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 Annette Hauenschild    Reinhard G. Bretzel    Henning Schnell-Kretschmer    
Hans-Ulrich Kloer    Philip D. Hardt    Nils Ewald 

 Third Medical Department and Policlinic, University Hospital of Giessen and Marburg,  Giessen , Germany 

an acute treatment in severe hypertriglyceridemia and 
showed effectiveness in rapidly and safely lowering plasma 
triglyceride levels.  Copyright © 2010 S. Karger AG, Basel 

 Introduction 

 Severe hypertriglyceridemia (SHTG) is associated 
with pancreatitis and symptoms of hyperviscosity  [1, 2] . 
The role of elevated triglyceride (TG) levels in the devel-
opment of cardiovascular disease is discussed controver-
sially. Postprandial hypertriglyceridemia seems to be an 
important risk factor for the development of coronary 
heart disease (CHD)  [3–8] . Recently the extensive epide-
miological assessment by Sarwar et al.  [7]  showed a strong 
association between TG concentrations and the risk of 
CHD. To support these findings the report from the pro-
spective Copenhagen City Heart Study  [8]  indicated that 
highly elevated non-fasting TG values ( 1 450 mg/dl) were 
predictive of CHD events in a large general population 
cohort of 14,000 men and women.

  SHTG is generally characterized by TG levels of  1 750 
mg/dl. It is difficult to decrease plasma TG levels to the 
normal range in a relatively short period of time. Drug 
treatment combined with a low-fat diet does not lead to 
satisfactory results within a short period of time  [9, 10] . 
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 Abstract 
  Background:  Patients with highly increased plasma triglyc-
eride levels are at risk of developing serious complications 
such as pancreatitis, coronary heart disease and stroke. 
Therefore it is important to rapidly decrease plasma triglyc-
eride levels. A sufficient control of triglyceride levels with 
drugs like fibrates, statins or nicotinic acid can usually only 
be attained after a couple of weeks. Plasma exchange ap-
pears to be a fast but expensive method to reduce triglycer-
ide levels. In this study we describe the use of a new  ! –3 
fatty acid and medium-chain triglyceride-rich formula diet 
as a therapeutic concept to reduce plasma triglyceride levels 
fast and effectively.  Methods:  Thirty-two patients with se-
vere hypertriglyceridemia were treated with the especially 
composed formula diet for a period of 7 days.  Results:  With-
in this period of time, plasma triglycerides decreased from 
1,601 (402–4,555) to 554 (142–2,382) mg/dl (p  !  0.05). Total 
cholesterol levels were reduced from 417 (211–841) to 287 
(165–457) mg/dl (p  !  0.001). Fasting glucose and uric acid 
levels also slightly decreased (–8%; –12%). The formula diet 
as a 1-week treatment was well tolerated and accepted by 
the patients.  Conclusion:  This diet was successfully used as 
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Sometimes even plasma exchange has to be performed in 
order to rapidly lower TG levels.

  The liver cell is equipped with two independent but 
interacting systems of fatty acid (FA) oxidation: the mi-
tochondrial and the peroxisomal systems. While the mi-
tochondrial system mainly processes medium- and rela-
tively short long-chain FAs, very long-chain unsaturated 
FAs ( 1 18–20 C atoms chain length) are degraded mainly 
by the peroxisomal system. Apparently, these two sys-
tems cooperate as far as the peroxisomal system first cuts 
the very long-chain FAs down to a chain length of 10–12 
C atoms. The further breakdown of thus generated medi-
um-chain FAs is then accomplished by the microsomal 
system. Regarding a therapeutic approach to an opti-
mized FA oxidation system of the liver it would seem ob-
vious to separately stimulate the two FA oxidation sys-
tems in order to maximize their cooperation.

  The natural way to accomplish this would be to cause 
gene induction of the respective enzymatic cascades by 
offering a very high concentration of the respective sub-
strate FAs. As has been shown by experiments on the cel-
lular and subcellular level, the ideal substrate for gene
induction of the mitochondrial FA oxidation system are 
medium-chain FAs (C-8, octanoate, and C-10, decano-
ate). The peroxisomal FA oxidation system is optimally 
induced by very long-chain  ! –3 FA (eicosapentaenoic 
acid, EPA, and docosahexaenoic acid, DHA).

  Dietary medium-chain TGs (MCT) have thus been 
used in order to avoid the postprandial rise of plasma TGs 
due to chylomicron formation and release  [11] .  ! –3 FAs 
from fish oil were also shown to have the capacity of low-
ering plasma TG levels  [12–14] . The American Food and 
Drug Administration has approved  ! –3 FAs for the treat-
ment of SHTG  [15] . Furthermore it is known that fish oil 
capsules can safely be combined with other medications 
in the treatment of SHTG  [16] .

  We therefore designed a formula diet which is rich in 
 ! –3 FA and MCT in order to investigate its potential use 
in patients with SHTG. The purpose of this formula diet 
was to reduce severely increased TG levels within a very 
short period of time and thus have an acute treatment for 
SHTG.

  Materials and Methods 

 Composition of the Formula Diet 
 The diet contained MCT oil as the main energy source,  ! –3 

FAs (EPA and DHA) and protein. Vitamins, minerals and trace 
elements were added according to international nutritional rec-
ommendations. A low carbohydrate content was accomplished. 
Long-chain TGs of  1 12 C (except EPA and DHA) were avoided as 
far as possible. The composition of the formula diet is described 
in  table 1 . One milliliter of the formula contained 1 kcal, protein 
content was 15% of the total energy derived by sodium caseinate. 
Carbohydrate content was lowered to 36% of the total energy, the 
carbohydrate source was maltodextrin. The total fat content of 
49% of the total energy consisted of MCT oil (35% of the total en-
ergy), soybean oil (long-chain TG: 9% of the total energy), fish oil 
(EPA + DHA: 5% of the total energy) and egg lecithin.

  The patients consumed between 1,500 and 2,000 ml formula 
diet/day. Additionally sugar-free and very low-fat foods like plain 
bread or vegetables were allowed.

  Patients 
 Thirty-two patients (15 males, 17 females) with SHTG (TG 

 1 750 mg/dl fasting) who had been referred to the outpatient clin-
ic of our university for treatment were included in this study. 
Mean age was 38.7 (range 18–67) years. Mean BMI was 25.4 (range 
19.5–31.0). Four of the patients (3 males, 1 females) suffered from 
type 2 diabetes mellitus. Two patients (1 male, 1 female) had a his-
tory of hyperlipidemic pancreatitis. All patients were untreated at 
the time of their first clinical visit as part of the inclusion criteria.

  Informed consent was given by all patients. All procedures 
complied with the Helsinki Declaration. The study protocol was 
approved by the local ethical committee of the university.

Table 1.  Composition of the formula diet

Energy per ml 1 kcal
Protein 15% of total energy (75 g/2,000 ml) Sodium caseinate
Carbohydrate 36% of total energy (178 g/2,000 ml) Maltodextrin
Fat 49% of total energy (110 g/2,000 ml) MCT oil, soybean oil, fish oil, egg lecithin

MCT 35% of total energy (77g/2,000 ml)
LCT 9% of total energy (20 g/2,000 ml) Non-fish oil LCT
!–3 fatty acids (EPA + DHA) 5% of total energy (12 g/2,000 ml)

Vitamin E (DL-"-tocopherol) 0.234 g/2,000 ml
Vitamins, minerals, trace elements According to international nutritional

recommendations
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  Study Protocol 
 The patients were given 1,500–2,000 ml of the formula diet for 

7 days. Laboratory and clinical data were compiled before the be-
ginning of treatment (day 1) and at the end of treatment (day 7).

  During the clinic visits on days 1 and 7, blood samples were 
taken for analysis of fasting glucose, uric acid, TGs, and total cho-
lesterol.

  Laboratory Methods 
 By ultracentrifugation of the plasma (Beckman Coulter, Rotor 

50.3 Ti), the isolation of chylomicrons, very low-density lipopro-
tein (VLDL), low-density lipoprotein (LDL) and high-density li-
poprotein (HDL) particles could be achieved. Analysis of TGs, 
phospholipids, total cholesterol, free cholesterol and cholesteryl 
ester were made in plasma as well as in all lipoprotein fractions.

  Total cholesterol was measured by CHOD-PAP (Boehringer 
Mannheim, Germany), free cholesterol by CHOD-PAP (Wako 
Chemicals, Germany), TGs by GPO-PAP (Boehringer Mann-
heim) and phospholipids were analyzed using an enzymatic colo-
rimetric test (Boehringer Mannheim).

  Statistical Methods 
 Statistics were carried out by the statistical software package 

SPSS for Windows 6.13. p values of  ! 0.05 were considered statisti-
cally significant. Laboratory parameters were tested for Gaussian 
distribution with the KS test (Lillefors) and the Shapiro-Wilks 
test. Comparison within the group was carried out with the paired 
t test (Gaussian distribution) and the Wilcoxon test (non-Gauss-
ian distribution).

  Results 

 In all patients the plasma TG values could dramati-
cally be decreased within the 7 days of treatment.  Table 2  
shows the data of plasma TGs, phospholipids, total cho-

lesterol, free cholesterol and esterified cholesterol, glu-
cose and uric acid at the beginning and end of the study. 
The mean value of TGs at the beginning of the study was 
1,601 mg/dl. The lowest TG value was 402 mg/dl, the 
highest value was 4,555 mg/dl. After 7 days of treatment 
with the formula diet TG values could be reduced to a 
mean of 554 mg/dl with the lowest value at 142 mg/dl and 
the highest at 2,382 mg/dl. This reduction in plasma TG 
levels of 61% was statistically significant (p  !  0.018).

  The reduction in plasma cholesterol of 26% from a 
mean value of 417 to 287 mg/dl was highly significant
(p  !  0.0001). Fasting glucose levels showed a not statisti-
cally significant decrease of 8% from a mean value of
167 to 154 mg/dl.

  Uric acid levels could be reduced from 6.93 to 6.08 mg/
dl (–12%). Although this reduction was not statistically 
significant, the levels reached a value within the normal 
range ( ̂  6.5 mg/dl). Phospholipids were reduced from a 
mean value of 485 to 323 mg/dl. The reduction of plasma 
cholesterol is mainly due to a decrease in free cholesterol 
levels (–60%). Plasma esterified cholesterol remained un-
changed.

   Table 3  shows the concentration of TGs, phospholip-
ids, total cholesterol, free cholesterol and esterified cho-
lesterol in plasma and chylomicrons, VLDL, LDL and 
HDL. TGs were reduced significantly in all lipoprotein 
fractions. The TG reduction was greater in chylomicrons 
(–76%) and VLDL (–60%) than in LDL (–29%) and HDL 
(–53%). Total cholesterol was reduced in plasma (–31%), 
in chylomicrons (–77%) and in VLDL (–49%). LDL and 
HDL fractions showed an increase in total cholesterol 
(LDL +72%, p  !  0.01; HDL +21%, n.s.).

Table 2.  Statistical data concerning the plasma contents of triglycerides, phospholipids, total cholesterol, free cholesterol and esterified 
cholesterol, glucose and uric acid in patients with severe hypertriglyceridemia receiving the formula diet for a period of 7 days

Triglycerides
mg/dl

Phospholipids
mg/dl

Total choles-
terol, mg/dl

Free choles-
terol, mg/dl

Esterified cho-
lesterol, mg/dl

Glucose
mg/dl

Uric acid
mg/dl

Day 1
Mean 1,601 485 417 237 200 167 6.93
SD 1,061 223 190 194 80 77 2.34
Min 402 22 211 45 21 83 4.00
Max 4,555 1,000 841 780 361 366 11.80

Day 7
Mean 554 323 287 95 190 154 6.08
SD 481 108 96 54 49 56 2.11
Min 142 181 165 38 126 82 3.30
Max 2,382 605 457 223 327 313 11.00
p value 0.02 <0.01 <0.01 <0.01 <0.01 n.s. n.s.



 Treatment of SHTG with  ! –3 FA and 
MCT Formula Diet 

Ann Nutr Metab 2010;56:170–175 173

Table 3.  Statistical data concerning the contents of triglycerides, phospholipids, total cholesterol, free cholesterol and esterified cho-
lesterol in VLDL, LDL, HDL and chylomicrons in patients with severe hypertriglyceridemia receiving the formula diet for a period of 
7 days

Triglycerides
mg/dl

Phospholipids
mg/dl

Total cholesterol
mg/dl

Free cholesterol
mg/dl

Esterified cholesterol
mg/dl

 VLDL 
Day 1

Mean 708 191 177 110 80
SD 509 119 109 104 46
Min 202 6 58 17 10
Max 2,167 459 459 405 179

Day 7
Mean 284 102 91 39 56
SD 264 67 65 32 38
Min 42 20 14 5 9
Max 1,079 249 263 125 175
p value 0.02 <0.01 <0.01 <0.01 <0.01

LDL
Day 1

Mean 107 64 68 23 49
SD 47 35 46 17 38
Min 27 6 13 5 2
Max 210 138 212 96 140

Day 7
Mean 76 97 117 30 85
SD 27 43 58 15 43
Min 35 26 21 9 12
Max 145 189 238 72 191
p value 0.05 <0.01 <0.01 <0.01 <0.01

HDL
Day 1

Mean 95 89 33 12 20
SD 66 33 13 9 12
Min 24 5 13 0 1
Max 340 175 77 40 48

Day 7
Mean 45 81 40 9 27
SD 27 32 27 7 12
Min 6 13 13 0 9
Max 129 166 145 39 61
p value 0.01 <0.01 0.526 <0.01 0.093

Chylomicrons
Day 1

Mean 691 140 138 93 53
SD 530 105 101 85 42
Min 73 5 28 9 8
Max 1,951 386 419 288 181

Day 7
Mean 165 43 39 17 23
SD 234 55 50 25 27
Min 12 4 3 1 1
Max 1,099 245 206 91 115
p value 0.02 <0.01 <0.01 <0.01 <0.01
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  The decrease in total cholesterol in chylomicrons and 
VLDL was caused by a reduction in free cholesterol and 
esterified cholesterol, while LDL and HDL showed an in-
crease mainly in esterified cholesterol.

  Phospholipids were reduced in plasma (–33%), chylo-
microns (–69%), VLDL (–47%), increased in LDL (+52%), 
and remained stable in HDL.

  Discussion 

 Patients with SHTG are threatened by a number of 
complications, such as CHD, stroke and pancreatitis. Ad-
ditionally, hyperglycemia in diabetes mellitus and hyper-
uricemia are often more severe in patients with elevated 
TG levels. Therapeutic options include dietary modifica-
tion, lipid-lowering drugs and even plasma exchange.
 ! –3 FAs are known to exert positive effects on plasma TG 
levels  [17] . A number of studies showed encouraging re-
sults. Singer et al.  [18]  put patients with type IV and V 
hyperlipoproteinemia on a mackerel and herring diet for 
2 weeks. Thus the patients received a daily amount of 2.2–
31 g EPA and 1.0–14.6 g DHA. Serum TG and total cho-
lesterol were significantly reduced.

  The effects of a fish oil concentrate containing 85% 
 ! –3 FAs on plasma TG reduction was tested by Mackness 
et al.  [19]  over a period of 14 weeks. Plasma TGs could be 
lowered by 28%.

  Herold and Kinsella  [20]  reviewed the use of  ! –3 FAs 
in human and animal studies. The  ! –3 content in the di-
ets was between 8 and 30 g/day. The diets were used over 
study periods of between 1 week and 3 months. In all 
studies plasma TG levels as well as cholesterol levels could 
be significantly reduced.

  In most of these studies fish oil was given in addition 
to a normal diet. For this reason the TG reduction in 
these studies was not as tremendous as in our study. By 
giving their patients a low-fat diet combined with fish oil 
capsules, Phillipson et al.  [12]  were able to lower TG levels 
by –79% in patients with type V hyperlipoproteinemia 
within 4 weeks. It is obvious that not only high doses of 
 ! –3 FAs are necessary to lower TG levels but also a min-
imal amount of other long-chain FAs in the diet of the 
patients. This is part of the concept of our formula diet.

  In most of the above-mentioned studies as well as in 
our study a reduction in total cholesterol could also be 
observed. The discussion on the cholesterol-lowering ef-
fect of  ! –3 FAs is controversial. No cholesterol reduction 
in patients with slightly increased plasma cholesterol lev-
els could be observed by Abbey et al.  [21] . Their patients 

received 3.8 g  ! –3 FAs over a period of 6 weeks. Plasma 
TG levels, however, were reduced significantly. The con-
tent of total cholesterol did not change. VLDL cholesterol 
and VLDL TG content were also significantly reduced, 
whereas LDL cholesterol increased. We found the same 
results in our study with the formula diet. Abbey et al. 
 [21]  did not observe any changes in HDL cholesterol con-
tent, whereas in our study a slight increase in HDL could 
be detected. Additionally Abbey et al.  [21]  found a
decrease in lecithin:cholesterol acyltransferase activity 
caused by fish oil. The exchange of cholesterol ester and 
TG between HDL and TG-rich lipoproteins which leads 
to an increase in cholesterol ester in chylomicrons and 
VLDL is obviously suppressed by  ! –3 FAs from fish oil. 
This can be seen as a positive anti-atherogenic effect of 
 ! –3 FAs. In our study we were able to observe a reduction 
in cholesterol ester in chylomicrons and VLDL as well as 
a slight increase in cholesterol ester content in HDL.

  On the basis of these promising results, the concept of 
the formula diet was developed, containing a high amount 
of  ! –3 FAs and MCT as a main energy source. As is well 
known in human biochemistry, large amounts of MCT 
will induce mitochondrial  # -oxidation of FA while large 
amounts of  ! –3 FA will induce peroxisomal oxidation of 
FA. Hence, the cooperation of these two induction mech-
anisms of FA oxidation is the key concept of the formula 
diet.

  This diet was successfully used as an acute treatment 
in a number of patients with SHTG and it showed effec-
tiveness in rapidly and safely lowering plasma TG levels 
in these patients before admitting them to long-term 
drug therapy. None of the study subject complained
about any side effects or adverse events. None of the study 
subjects quit the study prematurely due to intolerance of 
the drink.

  In conclusion, this formula diet rich in  ! –3 FAs and 
MCT can be used to lower excessively elevated TG levels 
rapidly, safely and effectively by inducing mitochondrial 
 # -oxidation as well as peroxisomal oxidation of FA.
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