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Changing mortality patterns in Nauruans: an example
of epidemiological transition
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SUMMARY An analysis of mortality data for the years 1982-5 was carried out for the Micronesian
population (aged 15 years and over) of the central Pacific Island, Nauru. Among males, the most
common causes of death were circulatory system disorders (33 3%), accidents (25-2%), and diabetes
mellitus (12 1 %). The majority ofaccidents occurred in the 15-34 year age group and involved motor
vehicles. Among females, neoplasms (almost all lung and cervix) (22A4%), circulatory system
disorders (20-7%), and diabetes mellitus (17.2%) were the most common causes of death. When
accidents are excluded, 59 4% of deaths were in persons with diabetes. Compared with Australia,
mortality rates in almost all age groups were at least five times higher for males and females for a

comparable period. Nauruan life expectancy (39 5 years for men and 48 5 years for women) is one of
the lowest in the world. These data confirm the high mortality associated with diabetes mellitus in
Nauruans as evidenced in earlier studies. Modernisation of this society through the affluence
acquired by the mining of phosphate has led to serious public health problems relating to
non-communicable diseases so that the mortality trends now mirror those of developed societies.

It has been suggested that the changing patterns of
disease and mortality in Third World populations are
related to their economic and social development.
Under existing epidemiological models,' 2 the initial
exposure of traditional populations to western
civilisation led to epidemics of infectious diseases
resulting in high mortality rates. Continued economic
and social development resulted in a shift in lifestyle
practices from traditional to modern, along with
improved public health, reducing the mortality from
communicable disease but, somewhat paradoxically,
introducing risk factors for non-communicable
diseases. Exposure to these risk factors over time has
in turn led to the emergence of "western diseases" and
associated mortality in these developing populations.

Analysis ofprevious mortality reports in the Pacific
island of Nauru37 suggests that a shift in mortality
patterns has occurred and may be related to exposure
to western practices. Infectious diseases were the
major cause of death until the end of the 1950s, and
mortality from diabetes and coronary heart disease
was slight.67 Subsequently, mortality from motor
vehicle accidehts, cardiovascular disease, and diabetes
has overtaken infectious diseases as the main cause of
mortality.4 5 7

The present study reports on the mortality profile of
this unique communty from 1982 to 1985 in order to
evaluate the continuing influence of western lifestyle
change on mortality patterns.

Materials and methods

BACKGROUND INFORMATION
Nauru is an isolated island nation located in the
Central Pacific. European contact with Nauru began
in the 19th century and led to the development of
phosphate mining by 1906. Most of the income from
phosphate went to the colonial powers who
administered Nauru for the next 62 years. At the time
of Nauru's independence in 1968, phosphate mining
was a highly profitable operation and, because all
proceeds then went to the Nauruans directly, it has led
to considerable affluence among the island's
indigenous population.
A change in lifestyle patterns from traditional to

western among the Nauruan people began slowly with
the advent of the phosphate mines, increased after the
end of the second world war, and accelerated after
independence. The rapid acquisition of affluence in
Nauru has been unique among the experiences of
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developing countries and has subsequently increased
the exposure of the population to a variety of risk
factors for chronic disease. At present, Nauruans
exhibit extraordinarily high prevalences of obesity,
hypertension, glucose intolerance, cigarette smoking,
and alcohol consumption.38-11 The prevalence of
non-insulin-dependent diabetes mellitus (NIDDM) is
24%, one of the highest in the world10 and uniquely
identifies the Nauruan people, together with the Pima
Indians ofNorth America,12 13 as a population at very
high risk for the development of NIDDM.

DATA COLLECTION AND VALIDATION
In March 1986, a visit was made to Nauru and
information on all deaths occurring in the island for
the period 1982-5 inclusive was obtained by
examining death certificates, hospital records, and
patients' case notes. The data collected included date
of death, age at death, sex, cause of death (direct,
antecedent, and underlyiing causes), status at time of
death, and place of death.

Where possible, information was cross-checked by
comparison with other sources, for example the
Catholic Church burial register and the Register of
Births and Deaths. The Director of Medical Services
in Nauru, who knew most of the cases personally, also
validated the data.

CODING
Causes of death were assigned three digit rubrics
according to the ninth revision of the International
Classification of Diseases (ICD). 14 In estimating
diabetes mortality, the ICD criteria were applied
regardless ofwhether diabetes was recorded as a cause
ofdeath or not- ie, in known diabetics, deaths due to
complications of diabetes (renal failure, septicaemia,
etc) were consistently classified as diabetic deaths.

Diabetic status at death was divided into two
categories, 'diabetic' and 'not diabetic'. It was not
always possible to determine diabetic status at death
because diabetes was not consistently mentioned on
death certificates when it was present in the subject,
the register of diabetics in Nauru is not complete, and
diabetes may have been present but not diagnosed at
the time of death. An estimate of whether any
misclassification of diabetic deaths occurred is
included with the results.

POPULATION ESTIMATES
Censuses are conducted regularly in Nauru, the last
being in May 1983. 15 To estimate the mid-year
population for each of the years 1982 to 1985, the
following method was used. A degree-five polynomial
curve of exact fit was calculated for the graph of
population against census year for the period 1952-83
(fig 1). The polynomial was then used to interpolate to

M Schooneveldt, T Songer, P Zimmet, and K Thoma
5500i

5000-

4500-

4000-
C
-1

QQ 3500-
0.
0~

3000-

2500-

2000-

* Population at census time
o Midyear population estimates

1955 1960 1965 1970 1975 1980 1985
Year

Fig I Midyear population estimates in Nauru 1982-5.

the mid-1982 population and to extrapolate to the
population for each mid-year 1983 to 1985. At least
visually, the graph ofpopulation against census year is
a smooth curve, and there is no reason to suppose that
the trend it suggests has not continued.
The age-sex distribution for each year 1982-5 was

estimated by assuming the distributions to be the same
as the known distribution from the May 1983 census.
This assumption was regarded as acceptable because
the four year period 1982-5 is comparatively short,
and large changes in the age-sex distribution seem
unlikely given the demography and geography of this
island nation. In any event, total numbers of deaths in
any age-sex category are small when compared to the
total population in that category, and errors in
population estimates are not expected to alter
mortality rates very much.

For comparative purposes, age and sex specific
mortality for Australia was calculated for the period
1982-4 using data supplied by the Australian Bureau
of Statistics.16 At the time of writing, Australian
mortality for 1985 was not available so that the
Australian data cover only a three year period.

DATA ANALYSIS
On return from Nauru, data were keyed onto a
Burroughs 7800 computer and checked, ready for
processing. Mortality tables were calculated using the
Statistical Package for the Social Sciences (SPSS).'7
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Changing mortality patterns in Nauruans: an example of epidemiological transition

Abridged Life Tables were obtained by the method
described by Elandt-Johnson and Johnson.18
For Nauruans in the age range 15-64 years,

calculation of years of life lost through premature
death from various causes was carried out by
assuming a baseline life expectancy of 65 years,
subtracting the age at death from 65, and then
summing over the various causes. This was done for
diabetics and the population as a whole.

It was not considered feasible to calculate life
expectancy for diabetics because the total number of
cases was small.

Results

Table 1 shows all-cause mortality for the period
1982-5, stratified by age group and sex. The crude
death rates per annum per 1000 population were 18-5
for males and 10-3 for females. Apart from a small
decrease in male rates from the 15-24 to the 25-34 year
age group, mortality rates increased with age for both
sexes.
The age-standardised mortality rate for Nauruan

males was 19-7, and for females 9-8 per annum per
1000 population for the period 1982-5 (table 2). When
compared to the standardised rates for the period
1976-81 calculated from the study of Taylor and
Thoma,3 the male rate showed no change; the female
rate showed a small increase. The 1982-5 rates were

Table 1 Nauru all-cause mortality by sex (1982-5) for
persons 15 years and over.

Age (years) Males Females Total

No. CMR* No CMR* No CMR*

15-24 23 105 6 27 29 65
25-34 16 101 8 5-1 24 7-6
35-4 7 116 5 96 12 106
45-54 16 284 11 203 27 244
55-64 20 664 11 274 31 441
65+ 17 178 9 15 102-7 32 132 8

Total 99 18 5 56t 10-3 155t 14 4

In each subgroup, the number entered is the number of observed deaths.
* Crude mortality rate (CMR) per 1 000 population per annum.
t Total excludes 2 females for whom age at death was not known.

Table 2 Age-standardised mortality rates*t

Males Females Total

Nauru 1982-85 19.7 9-8 14-4
Nauru 1976-81 19 7 8-0 13 9
Australia 1982-84 40 2-3 3-1

5Total Nauru population (age 15 + years) at risk 1982-85, by the direct method.
t Per 1000 population per annum.

4-9 and 4-3 times the standardised rate for Australian
males and females respectively.
Male: female age-specific mortality ratios for

Nauruans are shown in figure 2. In all age groups,
male mortality rates were higher than for females; in
the 15-24 year age group, the male rate was almost
four times higher.

Figure 2 also compares age and sex specific
mortality in Nauru (1982-5) with that in Australia
(1982-4). Apart from women aged 65 years and over,
the Nauru rate for both males and females in all age
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Fig 2 Age-specific mortality in Nauru and Australia

Mortality ratios.

Age group (years)

15-24 25-34 35-44 45-54 55-64 65 +

Nauru
M:F 3-9 2-0 1-2 1-4 2-4 1-7
Males
Nauru: Australia 8-1 7-8 61 5-1 4-3 3-1
Females
Nauru: Australia 5-4 10-2 8-7 6-3 3-5 2 4
Australia
M:F 2-6 2-6 17 18 2-0 1-3
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groups was over three times the Australian rate. In the
15-24 year age group for males, the rate was 8 1 times
higher; in the 25-34 year age group for females it was
10-2 times higher.
Abridged life tables for Nauruan adults were

calculated for the period 1982-5 and are shown in
table 3. Life expectancies for a 15 year old male and
female are 39 5 and 48 5 years respectively. Female life
expectancy is more than five years longer than that for
males at each exact age calculated except for 65 years.

Table 4 shows cause-specific mortality among non-

diabetics and diabetics for the period 1982-5. To
determine whether any misclassification of deaths in
persons with diabetes occurred, we extrapolated from
a cohort of the Nauru population (aged 20 years and
over).5 Assuming the cohort to be representative ofthe
general population, the expected number of deaths
among those with diabetes and those without for the
period 1982-5 for the whole population (aged 20 years
and over) was estimated to be 72 and 50 respectively.

M Schooneveldt, T Songer, P Zimmet, and K Thoma

The actual numbers observed were 78 deaths in
diabetics and 67 deaths in those without diabetes. To
test for a difference between the observed and expected
proportions of diabetic deaths, a standardised normal
deviate of 1 19 (NS) was calculated, suggesting that
little or no misclassification has occurred. In any

event, errors in classification are likely to be on the side
of underestimation of deaths among diabetics for
reasons discussed earlier so that diabetes mortality
would be greater than that observed.
Among males, the most common causes of death

were circulatory system disorders (33 3%), accidents
(25 2%), and diabetes (12 1%). Among females, the
most common causes were cancers (particularly of the
lung and cervix) (22 4%), circulatory system disorders
(20 7%), and diabetes (17 2%). The deaths attributed
directly to diabetes were broken down as follows.
Among males, 67% (8 deaths) were due to chronic
renal failure and 25% (3 deaths) to diabetic
septicaemia. One male death, attributed directly to

Table 3 Abridged life tables for Nauruan adults. Expectation of life at various ages and probability of dying during various
intervals (given that subjects have survived to 15 years old).

Expectation of life Expected age at Probability of dying
(years) at various death (years) during certain age
ages* intervalst

Exact age Males Females Males Females Age intervals Males Females

15 39.5 48 5 54-5 63 5 15-24 0 0925 0 0262
25 329 397 579 647 25-34 00963 00498
35 25 8 31 5 60 8 66 5 35-44 0 1082 0-0922
45 18-5 24 1 63 5 69 1 45-54 0 2559 0 1902
55 127 182 677 732 55-64 05058 02493
65 10-3 12 1 75 3 77-1 65+ 10000 1 0000

* Conditional on having lived up to that age.
t Conditional on having lived up to that age interval.

Table 4 Causes of death for Nauruan adults (age 15 + years), by sex and diabetic status.

Males Females

ICD code Cause Not diabetic Diabetic Not diabetic Diabetic

No % No % No % No %

1-139 Infections 5 51 3 30 6 10 3 - -

140-239 Cancers 2 2-0 4 4 0 3 5 2 10 17 2
250 Diabetes mellitus - - 12 12 1 - - 10 17 2
390-459 Circulatory system

disorders 14 14 1 19 19 2 4 6 9 8 13 8
460-519 Respiratory system

disorders 2 2-0 2 2-0 2 3 4 1 1 7
520-579 Digestive system

disorders 3 3-0 4 40 2 3-4 1 1-7
580-629 Genitourinary system

disorders 1 1-0 - - 1 17 - --

E800-E999 Accidents 23 23 2 2 20 4 69 - -

Other causes 3 3-0 - - 4 6 9 2 3 4

Total deaths 53 53.5 46 46-5 26 44 8 32 55 2
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Changing mortality patterns in Nauruans: an example of epidemiological transition

diabetes on the death certificate, could not be
diagnosed further. Among females, 40% (4 deaths)
were due to renal failure, and diabetic sepsis and
diabetic ketoacidosis each resulted in 30% (3 deaths).
Given inadequate laboratory facilities in Nauru, it is
possible that the deaths from ketoacidosis were also
due to septicaemia.

It is possible that among diabetics, their diabetes
was a contributing factor in deaths coded as due to
circulatory system disorders. When the deaths coded
as due to diabetes and circulatory system disorders are

combined for persons with diabetes, they account for
313% of all male deaths and for 31 0% of all female
deaths. Mortality from heart disease, cardiac failure,
and cerebrovascular disease made up the majority of
deaths due to circulatory system disorders.

Overall, 46 5% ofmale deaths and 55 2% of female
deaths were in known cases of diabetes. However,
there was a large number of deaths from accidental
causes among non-diabetic males. The majority (68%)
of male accidents involved motor vehicles and
occurred in the 15-34 year age group. When accidental
deaths are ignored, 59-5% of male deaths and 59-3%
of female deaths were among diabetics.
The years of life lost through premature mortality

for individuals who died within the ages 15-64 years
are given in table 5. Among males, 43-2% of all lost
years were a consequence of accidents, 24-8% from
circulatory system disorders, and 8-8% from
infections. Among females, infections (23.3%),
accidents (19-1%), and circulatory system disorders
(19.0%) accounted for the most years lost. The deaths
among diabetics due to diabetes and circulatory
systeri disorders combined accounted for 14X0% of

the total years lost among males and for 26-0% among
females. The total years lost among males is 2-4 times
that for females.

Discussion

Mortality rates in the overall Nauruan population
were extremely high. Age-standardised mortality rates
were more than four times those reported in
Australia.'6 Nauruan males had higher standardised
mortality rates than Nauruan females (19-7 versus 9-8
deaths per 1000 population per year), and the largest
difference in mortality between the sexes occurred in
the youngest age groups, particularly ages 15-24
years. In addition, average life expectancy at all ages
was longer in females than in males.

These findings agree with those of Taylor and
Thoma3 who used similar methods to evaluate
mortality during the period 1976-81. However, the
present study shows a moderate increase in life
expectancy for both Nauruan males and females.
Despite this, the Nauruan life-span remains one of the
lowest in the South Pacific3 and indeed the world.'9
The increased rate of mortality in the Nauruan

population appears to be related to three main factors:
motor vehicle accidents, diabetes, and circulatory
system disorders. Deaths due to motor vehicle
accidents were markedly increased for males 15-34
years when compared to mortality in young
Australian males'6 and accounted for 45% ofthe total
number of life-years lost due to premature mortality.
Given that the island of Nauru is only 20 km in
circumference and that the only proper road is a sealed
one around the perimeter, the degree of accidental

Table 5 Premature mortality in Nauruans. Years of life lost through premature mortality in Nauruans aged 15-64 years, by
cause of death, sex, and diabetic status.*

Males Femakes

ICD code Cause Diabetic All Diabetic All

No % No % No % No %

1-138 Infections 22 10 186 8-8 - - 205 23-3
140-239 Cancers 17 0-8 50 2-4 89 10-1 163 18-5
250 Diabetes mellitus 140 6-6 140 6-6 126 14-3 126 14-3
390-459 Circulatory system

disorders 156 7-4 524 24-8 103 117 167 19 0
460-519 Respiratory system

disorders 29 14 66 3 1 3 0-3 3 0-3
520-579 Digestive system

disorders 45 21 86 41 4 0-5 4 0-5
580-629 Genitourinary system

disorders - - 29 1-4 - - 29 3-3
E800-E999 Accidents 33 1-6 911 43-2 - - 168 19-1

Other causes - - 117 5-5 - - 15 1-7

Total years lost 442 21-0 2109 100 325 36-9 880 100

$ Assuming a life expectancy of 65 years.
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mortality among males is remarkable. A review of the
findings reported by Taylor and Thoma suggests that
accidental death trends have remained high for
Nauruan males over the last 10 years while mortality
from motor vehicle accidents among females has fallen
markedly from 20% of all deaths in 1976-81 to 7% in

1982-5.
Mortality from diabetes and its related

complications was another major contributor to the
excess mortality seen. When mortality from accidents
was excluded, almost 60% of the total deaths recorded
in the population were among individuals with
diabetes. This is high even after the high prevalence of
diabetes in this community is taken into account.
Premature mortality among Nauruan diabetics
accounted for 21% of the total years of life lost in
males and for 37% in females. Premature mortality
among diabetics in Nauru has been reported recently
by Zimmet et al.5 Similarly, other researchers2124
have noted a high degree of premature death
associated with NIDDM in other populations.

Circulatory system disorders contributed to the
high mortality among Nauruans and were the leading
cause of death for males, accounting for one third of
all deaths, and the second leading cause of death for
females. Premature mortality associated with these
disorders was high, contributing to 32% of the life
years lost in males and 31% in females. Diabetes is also
likely to be a factor in the high prevalence of
cardiovascular mortality in this population given
previous findings that coronary heart disease occurs

more frequently in diabetics than in non-diabetics,25
the high prevalence of diabetes in Nauru, and reports
citing increased cardiovascular mortality among
diabetics.22 2628

The results of the present study agree with the
suggestion that mortality in the Nauru population
reflects the long-term influence of westernisation.
Mortality from both cardiovascular disease and
diabetes mellitus has increased substantially from that
reported for 1976-81.3 Similarly, deaths from
neoplastic disorders have increased, particularly in

Nauruan women for whom cancer was the leading
cause of death in 1982-5. These changes are of
considerable interest since deaths from these diseases
were not in substantial numbers as recently as the
second world war when deaths from infectious disease
were the primary concern.6 7

Comparison of the current mortality patterns in
Nauru with Australian data'6 indicates that despite
the increasing prevalence of mortality from
cardiovascular disease and cancer in Nauru, current
mortality from these diseases (in terms of the
percentage of all deaths) is lower than that reported
for Australia. It is quite reasonable, given the recent
development of this island nation and the high

M Schooneveldt, T Songer, P Zimmet, and K Thoma
prevalence of diabetes, to expect mortality rates for
cardiovascular disease and indeed other non-
communicable diseases to increase.

Similar shifts in lifestyle and mortality patterns
related to the westernisation of a nation have been
noted recently in other South Pacific populations.
Prior and Tasman-Jones3' have studied the recent
history ofmorbidity and mortality in the New Zealand
Maori. The Maori was introduced to western
civilisation and economic practices and adopted these
customs much earlier than the Nauruans. Similarly,
the Maori initially showed high mortality from
infectious diseases and later developed increased
prevalences of cardiovascular disease, hypertension,
and diabetes. Today, mortality from cardiovascular
disease is the leading cause of death, particularly
among females.3' The Australian Aboriginal
population has undergone similar changes in lifestyle
and mortality and now displays increased mortality
from cardiovascular disease and diabetes mellitus.32 33
The mortality trends seen in Nauru suggest that

westernisation has been a major factor influencing the
change in health status of the population. It is
becoming more apparent that the long-term exposure
to risk factors for western diseases in Nauruans has led
to a marked increase in the frequency of non-
communicable diseases. It is also likely that, in the
absence of intervention, mortality from
cardiovascular disease, diabetes, cancer, and motor
vehicle accidents will continue to increase.

We thank Ms C Finch for data collection and
statistical advice and Mrs S Fournel for typing. This
study was funded by NIH Grant ROI AM 25446.
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