
line examinations took place between March 9 and June 25,
1985, and repeated examinations took place in the same pe-
riod in 1990 and 1995. At baseline, 367 of the 555 men in the
original cohort who were still alive participated. In addition, a
random sample of 711 other men of the same age and also liv-
ing in Zutphen was selected. In total, 1266 men aged 65 to 84
years were invited, of whom 939 (74.2%) participated in the
study. In 876 men, dietary intake was estimated. Information
on risk factors and chronic disease prevalence was available for
790 men. Men with a history of CVDs, diabetes mellitus, or can-
cer at baseline (n=266) or those who were taking antihyper-
tensive medication (n=54) were excluded from the analysis.
Therefore, our study population consisted of 470 men.

ASSESSMENT OF DIET AND COCOA INTAKE

The habitual dietary intake of the subjects in the month pre-
ceding the interview was estimated in 1985, 1990, and 1995 by
experienced dieticians using a cross-check dietary history
method adapted to the Dutch situation.13 All subjects were
interviewed at home for about 1 hour in the presence of the
person who usually prepared the meals. The habitual con-
sumption of foods during the whole week was determined,
and verified with the quantities of foods bought per week.
Also, information on the type of diet prescribed by a physician
was collected.

The intake of calories (energy) and nutrients in 1985, 1990,
and 1995 was calculated using the Netherlands’ food composi-
tion table from 1987/1988, 1989/1990, and 1996, respectively.
The most recent version of this table14 was used to calculate the
intake of magnesium, vitamin E, beta carotene, and folate in all
examination years, because only this version contains informa-
tion on these nutrients. Earlier collected information on trans
fatty acids in foods consumed in the Zutphen Elderly Study was
used to calculate the intake of these fatty acids.15

We identified 24 cocoa-containing foods that were re-
ported by the Zutphen elderly subjects. For each examination
year, the consumption of these foods was multiplied with their
individual cocoa content, which was derived from the Conver-
sion Model for Consumer Foods to Primary Agricultural Prod-
ucts16 or from food labels. The intake of cocoa from individual
foods was summed to yield actual cocoa in grams per day for
each subject.

The reproducibility of the dietary history method was tested
3 and 12 months after the start of the study in a sample of the
present study.13 For the consumption of sugar confectionary,
which is the most important source of cocoa in the present study,
the 3- and 12-month reproducibility was r=0.72 and r=0.76,
respectively.13 Baseline cocoa intake correlated with the cocoa
intake that was estimated 5 and 10 years later (Spearman r=0.45
and r=0.43, respectively; P! .001 for both). The reproducibil-
ity of total calorie intake was about r=0.80 after 3 and 12
months.13

COLLECTION OF RISK FACTOR
AND MORBIDITY DATA

Systolic and diastolic blood pressure (Korotkoff phase V) were
measured twice at the end of the physical examination by 1 of
5 physicians using a random-zero sphygmomanometer (Hawk-
sley & Sons Ltd, West Sussex, United Kingdom) while partici-
pants were in the supine position. The mean values of the 2
blood pressure measurements are presented herein. Body mass
index (BMI) was calculated as weight in kilograms divided by
the square of height in meters.

Total and high-density lipoprotein cholesterol levels were
measured in nonfasting serum samples using standard vali-

dated methods.17 Remaining serum samples were stored at
−20°C. Serum homocysteine levels were determined in stored
samples 10 years after the examination.18

The history of myocardial infarction, angina pectoris, and
intermittent claudication was ascertained using the Dutch trans-
lation of the questionnaire formulated by Rose and Black-
burn.19 For history of heart failure, diabetes mellitus, and can-
cer, a standardized questionnaire was developed and the
physicians’ conclusion was used in the present analyses. Physi-
cal activity was estimated using a validated questionnaire origi-
nally designed for retired men.20 This questionnaire asks about
the frequency and duration of different activities, such as walk-
ing, cycling, and gardening. The time spent on each activity
was summed to yield minutes of physical activity. Informa-
tion on cigarette smoking, socioeconomic status, and the use
of antihypertensive drugs, aspirin, and anticoagulants was also
collected by questionnaire.

ASCERTAINMENT OF FOLLOW-UP EVENTS

Municipal registries provided information on vital status and
were checked at 5-year intervals. Two men were lost to fol-
low-up during the study and were censored after their last physi-
cal examination. Information on the cause of death was ob-
tained from hospital discharge data and/or general practitioners,
and up to 1990 also from Statistics Netherlands, Voorburg. The
final causes of death were ascertained by one clinical epidemi-
ologist and coded according to the International Classification
of Diseases, Ninth Revision (ICD-9). Cardiovascular diseases re-
fer to ICD-9 codes 390 to 459. Because the underlying cause of
death in elderly people is often difficult to ascertain, we in-
cluded CVDs coded as primary (n=118), secondary (n=30),
and tertiary (n=4) cause of death in our analysis. Information
on the cause of death was lacking for 1 man, and his follow-up
was censored at the date of death.

STATISTICAL ANALYSIS

Cocoa intake was related to blood pressure cross-sectionally,
combining data from 470 men at baseline and data from 324
men who were repeatedly examined in 1990, composing 794
total observations. A random intercept model (SAS Proc Mixed;
SAS Institute Inc, Cary, NC) was used to calculate adjusted
means and 95% confidence intervals (CIs) of blood pressure
for each tertile of cocoa intake. In addition to an age-adjusted
model, we used 3 multiple regression models to adjust for other
factors that are associated with cocoa intake or are well-
known determinants of blood pressure. Dietary covariates were
adjusted for total calorie intake according to the residual
method.21

Relative risks (RRs) and 95% CIs for the association be-
tween cocoa intake and cardiovascular and all-cause mortality
were estimated using Cox proportional hazards models in which
the middle and the highest tertiles of cocoa intake were com-
pared with the lowest tertile. In the time-dependent analyses,
mortality between 1985 and 1990 was related to cocoa intake
estimated in 1985; mortality between 1990 and 1995 was re-
lated to the mean cocoa intake in 1985 and 1990; and mortal-
ity between 1995 and 2000 was related to the mean cocoa in-
take in 1985, 1990, and 1995.22 Besides an age-adjusted model,
we used a multivariate-adjusted model that included lifestyle
factors related to CVD risk and BMI as an indicator of calorie
balance (model A). This model was extended with diet pre-
scription, total calorie intake, and calorie-adjusted consump-
tion of foods (model B). In model C, we also adjusted for di-
etary intake using calorie-adjusted intake of nutrients instead
of foods. Adjustment for continuous distributed covariates was
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