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Intersalt: an international study of electrolyte excretion and blood
pressure. Results for 24 hour urinary sodium and potassium excretion

Intersalt Cooperative Research Group

Abstract
The relations between 24 hour urinary electrolyte
excretion and blood pressure were studied in 10 079
men and women aged 20-59 sampled from 52 centres
around the world based on a highly standardised
protocol with central training of observers, a central
laboratory, and extensive quality control. Relations
between electrolyte excretion and blood pressure
were studied in individual subjects within each
centre and the results of these regression analyses
pooled for all 52 centres. Relations between popula-
tion median electrolyte values and population blood
pressure values were also analysed across the 52
centres.
Sodium excretion ranged from 0-2 mmol/24 h

(Yanomamo Indians, Brazil) to 242 mmol/24 h (north
China). In individual subjects (within centres) it was
significantly related to blood pressure. Four centres
found very low sodium excretion, low blood pressure,
and little or no upward slope of blood pressure
with age. Across the other 48 centres sodium was
significantly related to the slope of blood pressure
with age but not to median blood pressure or
prevalence of high blood pressure. Potassium ex-
cretion was negatively correlated with blood pressure
in individual subjects after adjustment for confound-
ing variables. Across centres there was no consistent
association. The relation of sodium to potassium
ratio to blood pressure followed a pattern similar to
that of sodium. Body mass index and heavy alcohol
intake had strong, significant independent relations
with blood pressure in individual subjects.

Introduction
Evidence relating sodium intake to blood pressure

comes from clinical observations, animal experiments,
epidemiological investigations, and dietary trials. The
weight of evidence favours some causal relation but
there are inconsistencies. Studies of individual subjects
within populations have been hampered by limited
ranges of sodium intake and by large day to day
variation in sodium intake and excretion. Never-
theless, some have shown a significant positive associa-
tion.2-"' Several trials have disclosed significant falls in
blood pressure with reduced sodium intake, but others
have not."

Cross sectional studies of isolated populations have
found that when sodium intake is low mean blood
pressure is low and that among adults blood pressure
varies little with age. 4 In almost all other populations,
with greater intakes of sodium, mean pressure is higher
with age. Three reviews have concluded that there is a
linear relation between sodium intake and blood
pressure across diverse populations with varying levels
of sodium intake.'`-' None of these dealt with data
from a systematic, organised international study; no
such investigation has been done. '8 Rather, each was

based on data from separate, individual studies, with
unstandardised measurement of both sodium intake
and blood pressure; confounding factors other than age
and sex were largely ignored.
The purpose of Intersalt is for the first time to

investigate in a systematic and standardised way the
relations between electrolyte excretion and blood
pressure based on samples from many countries and
with assessment ofrelevant confounding variables. It is
also unlike previous international studies in providing
data on individual subjects as well as on populations.

This report analyses sodium excretion, potassium
excretion, and sodium to potassium ratio in 24 hour
urine samples in relation to blood pressure among over
10 000 men and women aged 20-59, taking body mass
index and alcohol intake into consideration as con-
founding variables. Emphasis is placed on electrolyte
effects because this was the reason for the study: the
important independent effects of body mass index and
alcohol will be fully reported later. Relations are
examined both within and across the 52 study popula-
tions.

Methods
FIELD METHODS

The design of the study and methods have been
detailed elsewhere. "' Briefly, 52 centres from 32
countries participated. Each centre was asked to
recruit 200 men and women aged 20-59, 25 in each of
eight age and sex groups. Whenever possible the
samples were selected at random from population
lists or by chunk sampling of defined populations.
The population bases included electoral registers,
factory or hospital workers, and whole village or
island comrmunities. Investigators were trained in
standardised field methods at one of five training
meetings held around the world. Field methods were
described in detail in a manual of operations.2
Whenever an unacceptable report-for example, an

incomplete urine collection-was identified during
data collection the centre was asked to recruit an extra
(supplementary) participant from the same age and sex
group in strict order of random allocation. This was to
facilitate the goal of 200 analysable reports per centre;
occasionally, however, fewer than 200 were available.
Thus reports were received on 10 648 eligible partici-
pants, ofwhom 569 (5 3%) were excluded, 568 because
of problems with the urine collection or forms and one
because of incomplete blood pressure measurement.
Data on the remaining 10 079 participants (5045 men,
5034 women) are presented; 807 participants chosen
at random completed second visits at which blood
pressure was remeasured and a repeat 24 hour urine
specimen collected.

Blood pressure (sitting) was measured twice with a
Hawksley random zero sphygmomanometer"2 with
a false zero range of 0-20 mm Hg and the bell

BMJ VOLUME 297 30 JULY 1988

Intersalt Cooperative
Research Group
A full list of participating
centres and investigators is
given at the end of this paper

Correspondence to: Dr Paul
Elliott, Department of
Epidemiology, London
School of Hvgiene and
Tropical Medicine,
London WC1E 7HT.

319

 on 5 June 2023 by guest. P
rotected by copyright.

http://w
w

w
.bm

j.com
/

B
M

J: first published as 10.1136/bm
j.297.6644.319 on 30 July 1988. D

ow
nloaded from

 

http://www.bmj.com/


of a Littmann stethoscope. For 30 minutes before
measurement participants refrained from eating,
smoking, or strenuous activity; they then emptied
their bladders and sat quietly for five minutes. A range
of cuffs was used to allow for differing arm circum-
ferences. Diastolic pressure was recorded when sounds
disappeared (phase V).

Participants were asked to provide both a casual
("spot") urine specimen and a 24 hour urine collection.
Standard 1 litre wide mouthed plastic jars were
supplied, with a funnel for women, boric acid being
used as a preservative. Participants were instructed
carefully on the need to collect all urine passed during
24 hours; both the start and end of the collection took
place at the examination centre under supervision of
clinic staff so as to get exact timing of the collection and
eliminate overcollection. At the end of the collection
period completeness was assessed by a standardised
interview. The height of urine in each jar was measured
on a standard platform and scale and later converted
into volume by computer in London. Aliquots were
refrigerated at 4°C within 24 hours and frozen at - 20°C
within seven days, then shipped frozen to the central
laboratory in Louvain, Belgium.

Height and weight were measured twice, a Stadio-
meter and beam balance scale being used when
possible. Daily intake of alcoholic drinks over the
preceding seven days was assessed by questionnaire
and converted into volume of absolute alcohol based on
local information. The questionnaire also included
history of hypertension, current medicines (antihyper-
tensive agents, oral contraceptives, other drugs), edu-
cation, social state, and changes in diet (including salt
intake). When necessary data forms and the question-
naire were translated into the local language and
checked by back translation into English. Ambient
temperatures outdoors and indoors were recorded.

STUDY ORGANISATION, DATA PROCESSING, AND QUALITY
CONTROL

The executive committee has overall responsibility.
Coordinating centres at the London School of Hygiene
and Tropical Medicine (department of epidemiology)
and the Northwestern University Medical School,
Chicago (department of community health and pre-
ventive medicine) were responsible for the method-
ology and for enlisting and training investigators. All
data forms were sent to London for review, edit,
coding, data entry, and analysis. They were checked
on receipt for completeness and consistency, queries
being referred back to local centres for clarification
or correction. The London centre also reviewed each
field unit's recruiting documents and urine collection
registers as a further check on sampling procedures
and data completeness and accuracy. All data were
entered twice into the computer. A random 5% of
forms were double coded.

URINE ANALYSES

All analyses were carried out by the central
laboratory, St Rafael University, Louvain (depart-
ment of epidemiology). Sodium and potassium were
analysed by emission flame photometry,2 calcium and
magnesium by atomic absorption flame photometry,'
and creatinine by the Jaffe method.24 Reference
samples were created at the start of the study and
included in each day's analyses to check laboratory
variation. Quality control was monitored in London by
comparing results on anonymous duplicate (split)
samples sent to the laboratory under different numbers
unknown to the laboratory. Technical error of the
laboratory measurements, based on split samples, was
calculated for each centre from the formula \(Xd2/2N),
where d is the difference between a pair of measure-
ments and N the number of split pairs. Percentage

technical error for each centre (defined as 100 times
technical error divided by the mean value of the split
samples) was then calculated and averaged over the
centres, weighted by N. The averaged percentage
technical errors were 1-4% (sodium), 1 9% (potassium),
5 0% (calcium), 3 1% (magnesium), and 2 3% (creati-
nine).

Laboratory quality control procedures disclosed a
systematic underestimate ofabout 10% in the measure-
ment of sodium concentration for values above
80 mmol/l. Correction of this error did not alter
conclusions, and data based on the uncorrected values
are presented.

STATISTICAL METHODS

Blood pressure of individual participants was the
mean of the two recorded readings. Individual elec-
trolyte excretion was the product of electrolyte con-
centration in the urine and urinary volume corrected to
24 hours. Body mass index was calculated as weight
divided by height squared (kg/M2). Relations between
electrolyte values and blood pressure were assessed
both within and across centres in accordance with prior
plans.'9 Though the protocol specified one sided hypo-
theses,'9 a more conservative approach was adopted for
this report, two sided tests of significance being
presented throughout.

In within centre analyses centre by centre linear
regressions of blood pressure on sodium, potassium,
and sodium to potassium ratio were calculated, adjusted
for age and sex. Adjustments were also made for body
mass index and alcohol intake, identified beforehand as
important confounding variables, and then potassium
was also included in the regression for sodium and
sodium in the regression for potassium. Additional
exploratory analyses were undertaken with calcium
and magnesium in these models. To adjust for alcohol
seven day intakes were stratified into three groups (0,
1-299 ml, and ¢300 ml absolute alcohol/week) with
two 0,1 variables-that is, no alcohol intake v 1-299 ml/
week (0,1) and no alcohol intake v 300 ml/week (0,1).

Within centre regression coefficients for blood
pressure and electrolyte values were averaged (pooled)
in order to yield overall study estimates, each centre
coefficient being weighted by the inverse ofits variance;
this procedure minimised the variance of the pooled
coefficient. Misclassification of individual participants
due to within individual variation attenuates true
associations' and biases regression coefficients towards
zero, but corrected estimates of the regression coeffi-
cients may be obtained from data on repeat urine
measurements. These data yielded coefficients of
reliability for each centre and for each urine variable,
calculated as the reciprocal of (one plus the ratio of
within individual to between individual variances).29
These centre specific coefficients of reliability were
then pooled and the pooled regression coefficient for
each urine variable corrected by dividing it by its
pooled coefficient of reliability.
The cross centre analyses examined the relations

between population median 24 hour urinary electrolyte
values and several blood pressure variables. These
included slopes of systolic and diastolic blood pressure
with age; population median systolic and diastolic
pressures; and population prevalence of hypertension,
defined for this report as systolic pressure ¢r 140 mm
Hg or diastolic pressure 390 mm Hg or use of
antihypertensive agents. Medians were used instead of
means because they are less affected by extreme values
and skewness and, for blood pressure, they avoid bias
due to antihypertensive treatment (by assuming that all
patients having treatment had blood pressure in the
upper half of the distribution). Means and standard
deviations were also calculated. Slopes of systolic
pressure and diastolic pressure with age were obtained
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from regressions of individual blood pressure on age
for men and women separately within each centre and
then by averaging these two values.
To correct for small differences in age and sex

distributions because of varying numbers of partici-
pants in the 52 centres (range 157-200) medians were
calculated separately for men aged 20-39 and 40-59 and
for women aged 20-39 and 40-59 and then averaged
over the age and sex groups. Simple regression analyses
of the resulting values were carried out unadjusted for
other variables. Multiple regression analyses were also
done, with adjustment for median body mass index
and alcohol intake. For alcohol intake two variables
were entered simultaneously into the regression
models-percentage of drinkers and median alcohol
intake of drinkers.

Four geographically isolated populations with very
low sodium excretion and very low blood pressure
strongly influenced overall cross centre associations,
and so all analyses were done both for all 52 centres and
with exclusion of these four. Before the data were
analysed adherence of each centre to the protocol and
manual of operations20 was reviewed centrally, and
nine centres were judged to have broken one or more of
the less critical protocol criteria. These infringements
-for example, in recruiting procedures-were not of a
nature seriously to affect the study of electrolyte and
blood pressure relations, and as exclusion of these nine
centres did not materially alter the findings, results
presented here are for all centres.

Results
DESCRIPTIVE STATISTICS

Appendices I-III give the data for the 52 centres
(men and women combined). Median values of the
centres for key study variables had the following ranges
(appendix I): urinary sodium excretion 0-2 mmol/24 h
(Yanomamo Indians of Brazil) to 242-1 mmol/24 h
(Tianjin, north China); potassium excretion 23 4-8 11
mmol/24 h; sodium potassium ratio <0 01-7-27;
creatinine excretion 4 0-13 5 mmol/24 h; urine volume
0-58-1 -971/24 h. Median systolic blood pressure ranged
from 95-4 to 132-4 mm Hg, diastolic pressure from

61-4 to 82 1 mm Hg, systolic blood pressure slope with
age from -0-149 to 1-326 mm Hg/year, and diastolic
blood pressure slope with age from -0 047 to 0-679
mm Hg/year. Prevalence of hypertension varied from
nil to 33-5% and of alcohol drinkers from nil to 91-5%.
Median body mass index varied from 20-0 to 30-1
kg/M2. Appendix II gives data on centre means and
standard deviations standardised for age and sex.

WITHIN CENTRE ANALYSES

Sodium excretion and blood pressure of individuals
After adjustment for age and sex sodium excretion

and systolic pressure of individual participants were
positively associated in 39 ofthe 52 centres, significantly
so (p<005) in 15 (table I). Significant negative associa-
tions were found in two centres. After adjustment
also for body mass index, alcohol consumption, and
potassium excretion positive associations were found
in 33 centres (eight significant). Regression slopes for
this analysis ranged from -0-040 to 0 085 mm Hg/
mmol sodium (appendix III). When these within
centre regression slopes were pooled the relation of
sodium to systolic pressure was positive and significant
(p<0001) (table I). The coefficient of reliability
for sodium estimated from the repeat measures was
0-460. Thus the corrected systolic pressure-sodium
coefficient (adjusted for age and sex) was the un-
corrected coefficient (0-0163) divided by reliability
(0 460), giving 0 0354 mm Hg/mmol sodium (table I).

After adjustment for age and sex sodium excretion
and diastolic pressure were positively associated in 33
centres (significantly in four) and the pooled regression
coefficient was positive and significant (p<0O001).
Significance was lost when body mass index, alcohol
intake, and potassium excretion were added to the
analysis (table I).

Sodium to potassium ratio and blood pressure of
individuals
The sodium to potassium ratio adjusted for age and

sex was positively related to systolic pressure in 40
centres (14 significantly), and in 37 centres (eight
significantly) when adjusted also for body mass index

TABLE I-Summary of within centre associations between 24 hour urinary sodium excretion, sodium:potassium ratio, potassium excretion, and
blood pressure (52 centres; all subjects)

Systolic pressure Diastolic pressure

Adjusted for age, Adjusted for age,
Adjusted for age sex, and other Adjusted for age sex, and other

and sex confounderst and sex confounderst

Sodium
No of positive coefficients 39 33 33 25

Nosignificant(p<0 05) 15 8 4 3
No of negative coefficients 13 19 19 27
No significant (p<005) 2 2 1 3

Pooled regression coefficient (mm Hg/mmol) 0-0163 0 0100 0-0068 0 0003
SE 0-0023 0-0026 0-0017 0-0019
z Score 6-97*** 3.79*** 4-08*** 0-16

Pooled regression coefficient corrected for reliabilityt 0 0354 0-0217 0-0148 0-0006
Sodium:potassium

No of positive coefficients 40 37 31 25
No significant (p<005) 14 8 4 3

No of negative coefficients 12 15 21 27
No significant (p<0z05) 0 0 2 3

Pooled regression coefficient (mm Hg) 0 8097 0-6209 0 3188 0-1664
SE 0-1062 0-1045 0-0752 0-0738
z Score 7.62*** 5.94*** 4-24*** 2-26*

Pooled regression coefficient corrected for reliabilityt 2-0977 1-6085 0 8259 0-4311
Potassium

No of positive coefficients 24 13 29 17
No significant (p<005) 0 0 2 2

No of negative coefficients 28 39 23 35
No significant (p<005) 2 3 2 5

Pooled regression coefficient (mm Hg/mmol) 0-0012 -0-0254 -0-0020 -0-0165
SE 0 0065 0-0070 0-0048 0-0052
z Score 0.19 -3 63*** -0-41 -3-18**

Pooled regression coefficient corrected for reliability: 0-0021 -0-0446 -0-0035 -0-0289

*p<O-05. **p<0-01. ***p<0-001.
tOther confounders were: (for sodium model) body mass index, alcohol consumption, and urinary potassium; (for sodium:potassium model) body mass
index and alcohol consumption; and (for potassium model) body mass index, alcohol consumption, and urinary sodium.
tCoefficient of reliability calculated from data on repeat urine measurements (see text).
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and alcohol intake (table I). When the centre data were
pooled the relation of the sodium to potassium ratio to
systolic pressure was positive and highly significant
(p<0001). Though the relation of the sodium to
polassium ratio to diastolic pressure was less strong,
the pooled regression coefficients adjusted for age and
sex and for age, sex, body mass index, and alcohol
consumption were positive and significant (p<0001
and p=0 02, respectively).
The coefficient of reliability for the sodium to

potassium ratio was 0 386, which was used to correct
the regression coefficients. For example, the regression
coefficient of 0 6209 mm Hg relating systolic pressure
to the sodium to potassium ratio (adjusted for age, sex,
body mass index, and alcohol consumption) was
1 6085 mm Hg when corrected for reliability (table I).

Potassium excretion and blood pressure of individuals
Most centres showed a negative association between

potassium excretion and systolic pressure, which after
full adjustment was significant in three centres; none
found a significant positive association. The pooled
coefficient was small (positive) when only age and sex
were in the model but was negative and significant
(p<0-001) when adjusted for age, sex, body mass
index, alcohol intake, and sodium excretion. The
coefficient of reliability for potassium was 0-570, so
that correction for reliability changed the regression
coefficient for this analysis from -0 0254 to -0-0446
mm Hg/mmol potassium (table I).

For potassium and diastolic pressure most centres

TABLE it-Summary ofwithin centre associationst between bodv mass
index, alcohol intake (1-299 mllweek and se300 mllweek), and
svstolic and diastolic blood pressure (52 centres; all subjects)

Alcohol intaket
Body mass
indext 1-299 ml week 300 ml/week

Svsiolic blood pressure
No of positive coetficients 51 28 35
No significant (p<0 05) 40 10

No of negative coefficients 1 22 13
No significant p<0 05) 0 1 0

Pooled regression coefficient 0-7754 0 5272 3 3358
SE 00359 0 3536 0 5664
zScore 21 61*** 1 52 5 93***

i)tastolic blood pressure
No of positive coefficients 52 26 35
No significant (p<005) 44 1 10

No of negative coefficients 0 24 13
No significant (p<005 0 0 0

Pooled regression coefficient 0-5967 0-1138 1 9836
SE 0 0257 0 2507 04074
z Score 23-22*** 0-45 4 86***

*p<0.05. **p<O0Ol. ***p<0001.
tAdiusted for age, sex, sodium, potassium, and the two other explanatory
varlables-for example, body mass index adjusted for age, sex, sodium,
potassium, alcohol intake 1-299 ml, week, and alcohol intake - 300 ml/week;
and alcohol intake -300 ml/week adjusted for age, sex, sodium, potassium,
alcohol intake 1-299 ml, week and bodv mass index.
tFor alcohol intake regression coefficients estimate difference in blood
pressure for drinkers of 1-299 ml week and a300 ml[week compared with
non-drinkers. [here were two centres with no drinkers and two other
centres with no drinkers of 300 mliweek.

showed a positive association in the age and sex
adjusted analysis but a negative association (significant
in five centres) when body mass index, alcohol intake,
and sodium excretion were also considered. For both
these analyses the pooled findings showed a negative
association between potassium and diastolic pressure,
which was significant in the analysis adjusted for all
confounders (p<001) (table I).

Within centre results were essentially unchanged
by the inclusion of calcium and magnesium in the
regression models (data not shown).

Body mass index, alcohol intake, and blood pressure of
individuals

Pooled regression coefficients for the relations of
both body mass index and heavy alcohol intake (¢e 300
ml/week) to systolic and diastolic pressure were highly
significant in within centre multiple regressions when
these included sodium and potassium excretion in the
analyses (table II).

ACROSS CENTRE ANALYSES
Median 24 hour sodium excretion and slope of blood
pressure with age

In the age and sex standardised analysis a significant
linear relation was shown between the median 24 hour
urinary sodium excretion for the 52 centres and the
slope ofsystolic blood pressure with age. The regression
coefficient was 0 0030 mm Hg/year/mmol sodium
(p<0 001) (fig la).
Four isolated populations-the two Brazilian Indian

(Yanomamo and Xingu), the Papua New Guinean, and
the Kenyan-had the lowest urinary sodium excretion
(0-2, 5-8, 26-8, and 51-3 mmol/24 h respectively) and
had decreases or only small increases of systolic
pressure with age (-0 079, 0 052, -0-149, and 0-206
mm Hg/year, respectively) (appendix I). The scatter-
grams of blood pressure variables and median sodium
excretion for 52 centres suggested that these four
isolated populations substantially influenced associa-
tions in linear regression and Pearson correlation
analyses (see figs la, 2a, 3a, 4a), so analyses were
repeated for 48 centres excluding these four. In
addition, Spearman rank order correlation coefficients
were computed as these do not assume linearity.

In the age and sex standardised analysis for the 48
centres the relation ofsodium to systolic blood pressure
slope with age remained positive but at a border-
line level of significance (b=0-0019; p=006) (fig
la). Rank order (Spearman) correlation coefficients
were significant in the analyses for both 52 and 48
centres (r=0A451, p<0 001; and r=0-305, p=0.03,
respectively).

Simple correlation analyses of the data for 52 and
48 centres showed that across centres body mass
index and alcohol intake were significantly related
to key independent and dependent variables (table
III). The significant correlations among body mass
index, alcohol, and blood pressure variables were all

[ABLE iti-Pearson correlations of systolic blood pressure and diastolic blood pressure slopes with age, median blood pressures, prevalence of
hypertension, and 24 hour urinary sodium exc-retion, sodium:potassium ratio, and potassium excretion with median body mass index, percentage of
drinkers, anrd medianr alcohol initake of drinkers. (Cross centre analyses; 52 and 48 centres)

Bodv mass index '¼ Of drinkers Median alcohol intake of drinkers

52 Centres 48 Centres 52 Centres 48 Centres 52 Centres 48 Centres

Svstolic blood pressure slope with age 0.313* 0115 0 182 -0 225 0 202 0 062
Diastolic blood pressure slope with age 0 155 -0-168 0-351* -0 064 0 219 0055
Median systolic blood pressure 0-623*** 0 572*** 0-541*** 0 281 0.277* 0115
Median diastolic blood pressure 0-582*** 0495*** 0-437** 0-142 0-230 0 080
Prevalence of hvpertensiont 0-677*** 0 593*** 0.343* 0-016 0 168 0 014
24 Hour sodium excretion 0-096 -0441* 0 452*** -0 022 0-136 -0-163
24 flour sodium:potassium ratio -0-029 -0-331* -0 054 -0 566*** 0 095 -0-087
24 four potassium excretion 0 022 0 024 0-362** 0625*** -0-138 -0-071

*p<0.05. **p<001. ***p<0o00l.
tHlypertension defined as svstolic pressure a 140 mm hIg or diastolic pressure ¢90 mm Hg or use of antihypertensive agents.
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FIG 1-Cross centre plots of systolic blood pressure slope
with age and median sodium excretion andfitted regression
lines for 52 and 48 centres: (a) standardised for age and
sex; (b) also adjusted for body mass index and alcohol
intake (52 centres); (c) also adjusted for body mass index
and alcohol intake (48 centres)
*p<005; **p<0.01; ***p<0001
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positive; those among body mass index, alcohol, and
electrolytes were both positive and negative.

After adjustment for body mass index and alcohol
intake a significant linear relation was found between
sodium excretion and the slope of systolic pressure
with age both for 52 centres (b=0-0034; p<0001) (fig
lb) and for 48 centres (b=0 0030; p<001) (fig 1c).
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FIG 2-Cross centre plots of diastolic blood pressure slope
with age and median sodium excretion andfitted regression
lines for 52 and 48 centres: (a) standardised for age and
sex; (b) also adjusted for body mass index and alcohol
intake (52 centres); (c) also adjusted for body mass index
and alcohol intake (48 centres)
*p<005; **p< 0-01; ***p<O0Q00
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FIG 3-Cross centre plots ofmedian systolic blood pressure
and median sodium excretion andfitted regression linesfor
52 and 48 centres: (a) standardised for age and sex; (b)
also adjusted for body mass index and alcohol intake (52
centres); (c) also adjustedfor body mass index and alcohol
intake (48 centres)
*p<O05; **p<O0O1; ***p<O0OO1
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All analyses of the relation between median 24 hour
urinary sodium excretion and diastolic blood pressure
slope with age-that is, both with and without adjust-
ment for body mass index and alcohol intake-yielded
significant positive findings for 52 and 48 centres,
linear regression coefficients ranging from 0-0014
to 0-0021 mm Hg/year/mmol sodium (p<001 and
p<0 001, respectively) (fig 2a-c).

Median 24 hour sodium excretion and median blood
pressure

There were positive and significant relations between
median sodium excretion and median systolic pressure
across 52 centres in both the age and sex standardised
regression analysis (b=0-0709 mm Hg/mmol sodium;
p<0001) and the analysis also adjusted for body mass

index and alcohol intake (b=0 0446; p<0O01) (fig
3a, b). For 48 centres, however (excluding the four
recording very low sodium excretion), both regression
analyses showed no significant associations of sodiums
with median systolic pressure (fig 3a, c). Rank order
correlation analyses showed non-significant associa-
tions for both 52 and 48 centres (data not shown).

Significant associations were found between median
sodium excretion and median diastolic pressure in age
and sex standardised regression analyses for 52 centres
(b=0 0379 mm Hg/mmol sodium; p<001) and, with
a sign in the opposite direction, for 48 centres
(b=-0 0445; p=004) (fig 4a). After adjustment for
body mass index and alcohol intake the association was
positive and of borderline significance for 52 centres
(b=0 0226; p=0 08) but negative and non-significant
for 48 centres (fig 4b, c).

Median sodium excretion and prevalence ofhypertension
Median sodium excretion and prevalence

of hypertension were positively and significantly
related in correlation and regression analyses for
52 centres (b=0 0477%/mmol sodium (p=0 01) to
b=0 0625%/mmol sodium (p<001)) but not for 48
centres or on rank order analysis (data not shown).

Data on cross centre analyses for the relation of the
sodium to potassium ratio to blood pressure variables
(slope with age, median blood pressure, prevalence of
hypertension) are not given in this report but are

available on request. Though the sodium to potassium
ratio was positively related to both slope of blood
pressure with age and prevalence of hypertension, this
was significant only for the 52 centres and not the 48.
Potassium was inconsistently related to blood pressure
in these cross centre analyses.

Discussion
Intersalt found significant positive relations between

24 hour urinary sodium excretion and systolic and
diastolic blood pressure in individual participants and
between individual urinary sodium to potassium ratios
and blood pressure. These relations were shown by
pooling regression coefficients from 52 separate within
centre analyses on 10079 people world wide after
adjustment for age and sex. When also adjusted
for body mass index and alcohol consumption of
individual subjects and for urinary potassium in the
sodium-blood pressure analysis the relation of systolic
pressure to both sodium excretion and the sodium to
potassium ratio remained significant (p<0-001), as did
that between diastolic pressure and the sodium to
potassium ratio (p<005). With age, sex, body mass

index, alcohol intake, and urinary sodium excretion in
the multiple regression analyses, significant negative
relations were shown between potassium excretion and
blood pressure, both systolic and diastolic.
Body mass index and heavy alcohol intake (c300 ml/

week (¢34 g/day)) were strongly, significantly, and
independently related to systolic and diastolic pressure
in individual subjects, findings concordant with results
of many other studies.2627 The effect of body mass

index was also strong across centres.
The few previous within population studies of

urinary sodium and potassium excretion and blood
pressure, each done in one or at most two popula-
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tions only, yielded inconsistent and inconclusive
findings.2-""' It is therefore relevant to emphasise the
methodological basis for the Intersalt results. They are
syntheses of data from 52 separate epidemiological
studies, each using the same standardised design and
methods. For each study centre assessment of the
relations between electrolyte and blood pressure was
limited by within person variability, especially as only
one 24 hour urine collection was used to estimate
electrolyte excretion. Ability to combine results from
the 52 centres, however, gave the study enough
statistical power to overcome this serious problem.
Thus for the relation between sodium excretion and
systolic pressure, though the multiple regression co-
efficients were positive in 33 of the 52 centres, they
were significant in only eight, and there were negative
regression coefficients in 19. Nevertheless, with pool-
ing of the regression coefficients from all 52 of these
within centre analyses to take advantage of the large
total sample size a significant overall regression co-
efficient resulted (p<0 001).

Estimates of the within centre regression coefficients
may be seriously diluted by measurement errors.
Though correction of this bias may be attempted
by using the reliability estimates, adjustment may
be incomplete. Nevertheless, after correction of the
pooled regression coefficients for unreliability of
measurement statistical estimates may be made of the
effects of differences in electrolyte intake on blood
pressure. These estimates cover a range, depending on
the choice of systolic or diastolic pressure and of
confounding variables used in the adjustment. Thus it
was estimated that a 100 mmol/day lower sodium
intake-for example, 70 instead of 170 mmol/day-
corresponds statistically (with adjustment for age
and sex only) to an average blood pressure lower by
3"5 mm Hg systolic or 15 mm Hg diastolic, but
adjustment also for potassium excretion, body mass
index, and alcohol intake reduces these estimates
to 2-2 mm Hg systolic and 0 1 mm Hg diastolic.
Important public health benefits may result from even
these small changes in blood pressures if applied to the
population as a whole."

910

- I

*0

- 52 Centres: b=0 0379
(SE 0 0138) mm Hgi,'mmol sodium**
---- 48 Centres: b=-0 0445
(SE 0-0206) mm Hg/mmol sodium

Ito

50 100 150 200 250

Median sodium excretion (mmol,24h)

10

52 Centres: b=0-0226
(SE 001 261 mm Hg/mmol sodium

0 50 1 00

Cross centre regressions also showed positive linear
relations between median 24 hour sodium excretion
and slope of both systolic and diastolic pressure with
age. After adjustment for body mass index and alcohol
intake these relations were significant for all 52 centres
and also for the 48 centres exclusive of the four
recording low sodium excretion. From the analysis of
the 48 centres it is estimated that if the relation were
causal, then with a 100 mmol lower daily sodium intake
the average increase in blood pressure from age 25 to
age 55 would be less by 9 0 mm Hg for systolic pressure
and 4 5 mm Hg for diastolic pressure.

In the four isolated centres whose populations had
very low sodium excretion (0"2-51-3 mmol/24 h)
and low urinary sodium to potassium ratios
(<0"01-1"78) median blood pressures were also low
(systolic 95-110 mm Hg, diastolic 61-68 mm Hg) and
slopes of blood pressure with age were negative or
small and positive. All other centres had positive slopes
of blood pressure with age and higher median blood
pressures. In Intersalt data there was a large gap of 50
mmol/day between median sodium intake in the four
populations with low sodium excretion and the popula-
tion with the next lowest among the other 48 centres. It
may be that the relation of sodium with blood pressure
is weak in the mid-range of sodium intake and stronger
at both the lower and upper extremes of sodium
reported in various populations.7

In contrast with the significant positive findings for
sodium and slope of blood pressure with age, other
cross centre results were inconsistent and strongly
influenced by the four centres reporting low sodium
excretion, so that regression analyses based on 48
centres were no longer significant. Several factors may
have contributed to these inconsistencies. Firstly, the
statistical power to detect significant associations in the
cross centre analyses was low once the four populations
with low sodium values were excluded, given a lower
than expected upper limit of sodium intake. Secondly,
multiple factors might affect blood pressure across
populations-for example, climate, physical activity,
level of acculturation-but are less likely to confound
within centre comparisons; inability to control for
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FIG 4-Cross centre plots of median diastolic blood
pressure and median sodium excretion andfitted regression
lines for 52 and 48 centres: (a) standardised for age and
sex; (b) also adjusted for body mass index and alcohol
intake (52 centres); (c) also adjusted for body mass index
and alcohol intake (48 centres)
*p<O05; **p<OO1; ***p<O0OOI
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these effects might bias associations in cross centre (3) Cross centre analyses of sodium excretion and
(ecological) analyses."' For one important variable- median blood pressure and of sodium excretion and the
slope of blood pressure with age-significant positive prevalence of hypertension showed a positive associa-
associations with sodium were found across centres, tion when all 52 centres were included but not when
consistent with the within centre findings. Systematic the four populations with low sodium values were
measurement biases might distort comparisons of excluded. The inconsistency with the findings in indi-
medians across centres, but, being similar across age vidual subjects might reflect the role of confounding
groups and individual subjects within a centre, they variables that differed widely across centres but less so
would be less likely to bias values of the slope of blood within centres.
pressure with age or other within centre comparisons. (4) Potassium excretion was negatively and inde-

Analyses are in process for men and women separ- pendently associated with blood pressure of individual
ately and for older and younger ages and of the effects subjects within centres after adjustment for sodium
of body mass index, alcohol intake, urinary calcium excretion, body mass index, and alcohol intake.
and magnesium excretion, and social and cultural (5) The relation of the, urinary sodium to potassium
factors including physical activity, education, and ratio to blood pressure in individual subjects followed a
social state. pattern similar to that for sodium but more strongly
The following conclusions may be drawn from the and consistently.

Intersalt data: (6) Body mass index and high alcohol intake were
(1) Within centres sodium excretion was signifi- strongly, positively, and independently associated

cantly related to blood pressure in individual subjects, with blood pressure in individual subjects.
and at least in part this relation was independent of
body mass index and alcohol intake. Sodium excretion The study was launched under the auspices of the Council
was also significantly related across centres to the slope on Epidemiology and Prevention of the International Society
of blood pressure with age. Thus lower average sodium and Federation of Cardiology (ISFC). The work was
intake might have a favourable influence on blood supported by grants from the Wellcome Trust (United
pressure, on change of blood pressure with age, and Kingdom); the National Heart, Lung, and Blood Institute
hence on cardiovascular mortality. (United States); the International Society of Hypertension;

(2) The four Intersalt populations with low sodium the World Health Organisation; the Heart Foundations of
(2)retiT fou Intersantbpodput sswith lowsodium Canada, Great Britain, Japan, and The Netherlands; the

excretion had low median blood pressures, low preva- Chicago Health Research Foundation; the FWGO-FMRS
lence of hypertension, and either a decrease or only a (Belgian National Research Foundation); and the ASLK-
small increase of blood pressure with age. CGER (Parastatal Insurance Co, Brussels).

APPENDIX I-Values of selected vari'ables (52 centres; all subjects)

.Svsolic blood Di5astolic blood Median Median Median alcohol
Pressore slope pressure slope Median s\vstoltIc Median diastoic)1, Prevaleoco ol Median Mcdian urinarv bodv mass Plrevalence of- intake of Median urinarv Miedian

witih aige with aige blood preSSLurc blood pressure hypertensiuonurina rv sodiLoM orinarvsSodilul: ptaiu ne rnkr rnes cenine nirtne volume
Centre om IJo year' min hg vear: win1 I g mmi JIg 's1 tninol 24 h potassium ratio toweol 24 h kg to2 S:,o (ml week) tmoel 24kh 24 h1

Argentina (1549 (1512 1 135 7250 135- 149 3 2 -76 559. 24-1 785 173 I1. 33
Belgium:

C;harleroti 03b;7 0 226 1256 78-2, 197 1335- 2-20 58-8 25S6 78-7 88 1089 1-41
Ghent 0-295 ((316 120(7 73-9 17-0 l42b- 2-12 67-1 24b6 785S 98 121 147

Brazil:
Xingrt 0-052 0(042 98-9 61 7 I_ 0 58 00(8 8l 23 0 ~ 9-4 53
Yanotmamo 01(79 (11186 95-4 b14 0112 O 79 2- 3. 4-0 1107

C2anada:
Labradoir 1518X) 0 265 I9119. 7-34 22 6 1489 3 44-7 2 3591 168 11.9 197
St John's 11529 03184 l23l 79-2 24 5 1843 -1 76 2-85- 142 13 3 1-62

Coltombia (lOllI (.Sol 1I-6I6bb 17-1 194-1 2767-52 611 145 7- 7 17(0
D)enmark 0-335 11352 124-1 82 1 26bb 135b6 2-76. 2 9 131 12-2 1 54
i'ast (ierunanv (1425 0(343 12(010 75-0 201(7 1 38 7 2-453-8 2494 163 11-7 01
Finland:

Joensurtt 0-493 1151(8 121-9 77*S 2311 1641 221 75-9 24-8 68-0 85 12-1 1-45
ro'rkii 11575 (1465 1251 77-4 260 144-4 Il87k-72- 6- 12 2 145

f Itngary 0-593 1 308 124-4 79 2 31-0 189-7 4047-3 2X575 83 112 1.31
Icelaild 11334 0-28(1 116(0 71-7 125 135-1 2-463-S405 86 12 3 1 31
India:

Ladakh 0-611 01497 111.9 7117 1(1 94-4 45745 -1 200 56Sb0 34k 6 5 1-76
New DSeIh 0-647 0 383 11(19 73-9 13;6 1532 33746-3 2- 031 8-4 1-32

Itale:
B4assianti 0-663 0-436 124k6 79-6 24k6 1759 3056-6 2 9( 278 III1 1806
GutbbiO 116114 (1439 118.1 69-9 162 169-9 ;-3 54 2 24-8 87-0 147 11-7 1806
Miranot 014701 (( 370 119-2 7k0 28-5 17080 29 576 24 6 84I0 2210 123 1-15
Naples 0-419 11321 112-4 72 9 1310 1626 27859.9 5-2 109 1l-l 0-94

Japan:
OSsaka 11196 ((446 113-7 68-4 11 7 1671 401 4067 26642 109 9.8 112
,rochigi 11277 (1254 116-2 67-2 11.9 1712 412 41-9 22-56- 45 9. 5 182
ovma0 395 11497 1164 73.-5 1111 201-2 4946-1 2 7530 127 10-3 1 37

Kenva 02116 0-134 109.9 67-9 5(1 51SIS 7 29-5, 0 0 122 7.9 0-97
Malta 11550 (1309 125 1 77 2 23-0 1656 2 968-1 66S7- 4 11-2 1-40
Mewict (1280 112 15 10-9 72 6 5-9 1346 331 39*9 2 78 7 496 7-8 1-43
ikhe Netherlands ((493 0 301 123-9 79 7 24 -2 146-4 2-1 7019 23-7-7 III i26 1-43
PapuaNew (iuinea 0-149 11047 117-7 62-9 0 2- 04863 -7 8178 5 72 8-58
Peoiple's Republic~ofl-China:

Beijing 0-663 0 5111 10171 66-I 8- 5 196 4 5033.9 22- 8027 9*4 1-28
Nann'ing 01 737 ((465 (18-9 67-4 1- 51 612 26-4 2083 0I 9-3 [IS
TIianiin (164(1 0 399 1175S 70 2 1- 242 -732-8 2 535 93 9-7 67

Potland:
Krakow 0 524 11369 1201 75-7 1911 191 8 3-1 50- 2-S5 70 12 -3 1-14
Warsaw 0-563 (13112 123 6 77-9 2- 176 8s 44-0 2605-5 57 121 113

Portutgal 1-326 11679 132-4 78-2 32 0 154 2 7061-4 25- 46 256 10-7 1-13
Sotuth Kotrea (1242 0 303 119-4 71-4 81 214 44 47.5 2- 3 35 9-5 1-47
Soveiet rUnion 11763 11411 ISo- 72 SS 118 3 1 47-1 21433- 43 119 ((98
Spain:
Manresa 0-438 0-4711 119.9 72-7 16 (0 169 -4 23 66-1 2 97 5 1133 11-6 1-06

Toreon0-613 0-490 117-9 68-0 IS S 17S '2 26 6753164 2- 162 11.0 128
Taiwant 0-436 (1367 11411 75 2 I7 6 136 2 4 66 29-8 23120k3 6-7 107
TIrinidad and Tttobagtt 0(1611 (1340 115-7 79.9 18(1 108-3 27738-0 2703- 55 12 7 0-87
United Kingduom:

Boll'ast 0 338 0129(0 19(1 71-1 18-6 149-9 26356-5 2 3669 178 110 134
Birmingham (1584 113211 118. I- SI. 1500 2 5 62-3 2417- IS 11-0 1-67
Sottith W'ales 0-492 0-442 121-7 7 4 21(0 151-8 28 63 0 24 5 6889 104 11-4 1 37

United States:
C;hicagot 0 287 0-265 11511 70 0 12-6 133~8 2 S62-4 2-04 122 12-1 1 28

Gousdman IBlack 0-433 0-294 122-1 78. s 26b1 95.9 4-5 23 4 3863- 09 9.9 0-73
White (1346 112711 ISM. 7- 192 125 9 316 43-1 26'2 213 108 1-14

Hauwaii 0h638 ((434 1237 7;2 23 2 130-3 3939-8 31409 263 126 1-17

Jackson' Black 0 325 11295 127 9 14 33*5 136-6 3783800 27-97 89 13 5 03
I White 0 320 021(4 1201(7 76 2(16 134 4 2 6 536 24 2-2 87 II.( 1-44

West (6ermnans
Bernried (1419 0.380 1217 7-716-6 162(1 2 70- 7 24 17 15(1 1211 1-40
Ileidel trg 11246 1(303 (165, 73-1 13. 172-0 2 37 70-6 24 2 84 3 132 11.8 155

Zimbabwe 0-611 0 360 120(1 75-6 24(10 129-7 3 77 36-8 25 9 44-3 238 lOS 59-S

'hlspertensittn defined as systotlic pressttre ..1411 tent lig or diastolic pressure- .-90 nmm JIg or uise oflantih\vpertcnsive agents.
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INTERSALT COOPERATIVE RESEARCH GROUP Maezawa;Japan (Toyama): Professor S Kagamimori, Drs H
Members of the executive committee were Professors Geoffrey Nakagawa, Y Naruse; Kenya (Rambugu and Ndori villages):

Rose and Jeremiah Stamler (principal investigators), Pro- Drs N Poulter, J Cavenagh, R Nieman; Malta (Dingli
fessor Rose Stamler, Dr Paul Elliott (coordinator), Professor village): Drs J M Cacciottolo, A Amato Gauci; Mexico
Michael Marmot, Professor Kalevi Pyorala (Council on Epi- (Tarahumara Indians): Professor W Connor, Dr M Mc-
demiology and Prevention, ISFC), Professors Hugo Keste- Murray, M Cerqueira; The Netherlands (Zutphen): Professor
loot and Josef Joossens (central laboratory), Professors D Kromhout, DrsM Drijver, L Spliet-van Laar; Papua New
Lennart Hansson and Giuseppe Mancia (Council on Hyper- Guinea (Asaro valley): Drs M Alpers, P Howard, V Spooner;
tension, ISFC), Professors Alan Dyer, Daan Kromhout, and People's Republic of China (Beijing): Professor Huang
Ulrich Laaser, and Dr Susana Sans. Da Xian, Dr Gong Wei Ru; People's Republic of China

(Nanning): Dr Long Zupeng; People's Republic of China
Participating centres and investigators were Argentina (Tianjin); Drs Liu Lisheng, Xie Jinxiang, Hui Rutai; Poland

(Buenos Aires): Drs E C Balossi, J Hauger-Klevene; (Krakow): Professor J Sznaid, Drs G Nowacki, A Pajak, R
Belgium (Charleroi): ProfessorM Kornitzer, M-P Vanderelst, Konarska; Poland (Warsaw): Professor S Rywik, Drs G
M Dramaix; Belgium (Ghent): Dr G De Backer, I De Craene, Broda, M Polakowska; Portugal (Cartaxo village): Drs J G
P Vannoote; Brazil (Yanomamo Indians): Drs J J Mancilha Forte, J M Pereira Miguel; South Korea (Pusan): Dr B Park,
Carvalho, R de Oliveira, R J Esposito;Brazil(Xingu Indians): Dr J Lee, Dr S Lee, R Struyven; Soviet Union (Moscow):
Professor R Baruzzi, Drs L J Franco, L F Marcopito; Canada Professors R Oganov, A Britov, Drs N Elisseeva, A Deev;
(Labrador and St John's): Professor J G Fodor, DrM Baikie, Spain (Manresa): Dr S Sans, Dr J Borras, I Balaguer; Spain
M Webb, Dr J R Martin, Dr G Mohacsi, C Bursey; Colombia (Torrejon): ProfessorM Luque Otero, DrsM Martell-Claros,
(Tuiquerres): Drs P Correa, G Montes; Denmark (Glostrup): F Pinilla; Taiwan (San Chilo village area): Professor Wen-
Drs K Klarlund, M Schroll; East Germany (Cottbus): Pro- Ping Tseng; Trinidad and Tobago (Plymouth-Bethesda): DrA
fessor L Heinemann, Drs W Barth, E Schueler; Finland Patrick; United Kingdom (Belfast): Dr G Scally, Dr A Evans,
(Joensuu): Dr P Pietinen, U Uusitalo, Dr A Nissinen; G Keenan; United Kingdom (Birmingham): Dr D G Beevers,
Finland (Turku): Drs 0 Impivaara, A Aromaa, J Maatala; R Hornby; United Kingdom (South Wales): Drs P C Elwood,
Hungary (Porcsalma village): Dr J Kishegyi; Iceland (Reyk- S Rogers, M Lichtenstein; United States (Chicago): Professor
javik and district): Dr J Ragnarsson, Dr G Sigurdsson, T J Stamler, Professor R Stamler, G Civinelli, C McMillan, C
Karlsdottir; India (Ladakh and New Delhi): Drs K Srinath Westbrook; United States (Goodman; two centres): Drs S A
Reddy, M Vijay Kumar, T Norboo; Italy (Bassiano): Pro- Johnson, D A Frate; United States (Hawaii): Drs J D Curb, S
fessor G Urbinati, Drs F Angelico, M Del Ben, A Calvieri; Knutsen, R Knutsen; United States (Jackson, two centres):
Italy (Gubbio): DrsM Laurenzi, L Matarazzi,M Panfili; Italy Professor H Langford, Dr R Watson, J Barr; West Germany
(Mirano): Professor C Dal Palu, Dr S Zamboni, G B (Bernried): Drs H Hofmann, C Bothge, S Haselwarter; West
Ambrosio, V Urbani, Dr L Mazzucato; Italy (Naples): Drs E Germany (Heidelberg): Professor U Laaser, Dr M Siegel,
Farinaro, F Josse, M Trevisan, Professor M Mancini;Japan Professor F Luft; Zimbabwe (Harare): Dr J Matenga, S
(Osaka): Drs H Ueshima, S Baba, K Mikawa; Japan Mukumba.
(Tochigi prefecture): Professor T Hashimoto, Drs Y Fujita, S Members of the London coordinating centre were Professor G

APPENDIX il-Mean (SD) values* of selected vari'ables (52 centres; all subjects)

Svstolic blood D)iastolic blood
pressure pressure Urinary sodium Urinarv sodium: UJrinarv poitassium Body mass index Alcohol intake UJrinarv creatinine Urine vtolume

Centre No (mm fI g: mm fig: Mmmxl 24 h potassium ratio (mm'ol 24l[) (kg,rn2) (ml we-ek: :mmol24h: :124 h:

Argentina 2111 115l1(14-3: 72-8 :12-6: 155-8 (5843: 2-91 (1-18: 56-5 :17-0: 25-0 (318: 201-6 :253-2: 11-3 (22: 1143 :0-61:
Belgium:

Charleroi 157 125-I :14-3: 77-8 (9-9: 141-2 (54-5: 2-34 (0-89: 63-4 (20-2: 25-9 (3-9: 94-3 :121-9: 10-9 :2-2: 1-54 11-74:
Gheut 200 123-3 :14-3: 74-I (10-6: 147-7 :54-1: 2-20 :0-75: 70-0 (22-1) 24-9 :3-4: 121-2 :162-9: 12-0 :2-3: I-SO ~063:

Brazil:
Xiugu 198 99-8 :10-6: 62-2 :7-8: 12-3 ('21- 3: 0-20 (1147: 87-1 (43-2: 23-4 (2-9: B 9-3 :28: I-SO :0-74'
Yauomamo 195 %-0 :8-6: 68-6 (8-0: 0-9 (2-5: 0-01 (0-04: 63-3 (31-7: 21-2 ([-9: 0 4-2 :2-2: 1-07 :0-44:

Canada:
Labrador 161 110-1 :14-3: 73-0 :10-5: 151-2 (77-5: 3-60 :1-97: 46-0 (19-9: 25-I :4-3: 178-S :372-1: 11-7 :2-8: 2-Ill :0-86:
St John's 200 1211 :13-3: 76-8 :9-I: 200-1 :81-I: 3-59 :1-SO: 59-7 21-9: 25-2 (4-0: 115-7 :185-1: 13-7 :3-9: 1-73 :057,

Colombia 191 120-7 (17-3: 67-6 (11-6: 201-4 (73-0: 2-90 (0-92: 71-7 (23-4: 23-0 (3-3: 113-3 :208-4: 8-0 :2-7: 1-72 :11-SO:
Denmark 199 124-0 (13-0) 81-6 (9-2) 140-2 :51-8: 2-20 (0-88: 66-7 (20-3: 24-5 (3-7:, 147-4 (144-9: 12-2 :2-I: 1-66 :11-68:
East Ger-many 198 121-8 (14-9: 75-0 :11-I: 147-7 (57-I: 2-73 (0-90: 55-0 :17-2) 24-9 (3-6: 162-0 :155-8: 11-8 :2-2: 1-13 :0-53:
Finland:
Joensuu 200 121-0 :13-9) 75-4 (10-0: 170-4 (56-6: 2-32 (0-82: 76-6 :21-9: 25-4 :4-0: 78-5 :119-8: 12-2 :2-0: 1-52 :11-56:
Turku 200 127-0 :16L1 78-4 :10-7: 154-8 (59-0: 2-14 (0-92: 76-I (23-1: 25-3 (3-8: 110-7 :178-9: 12-I :2-4: I-S5C :1-56:

Hungary 200 125-7 :16-0: 80-3 :10-3: 198-3 (76-0: 4-14 (1-46: 49-9 (16-3: 26-2 :4-9: 92-8 :156-6: 11-2 :3-0: 1-43 :0-56:
Iceland 200 117-9 :13-4: 71-7 :9-5: 138-3 (44-4: 2-22 (0-77: 65-0 (19-7: 24-5 :3-3: 63-7 :104-9: 12-4 :2-3: 1-43 :0-59:
India:

Ladakh 2101 114-I :17-0: 71-6 :11-2: 203-7 (75-0: 4-88 (2-00: 47-0 (19-2: 20-I :2-3: 310-I :S02-5: 6-3 :2-0: 1-79 :0-64:
New IDelhi 1919 113-7 :13-4: 73-9 :9-6: 160-6 (57-8: 3-SI (1-14: 47-4 : 13-8: 23-7 :3-5) 11-6 :46-5: 8-6 :1-7: 1-39 :0-69:

Italy:
Bassiano 199 125-I :14-0: 79-6 (9-0: 104-9 :63-I: 3-30:(0-90: 58-I :17-3: 28-11 :4-3 300-S :203-2: 11-4 :2-4: 1-13 :0-37:
Gubbio 199 117-5 14-3: 69-9 :10-2: 175-4 :62-1: 3-29 (1-13: SS-8 (16-9: 25-4 :3-9: 167-6 :161-9: 11-7 :2-I: 1-14 :0-40:
Mirano 200 119-4 :13-2: 76-0 (9-6: 174-I (59-7:, 3-12 (1-04: 57-4 :15-0: 25-4 :3-9: 220-9 :231-0 12-4 :2-I: 1-26 :0S52:
Naples 200 114-8 :13-5: 72-S :10-2:, 167-7 (51-3: 2-90 (0-92: 60-2 :16-4: 25-4 :3-2: 119-0 :124-7: Il-I :1-9: 1-02 :0-34:

Japan:
Osaka 197 116-S :14-7: 60-6 :11-5: 168-3 :40-I: 4-05 (1-19: 43-I :12-5: 21-6 :2-4: 105-I :146-7: 9-9 IS:5 1-211 :0-42:
TFochigi 194 117-9 :12-I: 60-4 (12'5: 180-4 (70-7: 4-14 (1-31: 46-0 :10-8: 22-5 :3-2: 156-0 :171-6: 9-6 :2-0: 1-12 :0-45:
Toyama 200 117-3 (12-b: 72-I (10-9: 212-4 :62-8: 4-61 (1-39: 48-4 (14-9: 23-1 :2-7: 120-4 :105-2: 10-3 (I1-0: 1-39 :0-41:i

Kenya 176 I113-3 :14-7: 66-0 :14-7: 56-8 :33-0: 1-91 (1-06: 33-2 :18-3: 20-8 :2-7: 73-I :182-8: 7-8 :2-5: 1-07 :0-50:
Malta 200 123-7 :13-4: 76-3 :9-6: 169-8 (57-7: 2-57 (1-18: 73-6 :27-4: 26-9 :4-9: 150-6 :276-I: 11-4 :2-1: 1-56 0-71:
Mexico 172 I112-7 - 12-0: 73-6 :9-3: 144-1 :84-0: 3-53 (1-53: 43-2 :23-8: 24-4 :3-I1 543-0 :478-5: 8-7 :4-6: 1-54 OSS55
The Netherlands 199 125-3 (16-0: 79-6 :9-3: 150-6 :53-4:, 2-17 :0-84: 72-S :20-0: 24-4 :3-4: 100-I :149-I: 12-6 :2-I: I-SI :0-50
Papua New Guinea 162 100-0 :11-9: 62-7 :10-0:1 36-8 :31-3: 0-62 (0-57: 70-I :3S-9: 21-7 : 1-8: 7-9 :31-4- 7-2 :2-8: 0-65 :0-31-
People's Republic of China:

Beijing 2110 109-4 :14-2: 67-6 :10-0 204-1 :66-4:, 6-01 (1-95: 35-3 :10-4: 22-8 :2-6: 17-0 :44-8: 9-5 :1IS: 1-37 :0-SI:
Nanning 200 110-7 (ISO:) 67-9 :9-6: 169-2 :61-I: 6-40 (2-10: 27-2 :8-3: 21-3 :2S5: 11-8 :54-4: 9-4 :1-6: 1-22 :11-44:
Tianiin 200 119-4 :10-2: 70-5 : I1-71 245-6 :83-3: 7-SO :2-41: 33-6 : 10-4: 23-9 :3-4: 71-0 :144-9: 9-6 :1-9: 1-70 :11-60~

Poland:
Kraktow 2081 123-3 IS5-I: 76-3 (9-I: 197-7 :66-9: 3-OS :1-19: 52-5 (18-6: 26-4 :3-7: 60-2 :103-9: 12-2 :2-2: 1-24 :0-45S
WXarsaw 200 123-3 :16-0: 77-I :9-7: 181-3 :74-1: 4-06 (1-59: 46-6 :17-3: 26-S :4-I: 45-6 :82-8: 12-0 :2-4: 1-18 :0-44:

Potrtugal 198 132-6 (18-3: 76-6 (11-9: 181-9 :73-2: 2-90 (1-07: 65-8 :24-4: 25S8 :3-9: 222-7 :273-4: 10-9 :3-4: 1-19 :0-41:~
South Korea 198 112-2 :IS-5: 71-9 (12-0: 200-2 :71-9: 4-36 :1-39: 49-3 ISS:- 22-2 :2-6: 263 :93-7: 9-7 :2-1: 1-49 :1-SO:
Soviet Uniotn 194 117-7 :17-0: 73-4 ('10-3: 161-7 :57-7: 3-42 (1-20: 48-9 ISO:0 25-7 :37' 21-7 :50-9: 11-6 :2-5: 1-112 :11-31:
Spain:

Manresa 200 119-7 :6( 71-8 :11-3: 174-6 :62.7: 2-69 (0-91: 67-4 :19-8: 25-4 :3-9: 160-0 :219-S: 11-6 :1-8: 1-16 :0-4S
T'orrelon 200 I119-9 :14-8: 68-6 :10-9: 183-2 :67-4: 2-80 :0-%: 67-I :18-3: 26-7 :4-4:~ 164-3 :250-7- 10-9 :2-4: 1-31 :0-43:

'laiwan tOt 116-4 :17-2: 76-2 :12-I: 141-4:(60-2: 4-89 :2-IS: 31-7 :14-9: 23-1 :2-8: 29-4 :947T 8-7 :3-0: 1[16 :0-49:
Trinidad andlTobagot 176 118-3 (17-0: 75-0 (13-0: 117-4 :55-0: 3-06 (1-33: 411-8 :17-0: 28-2 :S-9: 73-8 :234S5: 12-7 :4-0: 0-9S :0-44:
United Kingdom:

Belf'ast 199 120-3 :13-7: 73-0 :10-7: ISO-8 :56-4: 2-79 (1-04: 56-9 :10-4: 24-0 :4-11: 229-7 :597-2: 10-9 :2-3: 1-53 :0-01
Birmingham 200 119-6 (14-0: 71-2 :10-0: 153-I (46-4:, 2-59 (0-97: 63-0 :18-9: 25-2 :3-8: 124-7 :144-3: 11-0 :2-3: 1-74 :069:)
South Wales 199 124-3 :16-7: 71-3 (10-7:, 152-3 (55-0: 2-54 (0-86: 63-I :22-0: 2S-7 :4-8: 115-8 :169-6: 11-3 :2-7: ISS5 :0-70:

United States:
Chicago 196 114-0 :12-3: 70-5 :10-3: 140-1 :63-9: 2-81 (1-27:, 53-4 :19-7: 26-4 :4-7: 129-0 :177-0: 12-I :2-S: 1-44 M1-701:
GoodanBlack 106 119-5 :12-0: 76-4 :8-8: 103-6 (53-0: 4-78 (2-67: 24-6 :12-I: 30-3 :7-0:, 190-I :498-0: 9-9 :4-0: 0-05 :0-48:ma1White 198 114-2 :11-0: 71-S :8-8: 130-8 :S5-7: 3-16 :1-22: 45-3 :21-3: 28-2 :6-6: 45-6 :1I10-3: 10-6 :3-0: 1-24 OSS5
Hawaii 107 123 3 :17-5: 73-8 :11-6: 144-I (76-4: 3-53 :1-84: 44-6 :21-9' 31-2 :17-0 142-0 :267-4: 12-8 :3-5: 1-39 i0-85-

Black 184 125-6 :12-6: 79-2 (8-5: 150-9 :76-8: 4-03 :2-13: -06:~17-4: 28-0 :5-3 ~ 99-6 :127-1:~ 14-0 :5-6: 1-22 :0-65,
Jackson White 199 122-2 :13-9: 76-4 :8-7: 141-4 :55-1: 2-77 (1-33: 56-5 :20-9:1 25-1 :4-4: 73-2 :115-I: 11-3 :2-7: 1-63 :0-82:

West Germany:
Bernreid 197 122-8 :14-7: 74-9 :9-2: 167-0 :60-6: 2-44 :0-96: 71-6 :20-5:, 24-5 :3-6- 135S7 :112-6: 12-3 :2-2: 1-53 :0-63:
lleidelberg 196 117-6 :13S5( 73-6 (10-0: 172-9 (59-0: 2-48 (0-90: 73-0 :23-I: 24-S :3-I: 146-4 :154-I: 11-0 :2-3: 1-67 :11-73:

Zimbabwe 195 123-7 (18-8: 76-8 :'12-6: 140-5 (62-3: 4-02 (2-05: 37-5 :13-9: 26-1 :4-1: 171-7 :270-6: 1084 :3-I: 1-74 :0-78:

nMeans (and SD: calculated ftr men aged 20-39, men aged 40-59, wttmen aged 20-39. and wormen aged 40-59 and then averaged orver age and %ex geroups.
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More detailed tabulations of the results presented in this

paper may be obtained by writing direct to Dr Paul Elliott.
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and sex andfor age, sex, body mass index, alcohol intake, and potassium excretion (52 centres; all subjects)
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Centre and sex potassium and sex potassium
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Correction
Calculating confidence intervals for regression and
correlation
Two authors' errors occurred in this paper by Mr Douglas G
Altman and Professor Martin J Gardner (30 April, p 1238). In the
comparison of two regression lines (p 1239) the standard error of
Ydifl should read:

SE(Ydiff)=SparX 1 1 + x-x2)
\ ni n2 w

In the worked example of the vertical distance between two
parallel lines (p 1241) the standard error of Ydiff should read:

SE(ydiff= 07786x I
+ 1 +(101 2-98 8)2

\ 10 10 775 22
=0 3546%.

The 95% confidence interval for the population value of ydeft is
then given by:

0-4548-(2lOxO3546) to 0-4548+(2lOxO3546)
that is, from - 0 29 to 1 20%.
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