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ABSTRACT 

Coffee, blood pressure and serum lipids 
— controlled studies in healthy volunteers — 

Thesis, Division of General Internal Medicine, Department of Medicine, St. Radboud 
University Hospital, Nijmegen, the Netherlands, November 1991 
Marijke van Dusseldorp 

Coffee consumption has been suspected of increasing the risk of coronary heart disease. 
The purpose of the research described in this thesis was to investigate the effect of 
consumption of various types of coffee on blood pressure, serum lipids and cardiovascu
lar responses to stress in healthy men and women. From the first study, a 12-week 
randomized double-blind crossover trial, we concluded that replacement of regular by 
decaffeinated coffee led to a significant but small fall in blood pressure and to a small 
increase in heart rate. No effects on serum lipids were found. In the second study, a 
randomized 14-week experiment with three parallel groups, we compared the effects of 
boiled coffee, boiled coffee that was fdtered through paper, and no coffee. Boiled coffee 
significantly increased serum cholesterol and systolic blood pressure compared with the 
boiled and filtered coffee. Total elimination of filtered coffee and tea did not affect the 
serum lipids, the blood pressure, or the sensitivity of the cardiovascular system to mental 
or physical stress. It can be concluded that chronic consumption of regular filter coffee 
does not affect serum lipids, blood pressure, or cardiovascular responses to stress in 
healthy men and women. The paper filter retains the hypercholesterolemic substance in 
coffee, and might also retain a blood pressure-elevating compound. Thus, our data 
suggests that in healthy men and women who consume coffee that has been filtered 
through paper, there is no risk to the cardiovascular system. 
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CHAPTER 1 

Introduction 

As coffee is the most widely used stimulant in Western society, consumers and scientists 
are very interested in the health effects of coffee and caffeine. Coffee consumption has 
been suspected of being associated with increased risk for coronary heart disease since 
19631. Subsequently several epidemiological studies have confirmed the existence of such 
a relation2"5, but others did not6"9. 
A high level of serum total cholesterol and a high blood pressure have been shown lo 
be major preventable risk factors for coronary heart disease. Since the effects of coffee 
on serum cholesterol and blood pressure could form a link between coffee consumption 
and coronary heart disease this thesis investigated the effect of coffee on blood pressure 
and serum lipids. This introduction briefly describes the relation between these two risk 
factors and coffee consumption. An outline of the experiments described in this thesis 
is given at the end of this chapter. 

Coffee and blood pressure 

There is little epidemiologic evidence to support a link between coffee consumption and 
blood pressure. Lang and coworkers observed differences in blood pressure between 
coffee users and coffee abstainers in France and Algeria in the order of 2-3 mm Hg1011. 
However, large American surveys found either no relation12,13, or a weak inverse 
association14 between caffeine consumption and blood pressure. 
From experimental studies there is clear evidence for an acute rise in systolic and 
diastolic blood pressure in the order of 5-10 mm Hg and a small decrease in heart rate, 
one to four hours after caffeine ingestion in frequent caffeine users, provided that they 
had abstained from caffeine for at least 12-18 hours15"18. However, when the effect of 
caffeine ingestion on blood pressure was studied during periods of seven days14 or four 
weeks20, the subjects developed a tolerance to the effects of caffeine after two or three 
days of caffeine use. Recently, a controlled Dutch study showed that in normotensive 
volunteers the use of caffeine tablets for a period of nine weeks had no effect on blood 
pressure compared with placebo tablets21. 
Whether long-term elimination of coffee from the diet will lower blood pressure 
remained unclear. Two controlled trials were performed and did not provide conclusive 
answers22,23. 
The effect of different coffee brewing methods on blood pressure and heart rale is 
largely unknown. One controlled study compared drip-filtered coffee with the Scandina-



12 COFFEE, BLOOD PRESSURE AND SERUM LIPIDS 

vian-style "boiled" coffee and revealed no differences in effects on blood pressure or 
heart rate22. 

Coffee and serum cholesterol 

The consumption of Scandinavian-style boiled coffee, made by boiling ground coffee with 
water and decanting the fluid into a cup, is strongly associated with the level of serum 
cholesterol2""26, and controlled experiments have confirmed a cause-and-effect relation27'29. 
A Dutch experiment showed that the ground coffee does not need to be actively boiled 
in water in order to produce a hypercholesterolemic brew. Boiled-type coffee was 
prepared by bringing water to a boil, pouring it onto ground coffee in a Thermos flask, 
and letting the mixture incubate for ten minutes. Consumption of such a brew raised 
serum total cholesterol levels by 10% relative to drip-filtered coffee30. The mechanism 
by which boiled or boiled-type coffee affects cholesterol metabolism is unclear. A lipid-
rich fraction islolated from boiled coffee markedly raised cholesterol levels in volunteers31. 
It appears that boiled coffee contains a lipid that powerfully raises serum cholesterol. 
Reports on the association between serum cholesterol concentrations and the intake of 
drip-filtered coffee are much less consistent. In several controlled studies27'30 and in one 
observational study25 no association was found between drip-filtered coffee use and 
serum cholesterol levels. However, some epidemiologic studies reported a significant 
association beteen serum cholesterol and the intake of regular coffee but not of 
decaffeinated coffee3233, or between serum cholesterol and caffeine content of the diet34, 
while others found no significant relation between serum cholesterol and total caffeine 
intake35. Thus, the possible role of caffeine in the association of coffee consumption with 
serum cholesterol level remained unclear. A few, small, short-term trials that addressed 
this question did not show any evidence for such a relation36-3*. Recently, consumption 
of decaffeinated coffee has even been suspected of increasing cardiovascular risk. One 
experimental study reported that consumption of decaffeinated coffee raised low density 
lipoprotein cholesterol levels relative to regular coffee39, and a longitudinal study 
reported increased risk for coronary heart disease and total cardiovascular disease with 
increasing consumption of decaffeinated coffee'. 

Thus, it remained unclear whether frequent consumption of regular coffee would affect 
blood pressure, heart rate or serum lipids in comparison with decaffeinated coffee. 
Cross-sectional studies on coffee or caffeine rarely controlled for confounders like fat 
intake, or caffeine intake from other sources. Even if these variables were accounted for, 
controlled trials are still needed to prove the existence of a causal relationship. So far, 
in controlled trials on the effects of caffeine on blood pressure or serum lipids treatment 
periods have been short or the numbers of subjects small, and dietary control has also 
been lacking. Thus, most of these trials have a low power and a real chance of missing 
clinically important differences. The effects of totally eliminating coffee from the diet, 
and of different coffee brewing methods on blood pressure and heart rate remained 
unclear due to lack of data. 
Like caffeine, stress also acutely increases blood pressure and researchers have focussed 
on the possibility of additive or synergistic effects of stress and caffeine40"'3. In such 
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studies, caffeine or a placebo was administered after 12-18 hours of caffeine abstinence 
when the pressor effect of caffeine is at its maximum. In addition, data on the cardiovas
cular responses to stress of frequent caffeine consumers as compared with chronic non-
users are lacking. 

Outline of the thesis 

In our first study we compared the effects of regular and decaffeinated drip-fillcrcd 
coffee in a 12-week randomized controlled trial with 45 healthy volunteers. The effect of 
these treatments on blood pressure is reported in Chapter 2, and the effect on serum 
cholesterol in Chapter 3. We report on the withdrawal effect of caffeine in Chapter 4. 
We had suggested earlier, that the hypercholesterolemic agent of boiled or boiled-type 
coffee is contained in the lipid. We also suggested that drip-filtered coffee does not raise 
serum cholesterol because the lipid material does not pass through a paper filter31. In 
our second study, a 14-week randomized controlled trial with 64 healthy volunteers, we 
tested this hypothesis. We studied the effect of drinking boiled-type coffee, and of 
boiled-type coffee filtered through paper. We also measured the lipid content of the 
boiled-type coffee before and after filtration. A reference group that abstained from 
coffee and caffeine was also included in the study. The effects of these treatments on 
serum lipids are presented in Chapter 5. 
The inclusion of a reference group in the second trial enabled us to also study the 
effects on blood pressure and heart rate of diet which totally eliminates caffeinated 
beverages. These findings are described in Chapter 6, together with the effects of the 
different coffee brewing methods on blood pressure and heart rate. 
By including subjects who consumed coffee (boiled or filtered) as well as subjects who 
abstained from coffee and tea for a period of IIV2 weeks, the second study gave us the 
opportunity to study the effects of drinking versus not drinking coffee on cardiovascular 
responses to mental and physical stress. The Findings are reported in Chapter 7. 
Finally, the overall conclusions of these two studies and the implications for future 
research are discussed in Chapter 8. 
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CHAPTER 2 

Effect of decaffeinated versus regular coffee 
on blood pressure: a 12-week double-blind trial* 

Marijke van Dusseldorp, Paul Smits, Theo Thien, Martijn B. Katan 

Abstract 

The effect of decaffeinated versus regular coffee on blood pressure and heart rate was 
investigated. In a randomized double-blind, crossover trial, 45 healthy volunteers (23 
women and 22 men, 25-45 years old) with a habitual intake of 4-6 cups coffee/day 
received 5 cups of regular coffee each day for a period of 6 weeks, and 5 cups of 
decaffeinated coffee for the next 6 weeks, or vice versa. The background diet was kepi 
constant. The total amount of caffeine ingested was 40 mg during the decaffeinated 
coffee period and 445 mg during the regular coffee period. Use of decaffeinated coffee 
led to a significant but small decrease in systolic (mean±SEM, -1.5±0.4 mm Hg, 
ρ = 0.002) and diastolic (-1.0 ±0.4 mm Hg, ρ = 0.017) ambulant blood pressure and to a 
small increase in ambulant heart rate ( + 1.3±0.6 beats/min, ρ = 0.031). Individual 
differences in rate of caffeine metabolism did not explain differences in long-term 
response of blood pressure to caffeine. We conclude that in normotensive adults 
replacement of regular by decaffeinated coffee leads to a real but small fall in blood 
pressure. However, it remains to be established whether a mass switch from regular to 
decaffeinated coffee would significantly reduce the total incidence of hypertension-
related disorders. 

Introduction 

Coffee is the most widely used stimulant in Western society. In the Netherlands 94% of 
adults drink at least 1 cup/day, and the per capita intake is 4.5 cups/day1. An increasing 
proportion of consumers is switching from regular to decaffeinated coffee. In the 
Netherlands, the market share of decaffeinated coffee grew from 2% in 1984 to 4% in 
1987. In the United States, the proportion is already 20%2. The switch is motivated 
partly by the well-documented negative effects of caffeine on the quality of sleep and 
partly by other purported negative effects, including those on the cardiovascular system. 
However, surprisingly little is known about the actual long-term effect of switching to 
decaffeinated coffee and how this switch will affect risk factors for coronary heart 
disease. 

' Hypertension 1989;14:563-569. 
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Epidemiological surveys on the relation between coffee consumption and blood pressure 
have yielded contradictory findings3'5. Controlled trials showed that in subjects who have 
abstained from caffeine for a number of days blood pressure rises acutely after a 
caffeine load. The extent of this acute pressor effect of caffeine depends on the amount 
and frequency of previous caffeine intake and on the rate of caffeine metabolism; 
subjects with a high coffee intake appear to be less sensitive to the pressure-elevating 
effect of caffeine6. This was confirmed by one experiment that showed no effect of 
caffeine consumption on blood pressure after 4 weeks7; however, the diet was not 
controlled, and the power of this trial was small. 

In the present study, we compared the effect of regular and decaffeinated filter coffee 
on blood pressure in a randomized, controlled trial with healthy volunteers. 

Methods 

Design 
Our null hypothesis was that consumption of decaffeinated instead of regular coffee for 
5-6 weeks would not affect blood pressure. The alternative hypothesis was that decaf
feinated coffee would lower blood pressure. We decided that the trial should have a 
statistical power of 85% to detect an effect on blood pressure of 2 mm Hg at the ρ < 0.05 
confidence level (two-tailed test). Calculations showed that we would need 46 subjects 
to meet these objectives. In addition, we hypothesized that any effect of caffeine on 
blood pressure would be inversely correlated with the fasting serum caffeine concen
tration after overnight abstinence from coffee. This level reflects the individual caffeine 
clearance rate; subjects with low fasting levels may have a higher rate of caffeine 
metabolism and may therefore be more susceptible to the pressor effect of caffeine8. 
The study comprised a randomized double-blind, crossover trial with a 6-week study 
period on regular filter coffee followed by a 6-week period on decaffeinated filter coffee 
or vice versa. Subjects were randomized over the two treatment orders (caf -* decaf vs 
decaf -» caf, where caf is regular filter coffee and decaf is decaffeinated filter coffee) as 
follows. After admission into the study, subjects were grouped by sex. Both groups were 
then divided into a subgroup of "high" (median and above-median) and one of "low" 
(less-than-median) blood pressure. Within each cell, subjects were grouped into pairs of 
similar age, and one member of each pair was randomly allocated to each treatment 
sequence. 

Coffee cartons, each containing 10 packages (see below), were labeled by two persons 
not involved in the trial. The label carried the subject's name and number and the week 
of consumption. The project leader (M.vD.), 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, subjects were blind to the study design; they did not know if and 
how often they were switched between types of coffee. 

During the trial, the subjects consumed 2 cups of either regular or decaffeinated coffee 
before noon, 1 in the afternoon, and 2 in the evening. Consumption of tea and other 
caffeine-containing products and drugs were prohibited with the exception of chocolate, 
which was allowed in amounts containing up lo 25 mg caffeine/day. Once a week the 



CAFFEINE AND BLOOD PRESSURE 19 

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, medications 
used, amount of chocolate eaten, and any deviation in coffee consumption. Twice-weekly 
contacts with the investigators, a weekly newsletter, and coverage 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 Nijmegen, a 
mixed industrial/college town of 150,000 inhabitants in the eastern part of the Nether
lands. They were recruited via pubUcity in local newspapers and through posters in 
university buildings. After they had been thoroughly informed about the purpose and 
protocol of the study, 150 subjects declared themselves eager to participate and filled out 
a questionnaire. Of these 150, 60 subjects (31 men and 29 women) met our criteria for 
initial eligibility, which were: age between 17 and 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, not working nightshifts, and a habitual 
coffee consumption of 4-6 cups/day. These 60 then underwent a physical and laboratory 
examination and kept a 3-day dietary record. Fifteen proved ineligible; the reasons were 
serum cholesterol more than 6.7 mmol/L (260 mg/dl) (n=9), various medical reasons 
(n=3), living too far from the clinic (n=2), or job change (n = l). The remaining 45 
subjects (23 women and 22 men) were admitted 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 provides their baseline characteristics. 

Table 1. Baseline Characteristics of the 45 Participants 

Characterislic Mean ± SD Range 

Age (years) 38 ΐ 7 25^5 
Body mass index (kg/m2) 23.2+4.0 18.8-31.3 
Blood pressure (mm Hg) 

Systolic 124 + 13 102-138 
Diastolic 76 + 13 62-90 

Baseline characteristics were taken 30 days before the start of the experiment. Blood pressures were from a 
casual reading during pre-experimental physical examination. 

The protocol for the study, which had been approved by the local ethical committee, 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. 
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Coffee 
The coffee used was similar to the most popular types of regular and decaffeinated 
coffee sold in the Netherlands, but it was processed and packaged especially for the trial. 
The coffee was supplied in blank, single-cup disposable packages that contained 
(mean ± SD) 5.4 ±0.1 g of coffee for the regular and 5.1 ±0.2 g for the decaffeinated 
coffee; the difference was caused by the extraction of caffeine with dichloromethane. 
Each package fitted into the bottom of a plastic holder that 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 filter paper bottom into the cup. The regular 
and decaffeinated coffee were similar in taste. We prepared 60 cups of coffee from 
random packs and analyzed them in duplicate for caffeine. The mean amount ± SD was 
83.5 ± 12.6 mg/cup for the regular and 3.1 ±0.3 mg/cup for the decaffeinated coffee. The 
subjects recorded in their diary each day what kind of coffee they thought they were 
receiving. 

Blood pressure measurements 
For the blood pressure measurements, an automatic blood pressure device was used 
(oscillometric method, Takeda Medical UA-751, Adquipment Medical BV, Rotterdam, 
The Netherlands). Mean difference±SD between a standard sphygmomanometer and 
this automatic blood pressure device, when used in parallel in routine measurements in 
our outpatient clinic, was 4.2+5.1 mm Hg for systolic and 2.5+4.3 mm Hg for diastolic 
blood pressure, without apparent drift in time (206 measurements over a 3-month 
period). Subjects measured their ambulant blood pressure and heart rate at 7:30 and 
10:00 AM and at 1:00, 5:30 and 10:30 PM 1 day per week. Each of the 5 weekdays and 
1 weekend day was used once in each period, in random order. Each subject used the 
same blood pressure device at all times. After a 5-minute rest, four measurements were 
recorded per session in a sitting position. Blood pressure, heart rate, date, and time 
were printed automatically, and the printed output was collected and checked by the 
dietitian at each weekly visit. The first measurement of each session was dropped and 
the other three were averaged. The mean ambulant blood pressure was calculated for 
each measurement day as the mean of the five session means. Mean arterial pressure 
was calculated as (systohc + 2*diastolic blood pressure)/3. 
At the end of each treatment period, blood pressure was also measured at our hyperien-
sion clinic using a non-invasive automatic device, the Arteriosonde 1225 (Roche, Medical 
Electronic Division, Orangeburg, New Jersey). The measurements took place 40 minutes 
after subjects had consumed their first morning cup of coffee. For this 20-minute 
session, the subjects remained in a sitting position in a quiet room in the physiological 
laboratory, and a reading was taken every 2 minutes. All readings except the first one 
were averaged to give the hospital blood pressure. 

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. Serum was 
obtained by low-speed centrifugation within 1.5 hour and then stored at -80° С Serum 
caffeine was measured by reversed-phase, high-performance liquid chromatography9. 
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Statistical analysis 
The fasting serum caffeine levels, the blood pressures and heart rates during consump
tion of regular or decaffeinated coffee, as well as the differences in these variables 
between the two treatment periods were all normally distributed as indicated by the 
Shapiro Wilk statistic10. 

An exact test based on a ί distribution and on pooled estimates of variance" indicated 
that both carry-over and period effects were absent. The t values of the estimates ranged 
from -1.18 (p = 0.24) for a period effect for ambulant heart rate, to +0.56 (p = 0.58) for 
a period effect for diastolic ambulant blood pressure. Treatment effects were calculated 
for each subject as the change from the means of weeks 5 and 6 of the decaffeinated to 
those of the regular coffee period; treatment effects were examined by a two-sided t lest". 

Results 

Compliance 
All 45 subjects completed the experiment successfully. Both the diaries and frequent 
personal interviews indicated excellent adherence to the protocol. Empty packings were 
returned by the subjects for 99.7% of all 18,900 coffee packages distributed. The 
mean ± SD of the caffeine concentration in serum collected on the 22nd day of each 
period between noon and 2:00 PM was 3.2 ±1.5 mg/L (range, 0.3 to 7.0) when subjects 
consumed regular and 0.2 ±0.3 mg/L (range, 0.0 to 1.2) when subjects consumed 
decaffeinated coffee. One subject had one value over 1.0 on decaffeinated coffee, and 
one other subject had one value below 1.0 on regular coffee. Both subjects showed levels 
in the expected range at the seven other blood sampling 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% of the days, they were 
wrong on 19% of the days, and they could not tell on 27% of the days. When subjects 
received decaffeinated coffee these percentages were 27, 46 and 27 respectively. 
Evidently very few subjects were able to recognize the switch from regular to decaf
feinated coffee or vice versa. Caffeine intake was 435 mg/day on regular coffee and 25 
mg/day on decaffeinated coffee. According to the dietary recalls, other differences in 
nutrient intake between treatment periods were negligible, with mean ± SD differences 
of 1±4 energy % for intake of total fat, 1±2 energy % for polyunsaturated fatty acids, 
20 ±200 mg/day for calcium, 30 + 600 mg/day for sodium, and 50 ±400 mg/day for 
potassium. 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 because of one man in whom 
a fever developed due to bronchitis during week 11 and 12. For all other participants the 
change in body weight was less than 2 kg. 

Blood pressure and heart rate 
Independent of treatment sequence, use of decaffeinated coffee led to a slightly but 
significantly lower mean systolic (-1.5 mm Hg, ρ = 0.002), diastolic (-1.0 mm Hg, 
/7 = 0.017), and mean arterial (-1.14 mm Hg, ̂ =0.004) ambulant blood pressure, and to 
a somewhat higher ambulant heart rate ( + 1.3 beats/min, ;?=0.031). Means and 95% 
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confidence intervals are presented in Table 2. Thirty of the 45 subjects had a lower 
systolic (Figure 1) and diastolic blood pressure when they were consuming decaffeinated 
than when they were taking regular coffee. 

SUBJECT No 

Figure 1. Bar graph showing effects of drinking decaffeinated instead of regular filter coffee on systolic blood 
pressure in 45 normotensive volunteers. Subjects consumed 5 cups decaffeinated coffee/day for a period of 6 
weeks (n = 22) followed by 5 cups regular coffee/day for another 6 weeks, or vice versa (n=23). Bars represent the 
45 individual differences in mean systolic blood pressure, calculated as the mean of measurements in week 5 and 
6 of decaffeinated minus mean of measurements in week 5 and 6 of regular coffee period. 

Table 2. Effects of Consumption of 5 cups Decaffeinated or Regular Coffee/day for 
Periods of 6 Weeks Each on Group Average Ambulant Blood Pressure and Heart Rate in 
45 Healthy Volunteers 

Variables 

Regular coffee 
Decaffeinated coffee 
Difference (N=45) 
Caf - decaf (n = 23)* 
Decaf - c a f (n = 2 2 ) " 

95%CL'sfor Δ (N=45) 
p-value (two-sided) 

Ambulant blood pressure 

Systolic 

110.9 
109.4 

-1.5 
-1.4 
-1.5 

-2.3,-0.7 
0.002 

Diastolic 

69.6 
68.6 
-1.0 
-1.2 
-0.8 
-1.8,-0.2 
0.017 

(mm Hg) 
Mean arterial 

83.4 

82.2 
-1.2 
-1.3 
-1.0 

-2.0,-0.6 
0.004 

Ambulant heart rate 

(beats/min) 

65.1 

66.4 
+ 1.3 
+ 2.0 
+ 0.6 

+ 0.1, + 2.5 
0.031 

Caf, regular coffee; decaf, decaffeinated coffee; CL, confidence limits. 
* Subjects who received regular coffee during the first six weeks and decaffeinated coffee during the next 

six weeks. 
** Subjects who received decaffeinated coffee during the first six weeks and regular coffee during the next 

six weeks. 
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The results were fairly insensitive to the time frames chosen for comparison: Treatment 
effects on systolic blood pressure and heart rate were significant (p á 0.050) when either 
the means of the sixth weeks of the two treatment periods, or the means of weeks 5 plus 
6, 4 to 6, 3 to 6, 2 to 6, or 1 to 6 were compared. For diastolic pressure, /»-values were 
less then 0.031 for comparisons of the means of weeks 6, 5 plus 6, and 4 to 6, and less 
than 0.089 for weeks 3 to 6, 2 to 6, and 1 to 6. The measurements of blood pressure and 
heart rate over the course of the day, averaged for the two measurement days in the last 
2 weeks of each treatment period (Figure 2), show that the effect of decaffeinated coffee 
on blood pressure and heart rate was present throughout the day. Analysis after 
exclusion of the subject who became ill in week 11 and 12 yielded the same results. The 
results were similar for men and women. 

! ' 
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1 1 ' 

11 

' I ' ' ' 1 ' ' ' 1 1 ' ' ' 1 ' ' ' 1 ' 

« β 23 7 Я 16 

m e OF π« DAY <HOURS> 

1 1 ' ' 1 

23 

Figure 2. Une graphs showing effect of consumption of decaffeinated (decaf) or regular (caf) filter coffee on 
blood pressure and heart rate over the course of the day. Decaf -» caf refers to 22 subjects who consumed 5 cups 
decaffeinated coffee/day for a period of 6 weeks, followed by 5 cups regular coffee/day for another 6 weeks (left-
hand panels). Caf" decaf refers to the other 23 subjects, who first received 5 cups regular coffee and then 5 cups 
decaffeinated coffee (right panels) Graphs represent means of measurements in weeks 5 and 6 of each period. 
Each symbol represents the mean of 22 (L) or 23 (Q) subjects and is based on six measurements per subject for 
each point in time, three on a random day m the fifth and another three on a random day m the sixth week 
Closed symbols represent regular and open symbols decaffeinated coffee use. 
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The blood pressure measurements by Arteriosonde in the hospital, made 40 minutes 
after consumption of the first morning cup of coffee, showed almost the same mean 
effect of decaffeinated coffee on systohc (-1.7 mm Hg,/j=0.14), diastolic (-0.7 mm Hg, 
ρ = 0.36), and mean arterial (-1.02 mm Hg;p = 0.20) blood pressure and on heart rale 
( + 1.2 beats/min, /> = 0.39) as those made by the subjects at home with the automatic 
device (Table 3). However, the number of measurements per subject was much smaller 
(eight compared with 30 per period) and the standard error proportionally larger, which 
probably explains the non-significant ^-values. 

Table 3. Effects of Consumption of 5 Cups Decaffeinated or Regular Coffee/day for 
Periods of 6 Weeks Each on Group Average Hospital Blood Pressure and Heart Rate in 
45 Healthy Volunteers 

Variables 

Regular coffee 
Decaffeinated coffee 
Difference (N=45) 
Caf - decaf (n = 23)· 
Decaf - c a f (n = 2 2 ) " 

95%CL'sfor Δ (N = 45) 
/7-value (two-sided) 

Ambulant blood pressure 
Systolic 

104.6 
102.9 

-1.7 
-0.7 
-2.7 
-3.9, + 0.5 
0.137 

Diastolic 

71.3 
70.6 
-0.7 
0.0 

-1.4 
-2.3,+ 0.9 
0.356 

(mm Hg) 
Mean arterial 

82.4 
81.4 
-1.0 
-0.3 
-1.8 
-2.6,+ 0.6 
0.203 

Ambulant heart rate 
(beats/min) 

69.3 
70.5 

+ 1.2 
+ 1.7 
+ 0.7 
-1.5,+ 3.9 
0.395 

Hospital blood pressure was measured in the hospital by Arteriosonde. Caf, regular coffee; decaf, decaf
feinated coffee; CL, confidence limits. 
* Subjects who received regular coffee during the first 6 weeks and decaffeinated coffee during the next 6 

weeks. 
** Subjects who received decaffeinated coffee during the first 6 weeks and regular coffee during the next 6 

weeks. 

Serum caffeine 
The three values for fasting serum caffeine obtained on days 16, 35 and 42 of the regular 
coffee period were averaged per subject. Levels ranged from 0.41 to 3.75 mg/L, with a 
mean ± SD of 1.43 ± 0.93 mg/L. The effect of treatment on systolic, diastolic, and mean 
arterial pressure was not correlated with the concentration of caffeine in serum after 
overnight abstention from coffee; Pearson correlation coefficients being -.095 (p = 0.57) 
for the ambulant and -0.11 (p=0.47) for the hospital mean arterial blood pressure. Such 
correlations can be degraded by high withm-subject variability. However, the between-
person variance of the individual averages of the three caffeine measurements was more 
than five times as large as the within-person variance. Therefore, attenuation of 
correlation coefficients by within-person variation12 could not explain the low associa
tions. 
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Discussion 

Blood pressures 
Our results indicate that chronic consumption of 5 cups decaffeinated coffee/day in 
comparison with regular coffee causes a significant but small fall in mean ambulant 
blood pressure and a rise in heart rate in normotensive men and women. Compliance 
was very high: 99.7% of all coffee packages distributed were returned by the subjects, 
and the mean serum caffeine concentration during the day was 16-fold higher when 
subjects were consuming regular than when they were consuming decaffeinated coffee. 
During the decaffeinated coffee period, subjects still ingested 15-40 mg caffcinc/day, an 
amount that has occasionally been shown to have effects on the central nervous system 
in humans. However, the fact that we detected a difference between the two treatments 
probably indicates that the ingestion of such small amounts of caffeine during the 
decaffeinated coffee periods did not significantly limit the study. The fact that subjects 
were unable to correctly identify the type of coffee that they were consuming shows that 
blinding was effective. In addition, the absence of changes in body weight, in nutrient 
intakes, and in amount of physical excercise as indicated by the diaries, demonstrated 
that the differences in blood pressure and heart rate were due to the type of coffee 
consumed rather than to confounding factors. 
This finding agrees with some but not all epidemiological studies. Lang el al reported a 
positive association between coffee consumption and systolic and diastolic blood pressure 
in several thousands subjects in France and Algeria13,14. The observed differences 
between coffee users and abstainers were in the order of 2-3 mm Hg. In a cross-
sectional survey of 5,147 Australians, Shirlow et al found that caffeine consumption 
within the last three hours was associated with significantly increased mean systolic and 
diastolic blood pressure (4 and 2 mm Hg, respectively) in both sexes3. Other epidemio
logical studies, however, found no relation15,16, or a weak inverse association between 
caffeine consumption and blood pressure'1'17. 
From experimental studies, there is clear evidence for a blood pressure-elevating effect 
of caffeine after acute ingestion in caffeine users who had abstained from caffeine for at 
least 1 week18"20. Furthermore, caffeine ingestion by caffeine users who abstained from 
caffeine for only 12-24 hours produced a significant increase in blood pressure and 
decrease in heart rate at 1-4 hours after ingestion of caffeine6,21,22. However, as far as wc 
know, ours is the first controlled study showing a long-term effect of caffeine on blood 
pressure. Ammon et al studied the effect of consumption of 8 cups regular versus 
decaffeinated coffee on blood pressure during periods of four weeks each7. A switch to 
caffeine produced a small increase in blood pressure during the first few days, with 
levels falling and returning to baseline thereafter. We did not observe a transient rise in 
blood pressure, possibly because wc measured blood pressure weekly, whereas Ammon 
et al took blood pressure measurements every day7. Robertson and colleagues also 
observed complete tolerance to caffeine after 7 days of caffeine ingestion18,19. Previous 
studies may have failed to detect a small long-term effect because of a lack of statistical 
power; from the graphs in various publications, we estimated mean differences in mean 
arterial pressure between placebo and caffeine of -27, -219, and -I18 mm Hg, similar to 
our value of -1.1. Another reason for the discrepancy with the present study may be 
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duration: the adaptation of blood pressure to a different type of coffee could lake more 
than 4 weeks. 
Whitsett et al found no differences between the acute response of blood pressure and 
heart rate to caffeine as such and to caffeine in the form of coffee, in either caffeine 
users or non-users21. This suggests that the effect of regular versus decaffeinated coffee 
on blood pressure is caused by the difference in caffeine content rather than to some 
other ingredient and that other caffeine sources such as cola and tea may cause the 
same effect when consumed in substantial amounts. 

Extrapolation 
Our subjects were normotensive, young, non-smoking adults. Robertson and col
leagues18,19 and Smits et al23 found that the pressor response to caffeine in subjects with 
borderline hypertension resembles, and in hypertensive subjects surpasses, that in 
normotensive subjects. This suggests that our results may also apply to subjects with 
(borderline) hypertension. Because the acute response of blood pressure to caffeine has 
been found to be greater in older than in younger caffeine users6, and because smoking 
may enhance the effect of caffeine on blood pressure24, our findings could also be 
applicable to older persons and to smokers; this should be a subject of further investiga
tion. 

Mechanisms 
The pharmacological basis of the blood pressure-increasing effect of caffeine has not 
been fully elucidated, but caffeine may exert its circulatory effects by competition with 
endogenous adenosine for purinergic cardiovascular receptors25. 
Fasting serum caffeine levels reflect the clearance rate of caffeine. The greatest acute 
blood pressure response to caffeine occurred in those subjects with the lowest baseline 
caffeine levels19 and in caffeine nonusers6; a negative correlation was found between the 
coffee-induced blood pressure increase and the fasting plasma caffeine level in 30 
normotensive healthy subjects8. However, in the present study no such correlation could 
be found. The reason for this discrepancy is not clear. 

Heart rate 
A depression in heart rate after caffeine ingestion has been reported previously6·8,18,21,22, 
although some studies showed no effect7,19. It may represent a baroreceptor-mediated 
effort to limit the caffeine-induced increase in blood pressure20,21. Thus, our findings on 
heart rate further support the notion that a switch to decaffeinated coffee does induce 
significant hemodynamic alterations. 
A high resting heart rate has been associated with increased cardiovascular morbidity 
and mortality26,27. A rapid pulse could, however, be a proxy for poor physical fitness, 
which in its turn has been shown to be associated with increased cardiovascular and 
coronary mortality rates28. Therefore, the lower heart rate observed in our subjects while 
they were consuming regular coffee should not be constructed to indicate a reduced risk 
of cardiovascular mortality. 
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Public health implications 
Although a difference of 1.5 mm Hg in the effect of regular versus decaffeinated coffee 
on systolic blood pressure is small, the population-attributable risk, that is, the excess 
risk associated with a factor in the population as a whole, is not negligible, as coffee is 
a very common drink. According to Rose, "we may estimate that all the life-saving 
benefits achieved by current antihypertensive treatment might be equalled by a down
ward shift of the whole blood pressure distribution in the population by a mere 2-3 mm 
Hg"2 9. However, it remains to be established whether a mass switch of the general 
population from regular to decaffeinated coffee would significantly reduce the total 
incidence of hypertension-related disorders 
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CHAPTER 3 

Effect of decaffeinated versus regular coffee 
on serum lipoproteins: a 12-week double-blind trial* 

Marijke van Dusseldorp, Martijn B. Kutan, Pierre N.M. Demacker 

Abstract 

Reports on the association between caffeine intake and serum cholesterol are inconsis
tent. 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 (±SD) was 0.01 (±0.36) mmol/L (0±14 
mg/dl), that on high density lipoprotein cholesterol was 0.01 (±0.11) mmol/L (0±4 
mg/dl), and that on triglycerides was 0.03 (±0.29) mmol/L (3±26 mg/dl). It was 
concluded that, in healthy adults, replacement of regular coffee by decaffeinated coffee 
has no effect on serum cholesterol and lipoproteins. 

Introduction 

Coffee is the most widely used stimulant in Western society. In the Netherlands, 94% of 
adults drink at least one cup per day, and the per capita intake is 4.5 cups per day1. 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% in 
1984 to 4% in 1987'. In the United States the proportion is already 20 percent2. The 
switch is motivated partly by the well-documented negative effects of caffeine on the 
quality of sleep, and partly by other purported negative effects, including those on the 
cardiovascular system. However, surprisingly little is known about the actual effects of 
switching to decaffeinated coffee on risk factors for coronary heart disease. 
Consumption of the "boiled" type of coffee traditionally consumed in Scandinavia is 
associated with elevations of serum cholesterol3. Reports on the association between 
serum cholesterol concentrations and the intake of drip-filtered coffee, as commonly 

• Amencan Journal of Epidemiology 1990,132 33-40. 
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consumed in Western Europe and the United Slates, are much less consistent4"8, and the 
possible role of caffeine in the association with serum cholesterol level remains unclear. 
Some epidemiologic studies reported a significant association beween serum cholesterol 
and the intake of regular coffee but not of decaffeinated coffee5,6, or between serum 
cholesterol and caffeine content of the diet8, while others found no significant relation 
between serum cholesterol and total caffeine intake7. Epidemiologic studies on coffee 
and serum lipids often did not control for confounders like fat intake, or caffeine intake 
from other sources. Controlled studies have not as yet shown any evidence for a relation 
between caffeine consumption and serum cholesterol9'12. However, these were small 
short-term studies with no dietary control. We have now compared the effect of regular 
and decaffeinated drip-filtered 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 elsewhere13. 

Methods 

Design 
Our null hypothesis was that consumption of decaffeinated coffee instead of regular 
coffee for 5-6 weeks would not affect serum cholesterol. The alternative hypothesis was 
that decaffeinated coffee would lower serum cholesterol. We decided that the trial 
should have a statistical power of 85% to detect an effect on serum cholesterol of 0.20 
mmol/L (8 mg/dl) at the ρ < 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 followed 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 allocated to each treatment sequence. 
Coffee cartons, each containing 10 packages of coffee (see below), were labelled by two 
persons not involved in the trial. The label carried the subject's name and number and 
the week of consumption. The project leader (M.vD.), 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, subjects 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 decaffeinated coffee 
before noon, one cup in the afternoon, and two cups in the evening. Consumption of tea 
and other caffeine-containing products and drugs were prohibited, with the exception of 
chocolate, which was allowed in amounts containing up to 25 mg 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 consump-
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tion. Twice-weekly contacts with the investigators, a weekly newsletter, and coverage 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 Nijmegen, a 
mixed industrial/college town of 150,000 inhabitants in the eastern Netherlands. 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 question
naire. Out of these 150, 60 subjects (31 men and 29 women) met our criteria for initial 
eligibility namely, age 17-45 years, apparently healthy, abstinence 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/L 
(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 admitted 
to the study. Ten were employed by the university, five by other educational institutions, 
two by the municipaüty, and 12 by other employers. Another five were students, 10 were 
housewives and one was unemployed. Table 1 provides the subjects' baseüne characteris
tics; 38% had a borderüne high (5.2 to 6.2 mmol/L or 200 to 240 mg/dl) and 18% a 
high (>6.2 mmol/L or 240 mg/dl) blood cholesterol level by present US standards. 

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 Range 

Age (years) 38 ±7 25-45 
Body mass index (kg/m^) 23.2+4.0 18.8-31.3 
Cholesterol (mmol/L) 

Total 5.56 ±0.94 4.32-6.65 
HDL 1.52 ±0.60 0.85-2.77 

Triglycerides (mmol/L) 1.23 + 0.80 0.57-2.89 

Baseline characteristics were taken 30 days before the start of the experiment. 

The protocol for the study, which had been approved by the local ethical committee, 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. 
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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±SD) 5.4±0.1 g of coffee for the regular and 5.1±0.2 g for decaffeinated coffee, 
the difference being caused by the process of extraction of caffeine with dichlorome-
thane. The regular coffee was composed of 71% arabica and 29% robusta beans, and 
the decaffeinated coffee was made of 58% arabica and 42% robusta beans. At that time, 
these were regular blends of the vendor who supplied the coffee. Each package filled 
into the bottom of a plastic holder which could be placed on lop 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 filter paper bottom into the cup. The regular and decaffeinated 
coffee were similar in taste. We prepared 60 cups of coffee from random packs and 
analyzed them in duplicate 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 decaffeinated coffee. The subjects 
recorded each day in their diaries what 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 mid-day to check for caffeine. Choles
terol and triglycerides in whole serum were determined with enzymatic methods on a 
Hitachi 717 analyser using CHOD-PAP reagent no. 1040839 and GPO-PAP reagent no. 
1058550, provided by Boehringer-Mannheim (Mannheim, F.R.G). High density lipo
protein cholesterol was determined after precipitation of very low density lipoprotein 
and low density lipoprotein from whole serum with polyethylene glycol 6,000'4. Low 
density lipoprotein cholesterol was calculated15. The within-day coefficient of variation 
was 1% for total and high density lipoprotein cholesterol and 2% for triglycerides. 
Control pools of known value from the Centers for Disease Control (Allanta, Ga) 
yielded values within 5% of the Centers for Disease Control target values. 
Serum caffeine was measured by reversed-phase high-performance 
liquid chromatography16. 

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 distributed17. 
An exact test based on a f distribution and on pooled estimates of variance1" 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 t test18. 
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Results 

Compliance and blinding 
All 45 subjects completed the experiment successfully. Both the diaries and frequent 
personal interviews indicated excellent adherence to the protocol. Empty packings were 
returned by the subjects for 99.7% of all 18,900 coffee packages distributed. The mean 
± SD of the caffeine concentration in serum collected on the 22nd day of each period 
between noon and 2:00 PM was 3.2 ± 1.5 mg/L (range, 0.3-7.0) when subjects consumed 
regular coffee, and 0.2+0.3 mg/L (range, 0.0-1.2) when subjects consumed decaffeinated 
coffee. One subject had one value over 1.0 on decaffeinated coffee, and one other 
subject had one value below 1.0 on caffeinated coffee. Both subjects showed levels in the 
expected range on the seven other blood sampling 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% of the days, they were wrong on 19% of 
the days, and they could not tell on 27% of the days. When subjects received decaffeina
ted coffee these percentages were 27, 46, and 27, respectively. 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 decaffeinated coffee. Evidently, very few subjects were able to recognize the 
switch from caffeinated to decaffeinated or vice versa. Total caffeine intake, including 
that from chocolate, was 435 mg/day on regular and 25 mg/day on decaffeinated coffee. 
According to the dietary recalls, differences 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 bronchitis 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 arc shown in Figure 1. Mean changes in serum lipid values from one 
treatment period to another were essentially zero. Treatment effects on serum total 
cholesterol, high and low density lipoprotein cholesterol, and triglycerides had very 
narrow 95% 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 became ill yielded the same results. The results were 
similar for men and women. 

Discussion 

Our results indicate that chronic consumption of five cups of decaffeinated coffee per 
day in comparison with regular coffee has no effect on serum cholesterol in healthy men 
and women. Compliance was very high: 99.7% of all coffee packages distributed were 
returned by the subjects, and the mean serum caffeine concentration during the day was 
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16-fold higher when subjects were consuming regular coffee than when they were 
consuming decaffeinated coffee. The fact that subjects were unable to correctly identify 
the type of coffee that they were consuming shows that blinding was effective. In 
addition, the absence of changes in body weight, nutrient intakes, or amount of physical 
excercise, as indicated by the diaries, indicated good adherence to the protocol. 

Cross-sectional studies 
Coffee contains cholesterol-raising elements, as is shown by the significant associations be
tween boiled coffee intake and serum cholesterol level as found in several controlled tri
als19'21 and in an observational study3. However, no association was found for drip-filtered 
coffee in any of these studies. Caffeine intake was significantly associated with serum cho
lesterol levels in a cross-sectional study of 4,757 Australians8. This association, however, 
was seen only in women, and a significant interaction between smoking and caffeine con
sumption was found in their association with serum cholesterol levels. These and results 
of other epidemiological studies suggest synergism between the effects of coffee or caf
feine consumption and cigarette smoking on serum lipids22,23. Since smokers were excluded 
from participation in the present trial, our conclusions might apply only to nonsmokers. 

Table 2 Intakes (Mean ±SD) of Energy and Nutrients in 45 Subjects in a Study of Caf
feine's Effect on Serum Cholesterol, January-April 1988, Nijmegen, The Netherlands. 

Variable 

Energy (kcal/dayyf 
Protein (% of energy) 
Fat, total 
(% of energy) 

Saturated fatty acids 
(% of energy) 

Monounsaturated fatty 
acids (% of energy) 

Polyunsaturated fatty 
acids (% of energy) 

Carbohydrate, total 
(% of energy) 

Mono- and disaccharides 
(% of energy) 

Alcohol (% of energy) 
Dietary fiber (g/day) 
Cholesterol (g/day) 
Calcium (g/day) 
Sodium (g/day)§ 

Potassium (g/day) 

Pre-Expt' 

2,288 + 745 
14 + 3 

38 + 7 

16+4 

14+4 

6 + 3 

46 + 8 

22 + 7 
4±4 

29 ±12 
0.32 ±0.2 
1.16*0.5 
2.68 + 1.2 
3.74 ±1.1 

D e c a f 

2,467 + 795 
14 + 3 

39 + 8 

16±4 

15±4 

8+3 

45+8 

21+6 
3+5 

31 ±13 
0.33 ±0.2 
\.\9±0S 
2.99 ±1.3 
357 ±1.3 

СаГ· 

2,448 + 833 
14*3 

38 + 8 

16±4 

15 ±4 

7+3 

45 + 9 

21+7 
4+5 

31 + 14 
0.31 + 0.2 
1.21 ±0.5 
3.02 ±1.3 
3.61 ±1.3 

A(Decaf-caf) 

+ 19 ±333 
0±1 

+ 1±4 

0 + 2 

0±2 

+ 1 + 2 

0±4 

0±3 
0±2+ 
0+4 

+ 0.02 ±0.1 
-0.02 ±0.2 
-0.03 ±0.6 
-0.05 + 0.4 

Decaf, decaffeinated coffee penod; caf, regular coffee penod. 
* Pre-expenmental food intake was assessed by a 3-day weighed record method. 
** Intakes during the trial represent means of six 24-hour recalls during each study period. 
^ Mean daily energy intake was 2857 kcal/day for men and 2083 kcal/day for women. 
t Difference of 1 caused by rounding. 

5 From food only; added salt not measured. 
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Table 3. Effects (Mean ±SD) 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 
cholesterol 
(mmol/L) 

5.48 + 0.79 
5.47 ±0.74 
0.01 ±0.36 

(-0.10, +0.12) 

HDL 
cholesterol 
(mmol/L) 

1.52 + 0.40 
1.52±0.40 
0.01 ±0.11 

(-0.02,+ 0.04) 

LDL 
cholesterol 
(mmol/L) 

3.40 ±0.80 
3.41 ±0.74 

-0.01 ±0.31 
(-0.10,+ 0.08) 

Total 
triglycerides 
(mmol/L) 

1.20 + 0.52 
1.17 ±0.53 

+ 0.03 ±0.29 
(-0.06,+0.12) 

Decaffeinated 
Regular 
Difference 

Numbers in parentheses, 95% confidence limits. 

mmol/L 

10 12 

Figure 1. Effect of drinking 5 cups of decaffeinated 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) (o) subjects. Closed symbols represent regular and open symbols decaffeinated coffee use. 

In other observational studies by Haffner et al5 and Mathias et al6, plasma cholesterol 
levels were significantly associated with the intake of regular coffee but not of decaf
feinated coffee. However, in these studies, the number of subjects consuming decaf
feinated coffee only were too small to investigate the effect of caffeine on serum 



36 COFFEE, BLOOD PRESSURE AND SERUM LIPIDS 

cholesterol. In the study by Curb et al24, serum cholesterol level was significantly 
associated with caffeine intake and coffee consumption, but not with tea or cola 
consumption. The authors suggest that the caffeine-cholesterol relation is primarily due 
to the contribution of coffee consumption to caffeine intake. It remains possible, 
however, that tea and cola contain other substances that balance the hypercholester-
olemic effect of caffeine. Results of a study by Davis et al7 also showed a significant 
association between coffee consumption and serum cholesterol, while that between total 
caffeine intake and serum cholesterol failed to reach the ρ = 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. However, findings were not adjusted for 
dietary intake of fatty acids and cholesterol. In addition, the study may have failed to 
pick up an actual association between total caffeine intake and serum cholesterol, 
because the observed significance level was only slightly above the 0.05 level (0.08). 

Experimental studies 
Since it is not possible to infer a causal relationship from cross-sectional studies, 
controlled trials are needed. So far, three controlled trials have shown no significant 
effect of caffeine on serum cholesterol level'1012; one even suggested a negative relation
ship between caffeine and serum cholesterol". 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 clinically important differences. In addition dietary control has also 
been lacking. 
One trial showed a significant increase in low density lipoprotein cholesterol and 
apolipoprotein В two months after subjects had switched from drinking regular coffee 
to decaffeinated coffee25. The method of brewing was not reported. The senior author 
suggested that the effect on low density Upoprotein 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, November 9, 1989). Our results do not support this suggestion, because 
decaffeinated coffee did not elevate low density lipoprotein cholesterol levels even 
though it contained a higher proportion of robusta beans than the regular coffee. 

Conclusion 
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 lipoprotein 
cholesterol, or serum triglycerides in healthy, nonsmoking men and women with normal 
or mildly elevated serum cholesterol over a 6-week period. Since the power of this study 
to detect a difference of 0.20 mmol/L (8 mg/dl) was 85% and the 95% 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 hypercholester-
olemic patients to switch from regular to decaffeinated 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 
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caffeine is not the component of boiled coffee responsible for its cholesterol-elevating 
effect. The question thus remains as to what are the substances in boiled coffee that 
affect cholesterol metabohsm. 
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CHAPTER 4 

Headache caused by caffeine withdrawal among 
moderate coffee drinkers switched from ordinary to 
decaffeinated coffee: a 12-week double-blind trial* 

Marijke van Dusseldorp, Martijn B. Katan 

Abstract 

In a randomized double-blind crossover trial, 45 healthy volunteers with a habitual daily 
intake of four to six cups of regular coffee, either received five cups of regular coffee (84 
mg caffeine/cup) each day for a period of six weeks and five cups of decaffeinated 
coffee (3 mg caffeine/cup) for the next six weeks (n=23), or the reverse treatment 
(n=22). Nineteen subjects (42%) complained of headaches (mean duration 2.3 days) 
when they were being switched from regular to decaffeinated coffee. Subjects also 
reported falling asleep at night somewhat more easily during the weeks when they were 
consuming decaffeinated than when they were receiving regular coffee. Our results 
indicate that caffeine withdrawal headache is not restricted to high consumers only, but 
will frequently occur in subjects with moderate intakes of caffeine. 

Introduction 

Caffeine withdrawal could be an important but often overlooked cause of headache. A 
study of 205 hospital inpatients found a significantly higher caffeine consumption among 
patients who reported postoperative headaches than those who did not (mean consump
tion of caffeine 528 versus 339 mg/day)1. Information from controlled trials on caffeine 
withdrawal, however, is limited: published studies have used high doses or short 
observation periods or have incompletely controlled caffeine intake2,3. We report on the 
withdrawal effect of caffeine in healthy subjects who habitually consumed 4-6 cups of 
regular coffee per day. The main results of this study which was designed to compare 
the effects of regular and decaffeinated filter coffee on blood pressure and serum 
cholesterol concentration are reported elsewhere4,5. 

Methods 

We recruited subjects through stories in local newspapers. Of 150 applicants, 45 subjects 
(23 women and 22 men, aged 25-45) met all criteria for eligibility: aged 17-45, apparent
ly healthy, serum cholesterol < 6.7 mmol/L, systolic blood pressure < 140 mm Hg, 

* British Medical Journal 1990;300:1558-1559. 
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abstinence from smoking for the past year, not taking drugs or oral contraceptives, not 
taking a prescribed diet, not pregnant, not working night shifts, and consuming habitually 
4-6 cups of filter coffee a day as measured by a three-day dietary record. After being 
matched for sex, blood pressure and age the subjects were randomly allocated to receive 
either five cups of coffee (84 mg caffeine/cup) each day for six weeks followed by five 
cups of decaffeinated coffee (3 mg caffeine/cup) for the next six weeks (n = 23) or the 
reverse treatment ^ = 22)''. Blank coffee cartons were labelled with the subjects' names 
by two people not participating in the trial; both subjects and investigators were blind to 
the kind of coffee being consumed". Subjects were unaware whether they were being 
switched between ordinary and decaffeinated coffee. Subjects were prohibited from 
consuming tea or other products containing caffeine, except for small amounts of 
chocolate. The mean caffeine intakes were 435 mg/day for ordinary coffee treatment 
and 30 mg/day for decaffeinated. Once a week subjects rated how easily they had fallen 
asleep the previous night, by placing a cross on a 100 mm bar scale running from with 
great difficulty (0) to very easily (100). Subjects recorded any sign of illness, and daily 
guesses about which type of coffee they were receiving. 

Results 

Thirty-eight of the 45 subjects did not realise when the coffee was switched to decaf
feinated. Nineteen subjects recorded more complaints about headache during their first 
week of taking decaffeinated coffee compared with the mean number of complaints they 
recorded during the 11 other weeks (Figure 1); five subjects recorded fewer complaints, 
and 21 showed no change (signed-rank test, ^ = 0.0006). The headaches started on the 
first or second day that the subjects took decaffeinated coffee and lasted for one to six 
days, with a mean duration of 2.3 days. Subjects also reported falling asleep more easily 
when they were consuming decaffeinated coffee (mean scores 88 versus 85; paired t test 
mean difference 3.0, 95% confidence interval 0.2 to 5.8). Thus caffeine affected quality 
of sleep even in moderate coffee drinkers. 

Discussion 

Our results indicate that many moderate consumers of coffee develop headaches caused 
by caffeine withdrawal lasting two to three days after they switch to decaffeinated coffee. 
The result was not influenced by subjective expectations as most subjects were unable 
to recognise the switch. Thus caffeine withdrawal headache is not restricted to high 
consumers. Clinicians should be aware of caffeine withdrawal as a possible cause of 
headaches, especially when ingestion of caffeine is erratic. 
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Figure 1 Prevalence of headaches among subjects who habitually consumed 4-6 cups of coffee/day and were 
switched from ordinary to decaffeinated coffee at start of the study (week 1, Δ) or week 7 (o) A, • Indicates 
consumption ofordtnary coffee 
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CHAPTER 5 

Cholesterol-raising factor from boiled coffee 
does not pass a paper filter* 

Marijke van Dusseldorp, Martijn B. Katan, Trinette van Vliet, Pierre N.M. Demacker, 
Anton F.H. Stalenhoef 

Abstract 

Previous studies have indicated that consumption of boiled coffee raises total and low 
density lipoprotein (LDL) cholesterol, whereas drip-filtered coffee does not. We have 
tested the effect on serum lipids of consumed coffee that was first boiled and then filtered 
through commercial paper coffee filters. Sixty-four healthy volunteers consumed six cups 
per day of this boiled and filtered coffee for 17 days. Then, they were randomly divided 
into three groups, which, for the next 79 days, received either unfiltered boiled coffee 
(lipid content, 1.0 g/L), boiled and filtered coffee (0.02 g lipid/L), or no coffee. Serum 
total cholesterol levels rose by 0.42 mmol/L (16 mg/dl; 95% confidence interval [CI], 0.14 
to 0.71), LDL cholesterol levels by 0.41 mmol/L (16 mg/dl; 95% CI, 0.16 to 0.66), and 
apolipoprotein В levels by 8.6 mg/dl (95% CI, 3.8 to 13.4) in those who consumed boiled 
coffee relative to those who consumed boiled and filtered coffee. Responses of triglycer
ides, high density lipoprotein (HDL) cholesterol, and apolipoprotein A-I did not differ 
significantly among these groups. No significant effects on serum lipid levels were found 
in the boiled-and-filtered-coffee consuming group compared with those who drank no 
coffee. In subjects who drank boiled coffee, serum campesterol level, an indicator of 
cholesterol absorption, remained constant. The serum lathosterol level, an indicator of 
cholesterol synthesis, increased by 11% (p<0.05), but the lathosterol/cholesterol ratio 
did not change. We propose that paper filters of the type used for drip-filtered coffee 
retain the lipid present in boiled coffee and in that way remove the hypercholesterolemic 
factor. Increased synthesis or absorption of cholesterol could not be shown to be the 
underlying mechanism by which consumption of boiled coffee raises cholesterol levels. 

Introduction 

The consumption of Scandinavian-style "boiled" coffee, made by boiling ground coffee 
with water and decanting the fluid into a cup, is strongly associated with the level of 
serum cholesterol1,2, and controlled experiments have confirmed a cause-and-effect 
relation3"*. The mechanism by which boiled coffee affects cholesterol metabolism is 
unclear. Caffeine, at least, is not the substance that raises cholesterol levels7"9. In a 

* Arteriosclerosis and Thrombosis 1991;11:586-593. 
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recent Dutch experiment6, cholesterol-raising boiled-type coffee was prepared by pouring 
water that had been brought to a boil onto ground coffee beans in a Thermos flask and 
letting the mixture stand for about 10 minutes. Thus, ground coffee evidently does not 
need to be actively boiled in water to produce a hypercholesterolemic brew. 
We10 recently isolated a lipid-rich fraction from boiled coffee that markedly raised 
cholesterol levels in volunteers, and we suggested that filtered coffee does not raise 
serum cholesterol levels because it has a low lipid content. We now present a direct test 
of this hypothesis. We prepared cholesterol-raising, boiled-type coffee and tested both 
its lipid content and its effect on serum cholesterol level before and after filtration 
through a paper filter in a placebo-controlled trial involving 64 healthy subjects. We also 
measured serum levels of lathosterol and plant sterols, indicators of cholesterol synthesis 
and absorption, respectively, as a first approach to the mechanism of action of boiled 
coffee. The effects of the various treatments on blood pressure and heart rate will be 
described elsewhere (van Dusseldorp et al, unpubüshed observations). 

Methods 

Design 
The study lasted 14 weeks, from September 11 to December 15, 1989. During a run-in 
period of 17 days, all subjects consumed six cups (0.9 L; 30.4 fl. oz.) of boiled and 
filtered coffee per day. During the next 79 days, they consumed either 0.9 L of boiled 
coffee, 0.9 L of boiled and filtered coffee, or no coffee at all. Before randomization, 
subjects were grouped according to sex and serum cholesterol level (above/below 
median), which yielded four cells. Within each cell, the subjects were then grouped into 
triplets of similar age, and each member of a triplet was randomly allocated to a 
different treatment. 
All subjects received two cups of herbal tea (Kneipp, Würzburg, F.R.G., and Salus Haus, 
Bruckmühl, F.R.G.) during the run-in period as an additional caffeine-free source of 
fluid. Subjects in the boiled- and boiled-and-filtered-coffee groups continued their 
consumption of two cups of herbal tea per day during the entire study period. During 
the test period, subjects in the no-coffee group received one glass of orange or apple 
juice, one glass of mineral water, and four cups of herbal tea per day. Only nonmedici-
nal herbal teas that complied with the strict safety regulations of the Federal Republic 
of Germany were used. The teas mainly consisted of mint, rosehips, chamomile, apple, 
blackberry, and hibiscus. The coffee, paper filters, coffee milk, herbal tea, juices, and 
mineral water were provided by us. In the no-coffee group, the effect of abstaining from 
coffee on serum cholesterol levels might have been confounded by coffee milk being 
eliminated from the diet simultaneously with the coffee. Therefore, those subjects 
randomized into the no-coffee group who used milk in their coffee were supplied with 
special cookies. During the run-in period, we provided these subjects with partly 
skimmed coffee milk, rich in polyunsaturated fatty acids, and with one special cookie per 
day. During the test period, they consumed a similar cookie that was enriched with 
polyunsaturated fatty acids to compensate for the polyunsaturated fatty acids in the 40 
ml of coffee milk that they had used daily during the run-in period. 
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For all subjects, consumption of tea and other caffeine-containing products and prepara
tions was prohibited, with the exception of chocolate, which was allowed in amounts 
providing as much as 15 mg caffeine per day, equivalent to 15 g of chocolate. Once a 
week, subjects visited a dietitian who checked food intake by a 24-hour dietary recall, 
weighed the subject, gave out his or her packs of coffee, paper filters, herbal tea, 
mineral water, juice, and cookies for the next week, and collected the empty packages 
from the previous week. Subjects recorded in diaries any signs of illness, medications 
used, amount of chocolate eaten, and any deviation from treatment. Frequent contacts 
with the investigators and a weekly newsletter helped to sustain the volunteers' morale. 

Statistical analysis 
Prior calculations showed that, to detect a 0.26 mmol/L effect of drinking boiled or 
boiled and filtered coffee on serum cholesterol (with a power of 80% \p<0.05]), we 
would need 66 subjects. The response to the various treatments was calculated for each 
subject as the change in serum lipid levels from the end of the run-in period (mean of 
days 12 and 17) to the end of the test period (mean of days 89, 93, and 96). Differences 
among groups and differences among groups adjusted for changes in body weight during 
the test period were analyzed by multiple regresssion11. When analysis indicated a 
significant treatment effect (p<0.05), the responses to boiled or no coffee were com
pared with the response of the group drinking boiled and filtered coffee. As this involved 
two simultaneous comparisons, probability was set at 0.025 instead of 0.05. /'-values are 
two-tailed. Within each group, responses of men and women were compared by two-
sided f test. Responses in serum cholesterol were adjusted for changes in intake of fatty 
acids and cholesterol by Keys' formula12. 
The changes in serum lathosterol and plant sterols in the boiled-coffee-consuming group 
were not normally distributed; treatment effects were therefore examined by Wilcoxon's 
signed-rank test. 

Subjects 
The subjects were volunteers from the general population living in or near Nijmegen, a 
mixed industrial/college town of 150,000 inhabitants in the eastern section of The 
Netherlands. They were recruited via pubhcity in local newspapers and through posters 
in university buildings. After they were thoroughly informed about the purpose and 
protocol of the study, 167 subjects declared themselves eager to participate and filled out 
a questionnaire. Fifty men and 50 women met our criteria for initial eligibility, namely, 
age 17-57 years old, apparently healthy, abstinent from smoking for the past year, not on 
medication, not on a prescribed diet, not using oral contraceptives, not pregnant, and a 
habitual consumption of four to seven cups of regular drip-filtered coffee per day. These 
100 subjects proceeded to a physical and laboratory examination, and they recorded their 
fluid intake for 5 days. Nineteen subjects proved ineligible because of high blood lipids 
(n = 4), blood pressure (n = 6), or body mass index (n = 3) or because of various medical 
(n = 4) or nonmedical reasons (n=2). Furthermore, 15 subjects were not admitted to the 
study because they drank fewer than three or more than seven cups of coffee per day or 
consumed more than five alcoholic drinks per day. The remaining 33 women and 33 
men were admitted to the study. All subjects had completed secondary school, and 52% 
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had completed college. Two women withdrew from the study during the run-in period, 
one for medical reasons and one for personal reasons. Thus, data from 64 subjects were 
analyzed. Table 1 provides their baseUne characteristics. 
The protocol for the study, which had been approved by the ethical committee of the 
University, was explained to the volunteers, and all subjects gave their written informed 
consent. The subjects were asked to maintain their usual pattern of activity and to 
maintain a stable body weight. 

Table 1. Baseline Characteristics of Subjects According to Treatment Group 

Characteristic 

Sex (M/F) 
Age (years) 
Body mass index (kg/m2) 
Serum cholesterol (mmol/L) 

Total 
HDL 
LDL 

Senim triglycerides (mmol/L) 

Boiled Coffee 

(N=22) 

11/11 
39±6 
23±2 

5.4 i 0.6 
1.6 + 0.4 
3.4 ±0.7 
1.0±0.3 

Treatment Group 
Boiled and 

filtered Coffee 
(N = 21) 

11/10 
39±9 
24±3 

5.3 + 0.8 
14±0.3 
3.4 + 0.8 
1.2 ±0.4 

No Coffee 

(N = 21) 

11/10 
39 + 8 
22 + 2 

5.3±08 
1.5±03 
3.3 + 0.8 
1.1±0.3 

HDL, high density lipoprotein; LDL, low density lipoprotein. All values (except those for sex) are mean ± SD. 
To convert from mmol/L to mg/dl, multiply cholesterol values by 38.67 and triglyceride values by 88.54. 

Coffee preparation 
The subjects were instructed to prepare and drink 0.9 L or six cups of coffee brew a day. 
Boiled-type coffee was prepared by pouring 0.5 L of boiling water onto 25 g of coarsely 
ground coffee (Roodmerk, Douwe Egberts, Utrecht, The Netherlands) in an 0.5-L 
Thermos flask. Ten minutes later, the liquid was decanted into a second Thermos flask, 
from which the coffee beverage was poured out into a cup or beaker just before 
consumption. One batch provided three cups of 0.15 L (5 fl. oz.), prepared with 8 g of 
ground coffee per cup. The contents of one bottle were usually consumed within half a 
day, after which another bottle was prepared. Most of the coffee grounds stayed behind 
in the first and second Thermos bottles. Those grounds that made their way into the cup 
were discarded by the study subjects. Boiled and filtered coffee was prepared like the 
boiled coffee, but instead the liquid was poured into the second Thermos flask through 
a white paper filter (Melitta Nederland, Veenendaal, The Netherlands, 1*4, no. 4006508 
200016) held in a conical plastic filter holder. Subjects in both groups were allowed to 
dilute the brew in the second Thermos bottle with hot water if they found it too strong 
for their taste. 
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The caffeine content, measured by reversed-phase high-performance liquid Chromatogra
ph/ 3 , was 860 mg/L for the boiled and 887 mg/L for the boiled and filtered coffee. 

Blood sampling and analysis 
Fasting blood samples were obtained on days -100 and -95 (during selection of volun
teers); on days 0, 12, and 17 (during the run-in period); on days 45, 68, 89, 93, and 96 
(test period); and 40 days after the trial had ended. Nonfasting samples were collected 
in the afternoon on days 32, 58, and 82 to check caffeme levels. Serum was stored at 
-80" С Cholesterol and triglyceride values were determined by use of a Hitachi 717 
(discrete analyzer, Boehringer Mannheim, Mannheim, F.R.G.) with CHOD-PAP reagent 
No. 1040839 and GPO-PAP reagent No. 1058550, respectively (Boehringer Mannheim, 
Mannheim, F.R.G.). High density lipoprotein (HDL) cholesterol was determined after 
precipitation of very low density lipoprotein (VLDL) and low density lipoprotein (LDL) 
cholesterol with polyethylene glycol 6,00014. LDL cholesterol levels were calculated15. All 
samples obtained from one subject during the study period (day 0-96) were analyzed 
within one run. The coefficient of variation of control serum samples within one run was 
1.4 to 1.9% for cholesterol, 1.9 lo 2.5% for HDL cholesterol, and 1.9 to 2.1% for 
triglycerides. Control pools from the Centers for Disease Control (Altanta, G a) yielded 
values within 2% of Centers for Disease Control target values. Apolipoproteins A-l and 
В were assayed by turbidimetry on microliter plates16. All samples from one proband 
were measured on the same day within one series. The coefficient of variation was 3.5% 
for apolipoprotein A-I and 3.6% for apolipoprotein В within series and 3.1% for 
apolipoprotein A-I and 5.3% for apolipoprotein В between days. 
Lathosterol, a cholesterol-precursor sterol shown to be an indicator of cholesterol 
synthesis17, and plant sterols, which are indicators of cholesterol absorption1819, were 
determined in fasting blood samples obtained from subjects in the boiled-coffee group 
on days 12, 17, 89, 93, and 96. Serum total plant sterols, campesterol and ß-sitosterol, 
and total lathosterol were quantitated by gas-liquid chromatograhpy, by use of a Packard 
Model 438S Chromatograph (Chrompack, Middelburg, the Netherlands) with a 25-
m*0.25-mm capillary column coated with CP-Sil-SCB (Chrompack)17. Nonsaponifiable 
lipids were converted into their trimethylsilyl ethers using Deriva-Sil (Chrompack) after 
addition of 5-alpha-cholestane as an internal standard. 

Results 

Compliance 
Ninety-eight percent of the packages of coffee, tea, paper filters, fruit juice, mineral 
water, and cookies were returned empty by the subjects. During the test period, the 
mean (±SD) daytime serum caffeine level was 4.9 ±2.2 mg/L (range, 2.2 to 11.1 mg/L) 
in the boiled-coffee group, 4.7 + 2.4 mg/L (range, 1.2 to 9.4 mg/L) in the boiled-and-
filtered-coffee group, and 0.4±1.1 mg/L (range, 0.1 to 5.2 mg/L) in the group thai 
drank no coffee. One woman in this group had serum caffeine levels that ranged from 
4.4 to 6.2 mg/L (mean, 5.2 mg/L). If her data were eliminated, the mean serum caffeine 
level in the no-coffee group was 0.1 ±0.1 mg/L (range, 0.1 to 0.3 mg/L). In the boiled-
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and-filtered-coffee group, one man had employed a faulty method to prepare the coffee, 
and one woman was admitted to a hospital immediately after the trial ended because of 
a poor health, which was unrelated to her participation in the trial. All analyses were 
performed both with and without the data of these three subjects. 
Table 2 shows the changes in body weight and diet from the end of the run-in to the 
end of the test periods. The changes in body weight and diet did not differ significantly 
among groups, with the exception of energy intake. Weight changes over the 11.5-week 
period ranged from -1.9 to 2.5 kg in the boiled-coffee group, from -6.3 to 3.0 kg in the 
group drinking boiled and filtered coffee, and from -2.9 to 5.6 kg in the no-coffee group. 

Table 2. Mean Changes in Body Weight and in Intake of Energy and Different Fatty Acids 
and Dietary Cholesterol According to Treatment Group 

Vanablc Boiled coffee 

(N=22) 

0.4 + 1.0 
U ï l J 

269 + 367 

2.1+5.5 

00±28 

11 + 3.2 

06±24 
-4.2 + 1 U 

Treatment Group 
Boiled and 

filtered coffee 
(N=21) 

0 . 2 i l 8 
-0.1 + 1.9 
-34+444 

0.8+5 9 

03 + 28 

0 2 ± 2 9 

0 0 ± 2 1 
26 + 9.5 

No Coffee 

(N = 21) 

0.6 + 1.7 
-01 + 1.8 
-24 + 425 

1.5 + 6.9 

04 + 2.8 

02 + 30 

0 5 ± 3 2 
-5.0*15 2 

Body weight (kg) 
Energy (MJ) 
Energy (kcal) 
Total fat 

(% of energy) 
Saturated fatty acids 

(% of energy) 
Monounsatuiated fatty 

acids (% of energy) 
Polyunsaturated fatty 

acids (% of energy) 
Cholesterol (mg/MJ) 

Values are mean ± SD. Changes were recorded for the 11.5-week period from the end of the run-in to the end 
of the test penod. 

Lipid content of coffee 
The boiled and the boiled and filtered coffee were freeze dried, and the lipid content 
was extracted by the Soxhlet method for 8 hours with petroleum ether (Merck No. 1775, 
boiling range, 40-60 "C, Merck, Darmstadt, F.R.G.). The lipid content of boiled-type 
coffee prepared with 50 g of ground coffee beans per liter was 1.98 ±0.50 g/L (n=16). 
However, part of the lipid in this brew was attached to or contained in floating fine 
particles of grounds which were not consumed by the subjects. When the boiled-type 
coffee was carefully decanted into a second Thermos flask after preparation, most of the 
coffee grounds stayed behind in the first Thermos bottle. The lipid content of this 
boiled-type coffee beverage, as it was consumed by the subjects, was 1.00+0.15 g/L 
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(n=7). For the boiled and filtered coffee, the lipid content was 0.02±0.01 g/L (n = 14). 
The paper filter was found to retain 88% of the lipid present in the boiled-type coffee 
brew before filtration (J. Lebbink, I. Lobbezoo, unpublished data). Varying the drawing 
time between 2 and 20 minutes or the time that the coffee beverage was stored in the 
second Thermos bottle (between 30 and 180 minutes) did not influence the amount of 
lipid in boiled-type or boiled and filtered coffee. The lipid content of boiled-lype coffee 
increased linearly with the amount of ground coffee beans used for preparation: boiled-
type coffee prepared with 25, 50, or 75 g of ground beans per liter contained 0.85, 2.10, 
and 3.28 g lipid/L, respectively. 

Serum lipoproteins 
The courses of serum lipid levels over time are shown in Figure 1, and the values at the 
end of the run-in and test periods are shown in Table 3. In the group drinking boiled 
coffee, the serum total cholesterol concentration rose, on average, by 0.42 mmol/L (16 
mg/dl; 95% confidence interval [CI] for difference with the boiled-and-filtered-coffee 
group, 0.14 to 0.71, ρ = 0.005) and LDL cholesterol by 0.41 mmol/L (16 mg/dl; 95% CI, 
0.16 to 0.66, ρ = 0.002) in comparison with the group drinking boiled and filtered coffee. 
The differences in effect on total and LDL cholesterol concentrations between the 
boiled- and the boiled-and-filtered-coffee groups were present from day 45 of the trial 
onward, which implies that the cholesterol-raising effect of boiled-type coffee stabilized 
within 4 weeks. Responses of the mean total and LDL cholesterol concentrations in the 
no-coffee group did not differ significantly from those in the boiled-and-filtered-coffee 
group (Table 3). HDL cholesterol fell slightly by 0.05 mmol/L (2 mg/dl) in the boiled-
coffee group relative to boiled-and-filtered-coffee group, and it increased by 0.05 
mmol/L (2 mg/dl) in the group in which all coffee was eliminated, but the differences 
among groups were not significant (p>0.05). Triglycerides rose slightly by 0.15 mmol/L 
(13 mg/dl; 95% CI, -0.03 to 0.33, ρ=0.11) in the boiled-coffee group and fell by 0.17 
mmol/L (15 mg/dl; 95% CI, -0.36 to 0.02, ρ=0.07) after total elimination of coffee 
compared with the group that received boiled and filtered coffee throughout the study. 
There was a significant difference in the response of serum triglycerides between the 
boiled-coffee and the no-coffee group. 

The changes in the levels of apolipoproteins A-I and В in the three groups mirrored 
those in the levels of HDL and LDL cholesterol, respectively. Responses of apolipopro-
tein A-I did not differ among the three groups. The mean apolipoprotein В concentra
tion was significantly increased by 8.6 mg/dl (95% CI, 3.8 to 13.4, ρ=0.001) in the 
boiled-coffee group relative to the boiled-and-filtered-coffee group. The ratio of LDL to 
HDL cholesterol increased from 2.36 to 2.80 in the boiled-coffee group; this rise differed 
significantly from the change in the LDL to HDL cholesterol ratio in the boiled-and-
filtered-coffee group (95% CI of difference, 0.05 to 0.60, p=0.024). The ratio of 
apolipoprotein A-I to apolipoprotein В fell by 0.16 in the boiled-coffee group and by 
only 0.05 in the boiled-and-filtered-coffee group (95% CI for the difference between 
groups, -0.19 to -0.03,^=0.009). 
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Figure 1. Line plots of mean serum concentrations of total (upper panel), low density lipoprotein (LDL; upper 
middle panel), and high density lipoprotein (HDL, lower middle panel) cholesterol and triglycerides (lower panel) 
before (Pre-exp), during (Run-in, Test period), and after (Post-exp) the experiment. All 64 subjects drank six cups 
of boiled and filtered coffee during the run-in period. For the next 79 days, 21 subjects continued consuming the 
boiled and filtered coffee (O), 22 subjects drank six cups of boiled coffee per day (m), and 21 subjects abstained 
from coffee (·). 
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Table 3. Effects of Consuming Boiled Coffee, Boiled and Filtered Coffee, and No Coffee 
on Fasting Serum Lipid and Lipoprotein Levels 

Variable Boiled coffee Boiled and No Coffee 
filtered coffee 

(N=22) (N = 21) (N = 21) 

Total cholesterol (mmol/L) 
Run-in period 5.37±0.69 5.13±0.89 5.19+0.76 
Testpenod 5.92 + 0.92 5.26 + 0.92 5.15i077 
Change 0.55 ±0.52· 013 ±0.43 -0.04 + 047 

LDL cholesterol (mmol/L) 
Run-in penod 3.40 ± 0.70 3.31 + 0.84 3.31 ±0 76 
Testpenod 3.90+0.95 3.40 + 0.93 3.26+0.73 
Change 0.50 + 0.46· 0.09 ±0.39 -0.06+0.40 

HDL cholesterol (mmol/L) 
Run-in period 154 + 0.42 1.35 + 0.28 1.40±0.35 
Testpenod 1.49±0.35 1.35±0 32 1.45±0.31 
Change -005±0.18 0.00±0.14 0.05+0.15 

Tnglycendes (mmol/L) 
Run-in penod 103+0.27 1.13±0.34 1.13±0.36 
Testpenod 1.28±0.46 1.22±0.50 1.05 ±0.35 
Change 0.25+0.31 0.09 + 0.38 -0.08±0.21 

Apolipoprotem A-I (mg/dl) 
Run-in penod 129.0±15.9 1193±14.7 122.1 ±16.6 
Testpenod 1285 ±15.4 117.1 ±14.4 124.0 ±14.9 
Change -OS ±6.9 -1.6 ±75 2 0±8.2 

Apolipoprotem В (mg/dl) 
Run-in penod 82.1 ±12.2 80.9 ±17.0 825 ±15.8 
Testpenod 93.1±19.8 83.3±18.3 81.9+15.8 
Change 10.9 ±10.6· 2.3 ±5.8 -0.6 + 6.8 

HDL, high density lipoprotein; LDL, low density lipoprotein. Values are mean + SD. Values were recorded 
for the 11 5-week penod from the end of the run-m penod to the end of the test penod. To convert from 
mmol/L to mg/dl, multiply cholesterol values by 38 67 and tnglycende values by 88.54 
* Significant difference from the group drinking boiled and filtered coffee atp<0 025. 

Within each group, the changes in the levels of serum lipids were similar for men and 
women. The responses of total and LDL cholesterol levels to treatment were unrelated 
to the intrinsic serum lipid levels. 
Exclusion of the data for three subjects who had been ill or non-compliant (see "Meth
ods") did not affect the results. Likewise, adjustment for changes in body weight and for 
changes in the reported intake of saturated and polyunsaturated fat and dietary choles
terol had very little influence on the results. After the study had ended, subjects resumed 
their habitual consumption of drip-filtered coffee, and their serum cholesterol levels 
returned to pre-experimental levels (Figure 1). 
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Serum lathosterol and plant sterols 
As a first approach to the mechanism of action by which boiled coffee raises cholesterol 
levels, changes in serum lathosterol and plant sterol levels were measured in subjects 
drinking boiled coffee. Table 4 lists the mean serum concentrations of total lathosterol, 
lathosterol/cholesterol ratio, campesterol and ß-sitosterol for the 22 subjects in the 
boiled-coffee group at the end of the run-in period (when they consumed boiled and 
filtered coffee) and the end of the test period (when they consumed boiled coffee). The 
mean values for serum sterols are in agreement with those reported previously1718. With 
boiled coffee, the serum level of the cholesterol precursor lathosterol was significantly 
increased by 11%, but the lathosterol/cholesterol ratio did not change. Serum campes
terol level remained constant, but mean serum ß-sitosterol increased by 11%. 

Table 4. Effects of Consuming Boiled Coffee on Serum Sterol Levels (N=22) 

Run-in penod 
Test pcnod 
Change 
Range 

Lathosterol/ 
cholesterol 
μπιοΙ/mmol 

100±027 
101 + 0.33 
0.01 + 0.18 

-0.27 to 0.42 

Lathosterol 
/unol/L 

5 45 ±136 
6.07+1.97 

0.62** 
-0.91 to 2.87 

Sterol type 

Campesterol 
μηιοΙ/L 

14.36 ±3.35 
14.87 + 4.66 

0 3 1 ' 
-3.95 to 9.70 

B-Sitosierol 
iimol/L 

832 ±2.23 
9.48 + 2.96 

0.96" * 
-2.12 to 5.32 

Values are mean ± SD Values were recorded for the 113-week penod from the end of the run-in penod to 
the end of the test penod. 
* Vanable not normally distributed. 
* Significant change at ρ < 0 05. 
^ Significant change at ρ < 0 01. 

Discussion 

Role of paper filters 
Our findings show that the paper filter plays a crucial role in eliminating the hypercho-
lesterolemic factor from coffee. The cholesterol-elevating effect of boiled-type coffee 
disappeared when the liquid was poured through a filter paper before consumption. 
Consumption of this boiled and filtered coffee had no effect on serum cholesterol levels 
when compared with effects from drinking no coffee at all. Compliance was very high: 
98% of the 20,866 packages distributed were returned by the subjects, and mean serum 
caffeine levels were high in the coffee-drinking groups and, except for one subject, were 
close to zero in the group that was given fruit juice and mineral water. After adjustment 
for dietary changes, the mean rise in serum total cholesterol level was 0.49 mmol/L or 
9% in the group drinking boiled-type coffee, which is similar to the cholesterol-raising 
effect of boiled coffee in other studies. Thus, eight cups of boiled coffee raised choles
terol by 0.89 mmol/L (10%) in the study of Aro et al5, and four to six cups of boiled-
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type coffee caused a rise of 0.48 mmol/L (10%) in the study of Bak and Grobbce". The 
absence of an effect on serum lipid levels produced by abstaining from filtered coffee is 
in agreement with previous findings4"*·8,20. 

Role of coffee lipid 
A number of explanations have been advanced to explain the effect of boiled coffee on 
serum cholesterol levels; these include the length of time that the coffee grounds are in 
hot water1,6 and the hardness21 and temperature6 of the water. Bak et al6 showed that 
boiled-type coffee prepared in a Thermos flask at about 93'С has the same effect on 
serum lipids as coffee boiled on a stove at 100'С in the original Scandinavian way. The 
water in an electric coffee maker dripping onto a paper filter cone containing the ground 
beans averages 90'-95'C, but the temperature of the sediment quickly decreases to 
87.5* С Thus, the temperature of the water during preparation of boiled or boiled-type 
coffee is indeed higher than during the preparation of drip-filtered coffee, but this does 
not explain why such coffee raises cholesterol levels. Recently, we10 showed that the 
lipid-rich supernatant of boiled coffee obtained after centrifugation raised serum 
cholesterol levels by 23%, and we suggested that the cholesterol-elevating factor is 
contained in the lipid. The present study now shows that boiled-type coffee loses both 
its lipids and its cholesterol-raising properties after filtration through a paper filter and 
that the lipid is retained in the paper filter. Thus, the responsible factor probably is 
contained in the coffee lipid. Since dietary triglycerides and phospholipids do not raise 
serum cholesterol when eaten in amounts of 1 g/day, we speculate that the cholcslerol-
raising factor makes up part of the sterol-rich fraction of the lipid. 

Time course 
Previous studies have not clarified how long it takes for the effect of boiled coffee to 
express itself fully; it was evident, however, that stabilization is slow compared with the 
effect of various fatty acids and dietary cholesterol on serum lipids, which reach a 
plateau after 10-14 days22. We have now shown that the effect of boiled coffee reaches 
a plateau after 4 weeks of intervention. This is a remarkably long period, and it should 
have implications for the mechanism involved. 

High density lipoprotein and triglycerides 
As was shown in other studies, boiled or boiled-type coffee had no effect on HDL and 
apolipoprotein A-I levels5,6. Triglyceride levels showed a tendency to higher values during 
consumption of boiled coffee and lower values after elimination of coffee (Reference 5, 
and Table 3), but neither the present nor other studies have produced the dramatic rise 
of 55% in serum triglycerides seen with purified coffee lipid10. It remains to be establish
ed whether this is due to a qualitative difference between isolated coffee lipid and boiled 
coffee or is simply a matter of dosage. 

Mechanisms 
Serum lathosterol was used as a monitor of whole-body synthesis of cholesterol. 
However, lathosterol concentrations are correlated with the total serum cholesterol 
level17. Differences in serum lathosterol can occur as a mere consequence of differences 
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in the number of acceptor lipoprotein particles in serum23. Therefore, we looked at both 
the absolute serum lathosterol concentration and at the lathosterol to cholesterol ratio. 
The increase of 11% in serum lathosterol in the group drinking boiled coffee was 
paralleled by a 9% increase in serum cholesterol level. This might suggest that increased 
synthesis of cholesterol does not play a major role in the elevation of serum cholesterol 
levels. 
Serum campesterol is considered an indicator of the fractional absorption of cholesterol 
in the gut, while serum ß-sitosterol levels are more strongly associated with the intake 
of linoleic acid19. Thus, the absence of an increase in serum campesterol provides 
tentative evidence that boiled coffee did not cause a major increase in the fractional 
absorption of dietary cholesterol. Therefore, decreased clearance of VLDL with an 
increased conversion to LDL or a decreased clearance of LDL cholesterol could provide 
alternative explanations for the cholesterol-raising effect of boiled coffee. However, our 
findings do not exclude effects of boiled coffee on lipoprotein synthesis and turnover. 
This should be explored further in metabolic studies. 

Conclusions 
Our data show that the method used to separate coffee grounds from brew is crucial in 
determining the hypercholesterolemic potential of coffee beverages. We cannot yet 
answer the questions whether the temperature of the water or the length of time that 
coffee grounds are in contact with hot water are also relevant. Thus, we cannot tell 
whether coffee brewed without a paper filter but with lower-temperature water or a 
shorter contact time will raise cholesterol levels. It is clear, however, that those con
cerned about the cholesterol-elevating effect of coffee can safely consume coffee so long 
as they drink coffee that is filtered through paper. 
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CHAPTER 6 

Boiled coffee and blood pressure: a 14-week controlled trial* 

Marijke van Dusseldorp, Paul Smits, Jacques W.M. Lenders, Theo Thien, Martijn B. Katan 

Abstract 

The question whether long-term elimination of coffee from the diet lowers blood 
pressure has not been settled. Consumption of Scandinavian-style "boiled coffee" is 
associated with coronary heart disease. However, little is known about the effect of 
brewing method on the blood pressure-raising potential of coffee. We have studied the 
effects on blood pressure and heart rate of total elimination of coffee and tea in 
comparison with drinking boiled coffee consumed as such, or boiled coffee consumed 
after filtration through paper filter. Thirty-one women and 33 men first consumed 6 
cups/day of boiled and filtered coffee for 17 days. Then they were randomly divided into 
three groups, which for the next 79 days received either unfiltered boiled coffee (caffeine 
content 860 mg/L), boiled and filtered coffee (887 mg caffeine/L) or no coffee, the 
latter being replaced by fruit juice and mineral water. Total elimmation of coffee did not 
significantly affect blood pressure or heart rate relative to boiled and filtered coffee. In 
subjects who drank boiled coffee mean ambulant systolic blood pressure rose significant
ly relative to those who consumed boiled and filtered coffee (mean difference!SEM, 
3.1 ± 1.1 mm Hg, ρ=0.006). This response showed a tendency to be stronger for women 
(4.5±1.8 mm Hg) than for men (1.7±1.2 mm Hg). We conclude that elimination of 
filtered coffee has no substantial long-term effect on blood pressure, but consumption 
of unfiltered boiled coffee might cause a slight but significant rise in systolic blood 
pressure. 

Introduction 

Whether long-term elimination of caffeine-containing coffee from the diet will lower 
blood pressure is a question that has not been settled. Epidemiological studies compar
ing coffee users and abstainers have yielded contradictory findings1"*. Results of recent 
trials have suggested that abstinence from drip-filtered7 or instant8 coffee for a period of 
four to nine weeks may slightly reduce blood pressure. However, these resulis are 
difficult to interpret because there were differences among treatment groups in blood 
pressure levels at baseline and in body weight changes during treatment7, or because 

* Accepted for publication in Hypertension. 
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outcomes varied depending on the posture of subjects during the measurements8. 
Dietary control was also lacking in both trials. 
The effects of different coffee brewing methods on blood pressure and heart rate are also 
largely unknown. In the afore-mentioned study of Bak and Grobbee7, drip-filtered coffee 
was also compared with Scandinavian-style "boiled" coffee, bui no differences in effects 
on blood pressure or heart rate were found. Several studies have reported on the hypcr-
cholesterolemic effect of boiled coffee'"; this effect is eliminated by filtration of the 
coffee through paper filter12. Observations on Norwegian men and women, most of whom 
consumed boiled coffee, suggested that coffee may affect mortality from coronary heart 
disease over and above its effect in raising cholesterol concentration13. High blood 
pressure could form a link between boiled coffee consumption and coronary heart disease, 
but information on the effects of boiled coffee on blood pressure and heart rate is scarce. 
We studied the effects on blood pressure and heart rate of total elimination of coffee 
and tea in comparison with boiled coffee consumed as such, and with boiled coffee 
consumed after filtration through commercial paper coffee filters. The effect of these 
treatments on serum lipoproteins are described elsewhere12. 

Methods 

Subjects 
The subjects were volunteers from the general population living in or near Nijmegen, a 
mixed industrial/college town of 150,000 inhabitants in the eastern Netherlands. They 
were recruited via stories in local newspapers and posters in university buildings. After 
they had been thoroughly informed about the purpose and protocol of the study, 167 
subjects declared themselves eager to participate and filled out a questionnaire. One 
hundred subjects met our criteria for initial eligibility, which were: age 17-57 years, 
apparently healthy, abstinence from smoking for at least one year, not on medication, 
not on a prescribed diet, not using oral contraceptives, not pregnant, not working night 
shifts, and a habitual consumption of 4-7 cups of regular drip-filtered coffee per day. 
These 100 subjects participated in a physical and laboratory examination and recorded 
their fluid intake for 5 days. Thirty-four subjects proved ineligible because of high blood 
pressures (n = 6) or high body mass index (n=3), because of various medical (n = 8) or 
nonmedical (n = 2) reasons, or because they drank less than 3 or more than 7 cups of 
coffee or more than 5 alcoholic consumptions per day (n = 15). The remaining 33 women 
and 33 men were admitted to the study. All had completed secondary school, and 52% 
had completed college. Two women withdrew from the study during the run-in period, 
one for medical and one for personal reasons. Thus, data from 64 subjects were 
analyzed. Table 1 provides their baseline characteristics. The means and the standard 
deviations of these characteristics were quite similar for the three groups, showing that 
randomization had been successful. 
The protocol for the study, which had been approved by the ethical committee of the 
University, was explained to the volunteers, and all subjects gave their written informed 
consent. The subjects were asked to maintain their usual pattern of activity and to 
maintain a stable body weight. 
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Table 1. Baseline Characteristics (Mean ± SD) of the Three Study Groups 

Characteristic 

Sex (Male/Female) 
Age (years) 
Body mass index (kg/m2) 
Blood pressure (mm Hg) 
Systolic 
Diastolic 

Heart rate (beats/min) 

Boiled coffee 

N = 22 

11/11 
39±6 
23*2 

121 + 16 
77 ±10 
67 + 10 

Boiled and 
filtered coffee 

N = 21 

11/10 
39±9 
24±3 

121 ±15 
78 + 7 
75 ±12 

No Coffee 

N = 21 

11/10 
39 + 8 
22 + 2 

123 ±14 
80±9 
73 + 12 

Baseline blood pressures were measured with a regular sphygmomanometer. 

Coffee preparation 
The subjects were instructed to prepare and drink 0.9 L of coffee brew a day, except for 
subjects in the no-coffee group during the test period (see "Design", below). Boiled 
coffee was prepared by pouring 0.5 L of boiling water onto 25 g of coarsely ground 
caffemated coffee (Roodmerk, Douwe Egberts, Utrecht, the Netherlands) in an 0.5-L 
Thermos flask. Ten minutes later the liquid was decanted into a second Thermos flask, 
from which the coffee beverage was poured out into a cup just before consumption. One 
batch provided three cups of 0.15 L (5 fl. oz.; 8 g of ground coffee/cup), which were 
usually consumed within half a day; then the bottles were cleaned out and another 0.45-
L batch was prepared for the second half of the day. Most of the coffee grounds stayed 
behind in the first or second Thermos bottle. Those grounds that made their way into 
the cup were discarded by subjects. Boiled and filtered coffee was prepared like the 
boiled coffee, but now the liquid was poured into the second Thermos flask through a 
white Melitta paper filter (Melitta Nederland, Veenendaal, The Netherlands, 1*4, no. 
4006508 200016) in a conical plastic filter holder. Subjects in both groups were allowed 
to dilute the brew in the second Thermos bottle with hot water if they found it too 
strong for their liking. 
The mean (±SD) caffeine content was 860 ±13 mg/L for the boiled, and 887 ±6 mg/L 
for the boiled and filtered coffee. 

Design 
The study lasted 14 weeks, from September 11 until December 15, 1989. Prior to 
randomization, subjects were grouped according to sex and to blood pressure level 
(above/below median). This yielded four subgroups: women-high, women-low, men-high 
and men-low. Within each subgroup, subjects were grouped into triplets of similar age, 
and each member of a triplet was randomly allocated to one of the three treatments. 
During a run-in period of 17 days all subjects consumed 6 cups of boiled and filtered 
coffee per day. The run-in period was followed by a test period of 79 days, during which 
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one third of the subjects consumed per day 6 cups of boiled coffee, one third consumed 
6 cups of boiled and filtered coffee, and one third consumed no coffee at all. 
In addition, all subjects received 2 cups of herbal tea (Kneipp, Würzburg, F.R.G, and 
Salus Haus, Bruckmühl, F.R.G.) during the run-in period, as a source of fluid free from 
caffeine and other methylxanthines. All subjects continued to take these 2 cups of herbal 
tea during the entire study period. Subjects in the no-coffee group discontinued all 
caffeine-containing beverages after completion of the run-in period; during the test 
period they received instead 1 glass of orange or apple juice, 1 glass of mineral water 
and 2 extra cups of herbal tea per day. Only nonmedicinal herbal teas that complied 
with the strict food safety regulations of the Federal Republic of Germany were used. 
The teas mainly consisted of mint, rosehips, chamomile, apple, blackberry and hibiscus. 
The coffee, paper filters, coffee milk, herbal tea, juices and mineral water were provided 
by us. For all subjects, consumption of regular tea and other caffeine-containing 
products and preparations was prohibited, with the exception of chocolate which was 
allowed in amounts of up to 15 g per day, providing up to 15 mg caffeine. Throughout 
the trial subjects met once per week with a dietitian who checked food intake by a 24-
hour dietary recall, weighed the subject, gave out his or her packages for the next week, 
and collected the empty packages from the previous week. Subjects recorded in diaries 
any signs of illness, medications used, amounts of chocolate eaten, and any further 
deviation from the protocol. Frequent contacts with the investigators and a weekly 
newsletter helped to keep up the subjects' morale. 

Blood pressure and heart rate measurements 
Subjects measured their ambulant blood pressure and heart rate at 7:30 and 10:00 AM 
and at 1:00, 5:30 and 10:30 PM one day per week during each of the 14 weeks of the 
trial. In addition blood pressure was measured on the first day of the test period. After 
a 5-minute rest in a sitting position, four measurements were recorded per session. 
Subjects used portable automatic blood pressure devices employing the oscillometric 
method; 15 Takeda Medical UA-751 devices were obtained from Adquipment Medical 
BV, Rotterdam, The Netherlands, and 49 highly similar machines carrying the "Boso 
Oscillomat" logo were obtained from Bosch & Sohn GmbH u. Co., Jungingen, Federal 
Republic of Germany. We have previously validated this type of device against a 
standard sphygmomanometer14. Each subject had his own blood pressure device which 
he used at all times. Blood pressure, heart rate, date and time were printed automatical
ly, and the printed output was collected and checked by the dietitian at each weekly visit. 
We discarded the first measurement of each session and averaged the other three. The 
average ambulant blood pressure was calculated for each measurement day as the 
average of the five session means. The measurement days were randomly divided over 
the different days of the week. Measurements on days 7, 12, 17 (run-in) were taken on 
the same days of the week as those on days 77, 84 and 89. 
On days 14 and 75 blood pressure was also measured at our out-patient hypertension 
clinic using a non-invasive automatic device, the Arteriosonde 1225 (Roche, Medical 
Electronic Division, Orangeburg, New Jersey). The recordings took place in the 
afternoon at a time when subjects in the coffee groups had consumed 3 cups of coffee 
before noon and none thereafter. After subjects had rested supine for 16 minutes we 
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took three supine blood pressure readings at 2-minute intervals, and after another 16 
minutes of supine rest we took another three readings. The six readings were averaged 
to give the hospital blood pressure. 

Blood sampling and analysis 
Nonfasting blood samples were collected on days 32, 58, and 82 in the afternoon in 
order to check caffeine levels. Serum was obtained by low-speed centrifugation within 
1.5 hour and stored at -80* С Serum caffeine was measured by reversed-phase high-
performance liquid chromatography15. 

Statistical analysis 
The response of blood pressure and heart rate to the various treatments was calculated 
for each subject as the change from the run-in period (ambulant recordings: mean of 
days 7, 12, and 17; hospital recordings: day 14) to the end of the test period (ambulant 
recordings: mean of days 77, 84, 89 and 94; hospital recordings: day 75). Responses of 
systolic and diastolic blood pressure and heart rate were normally distributed. Effects of 
drinking coffee versus no coffee were examined by t test. Differences in response 
between the three groups were examined by analysis of variance using the General 
Linear Model (GLM) procedure of the Statistical Analysis System16 with group, sex and 
group*sex interaction as independent variables. When this indicated a significant 
treatment effect (p<0.05), the responses to boiled coffee or no coffee were compared 
with the response of the group drinking boiled and filtered coffee. As this involved two 
simultaneous comparisons, ρ was set at 0.025 instead of 0.05. Treatment effects were 
adjusted for changes in body weight during the test period using multiple regresssion"1. 
/"-values are two-tailed. 

Compliance 
Ninety-eight percent of all 20,866 packages of coffee, tea, paper filters, fruit juice and 
mineral water were returned empty by the subjects. During the test period the mean 
(±SD) serum caffeme level was 4.9 ±2.2 mg/L (range, 2.2 to 11.1) in the boiled-coffee 
group, 4.7 ±2.4 mg/L (range, 1.2 to 9.4) in the boiled-and-filtered-coffee group, and 
0.4± 1.1 mg/L (range, 0.1 to 5.2) in the group that drank no coffee. One woman in this 
group had high serum caffeme levels at all occasions (5.0, 6.2, 4.4; mean 5.2 mg/L). If 
her data were eliminated, the mean ( ± SD) serum caffeine level in the no-coffee group 
became 0.1 ±0.1 mg/L (range, 0.1 to 0.3). In the boiled-and-filtered-coffee group, one 
man had employed a faulty method to prepare the coffee, and one woman was admitted 
to a hospital directly after the trial had ended because of a poor physical and mental 
condition. All analyses were performed both with and without the data of these three 
subjects. 
The mean change ( ± SD) in body weight from the end of the run-in to the end of the 
test period was 0.4±1.0 kg (range, -1.9 to 2.5) in the boiled-coffee group, 0.2+1.8 kg 
(range, -6.3 to 3.0) in the boiled-and-filtered-coffee group, and 0.6 ± 1.7 kg (range, -2.9 
to 5.6) in the no-coffee group. The changes in body weight did not differ significantly 
among groups. 
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Doys Doys 

Figure 1. Mean ambulant blood pressure and heart rate levels during and after the experiment. The left panel 
presents data for the boiled-coffee (ж) and the right panel for the no-coffee (*) group; the data for the boiled-
and-filtered-coffee (a) group are presented twice. All 64 subjects drank 6 cups of boiled and filtered coffee during 
the run-in period. For the next 79 days 21 subjects continued the consumption of boiled and filtered coffee 
(reference group, the left and right panel), 22 subjects drank 6 cups of boiled coffee/day (left panel), and 21 
subjects abstained from coffee (right panel). 

Results 

Ambulant blood pressure and heart rate 
The courses of the mean ambulant blood pressure and heart rate levels over time are 
shown in Figure 1 (left panel: boiled versus boiled and filtered coffee; right panel: no 
coffee versus boiled and filtered coffee). In the no-coffee group, mean ambulant systolic 
blood pressure fell by 2.0 mm Hg in comparison with the combined coffee drinking 
groups (95% confidence interval [CI] for difference with the pooled coffee groups, -4.0 
to 0.0, ρ = 0.05). The mean (±SE) changes in diastolic blood pressure and heart rate in 
the no-coffee group compared with the coffee groups were small (-0.7 ±0.8 mm Hg and 
-0.5 ±0.9 beats/min, respectively) and insignificant. However, further analyses showed 
that the boiled-coffee group and the boiled-and-filtered-coffee group differed in their 
effects on systolic blood pressure. In the group drinking boiled coffee the mean ambu
lant systolic blood pressure rose by 3.1 mm Hg in comparison with the group drinking 
boiled and filtered coffee (Table 2; 95% CI for difference with the boiled-and-filtered-
coffee group, 0.9 to 5.3, p = 0.006). Compared with drinking boiled and filtered coffee, 
total elimination of coffee caused a small and insignificant fall of 0.4 mm Hg in systolic 
blood pressure (Table 2; 95% CI, -2.6 to 1.8). Thus, the mean difference of 2 mm Hg 
in systolic blood pressure between the combined-coffee group and the no-coffee group 
was due to higher levels in the boiled-coffee group only. Mean responses of ambulant 
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diastolic blood pressure and of heart rate did not differ among the three groups 
(Table 2). 
The rise in systolic blood pressure in the boiled-coffee group was significant (p< 0.025) 
relative to the boiled-and-filtered-coffee group for the means of days 54 to 77, days 68 
to 89, days 77 to 89, days 77 to 94, and also for the mean of all measurements made in 
the test period, with treatment effects ranging from 2.5 to 3.3 mm Hg. The response of 
ambulant systolic blood pressure to boiled coffee showed a tendency to be stronger for 
women than for men: the mean response (±SE) relative to boiled and filtered coffee 
was 4.5 ± 1.8 mm Hg for women and 1.7 ± 1.2 mm Hg for men. However, neither this nor 
other responses differed significantly between men and women (p>0.15). 

Table 2. Mean Effects (±SD) of Consumption of Boiled Coffee, Boiled and Filtered 
Coffee or No Coffee for a Period of 79 Days on Ambulant Blood Pressure and Heart Rate 
in 64 Healthy Volunteers 

Variables 

Systolic blood pressure (mm Hg) 
Run-in period 
Test penod 
Change 

Diastolic blood pressure (mm Hg) 
Run-in penod 
Test penod 
Change 

Heart rate (beats/mm) 
Run-in penod 
Test penod 
Change 

Boiled coffee 

N = 22 

1099±125 
113.3 ±13.4 

3.5±4.1' 

68.9 ±7.7 
70.2 ±8.1 
12±3.4 

61.5 + 8.5 
63 3 + 8.1 

17±35 

Boiled and 
filtered coffee 

N = 21 

1110±124 
111.4 + 11.9 

0.4 + 2.7 

70.5±7 6 
71.1 + 8.1 
0.7+3 2 

69.0±8 6 
70 0±101 

1.0 ±4.0 

No Coffee 

N = 21 

110.9 + 114 
1109 + 108 

0 0*3.6 

70 0 + 6.6 
70.3 + 6.6 
0.3 + 2.6 

65.2±76 
66.1 ±8 8 
0.8 + 2.2 

* Denotes a significant difference with the group drinking boiled and Filtered coffee, p< 0.025 

The responses of ambulant systolic and diastolic blood pressure to treatment were 
unrelated to baseline levels obtained during the run-in period. Baseline ambulant heart 
rate levels during the run-in period happened to differ among groups (p<0.02), but no 
correlation was found between the levels during the run-in period and the responses in 
heart rate during the test period. Analysis of the percent responses in heart rate showed 
the same results as analysis of the absolute responses. 
Excluding the data of three subjects who had been ill or noncompliant (cf. Methods) did 
not change the results: the mean difference in systolic blood pressure between the 
boiled-coffee and the boiled-and-filtered-coffee group now became 3.0 mm Hg (95% CI, 
0.8 to 5.2,^=0.01). Adjustment for changes in body weight over the 11.5-week test 



64 COFFEE, BLOOD PRESSURE AND SERUM LIPIDS 

period reduced the effect of boiled coffee on systolic blood pressure by 0.1 mm Hg, and 
left all other differences insignificant. 

Table 3. Mean Effects (±SD) of Consumption of Boiled Coffee, Boiled and Filtered 
Coffee or No Coffee for a Period of 79 Days on Hospital Blood Pressure and Heart Rate 
in 64 Healthy Volunteers 

Variables 

Systolic blood pressure (mm Hg) 
Run-in penod 
Test period 
Change 

Diastolic blood pressure (mm Hg) 
Run-in period 
Test period 
Change 

Heart rate (beats/min) 
Run-in period 
Test period 
Change 

Boiled coffee 

N = 22 

115.1 + 14.1 
115.8 + 12.9 

0.6+5.7 

733 + 8.8 
73.7 + 7.4 
0.3 ±4.3 

63.1 + 11.1 
65.7 ±11.9 
2.6 ±6.0 

Boiled and 
filtered coffee 

N = 21 

112.8 + 11.5 
110.4 ±13.3 

-2.4 + 7.6 

72.7+5.9 
71.2+7.0 
-1.5 + 6.9 

69.9 + 9.9 
71.4+9.9 

1.5 + 6.7 

No Coffee 

N = 21 

112.2 + 14.5 
107.4 + 14.3 

-4.7 + 6.2 

73.0 ±8.4 
70.3 + 8.3 
-2.7*4.2 

66.6 ±12.6 
61S ±8.9 
0.9 ±6.9 

Hospital blood pressure was measured using a non-invasive automatic device (Aneriosonde 1225, Roche, 
Medical Electronic Division, Orangeburg, New Jersey). 

Hospital blood pressure and heart rate 
The differences in supine hospital blood pressure between groups paralleled those of the 
ambulant measurements (Table 3). Hospital blood pressure levels of the group drinking 
boiled and filtered coffee fell during the test period, even though their regimen was the 
same as that during the run-in period. We assume that this was a habituation effect 
taking place in all subjects. In the no-coffee group, systolic blood pressure fell by 3.9 
mm Hg in comparison with the combined coffee groups (95% CI for difference with the 
pooled coffee groups, -7.4 to -0.5, />=0.03). The response of systoUc blood pressure 
measured in the hospital was 3.1 mm Hg higher in the boiled-coffee than in the boiled-
and-filtered-coffee group (Table 3; 95% CI, -0.8 to 7.0), which equals the difference in 
response measured with the ambulant recording. However, the treatment effect meas
ured in the hospital was not significant due to the smaller number of measurements per 
subject. Elimination of coffee caused an insignificant fall in hospital systolic blood 
pressure of 2.3 mm Hg (Table 3; 95% CI, -6.2 to 1.6) compared with boiled and filtered 
coffee. As with the ambulant measurements, responses of diastoUc blood pressure and 
heart rate did not differ among groups. Elimination of data of three subjects (cf. 
Methods) and adjustment for changes in body weight did not influence the results. 
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After the study had ended subjects resumed to their habitual consumption of drip-
filtered coffee, and the ambulant blood pressure and heart rate levels returned to levels 
obtained during the run-in period, which had been measured with the same methodology 
(Figure 1). 

Discussion 

Coffee brewing method 
Our results provide tentative evidence that boiled coffee raises systolic blood pressure 
compared with boiled and filtered coffee. Previous data on the relation between boiled 
coffee and blood pressure are scarce. An experiment of Bak and Grobbee showed no 
effect on blood pressure in subjects who had been drinking 4-6 cups of boiled coffee for 
9 weeks in comparison with subjects who had consumed drip-filtered coffee. Separate 
responses for men and women were not reported7. In a cross-sectional epidemiological 
study from Norway an inversely U-shaped relation was seen between systolic and 
diastolic blood pressure and the number of cups of drip-filtered and boiled coffee 
consumed. Within each consumption category blood pressure levels were 0 to 2 mm Hg 
higher in those drinking boiled coffee compared with those drinking drip-filtered 
coffee17. We have now found that consumption of 6 cups of boiled coffee per day caused 
a significant rise in mean ambulant systolic blood pressure of 3 mm Hg in comparison 
with consumption of boiled and filtered coffee. The rise tended to be higher in women 
than in men. The caffeine content of the boiled coffee was similar to that of the boiled 
and filtered coffee. Thus, there exists a possibility that boiled coffee might contain some 
other compound that raises systolic blood pressure, a compound that was no longer 
present after filtration through paper filter. 

Total elimination of coffee 
Apart from studying the effects of different brewing methods, we also looked at the 
effects of total elimination of caffeine-containing coffee. We found that abstinence from 
coffee and tea for a period of ll1/: weeks had no effect on blood pressure or heart rate 
when compared with boiled and filtered coffee. This finding agrees with the results of 
previous experiments. In the afore-mentioned study of Bak and Grobbee7, refraining 
from drip-filtered coffee use led to a fall in systolic blood pressure of 6.1 mm Hg after 
nine weeks, but this was reduced to an insignificant effect of 3.4 mm Hg after adjust
ment for baseline levels and changes in body weight7. A second controlled trial showed 
a significant fall of 2.9 mm Hg in recumbent systolic blood pressure when subjects 
replaced regular instant coffee by tea, but the effect was reduced to an insignificant 1.3 
mm Hg when blood pressure was measured in seated position8. Consistent with the 
findings of the experimental studies, some epidemiologic studies found no differences in 
blood pressure levels between coffee users and coffee abstainers1,2. 
In contrast to our findings on elimination of coffee, in the afore-mentioned Norwegian 
cross-sectional study17 persons not drinking coffee had slightly lower values for systolic 
and diastolic blood pressure than those drinking 1-4 cups of drip-filtered coffee. 
Likewise, Lang et al observed significant differences between French and Algerian coffee 
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users and coffee abstainers in the order of 2-3 mm Hg, but no information on the 
brewing method had been recorded3,4. However, the absence of a significant effect of 
long-term abstinence from drip-filtered coffee and tea on blood pressure in the present 
study still leaves room for the possible existence of effects of 3 mm Hg or less. In a 
previous study we showed that drinking decaffeinated instead of regular drip-filtered 
coffee significantly decreased ambulant systolic and diastolic blood pressure by 1.5 and 
1.0 mm Hg, respectively14, but the present study was not designed to pick up such small 
effects. 

Conclusion 
Total elimination of drip-filtered coffee and of tea does not appear to have a substantial 
long-term effect on blood pressure or heart rate in healthy volunteers. However, boiled 
coffee not only raises serum lipids9 " but it might also contain substance(s) that raise 
systolic blood pressure. Both the blood pressure- and the cholesterol-elevating effect of 
boiled coffee disappeared after filtration through paper filter12. Although the effect on 
systolic blood pressure was significant at the p=0.006 level it still might be a chance 
observation, and it needs to be checked in future studies. Also, in future research on 
coffee and blood pressure the coffee preparation methods should be carefully docu
mented. 
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CHAPTER? 

Effects of coffee on cardiovascular responses to stress: 

a 14-week controlled trial* 

Marijke van Dusseldorp, Paul Smits, Jacques WM. Lenders, Liesbeth Temme, Theo Thien, 
Martijn B. Katan 

Abstract 

We studied the cardiovascular responses to orthostatic and mental stress of 43 healthy 
subjects who daily received 6 cups of coffee and of 21 healthy subjects who abstained 
from caffeine-containing beverages. All 64 subjects first received 6 cups of coffee/day for 
two weeks. Then blood pressure and heart rate were recorded before, during and after 
a "stand upright" test and a forced mental arithmetic test. During the latter lest 
forearm blood flow (FBF) was also recorded. Subjects were then randomized to either 
complete abstinence from caffeine-containing beverages (n = 21) or continued consump
tion of 6 cups of coffee/day (n=43). The stress tests were repeated after subjects had 
been on these regimens for 8 weeks. Abstinence from coffee did not affect the re
sponses of blood pressure and heart rate to orthostatic stress, or the responses of blood 
pressure, FBF and forearm vascular resistance to mental stress. The increase in heart 
rate caused by mental stress was 5 beats/min less in the no-coffee group than in the 
coffee group (95% confidence interval, -8.1 to -1.6, ρ = 0.005). It is concluded that a 
high coffee intake does not impair the resistance of the cardiovascular system to these 
types of stress, except perhaps for a slight increase in the heart rate response to mental 
stress. 

Introduction 

Caffeine ingestion produces transient increases in blood presssure in subjects who have 
abstained from caffeine for 11-18 hours1"10. Mental or physical stress also acutely 
increases blood pressure11,12. Since in daily life subjects often consume caffeine-contain
ing beverages during periods of stress, researchers have focussed on the possibility of 
additive or synergistic effects of stress and caffeine. It was suggested that frequent 
caffeine users may have blood pressure levels into the borderline hypertensive range 
during periods of stress1,5·8. Some studies have shown that caffeine and mental stress 
produce additive increments in blood pressure and heart rate in both caffeine users and 
non-users1·0,7,8,13, while others have reported synergistic effects on systolic blood 
pressure, heart rate or forearm blood flow23,614. 

* Submitted for publication. 
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Such studies have, however, been limited to administration of caffeine or placebo after 
12-18 hours of caffeine abstinence, when the pressor effect of caffeine is at its maximum. 
Since chronic coffee consumption has little effect on blood pressure15, it remains to be 
seen whether caffeine and stress would produce similar effects in subjects who chronical
ly consume caffeine throughout the day. Furthermore, in previous studies frequent 
caffeine consumers were never directly compared with subjects who are chronic non-
users of coffee or tea. Thus, it is not clear whether frequent caffeine-users demonstrate 
higher blood pressures or heart rate levels during stressful events that occur throughout 
the day than subjects who are chronic non-users of caffeine. 
Here we report on the long-term effects of drinking and of not drinking coffee on 
cardiovascular responses to mental and physical stress in healthy women and men. The 
present data were obtained during a study on the effects of boiled coffee, consumed as 
such or after filtration through paper filter, on serum lipids and blood pressure16,17. 

Methods 

Subjects 
The subjects were recruited through stories in local newspapers. Of 167 applicants, 66 
met all criteria for eligibility, which were: aged 17-57 years, apparently healthy, blood 
pressure systolic < 160 mm Hg and diastolic < 95 mm Hg, serum cholesterol < 7.0 
mmol/L, body mass index < 30 kg/m2, abstinence from smoking for at least one year, 
no use of medication, not on a prescribed diet, no use of oral contraceptives, not 
pregnant, not working night shifts, and a habitual consumption of 4-7 cups of regular 
drip-filtered coffee per day. Two women withdrew from the study during the run-in 
period, one for medical and one for personal reasons. Thus, data from 64 subjects were 
analyzed. Table 1 provides their baseline characteristics. 
The protocol for the study, which had been approved by the local ethical committee, was 
explained to the volunteers, and all subjects gave their written informed consent. The 
subjects were asked to maintain their usual pattern of activity and to keep up a stable 
body weight. 

Table 1. Baseline Characteristics (Mean ±SD) of the Study Groups 

Variable 

Sex (Male/Female) 
Age (years) 
Body mass index (kg/m2) 
Blood pressure (mm Hg) 

Systolic 
Diastolic 

Heart rate (beats/min) 

Treatment 
Coffee 
N = 43 

22/21 
39±7 
24*2 

121 + 15 
77±9 
71 + 12 

Group 
No coffee 

N = 21 

11/10 
39±8 
22 + 2 

123 ±14 
80±9 
73 + 12 
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Design 
The study lasted 14 weeks, from September 11 to December 15, 1989. During a run-in 
period of 17 days all subjects consumed 6 cups (0.9 L) of filtered coffee per day. After 
having been matched for sex, blood pressure and age, the subjects were randomly 
allocated to receive during the next 79 days either 0.9 L/day of boiled coffee (see 
"Coffee preparation", below), or 0.9 L/day of filtered coffee, or no coffee at all. 
All subjects received 2 cups of herbal tea (Kneipp, Würzburg, F.R.G., and Salus Haus, 
Bruckmühl, F.R.G.) during the entire study period as a source of fluid free from 
caffeine and other methybcanthines. Subjects who were on the no-coffee regimen 
received 1 glass of orange or apple juice, 1 glass of mineral water and 2 additional cups 
of herbal tea per day. Only nonmedicinal herbal teas that complied with the strict food 
safety regulations of the Federal Republic of Germany were used. The coffee, paper 
filters, coffee milk, herbal tea, juices and mineral water were provided by us. Consump
tion of tea and other caffeine-containing products and preparations was prohibited for 
all subjects with the exception of chocolate, which was allowed in amounts up to 15 g 
providing up to 15 mg of caffeine per day. Food intake was checked every week by a 
24-hour dietary recall. 
All subjects underwent a stand-up test and a forced mental arithmetic test 7 days prior 
to the trial to habituate them to the experimental procedure. The tests were then 
repeated on days 14 (run-in) and 75 (test period) of the trial. The room, the investiga
tor, the time and day of the week, and the temperature of the room were identical in 
the run-in and test period. All tests were carried out in the afternoon; at that time 
subjects in the coffee groups had consumed 3 cups of coffee before noon and none 
thereafter. On arrival at the hospital outpatient clinic the subjects were asked to empty 
their bladder. A blood pressure cuff of a semiautomatic blood pressure monitor 
(Arteriosonde 1225; Roche, Medical Electronic Division, Orangeburg, New Jersey) and 
a mercury strain gauge venous occlusion Plethysmograph (for forearm blood flow 
registration) were attached to the nondominant arm18. Heart rate was calculated from 
the last 10 intervals between the R-waves of an electrocardiographic registration. After 
a supine rest of 16 minutes, three blood pressure and heart rate readings were taken at 
2-minute intervals. Then the subject was asked to stand up and the measurements were 
repeated at the first, third and fifth minute of standing upright. During the tests, 
conversation with the subjects was avoided as much as possible. After another supine 
rest period of 16 minutes, three blood pressure, heart rate and forearm blood flow 
measurements were taken at 2-minute intervals. Each forearm blood flow registration 
consisted of three readings. Subsequently, the subject carried out a forced mental 
arithmetic test by counting backwards from a four-digit number in steps of 17 (e.g., 
2050, 2033, 2016...) as quickly as possible for 5 minutes while being paced by a metro
nome. Subjects remained supine throughout this test. Subjects had to perform the 
calculations aloud, and mistakes were pointed out immediately. Blood pressure and 
heart rate were measured at the first, third and fifth minute and forearm blood flow al 
the second and fourth minute of the arithmetic test. After the mental arithmetic test had 
been completed, blood pressure and heart rate were recorded after 2, 4 and 6, and 
forearm blood flow after 3 and 5 minutes of rest. Forearm vascular resistance, a 
measure of skeletal muscle vascular dynamics, was calculated by dividing the mean 
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arterial pressure ([2*diastolic + systolic blood pressure]/3) by the forearm blood flow, 
and is presented in arbitrary units. 

Coffee preparation 
The subjects were instructed to prepare and drink 0.9 L or 6 cups of coffee brew per 
day. In view of our interest in coffee and lipids17 two different brewing methods were 
used. So-called "boiled" coffee was prepared by pouring 0.5 L of boiling water onto 25 
g of coarsely ground coffee (Roodmerk, Douwe Egberts, Utrecht, the Netherlands) in 
an 0.5-L Thermos flask. Ten minutes later the liquid was decanted into a second 
Thermos flask in which the coffee beverage was stored, and from which it was poured 
out into a cup before consumption. The contents of one bottle were usually consumed 
within half a day, after which another bottle was prepared. Filtered coffee was prepared 
like the boiled coffee, but now the liquid was poured into the second Thermos flask 
through a white Melitta paper filter (Melitta Nederland, Veenendaal, The Netherlands, 
1*4, no. 4006508 200016) in a conical plastic filter holder. Subjects in both groups were 
allowed to dilute the brew in the second Thermos bottle with hot water if they found it 
too strong for their taste. 
The mean (±SD) caffeine content was 860 ±13 mg/L for the boiled, and 887 ±6 mg/L 
for the filtered coffee. 

Blood sampling and analysis 
Nonfasting blood samples were collected on days 32, 58, and 82 in the afternoon in 
order to allow us to check the concentration of C-reactive protein in cases of suspected 
intercurrent illness, which later appeared to be unnecessary. Serum was obtained by low-
speed centrifugation within 1.5 hour and stored at -80 ' C. Serum caffeine was measured 
in these samples, by reversed-phase high-performance liquid chromatography19. Subjects 
were not aware of the latter determination. 

Statistical analysis 
Our hypothesis was that long-term elimination of coffee, tea and other sources of 
caffeine would decrease cardiovascular responses to stress when compared with chronic 
consumption of caffeine-containing coffee. The effect of treatment on the response of 
blood pressure, heart rate and forearm blood flow to stress was calculated for each 
subject as the change in response from the run-in period to the test period. Responses 
in each period were calculated as the mean of the measurements obtained during a 
stress test minus the mean of the corresponding measurements taken during the 
preceding final 5 minutes of supine rest. To examine the absolute effects of the stress 
tests as such, analysis of variance (General Linear Models procedure)20 was performed 
on all data obtained during the run-in period, when all subjects were receiving filtered 
coffee. The independent variables in that analysis were sex, test procedure (i.e. supine 
rest 1, standing upright, supine rest 2, mental arithmetic test, supine rest 3), and sex*test 
procedure. 
Differences in response between the two coffee drinking subgroups — filtered (n = 21) 
and unfiltercd (n = 22) — were examined by t test. As this did not indicate any significant 
difference (p-values ranged from 0.15 to 0.95), the two coffee subgroups were treated as 
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one combined-coffee group in all further analysis. Differences in the effects of treatment 
between the combined-coffee group (n=43) and the no-coffee group (n = 21), and the 
effect of sex within each group, were examined by t test. All /7-values are two-tailed. 

Compliance 
During the test period the mean serum caffeine level (±SD) was 4.8 ±2.3 mg/L (range, 
1.2 to 11.1) in the combined-coffee group and 0.4±1.1 mg/L (range, 0.1 to 5.2) in the 
group that drank no coffee. The single high value in this group was due to one woman 
who had a mean serum caffeine level of 5.2 ±0.9 mg/L (range, 4.4 to 6.2). If her data 
were eliminated, the mean serum caffeine level in the no-coffee group was 0.1 ±0.1 
mg/L (range, 0.1 to 0.3). In the combined-coffee group, one man had employed a faulty 
method to prepare the coffee, and one woman was admitted to a hospital directly after 
the trial had ended because of a poor physical and mental condition. All analyses were 
performed both with and without the data of these three subjects. 
The mean change in body weight (±SD) from the end of the baseline to the end of the 
test period was 0.3 + 1.4 kg (range, -6.3 to 3.0) in the combined-coffee group, and 
0.6 ± 1.7 kg (range, -2.9 to 5.6) in the no-coffee group. The changes in body weight did 
not differ significantly among groups. 

Results 

Both stress tests produced significant cardiovascular effects (analysis of variance, 
ƒx0.004). In the run-in period, during which all subjects consumed filtered coffee, mean 
systolic blood pressure increased by 8 and diastolic blood pressure by 14 mm Hg, and 
heart rate by 14 beats/min during the stand-up test relative to the preceding period of 
supine rest. During the mental arithmetic test, mean systolic blood pressure increased 
by 19 mm Hg, diastolic blood pressure by 11 mm Hg, heart rate by 14 beats/min, and 
forearm blood flow by 2.0 ml/100ml/min, while forearm vascular resistance decreased 
by 14 units. All responses to both stress tests were similar for men and women. 
The courses of the blood pressure and heart rate levels in the combined-coffee group 
and the no-coffee group during the run-in and test period are shown in Figure 1. The 
responses to the stand-up and mental arithmetic test in the run-in and test period are 
presented in Table 2. 
The changes from the run-in to the test period of the blood pressure and heart rate 
responses to the stand-up test in the no-coffee group were not significantly different 
from those in the combined-coffee group (Table 2;^>0.6). Likewise, changes from run-
in to test period of responses in blood pressure, forearm blood flow and vascular 
resistance to the mental stress did not differ between the combined-coffee and the no-
coffee group (Table 2; p>QA). In the test period, the heart rate response of the no-
coffee group to mental stress was 3.8 beats/min less than in the baseline period, 
whereas the heart rate response of the combined-coffee group increased from baseline 
to test period by 1.1 beats/min. Thus, in the no-coffee group the mean increase in heart 
rate during mental stress was 4.8 beats/min less than in the combined-coffee group 
(Table 2; 95% confidence interval [CI], -8.1 to -1.6,p<0.005). 
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All treatment effects were similar for men and women in both groups. Excluding the 
data of the three subjects who had been ill or noncompliant did not affect the results. 
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Figure 1. Mean blood pressure, heart rate and forearm blood flow values during the test procedure on the 14th 
day of the run-in and on the SSth day of the test period. Values were recorded after a 16-minute supine rest ('Rest 
Г), and again while standing upright ('Stand-up'), after another 16-minute supine rest ('Rest 2'), during a 5-
minute menial anthmeitc test ('MA '), and after a 4-mmute recovery ('Rest 3'). All subjects drank 6 cups of 
regular filtered coffee/day during the run-in period (m η =43, A η =21) During the test period 43 subjects 

continued the consumption of regular filtered coffee (m) and 21 subjects abstained from caffeine-contammg 

beverages (t¡) 
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Table 2. Mean Effects (±SD) of Long-term Consumption of Caffeine-Containing Coffee 
or No Coffee on Cardiovascular Responses to Physical and Mental Stress in 64 Healthy 
Volunteers 

Treatment Group 
Coffee No Coffee 

Variables N=43 N = 21 

PHYSICAL STRESS: STANDING UPRIGHT 
Systolic blood pressure response (mm Hg) 

Baseline period 
Test period 
Change 

Diastolic blood pressure response (mm Hg) 
Baseline period 
Test period 
Change 

Heart rate response (beats/min) 
Baseline period 
Test period 
Change 

MENTAL STRESS: CALCULATING BY HEART UNDER TIME PRESSURE 
Systolic blood pressure response (mm Hg) 

Baseline period 
Test period 
Change 

Diastolic blood pressure response (mm Hg) 
Baseline period 
Test period 
Change 

Heart rate response (beats/min) 
Baseline period 
Test period 
Change 

Forearm blood flow response (ml/100ml/min) 
Baseline period 
Test period 
Change 

Forearm vascular resistance response (arbitrary units) 
Baseline period 
Test period 
Change 

+ 6.6 ±8.7 
+ 7.7 ±8.2 
+ 1.1 ±9.8 

+ 14.1 ±6.9 
+ 15.1 ±6.3 

+ 1.0 ±8.4 

+ 13.1 ±8.7 
+ 13.4±9.7 

+ 03 ±6.9 

¡CT I B B 

+ 18.5 + 7.7 
+ 17.2 + 9.1 

-1.3 ±8.8 

+ 10.3 ±4.4 
+ 10.1±5.1 

-0.2 ±5.0 

+ 13.6 ±7.8 
+ 14.7 + 8.4 
+ 1.1 ±5.7 

+ 2.0 + 1.8 
+ 1.6+1.3 
-0.5 ±1.7 

-12.1 + 12.0 
-14.6+18.3 
-25 ±18.2 

+ 10.8 ±7.1 
+ 10.6 ±8.5 

-0.3 ±9.4 

+ 15.1 ±5.5 
+ 15.5*3.6 

+ 0.4*6.6 

+ 14.4 ±8.6 
+ 14.5 ±7.2 

+ 0.1 ±6.4 

+ 20.3 ±9.7 
+ 17.3 ±8.0 

-3.0 ±7.8 

+ 11.2 ±4.3 
+ 11.4±5.1 

+ 0.1*4.5 

+ 15.6 ±8.4 
+ 11.8±6.6 

-3.8*7.3* 

+ 2.0*1.7 
+ 1.4 ±1.0 
-0.7*1.2 

-19.3*20.1 
-22.6*23.5 
-3.4±25.3 

* Denotes a significant difference with the cpffee drinking group, ρ <0.05. 
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Discussion 

Time course 
The present study shows that long-term elimination of the use of regular coffee and tea 
does not affect the responsiveness of the cardiovascular system to mental or orlhostatic 
stress in healthy, normotensive adults. One exception is the response of heart rate to 
mental stress, which was 5 beats/min smaller after long-term elimination of caffeine. 
Controlled studies on the combined effects of chronic caffeine consumption and mental 
stress on blood pressure and heart rate have not been reported before. Previous studies 
looked at combined effects of caffeine and mental stress after periods of 12-18 hours of 
caffeine abstinence. This corresponds to taking measurements only at the time of the 
day at which caffeine-induced transient rises in blood pressure have been recorded in 
frequent caffeine users110. However, chronic caffeine users are in general thought to 
develop tolerance to caffeine-induced changes in blood pressure21,22. Caffeine sensitivity 
only returns after they have abstained from coffee for 11-18 hours, e.g. from 4:00 PM 
until 8.00 AM. This is not a usual pattern of coffee consumption, at least in Europe. 
Therefore, we have now looked at cardiovascular responses to mental and physical stress 
during the afternoon in regular coffee users who had consumed 3 cups of coffee before 
noon, and in subjects who had abstained from caffeine for a period of eight weeks. 

Blood pressure 
The results of the present study are consistent with some previous studies in men in 
which the blood pressure response to mental stress was not affected by prior ingestion 
of caffeine after 12-18 hours of caffeine abstinence3"5-7'813. In contrast, two short-term 
studies have reported that caffeine ingestion enhanced the magnitude of the mental 
stress-induced systolic blood pressure reaction in both males and females6,14. 
It has been suggested that normotensive frequent caffeine users will experience blood 
pressure levels into the borderline hypertensive range during periods of stress13*. 
Previous studies indeed reported higher absolute blood pressure levels during stress 
after caffeine ingestion compared with placebo ingestion. However, this was due to the 
transient increase in blood pressure that occurs when caffeine is ingested after a period 
of caffeine abstinence. During the physical and mental stress tests of the present study 
the mean absolute blood pressure was 0-4 mm Hg higher and the heart rates were 0-4 
beats/min higher in the combined-coffee-drinking group than in the no-coffee group, all 
values having been corrected for differences in baseline levels. These differences were 
not statistically significant. Thus, our findings do not support the suggestion that 
frequent caffeine users would experience higher transient blood pressure levels during 
stress than non-users. 

Heart rate 
In the present study, chronic caffeine consumption as compared with long-term caffeine 
abstinence enhanced the response of heart rate to mental stress. This finding is consis
tent with the result of MacDougall et al, who reported an interaction between ingestion 
of 200 mg of caffeine and the response of heart rate to mental stress6. Warren et al 
observed an increased heart rate response to posture during infusion of theophylline, a 
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xanthine closely related to caffeine23. According to Warren et al, the mechanism of this 
interaction may be related to the combination of the stress-induced increase of the 
production of the second messenger cyclic AMP, and the xanthine-mediated inhibition 
of the breakdown of cyclic AMP by phosphodiesterase. A similar mechanism may be 
hypothesized with respect to our findings on caffeine. Our finding is inconsistent, 
however, with most other short-term studies in which only additive effects of caffeine 
and stress on heart rate were observed1"5'7·*. In addition, caffeme did not enhance the 
response of heart rate to physical stress in our study. Thus, our finding must at best be 
considered tentative. 

Forearm blood flow 
Forearm blood flow increases during mental stress11, but the mechanism of this effect is 
not entirely clear. The most likely explanation is a decrease of sympathetic discharge to 
the forearm muscle24, but sympathetic stimulation of cholinergic nerves may also play a 
role25. Our findings on the effect of mental stress on forearm blood flow agree with the 
literature, but they do not add any information on the underlying physiological mecha
nisms. In the present study, responses of forearm blood flow and forearm vascular 
resistance to mental stress were not influenced by caffeine. In a previous study, caffeine 
magnified the response of forearm blood flow and forearm vascular resistance to mental 
stress in men who frequently drank regular coffee and had a positive family history of 
hypertension, but not in such subjects without a family history of hypertension3. 

Sex 
Cardiovascular responses to mental and physical stress were similar for men and women. 
This is in agreement with findings of previous studies on mental stress6-26. 

Conclusion 
Total elimination of caffeine-containing beverages does not appear to dampen the 
cardiovascular responses to mental and orthostatic stress in normotensive volunteers, 
except perhaps for a slight decrease of the heart rate response to mental stress. 
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CHAPTERS 

General discussion 

Coffee is a very common drink. In the Netherlands, only 6% of adults do not drink 
coffee. The widespread use of this food item justifies the attention of many researchers 
for the health effects of coffee and caffeine. The studies described in this thesis focussed 
on the effects of coffee on blood pressure and serum lipids. 

Serum lipids 

Our first study showed that replacement of regular coffee by decaffeinated coffee did 
not influence serum lipid levels. The chance that we missed an effect is small since a 
difference of 0.20 mmol/L in total cholesterol, if present, had a 85% chance of detec
tion, and the confidence limits were narrow. It should be kept in mind that all partici
pants were non-smoking normolipidemic subjects. It does not seem likely that hypercho-
lesterolemic subjects would react differently. However, some studies have suggested 
synergism between the effects of caffeine and cigarette smoking on serum lipids1,2. The 
absence of an effect of caffeine on serum lipids in healthy volunteers was recently 
confirmed by the results of a 12-week, controlled, Dutch trial. This study included 
smokers and non-smokers, but no interaction between smoking habits and the effect of 
caffeine was found3. In contrast to our findings, the results from one controlled trial'1 and 
from an American longitudinal study3 suggested that drinking decaffeinated coffee raises 
cholesterol levels4 and increases the risk for cardiovascular disease5. Although the details 
of this controlled study have not been published4, and there was only a slight and 
marginally significant increase in the risk for coronary heart disease and total cardiovas
cular disease with increased consumption of decaffeinated coffee in the longitudinal 
study5, these findings are surprising and require further study. 
Our first study strongly suggested that caffeine is not the agent responsible for the 
cholesterol-raising effect of boiled coffee. The second study showed the crucial role of 
the paper filter in eliminating the hypercholesterolemic factor from coffee. The choles
terol-elevating effect of boiled coffee disappeared when the liquid was poured through 
a paper filter before consumption. The filtration process also removed almost all the 
lipids from the boiled coffee. In view of the findings of Zock et al, which showed a 
strong cholesterol-raising effect of a lipid-rich supernatant of boiled coffee6, we now 
assume that the cholesterol-raising substance in coffee is contained in the coffee lipid. 
Our study did not provide information on the conditions that are essential for the 
activation or release of this so-called "coffee-lipid-factor". From another controlled 
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Dutch trial it was already clear that the water used for coffee preparation does not need 
to be boiling in order to produce a hypercholesterolemic brew7. However, we cannot yet 
answer the question whether a high-temperature water (e.g. above 90oC) or a long 
contact time between the water and the coffee grounds are essential to activate the 
coffee-lipid-factor. It is not clear whether coffee brewed without a paper filter but with 
shorter contact time (espresso coffee) or lower-temperature water will raise cholesterol. 
In an Italian study consumption of espresso coffee did not affect serum lipids, but serum 
levels were measured within 3 hours after coffee ingestion8. Therefore, reliable data on 
the effect of espresso coffee on serum lipids are lacking. Future research should focus 
on the identification of the coffee-Upid-factor, and on the mechanism by which it so 
powerfully raises cholesterol levels. Such research, if it is successful, will further extend 
our knowledge about cholesterol metabolism and might have implications for the 
treatment of hypercholesterolemia. 

Blood pressure 

In our first study, chronic consumption of 5 cups of decaffeinated coffee per day in 
comparison with regular coffee caused a fall of 1.5 mm Hg in systolic, and of 1.0 mm 
Hg in diastohc blood pressure, and a rise in heart rate of 1.3 beats/min. Although 
significant, the effects were very small and one can argue about their clinical importance. 
Our conclusions only apply to non-smoking, normotensive subjects of 25-45 years of age. 
Since other studies have reported that the pressor response to caffeine seems to be 
greater in older9, and in hypertensive subjects10, and as smoking may enhance the effect 
of caffeine on blood pressure", the favorable effect of decaffeinated versus regular 
coffee on blood pressure might be greater and of more importance in such subjects. 
Furthermore, it has to be stressed that the currently observed small effects of caffeine 
on blood pressure occurred despite the development of some tolerance to chronic 
caffeine consumption, as the short-term effects of caffeine on blood pressure after a 
period of abstinence are much greater1213. Consequently, it remains possible that coffee 
drinkers with a very infrequent caffeine consumption (e.g. 1 cup of regular coffee per 
day or alternate consumption of regular and decaffeinated coffee) do not develop any 
tolerance, and thus experience transient rises in blood pressure in the order of 5-10 mm 
Hg every time they consume regular coffee. These subgroups and situations require 
further study. Other controlled trials on the effects of frequent caffeine ingestion in 
healthy volunteers were negative, but may have failed to detect small effects because of 
lack of statistical power3,1415. 
In our second study total elimination of filtered coffee and of tea for a period of 11 '/: 
weeks had no substantial effect on blood pressure or heart rate in normotensive men 
and women. Thus, we could not replicate the effect on blood pressure which we had 
found in our first study. This was perhaps due to the lower power of the second study: 
we had a chance of 50% to detect, if present, an effect of 1.5 mm Hg, and of 80% to 
detect an effect of 3 mm Hg. 
Besides caffeine, coffee might contain other substances that affect blood pressure. In our 
second study the systolic blood pressure was significantly higher in the boiled-coffee 
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group than in the boiled-and-filtered-coffee group. Thus, there exists indeed a possibility 
that boiled coffee contains some blood pressure-raising compound, other than caffeine. 
Both the hypercholesterolemic and the blood pressure-elevating effect of boiled coffee 
disappeared after filtration through paper filter. Although it would be very unlikely, 
these effects might have even been due to the same substance. However, the blood 
pressure-elevating effect of boiled coffee has not been reported before, and since it 
might be a chance observation, it needs to be checked in future studies. 

Conclusions and recommandations 

Many people consider coffee and caffeine a health hazard. Most of those feelings are 
not based on thorough scientific evidence. As far as the cardiovascular system is 
concerned, the present evidence is very reassuring for coffee drinkers. 
From the studies described in this thesis we conclude that in healthy men and women 
consumption of regular drip-filtered coffee entails no risk for the cardiovascular system. 
Consumption of drip-filtered coffee in moderate amounts had no influence on serum 
cholesterol levels compared with drinking decaffeinated coffee or no coffee at all. The 
coffee-lipid-factor which powerfully raises cholesterol was no longer present in coffee 
filtered through paper. In normotensive subjects, the effects on blood pressure and heart 
rate were small, and of no clinical importance. The question whether the effects of 
frequent caffeine ingestion on blood pressure will be more pronounced in hypertensive 
subjects has not yet been answered. Thus, for the time being, there seems to be no real 
benefit to switch from regular to decaffeinated coffee as a means to reduce blood 
pressure, cholesterol or the risks for cardiovascular disease. 
However, it is clear that consumption of unfiltered boiled coffee should be avoided by 
hyperlipidemic and perhaps also by hypertensive subjects. Boiled coffee raises serum 
cholesterol, and perhaps also systolic blood pressure. Although the blood pressure-
raising effect of boiled coffee needs replication, it would not be advisable for hyperten
sive subjects to increase their risk for coronary heart disease even further by consuming 
cholesterol-elevating coffee, as high blood pressure and high serum cholesterol are both 
risk factors for coronary heart disease. The cholesterol-raising substance in boiled coffee 
is contained in the coffee lipid. We do not know under which conditions this coffee-lipid-
factor is released or activated, but we now know how to remove it. Therefore, subjects 
with high serum cholesterol levels should avoid consumption of unfiltered boiled or 
boiled-type coffee. The present knowledge does not call for other guidelines concerning 
the coffee brewing method. 
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Summary 

Blood pressure and serum cholesterol are two major risk factors for coronary heart 
disease. Studies on the effects of coffee or caffeine on these variables have yielded 
contradictory findings. Ingestion of caffeine after a period of caffeine abstinence is 
known to produce a transient rise in blood pressure, but the effect of chronic caffeine 
consumption remained unclear. Consumption of regular coffee as well as of decaf
feinated coffee have been suspected of a relation with increased serum cholesterol levels. 
Controlled trials have shown that the brewing method used for coffee preparation 
determines it cholesterol-raising effect, but the mechanism behind this phenomenon has 
not been explained. 
The aim of the research described in this thesis was to examine the effect of coffee and 
caffeine on serum cholesterol and blood pressure. Two controlled studies were carried 
out with healthy, normolipidemic, normotensive men and women from the general 
population living in or near Nijmegen. Body weights and the background diet, which was 
low in caffeine, were kept constant during the experiments. 
In the first study, which was carried out in 1988, the effects of regular and decaffeinated 
coffee were compared. Twenty-three women and 22 men, aged 25-45 years, and 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. Use of decaffeinated coffee led to a small decrease of 1.5 mm Hg in systolic (95% 
confidence interval [CI], -2.3 to -0.7), and of 1.0 mm Hg in diastolic (95% CI, -1.8 to 
-0.2) ambulant blood pressure, and to a small increase of 1.3 beats/min in ambulant 
heart rate (95% CI, +0.1 to +2.5). Differences between the effects of decaffeinated and 
regular coffee on blood lipids were essentially zero. Although subjects did not realise 
when they were switched to decaffeinated coffee, 42% complained about headaches 
during their first week of taking decaffeinated coffee as opposed to 7% during the 11 
other weeks. The headaches lasted for one to six days, with a mean duration of 2.3 days. 
In 1989 we carried out a second study in which we investigated the effects on serum 
lipids, blood pressure and heart rate of totally eliminating coffee and tea, of drinking 
boiled coffee and of drinking boiled coffee consumed after filtration through paper filter. 
Thirty-one women and thirty-three men first consumed 6 cups per day of boiled and 
filtered coffee for 17 days. Then they were randomly divided into three groups, which for 
the next 79 days received either unfiltered boiled coffee (lipid content 1.0 g/L, caffeine 
content 860 mg/L), boiled and filtered coffee (0.02 g lipid/L, 887 mg caffeine/L), or no 
coffee, the latter being replaced by fruit juice and mineral water. Mean serum caffeine 
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levels were 4.8 mg/L in the two coffee-drinking groups and 0.1 mg/L in the no-coffee 
group. Serum total cholesterol levels rose by 0.42 mmol/L (95% CI, 0.14 to 0.71), low 
density lipoprotem cholesterol by 0.41 mmol/L (95% CI, 0.16 to 0.66), and apolipopro-
tein В by 8.6 mg/dl (95% CI, 3.8 to 13.4) in those who drank boiled coffee relative to 
those who consumed boiled and filtered coffee. Responses of triglycerides, high density 
lipoprotein cholesterol and apolipoprotein A-I did not differ significantly among these 
groups. No significant effects on serum lipids were found in the boiled-and-filtered-
coffee consuming group compared with those who drank no coffee. In subjects who 
drank boiled coffee, the serum campesterol level, an indicator of cholesterol absorption, 
remained constant. The serum lathosterol level, an indicator of cholesterol synthesis, 
increased by 11% (p<0.05), but the lathosterol/cholesterol ratio did not change. 
Total elimination of coffee did not significantly affect blood pressure or heart rate 
relative to consumption of boiled and filtered coffee. On boiled coffee mean ambulant 
systolic blood pressure rose by 3.1 mm Hg relative to boiled and filtered coffee (95% 
CI, 0.9 to 5.3). This response showed a tendency to be stronger for women than for 
men. 

Since it was not clear whether frequent caffeine users demonstrate higher blood pressure 
or heart rate responses to stressful events than non-users, we also recorded the cardio
vascular responses to orthostatic and mental stress during the second experiment. In 
week 2 and week 11 of the trial, blood pressure and heart rate were recorded before, 
during and after a stand upright test and, with the addition of forearm blood flow 
recordings, before, during and after a forced mental arithmetic test. Abstinence from 
coffee did not affect the responses of blood pressure and heart rate to orthostatic stress, 
and of blood pressure, forearm blood flow and forearm vascular resistance to mental 
stress. The increase in heart rate due to mental stress was 5 beats/min less in the no-
coffee group than in the coffee group (95% confidence interval, -8.1 to -1.6). 
From the studies described in this thesis we conclude that replacement of regular by 
decaffeinated drip-filtered coffee led to a real but small fall in blood pressure and had 
no effect on serum lipids in healthy men and women. A high coffee intake (whether 
filtered or unfiltered) did not influence the cardiovascular responses to mental or 
orthostatic stress, except perhaps for a slight increase in the response of heart rate to 
mental stress. Elimination of filtered coffee and of tea had no substantial effect on blood 
pressure or serum lipids. In contrast, consumption of unfiltered boiled coffee significant
ly raised cholesterol levels, and might also have caused a slight rise in systolic blood 
pressure. Paper filters of the type used for drip-filtered coffee retained the lipid present 
in boiled coffee and in that way removed the hypercholesterolemic factor. 
In conclusion, our data suggests that in healthy men and women consumption of regular 
or decaffeinated coffee that has been filtered through paper entails no risk to the 
cardiovascular system. Besides the advice that subjects with a high serum cholesterol 
level should avoid drinking unfiltered boiled coffee, the present data does not call for 
other guidelines concerning the coffee brewing method. 



Samenvatting 

Een hoge bloeddruk en een hoog serumcholesterolgehalte zijn twee belangrijke risico
factoren voor coronaire hartziekten. Studies naar effecten van koffie en cafeïne op deze 
risicofactoren hebben tegenstrijdige gegevens opgeleverd. Het is algemeen bekend dat 
inneming van cafeïne na een periode van cafeine-onthouding een tijdelijke bloeddrukver
hoging veroorzaakt in de orde van grootte van 5-10 mm Hg. Of deze bloeddrukverho
ging echter ook optreedt wanneer men gewend is dagelijks cafeine-houdende dranken 
te gebruiken bleef onduidelijk. Zowel consumptie van gewone als van gedecafeineerde 
koffie is in verband gebracht met een verhoogd serumcholesterolgehalte in het bloed. 
Recent hebben experimentele studies uit Noorwegen en Finland laten zien dat verschil
len in zetmethoden bepalend zijn voor het effect van koffie op het cholesterolgehalte: 
het drinken van 8 koppen gekookte koffie per dag verhoogde het serumcholesterolgehal
te met 10% ten opzichte van filterkoffie. In Scandinavie wordt kookkoffie gemaakt door 
gemalen koffie met water in een pannetje op te koken en het brouwsel af te gieten 
zonder filtreren. Wat de verklaring is voor deze cholesterolverhogende werking van 
gekookte koffie werd uit dit soort studies echter niet duidelijk. 
Dit proefschrift beschrijft de resultaten van twee gecontroleerde studies naar effecten 
van dagelijkse consumptie van koffie en cafeïne op het serumcholesterolgehalte en op 
de bloeddruk in gezonde vrouwen en mannen. Lichaamsgewichten en het gebruikelijke 
voedingspatroon, waarin nu echter slechts een zeer beperkte hoeveelheid cafeine was 
toegestaan, werden gedurende deze studies constant gehouden. 
In het eerste onderzoek, uitgevoerd in 1988, werden de effecten van gewone koffie 
vergeleken met die van gedecafeineerde koffie. Drieëntwintig vrouwen en 22 mannen 
deden gedurende 12 weken mee aan een gerandomiseerde dubbelblinde cross-over 
studie. Allen waren tussen de 25 en 45 jaar oud, en waren gewend dagelijks 4 tot 6 
kopjes gewone koffie te drinken. De helft van de deelnemers kreeg gedurende de eerste 
6 weken dagelijks 5 kopjes gewone koffie verstrekt, en gedurende de volgende 6 weken 
5 kopjes cafeïnevrije koffie. Voor de andere deelnemers was de volgorde precies 
omgekeerd. Het gebruik van cafeïnevrije koffie deed de gemiddelde systolische bloed
druk over de dag dalen met 1.5 mm Hg, de diastolische met 1.0 mm Hg en had een 
stijging van de hartslag tot gevolg van 1.3 slagen/min. Het drinken van cafeïnevrije koffie 
in vergelijking met gewone koffie had geen invloed op het serumcholesterol. Slechts 38 
van de 45 proefpersonen herkenden de overgang van de ene koffiesoort naar de andere. 
Dit ondanks het feit dat 42% van de deelnemers klaagde over hoofdpijn tijdens de 
eerste week dat zij cafeïnevrije koffie dronken, terwijl slechts 7% hoofdpijnklachten had 
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tijdens de andere 11 weken van de proef. De hoofdpijnklachten hielden 1 tot 6 dagen 
aan en duurden gemiddeld 2.3 dagen. 
In 1989 hebben wij een tweede proef uitgevoerd waarbij we het effect op bloeddruk, 
hartslag en serumcholesterol hebben onderzocht van het drinken van kookkoffie, hel 
drinken van kookkoffie nadat deze door een papieren koffiefilter was gegoten, en van 
het helemaal stoppen met koffiedrinken. In deze proef werd kookkoffie gezet door 
gekookt water te gieten op gemalen koffie in een thermoskan; na 10 minuten werd het 
brouwsel in een kopje uitgeschonken. Gedurende de eerste 17 dagen van de proef 
dronken alle proefpersonen (33 mannen en 31 vrouwen, 20 tot 57 jaar oud) dagelijks 6 
kopjes gefilterde kookkoffie. Vervolgens werden zij willekeurig in 3 groepen verdeeld; 
deze dronken gedurende de volgende 79 dagen ofwel ongefilterde kookkoffie (vetgehalte 
1.0 g/L, cafeinegehalte 860 mg/L), ofwel gefilterde kookkoffie (vetgehalte 0.02 g/L, 
cafeinegehalte 887 mg/L), ofwel vruchtesap en mineraalwater ter vervanging van koffie 
en thee. Tijdens deze testperiode van 79 dagen was het gemiddelde serumcafeinegehalte 
in de koffiegroepen 4.8 mg/L, en in de groep die geen koffie meer dronk 0.1 mg/L. Ten 
opzichte van de groep die gefilterde kookkoffie dronk steeg in de kookkoffiegroep het 
totaal serumcholesterolgehalte met 8% (0.42 mmol/L), en het cholesterol in de lage 
dichtheidslipoproteinen (LDL; het "slechte" cholesterol) met 12% (0.41 mmol/L). Het 
vervangen van koffie door mineraalwater en vruchtesap had geen effect op het serum
cholesterolgehalte en ook niet op de bloeddruk of de hartslag. Echter, in vergelijking 
met de gefilterde kookkoffie veroorzaakte het drinken van gekookte koffie wel een 
stijging in de gemiddelde systolische bloeddruk van 3.1 mm Hg. 
Uit de literatuur was niet duidelijk of personen die regelmatig cafeinehoudende dranken 
consumeren een sterkere bloeddruk- of hartslagstijging vertonen tijdens een stress
situatie dan personen die nauwelijks caféine met hun voeding innemen. Daarom hebben 
wij tijdens het tweede experiment ook reakties van de bloeddruk en hartslag op fysieke 
en mentale stress gemeten. In de tweede en elfde week van de proef werden bloeddruk 
en hartslag gemeten voor, tijdens, en na een "van liggen naar rechtop staan" lest, en 
tevens voor, tijdens, en na een hoofdrekentest. Tijdens de hoofdrekentest werd ook de 
doorbloeding in de onderarm gemeten. Het niet meer drinken van koffie en thee had 
geen enkel effect op de stijging in bloeddruk en hartslag ten gevolge van fysieke stress, 
en ook niet op de toename in bloeddruk en doorbloeding in de onderarm ten gevolge 
van mentale stress. Alleen de stijging van de hartslag ten gevolge van mentale stress was 
iets minder groot (5 slagen/min) in de groep die geen koffie meer dronk ten opzichte 
van de twee koffiegroepen. 
Uit de onderzoeken die beschreven zijn in dit proefschrift kunnen we concluderen dat 
het vervangen van gewone koffie door cafeïnevrije koffie een kleine daling van de 
bloeddruk tot gevolg had, en geen effect had op het serumcholesterol in gezonde 
mannen en vrouwen. Het weglaten van cafemehoudende filterkoffie en van thee had 
geen noemenswaardig effect op de bloeddruk, het serumcholesterolgehalte, of op de 
grootte van de stijging van bloeddruk, hartslag en doorbloeding in de onderarm ten 
gevolge van stress. Mogelijk is alleen de stijging van de hartslag ten gevolge van mentale 
stress iets kleiner op een cafeïne-arme voeding. Consumptie van ongefilterde kookkoffie 
echter, had een cholesterolverhogend effect en werkte mogelijk ook licht verhogend op 
de systolische bloeddruk. Papieren filters, zoals die worden gebruikt voor het zetten van 
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filterkoffie, hielden het vet uit de koffie tegen en verwijderden op die manier de 
cholesterolverhogende factor uit gekookte koffie. 
Concluderend kunnen we stellen dat aan personen met een verhoogd serumcholesterol
gehalte het gebruik van gekookte koffie dient te worden ontraden. Afgezien daarvan /ijn 
er op dit moment geen serieuze aanwijzingen dat koffie zoals die in Nederland wordt 
gedronken het risico op hart- of vaatziekten vergroot. 
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ik hartelijk bedanken. 
Aangezien ikzelf altijd met grote tegenzin een laboratorium binnenstap ben ik erg blij 
dat anderen dit werk voor mij hebben gedaan. Pierre Demacker en zijn medewerkers 
van het lipiden laboratorium Interne Geneeskunde (Nijmegen) namen de choleslerolana-
lyses voor hun rekening, Maddie van den Biggelaar van het laboratorium voor Klinische 
Farmacie (Nijmegen) en Jan Harryvan van de Vakgroep Humane Voeding (Wagenin
gen) verzorgden de cafeineanalyses, Irene Lobbezoo, Janet Lebbink en Trinette van 
Vliet van de Vakgroep Humane Voeding (Wageningen) bepaalden vetgehalten in koffie, 
Herman van der Voort van het Gaubius Instituut TNO (Leiden) deed de analyse van de 
sterolen, en de analyse van de apolipoproteinen werd gedaan door het laboratorium van 
Prof G Assmann van de Universiteit van Munster (Munster). 
Dr Gerrit van der Stegen van de firma Douwe Egberts ben ik zeer erkentelijk voor de 
verstrekking van speciale partijen "kleintje koffie", en Dr George de Bekker van de 
firma General Biscuits voor de fabricage van onze speciale "koffiekoekjes". 
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Vooral mijn paranymfen Ans Ruesen en Jacqueline de Graaf, maar ook andere mede
werkers van Algemene Interne, kon ik gelukkig altijd storen voor wat koffiegeleuter, 
hetgeen het werk aanzienlijk veraangenaamde. 
Ik ben blij dat mijn ouders mij de mogelijkheid hebben geboden om te gaan studeren. 
Tevens liet hun nuchtere kijk op de waarde van wetenschappelijk onderzoek mij vaak de 
betrekkelijkheid ervan inzien. 
Harm, ten tijde van de koffieproeven werd jij geconfronteerd met aangebrand eten, 
ingedeukte auto's en een oververmoeide Marijke. Gelukkig kon je er meestal wel om 
lachen. Bovenal ben ik je echter dankbaar voor de levendige afleiding die je me letterlijk 
en figuurlijk hebt gegeven ten tijde van het schrijven van dit proefschrift. 
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Stellingen 

ι 

Uit het oogpunt van de bestrijding van hart- en vaatziekten is het onnodig de Nederlan
der zijn dagelijkse kopjes koffie te ontzeggen. 

II 

Menige pijnstiller die wordt gebruikt ter verlichting van hoofdpijn tijdens het weekeinde 
zou simpelweg vervangen kunnen worden door een sterke kop koffie. 

III 

Voor het doen slagen van een gecontroleerde voedingsproef zijn eigenschappen als 
organisatievermogen, flexibiliteit en doorzettingsvermogen niet alleen onmisbaar voor de 
onderzoekers, maar evenzeer voor de proefpersonen zelf. 

IV 

Het idee dat "alles wat lekker is, slecht is voor een mens" berust eerder op volkswijs
heid dan op gedegen wetenschappelijk onderzoek. 

V 

Het feit dat tijdens sollicitatiegesprekken aan vrouwen wel mag worden gevraagd of ze 
zwanger zijn terwijl deze kennis vervolgens niet in de besluitvorming betrokken mag 
worden, is een contradictio in terminis. 

VI 

Hoe intelligent iemand ook is, hoe grondig en nauwgezet taken ook worden uitgevoerd, 
in de wetenschap worden persoonlijk succes en levensvervulling eerder bepaald door 
volledige toewijding en de neiging de problemen te onderschatten. Met die instelling 
durft men namelijk problemen aan te pakken die kritischer en scherpzinniger geesten 
verkiezen te mijden. (Rita Levi-Montalcini: Lof der onvolkomenheid. Een autobiografie. 
Amsterdam: Contact, 1989) 



VII 

Als vitaminen werkelijk al die effecten zouden hebben die aan ze worden toegeschreven, 
zouden we met heel wat minder dokters toekunnen. 

VIII 

Ten onrechte is het aantal "sterretjes" dat een onderzoek oplevert meestal recht 
evenredig met de kans op publikatie. 

IX 

Tegen de tijd dat een nieuwe voedingsboodschap bij het grote publiek is aangeslagen, is 
de inhoud van de boodschap inmiddels aan herziening toe. 

X 

A parcourir l'histoire des attitudes maternelles, naît la conviction que l'instinct maternel 
est un mythe. (E. Badinter: L'Amour en plus — Histoire de l'amour maternel (XVIIe-
XXe siècle). ParisrFlammarion, 1980:369) 

XI 

Het maatschappelijk probleem van de emancipatie van vrouwen is niet op te lossen door 
kinderloosheid. Het maatschappelijk probleem van een verantwoorde socialisatie van 
kinderen is niet op te lossen door een pseudo-professionalisering van de exclusieve 
moederrol. Beide zijn slechts op te lossen door 'vermaatschappelijking' van de socialisa
tie. (L.E. van Rijswijk-Clerkx: Moeders, kinderen en kinderopvang — Veranderingen in 
de kinderopvang in Nederland. NijmegenrSUN, 1981:416) 

Stellingen behorende bij het proefschrift "Coffee, blood pressure and serum lipids. 
Controlled studies in healty volunteers" door M. van Dusseldorp. Nijmegen, 7 november 
1991. 






