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ABSTRACT

Patients with diabetes mellitus have an elevated cardiovascular risk. Lipid-lowering therapy is a successful strategy to prevent 
atherosclerotic events in these patients. Therefore, almost all professional societies recommend statin therapy for patients with 
diabetes under certain conditions. Despite this broad consensus, a number of controversial issues remain. Thus, it remains unclear 
in which patients the lipid parameters should be determined in the fasting state and in which postprandial values are sufficient. 
It is also an open issue whether all patients with diabetes should receive statin therapy and which goals should be achieved. 
While the benefit of statin-ezetimibe and statin-PCSK9-inhibition combinations has been shown in large outcome trials, results 
of outcome trials involving statins with triglyceride lowering drugs have been ambiguous. Thus, it is currently unclear which 
patients benefit from such combinations. Finally, the best strategy to address severe hypertriglyceridemia in patients with dia-
betes is unclear. This article discusses these issues and aims to provide help and information to practicing physicians taking 
care of patients with diabetes mellitus. (REV INVEST CLIN. 2018;70:237-43)
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INTRODUCTION

Treatment of dyslipidemia (mostly with statins) is a 
cornerstone of atherosclerosis prevention. Numerous 
studies have shown that cardiovascular morbidity and 
mortality can be reduced if the lipid profile is im-
proved1. Inadequate settings, it was even shown that 
total mortality can be decreased. The beneficial ef-
fect of lipid modification on cardiovascular morbidity 
and mortality is detectable in almost all subgroups 

but is particularly relevant in patient groups with high 
or very high risk. In that context patients with diabe-
tes are a prime target for lipid-modifying therapy, and 
it is little surprising that all professional diabetes so-
cieties recommend, in one-way or another, lipid-low-
ering therapy in patients with diabetes mellitus2,3. 
Since the evidence is best for statin-based low-densi-
ty lipoprotein (LDL)-cholesterol lowering this is the 
focus of most recommendations.
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Despite this very convincing evidence, a number of 
controversial issues remain, which will be discussed in 
the subsequent paragraphs.

FASTING OR NON-FASTING  
LIPID PROFILE

In the past, there was a clear recommendation that 
lipid values should be determined in a fasting state 
(10-12 h postprandially). However, for a number of 
reasons, this dogma has been challenged. Most hu-
mans are in a postprandial state most of the time on 
most of the days. Even in normolipidemic subjects, it 
can be assumed that postprandial lipoproteins are 
present in plasma up to 10 h after the last fat-con-
taining meal4. Therefore, most people will only be in 
a true fasting state very few hours per day. At the 
same time, it was shown that postprandial lipopro-
teins are pro-atherogenic and that this atherogenic 
potential can be estimated from the apoB or non-
high-density lipoprotein (HDL)-cholesterol concentra-
tion5. Thus, from the point of view of prevention, it 
would be preferable to estimate risk in the postpran-
dial state.

However, there is additionally a downside to measur-
ing the lipid profile in a non-fasting state, particularly 

in patients with hypertriglyceridemia; triglyceride and 
thus also non-HDL-cholesterol varies considerably, 
depending on the content and the time of the last 
meal. Therefore, if the lipid profile of a hypertriglyc-
eridemic patient is tested postprandially and has var-
ied compared to the previous determination, it may 
be difficult to identify whether there is “real change” 
or whether the observed changes reflect other factors 
(such as less fat in the preceding meal).

The reason why fasting values were the gold stan-
dard in the past not only relates to the fact that 
triglyceride levels can be better compared (standard-
ized situation) but also more importantly to the use 
of the Friedewald et al. formula to calculate LDL-
cholesterol6. When the Friedewald et al. formula is 
used, it is absolutely necessary that patients are in a 
fasting state; otherwise, LDL-cholesterol will be un-
derestimated. Now, with the widespread availability 
of direct LDL-cholesterol measurements, this is rare-
ly a limitation.

Taken together, these findings have resulted in a posi-
tion paper of the EAS recommending in which patients 
non-fasting values can be determined (Table 1)7,8. 
This also applies to diabetic patients. However, since 
many diabetic patients come to the office and also 
have their fasting glucose level determined we usu-
ally recommend fasting lipids in our diabetic patients.

Table 1. Fasting versus non-fasting assessment of lipid profile according to EAS recommendations8

Non-fasting: In most patients, including:
Initial lipid profile testing in any patient

For cardiovascular risk assessment

Patients admitted with acute coronary syndromea

In children

If preferred by the patient

In diabetic patients (due to hypoglycemic risk)

In the elderly

Patients on stable drug therapy

Fasting: Can sometimes be required if:

Non-fasting triglycerides 5 mmol/L (440 mg/dL)

Known hypertriglyceridemia followed in the lipid clinic

Recovering from hypertriglyceridemic pancreatitis

Starting medications that cause severe hypertriglyceridemia

Additional laboratory tests are requested that require fasting or morning samples (e.g., fasting glucose and therapeutic 
drug monitoring)

aWill need repeated lipid profile testing later because of acute coronary syndrome.
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LIPID GOALS IN PATIENTS  
WITH DIABETES

While the overall goal of lipid-lowering therapy (car-
diovascular prevention) is very obvious, different ap-
proaches have been proposed to achieve this aim. 
From a practical point of view, there is little difference 
between the guidelines as in both cases most if not 
all diabetic patients should be treated with statins 
(Table 2).

The American Diabetes Association recommends 
high-dose statin therapy in all diabetic patients who 
either have established atherosclerotic disease and/or 
have an LDL-cholesterol concentration ≥ 190 mg/dL 
(≥ 4.9 mmol/L) and/or are between 40 and 75 years 
of age2. Similarly, they also recommend statins in 
younger and older patients with diabetes, but state 
that the evidence from intervention trials is less solid 
in these age groups. In the newest recommendation, 
it is also stated that non-statin therapy such as ezet-
imibe and PCSK9 inhibitors should be considered if 
LDL-cholesterol is ≥ 70 mg/dL (1.8 mmol/L) on statin 
therapy.

The European professional societies (ESC/EAS) define 
specific lipid goals and simultaneously recommend an 
LDL-cholesterol reduction of at least 50%3. ESC/EAS 
differentiates between diabetic patients at very high 
risk and those at high risk. Patients at very high risk 
are those with established atherosclerotic disease 
and/or end organ damage, such as nephropathy, and/
or additional risk factors for whom an LDL-cholester-
ol < 70 mg/dL (1.8 mmol/L) is recommended. For 
patients at high risk (diabetic patients without the 
above-mentioned characteristics), the LDL-cholester-
ol goal is < 100 mg/dL (2.6 mmol/L). In both groups, 
a > 50% reduction from baseline LDL-cholesterol 
level is recommended.

While the focus is still very much on LDL-cholesterol 
levels, apoB and non-HDL-cholesterol levels have been 
defined as secondary goals. This reflects the fact that 
not only LDL but also all apoB containing lipoproteins 
(if they are not too large) are pro-atherogenic. This 
includes VLDL, IDL, and chylomicron-remnants. A 
number of studies have, therefore, shown that apoB 
and non-HDL-cholesterol levels better predict athero-
sclerotic disease than LDL-cholesterol levels9. While 

Table 2. Recommendations by different professional societies on lipid-lowering treatment in patients with diabetes

Recommendations by American Diabetes Association2

Age ASCVDa Recommendations

<40 year No No statin therapy but can be considered if additional risk factors are present

Yes High-dose statin therapyb

≥40 year No Moderate intensive statin therapy but high-dose

Yes High-dose statin therapyb

aASCVD: Atherosclerotic cardiovascular disease.
bIf LDL-cholesterol ≥ 70 mg/dL (1.8 mmol/L) despite maximally tolerated statin dose additional LDL-lowering therapy (such as ezetimibe  
or PCSK9-inhibition) should be considered.

Recommendations by the European Society of Cardiology (ESC) and the European Atherosclerosis Society (EAS)3

Risk Definition Goal category

Very high risk Diabetic patients with - ASCVDa or 
additional risk factorsb or endorgan 
damagec

< 70 mg/dL (< 1.8 mmol/L) or LDL reduction  
by ≥ 50% if baseline LDL-cholesterol is between 
70 and 135 mg/dL (1.8 and 3.5 mmol/L

High risk Diabetic patients without ASCVD, additional 
risk factors or end organ damage

<100 mg/dL (<2.6 mmol/L) or LDL reduction  
by ≥50% if baseline LDL-cholesterol is between 
100-200 mg/dL (2.6 and 5.2 mmol/L)

aASCVD: atherosclerotic, cardiovascular disease.
bRisk factors: smoking, hypertension or dyslipidemia.
cEnd organ damage: proteinuria.
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in patients with normotriglyceridemia apoB and LDL-
cholesterol strongly correlate to each other, fewer 
correlations are observed in patients with combined 
or diabetic dyslipidemia (elevated LDL-cholesterol 
and elevated triglycerides). On the other hand, mea-
surement of apoB concentration is considerably more 
expensive and not as available as cholesterol mea-
surements and was not the primary target in inter-
vention trials.

An approximate to apoB is non-HDL-cholesterol, 
which includes LDL-cholesterol, remnant cholesterol 
(associated with triglyceride-rich lipoproteins), and 
lipoprotein (a). Non-HDL-cholesterol can be easily 
calculated by subtracting HDL-cholesterol from total 
cholesterol. Non-HDL-cholesterol goals are always 
30 mg/dL (0.9 mmol/L) higher than LDL-cholesterol 
goals3. Calculating non-HDL-cholesterol and using it 
as a secondary goal (in addition to LDL-cholesterol) 
is, therefore, a very appealing option, especially in 
patients with combined dyslipidemia or diabetic dys-
lipoproteinemia. Non-HDL-cholesterol is also inter-
esting from a therapeutic point of view, as reaching 
non-HDL-cholesterol goals can be achieved by either 
decreasing remnant cholesterol (thus, triglycerides) 
or by further decreasing LDL-cholesterol.

Concerning hypertriglyceridemia, all guidelines focus 
on lifestyle changes and glucose control but state 
that in selected patients, fibrates and/or fish oils can 
be used to reduce the risk of acute pancreatitis.

In summary, defining LDL-cholesterol and non-HDL-
cholesterol goals according to the absolute risk and 
taking into account that LDL-cholesterol should be 
decreased at least by 50% is probably the best strat-
egy to prevent cardiovascular disease in high and very 
high-risk patients.

DO ALL PATIENTS WITH DIABETES 
REQUIRE STATIN THERAPY?

This question is very much linked to the previous 
section. Although it is well known that patients 
with diabetes mellitus have an increased risk for 
cardiovascular disease, it should be noted that risk 
varies widely. For example, some studies indicate 
that patients with diabetes but no known cardio-
vascular disease have the same risk as subjects 

with cardiovascular disease but no diabetes. Other 
studies indicate that diabetic patients without any 
additional risk factor have merely a slightly increased 
risk compared to patients without diabetes10,11. Nev-
ertheless, if the goals and recommendations men-
tioned above are taken seriously, then most adult 
patients with diabetes should receive statin therapy. 
Despite these very uniform recommendations, real-
world data indicate that even in high-income coun-
tries at most a fraction of patients with diabetes is 
treated with concomitant statin therapy12.

LIPID-LOWERING COMBINATION 
THERAPY IN PATIENTS WITH DIABETES

This chapter is divided into two parts. The first sec-
tion refers to the clinical situation when the LDL-cho-
lesterol goal is not achieved with statin therapy; the 
second section, to the very common situation where 
the LDL-cholesterol goal is achieved but patients re-
main more or less hypertriglyceridemic.

When the LDL-cholesterol goal is not achieved with 
statin therapy (standard dose atorvastatin 20 mg/d 
or 40 mg/d), combination therapy with ezetimibe 
(10 mg/d) should be initiated. This is also supported 
by an outcome trial showing that diabetic patients 
had a particular benefit from statin-ezetimibe com-
bination13.

It is well known that doubling the statin dose further 
decreases LDL-cholesterol by approximately 6%14. 
Therefore, we switch to combination therapy usually 
if LDL-cholesterol goals cannot be achieved by doses 
of atorvastatin 40 mg/d (or equivalent doses of oth-
er statins). If this is not sufficient, additional combina-
tion with PCSK9-inhibition should be considered. This 
new class of lipid-lowering drugs can further decrease 
LDL-cholesterol by 50% and was also shown to re-
duce cardiovascular events in patients with and with-
out diabetes15. In which diabetic patients PCSK9 in-
hibitors should be used depends on several factors 
such as absolute risk (recurrent events) and distance 
to the goal despite maximally possible lipid-lowering 
therapy, but also availability and reimbursement situ-
ation. A therapy of last resort to further decrease 
LDL-cholesterol is regular lipoprotein apheresis (if 
available). An algorithm for achieving the LDL-choles-
terol goal is shown in figure 1.
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Although the primary goal of lipid therapy in diabetic 
patients is LDL-cholesterol reduction, the lipid profile 
of many diabetic patients is characterized by elevat-
ed triglycerides16. It is known that increased triglyc-
erides mediate an increased cardiovascular risk and 
may deteriorate glucose metabolism, which raises the 
question in which patient’s triglyceride-lowering drug 
therapy should be initiated.

Although there is a number of drugs lowering triglyc-
eride concentrations (such as fibrates, niacin/nico-
tinic acid, and omega-3 fatty acids), their benefit with 
respect to cardiovascular risk reduction is much less 
clear than for LDL-cholesterol reduction. This specifi-
cally refers to the situation when these drugs are used 
in combination with statins (Table 3). A number of 
studies (performed 30-40 years ago) showed that 
fibrate or niacin therapy can result in cardiovascular 
benefit. Further analyses showed that diabetic pa-
tients characterized by the typical diabetic dyslipid-
emia benefit the most from this approach. Therefore, 
a specific trial in diabetic patients was designed: FIELD 
study, which did not show any specific benefit17. How-
ever, the study was limited by the fact that many 
people received statin therapy, which presumably di-
luted the effect of fenofibrate. In another study (AC-
CORD), fenofibrate was tested in addition to statins 

in patients with type 2 diabetes, and no additional 
benefit was shown18. Again severe limitations in the 
study design should be noted as the patients included 
in the study were not selected with respect to their 
lipid profile (i.e., many had normal triglyceride levels). 
Subgroup analyses and meta-analyses indicate that 
diabetic patients with typical dyslipidemia (elevated 
triglycerides, low HDL-cholesterol, and small-dense 
LDL) may benefit when fibrates are added to statin 
therapy19. This is consistent with a further decrease 
in non-HDL-cholesterol when fibrates are added to 
statins. In an ongoing study, fibrates are tested in 
patients with mixed dyslipidemia. Until the results 
from this study are available, it remains unclear which 
patients may benefit from statin-fibrate combina-
tions. This is particularly important as statin-fibrate 
combinations are characterized by a slightly higher 
rate of myopathy and even rhabdomyolysis  However, 
these side-effects are rare if gemfibrozil is omitted, 
and more modern statins are used.

In our institution, we consider statin-fibrate combina-
tions in diabetic patients at very high risk (usually 
established atherosclerotic disease) who are at LDL-
cholesterol goal (< 70 mg/dL; 1.8 mmol/L) on a 
statin (+ezetibime+PCSK9 inhibition) and still have 
elevated triglycerides.

Figure 1. Possible algorithm to reach low-density lipoprotein-cholesterol target in patients with diabetes mellitus; local (avail-
ability and reimbursement) and individual (contraindication and patient preferences) factors must be considered at all levels 
before intensifying therapy. (Modified from24)

Define LDL-C target on basis of absolute risk

Glucose control, life style management + statin

Increase statin dose

Combine with ezetimibe

Add PCSK9 inhibitor

Consider lipid apheresis

Target not reached

Target not reached

Target not reached

Target not reached
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In summary, it is still unclear which patient groups 
may benefit from statin-fibrate combinations. Until 
the results of the ongoing trial are available, this com-
bination should be used in selected high-risk patients. 
Using omega-3 fatty acids may be an alternative, but 
it should be noted that adding omega-3 fatty acids 
to statin therapy have not proven to be beneficial20. 
However, again the study design was characterized by 
several flaws.

Since two outcome trials showed negative results for 
niacin, this drug should be used very reluctantly21,22. 
In fact, in our institution niacin is not used anymore.

MANAGEMENT OF SEVERE 
HYPERTRIGLYCERIDEMIA  
IN PATIENTS WITH DIABETES

Hypertriglyceridemia is characteristic for patients 
with diabetes and in some patient’s triglyceride values 
may be > 1000 mg/dL (11 mmol/L). Although most 
of these patients have low LDL-cholesterol levels, 
they have an increased cardiovascular risk. In addition, 
the risk of pancreatitis is elevated23.

Most outcome trials exclude patients with severe hy-
pertriglyceridemia; thus, it is unclear whether these 
patients benefit from statin therapy as much as pa-
tients with lower triglyceride levels. Nevertheless, 
statins are rightfully used often in these patients. 
However, this will usually not decrease triglyceride 
concentrations sufficiently. Glucose control and reduc-
tion of insulin resistance (using adequate antidiabetic 
drugs) are very important in lowering triglyceride 

concentrations. Alcohol consumption (even small 
amounts) and rapidly absorbed carbohydrates (added 
sugar) and overweight also play important roles. 
Thus, dietary education is of utmost importance for 
these patients.

In patients with severe hypertriglyceridemia combina-
tion therapy with fibrates and/or omega-3 fatty acids 
should also be tested to see whether triglyceride lev-
els can be decreased3,7. However, it should be noted 
that some patients respond very well to such combi-
nations while others do not.

In conclusion, there is no uniform strategy to address 
severe hypertriglyceridemia in these patients. Glu-
cose control, lifestyle management, weight reduction, 
adequate antidiabetic medication, and combination 
therapy of statins with fibrates and/or omega-3 
fatty acids are important within this context. In our 
institution, we usually combine statins with fibrates 
and omega-3 fatty acids sequentially to evaluate 
which combination gives the lowest triglyceride con-
centrations.

Lipid-lowering therapy is a very potent approach to 
decrease the cardiovascular risk of diabetic patients. 
The primary goal should be the reduction of LDL-
cholesterol using statins or if required, statin-ezeti-
mibe, or statin-ezetimibe-PCSK9 inhibition combina-
tions. Current data indicate that most, if not all adult 
patients with diabetes should be treated with statins. 
The indication for triglyceride-lowering drugs is less 
clear-cut but should be considered in high-risk pa-
tients who remain hypertriglyceridemic despite life-
style modification and adequate glucose control.

Table 3. Cardiovascular outcome trials with lipid-lowering drugs

Drug Primary lipid  
effect

Outcome trial  
monotherapy

Outcome trial in  
combination with statins

Statins LDL-C ↓ + Not applicable

Ezetimibe LDL-C ↓ 0 +

PCSK9 inhibition LDL-C ↓ 0 +

Fibrates TG ↓, HDL ↑ + –

Niacin/nicotinic acid TG ↓, LDL ↓, HDL ↑ + –

Omega-3-FA TG ↓ + –

+: outcome trial shows cardiovascular risk reduction.
–: outcome trial shows no cardiovascular risk reduction
0: no outcome trial available. 
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