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Summary. A longitudinal study of 266 randomly selected non-
diabetic Nauruans (215 normal subjects, 51 with impaired glu-
cose tolerance) has permitted the natural history of impaired
glucose tolerance to be studied in this Micronesian popula-
tion. Nauruans are known to suffer from a very high preva-
lence of abnormal glucose tolerance. The subjects were first
examined in 1975-1976, and a follow-up examination was
performed in 1982. Of the subjects with impaired glucose tol-
erance, 26% developed diabetes during the study period (4%
per annum) compared with 7% of normal subjects (1% per an-
num). After controlling for the effects of both age and obesity,
the risk of subsequent diabetes for subjects with impaired glu-
cose tolerance remained significantly higher than for normal
subjects (odds ratio 3.6, 95% confidence interval 1.4-9.1). Of
those with impaired glucose tolerance on initial examination,
39% were normoglycaemic at follow-up. In subjects with im-
paired glucose tolerance, of nine factors examined only plas-

ma glucose concentration at the time of the initial examina-
tion was consistent in predicting progression to diabetes,
when the data were examined by both univariate and multi-
variate methods. Both 2-h and fasting plasma glucose values
were useful predictors. Thus, Nauruans with impaired glucose
tolerance have a higher risk of subsequent diabetes than their
normoglycaemic counterparts, after controlling for age and
obesity. Nevertheless, the prognosis of impaired glucose toler-
ance is unpredictable as a substantial proportion of such sub-
jects return to normality. Plasma glucose concentration is the
most important predictor of subsequent diabetes. These re-
sults accord with recent findings from longitudinal studies of
impaired glucose tolerance in other populations.
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In 1982, a follow-up diabetes survey of the Micronesian
population of Nauru was conducted. The initial exami-
nation had been in 1975-1976, and the average length
of time between examinations was 6.2 years.

Of the 266 subjects examined in both surveys who
were initially non-diabetic, 215 were normoglycaemic
and 51 had impaired glucose tolerance at first examina-
tion. This report examines the prognosis of those with
impaired glucose tolerance, and assesses the predictive
power of selected variables in relation to the subsequent
development of diabetes. The findings are compared
with similar data from other populations, in an attempt
to shed further light on the validity of the intermediate
category of glucose tolerance, and in response to the
call from the World Health Organization Expert Com-
mittee on Diabetes [1] for further population-based evi-
dence concerning the present diagnostic criteria for glu-
cose intolerance.

Subjects and methods

Background

Nauru is a small, isolated island in the Central Pacific, lying 60 km
south of the equator. The island is 20km in circumference. The in-
digenous population of approximately 4000 persons is of predomi-
nantly Micronesian ancestry. The discovery and subsequent exploita-
tion of large deposits of phosphate on the island has lead to affluence
and to a high degree of urbanization since the Republic of Nauru
achieved independence in 1968. The prevalence of obesity is high, few
subjects engage in heavy physical activity, and large quantities of im-
ported food and drink are consumed by the islanders [2]. It has been
demonstrated that Nauruans now suffer from a very high prevalence
of Type 2 (non-insulin-dependent) diabetes [3-5].

Subjects

A diabetes survey of all adult Nauruan residents of a randomly select-
ed region of Nauru (a homogeneous island with respect to lifestyle)
was conducted, in two stages. The first was in May 1975, and the sec-
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ond in January 1976. The findings of this initial survey have already
been published [3, 4. In January 1982, a diabetes survey of the whole
adult Nauruan population was performed [5]. Of the 456 persons ex-
amined in 1975 who were still resident in Nauru in 1982, and who
were eligible to attend the second survey (being present on the island,
and not too infirm to reach the survey site), 366 did so, giving a re-
sponse rate of 80% at follow-up. Of these, 266 persons were non-dia-
betic on initial examination, and these form the basis of the present
study.

Methods

Survey methods were standardized in the two surveys. Selection
procedures and survey methodology have been described in detail
elsewhere [3-5].

All subjects were examined at a central survey site after fasting
overnight, and the glucose load of 75 g was given orally. Fasting and
2-h venous blood samples were taken at the survey site. Plasma glu-
cose was measured on a Yellow Springs Instrument glucose analyser
using a glucose oxidase method. Plasma cholesterol, triglycerides and
urinary creatinine concentrations were measured on samples frozen
on collection and transported to Melbourne, Australia. Blood pres-
sure was measured with the subject in the sitting position. Height,
weight, and triceps skinfold thickness were recorded, and body mass
index was calculated as weight (kg) divided by the square of height
(meters). History of cigarette consumption and family history of dis-
ease were recorded for each individual.

Criteria for abnormal glucose tolerance

Abnormal glucose tolerance was classified in accordance with a mod-
ification of current WHO and National Diabetes Data Group criteria
suited to field survey conditions [1, 6], diabetes mellitus being diag-
nosed on the basis of a 2-h plasma glucose concentration of
11.1 mmol/1 or greater, 2h after a 75 g oral glucose load. Impaired
glucose tolerance was defined by a 2-h plasma glucose concentration
greater or equal to 7.8 mmol/l, but < 11.1 mmol/1. All previously
known diabetic subjects were included in the diabetic category. Sub-
jects not fulfilling these criteria were considered to have normal glu-
cose tolerance.

Results

The age distribution of the 266 subjects with normal
and impaired glucose tolerance at initial examination is
shown in Table 1 (decade, rather than mid-decade inter-
vals were used for consistency with earlier reports). It is
evident that subjects with impaired glucose tolerance
formed an older population than the normal subjects in
both sexes, and the effect of age was taken into account
when assessing characteristics associated with progres-
sion to diabetes.

Crude prognosis of impaired glucose tolerance

The mean time interval between examinations was
6.2 years. A comparison of the percentage of subjects in
each category of glucose tolerance at follow-up within
each baseline group (normal or impaired glucose toler-
ance) is shown in Table 2. Of the 51 subjects with im-
paired glucose tolerance, 13 (26%) progressed to diabe-
tes (men 27%; women 24%), compared with 14 (7%) of
the 215 normal subjects (men 7%, women 6%). The
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Table 1. Distribution of the 266 subjects by age and diabetic status at
initial examination

Age (years) Diabetic status in 1975-1976
Normal Impaired glucose
tolerance
Number % of total Number % of total
Males
0-19 26 27 2 9
20-29 38 40 7 32
30-39 14 15 3 14
40-49 15 16 6 27
50-59 3 3 2 9
60+ 0 0 2 9
Total 96 100 22 100
Females
0-19 42 35 2 7
20-29 43 36 8 28
30-39 16 14 6 21
40-49 11 9 10 35
50-59 6 5 3 10
60+ 1 1 0 0
Total 119 100 29 100

Table 2. Comparison of diabetic status of Nauruan non-diabetics in
1975-1976 and follow-up status in 1982

Diabetic status Diabetic status in 1982

in 1975-1976

Normal Impaired  Diabetic Total
glucose
tolerance
Males
Normal 72 17 7 96
Impaired glucose 7 9 6 22
tolerance
Females
Normal 95 17 7 119
Impaired glucose 13 9 7 29
tolerance
Sexes combined
Normal 167 34 14 215
Impaired glucose 20 18 13 51
tolerance

crude incidence of diabetes was 4% per annum in the
former (13 incident cases, 322 person years at risk). In
the latter, the crude incidence of diabetes was 1% per
annum (14 incident cases, 1339 person years at risk). Of
those initially displaying impaired glucose tolerance,
35% retained this status, whereas 39% were normo-
glycaemic at follow-up.

The risk of impaired glucose tolerance after controlling
Jor age and obesity

To assess the risk attached to impaired glucose toler-
ance, in terms of subsequent diabetes, the multiple lo-
gistic regression model was used to predict progression
to diabetes (Table 3). The predictor variables included
in the model were: age, sex, body mass index, and pres-
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Table 3. Parameter estimates, standard errors, and standardized pa-
rameter estimates for selected baseline variables, derived from the
multiple logistic regression model?, predicting progression to diabetes
(n=264)°

Variable Parameter  Standard Standard-
estimate error ized
parameter
estimate
Age (years) 0.32 0.14 2.3¢
Age squared —4x10-3 2x103  —21°
Sex (female) —0.51 0.46 -11
Date of first examination  —0.10 0.45 -0.2
Body mass index (kg/m?) 0.09 0.03 2.5
Impaired glucose tolerance  1.40 0.47 3.04

2 Log likelihood statistic: 140.3 on 257 degrees of freedom (see Re-
sults), ? Two cases deleted due to missing data. ¢ p<0.05; ¢ p<0.01.
The standardized parameter estimate may be referred to tables of the
normal distribution as a test of significance of the parameter in the re-
gression equation [§]

Table4. Mean® values of selected baseline variables in subjects not
progressing, compared with those progressing to diabetes®

Variable Not progressing Progressing
to diabetes to diabetes
(n=37) (n=13)
Age (years) 359 40.7
2-h plasma glucose (mmol/]1) 8.6 9.5¢
Fasting plasma glucose (mmol/1) 5.6 6.4°
Body mass index (kg/m?) 30.7 35.3°
Triceps skinfold thickness (mm) 25.8 315
Plasma cholesterol (mmol/1) 53 5.3
Plasma triglycerides (mmol/1) 13 1.6
Plasma uric acid (mmol/1) 0.4 0.4
Systolic blood pressure (mmHg) 136 131
Urinary creatinine (mmol/1) 0.1 0.1
% cigarette smokers 50.0 46.2
% positive family history of diabetes  51.7 50.0

* Continuous variables standardized for age by analysis of covari-
ance. ® Subjects with impaired glucose tolerance only (n =50, one
case deleted due to missing data). ¢ p<0.01 (F test)

ence or absence of impaired glucose tolerance at initial
examination. A further dummy variable represented the
date of original survey, to control for discrepancies in
the period of follow-up. A squared term was included to
account for a non-linear trend with age, as it significant-
ly improved the fit of the model. The model fitted the
data adequately, as demonstrated by the log likelihood
statistic, which had a value of 140 on 256 degrees of
freedom. This statistic has an approximately chi-
squared distribution on the given degrees of freedom
[7]. The exponents of the parameter estimates of the
predictor variables represent approximate point esti-
mates of odds ratio for the presence of each variable,
controlling for the effects of all the other variables in the
model [8]. Age, age-squared, and body mass index were
significant predictors of diabetes. After controlling for
the effects of these factors, impaired glucose tolerance
made a significant independent contribution to risk,
with a parameter estimate of 1.4, corresponding to an
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Fig. 1. The incidence of subsequent diabetes during the study period
(1975/1976-1982) in the four quartiles of baseline 2-h plasma glucose
concentration in subjects with impaired glucose tolerance. The figure
above each bar represents the number of individuals in that quartile

odds ratio of 3.6 (95% confidence interval 1.4-9.1). Im-
paired glucose tolerance was, in fact, the most signifi-
cant predictor variable in the model.

Factors associated with progression to diabetes in subjects
with impaired glucose tolerance

To assess which factors were associated with subse-
quent progression to diabetes in the subjects with im-
paired glucose tolerance, means of selected physiologi-
cal, biochemical and environmental factors were com-
pared in those who did, and those who did not, progress
to diabetes (Table 4). Continuous variables (other than
age) were standardized for age by analysis of covari-
ance. There was a highly significant difference in both
mean 2-h and fasting plasma glucose concentrations be-
tween the two groups (p<0.01). Mean body mass index
was also significantly higher in those who progressed to
diabetes than in those who did not (p<0.01). There was
no significant difference in mean triceps skinfold thick-
ness, or in any of the other comparisons. The trend in
the proportion of subjects progressing to diabetes
across quartiles of baseline plasma glucose concentra-
tion is illustrated in Figure 1. Over 50% of subjects in
the highest quartile subsequently developed diabetes.

To assess their independent contribution to the
probability of progression to diabetes, the variables ex-
amined in a univariate manner in Table 4 were further
studied by means of the multiple logistic regression
model, predicting development of diabetes (Table 5).
Because of problems relating to collinearity, fasting
plasma glucose concentration and triceps skinfold
thickness were dropped from the analysis. As before, a
dummy variable controlled for differences in length of
follow-up.
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Table 5. Parameter estimates, standard errors, and standardized pa-
rameter estimates for selected variables derived from the multiple lo-
gistic regression made® predicting progression to diabetes®

Variable Parameter Standard Standar-
estimate error dized
parameter
estimate
Age (years) 0.15 0.07 2.2¢
Sex (female) - 133 1.58 —-0.8
Date of first examination 0.46 1.43 0.3
2-h plasma glucose (mmol/1) 2.52 1.06 2.4¢
Body mass index (kg/m?) 022 0.1 1.9
Plasma cholesterol (mmol/1) - 131 1.19 —-141
Plasma triglycerides (mmol/1) 2.68 1.64 1.6
Plasma uric acid (mmol/1) 1126  11.05 1.0
Urinary creatinine (mmol/1) —36.23  36.59 —-1.0
Systolic blood pressure (mmHg)  — 0.11 0.06 —2.0°
Cigarette smoking — 300 162 -1.9

? Log likelihood statistic: 29.4 on 38 degrees of freedom (see Results).
b Subjects with impaired glucose tolerance only (z# =50, one case de-
leted due to missing data). © p<0.05. The standardized parameter es-
timate may be referred to tables of the normal distribution as a test of
significance of the parameter in the regression equation [8§]

The model appeared to fit the data adequately, as
shown by the log likelihood statistic of 29 on 38 degrees
of freedom. However, as a number of non-significant
variables were deliberately retained in the model for
consistency with other reports [9-11], maximum preci-
sion was not attempted. Age and 2-h plasma glucose
concentration were significant predictors of subsequent
diabetes in the model. Systolic blood pressure, which
was non-significant in the univariate analysis, was a sig-
nificant negative predictor in the multiple logistic re-
gression model. Conversely body mass index, which
was significant in the univariate analysis, just failed to
achieve significance in the model. Interaction terms in-
volving the variables of importance were introduced in-
to the model, but none caused a significant improve-
ment. The most significant variable in the final model
was 2-h plasma glucose. When 2-h plasma glucose was
replaced by the fasting value, plasma glucose concen-
tration remained the most important predictor, though
the fit of the model deteriorated slightly.

Discussion

The introduction of the category of impaired glucose
tolerance by the National Diabetes Data Group in 1979
[6], and its adoption by WHO in the following year [1]
was in recognition that there were a substantial number
of individuals who, though their plasma glucose con-
centration after a glucose challenge was insufficient to
classify them as diabetic, were nevertheless at increased
risk of macrovascular disease [1, 6]. Furthermore, stud-
ies suggested that this group, which had hitherto been
classified as one of ‘latent’ or ‘borderline’ diabetes, had
an unpredictable prognosis [1], and the use of the term
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‘diabetes’ was therefore considered unsuitable in this
context. Whereas the risk of diabetes was greater in
those with impaired glucose tolerance than in normal
subjects, a substantial proportion of the former subse-
quently appeared to revert to normality. This propor-
tion, estimated at 30%-50%, was clearly too great to be
explained by the phenomenon of regression to the
mean, resulting from the known variability of venous
plasma glucose concentration.

Three longitudinal studies of impaired glucose tol-
erance have recently appeared in the literature. These
are the Whitehall Study [9] and the Bedford Survey [10],
both performed in the United Kingdom, and a seven-
year follow-up study in Osaka, Japan [11]. The results
described for Nauruans in this report may thus be com-
pared with contemporary findings from Caucasoid and
Japanese populations, providing an opportunity to test
for consistency with the results of these studies in an
ethnic group previously unstudied with respect to im-
paired glucose tolerance, and known to suffer a high
prevalence of diabetes.

The data from Nauru confirm earlier studies, which
have demonstrated that a substantial proportion of sub-
jects with impaired glucose tolerance return to normo-
glycaemia, but that this group is nevertheless at in-
creased risk of subsequent diabetes. This adds further
weight to the notion that impaired glucose tolerance
cannot be regarded simply as a pre-diabetic state.

Glucose tolerance is known to be labile, and original
mis-classification may account for some of the observed
changes of status at an individual level. However, the
proportion of subjects with impaired glucose tolerance
who subsequently change status (both for better and for
worse) seems too great to be explained by this factor
alone.

The study has also provided further support for the
contention that the strongest predictor of future diabe-
tes in this group is the baseline plasma glucose concen-
tration, and that this association is independent of age
and obesity. Obesity has sometimes [10-13], though not
invariably [9, 10], been related to worsening to diabetes
in subjects with impaired glucose tolerance. There ap-
peared to be such an association in Nauruans in our ini-
tial univariate analysis, but this lost significance when
examined in the multiple logistic regression model.

As previously mentioned, for the sake of consisten-
cy with other reports [9-11], all the variables of interest
were included in the model presented in Table 5. There
are, however, constraints upon the interpretation of a
model developed by the unconditional use of a set num-
ber of explanatory variables, and when so many re-
dundant variables are retained in the model. When the
modelling was repeated using the forward selection
procedure, body mass index had a strong effect when
entered as the first variable, but lost significance upon
the addition of 2-h plasma glucose concentration.
Clearly, these two variables are closely related, though
plasma glucose was the stronger predictor of subse-
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quent diabetes in both the univariate and the multi-
variate analysis. However, the role of obesity should not
be completely dismissed.

Systolic blood pressure was negatively associated
with subsequent diabetes in the full logistic regression
model, and also in the forward selection model when
controlled for age by a linear term only. However, blood
pressure lost significance upon the addition of a
squared term for age in the forward selection model. It
was not possible to introduce a squared term for age in-
to the full model, due to a limitation of the computer
program, but when two non-significant variables were
removed (plasma uric acid and creatinine), the squared
term for age once again abolished the significance of
the blood pressure variable. This suggests that the ob-
served association between blood pressure and subse-
quent diabetes was due to the confounding effect of
age. It is interesting to note that a similar negative asso-
ciation between blood pressure and subsequent diabe-
tes has recently been reported from the Whitehall study
[4].

In conclusion, these findings, from a Micronesian
population, support reports from the United Kingdom
and Japan that impaired glucose tolerance has an un-
predictable prognosis, and that, of all the factors stud-
ied to date, baseline plasma glucose concentration is the
single most important predictor of subsequent diabetes.
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