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ABSTRACT. Diet therapy is an important treatment component available for obese cats. In this study, the impact of four commercially available 
prescription diet regimens (1 for general use and 3 aimed at treating obesity and diabetes mellitus (DM)) on short-term postprandial serum 
glucose, insulin, triglyceride and nonesterified fatty acid (NEFA) concentrations was investigated with five obese cats. The diet regimens 
used were as follows: C/D dry (general use: moderate protein, moderate fat, high carbohydrate and low fiber), M/D dry (DM: high protein, 
high fat, low carbohydrate and high fiber), W/D dry (DM: high protein, low fat, high carbohydrate and high fiber) and Diabetic dry (DM: 
high protein, low fat, low carbohydrate and high fiber). A significant reduction (10–13%) in postprandial glucose (area under the curve; 
AUC) was observed with the M/D and Diabetic diets, which both contained lower concentrations of carbohydrates than the C/D diet. An 
accompanying significant reduction (30–36%) in postprandial insulin AUC was also observed with the three DM diets, which all had higher 
amounts of fiber, as compared with the C/D diet. Lastly, a significant increase (32–65%) in postprandial NEFA AUC was observed with the 
M/D and Diabetic diets as compared with the C/D diet. Therefore, dietary amounts of carbohydrates and fiber, as opposed to protein content 
or dietary fat, appear to have a very significant impact on postprandial glycemia and subsequent insulin requirement levels in obese cats. In 
addition, dietary amounts of carbohydrates may also impact lipid metabolism in obese cats.
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A prevalent health care issue among privately owned cats 
(25–40%) is being overweight and obese body conditions. 
The combination of feeding style, neutering and reduced 
amount of exercise can lead to the development of obesity 
in these cats and in conjunction with insulin resistance can 
contribute to the eventual development of Type 2 diabetes 
mellitus (DM) [6, 12, 21, 24, 25, 31].

Dietary modification is an important measure for treat-
ment and prevention of obesity and DM. Recent studies 
have indicated that a diet high in carbohydrate and low in 
protein results in greater postprandial glucose and insulin 
concentrations as compared with a low carbohydrate and 
high protein diet in lean cats [8]. In their natural habitat, cats 
would normally consume prey high in protein, with moder-
ate amounts of fat, and a minimal amount of carbohydrate; 
thus, cats are metabolically adapted for greater metabolism 
of proteins and lower utilization of carbohydrates, as com-
pared with other omnivores. In addition, use of an appropri-
ate diet for cats suffering from DM may serve as a treatment 

component in managing DM and even ameliorate some of 
the symptoms. Traditionally, the approach has been to feed 
a high-fiber, low-fat diet for glycemic control, because it 
can significantly reduce preprandial and postprandial serum 
glucose concentrations in feline DM [18, 30]. However, ac-
cording to previous studies, low-carbohydrate diets may also 
aid glycemic control in Type 2 DM by reducing hyperglyce-
mia and aiding in recovery from glucose toxicity [1, 13, 27]. 
Several studies have employed a test meal, for evaluating 
postprandial glucose concentrations, insulin concentrations 
or changes in body weight [4, 19, 20, 37]. However, infor-
mation on the effects of the use of commercially available 
prescription diets to manage feline obesity is scarce and thus 
far includes only two studies that have investigated the ef-
fects of these diets on glucose and insulin concentrations in 
cats [8, 26]. Furthermore, our previous study demonstrated 
that commercially available diabetic prescription diets affect 
postprandial glucose and insulin concentrations in non-
obese healthy cats [28]; however, no study has investigated 
the effects in obese cats.

Up until now, the majority of reports concerning the influ-
ence of diet composition on felines has focused predomi-
nantly on diabetic felines, as clinically relevant test subjects. 
However, it is unknown what baseline effect diet compo-
sition has in obese felines, especially on postprandial glu-
cose, insulin, triglyceride (TG) and nonesterified fatty acid 
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(NEFA) concentrations, four important key parameters often 
monitored and assessed in obese and diabetic felines. There-
fore, the aim of this study was to compare the short-term 
effects of four different commercially available prescription 
dry diets on postprandial glucose, insulin, TG and NEFA 
concentrations in obese felines. The four different diets were 
as follows: C/D dry (moderate protein, moderate fat, high 
carbohydrate and low fiber), M/D dry (high protein, high fat, 
low carbohydrate and high fiber), W/D dry (high protein, 
low fat, high carbohydrate and high fiber) and Diabetic dry 
(high protein, low fat, low carbohydrate and high fiber).

MATERIALS AND METHODS

Animals: Five obese (5 castrated males; 4.9–7.4 kg BW; 
4–5 BCS; 1–5 years old) adult domestic cats, which were 
originally obtained from AQS Co., Ltd. (Narita, Japan) and 
subsequently maintained in our laboratory for research, were 
used in this study. BCS was determined on a five point scale: 
1, thin; 2, lean; 3, optimal; 4, obese; and 5, gross. Obese cats 
were fed on a C/D dry diet (Hill’s Colgate, Tokyo, Japan) 
twice a day, and caloric intake was set at half of 1.0 ×RER 
(BW0.75×70) [36], where RER represents a resting energy 
requirement. Approval for the work was given by the Nippon 
Veterinary and Life Science University Animal Research 
Committee.

Animal feeding protocol: In order to determine and 
compare the short-term effects of 4 different commercially 
available prescription diets, on postprandial serum glucose, 
insulin, TG and NEFA levels, the 5 obese cats were fed 
the same diet for 7 days followed by diet rotation (Fig. 1). 
On the last day of each interval period, the cats underwent 
overnight fasting, with each subsequent new diet being sup-
plied at 9:00 am on the subsequent day. The obese cats were 
allowed to eat for 30 min, and caloric intake was set at half 
of 1.0×RER (BW0.75×70). We confirmed that over 50% of 
all the food was eaten within 30 min for all 5 obese cats. 
Afterwards, we checked the amount of residual food at 2-hr 
intervals until the food was completely finished being eaten. 

We also confirmed that there was no significant change in 
body weight throughout the experimental feeding period 
(Diabetic dry=6.3 ± 1.1 kg, M/D dry=6.3 ± 1.1 kg, W/D 
dry=6.3 ± 1.1 kg, C/D dry=6.3 ± 1.2 kg).

The prescription diets used and being compared in this 
study were as follows: C/D Multicare Feline Bladder Health 
dry diet (moderate protein, moderate fat, high carbohydrate 
and low fiber; Hill’s Colgate), M/D Feline Weight loss-Low 
Carbohydrate-Diabetic dry diet (high protein, high fat, low 
carbohydrate and high fiber; Hill’s Colgate), W/D Feline 
Low Fat − Diabetic − Gastrointestinal dry diet (high protein, 
low fat, high carbohydrate and high fiber; Hill’s Colgate), 
and Feline diabetic dry diet (high protein, low carbohydrate, 
low fat, high fiber; Royal Canin, Tokyo, Japan). Each diet 
has a particular aim suggested and recommended by the 
manufacturer.

For example, the C/D dry diet is primarily aimed at nu-
tritional management of felines with struvite-related feline 
lower urinary tract disease. The diet may also be useful for a 
variety of other conditions. Thus, it appears to be a general, 
multiuse diet lacking fiber, but rich in protein, carbohydrates 
and fat. Alternatively, the M/D diet and diabetic diet are 
mostly used for weight control and nutritional management 
of fiber-responsive diseases, such as DM, diarrhea and 
constipation. These diets target obesity and diabetes and are 
rich in protein and fiber, but contain significantly reduced 
levels of carbohydrates. Lastly, the W/D diet is also primar-
ily aimed at weight control and fiber responsive diseases, 
such as DM, diarrhea and constipation. The W/D diet is very 
similar in nature to the M/D diet; however, in contrast, it is 
rich in carbohydrates and low in fat. The chemical composi-
tion of each diet is presented in Table 1.

Blood sample collection: Blood samples were collected 
by bleeding 1 ml from the jugular vein of the obese cats 30 
min prior to and 1, 2, 3, 4, 6, 8 and 10 hr postfeeding of 
the diets. Blood samples were collected into polypropylene 
tubes and allowed to clot at room temperature for 30 min. 
Subsequently, they were centrifuged (1,700 × g) at 4°C for 
10 min to separate the serum. After centrifugation, the serum 

Fig. 1. Feeding protocol for the animals. The cats underwent diet regimen rotation, with each regimen lasting for up to 7 days and no 
washout period in between regiments. Cats started off with Diabetic dry diet, and this was followed by the M/D dry diet, W/D dry diet 
and then C/D dry diet. Blood was always collected on the seventh and final day of each diet regimen so as to allow for sufficient time for 
acclimation to the diet regimen of the animal in order to observe any impact on postprandial glucose, insulin, nonesterfied fatty acid and 
triglyceride concentrations.
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was collected and stored at −80°C until further use.
Serum glucose, immunoreactive insulin, TG and NEFA 

concentration analysis: Serum NEFA, glucose and TG con-
centrations were measured by an enzymatic method using 
an Iatro tech NEFA kit (Mitsubishi Kagaku Iatron, Tokyo, 
Japan), Iatro LQ GLU kit (Mitsubishi Kagaku Iatron) and 
Cholestest TG kit (Sekisui Medical Co., Ltd., Tokyo, Ja-
pan), respectively and processed by a Hitachi 7180 Clinical 
Analyzer (Hitachi High-Technologies Corporation, Tokyo, 
Japan). Serum insulin (immunoreactive insulin) concentra-
tion was measured using an ELISA kit (Morinaga Institute 
of Biological Science, Yokohama, Japan) according to the 
manufacturer’s instructions (the intra-assay CV and inter-
assay CV were ≤ 6% and ≤10%, respectively) [29].

Statistical analysis: Data are presented as the mean ± SD. 
Peak concentration and time to peak were also determined. 
Total area under the curve (AUC) was estimated as the 
postprandial summary variable and calculated by the trap-
ezoidal rule in units of concentration × hours. Significance 
was determined using one-way repeated measures ANOVA 
and Bonferroni’s multiple comparison test for comparison 
of BW, AUC, peak concentrations and time to peak or two-
way repeated measures ANOVA and Bonferroni’s multiple 
comparison test for temporal analysis of glucose, insulin, 
TG and NEFA concentrations between the four diets, using 
GraphPad Prism 5 (GraphPad Software, Inc., La Jolla, CA, 
U.S.A.). The significance level was set at P<0.05.

RESULTS

Food intake: Obese cats used in the present study ate 
slowly and did not eat all of the provided food at the same 

pace. Therefore, in order to standardize a baseline amount 
of food consumed, we determined that our experiment could 
begin when theses cats consumed≥50% of all of the provided 
food within 30 min. With Diabetic dry diet, 1 cat ate all of 
its food within 30 min, whereas the remaining 4 ate≥50% of 
their food within 30 min. However, all cats managed to eat 
all of their food within 4 hr after the initial starting time. With 
W/D dry diet, all cats ate≥50% of their food within 30 min. 
However, 2 cats managed to eat all of their food within 4 hr, 
while the remaining 3 cats required 8 hr after the starting 
time, respectively, to finish all of their food. With M/D dry 
diet, three cats ate all of their food, whereas 2 cats were able 
to consume≥50% of their food within 30 min, respectively. 
The remaining 2 cats required up to 4 hr after the starting 
time to finish all of their food. Lastly, with C/D dry diet, 4 
cats managed to eat all of their food within 30 min. The last 
cat ate≥50% of its food within 30 min, requiring up to 4 hr 
after the starting time to completely finish all of its food.

Effect of prescription diets on postprandial serum glucose 
concentration inobese cats:Temporal analysis of postprandi-
al glucose concentrations with each type of diet indicated no 
significant differences over time with any of the diets (Fig. 
2a). However, significant differences were observed in mean 
(± SD) glucose AUC between the 4 diets (P<0.010, one-way 
repeated measures ANOVA). The M/D and Diabetic dry 
diets resulted in significantly lower glucose AUCs (821.2 ± 
94.4 and 804.8 ± 129.2 mg/dl· hr–1, respectively) than that of 
the C/D diet (921.2 ± 161.4 mg/dl hr–1). The glucose AUC of 
the W/D diet (879.5 ± 134.2 mg/dl· hr–1) was slightly lower 
than that of the C/D diet, but the difference was not regarded 
as being significant. In addition, significant differences were 
observed in mean peak concentrations of glucose between 

Table 1. Chemical compositions of the prescription diets

 C/D M/D W/D Diabetic
Carbohydrates 10.5 3.7 10.7 6.7

Protein 8.3 12.3 11.1 12.3
Fat 4.0 5.2 2.8 3.2

Fiber 0.2 1.3 2.2 3.1
Calcium 0.18 0.21 0.28 0.25

Potassium 0.21 0.17 0.24 0.27
Phosphorus 0.16 0.18 0.22 0.23
Magnesium 0.01 0.01 0.02 0.02

Sodium 0.09 0.09 0.09 0.13
Taurine 0.06 0.07 0.06 0.07

Values are presented as g/100 kcal of dry food. C/D dry=high carbohydrate, moderate protein, moderate fat and 
low fiber. M/D dry=low carbohydrate, high protein, high fat and high fiber. W/D dry=high carbohydrate, high 
protein, low fat and low fiber. Diabetic dry=low carbohydrate, high protein, low fat and high fiber. Dietary energy 
breakdown: C/D dry=3,885 kcal/kg (383 kcal/cup, one 8 fluid ounce cup=3 ounces=85.05 g), M/D dry=3,960 
kcal/kg (495 kcal/cup, one 8 fluid ounce cup=4 ounces=113.4 g), W/D dry=3,227 kcal/kg (281 kcal/cup, one 
8 fluid ounce cup=3 ounces=85.05 g), Diabetic dry=276 kcal/cup, 332.7 kcal/100 g, 85 g/cup. Dietary energy 
breakdown information is available from the Hill’s Pet Food and Royal Canin websites:
C/D dry http://www.hillspet.com/products/pd-feline-cd-multicare-feline-bladder-health-dry.html
M/D Dry http://www.hillspet.com/products/pd-md-feline-weight-loss-low-carbohydrate-glucose-management-
dry.html
W/D Dry http://www.hillspet.com/products/pd-feline-wd-feline-low-fat-diabetic-gastrointestinal-dry.html
Diabetic dry http://www.royalcanin.ca/index.php/Veterinary-Products/Feline-Nutrition/Veterinary-Therapeutic-
Formulas/Diabetic-Dry
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Fig. 2. Mean temporal changes in postprandial serum (a) glucose, (b) insulin, (c) nonesterified fatty acid (NEFA) and (d) triglycerides 
(TG) concentrations under different diet regimens in obese cats (n=5). Results are expressed as means ± SD. Total area under the curve 
(AUC) results are presented in the insets within the graphs. Asterisks indicate significance (P<0.05; Bonferroni’s multiple comparison 
test) when compared with the C/D diet.

Table 2. Comparison of peak metabolite concentrations with different diet regimens

Diet Glucose Insulin TG NEFA
Regimen (mg/dl) (ng/ml) (mg/dl) (mEq/L)

 Mean SD Mean SD Mean SD Mean SD
C/D dry 99.2 16.8 2.7 1.2 63.6 16.9 441.6 88.5
M/D dry 90.4 11.8 1.3 0.8 94.8 39.5 869.2 196.4*
W/D dry 96.0 14.0 1.2 0.9 69.0 17.0 626.2 296.0

Diabetic dry 87.8 16.6* 1.3 1.0 86.0 32.0 823.6 231.6*

Asterisks indicate significant differences when compared with the C/D diet (P<0.05, Bonferroni's one-way ANOVA multiple 
comparison test).
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the 4 diets (one-way repeated measures ANOVA). When 
compared amongst the various diets, the C/D diet resulted in 
a significantly higher peak concentration of glucose (99 ± 17 
mg/dl) than the diabetic diet (87 ± 17 mg/dl) (Table 2). There 
were no significant differences in time to peak of glucose 
between the 4 diets (Table 3).

Effect of prescription diets on postprandial serum insulin 
concentration in obese cats: Temporal analysis of postpran-
dial serum insulin concentrations, with each type of diet, 
indicated no significant difference in insulin sensitivity over 
time; however, the C/D diet tended to result in the greatest 
insulin concentration amongst all of the diets (Fig. 2b). A 
significant difference was observed in mean (± SD) insulin 
AUC between the 4 diets (P=0.004, one-way repeated mea-
sures ANOVA). The M/D, W/D and Diabetic diets (8.8 ± 4.7, 
7.9 ± 5.7 and 8.2 ± 5.4 ng/ml· hr–1, respectively) all resulted 
in a significantly lower insulin AUC than the C/D diet (14.0 
± 3.8 ng/ml· hr–1). A significant difference was also observed 
in mean (± SD) peak concentrations of insulin between all 
four diets (P<0.05, one-way repeated measures ANOVA) 
(Table 2); however, no significant difference in time to peak 
of insulin was observed between the diets (Table 3).

Effect of prescription diets on postprandial serum TG 
concentration in obese cats: Temporal analysis of post-
prandial serum TG concentrations indicated no significant 
differences in TG concentrations over time between each 
type of diet (Fig. 2c). Furthermore, no significant difference 
was observed in mean (± SD) TG AUC between any of the 
4 diets (P=0.311, one-way repeated measures ANOVA). In 
addition, no significant differences in peak concentrations of 
TG were observed between the 4 diets (Table 2). However, a 
significant difference was observed in mean (± SD) time to 
peak of TG between the four diets (P<0.05, 1 -way repeated 
measures ANOVA) (Table 3). When comparing the different 
diets, the M/D diet (1.8 ± 0.8 hr) resulted in a significantly 
shorter time to peak than the W/D diet (5.6 ± 1.6 hr) (Table 3).

Effect of prescription diets on postprandial serum NEFA 
concentration in obese cats: Temporal analysis of postpran-
dial serum NEFA concentrations indicated significant dif-
ferences over time between diets (P<0.05, 2-way repeated 
measures ANOVA) (Fig. 2d). A significant difference was 
observed in mean (± SD) NEFA AUC between the 4 diets 
(P<0.001, 1-way repeated measures ANOVA). The M/D 
and Diabetic diets (6,398.5 ± 912.9 and 5,977.0 ± 1,099.8 
mEq/L· hr–1, respectively) resulted in a significantly higher 

NEFA AUCs than the C/D diet (3615.6 ± 579.2 mEq/L· 
hr–1). Although the W/D diet NEFA AUC (4,786.0 ± 1,165.7 
mEq/L· hr–1) was slightly higher than that of the C/D diet, 
the increase was not deemed to be significant. In addition, 
significant differences were observed in mean (± SD) peak 
concentrations of NEFA between the diets (P<0.05, 1-way 
repeated measures ANOVA). The C/D diet resulted in a 
significantly lower peak concentration of NEFA (441 ± 88 
mEq/L) than either the M/D (869 ± 196 mEq/L) or Diabetic 
(823 ± 231 mEq/L) diet (Table 2). Lastly, no significant dif-
ference in time to peak of NEFA was observed between the 
four diets (Table 3).

DISCUSSION

Given that postprandial serum glucose and insulin concen-
trations in obese cats can be drastically changed and altered 
by diet, as compared with healthy cats [8, 26], we assessed 
and compared the influence of four different commercially 
available prescription feline diets on in terms of postprandial 
glucose, insulin, triglyceride (TG) and nonesterified fatty 
acid (NEFA) concentrations, four important key parameters 
often monitored and assessed in obese and diabetic cats. 
There are currently a large number of diets available com-
mercially for cats, which vary greatly in nutrient composi-
tion. Most diets are comprised of 4 major macronutrient 
categories: carbohydrates, protein, fiber and fat, with a 
selection of various micronutrients. There has been much 
research as to what degree each macronutrient category may 
influence or contribute to blood metabolite concentrations.

In fact, in spite of the fact that cats are strict carnivores 
and do not metabolize carbohydrates efficiently, most com-
mercially available dry cat foods are moderate to high in car-
bohydrate content (>25–55% metabolizable energy (ME)), 
partly because of 1) the difficulty in formulating extruded, 
dry diets that are low in carbohydrates, and 2) because cereal 
is a relatively inexpensive ingredient, and there is demand 
for lower-cost diets in the pet food market. The typical prey 
diet of cats is low in carbohydrates (<10% ME) [36].

Overall, we demonstrated that a low-carbohydrate, high-
protein diet (M/D and Diabetic diets used in this study) can 
significantly lower postprandial glucose AUC greater than 
the C/D and W/D diets, which have higher carbohydrate 
contents. Our results corroborate a previous study reporting 
that healthy cats fed a diet for 4 weeks with approximately 

Table 3. Comparison of time to peak metabolite concentrations with different diet regimens

Diet Glucose Insulin TG NEFA
Regimen Time (hr) Time (hr) Time (hr) Time (hr)

 Mean SD Mean SD Mean SD Mean SD
C/D dry 5.0 3.1 2.6 2.3 4.8 1.7 5.8 3.8
M/D dry 8.8 1.0 6.2 2 1.8 0.8* 8.8 1.7
W/D dry 7.2 3.0 5.4 4.2 5.6 1.6 8.4 2.6

Diabetic dry 6.4 4.9 3.6 2.5 5.0 2.5 8.8 2.6

Asterisk indicates significant differences when compared with the C/D diet (P<0.05, Bonferroni's one-way ANOVA multiple 
comparison test).
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50% of energy from carbohydrates, demonstrated a signifi-
cantly higher mean glucose concentration and glucose AUC 
as compared with cats fed diets with 25% of energy from 
carbohydrates [11]. Interestingly, the M/D and Diabetic diets 
also resulted in a postprandial glucose level lower than the 
preprandial level, in which is consistent with our results 
from a previous study where healthy cats were used [28].

In fact, differences in glucose concentration after con-
suming diets with differing starch levels has been observed 
between cats and dogs. Although a high starch diet increases 
plasma glucose concentrations in both animal species, a 
markedly prolonged elevation of plasma glucose concentra-
tion is present in cats [16, 17]. Hewson-Hughes et al. [16, 17] 
previously demonstrated that as compared with dogs, cats 
have a slower, delayed and lower rate of insulin secretion 
when eating a meal with added glucose. Recent theories sug-
gest that high-carbohydrate diets may lead to DM in felines, 
since carnivores are not well adapted to readily metabolize 
large amounts of glucose efficiently, as a source of energy 
[20]. Moreover, cats lack salivary amylase and demonstrate 
low activity of intestinal enzymes commonly involved in 
carbohydrate breakdown, such as intestinal amylase and 
disaccharidases [8].

Interestingly though, although both the Diabetic and M/D 
diets resulted in similar and comparable postprandial glucose 
AUC values, the M/D diet resulted in a significantly lower 
peak concentration of glucose versus the C/D diet while 
containing twice as much carbohydrate content as compared 
with the M/D diet (6.7 vs 3.7 g/100 kcal of dry food). This 
observation may be attributed to the fact that 1) the M/D diet 
also has twice the fiber content of the Diabetic diet (3.1 vs 
1.3 g/100 kcal of dry food) and 2) both diets have varying 
types of fiber, with the content of fiber in the M/D diet be-
ing mainly cellulose (insoluble fiber), whereas the Diabetic 
diet contained a mix of cellulose and beet pulp (soluble and 
insoluble fiber). Reducing the energy density of food by 
decreasing fat content and increasing fiber concentration is 
a strategy widely used for the management of obesity in pet 
animals [39]. The main rationale is that these diets provide a 
greater satiety stimulus, because a larger volume of food is 
ingested [36]. Fiber is a significant ingredient that can lower 
postprandial glucose responses, thereby also lowering post-
prandial insulin secretion in the process [15, 41]. Further-
more, insoluble fiber, the type of fiber present in commercial 
feline high-fiber diets, has been shown to improve glycemic 
control in diabetic cats [32]. Based on human medical stud-
ies, fiber appears to slow intestinal carbohydrate absorption 
by: 1) slowing gastrointestinal transit times and gastric emp-
tying and 2) decreasing starch hydrolysis and, consequently, 
the rate of glucose absorption [2, 9]. Consequently, use of 
high fiber foods for glycemic control in diabetic cats has also 
been suggested.

It is currently debatable as to whether or not a high-pro-
tein diet increases postprandial insulin in humans and rats 
[7, 14, 34, 38]. High-protein, low-carbohydrate diets reduce 
postprandial hyperglycemia, but also decrease the overall 
insulin requirement, possibly indicating a reduced demand 
on the β-cells to produce insulin in diabetic cats [5]. A low-

carbohydrate diet may aid in glycemic control in diabetic 
cats by decreasing hyperglycemia and markedly decrease the 
in insulin dose [13, 27]. Postprandial insulin secretion was 
observed in all four prescription diets. However, apparent 
insulin secretion was only observed in the C/D diet group 
after 1 hr post feeding. Furthermore, the preprandial insulin 
level with the C/D diet was higher than with the other three 
diabetic prescription diets, and was maintained at higher 
levels, for up to 10 hr post feeding. Thus, all three diabetic 
prescription diets may also be able to moderate postprandial 
insulin secretion. Moreover, all 3 DM-targeted diets (M/D, 
W/D and Diabetic diets) had higher protein amounts than the 
C/D diet, which did not increase postprandial serum insulin 
concentrations in the present study. However, of the 3 dia-
betic prescription diets, the M/D diet had the highest insulin 
AUC levels. One possible explanation is that the M/D diet 
contains rich amounts of arginine, which is a strong stimulus 
for invoking an insulin response in cats [22]. The M/D diet 
also contains the lowest amount of carbohydrates but highest 
amount of fat amongst the 3 DM diets.

Dietary fat content may also affect the postprandial glu-
cose concentration. Martin et al. [26] reported that mean 
postprandial glycemia increases from the use of high-fat 
diets as compared with high-protein diets. However, no 
significant difference in mean postprandial insulin concen-
tration was observed between high-fat and high-protein 
diets. The authors speculated that fatty acid may be used as 
a substitute for glucose to supply energy in high-fat diets. 
However, another study demonstrated that plasma concen-
trations of insulin in cats given the highest-fat diet were 
greater than those of cats given lower-fat diets [4]. The M/D 
dry diet (highest fat content in the present study) did not 
induce postprandial hyperglycemia or any apparent insulin 
secretion, leading us to speculate that dietary fat content has 
less impact and effect on postprandial glucose and insulin 
concentration, as compared with dietary carbohydrate and 
fiber content in the present study.

Some micronutrients may have an influence on glucose 
and insulin metabolism. Chromium has been shown to 
reduce the glucose concentration and improve glucose tol-
erance in normal-weight cats [3]. In addition, intravenous 
calcium-stimulation tests resulted in a significant increase in 
plasma insulin concentration, but had no effect on plasma 
glucose concentrations [35]. Few studies have examined and 
elucidated the relationship between micronutrients and post-
prandial blood parameters, indicating that there is further 
need for futures studies in this area.

Obesity is associated with increased serum concentrations 
of triglycerides (TG) in cats. TGs play an important role in 
metabolism as energy sources and transporters of dietary fat. 
Because diets containing different amounts of fat (M/D − 
high fat, C/D − moderate fat, and W/D and Diabetic − low 
fat), we expected the postprandial TG concentrations to 
be affected by dietary fat amount. However, in the present 
study, postprandial serum TG concentrations did not differ 
between any of the prescription diets, leading us to speculate 
that changes in dietary fat amount do not affect postprandial 
TG concentrations on a short-term basis (1 week).
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In a human study, dietary fat was generally considered 
to reduce postprandial blood glucose and insulin concentra-
tions because of reduced upper gastrointestinal motility [40]. 
However, a large part of the postprandial glucose and insulin 
responses was explained by the amount of carbohydrates in 
the meal [43]. In another study, differences in fat amount 
did not appear to affect postprandial glucose or insulin 
levels [33]; therefore, fat amounts can be readily altered 
without any negative outcome. In fact, dietary fat is reputed 
to enhance the palatability of diets made for cats, and this 
may be the sole reason for including it as a constituent [19]. 
However, a high-fat diet has been shown to induce insulin 
resistance, which can lead to increased insulin levels and 
DM eventually [23]. Therefore, further testing of diets with 
varying amounts of fat on a long-term basis should reveal 
more information about the relationship between postpran-
dial serum TG concentration and insulin resistance in obese 
cats.

No significant changes were observed in time to peak 
concentrations of glucose, insulin and NEFA; however, TG 
with the M/D diet peaked significantly earlier than with the 
W/D diet. Since the fat content in the M/D diet was 1.9-
fold higher than that in the W/D diet, the higher fat content 
might have induced an earlier increase in TG concentration 
as compared with the W/D diet.

Postprandial serum NEFA concentrations differed be-
tween the 4 prescription diets. Fatty acids released from 
adipocytes are usually produced by the hydrolysis of TGs. 
Fat storage and accumulation in skeletal muscle and adipose 
tissues are regulated by 2 lipases, LPL (lipoprotein lipase) 
and HSL (hormone-sensitive lipase). Lipid storage in skel-
etal muscle and adipose tissues is entirely dependent on 
uptake of NEFAs released from the hydrolysis of circulating 
TG-rich lipoproteins by LPL [10]. Meanwhile, HSL is a rate-
limiting enzyme involved in the hydrolysis of intracellular 
TGs to supply plasma NEFAs. In normal human subjects, 
the rise in plasma insulin after an oral glucose load rapidly 
suppresses plasma NEFAs. Insulin activates LPL in adipo-
cytes; therefore, the serum NEFA concentration decreased 
after feeding with all of the diets. However, the serum NEFA 
concentration gradually increased thereafter with all the di-
ets except for the C/D diet.

In particular, the NEFA AUCs and peak concentrations 
with the M/D and Diabetic diets were significantly higher 
than those of the C/D diet. Our results corroborate those of a 
human study demonstrating significantly lower postprandial 
plasma NEFA using high-carbohydrate diets as opposed to 
low-carbohydrate diets [42]. HSL is activated when the body 
needs to mobilize energy stores and therefore responds posi-
tively to catecholamines and ACTH (adrenocorticotropic 
hormone) and negatively to insulin. The M/D and diabetic 
diets contain low amounts of carbohydrates, thereby reduc-
ing postprandial glucose concentrations, which might induce 
the secretion of catecholamines and ACTH. Therefore, 
it may be possible that the increase in postprandial serum 
NEFA concentration induced by the M/D and Diabetic diets 
leads to the conversion of fat into energy, thereby enhancing 
weight loss, which would be beneficial for obese cats feed-

ing on either of these diets.
This study has a number of limitations. First, our results 

have low statistical power, which is attributed to the small 
number of obese cats. Therefore, due to the large biological 
variability amongst animals, the sample number used in our 
study is too small to accurately assess postprandial serum 
metabolites (e.g., glucose, insulin, TG and NEFA concentra-
tion) reliably. Second, the animals used in our study were 
not randomized, and therefore, our study was not blinded. 
Lastly, although a feline-specific insulin ELISA kit was used 
in our study, a large standard deviation was observed. Since 
this commercial kit was previously assessed for reproduc-
ibility [29], we consider any large standard deviation to be 
explained by the small number of obese cats (n=5) and large 
variability between these individuals and not to be due to any 
limitation of the kit itself.

In conclusion, this study demonstrates that different pre-
scription diets can significantly affect postprandial changes 
in the glucose and insulin responses of obese cats, thereby 
providing useful information for managing and treating 
diabetic cats. Overall, the M/D, W/D and Diabetic diets are 
aimed at weight management and treating DM, as described 
by their manufacturers. These diets are rich in fiber (1.3, 2.2 
and 3.1 g/100 kcal, respectively), which can lower postpran-
dial glucose levels and thereby lower postprandial insulin 
levels. Our results confirm that the M/D, W/D and Diabetic 
diets might be beneficial for cats with a combination of risk 
factors for diabetes, such as age, obesity and gender (e.g., 
male sex), as shown by the reduced incremental increase 
in postprandial serum glucose and insulin concentrations 
as compared with cats fed the C/D diet. Because the M/D, 
W/D and Diabetic diets contain a large amount of fiber as 
compared with the C/D diet, the relationship between di-
etary fiber amounts and contents and postprandial glucose 
and insulin secretion should be further studied. In addition, 
few studies have examined and elucidated the relationship 
between micronutrients and postprandial blood parameters, 
indicating that there is further need for future studies in this 
area also.

Lastly, given that our study was conducted with obese 
cats, it is very difficult to extrapolate any of our findings 
to cats suffering from DM per se. Therefore, it would be 
clinically more relevant and important to repeat this study 
on a long-term basis in cats suffering from DM in order to 
confirm whether the results in this study are applicable.
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