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‘Objectives. The cholesterol-raising effect of boiled
coffee is caused by diterpenes from coffee oil. In order
to identify the diterpene responsible, we analysed the
diterpene composition of oils from Arabica (Coffea
arabica) and Robusta (Coffea canephora robusta) beans
and their effects on serum lipids and thyroid function.
Design, Subjects, and Intervention. During the first
3-week period of a randomized, cross-over trial, 11
healthy, normolipacmic volunteers received per day
either 2 g of colfee oil (n = 5) or placebo oil (n = 6).
After a 2-week wash-out, the reverse treatments
were applied for another 3 weeks. Six subjects
received Arabica oll, supplying 72 mg day™' cafestol
and 53 mg day ' kahweol, and five received Robusta
oil, which provided 40 mg of cafestol, 19 mg of 16-
O-methyl-cafestol, and 2 mg of kahweol per day.
Background diets were constant.

Results. The average serum cholesterol levels rose by
0.65 mmol L™ (13%) on Arabica oil (P < 0.025;
95% CI, 0.21-1.09 mmol L) and by 0.53 mmol L*
(13%) on Robusta oil (NS; 95% CI —0.36-
1.42 mmol L™). The triglycerides levels rose by
0.54 mmol L™* (71%) on Arabica (P < 0.005; 95%
Cl, 0.22-0.76 mmol L") and 0.49 mmol L (61 %)
on Robusta oil (P<0.005; 95% CI, 0.30-
0.68 mmol L™1). None of the effects on serum lipids
or lipoprotein cholesterol levels was significantly
different between Arabica and Robusta oil. Concen-
trations of serum total and free thyroxine (T,),
triiodothyronine (T,), and thyroid-stimulating hor-
mone (TSH) were largely unaffected.

Conclusions. Both Arabica and Robusta oil elevated
serum lipid levels; therefore, cafestol must be involved
and kahweol cannot be the sole cholesterol-raising
diterpene. The mode of action of coffee diterpenes
does not involve induction of hypothyroidism.

Keywords: blood lipids, coffee, diterpenes,

experiment, humans, thyroid hormones.

Introduction

Scandinavian-style boiled coffee raises serum chol-
esterol levels in humans [1-4], whereas drip filtered
coffee has little or no effect [5-9]. Boiled coffee
contains a small amount of lipid material [10], which
is removed upon fltering [11, 12]. Diterpenes from
this coffee lipid fraction are responsible for the
cholesterol-raising effect of boiled coffee [13, 14].

* Present address: Department of Human Blology, Limburg Uni-
versity, PO Box 616, 6200 MD Maastricht, The Netherlands.
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The two major commercial strains of coffee are
Coffea arabica (Arabica) and Coffea canephora var.
robusta (Robusta) [15]. Arabica beans are the major
type used in Scandinavia, whilst Robusta coffee is
more popular in southern Europe. It has been
suggested that coffee made from Robusta beans
raises cholesterol more than does coffee from Arabica
beans [9]. However, Arabica beans have a higher
diterpene content than Robusta beans, mainly due to
a much larger amount of kahweol [15]. On the other
hand, Robusta beans are the only ones to contain
16-0-methyl-cafestol [16]. A comparison of Arabica
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and Robusta coffee lipids should help to evaluate the
health effects of the two types of beans.

We therefore studied the effects of Arabica and
Robusta oil on serum lipid and lipoprotein levels in a
randomized, cross-over experiment. As the simul-
taneous rise in serum cholesterol and serum tri-
glycerides resembles the changes seen in hypo-
thyroidism, we also investigated the effect of coffee oil
on serum levels of thyroid hormones and thyroid-
stimulating hormone (TSH). The effects on liver
enzymes have been described previously [13].

Subjects and methods

In our previous study [10], supplementation of 1.3 g
of lipid material from boiled coffee increased the
serum total cholesterol level by 0.74 mmol L™! and
low-density lipoprotein  (LDL) cholesterol by
0.50 mmol L. Using these estimates and their
standard deviations [10}, we calculated that to detect
similar changes with a statistical power of 85% we
would need five subjects in each coffee oil group. We
therefore recruited 12 volunteers, one of whom
dropped out in week 1. The 11 remaining subjects,
six women and five men, were students at Wagenin-
gen Agricultural University., They were in good
health, none had glucosuria or proteinuria, and
none was taking any medication known to affect
serum lipids.

Table 1 shows the baseline characteristics of the
subjects. The volunteers did not receive payment,
The protocol and aim of the study were explained to
them, and they gave their informed consent. Prior
approval for the study was obtained from the human
ethics committee of the department.

Coffec oil

The coffee oil was produced by Nestec Ltd. Research
Centre (Vers-chez-les-Blancs, Lausanne, Switzerland)
by extrusion of roasted Arabica and Robusta beans
followed by filtration and centrifugation to remove
solid particles, The Arabica beans came from Costa
Rica and the Robusta beans from the Ivory Coast. For
analysis of diterpenes and phytosterols, samples were
saponified with ethanolic KOH, 2 mol L™, for 30 min
at 100°C, after the addition of 5-a-cholestane and
betulin as internal standards. The free diterpene
alcohols were extracted three times with 2 mL of
diethylether. The solution was dried at 45°C with
nitrogen and redissolved in 0.5 mL pyridine (Merck,

Darmstadt, Germany; no. 7463). Then 150 pL of a
2:1 (vol/vol) mixture of hexamethyldisilazane
(Pierce, Rockford, IL, USA; no. 84770) and tri-
chloromethylsilane (Pierce; no. 88530) was added.
After 30 min of trimethylsilyation at ambient tem-
perature, excess pyridine was removed under a
stream of nitrogen and 1.0 mL of high-performance,
liquid chromatography (HPLC) grade hexane (Rath-
burn Chemicals Ltd, Walkerburn, UK) was added.
Then 1.0 pL of the sample was injected into a
Hewlett Packard 5890 series II gas chromatograph
(Avondale, PA, USA) and separated on a
25mx0.22 mm fused silica CP Sil5CB column
(Chrompack, Middelburg, The Netherlands), asing
nitrogen as a carrier gas at a pressure of 100 kPa.
The initial oven temperature was 70°C followed by a
rise to 200°C at a rate of 40°C min™. After 10 min,
the temperature was raised to 235°C at a rate of
6°C min~!, and then to 285°C at a rate of 30°C min™".
The authenticity and purity of peaks was verified by
mass spectrometry on a Finnegan (San Jose, CA,
USA) model 8430 mass spectrometer coupled to a
Hewlett-Packard (Avondale, PA, USA) 5890 gas
chromatograph and using pure compounds as stan-
dards. The coefficient of variation for the control
coffee oil was 2.0% within and 2.4% between runs
for cafestol, and 2.9% and 2.5%, respectively, for
kahweol.

Design

Fach volunteer received daily six capsules containing
0.33 g of coffee or placebo oil, for a total of 2 g of oil
per day. Two grams of oil correspond to 1-2 L of
boiled coffee per day, a consumption level which is
not unusual in Finland and Norway [4]. In order to
maximize diterpene absorption, subjects were in-
structed to take three capsules with their breakfast
and three capsules with their evening meal. The
placebo oil was a 1:1 mixture of palm and sunflower
oil that mimicked the fatty acid composition of the
coffee oil. During the first 3 weeks, five subjects
received capsules with coffee oil and six received
placebos. Weeks 4 and 5 consisted of a wash-out
period during which placebo oil was given to all 11
subjects. During the final 3 weeks, subjects who had
received placebo during the first 3 weeks received
coffee oil and the others received placebo.

Each Tuesday, 18 capsules were handed out to
each volunteer, and each Friday, 24 capsules,

© 1995 Blackwell Science Ltd Journal of Internal Medicine 237: 543550
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Table 1 Baseline characteristics of the subjects on the two types of coffee ofl*

Arabica ofl (n = 6)

Robusta oil (n = 5)

Males/females 3/3
Age (years)

Total cholesterol (mmol L)
LDL cholesterol (mmol L)
HDL cholesterol (mmol L)
Triglycerides (mmol L)
Body-mass index (kg/m?)

2241 (20 to 23)
5.15+0.42 (4.77 to 5.80)
3.204+0.43 (2.57 to 3.78)
1.55+0.42 (1.00 to 2.16)
0.88+0.14 (0.73 to 1.11)
229+2.2 (20.3 to 26.8)

2/3

2442 (22 to 26)
4,58 +0.26 (4.20 to 4.90)
2.93:+0.26 (2.73 to 3.36)
1164024 (0.88 to 1.52)
1.0840.29 (0.67 to 1.43)
22.142.7 (20.1 to 26.7)

* Values are means-sp (ranges).

Subjects took three capsules in the morning and
three in the evening. Neither the investigators who
were in contact with the volunteers, nor the tech-
nicians, knew the regimens of the subjects. Although
the study was planned to be double-blind, the subjects
were able to recognize the coffee oil capsules by their
strong taste upon regurgitation. However, it is
unlikely that this affected the outcome of the trial.
Subjects were urged to maintain their usual pattern
of activity and diet, and to abstain from non-filtered
types of coffee. They recorded in diaries any signs of
illness, medications used, their coffee consumption,
and any deviations from the protocol. One subject
reported that he had missed a total of three coffee oil
and nine placebo oil capsules over the duration of the
trial; two other subjects had missed six coffee oil
capsules. Inspection of the diaries did not reveal any
other significant transgressions.

Nudrient intake was assessed by 24-h recall [17],
always on the same day of the week, before and 6
weeks after the start of the study (Table 2).

The intake of energy or nutrients did not signifi-
cantly differ between the treatments and there were
no considerable changes in diet during the trial, At

the most, there was a tendency in the Robusta group -

towards decreased total fat intake. However, the
Robusta oil and placebo oil were supplied in random
order, and dietary changes, if any, thus could not
have systematically biased the results. The coffee oil
provided 0.3% of daily energy from saturated and
another 0.3 % from polyunsaturated fatty acids, Keys'
equation [18] predicts that neither coffee oil nor
placebo oil would affect the serum cholesterol level.
Body weight changed by 1.04+1.5 kg (mean4-5p)
from week 1 to week 3 and by —0.7+0.9 kg from
week 5 to week 8. Weight changes were not
associated with any specific treatment.

Blood sampling and analysis

Blood was sampled after an overnight fast on day — 7
(pre-experiment), days 11, 18 and 21 (period I), day
35 (end of wash-out period), days 53 and 56 (end of
period II), and 6 weeks after the study had ended.
Serum was obtained by low-speed centrifugation,
The samples obtained after the first 11 days of coffee
oil supplementation were immediately analysed for
total cholesterol, and the results were reviewed by an
investigator (MBK) who was never in contact with
the subjects. The protocol required the coffee oil
supplementation to be terminated if the mean rise in
cholesterol after 11 days exceeded 1 mmol L™ -
which it did not. All other samples were stored at
—80°C and analysed for total and high-density
lipoprotein (HDL) cholesterol and triglyceride levels
after the trial had ended [19, 20].

The lipid laboratory was standardized by the
Netherlands Foundation for Quality Control of Hos-
pital Laboratories, The coefficient of variation of
contro] sera within one run was 19% for total
cholesterol, and 2% for HDL cholesterol and tri-
glycerides. Additional analyses of serum pools pro-
vided by the US Centers for Disease Control (Atlanta,
GA) resulted in a bias with regard to the target values
of —0.7% for total cholesterol and —1.3% for
triglycerides. The mean bias with regard to target
values of four serum pools obtained from the Solomon
Park Research Laboratories (Kirkland, WA) was
—29% for HDL cholesterol. LDL cholesterol was
calculated [21].

Sera obtained on days 18, 21, 53 and 56 were also
analysed for total thyroxine (T,) using the kit
(SPAC'ET.FT,) supplied by Byk-Sangtec Diagnostica
(Dietzenbach, Germany), free thyroxine and triiodo-
thyronine (T,) using radioimmunoassay (RIA) kits

© 1995 Blackwell Science Lid Journal of Internal Medicine 237: 543-550
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Table 2 Mean energy and nutrient intake (+sp) in the week before and in the 6th week of the trial

Arabica group

Robusta group

Week —1 Week 6 Week —1 Week 6
Energy (M} day™) 13+4 13+2 1241 1142
Total fat [energy (%)] 4145 4147 39+4 367
Saturated 17+4 1944 1645 1543
Monounsaturated 144-2 1342 14+1 1344
Polyunsaturated 743 642 6+2 742
Carbohydrates [energy (%)] 44+3 4347 4747 4748
Protein [energy (%)] 1342 16+7 15+4 1645
Alcohol [energy (%)] 3+-4 243 0 143
Cholesterol (mg MJ™?) 1945 2847 25+9 2247

Energy and nutrient intake was assessed by 24-h recall.

from Autopak® (ICN Micromedic Systems Inc., PA,
USA), and for TSH using the Delfia"NTSH kit from
Pharmacia International (Uppsala, Sweden). All
samples of one subject obtained during the study
were analysed in the same run. Sera obtained before
and after the study were analysed in separate runs.

Statistical analyses

The outcome variables consisted of the changes in
serum lipid and lipoprotein levels between the end of
period I (means of days 18 and 21) and period II
(means of days 53 and 56). Carry-over and period
effects were absent for all variables [22]. The effects
of the two treatments were therefore examined using
a two-sided, paired, Student’s £ test [23]. Differences
in responses to the two different types of coffee oil and
differences between the sexes were examined using a
two-sided, unpaired, Student’s t-test.

Results

Table 3 shows the diterpene content of the oils. The
total amount of diterpenes in Arabica oil was about

twice that in Robusta oil. The kahweol content of
Arabica oil was much higher than that of Robusta
oil, whereas Robusta oil contained a significant
amount of 16-O-methyl-cafestol, a substance which
was not found in the Arabica oil. Both oils contained
traces of kahweolene and cafestolene, which arise
during roasting by loss of the 16-OH function under
formation of a double bond.

Figure 1 shows that cholesterol levels were el-
evated in all six subjects on Arabica oil and in four of
the five subjects on Robusta oil. None of the responses
in lipid and lipoprotein levels was significantly
different between the Arabica and the Robusta oil
groups. All effects were observed to a similar extent
in men and women, and were independent of
treatment order. The mean rise in cholesterol of
0.65 mmol L.™! (139%) on Arabica oil was statistically
different from zero (P < 0.025; 95% CI, 0.21-
1.09 mmol L), but the increase of 0.53 (13%) on
Robusta oil failed to reach conventional significance
limits (95% CI, —0.36-1.42 mmol L) (Table 4).
The changes on Robusta oil varied more than on
Arabica oil, and two subjects showed increases of

Table 3 Diterpene and phytosterol content of oll supplements, and daily intakes during the trial

Arabica oil

Robusta oil

g100g™! mg day™* g100g™! mg day™!
Calestol 3.578 71.7 1.977 39.5
Kahweol 2.643 52.9 0.120 2.4
16-0-methyl-calestol 0 0 0.971 194
Cafestolene 0.200 4.0 0.220 4.4
Kahweolene 0.117 2.3 0.007 0.1
Total diterpenes 6.538 130.8 3.295 65.9
Phytosterols 0.599 12.0 0.842 16.8

* Subjects consumed 2 g of coffee oil per day.

© 1995 Blackwell Science Ltd Journal of Internal Medicine 237: 543-550
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Table 4 Serum total, low-density lipoprotein (LDL), and high-
density lipoprotein (HDL) cholesterol and triglyceride
concentrations (mmol L™!) after 3 weeks' supplementation with
2 g day™ of placebo ofl or coffec oil from Arabica or Robusta
beans*

Arabica Robusta

Arabica group Robusta group

Total cholesterol

Placebo oil 5.34+0.68 4.46+40.42
Coffee oil 5.9940.59 4,9940.59
Change 0.65+0.421 0.53£0.72
LDL cholesterol

Placebo oil 3.3740.55 2944027
Coffee ol 3.8240.56 3.2240.45
Change 0.464-0.407% 0.294+0.59
HDL cholesterol

Placebo oil 1.554+0.37 1.14+0.41
Coffee oil 1.504+0.34 1.164£0.32
Change —-0.05+0.14 0.02+0.18
Triglycerides

Placebo oll 0,93+0.48 0.8340.28
Coffec oil 1.47 £0.46 1.3240.36

Change 0.54+0.21% 0.49+0.15%

* Values are means+sp. Subjects recetved coflee oil and
placebo oll in random order, each for 3 weeks, with a wash-out
period of 2 weeks in between.

1 Significantly different from zero, P < 0.05; §significantly
different from zero, P < (.01,

more than 1 mmol L™! (Fig. 1). LDL cholesterol was
elevated in five of the six subjects on Arabica oil and
in four of the five subjects on Robusta oil. Serum
triglycerides rose significantly on both oils: the mean
increase was 0.54 mmol L™ (71%) on Arabica and
0.49 mmol L' (61%) on Robusta oil (Table 4).
Changes in HDL cholesterol were slight and not
significant. Six weeks after completion of the trial,

Arabica Robusta

Table 5 Serum total and [rec thyroxine (T,), trilodothyronine
(1), and thyroid-stimnlating hormone (TSH) after 3 weeks'
supplementation with 2 g day™ of placebo oll or coffee oil from
Arabica or Robusta beans*

Arablica group  Robusta group

Total T, (unol ™)

Placebo ol 103426 9549
Cofifee oil 105426 91413
Change 2+9 —348
Free T, {mnol L)

Placebo oil 11.34-0.8 114408
Coffee oll 11.74 1.8 11.240.9
Change 0.3+-1.4 —0.240.7
Total T, (umol L71)

Placebo oil 2.84:0.2 2.740.5
Colfee oll 29+0.4 2.740.1
Change 0.14-0.5 0.04+0.6
TSH (mUL™)

Placebo oil 1.740.9 1.5+ 11
Coffece oil 1.94+1.2 1.841.0
Change 0.240.3 0,3+0.8

* Values are means = sn. Subjects recelved collee ofl and
placebo ofl in random order, each for 3 weeks, with a wash-out
period of 2 weeks in between, No significant changes were
observed.

serum lipids had returned to baseline levels (data not
shown).

The changes in serum lipids induced by boiled
coffee or coffee oil resemble those seen in hypo-
thyroidism. However, Table 5 shows that thyroid
function was not affected by supplementation of
either Arabica or Robusta coffee oil. The increase in
TSH levels seen on coffee oil was statistically insig-
nificant and far below what is seen in hypo-

© 1995 Blackwell Science Ltd Journal of Internal Medicine 237 : 543-550
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thyroidism. No changes were observed in serum
levels of total and free T, and of T,.

Discussion

The intake of a mixture of cafestol palmitate and
kahweol palmitate, the most abundant constituents
of the unsaponifiable coffee lipid fraction [15],
elevated serum cholesterol and triglyceride levels,
whereas coffee oil stripped of cafestol and kahweol
had no effect [13]. Also, the free diterpenes isolated
from regular ground commercial coffee were recently
shown to have a powerful lipidaemic effect [14].
Robusta oil contains cafestol and 16-O-methyl-
cafestol but only traces of kahweol, whilst Arabica oil
contains significant amounts of both cafestol and
kahweol but no 16-0-methyl-cafestol [15] (Table 3).
We did not detect a significant difference between the
effects of Robusta and Arabica oil on serum chol-
esterol and triglyceride levels. Serum triglyceride
levels were significantly elevated on Robusta as well
as on Arabica oil, Therefore, it is improbable that the
effects of coffee oil on blood lipids are exclusively due
to kahweol, which occurs in Arabica but not in
Robusta, and that cafestol is inactive. Thus, cafestol
is at least partly responsible for increasing lipid levels.
It is possible that kahweol is not involved at all and
that 16-O-methyl-cafestol plays a role: the increases
in serum lipids on Arabica and Robusta oil were
proportional to the intake of cafestol plus 16-O-
methyl-cafestol.

In order to enhance intestinal absorption of
diterpenes, subjects were instructed to ingest the
coffee oil with their breakfast and evening meals. The
precise mechanisms of diterpene absorption are as
yet unknown, but it is conceivable that diterpene
alcohols are hydrolysed by intestinal lipases, ab-
sorbed into mucosal cells together with other fat
soluble dietary substances, and subsequently in-
corporated in chylomicrons and secreted into lymph.

Our findings do not support the suggestion of
Superko et al. [9] that Robusta coffee is more
hypercholesterolaemic than Arabica. If the lipid
material from Robusta is markedly more cholesterol-
raising than that from Arabica beans, we would
have picked this up even with our small sample size,
as we provided a 100% pure oil from Robusta or
Arabica beans. In addition, paper filters of the type
used by the subjects in the study of Superko et al.
largely eliminate the lipid material and the choles-

terol-raising factor from boiled coffee [11]. Thus, it is
improbable that the diterpenes present in coffee oil
are responsible for the cholesterol-raising effect of
decaffeinated coffee observed by Superko et al.

Is thyroid function involved?

Patients with subclinical or overt hypothyroidism
have elevated levels of serum LDL cholesterol and
triglycerides, but not of HDL cholesterol [24, 25].
This is similar to the changes induced by coffee lipids.
Correction of thyroid function with drug therapy
decreases levels of LDL cholesterol and triglycerides
within 3 weeks [26]. We found no changes in the
levels of total and free thyroxine and of triiodo-
thyronine (Table 5). Changes in TSH, although in
the expected direction, fell far short of what is seen in
the hyperlipidaemia associated with hypothyroidism
[27]. Thus, the coffee diterpenes do not appear to
cause a major depression of thyroid function. The
Arabica and Robusta oils tested here increase alanine
aminotransferase and decrease y-glutamyltrans-
ferase [13]. This suggests that the liver is the target
organ for the diterpene-mediated influence on chol-
esterol homeostasis, but the precise mechanism by
which consumption of boiled coffee affects serum
cholesterol and triglyceride levels remains unclear.
In conclusion, oil from both Arabica and Robusta
beans increased serum lipid levels in humans. This
underlines the importance of cafestol plus, possibly,
16-O-methyl-cafestol, and makes it unlikely that
kahweol is the single, cholesterol-raising diterpene in
coffee lipids. The effect of boiled coffee on blood lipids
does not seem to be mediated by thyroid hormones.
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