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SUMMARY As part of a longitudinal study of migrants who move from a subsistence farming rural
society to Nairobi, blood pressures and associated factors were measured in cross sectional studies
of members of the Luo tribe in their traditional rural environment and in the urban environment of
Nairobi. Blood pressures in Nairobi correlated with duration of urban residence. In the rural area
men showed a negligible rise in blood pressure with age, and both sexes showed a significantly
smaller rise than in the urban area. Although mean weights of the rural group were smaller, this did
not account for all the urban/rural differences in blood pressures. Nevertheless, mean urinary
sodium concentration and sodium ratios (sodium/potassium and sodium/creatinine) were
significantly higher in the urban group whereas mean urinary potassium concentration and
potassium/creatinine ratio were significantly lower. Perhaps the ratio of sodium to potassium in the
diet contributes to the different blood pressure profiles of these two populations.

Despite several studies of "low blood pressure
populations" in Africa,'"7 virtually no data on their
sodium intake have been reported. It has been
suggested that some of these populations have a low
salt intake,' 7 8 but only one study7 provides
substantial data to support this theory. We are
carrying out a longitudinal study of the blood
pressures of migrants who leave a rural community in
west Kenya to live in the urban environment of
Nairobi. The results are presented here of the
baseline studies of blood pressure patterns in the
rural and urban environments, including data on
urinary electrolyte excretion.

Methods

During 1980 a population census was carried out in
22 villages in Siaya District, Nyanza Province,
Kenya. These villages are inhabited by about 15 000
people of the Luo tribe, a nilo-hamitic group whose
major occupation is subsistence farming. Using this
census, 861 men and women aged 20 and over were
selected by random sampling of households. We
identified 310 Luo who originated from this rural
area but who were resident at that time in Nairobi by
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contact tracing, using addresses obtained in the rural
area and in Nairobi.
Both groups of subjects were studied in their

homes. A standard questionnaire was administered
by trained Luo fieldworkers. Blood pressure was
then measured twice using a Hawkesley random
zero sphygmomanometer9 after the subject had been
lying down for five minutes. Observers had been
trained and standardised in blood pressure
measurement,'" anddiastolic pressure was recorded
at phase 5. Heart rate was recorded between blood
pressure readings and the mean of the two blood
pressure readings was used for analysis. Weight,
height, and triceps skinfold thicknesses were
measured using standard techniques." The mean of
two skinfold measurements was used for analysis.
Finally, a casual urine sample was collected and the
time and ambient temperature were recorded.

Results

Of those selected and still resident in the rural area,
98% were studied. All of those traced in Nairobi were
included in the urban study. Tables 1 and 2 show that
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mean blood pressures are similar in the rural and
urban groups until the age of 35. This is true for both
sexes. Numbers of older women in the urban group
are small owing to selective migration; therefore it is
unwarranted to draw conclusions on rural urban
differences in the older age range in women. Blood
pressures correlate significantly with age in both
urban and rural groups. For men, the linear
regression slopes differ significantly for the rural and
urban Luo, the latter showing a greater rise with age
(table 1). In the rural area blood pressure rises much
less with age in men than women (table 2), but in the
town this sex difference disappears. The rise of
diastolic pressure with age in the rural men is
inconsistent and negligible, and systolic only rises
over the age of 65. In contrast, among rural women
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both systolic and diastolic pressure rises with age and
this rise is apparently less than in urban women,

although numbers in the latter case are small. Results
for men and women combined are shown in the
figure.

WEIGHT AND BODY BUILD

Tables 3 and 4 show the mean weight, body mass

index (wt/ht2), and triceps skinfold thickness by age

and sex in the two populations. Mean weights of the
rural Luo decreased with age (r = -024; p<0-001)
whereas in the urban Luo they increased (r = +0 18;
p<0001). Weight correlated significantly with blood
pressure in the rural group but only after controlling
for the effect of age. In the urban group systolic and
diastolic pressures correlated with weight

Table 1 Mean blood pressure by age in men

Systolic (mm Hg) Diastolic (mm Hg)

A4ge (y) Rural Urban Difference (U-R) Rural Urban Difference (U-R)

20-24 n 28 63 28 63
m 120-0 122-6 2-6 671 63-8 -3-3
SD 13-7 12-8 12-7 13-1

25-34 n 78 78 78 78
m 122-9 122-6 -0-3 68-6 69-3 0-7
SD 14-0 11-2 13-4 10-9

35-44 n 43 38 43 38
m 117-7 130-3 12-6 65-3 77-0 11-7
SD 15-8 19-0 13-5 14-1

45-54 n 33 25 33 25
m 121-3 129-9 8-6 71-3 76-0 4-7
SD 14-2 17-8 11-4 13-9

55-64 n 40 16 40 16
m 122-9 149-0 26-1 69-7 84-4 14-7
SD 16-7 21-4 8-3 12-5

;65 n 42 0 42 0
m 129-0 67-3
SD 21-3 10-5

Annualincrease (mmiHg/y) 0-14 0-56' 0-02 0 54'

*Urban v rural: p<001.

Table 2 Mean blood pressure by age in women

Systolic (mm Hg) Diastolic (mm Hg)

Age (y) Rural Urban Difference (U-R) Rural Urban Difference (U-R)

20-24 n 105 34 105 34
m 113-1 118-6 5-5 61-4 60-5 -0-9
SD 11-6 11-0 10-0 10-8

25-34 n 150 35 150 35
m 114-3 114-5 0-2 64-7 66-9 2-2
SD 12-4 11-3 11-8 10-5

35-44 n 139 14 139 14
m 116-0 119-8 3-8 66-6 69-2 2-6
SD 14-6 16-9 10-2 9.4

45-54 n 89 4 89 4
m 119-4 140-5 21-1 71-0 77-5 6-5
SD 20-1 29-2 10-3 11-2

55-64 n 62 2 62 2
5m 129-2 138-5 9 3 72.5 82-0 9.5

SD 23-2 12-0 11-8 4-2
>65 n 52 1 52 1

m 136-7 144-0 7-3 69-9 79-0 9-1
SD 24-8 - 13-1 -

Annualincrease(mmiHg/y) 043 055' 021 0-57'

*Urban v rural: p<0-01.
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bigger effect. Though mean weight
the older urban groups, analysis of

that weight differences did not account for all the
differences between rural and urban blood pressures.
Women had greater skinfold thickness than men

ASs and urban values were greater than rural.
The relationships of blood pressure to body mass

index and skinfold thickness were similar, but never
stronger than those between blood pressure and body
weight.

URINARY ELECTROLYTES AND RATIOS
Table 5 shows the mean values. The
sodium/creatinine and potassium/creatinine ratios
were normalised by logarithmic transformations.

i Relative to rural subjects the urban Luo had
significantly higher mean urinary sodium
concentration and sodium/potassium and
sodium/creatinine ratios but significantly lower mean
potassium concentration and potassium/creatinine

6;| ratios. Mean creatinine concentration did not differ
significantly between the two groups. Within these

ad their urban and rural groups, blood pressures and urinary
(men and women electrolyte ratios were not significantly correlated,

except that in the urban Luo sodium concentration
correlated significantly with systolic pressure

age having the
(r = +0-18; p<0.05).

s were higher in URBAN RESIDENCE
Fvariance shows Both systolic and diastolic pressures correlated

Table 3 Weight, body mass index (BMI), and triceps skinfold thickness (SFT) by age in men

Rural Urban

Age (y) Weight (kg) (sd) BMI (kg/m') (sd) SFT (mm) (sd) Weight (kg) (sd) BMI (kg/m') (sd) SFT (mm) (sd)

20-24 60-0 20-1 6-7 59-7 19-5 6-1
(7-3) (1-9) (3-0) (6-6) (1.6) (1.6)

25-34 61-2 21-0 6-5 61-4 20-3 7-3
(10-8) (4-5) (2-4) (7-9) (2-1) (5.3)

35-44 60-4 20-1 6-2 64-7 21-6 9-0
(9-4) (2-6) (2-9) (10-9) (3-4) (5-2)

45-54 58-7 20-2 5-6 63-1 20-9 8-2
(8-5) (2-7) (1.6) (10.2) (3-1) (4-5)

55-64 58-5 19-9 6-6 64-2 21-1 8-6
(9-4) (2-0) (2-5) (10.6) (3-2) (4-0)

¢65 53-1 19-3 6-4
(8-5) (2-2) (2.1)

Table 4 Weight, body mass index (BMI), and triceps skinfold thickness (SFT) by age in women
Rural Urban

Age (y) Weight (kg) (sd) BMI (kglm') (sd) SFT (mm) (sd) Weight (kg) (sd) BMI (kg/m') (sd) SFT (mm) (sd)

20-24 55-6 21-5 13-8 55-8 21-1 14-6
(6-9) (2-6) (5.1) (6-9) (2-0) (5-5)

25-34 54-3 20-8 12-8 62-4 22-8 19-7
(8-8) (2-9) (4-9) (13-0) (3-8) (10-0)

35-44 53-8 20-6 12-6 62-5 22-9 25-4
(8-9) (3-6) (5-6) (11-1) (4-0) (13-5)

45-54 51-1 19-7 11-9 66-5 23-4 23-7
(9-6) (3-3) (5-8) (11-2) (4-0) (4-3)55-64 47-5 18-6 9-4 48-5 17-4 10-1
(7-0) (2-5) (4-3) (2.1) (2.1) (0.1)¢65 45-1 18-1 8-5 59-0 25-5 25-4
(7.5) (2-4) (3- 1) ( -)(
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Table 5 Electrolyte and creatinine concentrations and
ratios in casual urine samples

Rural Urban

Mean (sd) Mean (sd)

Na (mmol/1) 82-4 108-6*
(54-7) (61-2)

K (mmol/1) 67-4 38-4*
(46-4) (28 8)

Creatinine (mmol/1) 11-5 10-6
(7.4) (6-6)

Na/K 1-7 4-2*
(1-6) (3.4)

Na/creatinine 12-5 13-6
(39-8) (11-5)

Log Na/creatinine 0-85 1-03*
(0-40) (0-31)

K/creatinine 11-1 4-20
(56.2) (5-4)

Log Klcreatinine 0-76 0-52*
(0-40) (0-26)

'Rural v urban p<0-001.

significantly with duration of urban residence.
Duration of urban residence also correlated with age;
after age adjustment, the partial correlation was still
significant for systolic pressure (r = +0 11;
p<0.005) but not diastolic (r = +0.06).

OTHER FACTORS

The proportion of smokers was similar in the urban
and rural groups (25% and 28% respectively); but
42% of the urban compared with 23% of the rural
population reported drinking alcohol at least once a
week and 12% of the urban compared with 1% of the
rural group admitted to heavy drinking (>40 g
alcohol a day). In an analysis of variance taking into
account the effects of age, weight, and sex, however,
there was no apparent association between blood
pressure and reported smoking or alcohol
consumption.

In both urban and rural groups blood pressure in
women increased with parity, but the effect was not
significant after taking account of age and weight.
Albuminuria was found in 5*8% (rural) and 4-2%

(urban), glycosuria in 0 2% (rural) and 0 6% (urban),
and chemical haematuria in 4-6% (rural) and 3-6%
(urban). There was no evident relation between
blood pressure and these findings and urban/rural
differences were not significant.
Ambient temperature was not significantly related

to blood pressure and there was no significant
urban/rural difference.

Discussion

Hypertension and its sequelae are a major and
probably increasing cause of morbidity and mortality
among Africans.'2 Several communities in Kenya
have been described in which mean blood pressures

have been low and showed little or no rise with age
and essential hypertension was rare or
non-existent."q These have been loosely defined
nomadic or hunter gatherer groups. The rural men
reported here seem to be the first agricultural
population whose diastolic pressures do not rise
significantly with age.
The rural part of this study was undertaken in a

stable agricultural community recruiting subjects
randomly from a recent population census. Mean
blood pressures were low, and in men they rose little
with age (apart from an increase of systolic in the
oldest age group). Since it was not possible to identify
Luo in Nairobi using a population census, the urban
group was recruited by contact tracing. Their strong
sense of tribal identity ensured that the sample was
broad based, however, and the response among
identified subjects was 100%. The highly significant
differences in blood pressures between rural and
urban Luo are probably not due to measurement
technique, which was carefully standardised, nor to
selection bias, which could hardly produce the
different regression slopes of blood pressure with age
seen in the urban and rural groups.
The similarity between the urban and rural

pressures of those aged 20-34 may in part be
explained by the correlation between duration of
urbanisation and age, since many of the younger
individuals had been in Nairobi for only a few
months. Although alcohol intake was significantly
higher in the urban group, we were unable to confirm
the finding reported elsewhere of an association with
blood pressure.13
There is much evidence that dietary electrolytes

influence blood pressure." 15 Sodium intake is
generally considered to be low in the primitive "low
blood pressure" societies,'" although few data are
available from African studies to support this
hypothesis. In westernised societies where
hypertension is a problem, sodium intake is variable
but in excess of requirements,"7 and the mean sodium
intake of populations has been correlated with their
mean blood pressure levels.'8 More recently, the role
of potassium in protecting against the effect of high
sodium intake has emerged from animal and clinical
studies,'921 and one population study22 has shown a
negative correlation in individuals between urinary
potassium and blood pressure. Urban and rural Luo
showed highly significant differences in their urinary
electrolyte patterns, implying different dietary
intakes of sodium and potassium.

There has been much criticism of the use of casual
urine samples as estimates of overall urinary
electrolyte excretion and, by inference, dietary
electrolyte content.23 In this study the aim was merely
to provide information on overall differences in
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electrolyte excretion in two populations, which we
believe is justifiable.

Conclusions on the validity of casual urine samples
based on studies in westernised societies, where day
to day intraindividual variations in urinary
electrolyte excretions are high and are greater than
intersubject variations,24 cannot necessarily be
extrapolated to studies in more primitive societies
where individual diets are more stable. For example,
in these communities we have shown much less
variability in electrolyte excretion within individual
subjects than between subjects.' Moreover, casual
urine sodium/potassium ratios in these groups
correlate highly with values obtained from total
seven day urine collections.25

In the rural samples the mean sodium
concentrations and sodium/creatinine ratios were
much lower than those found in westernised
populations,7 15 and since their mean 24 hour urine
volumes were about 1100 ml (N Poulter,
unpublished data), the average urinary sodium
excretion would be in the region of 90 mmol/day.
Thus our findings are in keeping with Page's
statement that all populations with low blood
pressure have a low dietary salt intake.16 In the
present study, however, potassium excretion showed
urban/rural differences that were as large and as
significant as those for sodium, but in the reverse
direction.

This study confirms that populations of the same
genetic origin may have different blood pressure
patterns in different environments. The observed
difference between these two groups could be related
to differences in intake of sodium or potassium, or in
the ratio of the two. Nevertheless, more definitive
data on all the various dietary changes that the rural
Luo make on migration to Nairobi will subsequently
be available from the longitudinal study presently in
progress.

K T Khaw is a Wellcome Trust Research Fellow. This
study was supported by the Wellcome Trust.
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