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Background: Low blood 25-hydroxyvitamin D (25(OH)D) concentrations have been associated with cancer in dogs. Little

research has examined what other factors may affect 25(OH)D concentrations.

Objectives: (1) To determine whether the presence of cancer (lymphoma, osteosarcoma, or mast cell tumor [MCT]) in

dogs is associated with plasma 25(OH)D concentrations and (2) identify other factors related to plasma 25(OH)D concentra-

tions in dogs.

Animals: Dogs newly diagnosed with osteosarcoma (n = 21), lymphoma (n = 27), and MCT (n = 21) presented to a ter-

tiary referral oncology center, and healthy, client-owned dogs (n = 23).

Methods: An observational study design was used. Dietary vitamin D intake, sex, age, body condition score (BCS), mus-

cle condition score (MCS), and plasma concentrations of 25(OH)D, 24,25-dihydroxyvitamin D (24,25(OH)2D) (a marker of

CYP24A1 activity), as well as ionized calcium (ICa), parathyroid hormone, and parathyroid hormone-related protein concen-

trations were measured. An analysis of covariance was used to model plasma 25(OH)D concentrations.

Results: Cancer type (P = 0.004), plasma 24,25(OH)2D concentrations (P < 0.001), and plasma ICa concentrations

(P = 0.047) had significant effects on plasma 25(OH)D concentrations. Effects of age, sex, body weight, BCS, MCS, and

plasma PTH concentrations were not identified. A significant interaction between ICa and cancer was found (P = 0.005).

Plasma 25(OH)D concentrations increased as ICa concentrations increased in dogs with cancer, whereas plasma 25(OH)D

concentrations decreased as ICa concentrations increased in healthy dogs.

Conclusions and Clinical Importance: Results support a relationship between cancer and altered vitamin D metabolism in

dogs, mediated by plasma ICa concentrations. The CYP24A1 activity and plasma ICa should be measured in studies examin-

ing plasma 25(OH)D concentrations in dogs.

Key words: 24,25-dihydroxyvitamin D; 25-hydroxyvitamin D; Lymphoma; Osteosarcoma.

One in 4 dogs will be diagnosed with cancer in their
lifetime, and cancer has been reported as the cause

of death for almost half of all dogs >10 years of age.1,2

Similar cancer rates are reported in humans.3 Research-
ers have acknowledged the important role nutrition
may play in cancer development and progression in
humans,4–6 but this area has received little attention in
companion animals.

Numerous studies of cancer in humans have focused
on vitamin D. The active metabolite of vitamin D, 1,25-
dihydroxyvitamin D (1,25(OH)2D) induces cellular apop-
tosis and differentiation, inhibits cellular proliferation
and metastasis, and enhances DNA repair.7–10 Studies
have linked low 25-hydroxyvitamin D (25(OH)D) con-
centrations (the accepted indicator of vitamin D status)11

to increased risk of cancer in humans (eg, breast and
prostate cancer).12,13 These associations found in humans
may be applicable to dogs. Several studies have provided
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supporting evidence, reporting decreased 25(OH)D in
dogs with mast cell tumors (MCT), hemangiosarcoma,
lymphoma, and neoplastic spirocercosis,14–18 warranting
further research in this area.

Decreased blood 25(OH)D concentrations also have
been reported in dogs with several other diseases19–21;
however, a key limitation shared by many of these
studies15–21 is that the study designs did not account for
other factors that may influence blood 25(OH)D con-
centrations, such as dietary vitamin D intake. Impor-
tantly, little evidence-based research exists as to which
factors may influence blood 25(OH)D concentrations in
the dog.22 Research identifying these factors in healthy
dogs and in dogs with disease is needed to inform the
design of future studies.

Factors shown to influence blood 25(OH)D concentra-
tions in humans include the following: sex, sex hormone
concentrations, age, race, body condition score (BCS),
muscle condition score (MCS), dietary vitamin D intake,
blood ionized calcium concentrations (ICa), and blood
parathyroid hormone concentrations (PTH).23,24 Addi-
tionally, blood concentrations of another vitamin D
metabolite, 24,25(OH)2D, have been reported to be much
higher in dogs than in other species.25 Thus, activity of
the 25-hydroxyvitamin D-24-hydroxylase enzyme
(CYP24A1), which is responsible for converting 25(OH)
D to 24,25(OH)2D, may be an important factor deter-
mining blood 25(OH)D concentrations.

The above factors also may impact 25(OH)D concen-
trations in dogs with cancer. There is additional merit
to measurement of the 24,25(OH)2D metabolite in these
dogs because researchers have suggested decreased 25
(OH)D concentrations observed in patients with cancer
may be caused by up-regulation of CYP24A1, resulting
in increased formation of the excretory metabolite,
24,25-dihydroxyvitamin D (24,25(OH)2D).14 Further-
more, measurement of blood parathyroid hormone-
related protein (PTHrP), a molecule that acts similarly
to PTH that has been shown to be produced by malig-
nant tumors,26 may be relevant when investigating
blood 25(OH)D concentrations in dogs with cancer.

The objectives of our study were to: (1) determine
whether the presence of 1 of 3 common types of cancer
in dogs (lymphoma, osteosarcoma, or MCT) had a
significant relationship with plasma 25(OH)D concen-
trations; and, (2) identify other factors that are signifi-
cantly related to plasma 25(OH)D concentrations in
adult dogs. It was hypothesized that cancer, dietary
vitamin D intake, and CYP24A1 activity (using plasma
24,25(OH)2D concentrations as a marker) would have
significant relationships (negative, positive and positive,
respectively) with plasma 25(OH)D concentrations in
dogs.

Materials and Methods

Animals

An observational study design was used. Both healthy dogs and

dogs newly diagnosed with cancer were included in the study.

Newly diagnosed, client-owned dogs presented to the Mona

Campbell Centre for Animal Cancer at the Ontario Veterinary

College’s Health Sciences Centre with osteosarcoma (n = 21),

lymphoma (n = 27), and MCT (n = 21) were enrolled. Cancer

diagnosis was confirmed by cytology, histology or both. Healthy,

client-owned dogs (n = 23) from the Guelph, Ontario area served

as controls. Healthy dogs were followed for 1 year after enroll-

ment to ensure continued health during this time. Animals were

deemed healthy by normal medical history, physical examination,

CBC, and serum biochemical profile. These measures also were

performed in the cancer group to ensure absence of any disease

states other than cancer. Exclusion criteria were as follows:

<2 years of age; receiving corticosteroids within 2 weeks of enroll-

ment; receiving any supplements containing vitamin D, calcium or

both; or, clinically relevant systemic or infectious disease (other

than cancer in the cancer group). The breed, age, sex, neuter sta-

tus, body weight, BCS,27 and MCS28 were recorded when the dog

was enrolled (Table 1). The experimental protocol was approved

by the University of Guelph Animal Care and Use Committee

(AUP #1358), by the Royal Canin Ethics Review Committee

(#140217_7) and was in accordance with institutional and national

guidelines for care and use of animals.

Plasma Analysis

Blood samples were collected from patients with cancer (before

any treatment) and healthy dogs into lithium heparin tubes and cen-

trifuged at room temperature at 1,500 9 g for 7 minutes. Plasma

samples were collected and stored at �80°C until analysis. Analysis

of 25(OH)D, PTH, PTHrP, and ICa was completed at the Diagnos-

tic Center for Population & Animal Health, Michigan State Univer-

sity, East Lansing, Michigan, USA. 25(OH)D, PTH, and PTHrP

were analyzed with commercial RIA kits.a,14 ICa was measured by

an ion-sensitive electrode.b As a marker of CYP24A1 activity,

24,25-dihydroxyvitamin D (24,25(OH)2D) was analyzed with liquid

chromatography tandem mass spectrometry (LC-MS/MS) at Heart-

land Assays, Ames, IA, USA.

Dietary Vitamin D Intake

Dietary vitamin D intake information was collected for all dogs

enrolled in the study. To obtain the best estimate of each dog’s

vitamin D intake, owners filled out a dietary questionnaire provid-

ing information about the dog’s diet for up to 3 months preceding

the study. Owners also recorded the type and amount of food fed

to the animal in a food log for 7 consecutive days after enrollment

and provided a sample of the dog’s main diet. Samples were

stored in airtight, opaque containers at �80°C until vitamin D3

analysis at the Royal Canin Americas Satellite Laboratory

(Guelph, ON, Canada) by LC-MS/MS method. The results of this

analysis were used to calculate each dog’s average daily vitamin D

intake per kg of metabolic body weight (kg0.75). If a food sample

could not be obtained from the owner, then vitamin D informa-

tion from the manufacturer was used for pet foods, or vitamin D

information from the Canadian Nutrient File (http://webprod3.hc-

sc.gc.ca/cnf-fce/index-eng.jsp) was used for food consumed by

humans.

Statistics

Statistical analysis was completed with SAS software, version

9.3.c Data were assessed for normality by Shapiro-Wilk tests. Nor-

mality was confirmed for each variable, except plasma 25(OH)D

concentrations, and thus, a logarithmic transformation was used

on plasma 25(OH)D data before further analysis. Descriptive

statistics were completed on age, sex, body weight, BCS, MCS,

dietary vitamin D intake, plasma PTH, ICa, 24,25(OH)2D, and 25

(OH)D data. Analysis of variance, followed by Tukey-Kramer
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post hoc analyses, was used to compare age, body weight, BCS,

MCS, plasma PTH, PTHrP, and ICa concentrations among

groups.

An initial analysis of covariance (ANCOVA; Plasma 25(OH)D

Concentration Model) was used to predict plasma 25(OH)D con-

centration, with the full model containing the following variables:

cancer type (healthy, lymphoma, osteosarcoma, MCT), age, sex,

neuter status, body weight, BCS, MCS, daily dietary vitamin D

intake, plasma PTH, ICa, and 24,25(OH)2D concentrations, with

all possible interactions explored, and quadratics for continuous

variables included.

A second ANCOVA was performed to predict plasma 24,25

(OH)2D, with the full model containing the following variables:

cancer type (healthy, lymphoma, osteosarcoma, and MCT), daily

dietary vitamin D intake, age, sex, neuter status, body weight,

BCS, MCS, plasma PTH, and ICa concentrations, with all possi-

ble interactions explored, and quadratics for continuous variables

included.

A P-value <0.05 was considered significant. Nonsignificant

terms were removed from the models; however, hierarchy was pre-

served (eg, main effects were not removed if involved in a signifi-

cant interaction that was retained).

Results

Study population characteristics are presented in
Table 1. There were no significant differences in body
weight, BCS, MCS, and age between healthy dogs and
cancer dogs (Table 1). The mean body weight of the
osteosarcoma group was significantly higher than that
of the lymphoma group (P ≤ 0.05; Table 1). Results of
CBC and serum biochemical profiles were unremarkable
for all dogs entered into the study. Mean daily dietary
vitamin D intake, plasma 25(OH)D, 24,25(OH)2D, ICa,
and PTH concentrations are presented in Table 2. A
plot of the ICa distribution for each group has been
provided as supplementary material (Figure S1). A food
sample could not be obtained for 8 dogs, and calculated
vitamin D intake for these dogs was based on manufac-
turer information, Canadian Nutrient File information,
or both. Mean plasma 25(OH)D, ICa, and PTH con-
centrations fell within laboratory reference ranges for
each group of dogs (Table 2). Plasma PTHrP

Table 1. Characteristics of dogs enrolled in the clinical study. Age, body weight, BCS, and MCS are presented as
means � SD.

Healthy OSA LSA MCT

Age (years) 7.4 � 2.6 8.5 � 2.4 7.3 � 2.1 6.9 � 2.2

Body Weight (kg) 32.5 � 10.3ab 40.2 � 14.2a 28.4 � 12.3b 30.9 � 10.9ab

BCS (1–9) 5.7 � 1.0 5.7 � 1.1 6.0 � 1.2 5.9 � 1.0

MCS (0–3) 2.5 � 0.7 2.1 � 0.7 2.6 � 0.6 2.7 � 0.6

Male/female 12/11 15/6 15/12 10/11

Breeds Doberman pinscher (1)

Dogue de Bordeaux (1)

Golden retriever (2)

Labrador retriever (4)

Mastiff (2)

Mixed (8)

Standard poodle (4)

Weimaraner (1)

Bernese mountain dog (1)

Cane Corso (1)

Cocker spaniel (1)

Doberman pinscher (1)

Golden retriever (2)

Great pyrenees (1)

Greyhound (2)

Mastiff (1)

Mixed (5)

Pharaoh hound (1)

Rottweiler (3)

Siberian husky (1)

Standard poodle (1)

Airedale terrier (1)

Beagle (1)

Boston terrier (1)

Boxer (1)

Bouvier des Flandres (1)

Cocker spaniel (2)

Dachshund (1)

Doberman Pinscher (1)

English Setter (1)

Golden retriever (3)

Labrador retriever (3)

Mastiff (1)

Mixed (8)

Norwegian Buhund (1)

West Highland White Terrier (1)

Bernese mountain dog (1)

Boxer (2)

Bouvier des Flandres (1)

Boston terrier (1)

Doberman Pinscher (1)

Golden retriever (2)

Labrador retriever (6)

Mixed (4)

Pug (1)

Shar Pei (1)

Standard poodle (1)

BCS, body condition score, MCS, muscle condition score.

Superscripts represent statistically significant difference of P ≤ 0.05.

Healthy n = 23, osteosarcoma (OSA) n = 21, lymphoma (LSA) n = 27, mast cell tumor (MCT) n = 21.

Table 2. Mean � SD daily dietary vitamin D intake, plasma 25(OH)D, 24,25(OH)2D, ICa, and PTH concentra-
tions for dogs enrolled in the clinical study.

Reference Range Healthy OSA LSA MCT

Daily dietary vitamin D intake (IU/kg0.75) n/a 41 � 30 28 � 23 37 � 33 31 � 19

25(OH)D (ng/mL) 24–86 51.3 � 16.7 41.9 � 20.6 41.1 � 14.4 44.9 � 12.3

24,25(OH)2D (ng/mL) n/a 27.7 � 10.2 21.6 � 11.1 22.9 � 9.9 25.8 � 8.2

ICa (mmol/L) 1.25–1.45 1.33 � 0.04 1.35 � 0.05 1.33 � 0.03 1.33 � 0.05

PTH (pmol/L) 0.5–5.8 1.2 � 0.8 1.2 � 0.6 1.6 � 1.5 1.5 � 1.3

25(OH)D, 25-hydroxyvitamin D; 24,25(OH)2D, 24,25-dihydroxyvitamin D; ICa, Ionized calcium; PTH, Parathyroid hormone.

Healthy n = 23, osteosarcoma n = 21, lymphoma n = 27, mast cell tumor (MCT) n = 21.
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concentrations were below the laboratory detection
limit of <2.9 pmol/L, except for 1 healthy dog. There-
fore, PTHrP was not used as a variable in statistical
analysis.

The Plasma 25(OH)D Concentration Model investi-
gated which factors, including cancer type, daily dietary
vitamin D intake, age, sex, neuter status, body weight,
BCS, MCS, plasma PTH, ICa, and 24,25(OH)2D con-
centrations, had significant associations with plasma 25
(OH)D concentrations. Cancer type (P = 0.004), plasma
24,25(OH)2D concentration (P < 0.001), and plasma
ICa (P = 0.047) were significantly related to plasma 25
(OH)D concentrations. The model also included a sig-
nificant interaction between ICa and cancer (P = 0.005).
Equations can be found in Table 3. No relationships of
age, sex, neuter status, body weight, BCS, MCS, and
plasma PTH concentrations were found with plasma 25
(OH)D concentrations.

Because there was an interaction between cancer type
and plasma ICa concentration, the relationship between
cancer and plasma 25(OH)D concentration was depen-
dent on the dog’s ionized calcium status. For example, at
low plasma ICa concentrations (ie, ICa ≤1.25 mmol/L),
dogs with lymphoma (P = 0.015), MCT (P = 0.003), and
osteosarcoma (P < 0.001) had significantly decreased
plasma 25(OH)D concentrations compared to healthy
dogs with the same low plasma ICa concentrations
(Fig 1). At mean plasma ICa concentrations (ie,
ICa = 1.33 � 0.07 mmol/L) there were no significant dif-
ferences in plasma 25(OH)D concentrations among
groups (Fig 1). At high plasma ICa concentrations (ie,
ICa ≥1.45 mmol/L), dogs with osteosarcoma had signifi-
cantly higher plasma 25(OH)D concentrations than did
healthy dogs (P = 0.003), whereas the lymphoma and
MCT groups were not significantly different compared to
healthy dogs (respectively, P = 0.157, and P = 0.061).

Plasma 25(OH)D increased logarithmically with
increasing plasma 24,25(OH)2D concentrations. This
relationship was the same in each group of dogs. Fig-
ure 2 shows the relationship between plasma 24,25
(OH)2D and 25(OH)D concentrations.

If 24,25(OH)2D was not included in the Plasma 25
(OH)D Concentration Model, then dietary vitamin D
intake (P = 0.007) had a statistically significant, posi-
tive, logarithmic relationship with plasma 25(OH)D
concentrations in all groups. However, when 24,25
(OH)2D was included in the model, the relationship

with dietary vitamin D intake became nonsignificant.
To further investigate the relationship among 24,25
(OH)2D, 25(OH)D, and dietary intake, a model to pre-
dict plasma 24,25(OH)2D was used. Only daily dietary
vitamin D intake had a significant relationship with
plasma 24,25(OH)2D. This relationship was positive,
meaning that as dietary vitamin D intake increased, so
did plasma 24,25(OH)2D concentrations.

Discussion

The primary objective of our study was to determine
whether cancer (lymphoma, osteosarcoma or MCT) had
a significant correlation with plasma 25(OH)D concen-
trations in dogs. Results support a relationship between
cancer (including all 3 types: osteosarcoma, lymphoma,
and MCT) and altered vitamin D metabolism in dogs.
This relationship seems to be mediated in part by
plasma ICa concentrations. Plasma 25(OH)D concen-
trations increase as ICa concentrations increase in dogs
with cancer, whereas plasma 25(OH)D concentrations
decrease as ICa concentrations increase in healthy dogs
(Fig 1). These changes are not explained by daily diet-
ary vitamin D intake or differences in CYP24A1 activ-
ity (when using plasma 24,25(OH)2D concentrations as
a marker). Whether these differences in vitamin D meta-
bolism are associated with development of certain can-
cers or are a consequence of cancer cannot be
determined by this study design.

Only cancer patients with low ICa concentrations had
significantly decreased plasma 25(OH)D concentrations
when compared to healthy dogs in our study. Others
reported lower plasma 25(OH)D concentrations in dogs
with several cancer types compared to healthy dogs.14–17

However, this finding could not be confirmed in dogs
with osteosarcoma.29 These studies did not include blood
ICa concentrations as covariates in the statistical analy-
sis, and direct comparisons between results cannot be
made. Although an effect of plasma ICa status on plasma
25(OH)D concentrations makes biological sense (circu-
lating ICa tightly regulates 1,25(OH)2D production30

which may affect 25(OH)D concentrations), no other
studies examining correlations between ICa and 25(OH)
D concentrations in healthy dogs or in dogs with disease
are available. In previous studies, no relationship was
found between serum total calcium and serum 25(OH)D
concentrations,15 or between serum total calcium and

Table 3. Equations representing the relationship between the independent variables: cancer, dietary vitamin D
intake, plasma 24,25(OH)2D, and ionized calcium, and the response variable: plasma 25(OH)D for dogs enrolled in
the clinical study.

Plasma 25(OH)D Concentration Model

Healthy ln(25(OH)D) = 4.9 + 0.06 (24,25D) � 0.0006 (24,25D)2 � 1.6 (ICa)

OSA ln(25(OH)D) = �0.8 + 0.06 (24,25D) � 0.0006 (24,25D)2 + 2.5 (ICa)

LSA ln(25(OH)D) = 1.2 + 0.06 (24,25D) � 0.0006 (24,25D)2 + 1.0 (ICa)

MCT ln(25(OH)D) = 0.5 + 0.06 (24,25D) � 0.0006 (24,25D)2 + 1.5 (ICa)

OSA, osteosarcoma; LSA, lymphoma; MCT, mast cell tumor; 25(OH)D, 25-hydroxyvitamin D; ICa, ionized calcium; 24,25D, 24,25-

dihydroxyvitamin D; ln, natural logarithm.

Healthy n = 23, osteosarcoma n = 21, lymphoma n = 27, MCT n = 21.

Equations will result in 25(OH)D values with units of ng/mL. RMSE for Plasma 25(OH)D Concentration Model was 0.1036.
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serum 1,25(OH)2D concentrations.17,18 One study in
humans suggested that 25(OH)D plays a modest role in
calcium metabolism, independent of 1,25(OH)2D.31

Interestingly, a correlation between increasing dietary
calcium intake and decreased serum 25(OH)D concentra-
tions was recently reported in cats.32 No studies examin-
ing interactions among cancer, ICa, and 25(OH)D could
be found in any species. This finding should be confirmed
with a na€ıve, larger sample size. Most importantly, these
results suggest future studies examining plasma 25(OH)D
concentrations in dogs, especially those with cancer,
should include ICa as a variable.

Our study also aimed to determine whether other fac-
tors, including dietary vitamin D intake, age, sex, neuter
status, BCS, MCS, and plasma 24,25(OH)2D, ICa, and
PTH concentrations had significant relationships with
plasma 25(OH)D concentrations in dogs. Dietary vita-
min D intake and plasma 24,25(OH)2D concentrations
had significant associations with plasma 25(OH)D con-
centrations, and these relationships were similar in
healthy dogs, and dogs with each cancer type.

Although observations in humans and other
species,23,33 showing a strong, positive relationship
between dietary vitamin D intake and plasma 25(OH)D

Fig. 1. Statistical model of relationship between plasma ICa concentration (mmol/L) and plasma 25(OH)D (ng/mL) concentrations at a

plasma 24,25(OH)2D concentration of 24 ng/mL in healthy dogs and those with cancer. RMSE = 0.1036. Healthy n = 23, osteosarcoma

(OSA) n = 21, lymphoma (LSA) n = 27, mast cell tumor (MCT) n = 21, 25(OH)D = 25-hydroxyvitamin D, ICa = ionized calcium.

Fig. 2. Statistical model of relationship between plasma 24,25(OH)2D concentration (ng/mL) and plasma 25(OH)D (ng/mL)

concentrations at a plasma ICa concentration of 1.33 mmol/L in healthy dogs and those with cancer. RMSE = 0.1036. Healthy n = 23,

osteosarcoma (OSA) n = 21, lymphoma (LSA) n = 27, mast cell tumor (MCT) n = 21; 25(OH)D = 25-hydroxyvitamin D, 24,25

(OH)2D = 24,25-dihydroxyvitamin D.
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concentration in dogs created similar expectations here,
this relationship was not observed in the final model for
our study because the relationship was masked when
24,25(OH)2D was added into the model. This finding
suggests that the highly significant relationship observed
between plasma 24,25(OH)2D and 25(OH)D concentra-
tions somehow accounted for the correlation of dietary
vitamin D intake. Recently, an association between
serum 25(OH)D concentration and the manufacturer or
brand of dog food received by the dog was reported.34

Dogs receiving a salmon oil supplement had signifi-
cantly higher 25(OH)D concentrations than dogs not
receiving a supplement in the same study.34 Unfortu-
nately, the vitamin D intake of these dogs was
unknown because the vitamin D content of the foods or
supplements and the amount of food that the dog con-
sumed were not measured. Previous work suggested
that Great Danes are able to upregulate 24,25(OH)2D
production in response to higher levels of dietary vita-
min D intake.35 This may be true for all dogs, but stud-
ies confirming this finding in other breeds are needed.
Additionally, 24,25(OH)2D concentrations in dogs
appear to be much higher than those reported in
humans and other species.25,36,37 This observation is
most likely a consequence of higher dietary vitamin D
intake in dogs through the consumption of commercial
dog foods fortified with vitamin D. The relationship
between dietary vitamin D intake and plasma 25(OH)D
may be harder to quantify in dogs that are receiving
amounts of vitamin D over intake requirements. How-
ever, we are not aware of studies focused on the shape
of the intake-25(OH)D relationship (ie, whether it is lin-
ear or logarithmic) in dogs and determination of this
relationship should be a key objective of future studies.

Plasma PTH and PTHrP concentrations were mea-
sured to account for other variables that may affect
vitamin D metabolism. Although hypercalcemia is com-
mon in dogs with lymphoma,26 no lymphoma patients
in our study were hypercalcemic. The production of
PTHrP is a common cause of humoral hypercalcemia
of malignancy.26 Because plasma PTHrP concentrations
were below the detection limit in all dogs except 1
healthy dog, the absence of hypercalcemia makes sense.
No association between plasma PTH concentrations
and plasma 25(OH)D concentrations were observed. In
contrast, a significant inverse relationship between
serum PTH and serum 25(OH)D has been documented
in healthy dogs.15 However, this previous study did not
account for the same covariates (eg, ICa) during statisti-
cal analysis, which may have affected the results. Two
other studies have found no significant association
between serum vitamin D metabolites and serum PTH
dogs with lymphoma. However, these comparisons were
made with serum 1,25(OH)2D concentrations and not
serum 25(OH)D concentrations.17,18

Unlike in humans and other species, age, sex, neuter
status, BCS, and MCS were not correlated with plasma
25(OH)D. A trend toward significance for age and no
effect of BCS on serum 25(OH)D was found in dogs,14

whereas in humans, increasing age and obesity were asso-
ciated with decreased serum 25(OH)D status.38–40

Findings in our study may have been affected by the lim-
ited age and BCS characteristics of the study population,
because the majority of dogs were older (75% of all dogs
≥6 years old) and 68% of dogs had a BCS of between 4
and 6. The association of sex with blood 25(OH)D con-
centrations is only described in humans and remains
controversial.41–44 Only 6 of the 92 dogs in our study
were intact, which may have limited our ability to detect
an association between 25(OH)D and neuter status, but
lower 25(OH)D concentrations recently were reported in
neutered dogs than in intact dogs.34 Accordingly, the
length of time after dogs have been neutered for also may
affect 25(OH)D concentrations, but this relationship has
not yet been investigated. This information was unavail-
able to us, but may be worthy of consideration for future
research projects. To our knowledge, the effects of MCS
on plasma 25(OH)D status have not been reported previ-
ously in dogs, probably because MCS guidelines were
only introduced recently.45,46 Although there were no sig-
nificant findings reported here, future studies designed to
specifically investigate effects of these variables are essen-
tial to develop a full understanding of vitamin D metabo-
lism in dogs, because findings in other species do not
necessarily extrapolate to dogs.

A previous study suggested that a range of 100–
120 ng/mL (249.6–299.52 nmol/L) be used to define
vitamin D sufficiency in dogs, using a chemiluminesence
immunoassay to measure 25(OH)D concentrations.15 A
different analysis method (radioimmunoassay) was used
here, which may preclude direct comparisons. Still, the
mean vitamin D concentrations for the dogs in our
study, including the healthy group, would be interpreted
as insufficient if compared to this range. Because health
was confirmed by physical examination and laboratory
findings for the healthy group, further work should be
completed to determine vitamin D sufficiency in dogs.

There are several limitations to our study that should
be acknowledged. It is possible that owners were not
completely accurate when filling out dietary intake
records. The study population characteristics (eg, simi-
lar BCS and age) may have influenced the ability to
examine the influence of those factors on plasma 25
(OH)D concentrations and may not be truly reflective
of the cancer population of dogs. Groups were not
completely breed matched, as this would have required
an extensive recruitment process. The possibility of
breed-specific vitamin D metabolism has been dis-
cussed,47 specifically in regards to differences in large
breed versus small breeds. An effort was made to
include similar breed profiles across groups; however, it
still is possible that breed differences may have influ-
enced results. Also, our data apply only to skeletally
mature dogs because only adult dogs >2 years of age
where enrolled in the study. Finally, the control group
was only 25% of the entire sample size of dogs with
cancer, which is a limitation to the robustness of the
comparison between sick and healthy animals.

In conclusion, we observed differences in vitamin D
metabolism in healthy dogs compared to those with
cancer, mediated by plasma ICa concentration. Differ-
ences were not explained by dietary vitamin D intake or
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plasma 24,25(OH)2D concentrations, but both variables
had significant relationships with plasma 25(OH)D con-
centrations in all groups. These differences are not the
same as those found in studies of humans and other
species. These findings highlight the need to account for
multiple variables that may be correlated with plasma
25(OH)D concentrations in future study designs. Future
studies should investigate the variables identified in our
study, as well as relevant interactions between variables,
in a na€ıve dog population to confirm these findings.
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