The Journal of
Veterinary
Medical
Science

. FULL PAPER

Internal Medicine

Serum 25-hydroxyvitamin D concentrations
in dogs with suspected acute pancreatitis

Dong-In KIM", Hakhyun KIM"), Purum SON", Ji-Houn KANG"*,
Byeong-Teck KANG" and Mhan-Pyo YANG"

College of Veterinary Medicine and Veterinary Medical Center, Chungbuk National University, Cheongju,
Chungbuk 28644, Republic of Korea

ABSTRACT. The present study aimed to determine whether circulating serum concentrations of
25-hydroxyvitamin D [25-(OH) D] differed between healthy dogs and dogs with acute pancreatitis
(AP). Twenty-two healthy dogs and twenty client-owned dogs with AP were enrolled in the study.
J. Vet. Med. Sci. Serum concentrations of 25-(OH) D, blood ionized calcium (iCa), and serum C-reactive protein
79(8): 13661373, 2017 (CRP) were measured. Concentrations of serum 25-(OH) D and blood iCa in dogs with AP were
significantly lower than those of healthy dogs, and serum concentrations of CRP in dogs with AP
were significantly higher than those of healthy dogs. A significant difference in 25-(OH) D serum
concentrations was observed between survivor and non-survivor dogs with AP. After resolution
of clinical signs, concentrations of serum 25-(OH) D, blood iCa, and serum CRP did not differ
compared to those before treatment. This study shows that dogs with AP exhibit decreased 25-
(OH) D levels, which might be associated with calcium imbalances and mortality rate in canine AP.
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Vitamin D is a secosteroid hormone, which plays a crucial role in calcium homeostasis and bone metabolism [14]. Dogs are
unable to synthesize vitamin D in the skin under the influence of ultraviolet B light. Therefore, they rely solely on dietary intake
of vitamin D for their vitamin D requirements [20]. After ingestion, 25-hydroxyvitamin D [25-(OH) D] is produced in the liver
and is the major circulating form of vitamin D, which is available for further activation by lo-hydroxylation in the kidney [14]. In
addition to regulating calcium homeostasis, vitamin D has immunologic properties, which were recently identified [27]. In humans,
vitamin D deficiency is associated with increased risk and/or severity of a variety of diseases including cancer, cardiovascular
disease, autoimmune disease, sarcopenia, osteoarthritis, infections, and transplant rejection [13].

Acute pancreatitis (AP) is defined as an acute inflammatory process of the pancreas with variable involvement of other
regional tissues or remote organ systems [7, 25]. The inflammatory process is initiated in the pancreas and produces a systemic
inflammatory response with massive release of cytokines including tumor necrosis factor (TNF)-a and interleukin (IL)-6
[16, 25, 31]. Consequently, AP may result in a wide range of clinical signs (vomiting, anorexia, weakness, diarrhea and abdominal
pain) of differing severity and may cause multisystemic inflammation [25, 32, 35, 38]. The mortality rate among dogs with AP is
often high, ranging from 27 to 58%, because of the systemic effects of the disease, and surviving animals usually require intensive
treatment and hospitalization [8, 26, 32].

Recently, an imbalance in vitamin D was described and suggested to be associated with disease progression in humans with
pancreatitis [5, 34, 39]. Serum levels of 1,25-dihydroxyvitamin D [1,25-(OH),D] were significantly reduced in women with
chronic pancreatitis and were associated with the severity grade of the disease [39]. Levels of 25-(OH) D also decreased over the
first two days of admission in patients with AP, and these changes were associated with alterations in C-reactive protein (CRP),

a marker of inflammation [5]. To date, however, no studies have investigated the association between vitamin D status and AP

in dogs. Therefore, the purpose of the present study was to examine differences in concentrations of serum 25-(OH) D between
healthy dogs and AP dogs, and if so, to characterize correlations among serum 25-(OH) D, blood ionized calcium (iCa), and serum
CRP.

MATERIALS AND METHODS

Animals and ethical issues
One-hundred and twenty-five dogs with newly diagnosed AP were enrolled in this case-controlled study. Based on their body
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Table 1. Characteristics of dogs with acute pancreatitis (AP) and healthy dogs
Dogs with AP (n=20) Healthy dogs (n=22)

Sex
Female 2 4
Neutered female 7 7
Male 3 4
Neutered male 8 7
Body weight, kg (mean + SEM; range) 6.15+0.64;2.1-10.8 6.62+1.12;3.8-12.0
Age, years (mean £ SEM; range) 9.47+£3.18; 3-14 9.06 £2.66; 2—15
Breed
Miniature Schnauzer 5 6
Miniature Poodle 2 2
Maltese 2 1
Shih Tzu 2 2
Yorkshire Terrier 2 2
Pomeranian 2 1
Dachshund 1 0
Cocker Spaniel 1 0
Beagle 1 4
Pekinese 0 1
Others 2 3
Serum total calcium (mM//, mean = SEM; range) 2.33+0.11, 1.65-3.55%  2.58 £0.04,2.25-2.85
Serum albumin (g//, mean +£ SEM; range) 23.55+1.51, 12-382 29.82 £0.63, 26-35

a) P<0.05 compared with the healthy group.

condition scores (BCS; 9-point scale) [22], forty dogs with normal BCS (BCS 4) were selected because we suspected that serum
calcium concentrations might be affected by abdominal fat mass involved in peripancreatic fat necrosis [38]. Among these 40 dogs,
five dogs with recurrent bouts of AP and three dogs referred from other hospitals (diagnosed with AP and hospitalized for >3 days)
were excluded on the basis of clinical data. Twelve dogs with concurrent diseases, including chronic kidney disease (four dogs),
chronic valvular heart disease (three dogs), hyperadrenocorticism (two dogs), diabetes mellitus (one dog), immune-mediated
hemolytic anemia (one dog), or protein-losing enteropathy (one dog), were also excluded. Thus, 20 dogs with AP were included

in the present study (Table 1). Twenty-two healthy, client-owned dogs with normal BCS (BCS 4) were included as a control. The
healthy dogs were recruited from the same veterinary medical center when the dogs presented for health examinations and were
enrolled on the basis of a normal medical history and physical examination. The controls were individually matched to each AP
dogs by ages, sex and neuter status. Informed consent was obtained from the owners and the University Ethics committee approved
all of the animal studies.

Diagnosis of acute pancreatitis

In the AP group, a diagnosis of AP was established only if all the abnormal findings were compatible with acute onset, i.e.,
increased serum activity of amylase or lipase, a presence of appropriate pancreatic changes on abdominal ultrasonography
performed by a board-certified radiologist, a positive result in a SNAP cPL test (IDEXX Laboratories Inc., Westbrook, ME,
U.S.A)), and increased Spec cPL concentrations (IDEXX Laboratories Inc.) as described previously [26, 28, 31, 40]. Clinical
evidence of AP was confirmed if acute onset vomiting, anorexia, and/or abdominal pain were present during physical examination
on admission, or when history was established [26]. Ultrasonographic findings suggestive of pancreatitis involvement included
hypo/hyperechoic lesions, or mixed patterns, in a possibly enlarged or irregularly-shaped pancreas [15, 33]. In addition, alterations
secondary to pancreatitis, such as hyperechoic mesentery, localized free abdominal fluid, thickened duodenal or gastric walls,
spasmodic duodenum, irritated appearance of the adjacent intestine, and a dilated common bile duct, were also considered to
be ultrasonographic evidence of AP [15, 33]. The results of SNAP cPL tests were interpreted as abnormal only if the color of
the sample spot was more intense than that of the reference spot [43]. In the Spec cPL assays, concentrations >400 ug/l were
considered to be consistent with pancreatitis [43].

Dogs in the healthy group (Table 1) were considered to be healthy based on a physical examination, indirect measurement of
their systolic blood pressure, examination of fecal specimens to determine the presence of parasites using a floating technique,
heartworm antigen testing, complete blood count analysis, serum biochemical analysis including amylase, lipase and Spec cPL,
urinalysis, adrenocorticotropic hormone response testing, thyroid function testing, and diagnostic imaging including survey
radiography and abdominal ultrasonography.

Treatment and grouping

Treatment was carried out as recommended in the literature at the time of the study [26, 31, 38]. The mainstay of the treatment
was intravenous fluid therapy. The prescribed medication comprised analgesics, antiemetics, broad-spectrum antibiotics, H,

doi: 10.1292/jvms.16-0647 1367



The Journal of

Veterinary

Medical

Science D.1.KIM ET AL.

receptor blockers, fresh plasma transfusion, and low-molecular weight heparin, and nil per os (NPO) was maintained until vomiting
stopped. Briefly, intravenous fluid therapy was initiated promptly upon hospitalization and dehydration was corrected using
crystalloid fluid. Based on the assumption that abdominal pain could be present in all dogs with AP, butorphanol tartrate (Butophan,
Myungmoon Pharm. Co., Seoul, Korea) was administered (0.2 mg/kg IV q 6 hr). Maropitant citrate (Cerenia, Pfizer, Pocé-
sur-Cisse, France) was used as an antiemetic, which blocks centrally- and peripherally-mediated emesis (1 mg/kg SC q 24 hr).
Bacterial complications are rare in dogs with AP, but the dogs were treated with broad-spectrum antibiotics if pyrexia, left shift
neutropenia, or documented infection were present. Famotidine (Gaster Inj, Dong-A ST, Seoul, Korea), an H, receptor blocker, was
also administered (0.5 mg/kg IV q 12 hr). Dogs were maintained NPO if vomiting continued despite antiemetic therapy. If dogs
had remained NPO and vomiting stopped, water was reintroduced slowly, which was followed by small amounts of a low-fat diet
on the next day.

Dogs with AP were categorized into “survivor” or “non-survivor” groups. The survivor group included dogs that exhibited
obvious improvements or even recovery at the end of hospitalization. Evidences of the treatment in the survivor group included
resolving symptoms related with AP and negative result of SNAP cPL test. The non-survivor group comprised dogs that died
during hospitalization.

Assays

Blood samples were collected from dogs with AP and control groups upon admission after fasting for >12 hr. Blood samples
were also obtained from dogs with AP following their treatment at the time clinical signs resolved, again after fasting for >12 hr.
Blood was collected from the jugular or peripheral vein. After blood collection, heparinized blood samples were analyzed
immediately for iCa measurements with a cage-side i-STAT analyzer (Abaxis Inc., Union City, CA, U.S.A.). Serum was separated
from clotted whole blood samples in blood collection tubes (red top tubes) by centrifugation at 1,200 g for 10 min using a
refrigerated centrifuge within 1 hr of blood collection, and sera were immediately stored at —80°C.

Circulating concentrations of 25-hydroxyvitamin D [25 (OH) D] were measured at a commercial laboratory (NEODIN, Seoul,
Korea) using electrochemiluminescence immunoassay (Roche Diagnostics Limited, Basel, Switzerland) in a Cobas 8000 automated
analyzer (Roche Diagnostics Limited) [1]. The lower detection limit of the 25 (OH) D assay was 7.5 nM//, and both inter-assay and
intra-assay variations were <15%. Serum CRP was measured using a Randox immunoterbidimetric assay (Randox Laboratories
Ltd., Co., Antrim, U.K.) on a Hitachi 912 analyzer (Roche Diagnostics Limited). The intra-and inter-assay variabilities were <5%
and <10%, respectively, and the lower detection limit of the assay was 5 mg//. Serum biochemical tests were performed on the
remaining aliquots of serum. All laboratory tests were performed according to the manufacturers’ instructions by trained laboratory
staff.

Statistical analyses

All statistical analyses were performed using Prism 6.0 software (Graphpad software Inc., La Jolla, CA, U.S.A.). A normality
test (D’ Agostino-Pearson omnibus test) was performed to determine whether data were normally distributed. Unpaired ¢ tests
were used to compare the differences between the healthy and AP groups based on normally distributed data. Kruskal-Wallis tests
with post hoc test using Mann-Whitney U tests were conducted to compare between healthy dogs, survivor, and non-survivor AP
groups based on a lack of normality. Wilcoxon matched-pairs signed rank tests were used to compare data for the AP group before
and after treatment, based on a lack of normality. Correlations were examined with the Pearson correlation coefficient based on
normally distributed data. Data were expressed as mean (deviation) or median (ranges) based on the results of the normality test.
P-values for two-tailed tests and 95% confidence intervals (CI) for differences between means or medians are provided. P<0.05
was considered statistically significant.

RESULTS

Circulating concentrations of 25-(OH) D, iCa and CRP in dogs with AP and healthy controls

This study included 22 healthy dogs and 20 dogs with AP, and their details are shown in Table 1. Serum total calcium (95%
CI for differences between means= —0.47 to —0.04; P=0.02) and albumin (95% CI for differences between means= —9.47 to
—3.07; P<0.001) concentrations were significantly lower in dogs with AP than in healthy dogs. Serum amylase (95% CI for
differences between means= —2,531.38 to —1,670.18; P<0.001), lipase (95% CI for differences between means= —4,498.12 to
—1,962.44; P<0.001) and cPL (95% CI for differences between means= —807.060 to —329.914; P<0.001) concentrations were
significantly higher in dogs with AP than in healthy dogs. Serum 25-(OH) D levels (95% CI for differences between means=
—64.33 to —22.92; P<0.001) were significantly lower in dogs with AP than in healthy dogs (Fig. 1A). Concentrations of blood iCa
(95% CI for differences between means= —0.21 to —0.06; P=0.001) were also significantly lower in dogs with AP than in healthy
controls (Fig. 1B). By contrast, serum CRP concentrations (95% CI for differences between means=7.3 to 20.63; P<0.001) were
significantly higher in dogs with AP than in healthy dogs (Fig. 1C).

Differences in circulating 25-(OH) D, iCa, and CRP levels among AP survivors, non-survivors, and healthy dogs

AP dogs were categorized into “survivor” (n=14) or “non-survivor” (n=6, survival duration=6.0 [2.0—16.0]) groups. There were
significant difference of serum 25-(OH) D concentrations among 3 groups (H=15.66, df=2, n=42, P<0.001). Serum 25-(OH) D
concentrations of AP survivors (95% CI for differences between medians= —59.60 to —7.11; P=0.0094) and non-survivors (95%
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Fig. 1. Differences in the circulating levels of 25-hydroxyvitamin D [25-(OH) D] (A), ionized
calcium (iCa) (B), and C-reactive protein (CRP) (C) between dogs with acute pancreatitis (AP;
n=20) and healthy dogs (n=22). Horizontal bars indicate the mean. *P<0.05 (unpaired ¢ test).

CI for differences between medians= —101.70 to —36.27; P<0.001) were significantly lower than those of healthy dogs (Fig. 2A).
There were significant difference of blood iCa concentrations among 3 groups (H=13.24, df=2, n=42, P=0.001). Moreover, serum
25-(OH) D levels in AP non-survivors (95% CI for differences between medians= —64.52 to —8.59; P=0.017) were significantly
lower than in AP survivors (Fig. 2A). The iCa concentration in AP non-survivors (95% CI for differences between medians= —0.34
to —0.14; P<0.001) was lower than in healthy dogs, but there was no significant difference between AP survivors and non-survivors
(Fig. 2B). There were significant difference of serum CRP concentrations among 3 groups (H=12.85, df=2, n=42, P=0.002). Serum
CRP concentrations in AP non-survivors (95% CI for differences between medians=27.46 to 13.33; P<0.001) were significantly
higher than in healthy dogs, but there was no significant difference between AP survivors and non-survivors (Fig. 2C).

Comparison of circulating 25-(OH) D, iCa and CRP concentrations in AP survivors before and after treatment
Eight of 14 AP survivors were not evaluated after treatment due to owner’s refusal. In the 6 AP survivors, there were no
significant post-treatment differences in the levels of 25-(OH) D (95% CI for differences between medians= —64.87 to 20.57;
P=0.44), iCa (95% ClI for differences between medians= —0.06 to 0.35; P=0.84), and CRP (95% CI for differences between

medians= —25.71 to 46.72; P=0.16), compared with pre-treatment levels (Fig. 3).

Correlations between circulating 25-(OH) D, iCa, CRP, and albumin levels in dogs with AP

Concentrations of 25-(OH) D were positively correlated with the concentrations of iCa (r=0.50, P=0.025) and albumin (r=0.65,
P=0.0018) in dogs with AP (Fig. 4A and 4B). Conversely, a negative correlation was observed between serum concentrations of
CRP and blood iCa (r=—0.79, P<0.001) in the AP group (Fig. 4C). However, no significant correlation was observed between CRP
and 25-(OH) D levels (r= —0.30, P=0.19) in dogs with AP (Fig. 4D).

DISCUSSION

The main finding of present study was that serum 25-(OH) D concentrations were reduced in dogs with AP. Moreover, 25-(OH)
D concentrations were significantly lower in AP non-survivors than survivors, which supports the hypothesis that low serum 25-
(OH) D concentrations might be associated with disease severity or mortality rate in dogs with AP. However, in AP survivors, there
were no changes after treatment in serum 25-(OH) D concentrations.

Similar associations between low circulating 25-(OH) D and pancreatitis are observed in human studies [5, 34, 39]. Several
mechanisms may explain the observed variations in 25-(OH) D. Firstly, in humans with pancreatitis, reduced intestinal uptake
as a result of anorexia or starvation has been suggested as the cause of vitamin D deficiency [34]. Dogs are unable to synthesize
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Fig. 2. Differences in circulating 25-hydroxyvitamin D [25-(OH) D] (A), ionized calcium (iCa)
(B), and C-reactive protein (CRP) (C) concentrations among acute pancreatitis (AP) survivors
(n=14), non-survivors (n=6), and healthy dogs. Horizontal bars indicate the median. *P<0.05
(Kruskal-Wallis tests with post hoc test using Mann-Whitney U tests).

vitamin D in the skin under the influence of ultraviolet B light and rely solely on dietary intake of vitamin D for their vitamin D
requirements [20]. Therefore, as with pancreatitis in humans, decreased circulating vitamin D levels in dogs with AP may result
from decreased vitamin D uptake. However, given the long half-life of 25-(OH) D of approximately three weeks and the short
clinical course of AP, decreased intestinal absorption may not fully explain the pathophysiology of 25-(OH) D deficiency in dogs
with AP [36, 37]. Secondly, in humans with AP, decreases in serum 25-(OH) D concentration were associated with changes in
CRP, which supports the hypothesis that there may be a link between 25-(OH) D and acute inflammatory conditions [5]. Decreases
in 25-(OH) D, in association with decreases in vitamin D-binding protein (VDBP), have been documented in critically ill people
with sepsis [21]. Decreased VDBP is also documented in experimental endotoxemia in rats [42]. Notably, 25-(OH) D is reabsorbed
from urine, and thus decreased VDBP might lead to renal loss of 25-(OH) D [21]. Considering the nature of severe inflammation
in AP, although VDBP was not measured in our study, this mechanism of vitamin D deficiency could be applied to AP in dogs.
Moreover, 25-(OH) D binds primarily to VDBP but also to albumin, and changes in albumin would impact 25-(OH) D levels [6].
We also found a correlation with albumin, explaining the variation in 25-(OH) D in dogs with AP. However, this possibility could
be somewhat weak because the actual free concentration of 25-(OH) D might be independent of albumin changes [6].

Although vitamin D is traditionally thought to play an important role in calcium homeostasis, there is increasing evidence
that vitamin D is also required for antimicrobial activity, anti-inflammation, cardioprotection, immunomodulation, and metabolic
regulation in human medicine [3, 23]. Hence, it is not surprising that vitamin D deficiency is associated with comorbidities in
critically ill patients. Notably, 25-(OH) D deficiency develops in 26-82% of critically ill human patients [3, 23]. Moreover, studies
also reveal an association between 25-(OH) D deficiency and increased length of hospital or ICU stay, illness severity, organ
dysfunction, infection, and mortality [4, 9, 24, 29]. In the present study, serum levels of 25-(OH) D were significantly lower in
AP non-survivors than AP survivors. Moreover, all AP non-survivors exhibited 25-(OH) D deficiency, which was lower than the
reference interval (60-215 nM//) [37]. Although it remains unclear whether vitamin D deficiency is a cause or a consequence of
severe disease, these findings suggest that vitamin D might have a beneficial role in disease, and the extent of vitamin D deficiency
might be related to disease prognosis. Therefore, a further study will be necessary to clearly define whether the supplementation of
vitamin D improves the prognosis of acute pancreatitis in dogs.

Vitamin D plays a crucial role in calcium homeostasis by stimulating intestinal absorption and renal reabsorption of calcium
and phosphate [14]. In dogs with AP, hypocalcemia is well documented, but the origin remains unclear [16, 19, 38]. Therefore,
in the present study, we evaluated calcium status and the correlation between iCa and 25-(OH) D in dogs with AP. Blood iCa
concentrations were significantly lower in dogs with AP than in healthy dogs, which might be a result of the changes in iCa in AP
non-survivors. Moreover, blood iCa concentrations correlated with 25-(OH) D concentrations in dogs with AP.
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Fig. 3. Differences in the circulating levels of 25-hydroxyvitamin D [25-(OH) D] (A), ionized
calcium (iCa) (B), and C-reactive protein (CRP) (C) before and after treatment in dogs with
acute pancreatitis (AP) (n=6). Horizontal bars indicate the median.
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Fig. 4. Correlations between 25-hydroxyvitamin D [25-(OH) D] and ionized calcium (iCa) (A),
albumin and 25-(OH) D (B), C-reactive protein (CRP) and iCa (C), and 25-(OH) D and CRP (D)
in dogs with acute pancreatitis (n=20).

Vitamin D deficiency was the most recently investigated and heavily supported mechanism for hypocalcemia in critically ill
human patients [29]. In dogs with experimentally induced endotoxemia, ionized hypocalcemia was associated with hypovitaminosis
D, but not hypomagnesemia, hypoparathyroidism, alkalosis, or increased calciuresis [18]. Hence, it is possible that vitamin D
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deficiency and inflammatory conditions play a significant role in the development of ionized hypocalcemia in dogs with AP.
However, we were unable to find a correlation between 25-(OH) D and CRP concentrations, or to examine other factors of calcium
regulation, such as parathyroid hormone, calcitonin, and magnesium. Therefore, further studies are required to fully understand the
role of vitamin D in calcium homeostasis in dogs with AP, especially the potential associations with the severity of inflammation.

The present study analyzed circulating concentrations of 25-(OH) D, iCa, and CRP before and after treatment in dogs with AP.
However, there were no significant differences in the concentrations of these analytes before and after treatment. In the present
study, most dogs were fasted for pancreatic rest prior to sampling. Dogs exclusively depend on dietary intake of vitamin D for their
vitamin D requirements [20]. Moreover, in dogs, 25-(OH) D has a relatively long half-life of 3 weeks in circulation in contrast to
the acute clinical course of AP [36]. These facts might explain why no changes in 25-(OH) D and blood iCa were observed before
and after treatment in the present study. However, in contrast to our data, mean CRP concentrations decreased from the day of
diagnosis to the day of measurement 5 days later in dogs with AP [17]. This discrepancy likely resulted from the small number of
dogs with AP examined in the present study; thus further studies to investigate alterations in serum CRP concentrations in canine
AP are necessary.

This study was originally designed as a pilot study and it had several limitations. One limitation was the small sample size of
dogs with AP, which constrains the reliability of the findings (such as the non-significant difference in iCa and CRP concentrations
between survivors and non-survivors, the non-significant difference in analytes before and after treatment, and a weak correlation
between 25-(OH) D and CRP in dogs with AP). Another limitation of the present study was that we were unable to study
parathyroid hormone, calcitonin, serum lactate, VDBP, or extravascular calcium concentrations, which may have provided further
useful information on calcium imbalances in canine AP. These limited statistical analysis using regression model to determine
an association between 25-(OH) D and variables in dogs with AP. An additional limitation was that there was no histopathologic
evaluation on pancreas. However, multiple pancreatic biopsy for histopathology might be an invasive procedure in sick patients
and need general anesthesia [2, 30]. Therefore, the clinical importance of our findings should be interpreted with caution. Finally,
although we tried to match sex, breed, ages and neuter status between the healthy group and AP group, we were unable to perfectly
match dogs in terms of their sex, breed, neuter status, or undiagnosed diseases, which might influence the results [10—12, 41].
Future studies should avoid this limitation by matching the controls and cases rigorously. Further studies are also required to clarify
the association between 25-(OH) D levels and calcium imbalances in dogs with AP. In addition, to examine 25-(OH) D based on
AP severity (or hospitalization) will be also necessary.

In conclusion, dogs with AP exhibited decreased 25-(OH) D levels, which might be a consequence of inflammatory responses
rather than a cause of AP. Moreover, alterations in 25-(OH) D might be associated with disease severity or mortality rate in dogs
with AP. Further studies are required to confirm these results using large cohorts of dogs.
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