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Introduction

Diabet ic dyslipidemia is a cluster of plasma lipid and 
lipoprotein abnormalit ies affect ing all l ipoprotein classes. 
The culprits of dyslipidemia are an elevated plasma 
t riglyceride concent rat ion and low HDL cholesterol 
concent rat ion. The discovery of heterogeneity within maj or 
lipoprotein classes (VLDL, LDL and HDL) has allowed 
specifying the features of dyslipidemia in type 2 diabetes. 
The key elements of dyslipidemia also const itute excessive 
postprandial lipemia and remnant  accumulat ion, small 
dense LDL and small dense HDL part icles. These metabolic 
components are not  isolated abnormalit ies but  metabolically 
closely linked to each others. Together these components 
comprise the atherogenic lipid t riad that  substant ially 
cont ributes to the increase of CVD risk. As dyslipidemia 
associates with insulin resistance, visceral obesity and 
excess liver fat  (non-alcoholic fat ty liver disease, NAFLD) it  
is not  unexpected that  this abnormal lipid profi le is common 
in subj ects with type 2 diabetes but  also in those with 
cent ral obesity and the metabolic syndrome.

Metabolism of triglyceride rich lipoproteins

Triglyceride rich lipoproteins (TRLs) are heterogeneous 
comprising chylomicrons derived from the intest ine and 
VLDL part icles secreted by the liver. TRLs are the maj or 
carrier of t riglycerides in the circulat ion; chylomicrons 
after a meal and VLDL part icles in the fast ing state1.  
Chylomicrons are produced in the enterocytes carrying apo 
B 48 whereas the st ructural apolipoprotein of VLDL part icles 
is apo B-100. In circulat ion chylomicrons and VLDL are 

metabolized by the same pathways that  involve at  fi rst  
step; lipolysis by lipoprotein lipase (LPL) followed by direct  
receptor-mediated hepat ic uptake of TRL remnant  part icles. 
At  the second step VLDL part icles are further converted into 
IDL and LDL. Notably small dense LDL part icles are the end 
product  from the catabolic pathway of large VLDL1 
part icles. 

The serum concent rat ion of TRLs is the end result  of their 
appearance and removal rates (Fig. 1). Tradit ionally serum 
t riglycerides have been measured in the fast ing state after 
about  8 to 12 hours of fast ing. Recent ly substant ial evidence 
has emerged indicat ing that  non-fast ing t riglycerides 
predict  more st rongly CVD than fast ing t riglycerides2,3.

As postprandial lipemia is a dist inct  feature of diabet ic 
dyslipidemia the underlying mechanisms are of crit ical 
importance1.  Recent  discoveries have evidence of that  
intest inal overproduct ion of apo B48 containing chylomicrons 
cont ributes to postprandial lipemia and is linked to insulin 
resistance in enterocytes4.  Today emerging data suggest  

E-mail :  marj a-riit ta.taskinen@helsinki. f

Chylomicrons VLDL

Plasma concentration
of triglycerides

Lipolysis
LPL activity
Composition of
TRL particles

Remnants

Figure 1 Sources of TRL part icles.
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that  intest inal pept ides (GLP1 and GLP2) may play a seminal 
role in the regulat ion of lipid metabolism in enterocytes. 
Thus the intest ine is not  a passive absorpt ion site but  
assembly and secret ion of chylomicrons are regulated by 
hormones (insulin, incret ins) and fat ty acid input . 

We have reported that  large VLDL 1 part icles (Sf 60 – 400) 
are the principal component  of VLDL species that  
accumulates in plasma as the t riglyceride level rises5.  
Available data indicates that  overproduct ion of VLDL 1 is 
more important  than decreased removal of VLDL 1 in 
determining the actual VLDL 1 level in type 2 diabetes with 
mild to moderate hypert riglyceridemia6.  We also reported 
that  VLDL 1 product ion rate correlated inversely with LDL 
size and HDL cholesterol.  Thus overproduct ion of large VLDL 
1 part icles init iates a sequency of events leading to the 
atherogenic lipid t riad. We conclude that  overproduct ion of 
VLDL part icles is the hallmark of the atherogenic dyslipidemia 
in Type 2 diabetes and in the metabolic Syndrome.

This raises the quest ion which factors predict  over-
product ion of VLDL 1 part icles? The key regulators of the 
normal assembly of VLDL in the liver are free fat ty acid fl ux 
(FFA) from systemic FFA pool and from dietary fat , de novo 

lipogenesis (DNL) lipid oxidat ion and VLDL secret ion6,7 (Fig. 
2.) Accumulat ion of liver fat  results from the imbalance 
between these factors. Both int ra-abdominal fat  volume 
and liver fat  content  correlate with VLDL 1 product ion 
rate in univariate analyses but  only liver fat  remains 
signifi cant  in a mult ivariate regression model including also 
subcutaneous fat  volume, adiponect in and HOMA index as a 
surrogate marker of insulin resistance6.  A physiological 
act ion of insulin is to direct ly suppress VLDL 1 synthesis in 
the liver in analogy to suppression of glucose product ion. In 
pat ients with type 2 diabetes insulin act ion to suppress 
VLDL 1 product ion is defect ive result ing to overproduct ion 
of VLDL part icles. Our recent  studies demonst rated that  
insulin suppressed the product ion of VLDL part icles in 
people with low liver fat  content  but  failed to suppress 
VLDL 1 product ion in people with high liver fat  content 8.  

The dynamics of fat ty acid fl uxes into the liver and DNL 
seems to play a crit ical role as a determinant  of liver fat  
and VLDL secret ion. Emerging evidence suggest  that  the 
impact  of DNL may have been overlooked. Transcript ion 
factors LXR, SREBP1- C and ChREBP mediate the act ions of 
insulin and glucose on the t ranscript ional act ivat ion of 
enzymes involved in fat ty acid synthesis9.  Recent ly fructose 
– sweetened beverages has been reported to increase DNL 
more than glucose —sweetened beverages in man and 
increase both fast ing and postprandial lipemia, int ra-
abdominal fat  deposit  and to impair insulin sensit ivity10,11.  
This raises the urgent  need to examine the cont ribut ion of 
dietary sugars as well as fats as sources for hepat ic 
t riglycerides and secreted VLDL TG. The failure of liver to 
export  excess TG in secreted VLDL part icles will result  in fat  
accumulat ion in the liver. Thus the overproduct ion of large 
VLDL 1 part icles can be considered as a compensatory 
mechanism in obese subj ects to maintain the integrity of 
lipid metabolism at  hepatocytes (Fig. 3).

The key quest ion is how much overconsumpt ion of dietary 
sugars and fats can direct ly cont ribute to both liver fat  
accumulat ion and VLDL overproduct ion by enhancing DNL 
beyond the obesity linked excessive FFA fl ux12,13.  
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Figure 2 Imbalance in dynamics of lipid betabolism results in 
fat ty liver.
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