
Total fluid and specific beverage intake and mortality due to IHD and stroke

in the Netherlands Cohort Study

Lina J. Leurs1, Leo J. Schouten1*, R. Alexandra Goldbohm2 and Piet A. van den Brandt1

1Department of Epidemiology, GROW – School for Oncology and Developmental Biology, Maastricht University, PO Box 616,

6200 MD Maastricht, The Netherlands
2Department of Prevention and Health, TNO Quality of Life, Leiden, The Netherlands

(Received 18 September 2009 – Revised 13 April 2010 – Accepted 14 April 2010 – First published online 11 May 2010)

Chronic mild dehydration has been associated with several diseases, including fatal IHD and stroke. It has been suggested that hydration through

total fluid intake (or water) is inversely associated with IHD or stroke mortality. The objective of the present study was to evaluate the relationship

between total fluid (and specific beverage) intake and IHD or stroke mortality in the Netherlands Cohort Study (NLCS). In 1986, 120 852 parti-

cipants aged 55–69 years were enrolled into the NLCS. Mortality data were collected over a 10-year follow-up period. Analysis was done through

a case–cohort approach, and it was based on the subjects without a history of heart disease, stroke or diabetes at baseline. A total of 1789 IHD

mortality cases and 708 stroke mortality cases occurred during the follow-up. Higher total fluid consumption was not associated with either IHD

mortality or stroke mortality in men or women. When analysing specific beverages, a positive association between coffee consumption (increment

270 ml/d) and IHD mortality was observed in men (hazard ratio (HR) 1·09, 95 % CI 1·00, 1·18), while an inverse relationship was observed in

women (HR: 0·88, 95 % CI 0·78, 1·00). For tea consumption (increment of 253 ml/d), an inverse relationship with IHD mortality was observed

in men (HR: 0·91, 95 % CI 0·83, 1·00). No association with water intake was observed. In the study population, fresh water consumption was

very low. In conclusion, total fluid intake was not associated with IHD or stroke mortality in either men or women. Coffee consumption was

inversely associated with IHD mortality in women only, while a higher tea intake was associated with lower IHD mortality in men only.

Beverage intake: Ischaemic heart disease: Stroke: Mortality: Prospective cohort studies

Proper hydration is necessary for the body to sustain normal
physiological functioning such as the transportation of nutri-
ents, excretion and the regulation of body temperature.
Chronic mild to moderate dehydration has been associated
with several disease states, such as fatal CHD and CVD(1).
The association between chronic mild dehydration and CHD
may be explained by the elevation in haemorheological
factors(2,3). Haemorheological factors that are independently
positively associated with CHD are the whole-blood viscosity,
plasma viscosity, fibrinogen and haematocrit levels(4 – 8).
These factors respond acutely to changes in hydration,
which can occur, e.g. during normal daily activities and the
use of medications such as diuretics(9 – 12). Furthermore, it
has been suggested that water consumption at night can
attenuate nocturnal increase in blood viscosity, and therefore,
can prevent morning occurrence of cerebral infarction(9).
Some investigators reported a decrease in blood viscosity
with increased water intake(9,13,14), while others reported no
changes in blood haemorheology and chemistry with increased
water intake(15).

Only one cohort study analysed the effect of water intake
and other fluid intake on fatal CHD(1). The above-mentioned
study, which was done by Chan et al., found a protective
effect of water intake on mortality related to CHD in men

but not in women. In contrast, a high intake of ‘fluids other
than water’ was associated with an increased mortality risk
in women but not in men. The authors explained these findings
by the typically lower blood viscosity (lower haematocrit
levels, erythrocyte rigidity and aggregability at all shear
rates) in women(7). Because of the lower blood viscosity,
women experience less reduction in plasma volume with
dehydration, and body temperature regulation occurs at
lower sweat rates(16,17). Thus, in women, reduced water
intake does not produce high levels of blood viscosity as in
men, which would explain why water intake is not protective
in women. Because of the fact that men have larger blood
volumes than women, the same quantities of hyperosmolar
fluids or caffeinated beverages produce a lower proportionate
decrease in intravascular volume and subsequently smaller
increase in blood viscosity, explaining why ‘fluids other than
water’ have smaller effects on CHD mortality in men(18 – 20).

The effect of other beverages such as coffee and tea on IHD
or stroke mortality has also been reported previously in the
literature, but inconsistent results were obtained. A meta-
analysis of twenty-one prospective cohort studies found a
positive association between coffee and IHD in men, while
coffee drinking was associated with a lower risk of IHD
in women(21).
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Also, the effect of tea intake on IHD mortality has been
reported to be either inverse, no association, or even
positive(22 – 27).

The lack of sufficient evidence on the relationship between
total fluid and other beverage intake and mortality related to
IHD or stroke led to the investigation of this association in
the Netherlands Cohort Study (NLCS). Due to the detailed
collection on dietary and drinking habits in the NLCS, we
were able to analyse the association between total fluid (and
specific beverage) intake and IHD and stroke mortality, with
the possibility of adjustment for potential confounding factors.

Methods

Study population

In September 1986, the population-based prospective NLCS
on diet and cancer was started. In this cohort study, 58 279
men and 62 573 women aged between 55 and 69 years
living throughout the Netherlands were included(28). Because
of efficiency reasons, a case–cohort approach was used
for data processing and statistical analysis(29,30). In a case–
cohort design, cases are collected from the entire cohort,
while detailed follow-up information of a random subcohort
provides an estimate of the person-time experience of the
cohort. In the NLCS, this subcohort consisted of 5000
cohort members extracted randomly from the entire study
population immediately after baseline. The subcohort was
followed up biennially for vital status information. Only two
male subcohort members were lost to follow-up during the
10-year follow-up period. The study design has been described
in detail previously(28). The NLCS was approved by the
institutional review boards of the Maastricht University and
the Netherlands Organization for Applied Scientific Research.
All cohort members consented to participate in the study
by completing a mailed, self-administered questionnaire.

Data collection

All the 120 852 cohort members completed a self-administered
questionnaire on dietary habits, beverage consumption,
anthropometry and other risk factors related to cancer and
CVD at baseline(28). Habitual consumption of food and
beverages during the year preceding the start of the study was
assessed using a 150-item semi-quantitative food frequency
section of the questionnaire. Validation of this questionnaire
was done against a 9 d diet record(31). The Spearman correlation
coefficient between mean daily intake of non-alcoholic
beverages assessed by the questionnaire and that estimated
from the 9 d diet record was 0·63. The Spearman correlation
coefficient between mean daily intake of alcoholic beverages
assessed by the questionnaire and that estimated from the 9 d
diet record was 0·89(31). Specific nutrient intakes were
calculated from this section of the questionnaire using the
computerised Dutch food composition table(32). Nutrient intake
was adjusted for energy intake using the residual method(33).

Assessment of total fluid and specific beverage intake

Of the 150 FFQ items, twenty-four addressed beverage con-
sumption. The questionnaire covered almost all beverages

consumed regularly, namely water (tap or bottled), milk (i.e.
milk, buttermilk, cocoa), juice (i.e. tomato, orange, others),
soda and lemonade (i.e. cola, others), alcoholic beverages
(i.e. beer, red wine, white wine, sherry, port, liqueur, spirits),
soup, coffee and tea. The amount of beverages consumed was
measured in household units (glasses, cups, soup plates, etc.).
The participants could indicate the frequency of beverage con-
sumption and the portion size. During the validation study, the
capacity of the household units was measured by a dietitian
who visited the subjects(31). The standardised size of a glass
measured 175 ml, a cup (coffee or tea) 125 ml and a soup
plate 250 ml. Based on the questionnaire data, the total fluid
consumption was calculated using information on frequency
and beverage-specific serving size of all the specific bev-
erages. When subjects reported of drinking a specific beverage
but did not report the number of units, a default number was
used based on the mean number reported by the other drinkers.

Ascertainment of cases

Follow-up for mortality data was established by linkage of
the NLCS to the central bureau of genealogy. Using this
record linkage, 18 091 deaths were identified between January
1987 and December 1996. On the basis of the collected
subcohort data on vital status, it could be estimated that the
Central Bureau of Genealogy linkage was complete for
99 %. The causes of death, coded in international classification
of diseases (ICD)-9 until December 1995 and in ICD-10 from
January 1996, were obtained by the linkage to Statistics
Netherlands. Using this linkage, the cause of death was
obtained for 18 045 (99·7 %) of the 18 091 deceased. The
primary cause of death was related to CHD (ICD-9 code
390-459/ICD-10 code I00-I99) in 37·2 % (n 6735) of all
deaths. In the present analysis, CHD-related mortality was
analysed as death due to IHD (ICD-9 code 410-414/ICD-10
code I20-I25, n 3610) or CVD (stroke) (ICD-9 code 430-
435/ICD-10 code I60-I69, n 1204).

Statistical analysis

Analysis was confined to participants who did not report
physician-diagnosed heart disease, stroke or diabetes as
indicated in the baseline questionnaire (exclusion of 3066
subjects). Additionally, subjects with incomplete or inconsist-
ent dietary data (n 1010) were excluded from the analysis,
leaving 1789 IHD mortality cases, 708 stroke cases and
3970 subcohort members available for the analysis. For cate-
gorical analysis, the lowest consumption stratum was chosen
as the reference category. Because different associations
between consumption of water and fluids other than water
and cardiovascular mortality for males and females have
been reported in the literature, we conducted all the analyses
separately for men and women(1). For each sex, the hazard
ratios (HR) and the corresponding 95 % CI were calculated
by means of a Cox proportional hazards model. The pro-
portional hazards assumption was tested using the scaled
Schoenfeld residuals(34). When this test indicated that the
assumption was violated, the 2 ln(2 ln) survival plots were
used to assess the proportional hazards assumption. Standard
errors were estimated using the robust Huber–White sandwich
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Table 1. Descriptive analysis of potential confounders of subcohort members and cases of IHD- and stroke-related mortality, Netherlands Cohort Study, 1987–96

(Mean values with their standard errors, number, percentages and ranges)

Subcohort (n 1840) IHD mortality (n 1252) Stroke mortality (n 417) Subcohort (n 2130) IHD mortality (n 537) Stroke mortality (n 291)

Characteristics

Mean

or n

SE

or % Range

Mean

or n

SE

or % Range

Mean

or n

SE

or % Range

Mean

or n

SE

or % Range

Mean

or n

SE

or % Range

Mean

or n

SE

or % Range

Volume of total fluid intake

from beverages (ml/d) 1461·8 10·6 55·5–4688·8 1445·2 13·1 329·7–3905·3 1438·5 10·5 74·6–4529·3 1340·6 8·7 122–3486·3 1353·1 20·4 348·2–4286·9 1316·9 23·8 370·6–2782·6

Water intake 82·2 3·8 0–2592·9 82·8 4·4 0–1620·5 78·5 6·7 0–972·3 108·9 3·9 0–1620·5 108·2 7·2 0–972·3 98·2 9·5 0–1296·4

Fluids other than water 1379·7 10·1 24·7–4202·6 1362·4 12·6 162·8–3843·0 1359·5 22·9 74·6–4417·1 1231·7 8·0 122–3093·7 1244·8 19·0 191·8–4286·9 1218·7 23·1 208·2–2782·6

Coffee 580·8 6·7 0–3750·0 600·4 8·6 0–2500 570·5 6·7 0–1500 497·8 5·4 0–1875 487·1 12·9 0–2500 483·0 15·5 0–1250

Tea 318·8 5·6 0–1875·0 304·5 7·3 0–3000 333·0 12·3 0–1250 383·7 5·6 0–1875 399·3 12·6 0–2500 388·6 16·7 0–2500

Milk 186·6 4·2 0–1153·7 184·2 5·2 0–1370·5 169·8 8·5 0–1156·6 180·6 3·5 0–1423·7 187·3 8·8 0–2825·2 182·1 9·3 0–886·6

Soft drinks (coke, . . .) 41·5 1·8 0–648·2 42·5 2·4 0–860·2 40·7 4·2 0–835·2 30·8 1·4 0–698·1 31·2 2·6 0–349·4 32·5 3·7 0–486·2

Juices (orange,

tomato, . . .) 22·7 1·1 0–558·4 21·8 1·4 0–696·1 21·3 2·3 0–648·2 31·9 1·3 0–648·2 33·6 2·5 0–518·6 34·6 4·0 0–777·9

Soup 77·7 2·2 0–764·0 74·7 2·5 0–555·6 78·8 4·6 0–583·4 60·2 1·6 0–750·1 63·0 3·6 0–649·5 62·3 4·8 0–555·6

Alcoholic beverages 151·5 5 0–2249·5 134·2 5·7 0–1947·2 145·3 10·9 0–2225·5 46·7 1·8 0–804·8 43·3 6·0 0–2592·1 35·4 4·3 0–448

Age (years) 61·4 0·1 63·1 0·1 63·9 0·2 61·6 0·1 63·9 0·2 63·8 0·2

Current smoker (yes) 67·8 36·9 638 51·0 196 47·1 461 21·6 165 30·7 82 28·3

Number of cigarettes

smoked per day 16·2 0·3 16·0 0·3 16·7 0·8 13·1 0·4 15·8 0·7 15·4 0·9

Years of active smoking 41·4 0·3 43·6 0·3 43·4 0·7 34·0 0·5 36·0 0·8 37·7 0·9

Former smoker (yes) 916 49·8 505 40·3 180 43·2 441 20·7 97 18·1 42 14·4

Never smoked (yes) 246 13·4 109 8·7 40 9·6 1228 57·6 275 51·2 166 57·0

Hypertension (yes) 388 21·1 425 34·0 158 37·9 585 27·5 266 49·5 131 45·0

BMI categories (kg/m2)

,18·5 9 0·5 10 0·8 3 0·8 29 1·4 4 0·8 5 1·8

18·5–25 953 53·7 608 50·2 217 54·9 1138 55·1 239 45·8 155 56·2

25–30 747 42·1 517 42·7 158 40·0 721 34·9 219 42·0 94 34·1

30–49 65 3·7 75 6·2 17 4·3 178 8·6 60 11·5 22 8·0

Non-occupational

physical activity

Very little 276 15·2 245 19·7 94 22·8 557 26·5 184 35·2 95 33·3

Average 550 30·2 366 29·4 129 31·3 739 35·2 189 36·2 113 39·6

Active 619 34·0 411 33·1 117 28·4 575 27·3 115 22·0 52 18·2

Very active 373 20·5 221 17·8 72 17·5 231 11·0 34 6·5 25 8·8

Educational level

Primary school 458 24·9 359 28·7 119 28·5 680 31·9 218 40·6 115 39·5

Lower vocational 378 20·5 230 18·4 79 18·9 500 30·5 125 23·3 63 21·6

High school (junior or

senior) 637 34·6 449 35·9 146 35·0 746 35·0 149 27·7 88 30·2

Higher vocational or

University 359 19·5 203 16·2 70 16·8 193 9·1 39 7·3 23 7·9

Total alcohol intake (g/d)

0 248 13·6 226 18·3 62 15·1 638 31·3 178 36·0 114 42·2

0·1–4 381 20·9 270 21·9 97 23·6 742 36·4 190 38·4 91 33·7

5–14 504 27·7 318 25·8 86 20·9 393 19·3 65 13·1 35 13·0

15–29 412 22·6 248 20·1 89 21·6 188 9·2 43 8·7 19 7·0

$30 212 15·1 170 13·8 77 18·7 75 3·7 19 3·8 11 4·1

Use of diuretic

medication (yes) 132 7·2 175 14·0 57 13·7 274 12·9 127 23·6 59 20·3

Use of vitamin

supplements (yes) 417 22·7 264 21·1 99 23·7 780 36·6 175 32·6 98 33·7

Total fat intake (g/d) 94·2 0·3 93·8 0·4 93·1 0·7 74·0 0·2 74·7 0·5 73·2 0·7

Saturated fat intake 37·1 0·2 36·9 0·2 36·9 0·4 29·9 0·1 30·0 0·3 29·7 0·4
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estimator to account for additional variance introduced by
sampling a subcohort from the total cohort(35).

The multivariable regression models included the following
variables: age at baseline (years), sex (if applicable), cigarette
smoking (current, frequency and duration) and energy
intake (kcal/d). The following variables were considered as
potential confounders (other known IHD risk factors or factors
influencing total fluid consumption), but were not included
in the models because they did not change the HR by
.5 %: hypertension (yes/no), BMI (kg/m2), physical inactiv-
ity (coded in four categories: very little, average, active or
very active), educational level (coded as primary school,
lower vocational, high school (junior and senior) and higher
vocational/university), fat consumption (g/d), fruit and
vegetable consumption (g/d), hormone-replacement therapy
(yes/no) (for women only), use of diuretics (yes/no) and multi-
vitamin intake (yes/no)).

When separate beverages were analysed, a second model
was used with additional correction for the intake of fluids
other than the analysed beverage (e.g. analysis for coffee
was corrected for the intake of beverages other than coffee).
In none of the beverage-specific analyses did this additional
correction with other beverage intake change the HR of the
first model. Also, additional adjustment for the ethanol
compound of alcoholic beverages (coded in categories 0,
0·1–4, 5–14, 15–29 g/d, $30 g/d) did not change any
of the reported HR substantially. Therefore, only the results
of the first model are presented in this report.

When the intake of beverages was analysed as a continuous
variable, the HR was calculated per one standard deviation
increment (calculated for men and women together). Tests
for trends were assessed by fitting the ordinal exposure
variables as continuous terms. A two-sided P value of 0·05
or less was considered as statistically significant.

Results

During the 10-year follow-up period, 1789 deaths primarily
related to IHD have been reported. Of these deaths, 1252
(70·0 %) occurred in the male population, and 537 (30·0 %)
occurred in the female population. Stroke mortality occurred
in 708 subjects, of which, 417 (58·9 %) were males and
291 (41·1 %) were females.

The mean daily total fluid consumption from beverages
was 1462 ml/d in the male subcohort, and 1341 ml/d in the
female subcohort (Table 1). The major beverages consumed
in the male and female subcohorts were coffee (mean 581
and 498 ml/d, respectively), tea (mean 319 and 384 ml/d,
respectively) and milk (mean 187 and 181 ml/d, respectively).
Only a very little amount of the daily total fluid intake was in
the form of water consumption (mean 82 ml/d in men and
109 ml/d in women). Potential confounders in the present
analyses are also described in Table 1. Compared with the
subcohort members, subjects who suffered from fatal IHD
or stroke were more often smokers, hypertensive, and less
physically active.

Total fluid consumption

When analysing total fluid consumption on a continuous scale
with an increment of 431 (1 SD) ml/d, no association betweenT
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total fluid and water intake and IHD or stroke mortality was
found in either men or women (see Tables 2 and 3).

Categorisation of total fluid consumption revealed that 41 %
of the male and 30 % of the female subcohort members con-
sumed the recommended daily dose of total fluids (at least
1·5 litres total fluid per d). It was revealed that 38 % of the
male subjects and 31 % of the female subjects who suffered
from fatal IHD, and 39 % males and 28 % females who died
of stroke had drunk at least 1·5 litres of total fluids. Drinking
at least 1·5 litres of total fluids was not related to IHD or
stroke mortality compared with drinking less than the rec-
ommended daily dose in men or women. Also, analysis over
five total fluid categories did not reveal an association between
total fluid intake and IHD mortality in men or women. HR for
the association between total fluid intake and stroke mortality
were all below 1, but were not statistically significant.

Total fluid intake (consumption of at least 1·5 v. ,1·5 litres)
was not associated with IHD and stroke mortality across
different subgroups of the population defined by risk factors
for CVD (sex, smoking, hypertension and BMI) (Table 4).

Specific beverage consumption

In men, a positive association between increasing coffee
intake and IHD mortality was observed (HR per increment
of 1 SD: 1·09, 95 % CI 1·00, 1·18), while an inverse relation-
ship between increasing tea consumption (increment of
1 SD) and IHD mortality was observed (HR: 0·91, 95 % CI
0·83, 1·00) (Table 2). In women, an inverse association
between coffee consumption (increment of 1 SD) and IHD
mortality was observed (HR: 0·88, 95 % CI 0·78, 1·00),
while a positive (not statistically significant) relationship
between increasing tea consumption (increment of 1 SD) and
IHD mortality was observed (HR: 1·08, 95 % CI 0·97, 1·20).
No relationship was observed between milk, soft drink,
juice, soup and alcoholic beverage consumption and IHD
mortality. When the endpoint was stroke mortality, no associ-
ations with separate beverages were observed (Table 3),
except for the intake of alcoholic beverages in females.
In females, intake of alcoholic beverages (per 1 SD or
166 ml/d) was inversely associated with stroke mortality
(HR: 0·66, 95 % CI 0·44, 0·97).

We analysed the observed relationship between coffee and
tea intake and IHD mortality more detailedly using categorical
variables for these beverages. In the categorical analysis, the
positive association between coffee consumption and IHD
mortality in men was not statistically significant. For tea,
we observed that all categories of tea intakes (moderate
(1–2 cups/d) and high tea consumption (.3 cups/d)) were
inversely related to IHD mortality in men (HR: 0·75;
95 % CI 0·61, 0·93 and HR: 0·71, 95 % CI 0·57, 0·88, respec-
tively (P-trend¼0·007)) compared with 0–1 cup/d of tea
consumption (Table 2).

In women, a more detailed analysis of coffee consumption
revealed an inverse dose–response relationship with IHD
mortality (P-trend¼0·01). In the categorical analysis, the
positive association between tea consumption and IHD
mortality in women was no longer significant.

The association between coffee and tea consumption
categories and IHD and stroke mortality was relatively
consistent across different subgroups of the population defined

by risk factors for CVD (sex, smoking, hypertension and BMI)
(data not shown).

Water as such was not consumed by 53 % of the male and
43 % of the female subcohort members, 57 % of the males
and 45 % of the females who died of IHD and 56 % of
males and 46 % of the females who died of stroke. In men,
drinking any water compared with drinking no water at all
was not statistically significantly associated with a reduced
risk of IHD mortality (HR: 0·87, 95 % CI 0·74, 1·03) in the
multivariate analysis. In women, drinking any water compared
with drinking no water at all was not associated with IHD
mortality (HR: 0·92, 95 % CI 0·75, 1·11). When stroke
mortality was the endpoint, no significant association with
water consumption was observed in men or women. When
analysing water in five categories, we observed a decreased
HR of IHD mortality for male subjects who consumed
between .0 and 100 ml water a day compared with those
consuming no water (HR: 0·69, 95 % CI 0·55, 0·87). With
the other water categories also, no relationship was observed
(P-trend¼0·68). Also, when stroke mortality was the outcome
measure, no relationship between any of the five water
categories was observed in men. In women, no relationship
between any of the five water categories and IHD or stroke
mortality was observed.

Discussion

We found no overall association between total fluid intake and
IHD or stroke mortality in either men or women. However, a
positive association between coffee consumption and IHD
mortality was observed in men, while the opposite (inverse
association between coffee intake and IHD mortality) was
observed in women. For tea consumption, we observed an
inverse relationship with IHD mortality in the male subjects,
but not in the female subjects. In women, except for the
intake of alcoholic beverages, no associations were observed
when stroke mortality was the outcome measure.

We observed that a higher coffee consumption was statisti-
cally significantly associated with lower IHD mortality in
women, while the opposite was observed in men. These oppo-
site results are in line with the results of a meta-analysis of
twenty-one prospective cohort studies(36). The reason for this
sex difference, however, is unknown. Apart from a direct
effect of coffee consumption on IHD mortality, it is also
known that coffee consumption is strongly associated with
smoking. Smoking is often associated with unhealthier life-
style habits (e.g. physical inactivity, alcohol abuse) compared
with non-smoking(36). We adjusted for inter alia smoking in
our multivariate analysis – and this changed the HR estimates
in women substantially – but adjustment for these factors may
not have completely eliminated their influence on the coffee–
IHD association, and therefore, may partially explain the
observed sex differences. The positive association between
IHD and coffee consumption in men has also been reported
in previous studies(37 – 40). In the meta-analysis done by Wu
et al., the 1 pooled HR for males with heavy (5–6 cups/d)
and very heavy ($7 cups/d) coffee consumption (HR: 1·07,
95 % CI 0·91, 1·26 and HR: 1·15, 95 % CI 0·91, 1·46) were
slightly elevated, but they did not reach statistical signifi-
cance(36). The positive association between coffee consump-
tion and IHD can be explained by diterpenes cafestol and

L. J. Leurs et al.1216
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Table 2. Association of the different fluid consumptions and IHD mortality in the Netherlands Cohort Study, 1987–96

(Hazard ratios (HR) and 95 % confidence intervals)

Males Females

Age-adjusted
analyses

Multivariate
analyses

Age-adjusted
analyses

Multivariate
analyses

n cases/n
person-years HR 95 % CI* HR 95 % CI†

n cases /n
person-years HR 95 % CI* HR 95 % CI†

Total fluid intake, categories (ml/d)
0–1000 176/2069 1·00 Reference 1·00 Reference 123/3803 1·00 Reference 1·00 Reference
.1000–1250 279/3609 0·96 0·74, 1·25 0·92 0·70, 1·22 121/4667 0·84 0·63, 1·13 0·82 0·60, 1·10
.1250–1500 320/4374 0·95 0·74, 1·22 0·99 0·75, 1·30 124/5869 0·70 0·53, 0·94 0·66 0·49, 0·88
.1500–2000 342/5139 0·87 0·68, 1·11 0·90 0·69, 1·19 124/4781 0·89 0·66, 1·19 0·82 0·60, 1·13
.2000 135/1784 1·02 0·75, 1·13 1·03 0·73, 1·47 45/1201 1·33 0·88, 2·01 1·04 0·67, 1·61

P-trend 0·54 0·91 0·84‡ 0·46‡

Daily recommended fluid consumption (ml/d)
,1500 775/10 053 1·00 Reference 1·00 Reference 368/14 329 1·00 Reference 1·00 Reference
$1500 477/6922 0·94 0·81, 1·09 0·96 0·81, 1·14 169/5992 1·17 0·95, 1·45 1·10 0·88, 1·38

Total fluid (per 1 SD increment ¼ 430·58 ml) 1252/16 976 1·00 0·93, 1·07 1·01 0·93, 1·10 537/20 321 1·08‡ 0·96, 1·22 1·02‡ 0·90, 1·15

Water, categories (ml/d)
0 712/8953 1·00 Reference 1·00 Reference 243/8740 1·00 Reference 1·00 Reference
.0–100 170/3080 0·70 0·57, 0·87 0·69 0·55, 0·87 81/3899 0·75 0·57, 1·00 0·80 0·60, 1·06
.100–200 208/3014 0·84 0·68, 1·03 0·87 0·69, 1·08 128/4482 1·05 0·82, 1·35 1·06 0·82, 1·38
.200–500 135/1612 1·09 0·84, 1·41 1·20 0·92, 1·58 69/2584 0·98 0·72, 1·34 0·91 0·66, 1·25
.500 27/316 1·20 0·69, 2·07 1·33 0·76, 2·36 16/616 0·94 0·52, 1·69 0·70 0·37, 1·34

P-trend 0·79 0·68‡ 0·90 0·56

No v. any water consumption (ml/d)
0 712/8953 1·00 Reference 1·00 Reference 243/8740 1·00 Reference 1·00 Reference
.0 540/8022 0·85 0·73, 0·99 0·87 0·74, 1·03 294/11 581 0·93 0·76, 1·13 0·92 0·75, 1·12

Water intake (per 1 SD increment ¼ 171·44 ml) 1252/16 976 1·01 0·94, 1·08 1·04‡ 0·96, 1·12 537/20 321 1·00 0·92, 1·10 0·96 0·87, 1·06

Coffee, categories (cups/d)
0–2§ 189/2609 1·00 Reference 1·00 Reference 142/4087 1·00 Reference 1·00 Reference
.2–4 451/6441 0·98 0·78, 1·23 0·91 0·71, 1·16 237/9640 0·79 0·62, 1·01 0·75 0·58, 0·97
.3–6 413/5553 1·18 0·93, 1·49 1·02 0·79, 1·31 113/5197 0·74 0·56, 0·99 0·62 0·46, 0·84
.6 199/2372 1·44 1·10, 1·90 1·17 0·86, 1·59 45/1397 1·17 0·78, 1·76 0·71 0·45, 1·12

P-trend 0·002 0·17 0·58‡ 0·01

Coffee (per 1 SD increment ¼ 269·96 ml) 1252/16 976 1·15 1·07, 1·24 1·09 1·00, 1·18 537/20 321 1·02‡ 0·89, 1·16 0·88 0·78, 1·00

Tea, categories (cups/d)
0–1§ 429/5041 1·00 Reference 1·00 Reference 114/4268 1·00 Reference 1·00 Reference
.1–2 301/4422 0·72 0·59, 0·88 0·75 0·61, 0·93 111/4592 0·94 0·69, 1·27 1·07 0·79, 1·47
.2–3 180/2382 0·78 0·61, 0·99 0·89 0·69, 1·15 87/3435 0·87 0·63, 1·20 1·03 0·73, 1·44
.3 342/5131 0·61 0·50, 0·75 0·71 0·57, 0·88 225/8026 0·94 0·73, 1·23 1·13 0·85, 1·49

P-trend ,0·001 0·007 0·71 0·44

Tea (per 1 SD increment ¼ 253·45 ml) 1252/16 976 0·85 0·78, 0·94 0·91 0·83, 1·00 537/20 321 1·02 0·92, 1·13 1·08 0·97, 1·20

* Adjusted for age.
† Adjusted for age, current smoking, number of cigarettes smoked, years of active smoking and total energy intake (kcal).
‡ This P or HR has to be interpreted with care, because the categorical analysis shows a strong U-shaped association.
§ One cup¼125 ml.
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Table 3. Association of the different fluid consumptions and stroke mortality in the Netherlands Cohort Study, 1987–96

(Hazard ratios (HR) and 95 % confidence intervals)

Males Females

Age-adjusted
analyses

Multivariate
analyses

Age-adjusted
analyses

Multivariate
analyses

n cases/n
person-years HR 95 % CI* HR 95 % CI†

n cases/n
person-years HR 95 % CI* HR 95 % CI†

Total fluid intake, categories (ml/d)
0–1000 64/2069 1·00 Reference 1·00 Reference 65/3803 1·00 Reference 1·00 Reference
.1000–1250 92/3610 0·88 0·61, 1·28 0·93 0·63, 1·38 62/4667 0·81 0·56, 1·19 0·80 0·54, 1·17
.1250–1500 99/4374 0·83 0·57, 1·20 0·84 0·57, 1·25 82/5869 0·88 0·62, 1·26 0·80 0·56, 1·16
.1500–2000 124/5139 0·89 0·63, 1·27 0·89 0·60, 1·30 68/4781 0·92 0·64, 1·33 0·78 0·52, 1·15
.2000 38/1784 0·82 0·52, 1·30 0·77 0·45, 1·30 14/1201 0·78 0·42, 1·44 0·60 0·31, 1·15

P-trend 0·50 0·35 0·64 0·13

Daily recommended fluid consumption (ml/d)
,1500 255/10 053 1·00 Reference 1·00 Reference 209/14 329 1·00 Reference 1·00 Reference
$1500 162/6922 0·99 0·79, 1·24 0·95 0·74, 1·22 82/5992 1·00 0·76, 1·31 0·87 0·65, 1·17

Total fluid (per 1 SD increment ¼ 430·58 ml) 417/16 976 0·99 0·88, 1·11 0·98 0·86, 1·11 291/20 321 0·98 0·85, 1·13 0·89 0·77, 1·04

Water, categories (ml/d)
0 233/8953 1·00 Reference 1·00 Reference 135/8740 1·00 Reference 1·00 Reference
.0–100 60/3080 0·76 0·55, 1·05 0·80 0·57, 1·11 47/3899 0·78 0·55, 1·12 0·84 0·59, 1·20
.100–200 72/3014 0·88 0·65, 1·19 0·89 0·64, 1·23 70/4482 1·05 0·76, 1·43 1·06 0·77, 1·46
.200–500 46/1612 1·16 0·80, 1·67 1·23 0·83, 1·81 33/2584 0·84 0·56, 1·27 0·79 0·52, 1·21
.500 6/316 0·84 0·33, 2·11 0·85 0·31, 2·29 6/616 0·63 0·27, 1·51 0·49 0·19, 1·24

P-trend 0·88 0·93 0·43 0·23

No v. any water consumption (ml/d)
0 233/8953 1·00 Reference 1·00 Reference 135/8740 1·00 Reference 1·00 Reference
.0 184/8022 0·88 0·71, 1·11 0·91 0·72, 1·16 156/11 581 0·89 0·70, 1·14 0·89 0·69, 1·15

Water intake (per 1 SD increment ¼ 171·44 ml) 417/16 976 0·98 0·89, 1·08 1·00 0·89, 1·11 291/20 321 0·95 0·84, 1·08 0·91 0·80, 1·03

Coffee, categories (cups/d)
0–2‡ 74/2609 1·00 Reference 1·00 Reference 77/4087 1·00 Reference 1·00 Reference
.2–4 164/6441 0·90 0·66, 1·25 0·84 0·60, 1·18 126/9640 0·77 0·56, 1·04 0·79 0·57, 1·09
.3–6 110/5553 0·83 0·59, 1·17 0·72 0·50, 1·04 60/5197 0·72 0·50, 1·04 0·70 0·48, 1·02
.6 69/2372 1·38 0·93, 2·05 1·15 0·74, 1·77 28/1397 1·37 0·85, 2·22 1·10 0·63, 1·90

P-trend 0·30 0·95§ 0·96§ 0·50§

Coffee (per 1 SD increment ¼ 269·96 ml) 417/16 976 1·07 0·96, 1·20 1·01§ 0·89, 1·14 291/20 321 1·00§ 0·86, 1·17 0·94§ 0·80, 1·10

Tea, categories (cups/d)
0–1‡ 114/5041 1·00 Reference 1·00 Reference 62/4268 1·00 Reference 1·00 Reference
.1–2 107/4422 0·92 0·68, 1·25 0·96 0·70, 1·32 62/4592 0·95 0·65, 1·39 1·04 0·70, 1·55
.2–3 61/2382 0·95 0·66, 1·35 0·98 0·66, 1·44 48/3435 0·88 0·58, 1·32 1·04 0·68, 1·60
.3 135/5131 0·84 0·63, 1·12 0·95 0·70, 1·29 119/8026 0·91 0·65, 1·27 1·02 0·71, 1·46

P-trend 0·27 0·77 0·58 0·95

Tea (per 1 SD increment ¼ 253·45 ml) 417/16 976 0·94 0·83, 1·07 0·99 0·87, 1·12 291/20 321 0·98 0·85, 1·12 0·98 0·86, 1·11

* Adjusted for age.
† Adjusted for age, current smoking, number of cigarettes smoked, years of active smoking and total energy intake (kcal).
‡ One cup ¼ 125 ml.
§ This P or HR has to be interpreted with care, because the categorical analysis shows a strong U-shaped association.
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kahweol that are present in unfiltered coffee(41 – 43). Cafestol
and kahweol are potent cholesterol-elevating compounds
present in coffee, which are independently associated with
the risk of CVD(44,45). However, in the Netherlands, mainly
filtered coffee is consumed, in which the concentration
of these diterpenes is very low and not associated with the
elevated risk of IHD.

Tea consumption was inversely associated with IHD mor-
tality in the male study population. The potential beneficial
effect of tea on IHD has been reported previously(39 – 41).
However, other studies found no association or even a positive
association between tea intake and IHD mortality(25 – 27) Our
analysis also suggests a sex difference for the association
between tea intake and IHD mortality, but not as clearly as
has been suggested for coffee. As mentioned in the previous
section, the observed opposite effect could partially be
explained by the fact that we have not been able to remove
all the confounding effects(27). We observed that when
coffee and tea consumptions were included together in the
multivariate analyses, the HR did not change substantially.
The intriguing differences between the sexes observed for
both coffee and tea indicate that further investigation of the
responsible compounds and the biological mechanisms
involved has to be done.

The effect of water intake on fatal CHD was analysed in
only one other study(1). In contrast to the study done by
Chan et al., we found no association between the intake of
water and fluids other than water and mortality related to
IHD. The reason for us not finding an association could be
the marked differences in drinking habits between the
present study population and the population analysed by
Chan et al. The average water consumption in the Adventist
population was approximately 1000 ml/d, while it was

approximately 95 ml/d in the NLCS population. The reported
total fluid intake from beverages was around 2 litres/d in the
Adventist population, and was 1·4 litres/d in the present
study population. Another possible reason for the different
results is that in these observational studies, the results have
been biased by confounding. Subjects who drink more water
could be more health conscious, e.g. drinking more water
may be a marker of higher physical activity(1). We corrected
for potential confounders such as physical activity in the
multivariate analyses. Diabetics, who may drink more fluids,
and are at increased risk of IHD and stroke, were excluded
from these analyses. Furthermore, the null association was
relatively consistent across subgroups of the population.

The strengths of the present study include the relatively
large number of cases in a prospective cohort; the ability to
examine the intake of total fluid and specific beverages in
relation to the risk of IHD and stoke mortality due to the
broad data collection on commonly consumed beverages
(including water); the possibility to control for a broad
spectrum of confounders such as age, cigarette smoking,
hypertension and the intake of other fluids besides the one
under investigation.

One disadvantage of the present study is the low consumption
of fresh water. Of the male and female subcohort members,
53 and 43 %, respectively, reported that they did not consume
any fresh water at all. Another disadvantage is that when
subjects reported of drinking a specific beverage but did not
report the number of units, a default number was used
based on the mean number reported by the other drinkers.
This could lead to reduction of the variance of the variable.
However, this occurred in only a limited number of participants.

In conclusion, total fluid intake was not associated with
IHD- or stroke-related mortality in either men or women in

Table 4. Analyses for the detection of potential effect modification

(Hazard ratios (HR) and 95 % confidence intervals)*

IHD mortality Stroke mortality

Consumption of
$1·5 litres beverages

v. ,1·5 litres

Consumption of
$1·5 litres beverages

v. ,1·5 litres

Risk factor
for CVD HR 95 % CI†

P interaction
test HR 95 % CI†

P interaction
test

Sex
Women 1·10 0·88, 1·38 0·87 0·65, 1·17
Men 0·96 0·81, 1·14 0·24 0·95 0·74, 1·22 0·92

Smoking
Never/past 0·97 0·81, 1·16 0·93 0·73, 1·19
Present 1·03 0·83, 1·29 0·35 0·90 0·67, 1·22 0·82

Hypertension
No 0·98 0·83, 1·17 0·90 0·71, 1·15
Yes 1·04 0·81, 1·33 0·81 0·96 0·70, 1·32 0·87

BMI (kg/m2)
,18·5 Insufficient cases Insufficient cases
18·5–25 0·98 0·80, 1·21 0·92 0·70, 1·20
25–30 1·00 0·81, 1·24 0·99 0·72, 1·35
.30 1·63 0·90, 2·96 0·73 1·40 0·61, 3·22 0·81

* Hazard rates of mortality related to IHD and stroke in groupings of different CVD risk factors among men and women who reported
no physician-diagnosed heart disease, angina pectoris, stroke or diabetes, and where the exposure is consumption of the daily
recommended dose (1·5 litres fluids) in the Netherlands Cohort Study, 1987–96

† Adjusted for sex, age, current smoking, number of cigarettes smoked, years of active smoking and total energy intake (kcal).
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the NLCS. Coffee consumption was inversely associated with
IHD mortality in women and it was positively associated
with it in men, while tea consumption was inversely
associated with IHD mortality in men, but not in women.
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