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Background: Data on the impact of the many dietary and lifestyle factors on the prevalence of hypertension in Western societies
are lacking. This study quantified the contributions of body weight, physical inactivity and dietary factors to the prevalence of
hypertension in Finland, Italy, the Netherlands, United Kingdom (UK) and USA. Methods: Distributions of blood pressure (BP)
and risk factors in Western populations were obtained from nationwide surveys. The effect of risk factors on BP was assessed
by meta-regression analysis of randomized trials, published between 1966 and March 2001. Population attributable risk
percentages (PAR%) for hypertension (i.e. systolic BP ≥140 mmHg) were computed for all risk factors in the five countries.
Results: Being overweight made the largest contribution to hypertension, with PAR% between 11% (Italy) and 25% (USA).
PAR% were 5–13% for physical inactivity, 9–17% for high sodium intake, 4–17% for low potassium intake and 4–8% for low
magnesium intake. The impact of alcohol was small (2–3%) in all populations. PAR% varied among populations for inadequate
intake of calcium (2–8%), magnesium (4–8%), coffee (0–9%) and fish fatty acids (3–16%). Conclusions: Diet and lifestyle have
a substantial impact on hypertension in Western societies, with being overweight, physical inactivity, high sodium intake and
low potassium intake being the main contributors. The relative significance of different risk factors varies among populations,
which is important for preventative strategies.
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Even modest reductions in blood pressure (BP) could have a large
impact on cardiovascular disease morbidity and mortality in
Western populations.1 Many dietary and lifestyle factors have
been implicated in the etiology of hypertension. However, an
objective scientific understanding of their relative significance
in the general population is lacking. The population attributable
risk percentage (PAR%) may provide insight into this complex
matter, as it is based not only on the strength of the risk factor–BP
association but also on BP and risk factor distributions in the
population.2 This study quantified the impact of dietary and
lifestyle factors on the prevalence of hypertension in Finland,
Italy, the Netherlands, the UK and the USA. PAR% were
computed for the following modifiable risk factors: body weight,
physical activity, and intake of alcohol, coffee, sodium,
potassium, magnesium, calcium and fish oil (containing
eicosapentaenoic acid and docosahexaenoic acid, subsequently
referred to as fish fatty acids). Findings from this study may
indicate priorities for preventative strategies to reduce the
burden of hypertension in Western populations.

METHODS
Estimation of BP effects of dietary and lifestyle factors
Meta-analyses and quantitative reviews of non-pharmacological
BP trials were identified from MEDLINE and the Cochrane
Library database up to March 2001, using appropriate MESH-
terms (search strategy and results available from the authors). BP
trials were identified from the reference lists of these papers. An
additional MEDLINE search was done for trials published after
1990.
Trials were eligible for meta-regression analysis if they met the
following criteria: i) randomized controlled design; ii) mean age
of study population ≥18 years; and iii) published after 1966. A

total of 646 out of 887 publications satisfied these criteria, 393
of which were excluded for the following reasons: i) overlap with
other publication (n=72); ii) lack of BP data (n=32); iii) co-
intervention from which the effect of the risk factor could not
be separated (n=93); iv) pregnant or diseased subjects (n=64);
v) non-placebo control group (n=31); vi) pharmacological
intervention (n=10); vii) duration less than 2 weeks (n=89); and
viii) BP reductions >30 mmHg (n=2).
In total, 253 trials were selected (overview available from the
authors) for which original reports were retrieved for data
abstraction on trial design (parallel versus cross-over), duration,
number of participants, size of intervention and BP changes.
Data were also collected on age, gender (% males), and initial
BP and risk factor level of the trial population. Whenever
possible, stratified data were obtained (e.g. men and women,
treatment doses). A database was created with trials (or trial
strata) as the units of observation. Pooled BP estimates with 95%
confidence intervals were obtained for each risk factor using
meta-regression analysis, as described in detail elsewhere.3,4 BP
estimates were weighted for trial sample sizes, and these estimates
were used for calculation of PAR% (see below). SPSS 11.0.1 for
Windows was used for statistical analyses.

Data collection on BP and risk factors in Western populations
Population-specific BP distributions were obtained from the
MONICA project (ages 25–64 years)5,6 or, for the Netherlands,
from the MORGEN project (ages 20–59 years)7 combined with
the Rotterdam Study (ages 55 years and over).8 Mean systolic
BP was 139 ± 20 mmHg for Finland, 133 ± 19 mmHg for Italy,
127 ± 19 mmHg for the Netherlands, 130 ± 20 mmHg for the
UK and 125 ± 20 mmHg for the USA. Under the assumption
of a normal distribution, population proportions with systolic
BP ≥140 mmHg were estimated at 48% for Finland, 36% for
Italy, 25% for the Netherlands, 31% for the UK and 23% for the
USA.
Next, we defined risk categories for exposure to dietary and
lifestyle factors (see table 2). If possible, these were based on
recommended dietary allowances or dietary guidelines for
adults.9–11 For coffee, widely accepted criteria were lacking and
four or more cups per day were arbitrarily defined as inadequate.
For intake of fish fatty acids there are different recommended
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levels12,13 and we used <200 mg per day for risk group definition.
Physical activity was not uniformly assessed in population-based
surveys, and we therefore chose a general risk group definition of
‘no exercise during leisure time, exclusive of walking’.
Distributions of dietary and lifestyle factors were obtained from
relevant age strata in large nationwide databases. For Finland,
prevalence of overweight was obtained from FINRISK 1997 (age
stratum: 25–64 years)14 and data on physical inactivity from the
Annual Health Behavior Surveillance System 2000 (25–64
years).15 Dietary intakes were estimated from the 1992 Dietary
Survey of Finnish Adults (25–64 years).16 Body weight in Italy
was estimated from the Italian Household Multipurpose Survey
(Cycle V; 25–74 years), conducted by the Italian National
Institute of Statistics (ISTAT) in 1990–1991,17 and alcohol use
from the 3rd National Survey on Italians and Alcohol, 1997
(>25 years).18 Other Italian data were obtained from the
Nationwide Nutritional Survey of Food Behaviour of the Italian
Population (INN-CA) 1994–1996 (18–64 years).19,20 Physical
inactivity in this study was defined as ‘zero hours of sports per
week’, and coffee use was estimated from coffee powder (6 g
equals 1 cup). For the Netherlands, overweight and physical
inactivity (i.e. ‘no participation in sporting activities or heavy
exercise during leisure time’) were estimated from the MORGEN
project7 and dietary data from the 3rd Dutch Nutrition Sur-
veillance System 1997–1998 (19–75 years).21 For the UK, data
on physical inactivity (i.e. ‘no single occasion of sports for 15 min
or more during the past 4 weeks’) was obtained from the Health
Survey for England 1998 (>18 years)22,23 and other data from the
Dietary and Nutritional Survey of British Adults 1986–1987
(18–64 years).24,25 For the USA, data were obtained from the
Third National Health and Nutrition Examination Survey
(NHANES III) 1988–1994 (18–79 years).26 Physical inactivity

in NHANES III was defined as ‘no single occasion of sports
during past month’.
Population-based data on sodium intake, based on 24 h urine
collections, were obtained from the worldwide INTERSALT
study (20–59 years).27 For the USA, we disregarded the outlying
sodium excretion in the ‘Goodman–Black’ sample. Mean intake
of fish oil could not be obtained for the UK. We therefore used
data on fatty fish intake from the Dietary and Nutrition Survey
of British Adults,24,25 and assessed the proportion of adults with
a daily intake below 15 g (roughly equivalent to 200 mg of fish
fatty acids).28 Similarly for Italy, we estimated fish fatty acid
intake from total fish (data from INN-CA survey),27 14% of
which was assumed to be fatty fish.29

Calculation of population attributable risk percentages (PAR%)
Hypertension was defined on the basis of systolic BP only (≥140
mmHg) because the prevalence of isolated diastolic hyper-
tension is very low. Pooled systolic BP estimates from randomized
trials, as presented in table 1, were taken as the BP reduction that
may be achieved after elimination of the risk factor. Calculation
of the expected change in the prevalence of hypertension after
risk factor negation was performed using a JAVA  applet for
the standard normal distribution.30 PAR% were obtained after
multiplying this figure with the proportion of the population
exposed to the risk factor, divided by the prevalence of hyper-
tension in that population.2

RESULTS
Findings from meta-regression analysis of BP trials are presented
in table 1. Mean systolic BP was ≥140 mmHg in 45% of trial
populations. The unweighted, unadjusted change in systolic
and diastolic BP ranged from –1.5/–0.7 mmHg for calcium

Table 1 Blood pressure response to dietary and lifestyle changes in randomized trials

No.
of

trials
Duration

(wk)a 
Age

(year)
Men
 (%)

Initial risk
factor
 level

Size of
inter-

vention

Initial BP
 (mmHg)

BP change 
(mmHg)b 

Weighted BP change
(mmHg)c 

Systolic Diastolic Systolic Diastolic Systolic Diastolic

Body
weight

25 24 
(2–156)

48 ± 7 55 ± 33 89 ± 10
 kg

–6.5 ± 2.4
kg

139 ± 13 88 ± 9 –5.3 
(–7.0, –3.5)

–3.6 
(–4.9, –2.4)

–4.8 
(–6.5, –3.1)

–3.4 
(–4.7, –2.2)

Physical 
activity

49 16 
(4–52)

45 ± 14 59 ± 40 67% 
inactived 

2.5 ± 1.1
h/wk

130 ± 14 82 ± 11 –4.2 
(–5.5, –2.9)

–2.5 
(–3.5, –1.6)

–2.8 
(–3.9, –1.7)

–1.8 
(–2.6, –1.1)

Alcohol 13 6 
(2–52)

45 ± 6 100 66 ± 7
ml/de 

–41 ± 17
ml/de 

139 ± 10 85 ± 9 –3.5 
(–4.6, –2.3)

–2.0 
(–2.8, –1.3)

–2.6 
(–3.7, –1.4)

–1.4 
(–2.0, –0.7)

Coffee 10 8 
(2–11)

43 ± 17 55 ± 24 5.1 ± 0.9
cups/d

–4.9 ± 0.9
cups/d

125 ± 8 76 ± 6 –1.7 
(–3.3, –0.1)

–1.0 
(–2.1, 0.1)

–2.2 
(–3.9, –0.6)

–1.0 
(–2.1, 0.0) 

Sodium 40 4 
(2–156)

48 ± 15 61 ± 23 3.5 ± 0.8
g/df 

–2.1 ± 1.2
g/df 

144 ± 17 88 ± 12 –4.1 
(–5.3, –2.9)

–2.5 
(–3.3, –1.6)

–2.5 
(–3.4, –1.6)

–2.0 
(–2.6, –1.4)

Potassium 27 6 
(2–114)

45 ± 12 60 ± 35 2.4 ± 0.4
g/dg 

2.0 ± 1.0
g/dg 

143 ± 21 89 ± 14 –3.3 
(–4.8, –1.8)

–2.1 
(–3.4, –0.8)

–2.4 
(–3.7, –1.2)

–1.6 
(–2.6, –0.6)

Magnesium 16 8 
(3–26)

52 ± 11 54 ± 28 277 ± 56
mg/d

483 ± 216
mg/d

147 ± 13 93 ± 9 –1.7 
(–3.8, 0.5)

–1.8 
(–3.1, –0.6)

–1.3 
(–2.9, 0.3)

–0.9 
(–1.9, 0.1)

Calcium 36 10 
(2–208)

45 ± 13 54 ± 35 0.80 ± 0.18
g/d

1.2 ± 0.4
g/d

133 ± 16 83 ± 11 –1.5 
(–2.9, –0.0)

–0.7 
(–1.7, 0.2)

–1.5 
(–2.8, –0.3)

–0.7 
(–1.6, 0.1)

Fish oilh

 
36 8 

(3–52)
46 ± 11 85 ± 22 i 4.1 ± 2.7

g/d
136 ± 13 85 ± 11 –2.1 

(–3.4, –0.9)
–1.5 

(–2.2, –0.7)
–2.1 

(–3.2, –1.0)
–1.6 

(–2.2, –1.0)

Values given as unweighted mean ± standard deviation, unless stated otherwise.
a: Median, with range in parentheses.
b: Mean change in blood pressure during intervention in pooled set of trials for given risk factor, with 95% confidence interval.
c: BP estimate with 95% confidence interval, weighted by trial sample sizes.
d: Indicates the proportion of trial populations that were sedentary at baseline, according to the trial reports.
e: Absolute level of alcohol (ethanol) intake.
f: 1 g sodium equals 43 mmol (median reduction: 77 mmol/24 h).
g: 1 g potassium equals 26 mmol (median increase: 44 mmol/24 h).
h: Fish oil supplements in different trials contain varying amounts of eicosapentaenoic acid and docosahexaenoic acid.
i: Data on initial intake of fish fatty acids were lacking in 89% of the trials and can therefore not be reported. 
In Western populations, intake of fish fatty acids is <500 mg per day.
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supplementation to –5.3/–3.6 mmHg for weight reduction. BP
estimates for physical activity, alcohol, sodium, potassium and
magnesium were attenuated after weighing for trial sample sizes.
Weighted BP estimates were statistically significant, except for
systolic and diastolic BP in magnesium trials and diastolic BP in
calcium trials and coffee trials (table 1).
Table 2 shows population proportions in risk categories of dietary
and lifestyle factors in five Western populations. These figures,
together with BP estimates presented in table 1, were used to
obtain PAR% for hypertension. To illustrate, the impact of being
overweight on hypertension in Finland is explained in more
detail. For a decrease of 4.8 mmHg in systolic BP due to weight
loss (table 1), population BP in Finland would decline from 139.0
to 134.2 mmHg and the prevalence of hypertension (defined as
systolic BP ≥140 mmHg) from 48.0% to 38.5%. If 6 kg of weight
loss (average reduction in trials) was achieved in 60% of Finnish
adults who are overweight (table 2), hypertension in Finland
would decline by 5.7% (i.e. 0.60 × 9.4%). Dividing this figure by
the prevalence of hypertension yields a PAR% of 12% (calcula-
tions for all risk factors in the five populations are available from
the authors).
PAR% for hypertension are given in table 3. Being overweight
made a substantial contribution to the prevalence of hyper-

tension in all populations, with PAR% between 11% (Italy) and
25% (USA). PAR% were 5–13% for physical inactivity, 9–17%
for high sodium intake, 4–17% for low potassium intake and
4–8% for low magnesium intake. The impact of alcohol was small
(2–3%) in all populations. PAR% for low calcium intake were
also small (<5%), except for the USA (8%). PAR% varied
among populations for inadequate intake of magnesium (4–8%),
fish fatty acids (3–16%) and coffee (0–9%).

DISCUSSION
This study shows that diet and lifestyle have a large effect on the
prevalence of hypertension in Western societies, with different
rankings of risk factors within populations. If one assumes risk
factors to have additive effects and preventative strategies to be
effective, a minimum decline of 40% in the prevalence of
hypertension may be achieved, depending on the population.
Being overweight, physical inactivity, high salt intake and low
potassium intake appeared to be the major contributors to
hypertension in Western populations. With regard to fish
fatty acids, better data on dietary intake in the population and
more BP trials with intake of fish fatty acids in the normal
dietary range (<500 mg per day) are needed before drawing
conclusions.

Table 2 Exposure to risk factors for hypertension in five Western populations

Dietary or lifestyle factor Risk group definition
Exposed proportion of the populationa 

Finland Italy The Netherlands UK USA

Body mass index ≥25 kg/m2 0.60 0.40 0.48 0.41 0.60

Physical activityb Inactive 0.41 0.58 0.42 0.63 0.52

Alcoholc ≥3 drinks/d 0.18 0.19 0.15 0.19 0.13

Coffee ≥4 cups/d 0.48 0.03 0.48 0.27 0.05

Sodiumd ≥2.4 g/d 0.84 0.88 0.81 0.82 0.78

Potassiume <3.5 g/d 0.36 0.74 0.46 0.80 0.79

Magnesium <350 mg/d 0.36 0.98 0.62 0.80 0.74

Calcium <500 mg/d 0.25 0.35 0.28 0.43 0.60

Fish fatty acidsf <200 mg/d 0.39 0.75 0.85 0.83 0.85

a: Prevalences of exposure have been derived from nationwide surveys (details given in text).
b: Roughly defined as ‘no regular exercise during leisure time, exclusive of walking’. The precise definition of physical inactivity may vary among populations
(details given in text).
c: 3 drinks equal 25–50 g ethanol, depending on the type of alcoholic beverage consumed.
d: 1 g sodium equals 43 mmol of sodium and 6 g of salt (NaCl).
e: 1 g potassium equals 26 mmol.
f: Total of eicosapentaenoic acid and docosahexaenoic acid; for Italy and UK, population-based intakes of fish fatty acids were not available and proportions
have been derived from intake of fatty fish (details given in text); exposure to inadequate intake of fish fatty acids is likely to be overestimated if based on 
single 24-h dietary recalls or dietary records.

Table 3 PAR% for hypertension for dietary and lifestyle factors in five Western populations

PAR% for hypertensionb 

Risk factora 
Finland

%
Italy
%

The Netherlands
%

UK
%

USA
%

Overweight 12 11 19 13 25

Physical inactivity 5 10 10 11 13

High alcohol intake 2 3 3 3 3

High coffee intake 4 <1 9 4 1

High sodium intake 9 13 17 13 17

Low potassium intake 4 10 9 12 17

Low magnesium intake 4 8 7 7 8

Low calcium intake 2 3 4 4 8

Low intake of fish fatty acidsc 3 9 15 11 16

a: Risk factor definitions are given in table 2.
b: PAR%: the percentage of hypertension in a population that is caused by exposure to a risk factor and thus that could be eliminated if the risk factor were
negated. The PAR% depends on the blood pressure effect of the risk factor (table 1), the prevalence of risk factor exposure in the population (table 2) and the
prevalence of hypertension in the population (see text).
c: Must be interpreted with caution as PAR% are based on the blood pressure effect of high doses of fish oil (table 1).
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Several methodological issues in this study warrant further
consideration. BP estimates in this study were obtained from
randomized trials, excluding multifactorial interventions, and
are likely to be causal and fully attributable to the specific risk
factors. Although short-term trials were excluded to eliminate
acute BP responses, BP effects (and consequently PAR%) may
be underestimated because true long-term effects (>1 year) were
not accounted for. As in other meta-analyses, our BP estimates
should be interpreted against the background of the pooled trial
populations from which the estimates have been derived.
Subject characteristics may influence BP response to inter-
vention, e.g. BP sensitivity to sodium is probably larger in
populations with elevated BP. Calculating changes in the
prevalence of hypertension after a uniform shift of the
population BP distribution to a lower level, as we did, is therefore
a simplified model. Also, BP estimates for some risk factors
(e.g. magnesium and coffee) have wide confidence intervals due
to the small number of trials in meta-regression analysis and
PAR% should therefore be interpreted with caution. Further-
more, PAR% may be too conservative since they were based
on risk groups only, whereas others may also benefit from
prevention. To illustrate, weight loss is known to also reduce BP
in normal-weight subjects. Finally, we did not examine risk factor
interactions.
If we assume BP effects of all risk factors to be additive, popula-
tion BP may decline by more than 20 mmHg. Cardiovascular
risk strongly increases with BP, even in the ‘normal’ range.31,32

In the large MRFIT study, 20 mmHg decrease in population
systolic BP was associated with a 26% reduction in mortality,
meaning 56,479 lives saved in the US male population.33 We
need to point out that prevalences of hypertension in our study
are overestimated due to non-repeated BP measurements in
epidemiological surveys.34 However, this is unlikely to have had
a large effect on PAR% and the ranking of risk factors in the
different populations.
We conclude that effective dietary and lifestyle interventions
could substantially reduce population BP in Western societies.
For several risk factors, the impact on hypertension varied
among populations, which is important for setting priorities in
preventative strategies. Hypertension itself, however, is not the
outcome of primary interest. More research is needed to assess
the impact of diet and lifestyle on the total cardiovascular risk
profile, including serum lipids and oxidative stress, and (cardio-
vascular) mortality. For Europe, a standardized core population
database for dietary and lifestyle exposures would be extremely
useful to facilitate public health research in this field.
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