
Introduction
A positive association between sodium intake and blood
pressure (BP) has been demonstrated in Asian populations.1–5

Population studies have also shown an inverse relationship
between BP and urinary potassium excretion in both Asian
and Western populations.1,5–7 In China, a regional difference
in BP in relation to sodium intake is seen.5

Chinese populations in Hong Kong and in southern China
may have similar genetic backgrounds; both have typical
Chinese diets rich in carbohydrate (rice) and low in fat, ani-
mal protein, and alcohol.5,8 Comparative studies of sodium
and potassium intakes and BP between these two populations
are of great interest because Hong Kong has a lifestyle
which, compared with southern China, is more influenced by
the West.

We report the relationship between sodium and potassium
intakes and BP in Chinese adults in Hong Kong and compare
our results to the published data from Fuchow in southern
China.5

Subjects and methods
Between October 1989 and May 1991, a community group
and a women’s association in Shatin and staff/student repre-
sentatives of the Prince of Wales Hospital were asked to
invite healthy Chinese subjects aged between 20 and 65 years
to participate in a study of the relationship between sodium
intake and BP. Informed consent was obtained. Of the 126

subjects (42 men, 84 women) who had participated in the
study, 107 (85%) were recruited between January 1990 and
May 1990. 

The 126 subjects were mostly housewives (45%), medi-
cal personnel or medical students (15%). The participants in
Kesteloot’s study in southern China5 were recruited between
November 1984 and January 1985 and were mostly industrial
workers (34%), army officers (31%), farmers (28%), students
(18%), medical personnel (14%) and housewives (18% of
females).

The subjects had their seated (after 5 min) systolic and
diastolic (phase V) BP measured on three mornings as out-
patients by a trained nurse using a Hawksley random-zero
sphygmomanometer. In Kesteloot et al.’s study, supine sys-
tolic and diastolic (phase IV) was measured at the subject’s
work place three times at 3-minute intervals by trained nurses
using a standard mercury sphygmomanometer.5 In both
studies, an average of the three readings were taken as the
subject’s BP.

In our study, the sodium and potassium intakes in each
individual were assessed by measuring the 24-hour urinary
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output. All participants were asked to provide up to three col-
lections and an average of the three values was taken as the
subject’s sodium and potassium intakes. If a subject could
only provide one or two collections, or if one or more of the
collections had to be excluded because of under (creatinine
output < 5.3 mmol in women and < 7.1 mmol in men) or over
correction (creatinine output > 15.9 mmol in women and >
17.7 mmol in men), the 1 day value or the mean of the 2 day
values would be used for analysis. Twenty-one men and 41
women managed the three collections and five men and 17
women managed two collections. In Kesteloot et al.’s study,
only one 24-hour specimen was collected.5

Urinary sodium and potassium were measured by indirect
ion-selective electrodes in our study and by emission flame
photometry in Kesteloot et al.’s study.5 Creatinine was mea-
sured using the Jaffe reaction in both studies.

Our results were subjected to univariate and multivariate
analysis. Comparisons with Kesteloot et al.’s study for BP
and urinary sodium and potassium excretion were performed
using unpaired Student’s t-test.5 Probability of < 0.05 were
taken as statistically significant.

Results
Group 24-hour urinary sodium and potassium outputs and
urinary sodium/potassium ratio in our subjects living in Hong
Kong are shown in Table l. The average 24-hour urinary
sodium excretion was higher in men but the average 24-hour
urinary potassium excretion was similar in both groups,
giving rise to a higher Na/K ratio in men compared with
women. The standard deviation of the average, which gives a
rough estimate of the interindividual variability in sodium
excretion, was 48.7 mmol in men and 45.8 mmol in women.

Simple regression analysis did not reveal a significant
relationship between systolic BP and 24-hour urinary sodium
(r = 0.16), potassium (r = 0.12) or Na/K ratio (r = 0.11)
among our subjects. Diastolic BP related significantly with
24-hour urinary sodium (r = 0.21, P < 0.01) but not with
potassium (r = 0.13) or Na/K ratio (r = 0.13).

Among our subjects, age, sex and body mass index were
significantly (P < 0.0001) associated with systolic BP (R =

0.60) and diastolic BP (R = 0.56), where R is the multiple cor-
relation coefficient. After adjusting for age, sex and body mass
index, there was no relationship between systolic or diastolic
BP and 24-hour urinary sodium, potassium or Na/K ratio.

As can be seen in Table 2, the two groups of subjects were
comparable in terms of age, height and weight. However, the
subjects in southern China not only excreted about 20% more
sodium and 40% less potassium but also had a higher systolic
BP. Diastolic BP was not compared because phase IV rather
than phase V was used in Kesteloot et al.’s study.5

Discussion
In this study, we have determined the ranges of sodium and
potassium intakes in a group of healthy Chinese subjects in
Hong Kong. The average sodium intake was 145 mmol/day
in men and 135 mmol/day in women and the overall average
of 139 mmol/day was considerably lower than those reported
in many Asian and Western populations.6,7 The average
potassium intake of 41 mmol/day was low compared with
most Western populations.6,7

Unlike the previous studies in Asian populations,1–5 we
were unable to demonstrate a significant relationship
between BP and urinary excretion of sodium and potassium.
In a similar study of 1513 Chinese employees of a public
utility company and non-medical personnel of the Prince of
Wales Hospital in Hong Kong using a fasting 20 mL speci-
men of urine and an ordinary mercury sphygmomanometer,9

no association between sitting systolic and diastolic (phase
V) BP and urinary sodium and potassium concentrations was
shown. Instead, age, body mass index, and urinary
sodium/potassium ratio were positively associated with sys-
tolic and diastolic BP, while urinary potassium/creatinine
ratio was inversely related to BP. Multivariate analysis
revealed that only age and body mass index were indepen-
dently associated with BP.

The Hawksley random-zero sphygmomanometer was
originally chosen for our study with the view of reducing the
bias of multiple readings per person.10 This device is now
known to underestimate systolic readings by an average of
2.5–3.310 to 2.0–3.7 mmHg,11 compared with the standard

TYK Chan, AYW Chan, JTF Lau and JAJH Critchley34

Table 1 Twenty-four-hour urinary excretion of sodium (Na), potassium (K) and the Na/K ratio in 126 healthy Chinese sub-
jects living in Hong Kong

Men (n = 42) Women (n = 84)
No. Mean ± SD (range) No. Mean ± SD (range)

Na (mmol)
Day 1 35 149.7 ± 60.0 (36.0–315.1) 65 138.3 ± 55.4 (33.6–275.4)
Day 2 34 157.5 ± 52.1 (51.8–287.8) 64 148.7 ± 66.0 (39.2–354.6)
Day 3 32 137.4 ± 62.3 (33.9–270.0) 66 132.7 ± 49.3 (43.7–315.7)
Mean ± SD* 42 145.2 ± 48.7 (44.8–254.6) 84 135.3 ± 45.8 (42.7–262.0)
K (mmol)
Day 1 35 40.8 ± 16.4 (16.6–74.8) 65 44.6 ± 18.3 (10.1–110.3)
Day 2 34 43.2 ± 17.7 (17.9–86.5) 64 44.9 ± 17.7 (17.2–110.0)
Day 3 32 36.9 ± 16.2 (11.6–90.9) 66 37.8 ± 12.7 (17.9–78.0)
Mean ± SD* 42 40.4 ± 15.1 (17.2–76.3) 84 41.3 ± 14.3 (16.3–110.0)
Na/K ratio
Day 1 35 3.6 ± 1.5 65 3.3 ± 1.4
Day 2 34 4.3 ± 2.8 64 3.6 ± 1.6
Day 3 32 4.1 ± 2.1 66 3.7 ± 1.5
Mean ± SD* 42 4.0 ± 1.7 84 3.5 ± 1.2

*Mean and standard deviation of the averaged values over the number of collections for each individual.



mercury sphygmomanometer. However, the observed differ-
ence in mean systolic BP (4.7 mmHg in men, 6.3 mmHg in
women) between Hong Kong and southern China subjects
cannot entirely be accounted for by the variation in the
methods to measure BP. It should also be remembered that
Hong Kong subjects were heavier and were under more
urban stress, both of which would be expected to be associ-
ated with higher BP. Moreover, if we had measured systolic
BP in the supine position, as was done in Kestleloot et al.’s
study,5 instead of in the sitting position, the mean readings in
our subjects would be expected to be lower by about 1
mmHg.12 When these three factors are taken into considera-
tion, the difference in systolic BP between the two Chinese
populations becomes more significant.

It is also obvious from Table 2 that our subjects consumed
20% less sodium but excreted 40% more potassium than their
counterparts in China. The findings from this pilot study sug-
gest that the observed difference in systolic BP between
Chinese adults in Hong Kong and southern China could be
related, at least in part, to the difference in sodium and potas-
sium intakes. The relative importance of alcohol intake or
habitual exercise as a confounder needs to be addressed in
future studies.
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Table 2 Anthropometric data, blood pressure and 24-hour urinary cations and creatinine values in Hong Kong as compared
with the People’s Republic of China

Men Women
Hong Kong Southern China Hong Kong Southern China

(n = 42) (n = 504) (n = 84) (n = 501)

Age (years) 41.8 ± 16.4 40.4 ± 14.4 41.6 ± 10.9 40.5 ± 14.3
Height (m) 1.66 ± 0.05* 1.68 ± 0.06 1.54 ± 0.06 1.57 ± 0.06
Weight (kg) 63.7 ± 9.3 60.9 ± 8.2 55.2 ± 8.6** 52.2 ± 7.6
Systolic blood pressure (mmHg) 113.4 ± 14.7 118.1 ± 12.6a 106.0 ± 16.4 112.3 ± 14.3a

Diastolic blood pressure (mmHg) 74.4 ± 9.1 77.6 ± 9.8a 69.1 ± 9.9 75.0 ± 10.2a

Sodium (mmol/24 h) 145.2 ± 48.7*** 179.4 ± 72.9 135.3 ± 45.8*** 172.4 ± 70.6
Potassium (mmol/24 h) 40.4 ± 15.1*** 28.8 ± 13.0 41.3 ± 14.3*** 29.7 ± 11.6
Sodium/potassium ratio 4.0 ± 1.7*** 6.7 ± 2.4 3.5 ± 1.4*** 6.2 ± 2.3
Creatinine (mmol/24 h) 11.3 ± 2.4 11.7 ± 3.2 7.7 ± 1.3 7.9 ± 2.1

Data from China is from Kesteloot et al.5
aSupine systolic blood pressure and diastolic blood pressure, (phase IV) were used.
*P < 0.05, **P < 0.01, ***P < 0.001 compared with southern China.
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