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Hyper- and dyslipidaemia are epidemiologically good
predictors for life expectancy and cardiovascular mor-

bidity (Framingham-Study). The “metabolic syndrome”
(hyper-/dyslipidaemia, obesity, hypertension, glucose intol-
erance/diabetes mellitus, hyperuricaemia, hypercoagulability)
which has often been discussed to improve our understanding
of diabetes can help to better understand the role of lipids
within other risk factors [1–4]. A big study in 1984 showed that
improvements in the prediction of events can be reached by
using obesity and fat distribution as co-variates (Table 1).

Independent of fat distribution, a high BMI is a risk fac-
tor for CVD; independent of BMI, a visceral fat distribu-
tion doubles the cardiovascular event rate and potentiates
with overweight. Analysing stroke, visceral fat seems to be
even more important. For mortality, both visceral fat and
weight are strong determinants. Such close relations have
to be analysed carefully for the underlying causes.

Dietary fat and hyperlipidaemia

Nutrients are well resorbed in the intestine and thence trans-
ported to liver and end organs (eg, muscle tissue) needing
them for energy metabolism. Dietary fat is digested by in-
testinal triglycerid lipases. Resulting free fatty acids (FFA)
are assembled to micelles and resorbed. The “microsomal
triglyceride transfer protein” (MTP) uses ApoB48 to as-
semble the largest fatty acid particles, the chylomicrons.

Dietary fat reaches the liver and target organs via
chylomicrons (or their predigested “remnants”) or as FFA,
especially medium chain triglycerides (MCT) which can be
transported without chylomicrones bound to albumin. In
the liver MTP of the liver assembles VLDL particles using
ApoB100, which is similar to the intestinal ApoB48. VLDL-

particles are degraded by vascular lipoprotein lipases and
LDL-particles are the final product which has more or less
to be taken up by receptor mediated processes. All nutrients
therefore which are not circulating in the blood or needed
for energy metabolism lead to storage of fat [6]. It is deter-
mined by sex and also seems to be genetically determined
whether visceral or subcutaneous fat develops [7], which was
also proven in identical twin studies [8]. The “fatty acid flux”
is shown in Figure 1.

Visceral fat and hyperlipidaemia

Visceral and gynoid fat distribution are remarkably differ-
ent in influencing lipoprotein metabolism and consecutive
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Figure 1. Uptake of nutrients into the body and their metabolic fate
(simplified)

Table 1. Probability of macrovascular disease and death. Classification is done by terziles of weight (BMI) vs terziles of the waist to hip
ratio (WHR), according to Larsson 1984 [5]

  BMI         BMI                            BMI
 1st Terzile      2nd Terzile 3rd Terzile

Parameter CVD Stroke Death CVD Stroke Death CVD Stroke Death

WHR 1st Terz. 5.6 2.8 5.3 10.9 2.8 13.1 10.9 2.8 13.1
WHR 2nd Terz. 6.4 3.5 8.8 12.5 3.5 13.1 12.5 6 13.1
WHR 3rd Terz. 12.4 5 18.2 15.2 6.5 19 20.8 6.5 29.2



J Clin Basic Cardiol 2000; 3: 116

REVIEWS

BMI and Lipid Lowering

cardiovascular risk. The difference between patients with
gynoid and visceral fat accumulation might be found in the
postprandial state. The metabolic characteristics of patients
with postprandial hyperlipidaemia and its relation to CVD
has been long recognised [9]. Normally, lipids are elevated
postprandially and rapidly normalise in absence of genetic
“weaknesses” in lipoprotein elimination. Visceral adipose
tissue is, in addition to the intestine (after meals), the source
of FFA in the fasting state. Therefore lipoprotein synthesis
is stimulated the whole day and lipids tend to be elevated
independently of dietary fat. Additionally fatty acids stimu-
late cholesterol biosynthesis via HMG-CoA reductase
which might be important for the assembly of VLDL-parti-
cles (Table 2).

Statin action in obesity

Statins exert their effect through their influence on HMG-
CoA-reductase activity. In the absence of dietary fat and vis-
ceral adipose tissue the stimulation of this enzyme is done
by “basal” lipid metabolism. Postprandially fat resorption
and transport to the liver will stimulate this enzyme paral-
lel to VLDL-production. Activity of the enzyme is there-
fore more or less driven by the genetic determinants and
dietary fat within a meal. Visceral obesity through fatty acid
production stimulates both HMG-CoA-reductase and VLDL-
production throughout the day. Resulting hyperlipidaemia
in patients with genetic “weaknesses” in lipoprotein me-
tabolism might be higher in the fasting state and, even more
likely, postprandially. Therefore especially statins with a long
half life might also exert favourable effects in obese patients.

Atorvastatin efficacy and BMI

Atorvastatin is among the most potent HMG-CoA-reductase
inhibitors on the market. The LDL-C lowering effect in
the starting dose is around 40 %. Usually %-reductions are

given without describing BMI in the patient characteris-
tics. In the present study we analysed the efficacy of
atorvastatin 10 mg on blood lipids in 3557 Austrian patients
in private practice (Table 3). Numbers of underweight and
morbidly obese patients are low but reflect their preva-
lence in the population.

Total cholesterol
In general, total cholesterol values of the included patients
were high with mean values considerably above 270 mg/dl
with, as expected, the highest values in the morbidly obese
patient group. With atorvastatin 10 mg treatment the mean
total cholesterol values became similar in all groups, thus
showing the best efficacy in the morbidly obese patient group
(Table 4).

Triglycerides
Mean serum triglycerides are normal in underweight pa-
tients only and increased with BMI. That points to the fact
that patients usually do not have elevated cholesterol levels
only but also elevated triglyceride levels. Therefore, trig-
lyceride lowering properties are important also with re-
spect to treatment efficacy using HMG-CoA-reductase in-
hibitors. In our study the triglyceride lowering effect of
atorvastatin increased with BMI (Table 5). This also points
to a high stimulation of cholesterol biosynthesis in obese
patients.

HDL-cholesterol
HDL-cholesterol decreases with weight and exhibits the
activity of the “reverse cholesterol transport”. In our study there
was an increase in HDL-cholesterol in all treatment groups
with exception of the morbidly obese patients (Table 6).
There was also a strong tendency to better effects on HDL-
C in overweight and obese than in normal and underweight
patients.

Taking total to HDL-C ratios as an important determi-
nant of cardiovascular risk shows that all treatment groups
considerably improved (data not shown).

Discussion and conclusion

Obese patients usually are undertreated due to the fact “that
they should start with diet”. The present data on the other
hand point out that atorvastatin was efficient in lipid lower-
ing in normal and overweight hyperlipidaemic patients. The

Table 4. BMI vs change in total cholesterol in 3557 Austrian
patients receiving atorvastatin 10 mg

BMI (kg/m2) Weight Untreated Atorvastatin % change
classification 10 mg

< 20 Underweight 283 211 –25.7
20–24.9 Normal 281 212 –24.6
25–29.9 Overweight 288 212 –26.3
30–39.9 Obesity 282 208 –26.5
≥ 40 Morbid obesity 309 198 –36.0

Table 3. BMI-distribution in 3557 Austrian patients receiving
atorvastatin 10 mg

BMI (kg/m2) Weight classification n %

< 20 Underweight 37 1.04
20–24.9 Normal 925 26.01
25–29.9 Overweight 1879 52.83
30–39.9 Obesity 690 19.40
≥ 40 Morbid obesity 26 0.73

Table 2. Metabolism of fat cells in gynoid and visceral obesity

Visceral fat Adipose tissue
(android) (gynoid)

Kind of fat cell Hypertrophic Hyperplastic
Kinetics Rapid Slow
Lipolysis High sensitivity Low sensitivity
LDL-activity High Low
Glucocorticoid receptors Many Few

Table 6. BMI vs change in HDL-C in 3557 Austrian patients
receiving atorvastatin 10 mg

BMI (kg/m2) Weight Untreated Atorvastatin % change
classification 10 mg

< 20 Underweight 53 57 +7.0
20–24.9 Normal 47 51 +8.6
25–29.9 Overweight 43 49 +12.6
30–39.9 Obesity 42 48 +14.4
≥ 40 Morbid obesity 45 41 –9.2

Table 5. BMI vs change in triglycerides in 3557 Austrian patients
receiving atorvastatin 10 mg

BMI (kg/m2) Weight Untreated Atorvastatin % change
classification 10 mg

< 20 Underweight 201 153 –24.0
20–24.9 Normal 247 171 –30.7
25–29.9 Overweight 284 193 –32.0
30–39.9 Obesity 320 207 –35.2
≥ 40 Morbid obesity 465 221 –52.5
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treatment effect was even increasing with the extent of obes-
ity. That might be due to the fact that FFA levels stimulate
HMG-CoA-reductase resulting in more pronounced
hyperlipidaemia. Atorvastatin proved to counteract such
stimulation by a pronounced decrease in both cholesterol
and triglyceride containing particles suggesting a decreased
assembly of VLDL-particles. Increasing HDL-C levels fur-
thermore suggest a reduction in reverse cholesterol trans-
port due to the decreased particle number of ApoB-contain-
ing particles.

Previous studies have shown that atorvastatin has the high-
est triglyceride lowering potency of statins due to its dis-
tinct properties [10]. Thus further studies with other statins
are needed which investigate these effects.

In conclusion, lipid lowering therapy is at least as effec-
tive in obese patients and should not be started at the end
but at the beginning of dietary therapy to efficiently reduce
cardiovascular risk in that high risk patient group.
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