NK cells at physiological 
concentrations [73]. In human subjects, it stimulates proliferation and cytokine synthesis in peripheral 
lymphocytes [74]. Plasma levels of leptin and inflammatory markers are positively correlated in people 
and predict cardiovascular risk [75,76]. In fact, leptin has a structural and functional relation to 
proinflammatory cytokines [77]. It is not known if high leptin in dogs is associated with an increased 
cardiovascular risk as it is in people. Obesity has been found to only be a secondary cause of 
hypertension in dogs in association with other primary diseases in one study [78]. In another study, 
approximately 10/35 obese dogs had mild hypertension, which only normalized in 2/35 with weight 
loss [59]. A comparison to normal-weight dogs was not made and the clinical significance is not 
known. And in yet another study, obese dogs had on average higher systemic blood pressure than lean 
dogs but their blood pressure fell within the normal canine range and they were only at mild risk for 
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target organ damage. They also had higher left ventricular free wall thickness than lean dogs based on 
echocardiographic Doppler measurements but not on postmortem examination. The authors concluded 
that longitudinal studies were needed to examine if obese dogs developed cardiomyopathy over time [79]. 

In summary: There is abundant scientific evidence of a link between obesity/diabetes and 
inflammation in people. There is little evidence to support that inflammation plays a role in the 
pathogenesis of obesity in cats. More controlled studies using validated assays are needed to address 
this issue in dogs. 

5. Conclusions 

The pathophysiologies of obesity and its progression to diabetes in people, dogs and cats share 
similarities, but also show differences. In many instances, information, which is available in humans, is 
still missing in pets. Researchers should not be content to apply data from humans, but rather seek to fill 
these gaps. Not only will this lead to crucial comparative information, but it will also aid the design of 
preventive and therapeutic strategies in domestic animals. Ideally, we would employ large multi-center 
studies to follow obese dogs and cats longitudinally for many years to find true biomarkers and make 
accurate assessments about factors involved in the progression from obesity to diabetes. 
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