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ABSTRACT: 

Hyperlipidaemia is common in dogs, and can be either primary 
or secondary to other diseases. Secondary hyperlipidaemia is 
the most common form and as a result of endocrine disorders, 
pancreatitis, cholestasis, protein-losing nephropathy, obesity, 
and high-fat diets. Primary hyperlipidaemia is usually associated 
with certain breeds such as the miniature Schnauzer. Possible 
complications of hyperlipidaemia include pancreatitis, 
liver disease, atherosclerosis, ocular disease, and seizures. 
Management is achieved by feeding a low-fat diet and 
administration of omega-3 fatty acids, with or without the use of 
lipid-lowering agents.

INTRODUCTION

Lipids are water-insoluble organic compounds, essential for 
normal homeostasis: 

•	 Important	components	of	the	cell	membrane.
•	 Act	as	energy	stores
•	 Enzyme	co-factors
•	 Hormones
•	 Intracellular	messengers.

Of the many groups of lipids, the three most important from a 
clinical perspective are fatty acids, sterols (mainly cholesterol), 
and acylglycerols (mainly triglycerides). Fatty acids are relatively 
simple lipids and important components of many other lipids. 
Cholesterol is the main sterol in animal tissues with dietary 
intake being the major source of cholesterol but can also be 
endogenously synthesised by the liver. Cholesterol plays a 
fundamental role in central metabolic pathways, such as bile 
acid metabolism and steroid hormone and vitamin D synthesis. 
Triglycerides	are	the	most	common	and	efficient	form	of	stored	
energy in mammals and are derived from both dietary sources and 
endogenous production by the liver.

Lipids are transported in plasma as macromolecular complexes 
known as lipoproteins, which are water-insoluble molecules. 
Lipoproteins are spherical structures that consist of a hydrophobic 
core containing lipids (triglycerides and/or cholesterol esters), 
and an amphophilic (both hydrophobic and hydrophilic) outer 
layer of phospholipids, free cholesterol and proteins that forms 
a protective envelope surrounding the lipid core. Free fatty acids 
are transported bound to albumin and do not require incorporation 
into lipoproteins for transport.

Plasma lipoproteins differ in their physical and chemical 
characteristics such as size, density, and composition. Canine 
lipoproteins are divided into four major classes:

•		Chylomicrons
•		Very	low-density	lipoproteins	(VLDL)
•		Low-density	lipoproteins	(LDL)
•		High-density	lipoproteins	(HDL).

HDL is further subdivided into HDL1 (unique to dogs), HDL2, 
and HDL3. In humans, intermediate density lipoproteins (IDL) 
have	been	identified,	but	their	occurrence	in	dogs	has	not	been	
verified.	The	chylomicron	and	VLDL	are	involved	primarily	in	
triglyceride metabolism, whereas HDL and LDL are involved 
primarily in cholesterol metabolism.

Apolipoproteins (apoproteins, lipoproteins) are involved the 
facilitation of lipid transport, maintenance of structural integrity, 
and activation of certain enzymes that play key roles in lipid 
metabolism. 

Hyperlipidaemia refers to increased concentrations of 
lipids (triglycerides and/or cholesterol) in the blood and is a 
consequence of elevated plasma concentrations of triglyceride 
and/or cholesterol and results from a disturbance in plasma 
lipoprotein metabolism. In the fasted state, hyperlipidaemia is 
an abnormality caused by accelerated production or delayed 
degradation of lipoproteins. Lipaemia is used to describe 
turbid or lactescent appearance of serum or plasma caused by 
hypertriglyceridaemia, but not hypercholesterolaemia. Lipaemia 
is usually only apparent when serum triglyceride concentrations 
exceed 2.3 mmol/L. As serum triglyceride concentrations 
increase, serum becomes turbid (cloudy) and then lactescent 
(milky).

PATHOPHYSIOLOGY

Lipid metabolism can be divided into two basic pathways: the 
exogenous pathway, which is associated with the metabolism of 
exogenous (dietary) lipids, and the endogenous pathway, which is 
associated with the metabolism of endogenously produced lipids.

After digestion and absorption, cholesterol and triglyceride 
form chylomicron particles within the enterocytes, which are 
then secreted into the mesenteric lymph, through which they 
ultimately reach the systemic circulation. Endothelial lipoprotein 
lipase (LPL) hydrolyses the triglyceride core of chylomicrons to 
free fatty acids and glycerol. The free fatty acids are then either 
resynthesised into triglyceride and stored within the adipocyte 
or used for energy by the myocyte. The chylomicron remnant 
is	removed	from	the	circulation	by	specific	hepatic	receptors.	
Chylomicrons are usually present in plasma 30 minutes to 2 hours 
after a fat-containing meal, and hydrolysis is normally complete 
within 6-10 hours of eating.

Excess free fatty acids in the liver that are not directly oxidised 
for energy are transformed by the hepatocyte into triglyceride, 
packaged into VLDL particles, and secreted into the blood. 
Endothelial LPL then removes and hydrolyses the triglyceride 
portion of the VLDL into free fatty acids and glycerol. Removal 
of the triglyceride core converts the VLDL to a LDL particle. The 
LDL particle is a cholesterol- and phospholipid-rich entity that 
functions to transport cholesterol to tissues, where it is used for 
membrane synthesis or steroid hormone production. Ultimately, 
LDL particles bind to LDL receptors, and are removed by the 
liver.

DISORDERS OF LIPID METABOLISM

Hypertriglyceridaemia can develop secondary to increased 
chylomicron production (excessive dietary intake of lipid), 
ineffective clearance of the chylomicron particle, increased 
VLDL production (excessive dietary intake of lipids and/or 
carbohydrate, excessive endogenous production or mobilisation 
of lipids) and ineffective clearance of the VLDL particle. 
Likewise, hypercholesterolaemia can arise from increased 
production of LDL, or reduced clearance of the LDL or HDL 
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particle.

Postprandial hyperlipidaemia is the most common cause of 
hyperlipidaemia in the dog. This is a normal physiologic 
manifestation caused by the production of triglyceride-rich 
chylomicrons and usually resolves within 2—10 hours. In contrast, 
pathologic abnormalities in plasma lipids and lipoproteins may be 
primary (genetic or familial origin) or secondary (consequence of 
disease). Any determination of serum lipid concentrations should thus 
always follow a fast of at least 12 hours.

Primary
Primary hyperlipoproteinaemias have been reported in several 
breeds of dogs with idiopathic hyperlipidaemia of the miniature 
Schnauzer being the most commonly recognised canine 
hyperlipoproteinaemia. Although all mechanisms and genetics have 
not been fully elucidated, it is characterised by excessive VLDL 
particles with or without concurrent hyperchylomicronaemia, 
mild	hypercholesterolaemia	and	a	significant	reduction	in	LPL	
activity. Idiopathic hyperchylomicronaemia has also been 
observed in dogs and is characterised by hypertriglyceridaemia, 
hyperchylomicronaemia, and normal serum cholesterol 
concentrations. Primary hypercholesterolaemia has been documented 
in the Briard, rough Collie and Shetland sheepdogs, with hereditary 
factors being suspected. Primary hypercholesterolaemia has 
been reported anecdotally in the Doberman and Rottweiler. 
Primary hyperlipidaemia with hypercholesterolaemia and 
hypertriglyceridaemia has been reported in Beagles. Primary 
hypertriglyceridaemia has been reported in Brittany Spaniels.

Secondary
Diseases associated with secondary hyperlipidaemia include 
endocrine disorders (hypothyroidism, diabetes mellitus, 
hyperadrenocorticism), nephrotic syndrome, cholestasis, pancreatitis, 
and drug-induced. With treatment of the underlying disease, many of 
the lipid abnormalities are reversed. 

Hypothyroidism
Increases in both serum triglyceride and cholesterol concentrations 
commonly occur in dogs with hypothyroidism. With hypothyroidism, 
there is both a decrease in lipid degradation and synthesis. Decreased 
LPL activity impairs the removal of triglyceride-rich lipoproteins, 
and	thyroid	hormone	deficiency	reduces	the	biliary	excretion	of	
cholesterol. The resultant increase in intrahepatic cholesterol down-
regulates the hepatic LDL receptor, increasing the level of circulating 
LDL and HDL.

Diabetes mellitus
In dogs with diabetes mellitus, hyperlipidaemia is associated 
with hypertriglyceridaemia and hypercholesterolaemia. Insulin 
deficiency	reduces	the	production	of	LPL	and	increases	the	synthesis	
of cholesterol in the liver. This results in decreased clearance 
of triglyceride-rich lipoproteins and the increased intrahepatic 
cholesterol concentration down-regulates the hepatocyte LDL 
receptor and consequently reduces the clearance of circulating 
LDL and HDL particles. Furthermore, hormone-sensitive lipase is 
activated, causing the release of large quantities of free fatty acids 
into the blood, which are converted by the liver into triglycerides, 
packaged into VLDL, and secreted back into the circulation. Thus the 
hypertriglyceridaemia seen with diabetes mellitus is attributed to both 
a reduction of LPL and increased production and decreased clearance 
of VLDL particles. The hypertriglyceridaemia usually resolves after 
successful management of the diabetes but the hypercholesterolaemia 
often persists.

Cushing’s disease
Naturally occurring as well as iatrogenic Cushing’s 
disease is associated with both hypertriglyceridaemia and 
hypercholesterolaemia, with the former being more common. The 
hypertriglyceridaemia is probably due to stimulation of hormone-
sensitive lipase with release of free fatty acids into the circulation. 

Similar to diabetes mellitus, excess free fatty acids are converted into 
VLDL particles. In addition, glucocorticoids inhibit LPL activity, 
thereby reducing the clearance of triglyceride-rich lipoproteins.

Pancreatitis
The presence of hypertriglyceridaemia and, to a lesser degree, 
hypercholesterolaemia has long been associated with naturally 
occurring pancreatitis in dogs. It remains uncertain, however, whether 
hyperlipidaemia develops as a result of pancreatitis or is the cause of 
pancreatitis in some cases. In experimentally induced pancreatitis in 
dogs, hyperlipidaemia did not occur after induction of pancreatitis. 

It is possible that either hyperlipidaemia is a pre-existing abnormality 
in some dogs with naturally occurring pancreatitis, which may or may 
not contribute to the development of pancreatitis, or that naturally 
occurring pancreatitis differs from the experimental models of 
pancreatitis in its ability to lead to hyperlipidaemia.

Obesity
Hypertriglyceridaemia and/or hypercholesterolaemia have been 
observed in obese dogs, with the most profound changes associated 
with severe chronic obesity. Weight loss in obese dogs leads to 
significant	decreases	in	both	serum	triglyceride	and	cholesterol	
concentrations.

Protein-losing nephropathy (PLN)
Proteinuria associated with PLN, regardless of the cause, is often 
associated with mild-to-moderate hypercholesterolaemia, which is 
usually part of the nephrotic syndrome – hypercholesterolaemia, 
hypoalbuminaemia, proteinuria, and ascites.

Cholestasis
Cholestasis has been reported to lead to mild or moderate 
hypercholesterolaemia and mild hypertriglyceridaemia in dogs. 
Changes	in	lipoproteins,	mainly	excessive	esterification	of	lipoprotein	
cholesterol, have been reported in dogs with experimentally induced 
cholestasis.

Other causes
Other causes of hyperlipidaemia that have been reported in dogs, 
include high fat diets, lymphoma, Leishmania infection, parvovirus 
enteritis, and dilated cardiomyopathy.

CLINICAL FEATURES

In general, dogs with secondary hyperlipidaemia display clinical 
signs associated with the primary disorder, whereas dogs with 
primary lipid disorders are often asymptomatic for long periods and 
even throughout their lives, depending on the type and severity of 
the hyperlipidaemia. Clinical signs associated with hyperlipidaemia 
include intermittent vomiting, diarrhoea, and/or abdominal 
discomfort. Complications of severe hypertriglyceridaemia (>11 
mmol/l) include pancreatitis, lipaemia retinalis, seizures, cutaneous 
xanthomas, peripheral nerve paralysis, and behavioural change.

In the miniature Schnauzer, the risk of pancreatitis is approximately 
5-fold higher in dogs with severe hypertriglyceridaemia (> 10 
mmol/L) than those without. There is still debate, however, as to 
whether hypertriglyceridaemia causes pancreatitis, pancreatitis causes 
hypertriglyceridaemia, or both are caused by the same pathogenic 
mechanisms without one causing the other.

DIAGNOSIS

Primary hyperlipidaemia is considered when fasting hyperlipidaemia 
occurs and all causes of secondary hyperlipidaemia have been 
ruled out. Every attempt should be made to rule out secondary 
hyperlipidaemia, as the hyperlipaemia will typically resolve or 
improve with correction of the underlying cause. The minimum 
database for a dog with fasting hyperlipidaemia includes full history, 
clinical examination, urine analysis, haematology, and serum 
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biochemistry. Additional diagnostic tests such as T4 assay, bile acids, 
abdominal ultrasound, and evaluation of adrenal function may be 
indicated.

Laboratory evaluation of lipid disorders

Serum turbidity
Visual	evaluation	of	plasma	or	serum	usually	offers	the	first	
estimate of a sample’s triglyceride concentration. Samples that have 
normal or near normal serum triglyceride concentrations are clear, 
while samples with increased serum triglyceride concentrations 
are lipaemic (turbid or lactescent). In general, turbidity appears 
when serum triglyceride concentrations are 2.3–3.4 mmol/L, and 
lactescent serum is seen when serum triglyceride concentrations 
are 11 mmol/L. This is only a rough estimate of the actual serum 
triglyceride concentration, however, and measurement of the actual 
serum triglyceride concentration is required. In addition, the presence 
or absence of hypercholesterolaemia cannot be based on serum 
appearance, because hypercholesterolaemia does not cause increased 
serum turbidity.

Chylomicron test
The chylomicron (or refrigeration) test is performed on lipaemic 
samples	and	is	a	simple	method	to	determine	the	specific	form	of	
lipoprotein that is responsible for hypertriglyceridaemia. Serum 
samples are refrigerated and left undisturbed for 10–12 h. Due to 
their lower density, chylomicrons tend to move to the top of the 
sample and form a ‘cream layer’. When a cream layer is formed, 
then chylomicrons are in excess in the sample and account (partially 
or solely) for the hypertriglyceridaemia. If there is no cream layer 
formation, the hypertriglyceridemia and lipaemia are due to excess 
of other lipoproteins (usually VLDL). When a cream layer forms, 
the serum below the cream layer can either be clear or turbid. With 
clear serum, hyperchylomicronaemia is most likely solely responsible 
for the hypertriglyceridaemia, whereas if the serum is turbid other 
lipoproteins are also present in excess.

Quantification and characterisation of lipids in blood
Routine quantitative assessment of total cholesterol and triglyceride 
concentrations in serum or plasma is usually achieved by use 
of spectrophotometric or enzymatic methods. Methods such as 
lipoprotein electrophoresis and ultracentrifugation have been used but 
have limited use in the routine clinical evaluation of hyperlipidaemic 
dogs. Electrophoresis separates lipoproteins based on their charge 
and mobility on agarose gel, and provides a semi-quantitative 
determination of lipoproteins present and is most useful for 
monitoring effectiveness of treatment.

THERAPY

As	mentioned	above,	the	first	step	in	the	treatment	of	hyperlipidaemia	
is the determination if the hyperlipidaemia is either primary or a 
secondary as the treatment of secondary hyperlipidaemia relies on the 
successful treatment of the primary disorder. Resolution of secondary 
hyperlipidaemia after treatment of the primary cause should be 
confirmed	by	laboratory	testing	after	4–6	weeks	after	correction	
of the primary disease. If the hyperlipidaemia has not resolved, 
a wrong diagnosis, ineffective treatment, or concurrent primary 
hyperlipidaemia of another cause should be considered.

With primary hyperlipidaemia hypertriglyceridaemia that exceeds 5.7 
mmol/L should be treated in order to avoid possible complications 
with therapy often being life-long and aimed at keeping the 
serum triglyceride concentration under 5.7 mmol/L. As primary 
hypercholesterolaemia is usually associated with less severe 
complications, serum cholesterol concentration should be maintained 
at less than 13 mmol/L.

While dogs are resistant to developing atherosclerosis, naturally 
occurring atherosclerosis has been reported in dogs with diabetes 
mellitus and hypothyroidism. Persistent hyperlipidaemia may lead to 

pancreatitis, diabetes mellitus, and can contribute to progressive renal 
injury.

Dietary management
The	first	step	in	the	management	of	primary	hyperlipidaemia	is	
dietary	modification.	A	low-fat	diet	(<	20	grams	of	fat	per	1000	kcal)	
is recommended. Fructooligosaccharides and beet pulp in the diet are 
also	beneficial,	as	they	have	been	shown	to	decrease	the	triglyceride	
and	cholesterol	concentrations	in	dogs.	An	increase	in	soluble	fibre	
can decrease serum cholesterol by about 10% due to interference 
with bile acid reabsorption. Serum lipid concentrations should 
be re-evaluated after the dog has been on the diet for 4–8 weeks 
and	if	the	serum	triglyceride	concentration	has	decreased	to	<5.7	
mmol/L,	dietary	therapy	should	be	continued	indefinitely	with	serum	
triglyceride concentrations re-evaluated every 6–12 months. In dogs 
that	do	not	sufficiently	respond	to	a	low	fat	diet	medical	treatment	
should be considered.

In	overweight	dogs,	caloric	restriction	is	also	beneficial	as	it	
decreases the production of VLDL from excess dietary energy.

Medical management
This	is	indicated	when	the	hyperlipidaemia	does	not	sufficiently	
respond to feeding a low fat diet alone and is done in conjunction 
with the diet.

Omega-3 fatty acids
Omega-3	fatty	acid	supplementation,	usually	in	the	form	of	fish-
oil, has been shown to lower serum lipoprotein concentrations in 
humans with primary hypertriglyceridaemia, normal humans, and 
experimental animals. Omega-3 fatty acids may act by decreasing 
the production of VLDL, stimulating the activity of LPL, decreasing 
the intestinal absorption of lipid, and increasing the secretion of 
cholesterol into bile.

In	healthy	dogs,	fish-oil	supplementation	results	in	a	significant	
reduction of serum triglyceride concentrations, suggesting that this 
may play a role in the treatment of primary hypertriglyceridaemia. 
However,	studies	evaluating	the	efficacy	of	fish-oil	supplementation	
in dogs with hyperlipidaemia are lacking and clinical experience is 
limited.

Lipid-lowering drugs
Although lipid-lowering drugs are commonly used in humans, they 
have toxic effects, are not approved for use in animals, and should 
be used only in dogs that have severe hypertriglyceridaemia that 
cannot be controlled by feeding a low-fat diet and omega-3 fatty acid 
supplementation.

Gemfibrozil	(a	fibric	acid	derivative)	can	lower	serum	triglyceride	
concentrations in humans by as much as 40%, and has been used in 
the dog at 200 mg/day. Reported adverse effects include abdominal 
pain, vomiting, diarrhoea, and abnormal liver function tests. Niacin at 
100 mg/day may lower serum triglyceride concentrations, but adverse 
effects are frequent and include vomiting, diarrhoea, erythema, 
pruritus, and abnormal liver function tests. The statins (lovastatin, 
simvastatin,	pravastatin,	fluvastatin,	cerivastatin,	atorvastatin)	
primarily suppress cholesterol by 20-40% and decrease triglycerides 
by 10-15% in humans. Adverse effects include lethargy, diarrhoea, 
muscle pain, and hepatotoxicity. Statins at a dose of 10-20 mg oid 
has been used in dogs with severe hypercholesterolaemia that do not 
respond to a low-fat diet and omega-3 fatty acid supplementation.

CONCLUSION

In most cases, canine hypertriglyceridaemia has been generally 
considered to be a relatively benign condition. Recent evidence, 
however, suggests that it can often be associated with pancreatitis, 
hepato-biliary disease, ocular disease, and seizures. To establish a 
diagnosis of primary hyperlipidaemia, postprandial and secondary 
causes	must	be	first	ruled	out.	Treatment	of	the	underlying	secondary	
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QUESTIONS
1. Which of the following regarding the role of lipids in the 

body is INCORRECT?
 (a) They act as energy stores
 (b) They are involved with enzyme co-factors
 (c) They act as intracellular messengers
 (d) They form part of hormones
 (e) They are not associated with the cell membrane

2. Which of the following statements is INCORRECT? 
 (a) The three most clinically important lipids in the  

  body are fatty acids, cholesterol, and triglycerides
 (b) The main source of cholesterol in the body is from  

 hepatic metabolism
 (c) Triglycerides are endogenously produced by the  

 liver
 (d) Cholesterol plays a role in bile acid metabolism
	 (e)	Triglycerides	act	as	an	efficient	form	of	stored		 	

  energy

3. Which of the following statements is INCORRECT?
 (a) Lipoproteins contain triglycerides and cholesterol
 (b) Free fatty acids are transported bound to albumin
 (c) Free fatty acids are incorporation within   

      lipoproteins
 (d) Lipoproteins are water-insoluble molecules
 (e) Lipids are transported within the plasma as                 

 lipoproteins

4. Which of the following statements regarding lipaemia is 
INCORRECT?

 (a) Lipaemia is caused by hypertriglyceridaemia
 (b) Lipaemic serum has a turbid appearance
 (c) Lipaemia can be evident shortly after eating
 (d) Lipaemia is caused by hypercholesterolaemia
 (e) Lipaemia is usually only apparent when serum     

 triglyceride concentrations exceed 2.3 mmol/L

5. Which of the following is UNLIKELY to result in 
hypertriglyceridaemia?

 (a) Reduced dietary intake of lipids
 (b) Ineffective clearance of very low-density   

      lipoproteins particles
 (c) Excessive endogenous production of lipids

Select one answer:
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 (d) Excessive mobilisation of stored lipids
 (e) Ineffective clearance of chylomicron particles

6. Which of the following conditions is UNLIKELY to 
result in hyperlipidaemia in a miniature Schnauzer?

 (a) Diabetes mellitus
 (b) Idiopathic hyperlipidaemia
 (c) Hypoadrenocorticism
 (d) Nephrotic syndrome
 (e) Pancreatitis

7. Which of the following clinical signs have NOT been 
associated with hyperlipidaemia?

 (a) Abdominal discomfort
 (b) Constipation
 (c) Intermittent vomiting
 (d) Diarrhoea
 (e) No overt clinical signs

8. Which of the following has NOT been reported as a 
complication of severe hypertriglyceridaemia?

 (a) Behavioural changes 
 (b) Generalised seizures 
 (c) Pancreatitis
 (d) Hepatitis 
 (e) Peripheral neuropathy

9. Which of the following is NOT important in the dietary 
management of a dog with primary hyperlipidaemia?

	 (a)	Low	soluble	fibre
 (b) Low fat content
 (c) Addition of fructooligosaccharides
	 (d)	High	soluble	fibre	in	the	diet
 (e) Addition of beet pulp

10. Which of the following statements regarding the 
effect of omega-3 fatty acids on serum lipoproteins is 
INCORRECT?

 (a) They increase the secretion of cholesterol into   
      the bile

 (b) They increase the production of very low-density  
      lipoproteins

 (c) They stimulate the activity of lipoprotein lipase
 (d) They decrease intestinal absorption of lipids
 (e) They increase the production of high-density   

      lipoproteins

causes often results in resolution of the hyperlipidaemia. A low-fat diet and omega-3 fatty acid supplementation remains the cornerstone for 
management of the dog with primary hyperlipidaemia.


