Open Building and maintaining customized
i institutional repositories
RePOSI'ﬂW Sign-up for email updates ==

a3l =Eldanpy

& NUTRITION
. JOURNAL
-

Log on / register

BioMed Central home | Journals A-Z | Feedback | Support

Home | Browse articles | Search | Weblinks | Submit article | My Nutrition Journal | About Nutrition Journal

Top
Abstract
Background
Methods
Results
Discussion

Author's
contributions

Acknowledgements

References

Research

Reproducibility of the serum
lipid response to coffee oil in healthy
volunteers

Mark V Boekschoten B4, Mariélle F Engberink B, Martijn B Katan i
and Evert G Schouten 4

Division of Human Nutrition & Epidemiology, Wageningen University, The
Netherlands

B author email & corresponding author email
Nutrition Journal 2003, 2:8 doi:10.1186/1475-2891-2-8

The electronic version of this article is the complete one and can be found
online at: http://www.nutritionj.com/content/2/1/8

Received: 18 September 2003
Accepted: 4 October 2003
Published: 4 October 2003

© 2003 Boekschoten et al; licensee BioMed Central Ltd. This is an Open
Access article: verbatim copying and redistribution of this article are
permitted in all media for any purpose, provided this notice is preserved
along with the article's original URL.

Keywords: serum lipids, coffee oil, reproducibility, genetics

Abstract

Nutrition Journal
Volume 2

Background

Humans and animals show a certain consistency in the response of
their serum lipids to fat-modified diets. This may indicate a genetic
basis underlying this response. Coffee oil might be used as a model
substance to investigate which genes determine differences in the
serum lipid response. Before carrying out such studies our objective
was to investigate to what extent the effect of coffee oil on serum
lipid concentrations is reproducible within subjects.

Methods

The serum lipid response of 32 healthy volunteers was measured
twice in separate five-week periods in which coffee oil was
administered (69 mg cafestol / day).
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Total cholesterol levels increased by 24% in period 1 (range:0;52%) and 18% in period 2 (1;48%),
LDL cholesterol by 29 % (-9;71%) and 20% (-12;57%), triglycerides by 66% (16;175%) and 58%
(-13;202%), and HDL cholesterol did not change significantly: The range of the HDL response was

-19:;25% in period 1 and -20;33% in period 2.




The correlation between the two responses was 0.20 (95%CI -0.16, 0.51) for total cholesterol,
0.16 (95%CI -0.20, 0.48) for LDL, 0.67 (95%CI 0.42, 0.83) for HDL, and 0.77 (95%cCI 0.56, 0.88)
for triglycerides.

Conclusions

The responses of total and LDL cholesterol to coffee oil were poorly reproducible within subjects.
The responses of HDL and triglycerides, however, appeared to be highly reproducible. Therefore,
investigating the genetic sources of the variation in the serum-lipid response to coffee oil is more
promising for HDL and triglycerides.

Background

The effect of dietary changes on serum lipid levels differs significantly between individuals [1-5].
The differences in response may be caused by variation in genes regulating serum lipid levels [6-
8]. ldentification of genes regulating the lipid response may help to clarify the mechanism by which
diet raises serum lipid levels. It also might provide leads for dietary and pharmacotherapeutical
means of lowering serum cholesterol. Cafestol, a cholesterol-raising substance in coffee oil, can be
used to study lipid metabolism and the genes involved [9-11] because it greatly affects serum lipid
levels in humans [9-11]. Therefore, coffee oil can be used to affect serum lipid levels without the
need to provide a fully controlled diet. The effect of coffee oil on the expression of genes in
humans, however, is difficult to study in relevant tissues like liver or intestinal epithelium.

An alternative approach is to study the response of serum lipids to coffee oil in individuals having
different genotypes of certain polymorphic candidate genes. For such an approach to succeed, two
conditions must be met: First, the response of lipids to coffee oil should be sufficiently different
between persons; if this is not the case, the effect of the candidate polymorphisms on the
response may be too small to be detected in a study. Second, the individual response of lipids to
coffee oil should be sufficiently reproducible; otherwise an efficient study of the effects of genetic
factors may not be possible. If these two conditions are not met, the study of individual
polymorphisms is not feasible.

The present study was therefore designed to assess the reproducibility and the reliability of the
response to coffee oil in subjects from the general population.

Methods

Subjects

Subjects were recruited among the student population of Wageningen, a university town in the
Netherlands.

Fifty-one men and women were recruited; their health was assessed by means of a
questionnaire, and blood and urine testing. We used the following eligibility criteria: serum
cholesterol < 8 mmol/l, serum triglycerides < 3.0 mmol/l, no glucosuria, normal liver enzyme
activities in serum, no use of medication with effects on serum lipids, and no history of
gastrointestinal or liver disease. Because coffee oil can increase the activities of the liver enzymes
alanine aminotransferase (ALAT) and aspartate aminotransferase (ASAT) [9,12]. We measured
liver enzyme activities before and during the study. One subject was excluded at baseline
because of liver enzyme activity above the upper limit. Consequently, fifty subjects were enrolled
in the study.

During the study five subjects withdrew cooperation: three subjects suffered from stomach
complaints, one went abroad, and one had a gastrointestinal infection. Another 13 subjects had
to be excluded during the study because their serum activities of ALAT and ASAT exceeded
previously determined boundaries. These boundaries were 2.7 times the upper limit of normal for
ALAT and 1.5 times the upper limit of normal for ASAT.

Thus, thirty-two subjects completed the study. The Medical Ethical Committee of Wageningen



University and Research Centre approved the study. Each volunteer gave an informed consent.

Study design

The response of serum lipids to coffee oil consumption was measured twice in each subject.

Subjects first entered a run-in period of three weeks in which they received four placebo capsules
daily. Placebo capsules contained 0.25 ml sunflower oil and 0.25 ml safflower oil per capsule.

After the run-in period subjects took four coffee-oil capsules a day (2 ml oil per day) for a five-
week period. The coffee-oil capsules provided 69 mg cafestol and 51 mg of kahweol per day. The
run-in and the coffee-oil period together constituted period 1. The change in the level of serum
lipids from the end of run-in period 1 to the end of coffee-oil period 1 was defined as response 1.
This first coffee-oil period was followed by a three-week wash-out period in which no capsules
were supplied.

After the wash-out period subjects repeated the first two periods: a three-week run-in period
(run-in 2) and a five-week coffee-oil period (coffee-oil period 2). See figure 1 for a diagram of the
study design.

Figure 1. Diagram of the study design. The week number is

indicated above. Black arrows indicate blood sampling days. Dashed

arrows indicate blood sampling days for determination of liver
enzyme activities.

Subjects were asked to maintain their lifestyles and dietary habits for the duration of the study.
They reported changes in diet, smoking, physical activity, use of medication, illness, and the
number of capsules taken daily in diaries.

We measured body weight at the beginning of the run-in and coffee-oil periods and at the end of
the coffee-oil periods.

Blood lipids

Blood samples were taken from subjects who had fasted overnight on four separate days in the
last two weeks of the run-in and coffee-oil periods. In total, each subject had blood drawn 19
times. In 16 samples serum lipid levels were determined. All 16 samples were analysed within one
run. Total cholesterol and triglycerides were measured with Cholesterol Flex and Triglycerides Flex
reagent cartridge (Dade Behring); HDL was measured with the Liquid N-geneous HDL assay
(Instruchemie BV.); LDL cholesterol concentrations were calculated [13].

Liver enzymes

To measure liver enzyme activities, we took additional blood samples during the second week of
the two coffee-oil periods and within two months after the experiment. In these samples activities
of ALAT (Alanine Aminotransferase Flex reagent cartridge, Dade Behring) and ASAT (Aspartate
Aminotransferase Flex reagent cartridge, Dade Behring) were measured at 37°C. Liver enzyme
activities are given in multiples of the upper limit of normal because activities vary with the
temperature used when determining liver enzyme activities in different laboratories. The upper
limits of normal in this laboratory are 45 1U/I for ALAT and 41 1U/I for ASAT. When ALAT levels
exceeded the 2.7 times upper limit of normal or ASAT levels exceeded 1.5 times upper limit of
normal, subjects were taken off coffee-oil treatment. These boundaries were based on what is
considered a mild increase in liver enzymes activities in plasma [9,12].

Statistical analysis

A subject's response to coffee-oil in period 1 was defined as the mean serum lipid level at the end
of coffee-oil period 1 minus the mean at the end of run-in period 1. The mean level of serum lipids
in a period is calculated as the mean of the four repeated measurements in each period. The



response in period 2 was calculated in the same way.

We calculated within and between person standard deviations (SD's) of serum lipid levels in the
four periods and the two responses. The four periods are: run-in 1, run-in 2, coffee-oil 1 and
coffee-oil 2.

We used the following definitions in our calculations:

SDyotg Of run-in 1: SD of the mean serum lipid level of 32 subjects in run-in 1.

SD;ota) Fesponse: SD of the mean serum lipid response of 32 subjects. The mean response is
calculated from the two responses.

SD level of personl in run-in 1: SD of the four measurements in run-in 1 of person 1.

within

SD response of person 1: SD of the two responses for person 1.

within
SDpetween © V(SDtotal? - SDwithin?)

Results

We analysed data of 32 subjects, 10 men and 22 women. See table 1 for baseline characteristics.
During the study 97% of the total amount of capsules was consumed. This was determined by
counting returned capsules and checking diaries.

Table 1. Baseline characteristics for all subjects who completed the study

Body weight

There was an average weight change of -0.4 kg (range: -3.8 to + 3.8, n = 32) from start to end of
the experiment. There was no correlation between changes in weight and the response of serum
lipids (data not shown).

Blood lipids

Table 2 shows the mean responses of serum lipids to coffee oil in periods 1 and 2. Total
cholesterol rose by 249% (range:0;52%) in period 1 and by 18% (1;48%) in period 2, LDL
cholesterol by 29% (-9;71%) and 20% (-12;57%), triglycerides by 66% (16;175%) and 58% (-
13;202%) and HDL cholesterol rose by 3% in both periods. These changes in HDL levels were not
significant. The ranges of the HDL response were -19;25% in period 1 and -20;33% in period 2.

Table 2. Concentrations of blood lipids during the four study periods

Individual responses for total and LDL cholesterol in period 2 hardly correlated with those in
period 1. In contrast, individual responses in the two periods for HDL cholesterol (fig. 2) and
triglycerides (fig. 3) were highly correlated: the Pearson correlation coefficient was 0.67 for HDL
and 0.77 for triglycerides. See table 2 for mean levels and responses.

§ Figure 2. Correlation of HDL response to coffee-oil

consumption between period 1 and 2. On the x-axis the

’ response of coffee-oil in the first period on serum HDL is shown on
the y-axis the response to coffee-oil in the second period. Each dot
represents one subject.

Figure 3. Correlation of triglyceride response to coffee-oil
consumption between period 1 and 2. On the x-axis the
response of coffee-oil in the first period on serum triglycerides is
shown on the y-axis the response to coffee-oil in the second period.



Each dot represents one subject.

The total observed standard deviation of the response (SD;5response) of serum cholesterol to
coffee oil was 0.49 mmol/Il. The between subject standard deviation (SDygtween) Of the response
of serum cholesterol was 0.22 mmol/I and the within subject standard deviation (SD,;inin
response) was 0.44 mmol/l. Therefore, a large proportion of the variation in serum cholesterol

response to coffee oil was explained by the variation in the response within individuals. The same

is true for the LDL response.

The HDL response to coffee oil showed a between subject SD of 0.15 and a within subject SD of
0.11 mmol/l, so the between subject variation was larger than the within subject variation. This
explains the high correlation between the two HDL responses.

The triglyceride response showed an SD between individuals of 0.40 mmol/l, which is larger than
the within subject SD of 0.22 mmol/I. All standard deviations of serum lipid levels and responses to
coffee-oil are presented in Table 3.

Table 3. Standard deviations of levels and responses to cafestol of serum lipids

Multiple regression analysis showed no association between the response and gender, baseline
values, or alcohol use. Only smoking status contributed significantly to the explanation of the
variation of the response. However, we did not find a difference in the reproducibility of the serum
lipid response to coffee oil between smokers and non-smokers (data not shown).

Liver enzymes

Eight subjects dropped out in the first period and five in the second period because of ALAT and
ASAT levels exceeding the predetermined boundaries. Eleven of these 13 subjects had returned to
normal ALAT (< 45 IU/I) and ASAT (=< 41 IU/I) levels within two months after exclusion. One subject
who had elevated liver enzyme activities after two months was referred to a general practitioner.
After another two months her liver enzyme levels were within normal limits again. One subject
went abroad before the follow-up measurement.

The ALAT levels of the 32 subjects who finished the study rose on average by 0.51 + 0.47 times
the upper limit of normal during the first coffee-oil period and by 0.31 + 0.29 times the upper limit
of normal during the second period. ASAT levels increased by 0.22 + 0.20 times the upper limit of
normal during the first period and by 0.15 + 0.12 times the upper limit of normal during the second
period.

Discussion

In this study we aimed to establish the reproducibility of the serum-lipid response to coffee oil. We
found that the response of total serum cholesterol and LDL to coffee oil was poorly reproducible,
whereas the responses of HDL and triglycerides to coffee oil proved to be highly reproducible. A
high correlation between two intra-individual responses means that the within-subject variability
is relatively low. The between-subject variability of HDL and triglycerides is relatively large. The
within-subject reproducibility of the responses of HDL and triglycerides to coffee oil in combination
with their large between-subject variability indicates that it is more promising to investigate
genetic variation that determines the response of HDL and triglycerides to coffee oil than to
investigate the responses of total and LDL cholesterol.

The triglyceride response is relatively large compared to the response of total cholesterol. In our
study cholesterol increased on average by 21 % and triglycerides by 62%. It has been shown that

cafestol increases plasma triglycerides by an increasing production of a fraction of very low density
lipoproteins: VLDL,. The subsequent rise in LDL cholesterol might be caused by enrichement of

VLDL, particles with cholesteryl esters [14].



Group vs. individual response of serum lipids

The average response to the coffee-oil treatment was similar to that in previous studies at our
department [11]. We expected an increase in total serum cholesterol of 1.0 mmol/l and an
increase of serum triglycerides of 0.65 mmol/Il, which is close to the observed values (Table 2). The
coffee oil did not affect the average HDL concentration. Other studies also found either no effect
on HDL or a slight decrease in HDL concentrations [11].

The assessment of the individual response of serum lipids is hampered by day-to-day fluctuations
in serum lipid levels [3-5]. In this experiment we reduced the effect of these fluctuations by using
the mean of four separate measurements [15,16].

Analyses of the between and within-person standard deviations (SD's) of the responses of serum
lipids to coffee oil confirm that total cholesterol and LDL responses are poorly reproducible. The
SD's of the responses of total cholesterol and LDL had a within-person component that was

clearly larger than the between-person component. For the total cholesterol response to coffee oil
we found a total SD of 0.49 mmol/l, an SD,,tnin 0f 0.44 mmol/l, and an SDy¢t\een ©f 0.22 mmol/I.

This is at variance with the results of Katan et al who observed an SD of 0.33 mmol/l, an SD,;thin, Of
0.16 mmol/l, and an SDqtyween ©f 0.29 mmol/I for total cholesterol [2]. This would indicate a better
reproducibility than observed in our study. However, Katan et al selected putative
hyperresponders and hyporesponders which will lead to overestimation of the reproducibility. In
our study the response of triglycerides shows a large SD between individuals and a quite small SD
within persons. This confirms that the response varies between individuals and that the response
is reproducible within persons.

We did not separate laboratory variation in our model for calculation of SD's. We estimated this
variation by measuring serum lipids in 32 duplo samples. Coefficients of variation were 1.6% for
total cholesterol, 1.8% for HDL, and 2.3% for triglycerides. This means that the laboratory
variation is so small that it can be omitted from the model without affecting the calculated values

of SI:)Within and SI:)between'

Study limitations

Although cafestol is a potent cholesterol-raising food component, it is not certain that it can be
used for the study of variation in genes regulating the serum-lipid response to other foods. It is
possible that cafestol regulates different genes than other food components such as dietary
cholesterol or saturated fats do. Furthermore, we did not use pure cafestol in this study, but
coffee oil, which contains many more components, such as triglycerides, free fatty acids, and
sterols. However, coffee-oil stripped of diterpenes has no effect on serum lipids [9]. Therefore,
genes that cause a rise in serum cholesterol are probably affected by diterpenes.

Another limitation of the study is that the subjects were free living and did not receive a controlled
diet. Therefore, the response of serum lipids to the coffee oil could be changed by other factors.
We instructed the subjects to maintain dietary habits, smoking habits, and physical activity.
Changes were recorded in a diary together with use of medication and illness. According to the
diaries, subjects maintained their habitual lifestyle. Furthermore, coffee oil has such a large effect
on serum-lipid levels that small effects of other factors are not of great concern.

A fourth limitation is the large drop out due to elevations of liver enzymes. There was, however,
no correlation between the rise in serum-lipid levels and the rise in liver enzymes (data not
shown). Therefore, there is no reason to assume that the reproducibility of the serum lipid
response to coffee oil in subjects who showed a considerable increase of liver enzymes differs
from the serum lipid response in subjects who did not show a large increase of liver enzymes.

On basis of this study it can not be concluded with certainty that a response to coffee oil that
differs between individuals but is reproducible within individuals is determined by genetic
variation.

Liver enzymes



Levels of the liver enzymes ALAT and ASAT rose after administrating coffee oil, as was expected
from previous studies [9,11,12,17]. The rises in ALAT and ASAT indicate that coffee oil can cause
acute injury to hepatocytes [18,19]. Alcohol, being hepatotoxic, might be an important cofactor in
this effect [20]. In this study no association between use of alcohol and drop out due to elevation
of liver enzymes was observed. Levels of ALAT rose more than ASAT levels did. This could mean
that the membranes of hepatocytes were damaged [18,20].

Genetic factors underlying the serum lipid response to cafestol

Given the ratio of between and within person variability of the responses of HDL and triglycerides
to coffee oil, research into genetic determinants of the response seems to be feasible.

Other studies have described polymorphisms in genes that have a small effect on the total-
cholesterol response to cafestol and dietary fat [6-8]. An example is the cholesteryl ester transfer
protein (CETP). CETP is a protein that mediates the transfer of cholesteryl esters from HDL to LDL
and VLDL. Cafestol, like dietary cholesterol and fat, might increase the transfer of cholesteryl
esters by increasing the activity of CETP. Weggemans et al. showed that humans with the CETP
Taqglb-1/2 allele have a smaller response of LDL to cafestol, or dietary fat and cholesterol [21].
However, it remains to be established whether CETP has a role in the cholesterol-raising effect of
cafestol and whether a polymorphism in the gene accounts for some of the variation in response
between individuals.

Other candidate genes are genes encoding for proteins in the bile acid metabolism. Cholesterol is
converted to bile acids in the liver. There are two pathways involved: the neutral and the acidic
pathway. The rate-limiting enzyme in the neutral pathway is 7a-hydroxylase, which is regulated by
bile acids through a negative feedback mechanism [22]. Chenodeoxycholic acid (CDCA), a primary
bile acid, suppresses 7a-hydroxylase activity by binding directly to the farnesoid X receptor
[23,24]. It has been shown in mice that cafestol inhibits bile acid synthesis, which could cause the
rise in serum cholesterol [25]. If functional polymorphisms are present in the genes involved in bile
acid metabolism, these could be responsible for the variation in the conversion of cholesterol to
bile acids. Therefore, it is interesting to study whether cafestol regulates genes involved in bile-
acid metabolism.

Polymorphisms in the genes of the pathways mentioned above could account for the variation in
response to cafestol between individuals. There are more possible candidates, such as sterol
regulatory element binding proteins, microsomal triglyceride transfer protein, lecithin:cholesterol
acyltransferase, lipoprotein lipase, and hepatic lipase.

In this study the responses of HDL and triglycerides to coffee oil showed a sufficient
reproducibility. Therefore, our best option is to focus on these serum lipids and characterize an
individual's response to coffee oil by the HDL and triglyceride response in future research. The
variation between persons in the response of HDL and triglycerides combined with the consistency
within persons does not guarantee that a large genetic effect is present. It means that
environmental determinants of the response were stable within individuals during the time span
of the study, whereas there were differences between individuals in other environmental
determinants and/or genetic determinants. The question remains whether possible genetic effects
are large enough to be detected and whether variation in these genes is sufficiently prevalent in
the population.

Clarification of the mechanism by which cafestol increases serum lipids might provide leads for
dietary and pharmacotherapeutical ways to lower serum cholesterol. The 'cafestol model' also
could be a trial case for evaluating the possibility of personalized diets. If it is possible to predict
people's serum-lipid responses to cafestol on basis of their genetic make-up and to make dietary
recommendations based on this genetic information, this could also be applicable in other
situations.
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