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Abstract : A retrospective study of 94 hypercalcemic dogs was performed to find out most common causes that lead
to hypercalcemia through investigating dogs referred to the Veterinary Teaching Hospital of Konkuk University from
2002 to 2004. During the study period, hypercalcemia was found in 94 dogs of 19 breeds, and they were evaluated
as case group. Control group was made up of 94 dogs of 18 breeds without hypercalcemia admitted for the same
study period. For general signalments, there were no significant differences between case and control group with the
exception of age distribution. Shih-tzu (17.02%) and Yorkshire terrier (26.60%) was the most common breed in case
and control group, respectively. The most common diseases associated with hypercalcemia were chronic renal failure
(18.09%), acute renal failure (14.89%), and renal calculi (6.38%). Malignant neoplasia (Ilymphoma, hemangiosarcoma,
chronic lymphocytic leukemia, mammary gland tumor, and multiple myeloma) and endocrinopathies (hyperad-
renocorticism, hyperthyroidism, hypoadrenocorticism, and hypothyroidism) occupied 8.5% and 6.4%, respectively. This
report is a first retrospective study of hypercalcemic dogs in South Korea.
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Introduction

Calcium is a divalent ion essential for normal body function
(8). It is working with other ions for building and maintaining
strong bones, and also functioning as a messenger or regulatory
ion (5). As a regulatory ion, it plays a central role in enzyme
function, fat metabolism, nerve transmission, hormonal secre-
tion, blood clotting, muscle growth and contraction, heart
function, and facilitating the passage of nutrients through the
cell walls (17,18). Calcium normally exists in plasma within
the narrow reference range (9.0 to 11.5 mg/dl) by close regu-
lation of intestinal absorption, renal reabsorption or excretion,
and the rates of bone resorption and formation (8,12,17). If
these regulations are disrupted, hypercalcemia or hypocalce-
mia can develop.

Hypercalcemia is a well-recognized metabolic abnormality
in dogs and occurs when calcium enters the vascular space
faster than it can be excreted or sequestered in vessel (8).
Elevated serum calcium concentration leads to hyperpolariza-
tion of cell membranes and multisystemic manifestations become
apparent. Clinical signs of hypercalcemia are vomiting, anor-
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exia, constipation, depression, cardiac arrhythmia, polydip-
sia/polyuria, seizures, and weakness (3). These signs can not
only serve as a marker of disease that help diagnosis but may
also contribute to development of lesions. Specific clinical signs
necessarily do not accompany hypercalcemia and its pres-
ence will frequently be unsuspected (3). Thus, the diagnosis
often is made incidentally in asymptomatic patients.

If veterinarians bear the causes and incidence of hypercal-
cemia in mind, more easy and accurate diagnosis can be avail-
able. Many previous studies in Europe and United States
have reported that hypercalcemia can be associated with
malignant neoplasias, endocrinopathies, renal diseases, hyper-
vitaminosis D, infectious or inflammatory diseases, and other
nonpathologic causes (3,6,8,17,22). To our knowledge, there
is no retrospective study of hypercalcemic dogs in South Korea.

The purpose of this study is to elucidate the causing dis-
eases in 94 hypercalcemic dogs.

Materials and Methods

Animals

Total 94 hypercalcemic dogs were evaluated and all of
them were referred to the Veterinary Teaching Hospital (VTH)
of Konkuk University in the period from 2002 to 2004. To
avoid lipemia, all dogs were fasted at least 12 hours. Because
dogs with age of less than 24 weeks have high values in calcium
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concentration (3), they are excluded in this study. Age, sex,
breed, environment, and adjusted total serum calcium con-
centration of hypercalcemic patients were compared with
those of 94 eucalcemic dogs admitted during the same study
period. In addition, diseases induced hypercalcemia and eucal-
cemia were investigated and compared.

Adjusted serum total calcium level

Total serum calcium concentration is measured in heparinized
plasma by automated machine (Fuji dry-chem clinical chem-
istry analyzer 3500i, Japan) with spectrophotometric methods.
The following formula was used to determine the corrected
total serum calcium concentration (11):

Corrected calcium (mg/dl) = measured calcium (mg/dl) -
albumin (g/dl) + 3.5

If the corrected total serum calcium concentration exceeded
12.0 mg/d], it was categorized to hypercalcemia (3). When it
had value between 9.0 and 12.0 mg/dl, it was considered to
be eucalcemia.

Statistical analysis
The statistical analysis was performed using a software
program (SAS version 9.1, SAS Institute Inc., USA). Chi-square

test was used to determine the crude association between cat-
egorical variables (breed, age, sex, and environment) and the
incidence of hypercalcemia. A p-value <0.05 was considered
significant. Odds ratio (OR) were also calculated with 95%
confidence intervals.

Results

During the study period, hypercalcemia was found in 94
dogs of 19 breeds and they were belonged to case group. For
the same period, 94 dogs of 18 breeds with eucalcemia were
allotted to control group. The number and percentage of breeds
investigated in both groups are described in Table 1. Percent-
age of appearance in case group was highest in Shih-tzu
(17.02%), then in the order of Cocker spaniel and Yorkshire
terrier (11.70%), Maltese (10.64%), Schunauzer (9.57%), Mixed,
Pomeranian and Toy poodle (6.38%), Golden retriever (4.26%),
Pekinese (3.19%), Miniature pinschet, Poongsan and Pug (2.13%),
and others (6 breeds) (1.06%). In control group, it was high-
est in Yorkshire terrier (26.60%), then in the order of Maltese
(18.09%), Shih-tzu (12.77%), Toy poodle (7.45%), Cocker
spaniel, Mixed and Schunauzer (5.32%), Chihuahua (4.26%),
Pomeranian (3.19%), King Chales spaniel and Miniature pin-
scher (2.13%), and others (7 breeds) (1.06%). There was no

Table 1. Number and percentage of breeds in the case and control group

Breeds Case group Control group
Number Percentage (%) Number Percentage (%)
Beagle 1 1.06 0 0
Bull terrier 0 0 1 1.06
Chihuahua 0 0 4 4.26
Cocker spaniel 11 11.7 5 532
Dachshund 0 0 1 1.06
Golder retriever 4 4.26 1 1.06
Jindo 1 1.06 1 1.06
King chales spaniel 1 1.06 2 2.13
Kuvasz 1 1.06 0 0.00
Malamute 1 1.06 0 0.00
Maltese 10 10.64 17 18.09
Miniature pinscher 2 2.13 2 2.13
Mixed breed 6 6.38 5 5.32
Papillon 1 1.06 0 0
Pekinese 3 3.19 1 1.06
Pomeranian 6 6.38 3 3.19
Poongsan 2 2.13 1 1.06
Pug 2 2.13 0 0
Schunauzer 9 9.57 5 532
Shih-tzu 16 17.02 12 12.77
Soft coated wheater terrier 0 0 1 1.06
Toy poodle 6 6.38 7 745
Yorkshire terrier 11 11.7 25 26.60
Total 94 100 94 100
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Table 2. Distributions of age in case and control group.

Range of age Case group Control group
Number Percentage (%) Number Percentage (%)
1 25 26.60 11 12
1-5 35 37.23 46 49
39 18 19.15 2 2
> 9 16 17.02 15 16

1: under 1-year-old / 1-5: between 1- and S-year-old / 5-9: between 5- and 9-year-old / > 9: over 9-year-old

significant relationship between breeds and the incidence of
hypercalcemia (p > 0.05).

The distributions of age in both groups are shown in Table
2. In case group, the most prominent age ranges between 1-
and S-year-old (37.23%). Similar to case group, in control
group, age of the highest incidence rate was between 1- and
S-year-old (49.00%). Age had the lowest incidence rate was
appeared in more than 9-year-old in both groups. In case
group, hypercalcemia was more frequently shown in dogs
aged under 1-year-old compared with control group (p <
0.01) (OR, 2.7339; 95% confidence interval: 1.2561-5.9502).

Brief comparisons of chief signalments between two groups
are summarized in Table 3.

Mean age was similar in two groups. Each gender was also
similarly shown in both groups. Housing environments of
two groups were almost indoors. The difference of total
mean serum calcium concentration between two groups was
approximately 2 mg/dl.

The most common disease related to hypercalcemia was
chronic renal failure (CRF) (18.09%), the second was acute
renal failure (ARF) (14.89%), and the third was renal calculi
(6.38%). Food poisoning (n = 11/31, 35%), which cause was
suspected to fungal toxin, was the most common cause of
ARF and CRF. Other causes of ARF were diabetic ketoaci-
dosis, heart worm infection, drug toxicosis, glomerulonephritis,
and heat stroke. Those of CRF were chronic heart failure,
glomerulonephritis, pyelonephritis, and renal calculi. The com-
mon types of renal calculi were calcium oxalate and struvite.

Malignant neoplasias such as lymphoma, hemangiosarcoma,
chronic lymphocytic leukemia, mammary gland tumor, and
multiple myeloma occupied 8.5%. Endocrinopathies inducing
hormonal imbalance such as hyperadrenocorticism, hyper- thy-
roidism, hypoadrenocorticism, and hypothyroidism occupied
6.4%.

When the calcium concentration was separately estimated
by four categories of disease, the mean value was 13.8 mg/dl
(ARF), 14.0 mg/d! (CRF), 12.6 mg/dl (malignant neoplasia),

Table 3. Differences of signalments between case and control group

and 12.6 mg/dl (endocrionopathy).

In total 31 cases, the calcium concentration ranged more
than 13 mg/dl. ARF (n = 4), CRF (n = 3), mitral valve insuf-
ficiency (n = 1), chronic lymphocytic leukemia (n = 1), pyo-
metra (n = 1), acute hepatitis (n = 1), and mammary gland
tumor (n = 1) showed mild hypercalcemia (ranged from 13
to 14 mg/dl). ARF (n=35), CRF (n = 4), and renal calculi
(n = 1) showed moderate hypercalcemia (ranged from 14 to
15 mg/dl). ARF (n = 1), CRF (n = 4), small intestine bacte-
rial overgrowth (n = 1), hyperadrenocorticism (n = 1), food
allergy (n = 1), and cystic endometrial hyperplasia (n = 1)
showed severe hypercalcemia (ranged more than 15 mg/dl).

In control group, the most common disecase was hydro-
cephalus (10.64%), in the order of tracheal collapse (8.51%),
esophageal-gastric foreign body obstruction (7.45%), Babesi-
osis and canine distemper virus (CDV) infection (4.26%),
acute hepatitis, food allergy, hypertrophic cardiomyopathy
and immune mediated hemolytic anemia (3.19%), and other
29 diseases (ranged from 1.06% to 2.13%). Malignant neo-
plasia was not found. However endocrinopathies (hypera-
drenocorticism (2.13%) and hypothyroidism (1.06%)) and
urologic diseases (renal abscess (1.06%) and urolithiasis (1.06%))
were observed. Percentages of diseases shown in each groups
were described in Table 4 and 5, respectively.

Discussion

For general signalments, the present study shows no signif-
icant differences between two groups except the distribution
of age. In case group, dogs under 1-year-old were more
prominent than control group. Among total hypercalcemic 25
cases under 1-year-old, only 4 cases (CDV infection) had the
high affinity to young dogs. Thus young age and continuous
growing may influence this result. In both groups, most com-
mon breeds were small and medium sized, and almost of
them lived indoor environment, which reflect the preference
of breeds and breeding space in South Korea.

Group Age (yrs) Sex (%) Environment (%) CTSCC (mg/dl)
Mean + SD M F In Out Mean + SD
Case 471 + 4.06 45 55 93 7 13.12 £ 1.18
Control 531 + 3.68 47 53 95 5 11.15 + 0.61

- SD = Standard Deviation / M: males ; F: females / In: indoor ; Out: outdoor
- CTSCC: Corrected Total Serum Calcium Concentration
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Table 4. Distribution of diseases in case group

Diseases Number Percentage (%)
Acute hepatitis 1 1.06
Acute renal failure 14 14.89
Allergic conjuntivitis 1 1.06
Atlanto-axial subluxation 1 1.06
Atopy 3 3.19
Canine distemper virus infection 4 426
Cerebella trauma 1 1.06
Chronic hepatitis 1 1.06
Chronic lymphocytic leukemia 1 1.06
Chronic renal failure 17 18.09
Cystic endometrial hyperplasia 1 1.06
Demodicosis 4 426
Drug eruption 3 3.19
Ehrlichiosis 1 1.06
Endometritis 1 1.06
Erythematous multiform 1 1.06
Food allergy 1 1.06
Gastric foreign body 2 2.13
Heart worm infection 1 1.06
Hemangiosarcoma 1 1.06
Hydrocephalus 2 2.13
Hyperadrenocorticism 2 2.13
Hyperthyroidism 1 1.06
Hypoadrenocorticism 1 1.06
Hypothyroidism 2 2.13
Idiopathic epilepsy 1 1.06
Keratoconjunctivitis cicca 1 1.06
Lymphosarcoma 2 2.13
Mammary gland tumor 3 3.19
Megaesophagus 2 2.13
Mitral valve insufficiency 3 3.19
Multiple Myeloma 1 1.06
Otitis externa 1 1.06
Peritoneopericardial diaphragmatic hernia 1 1.06
Pyometra 1 1.06
Renal calculi 6 6.38
Small intestine bacterial overgrowth 1 1.06
Tracheal collapse 1 1.06
Urinary tract infection 2 2.13

Generally, malignant neoplasia is known for the most com-
mon cause of persistent hypercalcemia in dogs, and lympho-
sarcoma is the most frequent cause of malignancy-associated
hypercalcemia (3,17,21,22). Anal sac apocrine gland adeno-
carcinoma, multiple myeloma, mammary gland- and prostatic
gland neoplasia have also been reported in association with
hypercalcemia (7,20,22). Mechanisms involved with hyper-
calcemia of malignancy include local osteolysis induced by

osteoclast activating factors (17) and production of PTH-
related protein (PTHrp) (24). Ectopic secretion of 1,25-dihy-
droxycholecalciferol by neoplastic lymphocytes has also. been
described (6). However, this study showed that malignant
neoplasia only occupied 8.5% and this was the third com-
mon cause of hypercalcemia. Among malignant neoplasia,
lymphosarcoma was the second cause (2.13%) and the first
was mammary gland tumor (3.19%).
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Table 5. Distribution of diseases in control group
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Diseases Number Percentage (%)
Acute hemorrhageic gastroenteritis 1 1.06
Acute hepatitis 3 3.19
Aortic stenosis 1 1.06
Atlanto-axial subluxation 1 1.06
Atopy 1 1.06
Babesiosis 4 426
Bacterial enteritis 2 2.13
Bronchiectasis 1 1.06
Canine distemper virus infection 4 426
Canine parvovirus infection 1 1.06
Cataplexy 1 1.06
Cor p mitrale 1 1.06
Cotricosteroid responsive trremor syndrome 1 1.06
Dermatophytosis 1 1.06
Disk protrusion type 1 1.06
Duodenal ulcer 1 1.06
Eosinophilic enteritis 1 1.06
Exocrine pancreatic insufficiency 1 1.06
Food allergy 3 3.19
Gastric foreign body 7 7.45
Gastritis 3 3.19
Head trauma 1 1.06
Hepatic cirrhosis 1 1.06
Hepatic encephalopathy 1 1.06
Hydrocephalus 10 10.64
Hyperadrenocorticism 2 2.13
Hypertrophic cardiomyopathy 3 3.19
Hypothyroidism 1 1.06
Insulin dependent diabetes mellitus 1 1.06
Inverted sternum 1 1.06
Keratoconjunctivitis cicca 2 2.13
Lymphangiectasia 1 1.06
Mitral valve insufficiency 2 2.13
Noninsulin dependent diabetes mellitus 2 2.13
Normal 3 3.19
Onion toxicosis 1 1.06
Otitis externa 2 2.13
Pancreatitis 1 1.06
Primary immune mediated hemolytic anemia 3 3.19
Pyoderma 2 2.13
Renal abscess 1 1.06
Secondary immune medeated hemolytic anemia 2 2.13
Tracheal collapse 8 8.51
Triamcinolon toxicosis 1 1.06
Urolithiasis 1 1.06
Vertebral instability 1 1.06
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These differences may be due to some suspected reasons.
First is the difference of preferred breeds. Previous studies of
other countries reported that breeds have a higher incidence
of lymphosarcoma include Boxers, Basset Hounds, Rottweilers,
Saint Bernards, Scottish Terriers, Airedale Terriers, Golden

Retriever, and Bulldogs, whereas breeds with lower risk include

Dachshunds and Pomeranians (16,13,23). These breeds are
almost medium to large sized dogs and relatively small num-
bers of those has been bred in South Korea. Second is the
difference of basal frequencies of each malignant disease at
VTH in South Korea when comparing to those of other countries
such as North America and European countries. Last is the
lower number of malignant dogs referred to VTH in South
Korea than other countries due to owner’s economic burden
for the treatment or insufficiency of awareness about animal
welfare.

In previous studies, CRF is the third cause of hypercalce-
mia in dogs (2,3,4,6). However, in this study, the most com-
mon cause of it was renal disease, such as CRF, ARF, and
renal calcull. Most dogs with ARF (n=10) and CRF
(n =11) had high calcium concentration ranged more than
13 mg/dl. During the study periods, many dogs were suf-
fered from renal failure due to food poisoning. Even though
these dogs were excluded from this study, ARF (8.5%) and
CRF (12.8%) were highly related to hypercalcemia. For the
same periods, 19 dogs with ARF or CRF did not have hyper-
calcemia. It has been reported that most total serum calcium
levels of dogs with CRF range from 12.0 to 13.0 mg/dl (8).
However, in this study, those (ranged from 12.2 to 15.8 mg/dl)
were higher than previous study. It is supposed that many
referred dogs with CRF had not been well managed for ter-
tiary hyperparathyroidism. One author reported that hypercal-
cemia associated with CRF is usually found in dogs less than
1-year-old, often in a breed affected with familial renal dis-
ease such as the Lhasa Apso and Shi-tzu (10). In this study,
Shi-tzu occupied 59% of dogs with CRF. However, only 3
dogs (17.6%) were less than l-year-old and Lhasa Apso with
CRF was not found. It was also reported that hypercalcemia
in association with CRF is not restricted to the young dog
(3). Even though Shih-tzu is one of the most preferred breeds
in South Korea and non-correlation between CRF and Shih-
tzu was suggested (14), it should be needed for further stud-
ies to verify this relationship.

Hypoadrenocorticism has been reported as the second
common cause of hypercalcemia in dogs (4,15,25). However
our study showed that other endocrinopathies (hyperadreno-
corticism, hyperthyroidism, and hypothyroidism) had the higher
frequency than hypoadrenocorticism. In this study, number of
dogs with hypoadrenocorticism was only one (1.06%) in case
group and none in control group. Other three endocrionpathies
occupied 5.32% and 3.19% in case and control group,
respectively. Because those were concurrently shown in both
groups, hypercalcemia may be not closely related to these
diseases.

Hypervitaminosis D and primary hyperparathyroidism are

uncommon causes for hypercalcemia in dogs (1,3,4). Both
diseases were not found in this study. Until recently, market-
ing of vitamin D (cholecalciferol)-containing rodenticides has
increased of acute vitamin D toxicoses in animals (9). Because
most dogs in South Korea bred inside the house, they may
have relatively low chances of exposure to rodenticides.

Total frequency of other diseases except malignant neopla-
sia, renal failure, and endocrinopathy was up to 46% in case
group. However, it couldn’t be said that those are common
causes of hypercalcemia because incidence rate of each disease
was relatively low (ranged from 1.06% to 4.26%). Thus, rela-
tionship between hypercalcemia and those should be more
studied.

In conclusion, common causes of hypercalcemia of dogs
referred to the VTH of Konkuk University were similar to
other countries. However, the frequencies of each disease
were different. Thus, more studies throughout the country are
necessary to know the causes of hypercalcemia exactly. If
these are performed, obtained results could help veterinarians
in South Korea with differentiating diseases inducing hyper-
clacemia.
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