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EFFECT OF DECAFFEINATED VERSUS REGULAR COFFEE ON

SERUM LIPOPROTEINS
A 12-WEEK DOUBLE-BLIND TRIAL
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a 12-week double-blind trial. Am J Epidemiol 1990;132:33-40.

‘Reports on the association between caffeine intake and serum cholesterol are
inconsistent. In 1988, the authors examined the effect of decaffeinated versus
regular coffee on serum lipids in 45 healthy volunteers from the general population
living in or near Nijmegen, The Netherlands. Twenty-three women and 22 men
aged 25-45 years with a habitual intake of 4-6 cups of regular coffee per day
participated in a randomized double-blind crossover trial. They received five cups
of regular coffee each day for a period of 6 weeks and five cups of decaffeinated
coffee for the next 6 weeks, or vice versa. The background diet was kept constant
and was low in caffeine. Differences between the effects of decaffeinated and
regular coffee on blood lipids were essentially zero; the effect on serum total
cholesterol (£ standard deviation) was 0.01 (%0.36) mmol/liter (0 % 14 mg/dl),
that on high density lipoprotein cholesterol was 0.01 (£0.11) mmol/liter (0 * 4
mg/dl), and that on triglycerides was 0.03 (£0.29) mmol/liter (3 % 26 mg/dl). It
was concluded that, in healthy adults, replacement of regular coffee by decaf-

feinated coffee has no effect on serum cholesterol and lipoproteins.
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Coffee is the most widely used stimulant
in Western society. In the Netherlands, 94
percent of adults drink at least one cup per
day, and the per capita intake is 4.5 cups
per day (1). An increasing proportion of
consumers is switching from regular coffee
to decaffeinated coffee. In the Netherlands,

the market share of decaffeinated coffee
grew from 2 percent in 1984 to 4 percent in
1987 (1). In the United States, the propor-
tion is already 20 percent (2). The switch
is motivated partly by the well-documented
negative effects of caffeine on the quality
of sleep, and partly by other purported neg-
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ative effects, including those on the cardio-
vascular system. However, surprisingly lit-
tle is known about the actual effects of
switching to decaffeinated coffee on risk
factors for coronary heart disease.
Consumption of the “boiled” type of cof-
fee traditionally consumed in Scandinavia
is associated with elevations in serum cho-
lesterol (3). Reports on the association be-
tween serum cholesterol concentrations
and the intake of drip filter coffee, as com-
monly consumed in Western Europe and
the United States, are much less consistent
(4-8), and the possible role of caffeine in
the association with serum cholesterol level
remains unclear. Some epidemiologic stud-
ies reported a significant association be-
tween serum cholesterol and the intake of
regular coffee but not of decaffeinated cof-
fee (5, 6), or between serum cholesterol and
caffeine content of the diet (8), while others
found no significant relation between
serum cholesterol and total caffeine intake
(7). Epidemiologic studies on coffee and
serum lipids often did not control for con-
founders like fat intake, or caffeine intake
from other sources. Controlled studies have
not, as yet, shown any evidence for a rela-
tion between caffeine consumption and
serum cholesterol (9-12). However, these
were small short-term studies with no di-
etary control. We have now compared the
effect of regular and decaffeinated filter
coffee on serum cholesterol in a 12-week
randomized controlled trial with healthy
volunteers. The effects of these treatments

on blood pressure have been published else-
where (13).

MATERIALS AND METHODS
Design

Our null hypothesis was that consump-
tion of decaffeinated coffee instead of reg-
ular coffee for 5-6 weeks would not affect
serum cholesterol. The alternative hypoth-
esis was that decaffeinated coffee would
lower serum cholesterol. We decided that
the trial should have a statistical power of
85 percent to detect an effect on serum
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cholesterol of 0.20 mmol/liter (8 mg/dl) at
the p < 0.05 confidence level (two-tailed
test). Calculations showed that we would
need 46 subjects to meet these objectives.

The study comprised a randomized
double-blind crossover trial with a 6-week
study period on regular filter coffee fol-
lowed by a 6-week period on decaffeinated
filter coffee or vice versa. Subjects were
randomized over the two treatment orders
as follows: After admission, subjects were
grouped by sex. Both groups were then
divided into a subgroup of “high” serum
cholesterol (median and above-median)
and one of “low” serum cholesterol (below-
median). Within each cell, subjects were
grouped into pairs of similar age, and one
member of each pair was randomly allo-
cated to each treatment sequence.

Coffee cartons, each containing 10 pack-
ages of coffee (see below), were labeled by
two persons not involved in the trial. The
label carried the subject’s name and num-
ber and the week of consumption. The proj-
ect leader (M. v. D.), the research dietitians,
and all other persons involved in the study,
as well as the subjects, were blind to the
kind of coffee consumed. In addition, sub-
jects were blind to the study design; they
did not know whether or how often they
were switched between types of coffee.

During the trial, the subjects consumed
two cups of either regular or decaffein-
ated coffee before noon, one cup in the
afternoon, and two cups in the evening.
Consumption of tea and other caffeine-
containing products and drugs was prohib-
ited, with the exception of chocolate, which
was allowed in amounts containing up to
25 mg of caffeine per day. Once per week,
the subjects visited a research dietitian,
who checked food intake by a dietary recall,
weighed the subject, gave out coffee cartons
for the next week, and collected empty
packages from the previous week. Subjects
recorded in diaries any signs of illness, any
medications used, amounts of chocolate
eaten, and any deviation in coffee con-
sumption. Twice-weekly contacts with the
investigators, a weekly newsletter, and cov-



CAFFEINE AND CHOLESTEROL 35

erage of the progress of the trial by the local
media helped to keep up subjects’ morale
and motivation.

Subjects

The subjects were volunteers from the
general population living in or near Nijme-
gen, a mixed industrial/college town of
150,000 inhabitants in the eastern Nether-
lands. They were recruited via publicity in
local newspapers and through posters in
university buildings. After having been
thoroughly informed about the purpose and
protocol of the study, 150 subjects declared
themselves eager to participate and filled
out a questionnaire. Out of these 150, 60
subjects (31 men and 29 women) met our
criteria for initial eligibility—namely, age
17-45 years, apparently healthy, absti-
nence from smoking for the past year, no
use of medication, not on a prescribed diet,
no use of oral contraceptives, not pregnant,
and a habitual consumption of 4-6 cups of
regular coffee per day. These 60 subjects
participated in a physical and laboratory
examination and a 3-day dietary record.
Fifteen proved ineligible; the reasons were
serum cholesterol >6.7 mmol/liter (260
mg/dl) (n = 9), various medical reasons
(n = 3), living too far from the clinic (n =
2), or job change (n = 1). The remaining 45
subjects (23 women and 22 men) were ad-
mitted to the study. Ten were employed by
the university, five by other educational
institutions, two by the municipality, and
12 by other employers. Another five were
students, 10 were housewives, and one was

unemployed. Table 1 shows the subjects’
baseline characteristics; 38 percent had a
borderline high (5.2-6.2 mmol/liter or 200~
240 mg/dl) and 18 percent a high (6.2
mmol/liter or >240 mg/dl) blood choles-
terol level by present US standards.

The protocol for the study, which had
been approved by the local ethical commit-
tee, was explained to the volunteers, and
all subjects gave their written informed
consent. Subjects were asked to maintain
their usual pattern of activity and to keep
up a stable body weight.

Coffee

The coffee used was similar to the most
popular types of regular and decaffeinated
coffee sold in the Netherlands, but it was
packaged especially for the trial in blank
packages. The coffee was supplied in single-
cup disposable packages which contained
(mean + standard deviation (SD)) 5.4 + 0.1
g of coffee for the regular coffee and 5.1 =+
0.2 g for decaffeinated coffee, the difference
being caused by the process of extraction
of caffeine with dichloromethane. The reg-
ular coffee was composed of 71 percent
arabica and 29 percent robusta beans, and
the decaffeinated coffee was made of 58
percent arabica and 42 percent robusta
beans. At that time, these were regular
blends of the vendor who supplied the cof-
fee. Each package fitted into the bottom of
a plastic holder which could be placed on
top of a cup or beaker. Hot water (110-150
ml) was poured into the holder, and it then
dripped through the coffee package and its

TABLE 1

Baseline* characteristics of 45 subjects in a study of caffeine’s effect on serum cholesterol, Nijmegen, The
Netherlands, November and December 1987

Variable Mean SD¥t Range
Age (years) 38 7 26-45
Body mass index (weight (kg)/height (m)?) 23.2 4.0 18.8-31.3
Cholesterol (mmol/liter)
Total 5.56 0.94 4,32-6.65
HDL{ 1.52 0.60 0.85-2.77
Triglycerides (mmol/liter) 1.28 0.80 0.57-2.89

* Thirty days before the experiment.

+ SD, standard deviation; HDL, high density lipoprotein.
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filter paper bottom into the cup. The reg-
ular and decaffeinated coffee were similar
in taste. We prepared 60 cups of coffee from
random packs and analyzed them in dupli-
cate for caffeine. The mean amount + SD
was 83.5 + 12.6 mg/cup for the regular
coffee and 3.1 % 0.3 mg/cup for the decaf-
feinated coffee. The subjects recorded each
day in their diaries which kind of coffee
they thought they were receiving.

Blood sampling and analysis

Fasting blood samples were obtained on
days 16, 35, and 42 of each treatment
period. An additional sample was collected
on day 22 at midday to check for caffeine.
Cholesterol and triglycerides in whole
serum were determined with enzymatic
methods on a Hitachi 717 analyzer using
CHOD-PAP reagent no. 1040839 and
GPO-PAP reagent no. 1058550, provided
by Boehringer Mannheim (Mannheim,
Federal Republic of Germany). High den-
sity lipoprotein cholesterol was determined
after precipitation of very low density lipo-
protein and low density lipoprotein from
whole serum with polyethylene glycol 6,000
(14). Low density lipoprotein cholesterol
was calculated (15). The within-day coeffi-
cient of variation was 1 percent for total
and high density lipoprotein cholesterol
and 2 percent for triglycerides. Control
pools of known value from the Centers for
Disease Control (Atlanta, GA) yielded val-
ues within 5 percent of the Centers for
Disease Control target values.

Serum caffeine was measured by

reversed-phase high-performance liquid
chromatography (16).

Statistical analysis

The lipid values and serum caffeine levels
on regular and on decaffeinated coffee, as
well as the differences in these variables
between the two treatment periods, were
all normally distributed (17). An exact test
based on a ¢ distribution and on pooled
estimates of variance (18) indicated that
carryover and period effects were absent.

Treatment effects were calculated for each
subject as the change from the means of
weeks 5 and 6 of the decaffeinated coffee
period to those of the regular coffee period;
treatment effects were examined by a two-
sided ¢ test (18).

ResuLTs
Compliance and blinding

All 45 subjects completed the experiment
successfully. Both the diaries and frequent
personal interviews indicated excellent ad-
herence to the protocol. Empty packages
were returned by the subjects for 99.7 per-
cent of all 18,900 coffee packages distrib-
uted. The mean =+ SD of the caffeine con-
centration in serum collected on the 22nd
day of each period between noon and 2:00
p.m. was 3.2 + 1.5 mg/liter (range, 0.3-7.0)
when subjects consumed regular coffee and
0.2 £ 0.3 mg/liter (range, 0.0-1.2) when
subjects consumed decaffeinated coffee.
One subject had one value over 1.0 on de-
caffeinated coffee, and one other subject
had one value below 1.0 on caffeinated cof-
fee. Both subjects showed levels in the ex-
pected range on the seven other blood sam-
pling occasions; we therefore ascribed the
two outliers to chance. Subjects apparently
remained unable to tell which type of coffee
they received. According to the diaries,
when subjects were receiving regular coffee,
they correctly identified the type of coffee
on 54 percent of the days, they were wrong
on 19 percent of the days, and they could
not tell on 27 percent of the days. When
subjects received decaffeinated coffee, these
percentages were 27, 46, and 27, respec-
tively. Therefore, according to the subjects’
diaries, they thought they were drinking
regular coffee on 23 out of 42 days on which
they received regular coffee and on 19 out
of the 42 days on which they received de-
caffeinated coffee. Evidently, very few sub-
jects were able to recognize the switch from
caffeinated coffee to decaffeinated or vice
versa. Total caffeine intake, including that
from chocolate, was 435 mg/day on regular
coffee and 25 mg/day on decaffeinated cof-
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fee. According to the dietary recalls, differ-
ences in nutrient intake between treatment
periods were negligible (table 2). The mean
change in body weight from weeks 5 and 6
to weeks 11 and 12 was 0.14 kg (range, —2.8
to 1.9 kg). The value of —2.8 was from one
man who developed a fever due to bronchi-
tis during weeks 11 and 12. For all other
participants, the change in body weight was
less than 2 kg.

Serum lipoprotein lipids

The changes in serum total cholesterol
and high density lipoprotein cholesterol
during the experiment are shown in figure
1. Mean changes in serum lipid values from
one treatment period to another were es-
sentially zero. Treatment effects on serum
total cholesterol, high and low density lipo-
protein cholesterol, and triglycerides had
very narrow 95 percent confidence intervals
centering around zero (table 3). Separate
analyses based on comparing effects after

4, after 5, and after 6 weeks of treatment
or after exclusion of the subject who be-
came ill yielded the same results. The re-
sults were similar for men and women.

DiscussIoON

Our results indicate that chronic con-
sumption of five cups of decaffeinated cof-
fee per day in comparison with regular cof-
fee has no effect on serum cholesterol in
healthy men and women. Compliance was
very high: 99.7 percent of all coffee pack-
ages distributed were returned by the sub-
jects, and the mean serum caffeine concen-
tration during the day was 16-fold higher
when subjects were consuming regular cof-
fee than when they were consuming decaf-
feinated coffee. The fact that subjects were
unable to correctly identify the type of cof-
fee they were consuming shows that blind-
ing was effective. In addition, the absence
of changes in body weight, nutrient intakes,

TABLE 2

Intakes (mean + standard deviation) of energy and nutrients in 45 subjects in a study of caffeine’s effect on
serum cholesterol, January-April 1988, Nijmegen, The Netherlands

Pre-experimental®

Decaffeinatedt

Caffeinatedt A (Decaffeinated —

Variable caffeinated)
Energy (kcal/day)+ 2,288 + 745 2,467 = 795 2,448 + 833 19 333
Protein (% of energy) 14+3 143 14£3 01
Fat, total (% of energy) 387 39+8 38+8 1+4
Saturated fatty acids (%
of energy) 16+ 4 16+ 4 16+ 4 02
Monounsaturated fatty
acids (% of energy) 14+ 4 15+4 15+4 0+2
Polyunsaturated fatty
acids (% of energy) 63 8+3 T+3 1+2
Carbohydrate, total (% of
energy) 46+ 8 45+ 8 45+ 9 0+4
Mono- and disaccharides
(% of energy) 22+17 216 2147 0£3
Alcohol (% of energy) 4+4 3%5 4+5 02§
Dietary fiber (g/day) 29 * 12 3113 81+ 14 04
Cholesterol (g/day) 0.32 = 0.2 0.33 £ 0.2 031+ 0.2 0.02 & 0.1
Calcium (g/day) 1.16 £ 05 1.19 0.5 1.21 %05 -0.02 + 0.2
Sodium (g/day)|| 2.68 + 1.2 2.99 + 1.3 3.02+13 -0.03 = 0.6
Potassium (g/day) 374+ 1.1 3.57 £ 1.3 3.61+13 —0.05 + 0.4

* Pre-experimental food intake was assessed by a 3-day weighed record method. )
t Intakes during the trial represent means of six 24-hour recalls during each study period.
1 Mean daily energy intake was 2,857 keal/day for men and 2,083 keal/day for women.

§ Difference of 1 caused by rounding.
|| From food only; added salt not measured.
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or amount of physical exercise, as indicated
by the diaries, indicated good adherence to
the protocol.

Coffee contains cholesterol-raising ele-
ments, as is shown by the significant asso-
ciations between boiled coffee intake and
serum cholesterol level found in several
controlled trials (19-21) and in an obser-
vational study (8). However, no association
was found for filter coffee in any of these
studies. Caffeine intake was significantly
associated with serum cholesterol levels in
a cross-sectional study of 4,757 Australians
(8). This association, however, was seen
only in women, and a significant interac-
tion between smoking and caffeine con-
sumption was found in their association
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FIGURE 1. Effect of drinking five cups of decaffein-
ated or regular filter coffee per day for a period of 6
weeks each on serum total and high density lipoprotein
(HDL) cholesterol in 45 healthy volunteers, January-
April 1988, Nijmegen, The Netherlands. Each symbol
represents the mean of 22 (11 men, 11 women) (A) or
23 (11 men, 12 women) () subjects. Closed syrabols
represent regular coffee use and open symbols decaf-
feinated coffee use.

with serum cholesterol levels. These and
results of other epidemiologic studies sug-
gest synergism between the effects of coffee
or caffeine consumption and cigarette
smoking on serum lipids (22, 23). Since
smokers were excluded from participation
in the present trial, our conclusions might
apply only to nonsmokers.

In other observational studies by Haffner
et al. (5) and Mathias et al. (6), plasma
cholesterol levels were significantly associ-
ated with the intake of regular coffee but
not of decaffeinated coffee. However, in
these studies, the numbers of subjects con-
suming decaffeinated coffee only were t00
small to investigate the effect of caffeine
on serum cholesterol. In the study by Curb
et al. (24), serum cholesterol level was sig-
nificantly associated with caffeine intake
and coffee consumption, but not with tea
or cola consumption. The authors sug-
gested that the caffeine-cholesterol relation
is primarily due to the contribution of cof-
fee consumption to caffeine intake. It re-
mains possible, however, that tea and cola
contain other substances that balance the
hypercholesterolemic effect of caffeine. Re-
sults of a study by Davis et al. (7) also
showed a significant association between
coffee consumption and serum cholesterol,
while that between total caffeine intake
and serum cholesterol failed to reach the
p = 0.05 level of significance. The authors
suggested that there may be something in
coffee besides caffeine that is related to
elevations in serum cholesterol level. How-
ever, findings were not adjusted for dietary

TABLE 3

Effects (mean = standar.d ‘deviation) of drinking five cups of decaffeinated or regular coffee for periods of 6 weeks
each on plasma lipids and lipoproteins (n = 45), January-April 1988, Nijmegen, The Netherlands

Type of coffee Total cholgsterol HDL* cholfesterol LDL* cholesterol Total triglycerides
{mmol/liter) (mmol/liter) (mmol/liter) (mmol/liter)
Decaffeinated 5.48 + 0.79 1.52 £ 0.40 3.40 % 0.80 1.20 + 0.52
Regular 547 £ 0.74 1.52 £ 0.40 3.41 + 0.74 1.17 £ 0.53
Difference 0.01 £ 0.36 0.01 £ 0.11 -0.01 =+ 0.31 0.03 + 0.29
(—0.10 to 0.12)t (—0.02 to 0.04) (~0.10 to 0.08) (—0.06 to 0.12)

* HDL, high density lipoprotein; LDL, low density lipoprotein.
t Numbers in parentheses, 95 percent confidence interval.
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intake of fatty acids and cholesterol. In
addition, the study may have failed to pick
up an actual association between total caf-
feine intake and serum cholesterol, because
the observed significance level was only
slightly above the 0.05 level (0.08).

Since it is not possible to infer a causal
relation from cross-sectional studies, con-
trolled trials are needed. So far, three con-
trolled trials have shown no significant ef-
fect of caffeine on serum cholesterol level
(9, 10, 12); one even suggested a negative
relation between caffeine and serum cho-
lesterol (11). These studies, however, have
not been conclusive on this point, since
treatment periods in these studies were
short (from 2 hours to 20 days) or the
numbers of subjects were small, yielding a
low power with the chance of missing clin-
ically important differences. Dietary con-
trol has also been lacking.

One trial showed a significant increase
in low density lipoprotein cholesterol and
apolipoprotein B 2 months after subjects
had switched from drinking regular coffee
to drinking decaffeinated coffee (25). The
method of brewing was not reported. The
senjor author suggested that the effect on
low density lipoprotein cholesterol was
caused not by the absence of caffeine but
by the fact that robusta beans are used for
making decaffeinated coffee and arabica
beans for regular coffee (press release,
Stanford University Medical Center, No-
vember 9, 1989). Our results do not support
this suggestion, because decaffeinated cof-
fee did not elevate low density lipoprotein
cholesterol levels even though it contained
a higher proportion of robusta beans than
the regular coffee.

Our study shows that consumption of
five cups of decaffeinated coffee per day
instead of regular coffee does not affect
serum total cholesterol, high density lipo-
protein cholesterol, or serum triglycerides
in healthy, nonsmoking men and women
with normal or mildly elevated serum cho-
lesterol over a 6-week period. Since the
power of this study to detect a difference of
0.20 mmol/liter (8 mg/dl) was 85 percent

and the 95 percent confidence intervals are
narrow, there is no reason to suspect the
trial of being too small to detect clinically
important differences. Therefore, it seems
unnecessary for hypercholesterolemic pa-
tients to switch from regular to decaffein-
ated coffee out of fear that caffeine elevates
low density lipoprotein cholesterol; the
present study shows that such a switch has
no effect on serum lipid levels. Our study
does not preclude the possibility that total
abstention from regular filter coffee will
affect serum lipids. It does strongly suggest
that caffeine is not the component of boiled
coffee responsible for its cholesterol-
elevating effect. The question thus remains
as to what the substances are in boiled
coffee that affect cholesterol metabolism.
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