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This analysis attempts to fill the gap in the epidemiological evidence about the relation
between dietary salt and hypertension. Changes in the purchase of salt in England and Wales are
compared with changes in mortality from cerebrovascular disease (1958-78). Stroke mortality, a
major sequel of hypertension, has declined in this period. Consumer purchases of salt have
decreased also, as suggested by the National Food Survey. While these trends are consistent with
the salt-hypertension hypothesis, the picture is confused by an increase in meals eaten outside the
home, by the consumption of more processed food, and by a higher prevalence of refrigerators.
Other events, such as medicaLtreatment of hypertension or changes in the case fatality rate, could
have contributed to the decline in stroke mortality. This secular trend analysis, using available data,
does not clarify the salt-hypertension debate.
ABSTRAUE

(1958-78) of the National Food Survey.17
Housewives are asked to record all food purchased
for home use. A random sampling frame, based on
addresses within polling districts, is used; it averages
6000-8000 households a year. In 1958 table salt was
first entered as a separate item. It is not known if food
purchases recorded in the National Food Survey are
actually consumed.

The debate over the role of salt in the aetiology of
hypertension continues in medical journals.1l
Various types of studies have presented eviden&- for
this argument, including between-population

compansons,' 8 within-population compansons,9 'O
intervention projects,"' 12 and experiments in
man1514 and animals..5 Missing from these studies,
however, is a time trend analysis; a secular trend
analysis is an unsophisticated method, most often
used to generate hypotheses,16 but it may be helpful if
it contributes to the coherence and consistency of
evidence collected about a causal hypothesis.
This study reports data on changes in salt
purchases in England and Wales, and compares these
changes with trends in cerebrovascular mortality
( 1 958-78). If excessive consumption of salt increases
the incidence of hypertension then changes in the use
of salt could lead to parallel changes in strokes, which
are the major sequel of hypertension.

From the National Food Survey tables (ounces of

food/head a week) all items were selected that were
(a) consistently reported from 1958 to 1978, and (b)
listed as high sodium items in standard nutrition
books.18 Fifteen items met these criteria and are
listed in the legend to the table. An estimate of
sodium consumption from these 15 items was
calculated from conversion values in the fourth
edition of McCance and Widdowson's The
Composition of Foods."' When McCance and
Widdowson gave a range of sodium content for a
food, the midpoint of the range became the
conversion value. The sodium content of these food
items was assumed to be constant between 1958 and
1978.

Materials and methods
SALT PURCHASES

Information was obtained from yearly volumes
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CEREBROVASCULAR MORTALITY

TRENDS

The Registrar General's Statistical review of England
and Wales supplied data on mortality from
cerebrovascular disease for 1958-78.20 The
International Classification of Disease codes
330-334 (vascular lesions of the central nervous
system; seventh revision, 1958-67) and 430-438
(cerebrovascular disease; eighth revision, 1968-78)
were used to prepare this report.

CEREBROVASCULAR DISEASE MORTALITY

Results

Sodium source (giperson a week) and cerebrovascular
disease mortality (deaths/100 000, men and women, aged
65-74). 1958 to 1978

SALT/SODIUM PURCHASES

The table presents data from the National Food
Survey on the actual grams of sodium
purchased/person a week.17 Sodium, rather than
salt, is tabulated because these food items may
contain sodium nitrate and sodium nitrite, the
leavening agents baking powder and baking soda,
which contain sodium, and the artificial sweetener
sodium saccharin. Table salt has been the greatest
single source of sodium in the National Food Survey;
it contributes 35-40% of the sodium from these
items. "Total bread" products are also important,
contributing 25-30% of the sodium consumed from
these items.
The figure displays the 1958-78 trend in the
consumption of sodium for the total 15 items. A
gradual decrease of about 15-20% has occurred in
the consumption of sodium from these items. A
decrease in bread consumption explains most of this
decline (table). Bread is both moderately high in
sodium (about 153 mg sodium/ounce) and eaten in
large amounts. In the 1958 National Food Survey 47
ounces of bread were purchased/person a week; by
1978 this had declined to 32 ounces.
Trends in salt purchases are erratic, dependent on
winter weather, when salt is used to de-ice domestic
footpaths, and on market conditions. The unusual
increase in purchases of sodium in 1974 was due to
panic buying of salt after widespread rumours of a
shortage-rumours that, the National Food Survey
observed, "the housewives failed to take with a pinch
of salt." The decline in salt purchased in 1975
resulted from use of supplies stockpiled in 1974.

IN

SODIUM

PURCHASES

AND

Both sodium purchases and stroke mortality for men
and women decline, more or less in parallel, from
1958 (figure). This positive association between
potential sodium consumption and stroke mortality is
consistent with the salt-hypertension hypothesis.

Cerebrovascular
disease mortality,
deaths/i 00 000
Sodium source (glperson a week)
Year
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978

Table
salt

Total
bread

Aged 65-74
15 high
sodium items' Men

Women

10-8
10-8
10-0
9-2
9-4

7-2
7-2
7-0
6-9
6-7
6-6
6-4
6-2
5-9
6-1
5-9
5-8
5-8
5-5
5-3
5-1
5-1
5-2
5-1
5-0
4.9

26-5
26-4
25-6
24-8
25-0
25-3
25-6
24-7
24-3
24-9
25 4
24-9
26-0
24-5
24-8
23-2
25-6
21-9
21-8
23-0
22-1

569
567
559
558
549
551
501
497
493
472
474
468
448
439
436
424
414
387
373
367
356

9-9
10.4
96
9-6
9-7
10-6
10-1
11-0
10-1
10-8
9-4

11*9
8-1
8-1
9-4
8-6

673
667
671
662
672
670
670
645
629
595
597
588
573
564
569
547
532
511
494
475
476

* Includes table salt plus total bread, as well as: total cheese, bacon and ham
(uncooked), sausages (uncooked, pork), sausages (uncooked, beef), butter,
margarine, canned peas, canned beans, biscuits, breakfast cereals, canned soup,
potatoes (old, new, chips, crisps), total liquid milk.
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The table presents the number of deaths per 100 000
for men and women aged 65-74,20 the age group that
accounts for most deaths from stroke. The figure
presents these data graphically. For both men and
women a 25-35% decline in mortality rates occurred
in these two decades.
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Cerebrovascular disease mortality (deaths/100 000, men
and women aged 65-74) and sodium purchases (giperson a
week); 1 958-78.
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Recent changes in salt use and stroke mortality in England and Wales.
at one meal in four for working adults.2627 Often
Discussion
these meals consist of highly processed
SALT PRODUCTION
"convenience" or "fast" foods that are heavily
Salt produced for human consumption is just one loaded with salt. Consumption of these foods is
product of a diverse industry in England and Wales. increasing: the National Food Survey observed an
Only 5% of the national production goes into food 88% increase in average expenditures for
processing; 20% is devoted to industrial and chemical convenience foods in the five-year period 1971-5.17
processes, exports, and agriculture; and 55% is
The percentage of homes owning a refrigerator has
converted into inorganic chemicals. Rock salt, used increased continually, from 33% in 1962 to 94% in
mainly in maintaining roads in winter comprises the 1978.17 Experts have argued that this increase in
other 20% 2122
refrigerators made salt preservation of food
Processed foods provide roughly half the daily superfluous. As a result, salt intake decreased, blood
sodium intake.23 24 All items listed in the legend to the pressures declined, and lower stroke mortality
table are considered processed or manufactured followed.2' 29 This argument is difficult to evaluate.
foods. Various reasons explain the prominence of salt Belgian researchers, however, document a 50%
in such foods. Firstly, salt -is a popular and ancient decline in mean 24-hour sodium excretion in subjects
flavour enhancer. It is a preservative for processed studied between 1966 and 1979, and suggest
meats and helps cure fermented foods. In the increased use of refrigerators as an explanation.2 29
production of cheese it affects texture and controls
While the trends in the figure suggest a relationship
aging. In baked goods it stops yeast activity and between salt use and stroke mortality, the data are
enhances dough characteristics.
too weak to support any firm conclusions. It is not
clear whether salt intake has been increasing or
decreasing: national salt production, which has
increased, cannot be broken down to salt destined
SODIUM CONSUMPTION
for human consumption; high sodium foods in
only
The data from the National Food Survey (table and the home
appear to have declined, according to the
figure) display a gradual decline in potential sodium National Food
Survey; and more refrigerators have
intake from 15 high sodium items, mostly due to a decreased the need
for salt preservation of food. In
decline in the amount of bread people eat. Does contrast, the intake of
highly salted convenience and
consumption of sodium for these 15 items accurately processed foods has imposed
a greater sodium load
reflect overall consumption of sodium? Possibly. The over the years, as has the increased
of
sodium content of all items in the National Food meals eaten outside the home. None ofpercentage
these
changes
Survey was totalled by Bull and Buss for 1978.23
Their figure of 3* 84 g of sodium/person a day (2- 60 g over time can be quantified accurately.
Stroke mortality was used in this analysis because it
from food and 1 24 g from table salt) is reasonably
close to the figure of 3-2 g derived from the 15 items is the major manner by which hypertension produces
in this study. This suggests that most sodium death, and because mortality data for
consumed in the National Food Survey comes from cerebrovascular disease are more accurate than
available data for hypertension. It is not clear why the
these selected high sodium items.
Other estimates of average daily sodium decline in strokes has occurred; a decrease in blood
consumption are higher than this study-for pressure is only one of several possible
example, the British Nutrition Foundation calculated explanations.30 Change in diagnostic fashions, for
a range of 4 5-5'2 g.' This study, as a time trend example, or a decrease in the stroke fatality rate
analysis, required food items of a high sodium could produce an apparent decrease in stroke
content that were consistently recorded for 21 years mortality while the true incidence of disease
in the National Food Survey. Since only 15 items met remained constant or increased. A decline in the
these requirements, the average estimate of 3-5 g major stroke risk factor, raised blood pressure, may
sodium/person a day falls short of a total dietary have resulted from increased use of antihypertensive
agents. The decline in cerebrovascular disease,
sodium estimate.
A problem with the National Food Survey is that it however, started before the widespread marketing of
records food and table salt purchases rather than these medications and has occurred in age and sex
actual consumption. Unknown amounts of table salt groups seldom prescribed the drugs.30
go to homemade cleaning and pickling solutions,
As a time-trend analysis, this study attempts to fill
ice-covered steps and pavements, home a gap in the epidemiological evidence marshalled for
water-softeners, and art projects. Again, the the salt-hypertension debate. It presents data that are
National Food Survey does not include the large limited and cannot confirm or invalidate the
amount of sodium eaten outside the home, estimated salt-hypertension hypothesis. In the future better

monitoring of sodium consumption, such as sodium
content labels on processed foods, could provide
valuable information and help settle the controversy.
Drs R D Moorhouse and A B Whitehead of the Salt
Manufacturers' Association and Imperial Chemical
Industries and Mr Edward Druce, Dr P J Harries, and
Laura Cousins, of RHM Foods Ltd, provided
valuable information on salt production and use in
England and Wales. Miss Jean Marr provided
nutritional advice, critical commentary, and access to
her complete collection of the National Food Survey.
Professors Geoffrey Rose and A G Shaper
contributed encouragement and crit?cal
commentary.
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