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ABSTRACT Populations in the Pacific islands undergoing economic mod-
ernization have experienced a steady rise in the prevalence of hypertension
across the second part of the twentieth century. In this analysis, a comparison
is made between blood pressure of the Rarotonga, Cook Islands, population in
1996 with values obtained for this population in 1964. In addition, the extent to
which education and occupation, as markers of modernization, associate with
blood pressure and island of origin is examined, taking into account the use of
anti-hypertensive drugs by a subset of the sample. For the males, mean blood
pressure shows no difference between 1964 and 1996; for the females, the
characteristic increase in blood pressure across the age groups is not statisti-
cally significant in the 1996 study population. This might be due to the much
more extensive use of anti-hypertension medication in the 1996 sample. Island
of origin is a significant predictor of blood pressure irrespective of occupation,
use of anti-hypertension medication, age and body mass index. Females born
on Rarotonga had higher systolic blood pressure, which was also associated
with education level, than those born on other Cook Islands. Males born on
Rarotonga had significantly higher diastolic blood pressure than males born
elsewhere in the Cook Islands.
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Introduction

Populations undergoing economic
modernization have experienced a
steady rise in the prevalence of hyper-

tension and the chronic diseases associ-
ated with it [BEAGLEHOLE 1992,
POPKIN et al. 1995, KHAN et al. 1993,
MCGARVEY et al. 1989]. The factors
accompanying modernization found to
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be associated with increased blood pres-
sure include dietary change, increased
body weight and fatness, decreased
physical activity levels, and psychoso-
cial stress [SCHALL 1995]. In the Pacific
Region, hypertension prevalence has
been associated with migration among
Manus migrants to towns in Papua New
Guinea [SCHALL 1991] and Tokelau
islanders migrant to New Zealand
[BEAGLEHOLE et al. 1977]. Further-
more, Samoans in California and Hawaii
have been shown to have greater preva-
lences of hypertension than Samoans in
Western Samoa [MCGARVEY and
SCHENDEL 1986]. In the Cook Islands,
studies in 1964 and 1953 showed adults
living on the remote island of Pukapuka
to have low mean blood pressure
[MURPHY 1955, PRIOR et al. 1968],
while adults on the modernizing island
of Rarotonga showed an increase in
blood pressure with age, and were taller
and heavier, with higher blood pressure,
than subjects on Pukapuka [PRIOR et al.
1968]. Among Cook Islanders, blood
pressure increases with age for both
males and females, women showing a
steeper increase in systolic blood pres-
sure than males [PRIOR et al 1968].
SCHALL [1995], in a meta-analysis of
20 traditional and modernizing Pacific
populations, confirmed this effect as a
general phenomenon. The effects of
economic modernization have been
largely attributed to commonly mea-
sured risk factors including dietary
change associated with increased pene-
tration of the world food system, and
reduced physical activity associated
with increased mechanization of life.
However, these account imperfectly for
the observed within-population variation

observed [CREWS and LOSH 1994].
Furthermore, women score lower than
men in most indices of modernization in
the Pacific, and blood pressure among
modernizing women correlates less well
with these indices than among modern-
izing men [LABARTHE et al. 1973,
PATRICK et al. 1983]. These relation-
ships are further complicated by the use
of anti-hypertensive drugs among sub-
jects with very high blood pressure. In
this analysis, a comparison is made be-
tween blood pressure of the Rarotonga
population in 1996 with the values ob-
tained for this population by PRIOR et al.
[1968] in 1964, and the extent to which
education and occupation, as markers of
modernization, associate with blood
pressure (taking into account the use of
anti-hypertensive drugs by a subset of
the sample) and island of origin is ex-
amined.

Methods
The 1964 sample comprised of 455

Cook Islander volunteers aged 20 to 82
years, living in Avarua, the urban center
of Rarotonga. Blood pressure was
measured using a sphygomanometer
with the subject seated, at the fourth
phase of Korotkoff sounds. The age
distribution of this sample was similar to
that of the general adult population of
Rarotonga [PRIOR et al. 1968]. The
1996 sample comprised of 425 Cook
Islanders aged 22 to 86 years, who were
recruited by means of a radio and televi-
sion campaign, on Rarotonga, the Cook
Islands, forming a volunteer sample of
the total adult population. Older adults
were over-represented, while younger
adults were under-represented in the
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sample. Ethical permission was obtained
from the Ministry of Health, Govern-
ment of the Cook Islands, prior to un-
dertaking the investigation. Subjects
who agreed to take part in the survey
were seen at six different clinic sites
representative of the demographic and
socio-economic distributions of the
adult Rarotongan population. Systolic
(SBP) and diastolic (DBP) blood pres-
sures were measured in a lying position
after 15 minutes rest, using a sphygmo-
manometer. The fourth phase of Korot-
koff sounds was recorded.  The data
used here is the average of two readings
taken one minute apart.

The choice of variables for this study
was made in consultation with the Gov-
ernment Anthropologist, an employee of
the Cook Islands Civil Service, who
suggested that a small number of ques-
tions relating to occupation, education,
and island of birth would be much more
acceptable to both subjects and the Gov-
ernment of the Cook Islands than a
longer list. The main economic occupa-
tion of individuals was determined by
questionnaire. Subjects were questioned
by the author with respect to their cur-
rent occupational status to minimize the
possibility of ambiguity of past and
present occupations and occupation
categories. Prior to analysis, different
types of occupation were combined into
categories of occupation as follows:
traditional subsistence; unemployed
(males); housewife (females); manual
worker; clerical worker; administrator;
and professional. The category of ‘tra-
ditional subsistence’ was merged with
that of ‘unemployed’ for the males, and
with the category ‘housewife’ for the
females. The categories ‘clerical worker’

and ‘administrator’ were also merged
with each other. These mergers were
made to allow adequate sample sizes for
subsequent analyses.

Height and weight were measured
using standard techniques that did not
differ across the two surveys, as the
protocol used in the 1964 survey was
the same as that incorporated in the
human biology guide to field methods
[Ciba Foundation 1963; WEINER and
LOURIE 1969, 1981]. Weight was mea-
sured using a beam balance to the near-
est pound in the 1964 survey, and with
battery-operated Soehnle digital scales
to the nearest 100g in the 1996 survey.
In both surveys, subjects wore the
minimum clothing that was considered
culturally decent. In the 1996 survey,
height was measured using a Harpenden
anthropometer to the nearest millimeter.
All measurements were made by the
first author (SJU), whose intra-observer
measurement error was determined
by the remeasurement of 15 subjects
at the beginning of the study. Values for
technical error of measurement (TEM),
relative TEM (%TEM) and coefficient
of reliability (R) were determined using
formulae given in ULIJASZEK and KERR
[1999]. Measurement error values were
0.1 (TEM), 0.11 (%TEM) and 0.99 (R)
respectively, for weight, and 0.3 (TEM),
0.18 (%TEM) and 0.99 (R) respec-
tively, for height. Values for R indicate
that measurement error was low
[ULIJASZEK and LOURIE 1994] for
these measures. Unfortunately, there
was no report of anthropometric mea-
surement error for the 1964 data. The
BMI was calculated by dividing weight
(in kilograms) by height (in meters)
squared.
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Mean values for SBP and DBP were
calculated by age group and sex using
SPSS-PC for Windows. Relationships
between the blood pressure variables
and place of origin, allowing for age and
relative weight (BMI) as confounding
factors were examined using one way
analysis of covariance [KERR et al.
1998]. This gave values for blood pres-
sure adjusted for BMI. The generalized
linear model (GLM), using logit-link
function where appropriate, was used
to test associations between place of
origin and socio-economic factors (edu-
cation and occupation), age, BMI, and
the blood pressure variables SBP and
DBP. The GLM model allowed analysis
of the net effect of the place of origin on
individual variables included in the
model, and neutralized the effect of
having subjects who were using anti-
hypertension medication included in the
sample.

Results

Figures 1 and 2 show mean blood
pressures on Rarotonga in 1964 and
1996. For the males, no difference was
found between the mean blood pressure
of the four age groups in both the 1964
and the 1996 studies (Fig. 1). In the case
of the females, however, the character-
istic increase in blood pressure across
the age groups in the 1964 study popu-
lation was not found to be as marked for
the 1996 study population (Fig. 2).
Mean systolic blood pressures for males
of the 1964 survey were 131.4 (25-34
years), 138.4 (35-44 years), 143.7 (45-
54 years), and 149.1 (55-65 years). For
females the values were 124.5 (25-34
years), 143.9 (35-44 years), 163.9 (45-

54 years), and 173.0 (55-65 years).
Mean diastolic blood pressures for
males of the 1964 survey were 85.4 (25-
34 years), 92.2 (35-44 years), 95.5 (45-
54 years), and 93.9 (55-65 years). For
females the values were 82.2 (25-34
years), 92.3 (35-44 years), 101.5 (45-54
years), and 103.7 (55-65 years). These
differences cannot be explained by dif-
ferences in age structure. The 1996
sample has a greater proportion of older
people than the 1964 sample, but there
is no apparent bias towards an age-
related increase in blood pressure in the
1996 sample, relative to the earlier
study. The absence of increase in blood
pressure with age among both males and
females in 1996 may be because of more
extensive use of hypertensive drugs in
this population since 1964.

Table 1 gives descriptive statistics by
sex and age group for the 1996 sample.
There are no statistically significant
differences in blood pressure between
males and females. However, the mean
blood pressure for the females is signifi-
cantly greater among older people (aged
40-59 and >60 years) than younger peo-
ple (aged 20-39 years) (post hoc Bon-
feronii test; p < 0.05 for SBP and DBP),
although among subjects above 60 years
of age blood pressure is slightly lower
than the 40-59 years age group, possibly
due to selective mortality. There is no
corresponding age effect for the males.
These patterns cannot be attributed to
differences in the age structure of the
1996 sample, since there are no signifi-
cant differences in the age distribution
by age group (20-39 years, 40-59 years,
60 years and above) of males versus
females (chi-square = 4.4, df = 2, p =
0.11).
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Fig. 1.  Mean blood pressure, Rarotonga, 1964 and 1996, males.
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Fig. 2.  Mean blood pressure, Rarotonga, 1964 and 1996, females.
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Figures 3 and 4 give BMI-adjusted
mean blood pressure by age group and
sex according to island of birth. Females
born on Rarotonga had higher systolic
blood pressure than those born on other
Cook Islands, while men born on Raro-
tonga did not. These patterns cannot
be attributed to differences in the age
structure of the sample, since there are
no significant differences in the age
distribution according to place of birth

(Rarotonga versus those born elsewhere
in the Cook Islands) (chi-square = 0.1,
df = 2, p = 0.94). An analysis using the
Generalized Linear Model with logit
link showed island of birth to be signifi-
cantly associated with DBP for the
males, and with education and SBP for
the females (Table 2), but was inde-
pendent of use of anti-hypertension
medication in both sexes (Table 3).

Table 1. Descriptive statistics of blood pressure by age group and sex. Differences between sex
and age groups were tested by means of two-way ANOVA

Males   Females

Age group N Mean SD N Mean SD

SBP [mmHg]
20–39
40–59
60 and more

15
67
65

135.1
139.6
139.4

14.3
15.9
20.6

45
133
99

127.2
139.4
138.3

19.5
18.7
18.2

Sex
Age
Interaction

F = 1.82
F = 3.84*
F = 0.79

DBP [mmHg]
20–39
40–59
60 and more

15
67
65

86.0
91.6
90.0

16.3
13.9
12.7

45
133
99

81.2
90.1
89.4

13.5
13.7
14.2

Sex
Age
Interaction

F = 1.78
F = 4.96**
F = 0.42

Table 2. Relationships between place of birth (in two categories: Rarotonga and elsewhere)
and a number of independent variables

Males FemalesIndependent
variable Wald’s χ2 p-level Wald’s χ2 p-level

Education 3.16 0.37 9.96 0.02
Occupation 1.94 0.58 3.52 0.32
Medication 0.05 0.82 0.01 0.91
Age 0.92 0.34 0.32 0.57
SBP 1.33 0.25 3.79 0.05
DBP 4.28 0.04 0.17 0.68
BMI 1.20 0.27 0.45 0.50
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Fig. 3. Mean systolic and diastolic blood pressure according to place of birth, males, Rarotonga 1996.
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Fig. 4. Mean systolic and diastolic blood pressure according to place of birth, females, Rarotonga 1996.
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Discussion

For males on Rarotonga, it appears
that blood pressure has shown no further
increase above 1964 levels. For the fe-
males, blood pressure shows no increase
with age for the 1996 sample, although
it does for the 1964 sample of PRIOR et
al. [1968]. This may be because of much
greater medical management of high
blood pressure in this population in
1996 compared with 1964. In the 1996
sample, 38% of females and 29% of
males regularly used anti-hypertension
medication. The lower increase in sys-
tolic blood pressure with age for males
relative to females observed for the
Rarotonga population in 1964 by PRIOR
et al. [1968], and confirmed as a general
phenomenon among modernizing Pa-
cific populations by SCHALL [1995],
might be a function of differential car-
diovascular disease mortality between
males and females, whereby males with
high blood pressure are more likely
to have died at an earlier age. It is gen-
erally acknowledged that hypertension
is a primary risk factor for mortality
due to all-causes and is a good predictor
of subsequent coronary heath dis-
ease mortality [KANNEL et al. 1967,
GOLDBOURT and YAARI 1990].

The age-related pattern of blood pres-
sure change observed in this study may
be confounded by the extent to which
the use of hypertensive drugs might
mask the effects of modernization on
blood pressure. Furthermore, the extent
of use of hypertensives may be mediated
by other modernization variables; in this
study, a comparison of subjects taking
anti-hypertension drugs according to
island of origin, occupation and educa-
tion, shows there to be no difference for
the males, with women with more years
of education and higher occupational
status taking anti-hypertension medica-
tion (Table 3).

Island of origin is a significant pre-
dictor of blood pressure in this study,
irrespective of occupation, use of anti-
hypertension medication, age and BMI.
Island of origin is also associated with
level of education for the females, but
not for the males. The higher DBP
among males born on Islands other than
Rarotonga may reflect psychosocial
factors associated with modernization
effects which are greater on this Island
than on any of the other Cook Islands,
rather than the duration and extent of
exposure to physical factors in the etiol-
ogy of hypertension. In 1991, the popu-
lation of Rarotonga was 58% of the total
population of all of the Cook Islands.

Table 3. Relationship between taking hypertension pills (yes/no) and birth place (Rarotonga/elsewhere),
education (4 categories), and occupation (4 categories)

Males Females

Chi-square p-level Chi-square p-level

Birth place 0.02 0.886 0.94 0.332
Education 3.18 0.364 7.12 0.068
Occupation 2.95 0.399 15.97 0.001
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The high population density and con-
centration of economic resources on this
island has resulted in greater economic
opportunities at all levels, and a greater
proportion of the population engaged in
the moneyed economy than any of the
other Cook Islands (National Statistical
Office [1996]). Furthermore, the de-
pendency ratio (proportion of the popu-
lation aged less than 15 years and
greater than 65 years) is 38% lower on
Rarotonga than on the other islands
combined (National Statistical Office
[1996]), due largely to declines in fertil-
ity rates and resulting in smaller house-
hold sizes in which per capita access to
resources acquired as a consequence of
engagement in the cash economy is
greater on Rarotonga than on any of the
other islands.

It is also possible that the effects ob-
served may reflect selective migration of
Cook Islanders to Rarotonga. Migrants
may be more motivated than the popu-
lations from whence they came, and
may have endocrine characteristics
which more easily lead to elevated corti-
sol levels. In a comparison of pre-
migrants to New Zealand and non-
migrants on the Tokelau Islands, PRIOR
et al. [1977] found that younger pre-
migrants had slightly higher systolic and
diastolic blood pressures than non-
migrants. These differences may reflect
a more acculturated or modernized
status of pre-migrants; alternatively,
they may reflect essential differences in
attitudes and/or personalities between
two groups [PRIOR et al. 1977]. If the
latter, this might be favorable under the
survival conditions of the Pacific Islands
before modernization, but unfavorable
under current situations of plentiful diet,
and access to smoking and alcohol. It is

possible that males born elsewhere in
the Cook Islands experience greater
psychosocial stress than indigenes of
Rarotonga. However, there is no evi-
dence that migrants to Rarotonga dis-
place stress by excessive alcohol con-
sumption.

Alternatively, migrants may have been
forced to migrate because of the difficult
traditional economic conditions of their
islands of origin. In this case, the higher
DBP of males born elsewhere in the
Cook Islands may reflect poor psycho-
social adaptation to the stresses of mod-
ernization on Rarotonga. One methodo-
logical problem obscuring interpretation
in the present study is that of separating
changes produced by migration from
those produced by modernization
[LITTLE and BAKER 1988].

It is likely that there are different
environmental impacts on blood pres-
sure of males and females respectively.
Alcohol consumption and smoking
among females is lower than among
males, and does not differ according
to whether they were born on Rarotonga
or elsewhere in the Cook Islands
[ULIJASZEK 2002]. Furthermore, selec-
tive migration of males and females to
Rarotonga might have been influenced
by different factors. Given the patriar-
chal nature of Cook Islands society,
female migrants are less likely to have
been driven by economic pressures or
possibilities than their men, except in-
asmuch as selective mating might take
place for characteristics associated with
economic success or failure. The higher
SBP of females born on Rarotonga may
thus reflect their higher educational
level and greater engagement in modern
life than those born elsewhere in the
Cook Islands.
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Streszczenie

Jednym z przejawów ekonomicznych przemian, określanych terminem modernizacji,
jakich doświadczyły populacje wysp Pacyfiku w ostatnich kilkudziesięciu latach, jest stały
wzrost odsetka osób z nadciśnieniem oraz wzrost zachorowalności na choroby pochodne.
Wśród czynników towarzyszących zmianom ekonomicznym i wywierających bezpośredni
wpływ na wzrost ciśnienia krwi wymienia się głównie: jakościowe a często ilościowe zmia-
ny diety, wzrost masy i otłuszczenia ciała, spadek poziomu aktywności fizycznej osobników
oraz stres psychospołeczny (np. charakterystyczny dla procesów migracyjnych). Celem pra-
cy było porównanie ciśnienia krwi w populacji wyspy Rarotonga (Wyspy Cooka), badanej
w latach 1964 i 1996. Na podstawie danych z 1996 r. zbadano dodatkowo zależności pomię-
dzy miejscem urodzenia (Rarotonga lub inne wyspy) a ciśnieniem krwi, przy kontroli po-
ziomu wykształcenia i charakteru wykonywanej pracy (czyli wskaźników modernizacji),
używania leków obniżających ciśnienie oraz wieku i wskaźnika masy ciała (BMI).

U mężczyzn średnia wartość ciśnienia krwi w badanych klasach wieku nie uległa zmianom
pomiędzy latami 1964 i 1996 (Rys. 1). U kobiet badanych w 1996 roku charakterystyczny
wzrost ciśnienia krwi z wiekiem nie osiągnął poziomu istotnego statystycznie w porównaniu
do populacji kobiet badanych 1964 roku (Rys. 2). W populacji z 1996 roku nie wykazano
istotnych różnic międzypłciowych w trzech grupach wiekowych (Tab. 1). Miejsce urodzenia
okazało się istotnym niezależnym czynnikiem wpływających na wartości ciśnienia krwi
(Tab. 2–3). Kobiety urodzone na Rarotonga odznaczały się wyższymi wartościami skurczo-
wego, natomiast mężczyźni rozkurczowego ciśnienia krwi, przy kontroli pozostałych czyn-
ników. U mężczyzn w grupie imigrantów występowała także silniejsza zależność pomię-
dzy wiekiem a ciśnieniem krwi. Wydaje się, że głównym powodem wzrostu ciśnienia
imigrantów były czynniki psychologiczno-społeczne związane z procesami migracyjnymi
(Rys. 3–4).


