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Cases in primary care laboratory medicine

Hypertriglyceridaemia in diabetes

W Stuart A Smellie

Mild hypertriglyceridaemia is common in diabetes, but patients with newly presenting or poorly
controlled diabetes may have a quantitatively different syndrome of gross hypertriglyceridaemia,
which should be treated by optimising glycaemic control before use of lipid lowering drugs

Diagnostics lack the robust evidence base available to
other interventional medical practices, but consider-
able consensus guidance obtained from observational
and intervention studies is available to guide optimal
use of laboratory tests. This includes measurement of
serum triglycerides in patients in whom lipid lowering
is being considered.

This article considers two cases of hypertriglyceri-
daemia in diabetes. Such cases are not infrequently
referred to lipid clinics or prompt questions about pos-
sible laboratory error. In reality they reflect the
metabolic consequences of excess glucose substrate in
poorly controlled or newly presenting diabetes, usually
in association with an underlying defect of triglyceride
metabolism. Treatment is of the precipitating factor
(that is, hyperglycaemia) rather than with lipid
lowering drugs in the first instance, as part of the
global management of the diabetes and risk factors for
other diabetic complications.

Case 1

An otherwise fit 49 year old man, with a body mass
index (weight (kg)/(height (m)*) of 28, attended his gen-
eral practitioner complaining of tiredness and malaise
after a mild flu-like illness. His alcohol consumption
was about 16 units a week, his body temperature
normal, and his blood pressure 156/98 mm Hg.
Clinical examination was otherwise unremarkable, and
a full blood count and renal function were checked.

These showed normal full blood count indices,
serum sodium concentration 128 mmol/], and serum
creatinine 79 umol/1. However, his serum was noted in
the laboratory to be lipaemic in appearance, and
cholesterol and triglyceride tests were added. These
showed a total cholesterol concentration of 33.0
mmol/1 and triglyceride concentration of 96 mmol/1.
A serum glucose assay was added and found the
concentration to be 21 mmol/1. Sodium concentration
was then measured in serum treated to remove the
lipids and was 138 mmol/l. The general practitioner
was contacted, and the patient was referred urgently to
the local diabetes centre for assessment.
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Summary points

Diabetes can be associated with massive
hypertriglyceridaemia, with serum triglyceride
concentrations > 100 mmol/I in extreme cases

Severe hypertriglyceridaemia represents an
extreme of the classic blood lipid pattern in
diabetes. It carries a risk of acute pancreatitis, and
will be missed if serum triglycerides are not
measured. Lipaemic samples should always
prompt measurement of fasting triglyceride by
the laboratory

Diabetes and impaired glucose tolerance are
common findings in patients with
hypertriglyceridaemia. Fasting glucose should be
measured, and a glucose tolerance test performed
if indicated, in hypertriglyceridaemic patients

Hypertriglyceridaemia due to poor diabetic
control does not respond well to lipid lowering
agents. Treating the diabetes is the first priority,
although many patients will also have an
underlying dyslipidaemia

Serious metabolic consequences of poor diabetic
control are not reflected in patients’ symptoms

On examination, he was a fit looking man, system-
atically well, who admitted to polyuria on direct
questioning. He was well hydrated with a blood
pressure of 152/92 mm Hg, pulse 68 beats/minute. A
diagnosis of diabetic hypertriglyceridaemia in newly
presenting diabetes was made. The immediate concern
was the patient’s gross hypertriglyceridaemia, and
twice daily treatment with insulin was started, titrated
up to 26 units daily.

Over the next four weeks his triglycerides fell
progressively to 14 mmol/], and then to 5.6 mmol/1
over the subsequent six weeks, at which point his total
cholesterol concentration had fallen to 4.7 mmol/1
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Fig 1 Change in patient’s serum total cholesterol and triglyceride
concentrations (top) and glycated haemoglobin (bottom) after
diagnosis of diabetes and progressive reduction in intensity of
treatment

(see fig 1). By 12 weeks after starting insulin, he was
asymptomatic, his glycated haemoglobin had fallen
from 9.9% to 5.9%, and his treatment was changed to
metformin 500 mg twice daily.

At this point, he started treatment with fenofibrate
267 mg as his triglycerides remained elevated (6.2
mmol/l). These fell to under 3 mmol/], remaining at
this level over the next year. His apolipoprotein E result
returned as E2/2, consistent with type III (remnant)
hyperlipidaemia.

Six months after presentation, his HbA, was 5.3%),
and metformin was stopped. One year after diagnosis,
his glycated haemoglobin had remained within the
5-6% range on diet alone, and his triglycerides
remained between 2.0 and 3.0 mmol/1 (fig 1).

Case 2

An otherwise fit 52 year old woman was referred by her
general practitioner to a lipid clinic because of failure
of her mixed hyperlipidaemia to respond to atorvasta-
tin 40 mg once daily and Omacor 2 g twice daily. Her
condition had been managed for two years, and until
one year previously her lipids had been well controlled,
with total cholesterol ranging between 4.5 and 5.2
mmol/1 and triglycerides between 2 and 3 mmol/1. Her
triglycerides concentration had risen over the previous
six months to 84 mmol/l despite also taking
fenofibrate 267 mg daily.

A fasting blood glucose measure at the time her
dyslipidaemia had been discovered had been 5.6
mmol/l. When seen in clinic, the patient was
overweight (body mass index 32) with a blood pressure
of 148/96 mm Hg but was otherwise physically well.
Her serum total cholesterol concentration was 8.3
mmol/l1 and her triglycerides concentration 9.5

mmol/L Direct questioning revealed no symptoms of
diabetes, although routine blood samples taken to
exclude secondary causes for her hyperlipidaemia
revealed a fasting blood glucose of 13.7 mmol/], and a
subsequent measurement of her HbA, was 8.3%. Thy-
roid and renal function tests were unremarkable, creat-
ine kinase was within the population reference range,
but liver tests showed her aspartate transaminase was
raised at 73 TU/1 (reference range 18-40).

She was reviewed by the clinic dietician and given
targeted dietary advice. Six weeks later, she reported
home capillary blood glucose measurements mostly
between 9 and 11 mmol/l and started taking
metformin, titrated up to 1500 mg daily. Ten weeks
later, her HbA, had fallen to 7.3%, at which stage her
total cholesterol was 4.3 mmol/1 and triglycerides 2.1
mmol/l. Her HbA,_ fell to 6.8% over the next three
months and her aspartate transaminase level returned
to within the reference range. Fenofibrate was
subsequently stopped without adverse effect on her
triglycerides.

Discussion

These two cases are complementary to the first article
in this series' but describe the specific situation of sec-
ondary hyperlipidaemia due to poor diabetes control.
Although mild hypertriglyceridaemia with low concen-
trations of high density lipoprotein (HDL) cholesterol
is a classic feature of insulin resistance and character-
ises the lipid profile in type 2 diabetes, severe
hypertriglyceridaemia can occur in poorly controlled
disease or at presentation.”

Patients presenting with severe hypertriglyceridae-
mia not infrequently have an underlying dyslipidae-
mia, one notable cause being type III (remnant)
hyperlipidaemia that is linked to the presence of the
apolipoprotein E2 allele’ It seems that applying a
metabolic stress to such people can produce an
exaggerated triglyceride response. Similar findings are
seen in alcohol induced secondary hyperlipidaemia.
High alcohol intake can be associated with severe
hypertriglyceridaemia, although this may be limited to
predisposed individuals—among patients with normal
baseline triglyceride concentrations, heavy drinkers do
not necessarily have markedly higher triglycerides than
occasional drinkers.'

If triglycerides concentrations are not measured
these cases can present as statin resistant hypercholes-
terolaemia, caused not by an increase in low density
lipoprotein (LDL) cholesterol concentrations but by
raised serum levels of very low density lipoprotein
(VLDL) cholesterol with or without raised chylomicron
concentrations.’

Case 1

This case demonstrates several of the features of mas-
sive diabetic hypertriglyceridaemia. The patient’s lipid
results (triglycerides and cholesterol) were out of all
proportion to his clinical presentation. The lipid disor-
der was detected from a lipaemic sample in the labora-
tory, rather than from a request for lipid measurement.
Apart from routine lipid measurement, some cases of
massive hypertriglyceridaemia may also present with
eruptive xanthomata, abdominal pain, or acute
pancreatitis. The case highlights the need to consider

BM] VOLUME 333 16 DECEMBER 2006 bmj.com



Practice

lipid measurement early after the diagnosis of diabetes
to detect these potentially dangerous abnormalities.

This patient’s massive hypertriglyceridaemia
responded rapidly to insulin without specific lipid low-
ering treatment, and subsequently, as his hyperglycae-
mia was brought under control, he did not require
insulin or even oral hypoglycaemic agents to obtain a
satisfactory concentration of glycated haemoglobin.
High circulating concentrations of triglyceride and free
fatty acid are suspected of reducing the effective secre-
tion or action of insulin, with massive hypertriglyceri-
daemia possibly inducing diabetes.’ It is not possible to
say in the present case to what extent the patient’s
hypertriglyceridaemia may have contributed to his dia-
betes, but it is interesting that he is now managed on
diet alone and maintains a glycated haemoglobin con-
centration well inside the reference range.

The decision to begin treatment with insulin was a
pragmatic one at the time and was based on the sever-
ity of the patient’s hypertriglyceridaemia, the potential
risk of pancreatitis, and a desire to reduce his triglycer-
ides to a safe range as quickly as possible.

Hypertriglyceridaemia affects the measurement of
other substances in the blood. Triglycerides can
interfere with several assays, notably producing low
serum amylase results, which can cause diagnostic dif-
ficulty as patients are at risk of pancreatitis, and can
produce dilutional effects such as the pseudohypona-
traemia seen in this case. Laboratories should identify
lipaemic samples (fig 2) and take corrective measures
(such as clearing serum with products such as
Lipoclear (Statspin, Norwood MA) or using alternative
analytical methods). If general practitioners intend to
use point of care analyses (near patient testing) in

Fig 2 Example of a normal spun blood sample (left) and a lipaemic
sample from a diabetic patient with serum triglyceride concentration
150 mmol/I (right). In the latter the serum is densely lipaemic and is
topped by a layer of chylomicrons. Courtesy of Dr Andrew lversen
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patient management, they should know the specific
effects of hypertriglyceridaemia on the test method as
the effects vary among methods.

Case 2

The second case illustrates a common reason for refer-
ral to secondary care in patients whose lipid levels do
not seem to have responded to a statin but who have
not been investigated for secondary causes, or people
with known dyslipidaemia who lose lipid control
despite increasing intensity of treatment. The large
number of patients presenting to clinic with mixed
dyslipidaemia who were found to have previously
unknown diabetes or impaired glucose tolerance led us
locally to change our analytical lipid service to include
triglyceride in all lipid profiles.”

In such patients statin treatment may be producing
maximal therapeutic effect on LDL, but the serum total
cholesterol may still be raised partly as a result of the
raised triglycerides. Although some statins are licensed
for use in mixed hyperlipidaemia, they remain
primarily LDL lowering drugs and have relatively
modest effects on triglycerides. They will have limited
effect on serum total cholesterol that is raised as a
result of high VLDL cholesterol associated with hyper-
triglyceridaemia. The excess glucose load in patients
with uncontrolled diabetes or impaired glucose
tolerance is converted into triglycerides by the liver
and exported principally in the form of VLDL
particles, raising the VLDL (and hence total)
cholesterol level. As in the case of alcohol induced
hypertriglyceridaemia, drugs which may block the
hepatic synthesis or accelerate the metabolism of lipids
have limited effect in the face of excess supply of sub-
strate (glucose or alcohol).

Hypertriglyceridaemia secondary to diabetes has
been reported to be the commonest presenting cause
of pancreatitis attributable to hypertriglyceridaemia,’®
and diabetic patients presenting with massive serum
triglyceride concentrations should therefore be consid-
ered at high risk. The computerised decision support
system PRODIGY advises that secondary causes of
hyperlipidaemia should be identified and managed
before starting lipid lowering treatment,’ and manage-
ment of hyperglycaemia is described as the key to
severe triglyceridaemia in diabetic patients.”” Raised
triglycerides is one of the factors included in the
Diabetes UK risk assessment for patients' and should
prompt a fasting glucose test in all hypertriglyceridae-
mic patients.

The choice of lipid lowering drug in patients with
an underlying dyslipidaemia once their diabetes is
controlled can be difficult. In some cases the lipid pro-
file may reveal a persisting severe hypertriglyceridae-
mic component, which may prompt use of omega 3
fatty acid compounds or fibrate. In other cases the LDL
component may predominate, and the patients should
be offered a statin. If both LDL cholesterol and triglyc-
eride concentrations are raised patients will normally
require treatment to reduce LDL (statin) and to reduce
triglycerides (omega 3 fatty acids or fibrate) usually ini-
tiated under specialist guidance. Many of these patients
will  have elevated liver enzyme  activity
(y-glutamyltransferase or y-glutamyltransaminase)
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Secondary hyperlipidaemia and
hypertriglyceridaemia
When should I screen for secondary

hyperlipidaemia and what investigations are
required?

In all patients in whom lipid lowering therapy is being
considered. The investigations are

e Dietary, alcohol, and drug history

e Urine dipstick testing for protein

e Laboratory or point of care blood glucose

e Renal function

e Liver enzymes (transaminase)

e Thyroid stimulating hormone (if the total
cholesterol is >8 mmol/1, unless thyroid disease is
suspected clinically)

When should I measure triglycerides at the same
time as I measure cholesterol?

e In all people being assessed for risk of
cardiovascular disease

e In all people being considered for lipid lowering
treatment

¢ In monitoring, if the first triglyceride level was >2
mmol/1

What triglyceride levels are associated with a risk of
pancreatitis and require treatment on this basis?
Serum triglycerides of

e 5 mmol/l carry a probable increased risk of
pancreatitis

e 10 mmol/1 carry a high risk of pancreatitis

e 20 mmol/l carry a very high risk of pancreatitis
Persistent values over 5 mmol/1 justify treatment

reflecting fatty deposition in the liver, which can be
incorrectly attributed to alcohol consumption or seen
as a contraindication to lipid lowering drugs. As meas-
ures to remove the cause of fatty liver reduce the asso-
ciated raised transaminases,” " appropriate lifestyle
advice and, if necessary, drug treatment to reduce tri-
glyceride concentrations would seem appropriate with
suitable monitoring.

Questions and answers: learning points

The series of questions and answers summarised in the
box may be found in the second review of best practice
in primary care pathology published in the Journal of
Clinical Pathology." They appeared in the first of this
series of primary care laboratory medicine' and are
reproduced here for convenience.
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A place of safety

Throughout our medical training, my wife and I have often
bemoaned the confused elderly person who appears in the casualty
department for no apparent medical reason in the middle of the
night. A recent event has helped change our opinion.

We were returning from a wedding late at night and came
across a confused elderly woman wandering outside our house.
She was wearing only a dressing gown and a small towel. We
recognised her and knew she lived near by, and that the
confusion was not new. Escorting her to her house, we discovered
she was locked out and, despite our elementary burglary
attempts, we could not gain entry. Furthermore, we could not
coax her to tell us the contact details of her relatives so that we
could get home to bed.

Apart from being gently confused, she did not seem unwell,
and, remembering the difficulty we have in discharging elderly
patients, my wife and I were determined not to take the easy
option and call an ambulance. What followed was a three hour
saga in which we first sought help from the police (“Sorry all our

cars are at emergencies; we will be with you shortly”). We then
rang my hospital to gain the number for the on-call social
services team. I left a message to be contacted urgently for help in
obtaining a warm bed overnight until the woman’s relatives could
be contacted (I am still waiting for the call back).

Eventually, the police arrived but were unable to offer an
alternative to calling an ambulance; so, having exhausted our
meagre possibilities, we acquiesced. That night, the casualty
department was the only place of safety available while we
clarified the situation.

We still bump into our confused neighbour; she doesn’t
remember us, but seems to be managing to live independently.
We try not to moan now about elderly people who just need a
place of safety for a short while—even if that is a hospital.

Andrew Ludman cardiology registrar, Queen Elizabeth Hospital,
London (ludman@doctorsmet.uk), Sian Ludman paediatric senior
house officer, King’s College Hospital, London
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