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Summary. This study aimed to compare plasma insulin con- 
centrations across the age-range from childhood to old age in 
the populations of Nauru and Tuvalu, and to assess their rela- 
tionship to the incidence of impaired glucose tolerance and 
diabetes in young Nauruans. The studies, performed in 1975 
and 1976, found that Nauru had a higher prevalence of 
Type 2 (non-insulin-dependent) diabetes mellitus than Tuva- 
lu. Both studies included subjects of 8-29 years of age 
(n = 320 in Nauru, n = 318 in Tuvalu) and on these subjects 
glucose tolerance status, body mass index and fasting and 2-h 
(post 75 g glucose load) plasma insulin concentrations were 
determined. In Nauru, follow-up surveys in 1982 and 1987 in- 
cluded many of the subjects first seen in 1975/1976, allowing 
the incidence and natural history of glucose intolerance to be 
studied. Within the group of subjects with normal glucose 
tolerance, there was no effect of age on plasma insulin dis- 
tributions in either population. However, in both popula- 
tions, 8-19 year old subjects with normal glucose tolerance 

had higher body mass index-adjusted geometric mean fasting 
and 2-h insulin concentrations than older age-groups 
(p < 0.001 for fasting insulin). Body mass index-adjusted geo- 
metric mean 2-h plasma insulin was higher in subjects with 
abnormal glucose tolerance relative to those with normal 
glucose tolerance in both populations. In Nauruans, 2-h in- 
sulin levels at baseline were predictive of impaired glucose 
tolerance and Type 2 diabetes in 1982, and fasting and 2-h in- 
sulin levels predicted development of Type 2 diabetes in 
1987. Hyperinsulinaemia in the presence of normal glucose 
tolerance is evident in young people in Nauru and Tuvalu, as 
has been demonstrated in other populations known to have 
high susceptibility to Type 2 diabetes. Even in youth, elev- 
ated fasting and 2-h insulin concentration is predictive of sub- 
sequent deterioration in glucose tolerance. 

Key words: Type 2 (non-insulin-dependent) diabetes melli- 
tus, incidence, insulin, youth, Nauru, Tuvalu. 

Hyperinsulinaemia can predate the development of 
Type2 (non-insulin-dependent) diabetes mellitus by 
many years, as has been shown in longitudinal studies in a 
number of ethnic groups including Micronesian Nauruans 
[1], Japanese [2], American Pima Indians [3], Mexican- 
Americans [4] and Europids [5]. A possible sequence of 
events for the development of Type 2 diabetes includes 
hyperinsulinaemia and/or insulin resistance as the pri- 
mary event, which leads ultimately to secondary pancre- 
atic Beta-cell exhaustion [6]. This latter event may be due 
to a molecular defect leading to an abnormality of insulin 
synthesis or secretion which may be genetically deter- 
mined, or may result from glucotoxicity [6, 7]. Currently, 
there is great interest in the possibility that hyperinsuli- 
naemia may be a useful metabolic marker for the predic- 
tion of Type 2 diabetes. 

In Europid populations, Type 2 diabetes rarely pre- 
sents before the 5th or 6th decade of life. However, in ma- 
ny newly-industrialized nations, where there has been a 
dramatic, indeed epidemic, rise in the prevalence and inci- 

dence of Type 2 diabetes, it is not unusual to see cases pre- 
senting in the 3rd and 4th decades and, occasionally, in the 
late teens [8-12]. This is certainly the situation in the 
American Pima Indians [9] and the Micronesian Nauru- 
ans [8], communities where Type 1 (insulin-dependent) 
diabetes is very rare [13]. 

As Type 2 diabetes is predominantly an adult disorder, 
few epidemiological studies have specifically addressed 
possible antecedent markers in children. However, recent 
cross-sectional reports from three populations including 
Papua New Guineans [14], Australian Aborigines [15] 
and Pima Indians [16] suggest that hyperinsulinaemia is 
already present in childhood. 

Our own studies in Pacific Ocean communities have 
been mainly directed at adult subjects aged 20 years and 
over, although children and adolescents were included in 
earlier studies in Nauru [17] and Tuvalu [18]. This report 
describes plasma insulin concentrations in young subjects 
from these populations, and investigates whether hyper- 
insulinaemia predicts the incidence of Type 2 diabetes 
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Fig. 1. Map of the central Pacific area showing the islands of Nauru and Tuvalu 

and impa i red  glucose to lerance  even  when  detec ted  in 

youth,  r 

Subjects  and m e t h o d s  

Pop ulations studied 

Nauru is a small (approximately 20 km circumference) isolated is- 
land (Fig. 1) in the Central Pacific Ocean, close to the Equator. The 
Nauruans have become wealthy due to the mining of rich phosphate 
deposits on the island, and their lifestyle is characterized by a high 
consumption of imported processed foods and a sedentary activity 
habit, resulting in obesity [8]. They also have the second highest pre- 
valence and incidence of Type 2 diabetes yet recorded in the lit- 
erature [8,17, 19, 20]. 

Tuvalu (formerly the Ellice Islands) constitutes a group of eight 
islands in the central Pacific (Fig. 1). FunafutL the main island, is situ- 
ated at longitude 170 ~ east and latitude 8 ~ south of the equator and is 
inhabited by Polynesians believed to have been originally from 
Samoa. The Funafuti survey was carried outin 1976 [18]. 

The Nauruans and Funafutians now have a modern lifestyle [17, 
18] although the degree of transition from the traditional lifestyle is 
much greater in the former group due to their relative wealth. Exer- 
cise patterns are similar (predominantly sedentary), in adult females 
of both populations, but the Funafutian men are more physically ac- 
tive than Nauruans. Many Funafutian men were still engaged in 
heavy physical labour at the time these surveys were performed, 
whereas the Nauruan males have had predominantly sedentary oc- 
cupations for at least 20 years. 

For the purpose of this paper, analyses were restricted to subjects 
aged 8-29 years, except where mean insulin values have been com- 
pared across all ages. Details of the original sampling procedure, re- 
sponse rates, and survey methodology are reported elsewhere [8,17, 
18]. Table i shows the number of subjects studied by age and glucose 
tolerance status in Nauru and Tuvalu. 

Survey methodology 

All the subjects had participated in diabetes prevalence studies car- 
ried out between May 1975 and September 1976 [8, 17, 18]. At 
the time of testing, none of the subjects were taking insulin, oral hy- 
poglycaemic agents, or any other medication, and none had pre- 

Table 1. Prevalence of impaired glucose tolerance (IGT) and Type 2 
(non-insulin-dependent) diabetes mellitus across age-groups in 
Nauru and Tuvalu 

Age group Number Prevalence (%) 
(years) of subjects IGT Type 2 

diabetes 

Nauru 

Tuvalu 

8-19 178 5.1 0.6 
20-29 164 17.1 14.0 
30-39 88 25.0 28.4 
40-49 99 24.2 40.4 
50-59 66 19.7 57.6 
60 + 30 33.3 46.7 

Total 625 17.0 22.6 

10-19 198 3.5 1.0 
20-29 189 4.8 0.5 
30-39 101 6.9 0.0 
40-49 104 13.5 6.7 
50-59 81 19.8 7.4 
60 + 51 15.7 13.7 

TotaP 724 8.2 2.9 

a Tuvalu prevalence standardised to the age structure of the Nauruan 
population, using the direct method 



536 

50 �84 

E 

40 

30 ._E 

2 O  

t - -  

"~ 10- 
k l -  

9o 

70 ,..._. 

50  ,..__ 

30 , - - - - - - - _  

10 --------___ 

i i i ~ 7 

1 0 - 1 9  2 0 - 2 9  3 0 - 3 9  4 0 - 4 9  50+ 

9O 

E 75 

.-,1 

6 0  ._c 
5 

~ 4 5  

E 

~. 30 
e -  

l 

15 

P. Z. Zimmet et al.: Hyperinsulinaemia in youth 

90 

70 

50 
3 0  ~ ~ - - - - ' - - - - - - - -  

10 �9 

10 - 19 20 - 29 30 - 39 40 - 49 50+ 

50 

E 

--n 40 

._c 
-~ 30 

20 

.__c 

9O 

90 ,p E 75 

60 
._=_ 

70 4s 

30  -----------~ ~ _----------~-. .~ ~ 

1 0 " - - - - - - - - ~ ' - - ~  cu 15 

r i r i i 0 

8 - 19 2 0  - 2 9  3 0  - 39  4 0  - 4 9  5 0 +  

Age groups 

9O 

J / 
/ 

/ 

70 ~ ~  

50  

ao 
~-._.. 

i t , 1 i 

8 -19  2 0  - 2 9  3 0  - 39  40  - 49  5 0 +  

Age groups 
Fig.2. The 10th, 30th, 50th, 70th and 90th percentile values for fasting and 2-h plasma insulin according to age-group for Nauruans (bottom) 
and Tuvaluans (top) with normal glucose tolerance 

viously received insulin. All subjects were on unrestricted diets (the 
average Nauruan and Funafutian diet contains over 150 g of car- 
bohydrate) [21, 22]. After an overnight fast, the subjects consumed a 
75-g oral glucose load and venous blood samples were taken fasting 
and at 2-h post-glucose load. Samples were centrifuged and plasma 
glucose concentrations were measured either immediately on-site 
with a YSI Model 23 AM glucose analyser (Yellow Springs Instru- 
ment Co, Yellow Springs, Ohio, USA) or subsequently in 
Melbourne on frozen spedmens using a SMAC 20 autoana- 
lyser (Technicon Instruments Co, Tarrytown, New York, USA). 
Both machines use a glucose oxidase method. Plasma insulin was 
determined in duplicate by the radioimmunoassay method of 
Herbert et al. [23]. In Nauru, the baseline survey was performed in 

two parts - the first in May 1975 [8] and the second in January 1976 
[17]. For the paper the 1975/1976 survey will be referred to as 1976. 
Follow-up surveys were performed in 1982 and 1987 [19, 20], allow- 
ing study of the incidence and natural history of glucose intolerance. 

Body mass index [weight(kg)/height(m) z] (BMI) was deter- 
mined as an index of obesity. Measures of fat distribution were not 
included in these early surveys. 

Criteria for abnormal glucose tolerance 

The glucose tolerance status of each subject was defined according 
to the latest recommendations of the World Health Organization 

Table 2. Geometric mean fasting and 2-h insulin 

Age range 
(years) 

Y /  

8-19 118 
20-29 82 
30-39 31 
40-49 25 
50 + 20 

Significance level of F-test 
across age-groups 

according to age-group in Nauru (for subjects with normal glucose tolerance in 1976) 

Fasting Insulin (pU/ml) 2-h Insulin (gU/ml) 

Unadjusted Adjusted Unadjusted 
for BMI n 

18.43 24.27 157 37.46 
17.75 16.79 109 38.71 
19.26 17.42 41 34.91 
14.12 16.48 33 37.43 
13.53 17.91 21 34.01 

0.067 < 0.001 0.853 

Adjusted 
for BMI 

45.71 
39.63 
39.17 
38.28 
38.46 

0.234 
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Table 3, Geometric mean fasting and 2-h fi~sulin according to age-group in Tuvalu (for subjects with normal glucose tolerance only) 
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Age range Fasting Insulin (gU/ml) 2-h Insulin (gU/ml) 

(years) Unadjusted Adjusted Unadjusted Adjusted 
n for BMI n for BMI 

10-19 170 17.42 23,88 169 25A7 30.06 
20--29 131 15.81 16.67 129 24.89 25.70 
30-39 65 15.89 14.59 57 26.06 24.83 
40-49 59 17.06 14.32 49 25,12 22.70 
5059 42 t5,70 14.03 40 24,15 22.91 
60 + 28 15.10 15.17 28 27.35 27,54 

Significance le~'el of F-test 
across age-groups 0,522 < 0.001 0.923 0.034 

(WHO) Study Group [24]. Venous plasma glucose values 
< 7.8 retool/1 2-h after the 75-g oral glucose load, indicated normal 
glucose tolerance. Impaired glucose tolerance (IGT) was defined by 
values _> 7.8 retool/1 but < 1 I, 1 retool/1 and diabetes was diagnosed if 
the2-hptasma glucose valuewas >_ 11.1 mmot/1. 

Statistical analyses 

Analyses were performed using SPSSx software [25]. Logarithms of 
the plasma insulin values were used to normalise the distribution and 
to stabilize variance, Means were adjustext .for BMI and age by ana- 
lysis of covariance, and differences across groups were assessed by 
the F-ratio. Geometric mean values have been presented in the ta- 
bles. 

Results 

Cross-sectional data 

The prevalence of IGT and Type 2 diabetes across age- 
groups is shown in Table 1. It is noteworthy that the 
prevalence of IGT was already- 5.1% in the 8-19 year 
age group in Nauru and that there was high prevalence of 
both IGT (1.7.t%) and Type 2 diabetes (14.0%) in the 
20-29 year category. Impaired glucose tolerance (3.5 %) 
and Type2 diabetes (1 ,0%)were also evident in 10- 
19 year old subjects in Tuvalu. Age-specific and overall 

prevalences of IGT and Type 2 diabetes were considerably 
higher in the population of Nauru compared with Tuvalu. 

The 10th, 30th, 50th, 70th and 90th percentile values for 
fasting and 2-h insulin are plotted by age-group for Nau- 
ruans and Tuvaluans with normal glucose tolerance in Fig- 
ure 2. These data indicate little relationship between age 
and the distribution of plasma insulin in the sub-group of 
individuals with normal glucose tolerance in either popu- 
lation. The large amount of variation in the 90th percen- 
tile values for fasting insulin in Nauru probably reflects 
small numbers in the upper age groups. The insulin dis- 
tributions are quite different in the two populations. 
Nauru has a much wider range of insulin values than Tuva- 
lu (especially 2-h insulin) and the median values are 
higher in Nauru for each age-group. 

The unadjusted and BMI-adjusted geometric mean 
fasting and 2-h plasma insulin concentrations across age- 
groups are shown in Table 2 for Nauruans with normal 
glucose tolerance. Due to small numbers, the 50-59 years 
and 60 + age-groups have been combined in Nauru. There 
was significant variation in BMI-adjusted fasting insulin 
values across age-groups ~ < 0.001) with highest values in 
subjects 8-19 years old. For Tuvalu, the trends were essen- 
tially the same (Table 3) although variation across age- 
groups was also statistically significant for 2-h insulin 
(p = 0.034). 

The BMI-adjusted geometric mean 2-h plasma insulin 
plotted by glucose tolerance group in Nauruans aged 
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Fig, 3, .Age and body mass index-adjusted geometric mean plasma 
insulin by glucose tolerance status at fasting ~ and 2-h [ ]  in children 
and young adults in Nauru (left) and Tuvalu (right). Norm, normal; 
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IGT, impaired glucose tolerance; DM, Type 2 (non-insulin-depen- 
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jects in each category.) ** p < 0.01; *** p < 0.001 
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Table 4. Geometric mean insulin levels in t976 for subjects with normal glucose tolerance in 1976 according to glucose tolerance status in 1982 
(Nauru) 

Fasting insulin (gU/ml) 2-h insulin (gU/ml) 

Unadjusted Adjusted Unadjusted Adjusted 
n for BMI n for BMI 

Age range 1982 Diabetes 
(years) Status 

8-19 Normal 52 18.9 21.5 64 37.7 40.1 
IGT 3 29.9 27.9 3 76.2 79.3 
Type 2 diabetes 1 12.0 10.7 1 70.0 56.1 
p value 0.236 0.132 0.088 0.077 

20-29 Normal 47 16.3 18.1 63 33.3 37.8 
IGT 11 19.0 18.4 16 48.9 55.7 
Type 2 diabetes 5 22,0 16.4 6 66.6 47.4 
p value 0,416 0.809 0.002 0.026 

Combined 

(8-29) Normal 99 17,6 19.5 127 35.4 39.1 
IGT 14 20.9 19.2 19 52.4 57.3 
Type 2 diabetes 6 19.9 16.0 7 67.1 48.5 
p value 0.493 0.406 0,001 0.009 

IGT, impaired glucose tolerance 

Table 5. Geometric mean insulin levels for subjects with normal glucose tolerance in 1976 according to gIucose tolerance status in 1987 
(Nauru) 

Fasting insulin (gU/ml) 2-h insulin (gU/ml) 

Unadjusted Adjusted Unadjusted Adjusted 
n for BMI n for BMI 

Age range 1982 Diabetes 
(years) Status 
8-19 Normal 85 18.1 22.0 107 39.8 43,5 

IGT 4 25.3 21.9 8 37.1 35.2 
Type 2 diabetes 5 34.3 32,6 6 55,1 53.3 
p value 0.018 0.198 0,0252 0.261 

2029 Normal 46 15.4 16, 4 62 36,1 38.3 
IGT 5 i6.3 16.1 7 35.8 34.6 
Type 2 diabetes 8 18.9 18.0 11 47.7 46.6 
p value 0,658 0.898 0.387 0.534 

Combined 

(8-29) Normal 131 17.1 18.8 169 38.4 40.5 
IGT 9 19.8 18.9 15 36.5 35.7 
Type 2 diabetes 13 23.7 22,7 17 50.2 48.9 
p value 0,107 0,492 0.135 0.235 

IGT, impaired glucose tolerance 

8-29 years showed an inverted "U"  shaped pat tern  with 
the peak  mean  plasma insulin concentrat ion in the I G T  
group (Fig. 3). In Tuvaluans aged 10-29 years, the pat tern  
was similar although there were few Subjects in the 
diabetic group. Geometr ic  mean  fasting plasma insulin 
varied little across glucose tolerance categories except for 
a non-significant increase amongst  diabetic Tuvaluans. 

L o n g i t u d i n a l  d a m  - N a u r u  

Geometr ic  mean  fasting and 2-h plasma insulin concen- 
trations in subjects with normal  glucose tolerance in 1976, 
adjusted for BMI  at baseline, are shown according to glu- 
cose tolerance status in 1982 and 1987 in Tables 4 and 5, 
respectively. Subjects aged both 8-19 and 20-29 years who 

had normal  glucose tolerance in 1976 and who sub- 
sequently developed I G T a t  the 1982 follow-up had the 
highest 2-h plasma insulin concentrations at baseline, fol- 
lowed by those who developed Type 2 diabetes (Table 4). 
These values were significantly higher than for subjects 
whose glucose tolerance remained normal.  For  the longer 
period 1976-1987 (Table 5) subjects in ei ther age-group 
who developed Type 2 diabetes at follow-up had the hig- 
hest fasting and 2-h insulin values at baseline although dif- 
ferences were not significant. 

In Figure 4, the cumulative incidence of impaired glu- 
cose tolerance and Type 2 diabetes for the period 1976- 
1982 is shown for the combined age-range 8-29 years, by  
quartiles of the baseline fasting and 2-h insulin levels. 
There  was a clear linear association between 2-h insulin 
(right panel)  and the incidence of impaired glucose toler- 
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ance and Type 2 diabetes. The cumulative incidence of ab- 
normal glucose tolerance for subjects in the fourth quar- 
tile of 2-h insulin was 32.6 %, compared to 2.8 % in the first 
quartile (relative risk 11.6). For fasting insulin (Fig. 4, left 
panel) the overall trend was also for increasing incidence 
of both impaired glucose tolerance and Type 2 diabetes, 
although the second quartile was aberrant. 

For the period 1976-1987 (Fig. 5) there was a consistent 
trend for the cumulative incidence of Type 2 diabetes and 
combined abnormal glucose tolerance to increase with ba- 
seline fasting and, to a lesser extent, 2-h insulin quartiles. 

Discussion 

These data from Nauru and Tuvalu show that plasma in- 
sulin concentrations in children and young adults in these 
populations are already similar to those of adults, and 
possibly higher when adjusted for the effect of obesity. 
Moreover, the shape of the cross-sectional relationship 
between 2-h plasma insulin and 2-h plasma glucose is simi- 
lar to that observed in adults, showing the typical inverted 
"U" or horse-shoe shaped curve [7, 26-28]. Most impor- 

tantly, hyperinsulinaemia in the presence of normal glu- 
cose tolerance, perhaps indicating insulin resistance, may 
predict the later development of abnormal glucose toler- 
ance in young people. 

The prevalence of abnormal glucose tolerance was 
considerably higher in Nauru than Tuvalu, in all age- 
groups including young people. This has been noted pre- 
viously [18] but the data presented here go further to per- 
haps partly explain this discrepancy. Higher insulin levels 
(particularly 2-h post-load) are evident in Nauru and may 
contribute to the much higher prevalence of abnormal 
glucose tolerance [1]. Although Nauruans also have 
higher mean BMI, when mean insulin levels for the two 
populations were compared according to categories of 
BMI, Nauruans still showed significantly higher values for 
2-h insulin (data not shown). 

The apparent association between 2-h insulin levels 
and the prevalence of abnormal glucose tolerance was 
supported by the higher 2-h insulin levels in IGT subjects 
in both populations. The lower levels in the diabetic group 
(but still high relative to normal subjects) probably reflect 
the  fact that insulin response declines in overt Type 2 
diabetes due to pancreatic Beta-cell decompensation [6]. 
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This phenomenon has been observed in adults [7, 26-28] 
but we have now shown it in young (8-29 year-old) sub- 
jects. 

In adult Nauruans [1], Pima Indians [3], Mexican-Ame- 
ricans [4] and Europids [5] with normal glucose tolerance, 
it has been shown that subjects with high plasma insulin le- 
vels at baseline are the most likely to develop abnormal 
glucose tolerance at follow-up. Our data suggest that this 
may also be true in Nauruan adolescents and young 
adults. The predictive value of baseline insulin levels (par- 
ticularly 2-h insulin), however, was more pronounced in 
the 1976-1982 time period for IGT and Type 2 diabetes 
than for the longer period 1976-1987, where baseline insu- 
lin was predictive of diabetes and not IGT. The inconsi- 
stency of the trend for IGT incidence for the 1976-1987 
period probably reflects the fact that individuals have al- 
ready moved through this labile phase of glucose intole- 
rance and on to diabetes over the longer follow-up period. 
However, total glucose intolerance (IGT and diabetes) is 
clearly related to baseline insulin (both fasting and 2-h) 
over this 11-year period. 

From these data and from other studies [1, 3-5], it is ap- 
parent that the presence of hyperinsulinaemia and asso- 
ciated insulin resistance with normal glucose tolerance 
could be considered an early phase in the development of 
Type 2 diabetes. Paradoxically, it has been shown that sub- 
jects with IGT who have relatively lower (although still 
high in absolute terms) insulin response at baseline are 
more likely to develop diabetes than IGT subjects with re- 
latively higher levels [1, 2, 29]. It has been postulated that 
the former group have already been through the stage of 
maximal insulin secretion which has then declined due to 
pancreatic Beta-cell decompensation, and are moving to- 
wards the development of overt Type 2 diabetes [6]. 

Other studies have demonstrated relatively high insu- 
lin levels amongst children and young people, in popula- 
tions at high risk of developing Type 2 diabetes [14-16, 
30]. A markedly different profile of glucose tolerance, and 
in particular of plasma insulin concentrations has been 
shown between rural and peri-urban Papua New Guinean 
(Tolai) children, well below the age normally associated 
with the onset of Type 2 diabetes [14, 30]. Relative hyper- 
insulinaemia was present in the peri-urban children and 
differences in age or adiposity could not explain the find- 
ings. Other cardiovascular risk factors (blood pressure, 
cholesterol and triglyceride concentrations) were gener- 
ally similar in the two groups of children. The marked in- 
crease in plasma insulin values with increasing plasma glu- 
cose in the periurban setting suggested the development 
of insulin resistance and incipient glucose intolerance [14]. 
Similar findings have been reported in Australian Ab- 
original children [15]. Moreover, lean pre-pubertal Pima 
Indians, a group disposed to both obesity and Type 2 
diabetes later in life, show higher plasma glucose and in- 
sulin concentrations than matched Caucasoid children 
[16]. Thus, hyperinsulinaemia and insulin resistance are 
present many years before the onset of diabetes in this 
ethnic group and are predictive of its development [31]. 

Warram et al. [32] have demonstrated recently that off- 
spring of Type 2 diabetic parents ranging in age from 16 to 
60 years have slower glucose removal rates and higher in- 
sulin levels (fasting and during the second phase of insulin 

E Z. Zimmet et al.: Hyperinsulinaemia in youth 

response to intravenous glucose) than control subjects 
even after adjustment for differences in obesity. During 
13-year follow-up, 16 % of the offspring developed diabe- 
tes. The reduced glucose clearance and hyperinsulinae- 
mia could be demonstrated one to two decades before the 
diabetes was actually diagnosed and our results are con- 
sistent with this finding. 

The fact that there are identifiable metabolic abnorma- 
lities (hyperglycaemia and hyperinsulinaemia) which pre- 
dict the risk of Type 2 diabetes may have very important 
implications for its primary prevention. As it appears that 
the cascade of risk factors for Type 2 diabetes and other 
associated non-communicable diseases could commence 
in youth, subjects who have these "metabolic markers", 
are likely to be at much higher risk than are subjects who 
have normal glucose and insulin levels and are insulin sen- 
sitive [6]. As primary prevention programmes for diabetes 
may be targetted at the whole community and/or at sub- 
jects with highest risk [33], it may be useful to include these 
young people with high insufin levels in any high-risk 
strategies. Haffner et al. [4], in their study of Type 2 diabe- 
tes incidence in Mexican Americans, found that nearly 
half of the incident cases developed in a subset of the po- 
pulation who were simultaneously in the highest quartiles 
of both fasting insulin and glucose concentrations, and 
suggested that screening for insulin might be a viable pre- 
ventive measure. However, much more research is neces- 
sary to prove that measurement of plasma insulin or C- 
peptide levels [34] is cost- and health-effective, before any 
recommendation for their use in high-risk screening can 
be seriously entertained. This study does not provide any 
concrete evidence to indicate that immunoreactive insulin 
assays are necessarily better than glucose measures or 
BMI in prediction of future development of glucose into- 
lerance. However, these and other data suggest that the 
role of insulin in predicting Type 2 diabetes is certainly 
worthy of further exploration. 

There are well-recognized problems with the oral glu- 
cose tolerance test (OGTT) and the radioimmunoassay 
measure of insulin levels, which probably add consider- 
able variability to results and hamper conclusions drawn 
from population studies of carbohydrate metabolism, 
such as those reported here. The OGTT has poor repro- 
ducibility [35] which can result in misclassification of indi- 
viduals, and commonly used insulin assays may overesti- 
mate circulating insulin levels, particularly amongst 
diabetic subjects, due to cross-reaction with insulin-like 
molecules [36]. Although they are generally the most feas- 
ible methods for large population studies, they do have 
limitations when extrapolation to mechanisms of disease 
pathogenesis is attempted. Nonetheless, such population 
studies offer perspectives that complement those from 
clinical and basic science. 

There have now been several reports demonstrating 
relative hyperinsulinaemia in children in populations 
known to have a high susceptibility to Type 2 diabetes. We 
reported relatively high insulin levels in children from a 
rapidly urbanizing previously traditional population in 
Papua New Guinea [30] and there have been reports from 
other previously traditional groups, namely Australian 
Aborigines [15], Pima Indians [16], and now Micronesian 
Nauruans and Polynesian Tuvaluans. The impact of life- 
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style change,  and  i n d e e d  r isk  of  Type  2 d iabe tes ,  m a y  be  
d e t e c t e d  in youth ,  sugges t ing  tha t  p o p u l a t i o n  in t e rven t ion  
s t ra tegies  need  to b e  d i r ec t ed  across  the  full  age  spec t rum.  
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