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Abstract
The interest and demand for healthy and less processed foods for human consumption have been mirrored in the pet 
industry, with an explosion of alternative diets available. Several nontraditional feeding methodologies including raw meat-
based diets (RMBDs) are believed by many dog owners to be superior to traditional extruded commercial dog foods. Despite 
the strong opinions, limited data are available comparing objective health measures among healthy dogs fed using different 
methods of diet preparation. Therefore, we compared health markers in client-owned dogs fed an RMBD to markers in 
dogs fed a high-quality extruded kibble. We hypothesized that healthy adult dogs fed RMBD would show differences 
in biochemical and hematological parameters and improved clinical health scores (e.g., dental, external ear canal, and 
integument scores) compared with dogs fed a kibble diet. A cross-sectional observational study was performed comparing 
hematology, serum biochemistry, urinalysis management history, and clinical health scores in healthy client-owned dogs 
reported as fed RMBD (n = 28) or kibble (n = 27) for >1 yr. Dental, external ear canal, and integument health scores were 
assigned by a single veterinary evaluator blinded to feed group, using a scale where 0 was normal and 3 was most severely 
affected. Spearman correlation coefficient (rs) was calculated to assess the strength and direction of the relationship 
of biochemical outcomes with age and body condition score (BCS), while analysis of variance was used to determine if 
biochemical analytes differed by breed or gender. Biochemical data were analyzed using multiple linear regression models, 
adjusting for the covariates gender, breed, age, and BCS. A composite clinical health score, (CCS) = 9 − (dental score + otitis 
score + integument score), was compared between feeding groups using Mann–Whitney test. Serum alkaline phosphatase 
activity (P < 0.001) and globulin concentration (P < 0.001) were lower, while lymphocyte count (P < 0.05) was higher in dogs 
fed RMBD. No differences were found in urinalysis between diet groups. Dogs fed RMBD showed a slight improvement in 
CCS compared with kibble-fed dogs (CCS: P = 0.03). Owner management significantly differed with a greater likelihood 
of management interventions including dietary supplements and sporting activities in the RMBD group. Further work is 
needed to specifically determine the impact of diet processing and nutrient content on canine health.
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Introduction
The impact of diet on health is irrefutable, for humans as well 
as our companion animal species. The interest and demand 
for healthy, locally sourced, fresh, or less processed foods for 
humans consumption have been mirrored in the pet industry, 
with an explosion of available diets labeled as natural, fresh, 
or grain free. Several nontraditional feeding methodologies 
including raw, home-cooked, and naturally sourced ingredients 
are believed by many dog owners and practitioners to be superior 
to traditional extruded commercial dog foods. A current trend 
among pet owners advocating for more natural diets is the 
use of raw fed or minimally processed diets (Schlesinger and 
Joffe, 2011). Anecdotal reports of health benefits of raw meat-
based diets (RMBD) include cleaner teeth, decrease in fecal 
output, improvement of skin and coat, improved immunity, 
and decrease in inflammatory-related diseases (Freeman et al., 
2013). However, little to no evidence is present in the scientific 
literature to support assertions of improved clinical outcomes in 
RMBD-fed dogs, and what has been reported only followed dogs 
for a short-term feeding trial, was limited by small sample sizes, 
or failed to report clinical outcomes (Algya et  al., 2018; Frisk, 
2018; Anturaniemi et al., 2020). 

Feeding raw meat is not without risk. Multiple studies have 
reported the presence of pathogenic bacteria in RMBD as well in 
the feces, and the Centers for Disease Control and Prevention 
and Food and Drug Administration recommend against feeding 
raw diets to pets due to the risk of exposing owners to disease-
causing enteric bacteria or parasites in the raw food products 
(LeJeune and Hancock, 2001; Joffe and Schlesinger, 2002; 
Weese et  al., 2005; Finley et  al., 2006; Strohmeyer et  al., 2006;  
Lefebvre et al., 2008; Freeman et al., 2013; Nemser et al., 2014; van 
Bree et al., 2018). Owners may also unwittingly create nutritional 
deficiencies or excesses in their pets due to poorly formulated 
diets (Köhler et al., 2012; Pedrinelli et al., 2019). Because of the 
potential risks to human and dog health, it is important to 
identify if there are benefits to warrant these feeding practices.

The type, duration, and temperature of processing of 
feedstuffs can all affect nutrient composition and digestibility, 
with raw diets being generally associated with higher 
digestibility than dry kibble (Beloshapka et al., 2012; Kerr et al., 
2012; Bermingham et  al., 2017). Rendering meat lowers the 
protein quality and amino acid availability compared with raw 
meat meals (Cramer et al., 2007). Processing may also result in 
chemical transformations such as the production of advanced 
glycation end products (AGEs). Several reports have shown 
that multiple methods and conditions used in the production 
of commercial dog food result in the creation of AGEs (Tran 
et  al., 2008; Van Rooijen et  al., 2014a, 2014b). AGEs, through 
interaction with the receptor for AGEs, activate signaling 
pathways that increase the production of reactive oxygen 
species and sustained the activation of pro-inflammatory 
signals, such as nuclear factor kappa-light-chain-enhancer of 

activated B cells (Cepas et al., 2020). There is mounting evidence 
that AGEs contribute to the development of several important 
chronic and age-associated diseases in humans and dogs, 
such as diabetes, heart disease, cancer, and neurodegeneration 
(Langhendries et al., 1992; Hamelin et al., 2003; Comazzi et al., 
2008; Poulsen et  al., 2013; Ribeiro et  al., 2019). Taken together, 
increased bioavailability of nutrients and reduction of low-grade 
inflammation could explain the anecdotal results of improved 
health and reduction in disease states reported by owners.

 Additionally, previous research has shown that the nutrient 
composition of a diet is a strong driver of differences in the 
intestinal tract microbial populations (i.e., the gut microbiota), 
which has a substantial impact on the overall health (Gilbert 
et al., 2016; Lynch and Pedersen, 2016; Mondo et al., 2019; Burr 
et  al., 2020). RMBD diets differ substantially in the overall 
macronutrient composition, with a typical RMBD consisting 
of primarily protein and fat, while the addition of plant 
products in commercial kibble results in 30% to 40% simple 
carbohydrates and 3% to 5% crude fiber. Therefore, naturally 
sourced ingredients or raw foods theoretically could result in 
different health outcomes in dogs due to changes in absorbed 
nutrients or by modifying the gut microbiota which, in turn, 
would alter clinical health markers. We hypothesized that 
healthy dogs fed RMBD would show improved general health 
markers, including a modest clinical benefit (such as improved 
dental, ear, and skin health scores) compared with dogs fed a 
kibble diet. Furthermore, we hypothesized that animal factors, 
such as age, body condition score (BCS), breed, and gender, 
would also contribute to differences in general health markers 
in dogs fed RMBD or kibble diets. To examine the interaction 
of diet and health in dogs, we compared hematology, serum 
biochemical, and clinical health outcomes in client-owned dogs 
fed RMBD or commercial extruded kibble diets for a period of 
at least 1 yr.

Methods and Materials
The study was performed under the approval and oversight of 
the Oklahoma State University Institutional Animal Care and 
Use Committee, in accordance with applicable provisions of 
the Animal Welfare Act, Public Health Service (PHS) Policy on 
Humane Care and Use of Laboratory Animals, the USDA Animal 
Welfare Regulations, and University policies. All procedures 
were performed only after receiving written, informed client 
consent.

Inclusion criteria

Healthy, adult (1.5 to 13 yr) dogs fed either an RMBD or extruded 
commercial kibble diet for longer than 1 yr were recruited for 
enrollment. Health was confirmed by physical examination 
by a single veterinary clinician blinded to the dog’s feeding 
method. Dogs that received treatment with antimicrobial, 
immune modifying (e.g., Apoquel or Cytopoint), or steroid drugs 
within 4 mo; vaccinated with 2 wk; or pregnant were excluded. 
Recruitment of dogs was through outreach to area raw food 
cooperatives, dog events/competitions, social media targeted 
to local dog show and performance groups, veterinary teaching 
hospital clients, employees, and students. To facilitate ease of 
sample collection, only dogs >9 kg were included.

Historical data

Extensive general and nutritional historical information was 
obtained to determine the dog’s overall health and fitness. 

Abbreviations

AGEs advanced glycation end products
BCS body condition score
BUN blood urea nitrogen
CCS clinical composite score
HCT hematocrit
HGB hemoglobin
RBC red blood cell
WBC white blood cell
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Historical information collected included vaccination status, 
parasite prevention, dental care (including date of last 
profession dental cleaning, use of dental chews, or frequency 
of teeth brushing), ear cleaning, bath and grooming frequency, 
lifestyle, travel, ongoing medical issues, recent surgery, current 
medications (including nutraceuticals and over the counter), 
health habits, and activity level. A modified World Small Animal 
Veterinary Association (WSAVA) Global Nutrition Assessment 
checklist was completed by the pet owner in order to obtain 
a complete dietary history, including information regarding 
current food type, amount, feeding frequency, length on diet, 
palatability, food storage, and access to foods not offered by the 
owner (Baldwin et al., 2010; Freeman et al., 2011).

Physical evaluation

Participant dogs received a thorough physical examination 
completed by a blinded clinician. Basic parameters included 
rectal body temperature, heart rate, respiratory rate, and body 
weight, as well as evaluation of total body health. Utilizing the 
WSAVA’s standardized scale, BCS was assessed (Laflamme, 
1997; Mawby et  al., 2004). The oral cavity of the dog was 
examined for the amount and distribution of plaque and 
calculus, health of the gingiva (gums), and loose or missing 
teeth and graded on a scale of 0 to 3, using an adaptation of 
the American Veterinary Dental College Stages of Periodontal 
Disease (Bauer et al., 2018). Due to the infrequency of animals 
with advanced dental disease in the study population and 
to equally weight the three clinical scores (dental, otitis, and 
integument score), dental grades 3 and 4 were combined. The 
condition of the dog’s integument was evaluated for dryness, 
scaling, ease of epilation, and presence of lesions (erythema, 
lichenification, excoriations, and alopecia) and graded on a 
scale of 0 to 3 (Olivry et al., 2014). In addition, ears were visually 
evaluated for erythema, edema, erosion/ulceration, and 
exudate and graded on a scale of 0 to 3 (Nuttall and Bensignor, 
2014). For each of the clinical grading scales, 0 was normal and 
3 was the most severally affected. A composite clinical score 
(CCS: 0 to 9) was calculated from the three individual clinical 
health scores using the formula CCS = 9 − (dental score + otitis 
score + integument score). 

Sample collection

Free catch urine samples were collected from the dogs on the 
day of examination for urinalysis. Specific gravity and pH were 
determined on fresh urine samples by refractometry and urine test 
strip (Siemens Multistix 10 SG, Siemens Healthcare Diagnostics 
Inc, Tarrytown, NY), respectively. Hematology and serum 
chemistry analyses were performed by an on-site commercial 
laboratory (Antech) on fresh (submitted within 30  min) blood 
samples collected via jugular venipuncture into tubes containing 
appropriate anticoagulants (ethylenediaminetetraacetic acid 
and lithium heparin, respectively). Dogs were not fasted prior to 
blood collection; all samples were collected 60 to 360 min after 
their typical meal. To further characterize the specific isotype 
contributing to the total alkaline phosphatase (ALP) activity, 
bone ALP concentration was determined using a canine-specific 
enzyme-linked immunosorbent assay kit (MyBioSource, San 
Diego, CA). All samples were measured on a single plate with 
an intraassay coefficient of variation of 2.78% at a concentration 
of 6 ng/mL (n = 4). Blood samples for serum thyroxine (T4), free 
T4, and thyroid stimulating hormone (TSH) were allowed to clot, 
then separated within 3  h and stored at −80  °C until assayed 

using a canine-validated chemiluminescence assay (Immulite 
1000, Siemens). All thyroid hormone assays were performed 
within 3 mo of sample collection.

Statistics

Sample size calculation indicated that 25 animals per group 
were needed to detect a 1.2-grade difference in the CCS with an 
80% power and an alpha of 0.05%. To perform this calculation, 
we assumed a mean CCS of 7/9 (SD 1.5) in the kibble-fed dogs 
based on the summation of the published mean score (±SD) 
for each individual clinical scoring system (integument, otitis, 
and periodontal; Nuttall and Bensignor, 2014; Olivry et al., 2014; 
Stella et al., 2018).

Animal factors were compared between feeding groups by 
Mann–Whitney test (age and BCS) or chi-square test (gender 
and breed). Spearman correlation coefficient (rs) was calculated 
to assess the strength and direction of the relationship of 
biochemical outcomes with age and BCS. Analysis of variance 
was used to determine if biochemical analytes differed by breed 
or gender. Biochemical data were analyzed using multiple 
linear regression models to understand the difference in the 
biochemical parameters across the two feeding groups while 
adjusting for other covariates determined in the above analyses 
to be potential cofounders and/or not balanced across the 
feeding groups, namely gender, breed, age, and BCS. For the 
purposes of statistics, breed was coded as border collies (n = 13), 
other purebred dogs (n = 27), or mixed breed dogs (n = 14). Border 
collies were considered as their own group due to the substantial 
number enrolled, whereas all other breeds had no more than 
four participants (Table 1). We performed regression diagnostics 
with the residuals to check the necessary assumptions of 
the regression models and used appropriate logarithmic 
transformation whenever necessary to resolve violation of the 
normality assumption.

Bone ALP concentration was compared with total ALP activity 
by Spearman rank test. The bone ALP concentration in RMBD-fed 
dogs was compared with kibble-fed dogs by Mann–Whitney test.

To test the overall hypothesis that feeding RMBD improves 
the overall clinical outcomes, a CCS was compared between 
feeding groups using Mann–Whitney test, with P  <  0.05 
considered significant (one-sided). For clinical data for which 
limited dogs had abnormal findings (otitis and integument 
score), data were scored as normal vs. abnormal and the feeding 
groups compared using Fisher’s exact test. Fecal consistency 
and dental score were compared between feeding groups using 
a chi-square test.

Owner responses regarding animal care and history were 
summarized. Fisher’s exact test was used to compare the 
frequency of historical skin disease and frequency of owner 
interventions between feeding groups for all interventions 
except bathing practice, which used a Mann–Whitney test. To 
assess if management practices influenced clinical outcomes, 
a chi-square test was performed comparing dental scores in 
those dogs that did or did not have a history of professional 
dentistry, teeth brushing, or provision of dental chews (tested 
individually and combined). Otitis score (normal vs. abnormal) 
was compared in dogs that did or did not have a history of 
ear cleaning by Fisher’s exact test. Logistic regression was 
performed to test the association between the integument 
score (normal: grade 0; abnormal: grade ≥ 1) and frequency of 
baths (baths/yr). Statistical analysis and graph creation were 
performed using statistical software R and Graph Pad Prism 
5.01.
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Results
Sixty-one dogs were recruited for the study. Six dogs were deemed 
unsuitable due to abnormalities on physical examination (five 
kibble-fed dogs and 1 RMBD dog); 27 kibble-fed dogs and 28 
RMBD dogs were enrolled. All dogs had been on their current 
method of feeding (raw vs. kibble) for >2 yr, except for one dog 
that had switched from kibble to raw the previous year. Table 1 
summarizes the signalment of the dogs included. In the kibble 
group, diets included Purina ProPlan (n = 12), Hills (n = 9), Iams 
(n = 2), Taste of the Wild, Royal Canin, Diamond, and Pedigree (1 
each). In the RMBD group, all dogs were fed RMBD distributed 
by two companies (Titan blends, Ross Wells Distributor: n = 22 
and meat blends from Texas Tripe distributor, n = 6). RMBD dogs 
often received a combination of prepared blends and locally 
sourced (groceries, self-prepared, and hunters) feedstuffs. Dogs 
in the RMBD group were significantly older and had a lower BCS 
than the kibble-fed group (Table 1, P < 0.001 for both).

Table 2 summarizes the correlation of age and BCS with 
the biochemical and hematological parameters, while Table 3  
presents the group mean (or median) differences in analyte 
concentration based on gender or breed. Age was weakly 
correlated with several biochemical and hematological 
parameters, whereas BCS showed a moderate correlation to many 
outcomes. There were numerous differences in hematological 
parameters among the breed and gender groups. Therefore, 
all four of these animal factors were considered potential 
confounders and included in the subsequent regression models.

The hematology, serum chemistry, and urinalysis results 
(mean or median) for each feeding group are summarized in 
Table 4 along with the results of the multiple linear regression 
models. Laboratory-specific reference intervals are presented 
in Supplementary Table S1. ALP activity was nearly 50% less 
in dogs fed raw compared with kibble-fed dogs. Despite the 
large difference in ALP activity, all dogs were within the normal 
laboratory reference interval. Multiple linear regression revealed 
that feed group, but not BCS, age, gender, or breed, contributed 
to the observed difference in ALP activity (P < 0.0001). To further 
characterize the source of the difference in ALP activity, bone ALP 
concentration was determined (n  =  41). Total ALP activity was 
not correlated with bone ALP concentration (rs = −0.14, P = 0.4), 
and there was no difference between bone ALP concentration in 
RMBD- or kibble-fed dogs (Mann–Whitney, P = 0.8).

Dogs fed RMBD had a lower serum globulin concentration 
resulting in a lower total protein concentration and greater 
albumin:globulin ratio. Both age and gender also contributed 
to the model, with older animals and females having higher 
globulin concentrations. Although blood urea nitrogen (BUN) was 

lower in the kibble-fed group, this difference was statistically 
associated with BCS rather than diet.

Feeding RMBD was significantly associated with a greater 
lymphocyte count, while increasing age was associated with 
lower lymphocyte counts. Although several other hematological 
parameters differed between the raw and kibble groups 
including platelet count and red blood cell indices, multiple 
linear regression models revealed these differences to be 
primarily an effect of animal factor differences rather than diet.

Several clinical differences were observed between the 
RMBD- and kibble-fed dogs. Figures 1 and 2 summarize the 
clinical examination results. Integument health was improved 
in raw-fed dogs (P = 0.04); however, there was no difference in 
dental and otitis clinical scores between the groups (Figure 1) 
and no difference in the prevalence of previous skin disease as 
reported by the owner between groups (raw: 7/28; kibble: 5/27; 
P = 0.7). Fecal consistency was firmer in RMBD dogs compared 
with kibble-fed dogs (Figure 1, P < 0.0001). CCSs were calculated 
with the maximum score of nine assigned if no abnormalities 
were present in dental, integument and otitis examinations. 
The CCS was higher in RMBD dogs compared with the kibble-fed 
dogs (Figure 2; P = 0.02) suggesting a modest improvement in the 
overall health.

The client histories collected revealed distinct differences in 
behavioral practices between owners who fed kibble diets and 
those that fed RMBD. When management of the two groups was 
considered, there was no statistically significant difference in 
the frequency of tooth brushing (8% of RMBD and 12% kibble-fed 
dog owners brushed their dogs’ teeth, P = 0.66) or professional 
cleaning (38% of RMBD compared with 21% of kibble-fed dogs, 
P = 0.36). Nearly half of all dog owners reported using a dental 
intervention; however, 50% of RMBD dogs received raw meaty 
bones as dental cleaning aids, while 48% of kibble-fed dogs 
received dental chews or wipes. Raw-fed dogs did have a higher 
frequency of bathing with 81% of owners reporting bathing at 
least monthly intervals for an average of 5 baths per 6 mo, while 
25% of kibble-fed dogs were bathed at least once a month, and 
49% bathed only every 3 mo or less for an average of 2.96 baths 
per 6 mo (Mann–Whitney, P < 0.01). RMBD owners also provided 
a greater number of dietary supplements, as 85% of raw dogs 
received some sort of supplement, while 24% of kibble dogs 
received additional nutritional aids (P  <  0.001). As there was 
minimal consensus in type of supplements provided, it was not 
possible to statistically account for this potential confounder 
using the current study design.

To determine if owner management contributed to the clinical 
findings, frequency of individual dog husbandry interventions 
was compared to its associated clinical scores. There was no 

Table 1. Characteristics of dogs enrolled in the study1 

Kibble Raw P-value

Number enrolled n = 27 n = 28  
Gender M = 5; MC = 11; F = 0; FS = 11 M = 4; MC =7 ; F = 6; FS = 11 0.06
Age (mean ± SD) 4.5 ± 2.1 yr 6.9 ± 2.6 yr <0.001
Weight (mean ± SD) 27.81 ± 13.6 kg 24.14 ± 11.1 kg 0.28
BCS (mean ± SD) 5.1 ± 1.4 3.8 ± 1.2 0.001
Breed (multiples) BC = 3; Lab = 3; GD = 3; Aussie = 2; Mixed = 9 BC = 11; Rott = 4; ESS = 3; Lab = 2; Mixed = 5 0.08
Breed (singles) Corgi, Golden, Husky, Heeler, Greyhound, Staffy, and Beagle GSD, GSP, Mal, and BM  

1Age, body weight, and BCS were compared between the two feeding groups by Mann–Whitney test, while the frequency of breed and 
gender in the two groups was compared using a chi-square test. M, male; MC, male castrate; F, female; FS, female spayed; BC, Border Collie; 
Lab, Labrador Retriever; GD, Great Dane; Aussie, Australian Shepherd; Golden, Golden Retriever; Staffy, American Staffordshire Terrier; Rott, 
Rottweiler; ESS, English Springer Spaniel; GSD, German Shepherd Dog; GSP, German Shorthair Pointer; Mal, Malinois; BM, Bullmastiff. 

http://academic.oup.com/jas/article-lookup/doi/10.1093/jas/skab133#supplementary-data
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significant association in dental, otitis, or integument score with 
provision of dental interventions (veterinary cleaning, brushing, 
chews, or any one of the three), ear cleaning, or baths, respectively.

Discussion
Advocates strongly believe in the perceived health benefits of 
alternative diets, such as raw or home cooked, compared with 
conventional commercial kibble diets. In the current study, 
86% of owners reported feeding RMBD for the perceived health 
benefits. Anecdotal reports of health benefits of RMBD include 
cleaner teeth, decrease in fecal output, improvement of skin and 
coat, improved immunity, and decrease in inflammatory-related 
diseases (Schlesinger and Joffe, 2011; Freeman et al., 2013; Algya 
et al., 2018). To more critically assess whether feeding an RMBD 
had an observable effect on canine health, clinical health markers, 
hematologic and biochemical parameters, urinalysis, and thyroid 
hormones were compared in client-owned dogs that were 
reported to have been fed either kibble or RMBD for over a year.

To our knowledge, this is the first study to report that 
veterinarian-assessed clinical outcomes associated with 
feeding RMBD compared with kibble diet. Using a single-
blinded veterinary observer and previously validated scoring 
systems, the clinical consequence of the feeding method was 
evaluated. Assessment was focused on those clinical outcomes 
anecdotally suggested to be improved by RBMD. Integument, 
dental, and external ear canal scores were combined to make 
a CCS. Selection criteria for the study, which included the 

exclusion of dogs receiving medications typically prescribed 
for common pruritic or dermatological problems, may have 
contributed to the majority of enrolled dogs having minimal to 
no active skin or ear abnormalities. Despite this limitation, dogs 
fed RBMD had modest improvement in integument and CCS 
compared with kibble-fed dogs. Although improvement of skin 
allergies is a reason provided by owners for feeding raw, there 
was no difference in reported history of skin disease between 
the two feeding groups. As suggested in other publications, the 
consistency of feces in dogs fed RBMD was firmer than those fed 
kibble (Beloshapka et al., 2012; Kerr et al., 2012; Freeman et al., 
2013; Algya et al., 2018).

To address the concern that owner management might differ 
between the two groups, owner responses from a questionnaire 
were used to determine the frequency of dental interventions, 
baths and grooming, and ear cleaning. While there were 
substantial differences in management between the two groups, 
the frequency of these interventions was not correlated with 
individual clinical health scores, suggesting that differences in 
owner management alone were not the reason for the observed 
difference in health markers between dogs fed RMBD compared 
with kibble. However, we cannot eliminate the possibility that 
differences in some owner practices, such as dog activity level 
and dietary supplementation, both of which were more common 
in the RMBD group, may have confounded the ability to identify 
the effects due to diet alone. 

In addition to clinical assessment, biochemical parameters 
were compared as a rough indicator of physiological function. 

Table 2. Correlation (Spearman rank test, rs) between age or BCS and biochemical parameters

Analyte1

Age

 P-value

BCS

 P-valuers rs

Total protein −0.00756 0.9563 0.2514 0.0641
Albumin −0.1159 0.3995 0.1936 0.1566
Globulin 0.02548 0.8535 0.1535 0.2631
A/G ratio −0.03453 0.8024 −0.04118 0.7653
ALT activity 0.1498 0.275 −0.1067 0.438
ALP activity −0.3006 0.0257 0.3777 0.0045
BUN 0.271 0.0454 −0.4431 0.0007
Creatinine −0.01523 0.9121 0.255 0.0602
BUN/creatinine ratio 0.2518 0.0637 −0.5392 <0.0001
Glucose −0.3311 0.0135 0.1453 0.2898
WBC count −0.228 0.0941 −0.1463 0.2865
RBC count −0.1076 0.4343 0.4189 0.0015
HGB −0.1706 0.2129 0.4242 0.0012
HCT −0.1528 0.2654 0.4229 0.0013
MCV −0.1179 0.3912 0.09045 0.5113
MCH −0.1657 0.2267 0.1631 0.234
MCHC −0.05452 0.6926 0.05176 0.7074
Platelet count 0.3118 0.0205 −0.3027 0.0247
Neutrophils −0.1698 0.2153 −0.05825 0.6727
Lymphocytes −0.2891 0.0323 −0.1682 0.2196
Monocytes −0.124 0.367 0.009606 0.9445
Eosinophils 0.08021 0.5605 −0.2354 0.0836
Urine SG −0.1349 0.3354 −0.2413 0.0817
Urine pH −0.06589 0.6359 0.06329 0.6493
T4 0.1317 0.338 −0.01294 0.9253
fT4 0.128 0.3518 −0.1702 0.2141
TSH 0.2321 0.0882 0.2269 0.0957

1A/G, Albumin/Globulin; ALT, alanine transferase; WBC, white blood cell; RBC, red blood cell; HGB, hemoglobin; HCT, hematocrit; MCV, mean 
corpuscular volume; MCH, mean corpuscular hemoglobin, MCHC, mean corpuscular hemoglobin concentration; SG, specific gravity; fT4, free 
thyroxine; TSH, thyroid-stimulating hormone.  
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For all measured analytes, results from both feeding groups 
were within the normal reference interval, although several 
differences between groups were observed. Similar to previous 
studies, kibble-fed dogs had a 50% greater total serum ALP 
activity compared with raw-fed dogs (Algya et  al., 2018; Frisk, 
2018; Anturaniemi et al., 2020). Frisk (2018) found a 50% greater 
ALP in dogs fed kibble with a similar number of client-owned 
dogs assessed as in the current study (n  =  26 kibble-fed and 
n = 28 raw-fed dogs). However, in the Frisk (2018) study, 80% of 
the enrolled dogs were a single breed (Staffordshire terriers) and 
the specific diet fed was not reported. Algya et  al. (2018) also 
reported a 50% greater ALP in eight beagles when fed kibble 
compared with when the same dogs were fed a commercially 
available raw diet. Recently, Anturaniemi et al. (2020) reported 
blood chemistry and hematology results from 33 Staffordshire 
bull terriers, fed either a commercial kibble or raw diet in a long-
term prospective feeding trial. Serum ALP activity decreased 
50% from baseline in dogs receiving the raw diet intervention 
(Anturaniemi et  al., 2020). Total serum ALP in dogs is a 
combination of liver, bone, and corticosteroid ALP. Dogs in the 
study population had no history of corticosteroid administration 
or evidence (historical or physical) of hyperadrenocorticism, 
making it unlikely that the differences observed were due to 
change in the corticosteroid-induced ALP. Further analysis 
also found no difference in bone-specific ALP between groups, 

leading us to conclude that the source of the increased ALP in 
kibble-fed dogs was most likely due to the release of liver isotype. 
Induction of hepatocyte activity with associated increase in 
ALP activity could occur in response to nutrient modifications 
secondary to processing or due to differences in ingredient 
sourcing. AGEs, a known consequence of dog food processing, 
have been implicated in liver injury (Hyogo and Yamagishi, 2008; 
Bijnen et al., 2019). In human nutrition, it is well accepted that 
processed food consumption is associated with both low-grade 
chronic inflammation and oxidative stress, both of which are 
known to induce hepatotoxicity and ALP activity (Srour et  al., 
2019; Alonso-Pedrero et al., 2020; Pagliai et al., 2021). Although 
the median ALP in the kibble-fed dogs was still within the 
reference interval, the consistency of the observed difference 
among multiple studies suggests that further investigation into 
the mechanism of this change is warranted.

Additional differences observed in serum biochemistry 
analytes in the current study were not consistent with other 
reported studies (Algya et  al., 2018; Frisk, 2018; Anturaniemi 
et  al., 2020). In the current study, globulin and total protein 
concentration was lower, while albumin:globulin ratio was 
higher in raw-fed dogs, suggesting a decrease in inflammation. 
However, this finding was in contrast to data from other studies, 
which reported no difference in globulin concentration between 
dogs fed kibble and those on RMBD (Algya et al., 2018; Frisk, 2018; 
Anturaniemi et al., 2020). These differences may reflect variation 
in study design, inclusion criteria, duration on diet, specific 
study diets, and animal management including exercise or dog-
specific factors rather than a function of feed processing alone. 
In our data analysis, both age and gender were confounding 
animal factors that contributed to the globulin concentration in 
addition to diet.

Only two other studies reported the effect of raw diet in 
dogs on hematologic parameters, although a white blood 
cell differential was not included in either study (Frisk, 2018; 
Anturaniemi et  al., 2020). Results from client-owned purebred 
terriers showed greater platelet counts in dogs fed a raw diet 
(Frisk, 2018; Anturaniemi et al., 2020). In our study, platelet count 
was also higher in RMBD-fed dogs; however, regression analysis 
suggested that this effect was primarily due to age and gender 
of the animals rather than diet. A modestly higher lymphocyte 
count was found in our population of RMBD-fed dogs. This is 
similar to what has been reported in cats fed raw food (Freeman 
et  al., 2013). However, the cats in that study were also found 
to be shedding Salmonella in the feces, so it is not clear if this 
finding was due to the diet or infection. Lymphocytes have 
many functions in immune response, as both inflammatory and 
anti-inflammatory agents. Without further characterization of 
the specific population of lymphocytes that differed, and the 
role enteric pathogens might have played, it is not possible to 
attribute any potential consequence to this observation.

The current study differs from previous studies in the 
diversity of breeds, gender, and age of dogs included (Algya 
et  al., 2018; Frisk, 2018; Anturaniemi et  al., 2020). Although 
restricting the study to a single-breed or laboratory-maintained 
dogs would decrease variability in the data, this approach would 
limit the broad applicability of the results and fail to adequately 
address this controversial topic for most of the dog owners. 
Furthermore, data from the present study were used in the 
design of subsequent, more controlled studies. Therefore, an 
understanding of which animal factors contributed to observed 
differences in health markers is considered useful. Multiple 
linear regression analysis was used to compare the feeding 
groups while controlling for animal factors. Results from the 

Table 3. Differences in measured analytes by gender or breed 
(analysis of variance [ANOVA], P < 0.05 considered significant)

Analyte1

Gender Breed

 P-value P-value

Total protein 0.5443 0.0938
Albumin 0.3249 0.1654
Globulin 0.7496 0.5126
A/G ratio 0.6263 0.8707
ALT activity 0.6918 0.1016
ALP activity 0.8029 0.0733
BUN 0.3585 0.5776
Creatinine 0.6055 0.1358
BUN/creatinine ratio 0.3108 0.166
Glucose 0.409 0.3132
WBC count 0.0092 0.757
RBC count 0.021 0.0006
HGB 0.0127 0.0003
HCT 0.0153 0.0015
MCV 0.8006 0.656
MCH 0.5586 0.5306
MCHC 0.4236 0.0541
Platelet count 0.0095 0.0009
Neutrophils2 0.0785 0.2468
Lymphocytes2 0.4073 0.968
Monocytes 0.1774 0.6819
Eosinophils2 0.0366 0.1436
Urine SG 0.9052 0.0799
Urine pH 0.5776 0.6567
T4 0.2489 0.5928
fT42 0.294 0.3071
TSH2 0.2325 0.3698

1A/G, Albumin/Globulin; ALT, alanine transferase; WBC, white blood 
cell; RBC, red blood cell; HGB, hemoglobin; HCT, hematocrit; MCV, 
mean corpuscular volume; MCH, mean corpuscular hemoglobin, 
MCHC, mean corpuscular hemoglobin concentration; SG, specific 
gravity; fT4, free thyroxine; TSH, thyroid-stimulating hormone.
2Data was log transformed prior to analysis.



Copyedited by: RS

Hiney et al. | 7

multivariate linear regression model suggested that age, gender, 
BCS, and breed contributed to several biochemical outcomes. 
As has been previously reported, age was associated with an 
increase in globulin concentration as well as contributed 
modestly to hematological parameters, such as red blood cell 
indices, platelet, and lymphocyte counts (Lee et al., 2020; Scarpa 
et al., 2020). Gender also had an effect on globulin concentration 
as well as a slight influence on monocyte count. BCS was only 
negatively associated with BUN concentration. Although mean 
BCS differed between the two feed groups, dogs were screened 
to be healthy prior to enrollment. Thus, extremely thin or 
morbidly obese animals were not included. This may have 
limited the impact of BCS on the measured health variables. 
Breed also had a minimal effect on outcomes, only modestly 
contributing to neutrophil count. However, characterization of 
breed as purebred, mixed breed, or border collie may have failed 
to account for individual breed differences. The most common 
breed in the current study was border collies; most of these 

received regular exercise, likely due to targeted recruitment 
from dog sport participants. It is possible that activity level or 
other owner management factors contributed to the differences 
in health outcomes observed between the two feeding groups. 
This is now being investigated in an ongoing subsequent study 
by our group. Additional studies with more subjects also would 
help to confirm our findings and potentially explain differences 
between the current and previously reported studies.

Another unique feature of the present study is the duration 
for which the dogs had been being fed using the same type of 
diet. Dogs in this study were recruited based on having been fed 
either raw or kibble for more than a year, and, in fact, all but one 
dog had been on the current feeding method for more than 2 
yr. While the specific diet and amount fed differed among dogs, 
most of the dogs were fed a high-quality kibble or an RBMD 
from a single cooperative. RMBD diets differ substantially from 
kibble in the overall macronutrient composition, with a typical 
RMBD consisting of primarily protein and fat, while the addition 

Table 4. Hematology, serum chemistry, and urinalysis results with multiple linear regression analysis

Variable1 Units

Descriptive statistics Multiple linear regression analysis

Kibble group, 
n = 27

Raw group, 
n = 28 Feed Age Gender BCS Breed

Mean ± SD or 
median (IQR)

Mean ± SD or 
median (IQR) 

Beta 
coefficient  

(RMBD) P-value P-value P-value P-value P-value

Total protein g/dL 6.43 ± 0.32 6.24 ± 0.42 −0.3498 0.0101 0.0125 0.0326 0.1329 0.0566
Albumin g/dL 3.58 ± 0.23 3.54 ± 0.25 0.1372 0.135 0.0203 0.2037 0.7007 0.3499
Globulin g/dL 2.85 ± 0.33 2.7 ± 0.44 −0.4871 5.0E-04 1.00E-04 0.002 0.2096 0.3196
A:G ratio  1.27 ± 0.17 1.35 ± 0.25 0.269 9.0E-04 5.0E-04 0.0051 0.4268 0.8479
ALT activity IU/L 38.4 ± 15.04 39.4 ± 16.14 −4.4262 0.4746 0.2933 0.7335 0.5559 0.3918
ALP activity IU/L 41.89 ± 19.5 20.64 ± 10.18 −24.6262 1.0E-04 0.2268 0.0611 0.1766 0.2366
BUN mg/dL 17.37 ± 4.51 21.79 ± 6.24 1.4478 0.4885 0.2177 0.5069 0.018 0.898
Creatinine (creat) mg/dL 1.13 ± 0.17 1.04 ± 0.22 −0.0665 0.3979 0.651 0.8242 0.4138 0.2441
BUN:creat ratio  15.44 ± 3.77 21.96 ± 8.12 2.8099 0.2423 0.3389 0.5026 0.01 0.5356
Glucose mg/dL 106.6 ± 8.64 98.82 ± 15.06 −4.3343 0.3793 0.6335 0.4893 0.9423 0.2702
WBC count × 103/µL 7.53 ± 1.9 8.46 ± 2.25 1.1185 0.1445 0.2357 0.1493 0.7267 0.2978
RBC count × 106/µL 7.29 ± 0.56 6.85 ± 0.67 −0.0406 0.8555 0.5202 0.638 0.1999 0.0687
HGB g/dL 17.89 ± 1.63 16.65 ± 1.67 0.2234 0.696 0.0822 0.25 0.0821 0.1448
HCT % 51.52 ± 4.15 47.96 ± 4.78 0.178 0.9119 0.146 0.3552 0.085 0.2687
MCV fL 70.7 ± 2.73 70.29 ± 2.34 0.9979 0.301 0.0446 0.455 0.1019 0.083
MCH pg 24.54 ± 1.02 24.31 ± 0.8 0.429 0.2232 0.016 0.2867 0.2233 0.7314
MCHC g/dL 34.81 ± 0.88 34.79 ± 0.74 0.3943 0.2089 0.1368 0.4102 0.883 0.2743
Platelet × 103/µL 219.4 ± 70.69 316.5 ± 79.17 44.4249 0.1014 0.0348 0.0482 0.5858 0.0526
Neutrophils2 /µL 4,846 ± 1,356 5,263 ± 1,675 430.0646 0.4334 0.6787 0.051 0.8109 0.0352
Lymphocytes2 /µL 1,850  

(1,426 to 2,272)
1,890  

(1,606 to 2,455)
0.2782 0.0466 0.012 0.5453 0.9299 0.9505

Monocytes /µL 328 (213 to 412) 256 (212 to 481) −0.3029 0.1162 0.2273 0.0352 0.8305 0.4156
Eosinophils2 /µL 268 (100 to 568) 459 (312 to 916) 0.4315 0.1395 0.7597 0.5925 0.7121 0.6019
Urine SG  1.041 ± 0.0113 1.040 ± 0.013 −0.003 0.5107 0.5386 0.771 0.1528 0.0916
Urine pH  7.0 ± 0.863 6.75 ± 0.55 −0.277 0.3433 0.7549 0.4759 0.7631 0.6454
T4 µg/dL 1.12 ± 0.36 1.25 ± 0.4 0.2226 0.1356 0.5412 0.1357 0.5869 0.4239
fT42 ng/dL 1.32  

(0.99 to 1.75) 
1.38  

(1.13 to 1.87)
0.1336 0.4876 0.4192 0.1558 0.3947 0.3249

TSH2 ng/mL 0.153  
(0.11 to 0.24)

0.142  
(0.09 to 0.2)

−0.263 0.3377 0.1784 0.2879 0.5281 0.3292

1ALT, alanine transferase; WBC, white blood cell; RBC, red blood cell; HGB, hemoglobin; HCT, hematocrit; MCV, mean corpuscular volume; 
MCH, mean corpuscular hemoglobin, MCHC, mean corpuscular hemoglobin concentration; SG, specific gravity; fT4, free thyroxine; TSH, 
thyroid-stimulating hormone; IQR, interquartile range.
2The response variables for neutrophils, lymphocytes, fT4, and TSH are log-transformed using y = log(y). For eosinophils, the transformation is 
y = log(100 + y).
3N = 26. 
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of plant products in commercial kibble results in 30% to 40% 
simple carbohydrates and 3% to 5% crude fiber. Extruded kibble 
undergoes heat and pressure processing, while the two RMBD 
fed in this trial are ground to a form a homogenized blend and 
frozen until fed. Thus, the differences in diet between the groups 
were more pronounced than within the groups. Still, it is not 
possible to conclude that any observed differences between the 
two feeding groups were due to the diet processing, differences 
in nutrient composition (protein, fat, or carbohydrate content 
and quality), or added supplements. Regardless, the current data 
do support the differences in physiological and general health 
markers between dogs based on diet. Ultimately, the accuracy of 
the investigated health markers at predicting future disease risk 
and the role of diet type in the development of chronic canine 
disease are important questions that need to be investigated.

Supplementary Data
Supplementary data are available at Journal of Animal Science 
online.
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