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Summary. The prevalence of abnormal urinary albumin excre- 
tion, defined by a urine albumin to creatinine ratio >_ 30 mg/g 
(approximately equivalent to an albumin excretion rate of 
---30 mg/24 h), was determined in 2728 Pima Indians aged 
_> 15 years from the Gila River Indian Community in Arizona, 
a population with a high prevalence of Type 2 (non-insulin- 
dependent) diabetes mellitus. Excessive albumin excretion 
was present in 8% of subjects with normal glucose tolerance, 
15% of those with impaired glucose tolerance, and 47% of 
subjects with diabetes. The intermediate prevalence of abnor- 
mal albuminuria in those with impaired glucose tolerance sug- 
gests that hyperglycaemia even at levels below those diagnos- 

tic of diabetes is associated with renal abnormalities in some 
subjects and that these abnormalities may precede the onset of 
diabetes. Abnormal albuminuria at levels not reliably detected 
by the usual dipstick methods was commonly observed in 
Pima Indians with diabetes, even those with diabetes of recent 
onset. Associations were found with age, duration of diabetes, 
level of glycaemia, blood pressure, and treatment with insulin. 

Key words: Albuminuria, prevalence, diabetic nephropathy, 
Type 2 (non-insulin-dependent) diabetes mellitus, impaired 
glucose tolerance, American Indians. 

Renal  disease is a ma jo r  cause of  morbid i ty  and mor-  
tality in persons  with diabetes,  and  renal failure second- 
ary to Type 2 (non-insul in-dependent)  diabetes mellitus 
accounts  for the majori ty  of  patients with diabetes en- 
rolled in end-stage renal disease p rog rammes  in the 
Uni ted States [1]. Al though end-stage renal disease is 
more  frequent  in Type 1 ( insulin-dependent)  than  in 
Type 2 diabetes, recent studies suggest that  the in- 
cidence of  nephropa thy  and end-stage renal disease in 
bo th  types of  diabetes m a y  not differ when  persons with 
similar diabetes durat ion are com pa red  [2-4]. 

Previous studies have shown that  a lbumin  excretion 
in excess of  normal ,  but  at concentrat ions not  reliably 
detected by  the usual  clinical methods  (sometimes 
referred to as "microalbuminur ia") ,  predicts the devel- 
opmen t  of  clinical diabetic renal disease [5, 6]. More-  
over, the detection of  such degrees of  a lbuminur ia  may  
allow recognit ion of  diabetic renal disease at a stage 
when  the pathogenet ic  process may  be reversible or at 
which progression m a y  be slowed [7-15]. 

In  the present  study the prevalence of  abnormal  al- 
bumin  excretion was determined in the Pima Indians  of  
Arizona,  a popula t ion  in which Type I diabetes is un- 
known [16], but  in which approximate ly  half  develop 
Type 2 diabetes [17]. Ur inary  a lbumin  concentrat ions 

were measured  with a nephelometr ic  immunoassay  
using a monospeci f ic  ant iserum to h u m a n  albumin.  Re- 
lationships of  a lbuminur ia  to glucose tolerance and 
other factors were examined.  

Subjects and methods 

As part of a longitudinal study of diabetes mad its complications con- 
ducted by the National Institutes of Health in the Gila River Indian 
Community of Arizona [18], oral glucose tolerance tests were per- 
formed and albumin excretion measured between July 1, 1982 and 
June 30, 1988 in 2728 subjects aged > 15 years whose heritage was at 
least 50% Pima, Papago, or a mixture of these two closely related 
tribes. The population census on January 1, 1985, the approximate 
midpoint of the study, indicated that there were 3357 Pima Indians 
(1649 men, 1708 women) aged >_ 15 years living within the com- 
munity. The glucose concentration was determined in venous plasma 
drawn 2 h after the ingestion of a 75-g carbohydrate load (Glucola, 
Ames Company, Elkhart, Ind, USA; Dexcola, Custom Laboratories, 
Baltimore, Md, USA; or Koladex, Custom Laboratories, Baltimore, 
Md, USA). According to World Health Organization criteria [19], 
diabetes was diagnosed when the 2 h post-load plasma glucose con- 
centration was _> 11.1 mmol/1, and impaired glucose tolerance when 
the glucose concentration was <11.1 mmol/1 but >7.8 mmol/l. The 
date of diagnosis of diabetes was determined from these or previous 
research examinations, or from review of clinical records if diabetes 
was diagnosed in the course of routine medical care. 
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Table 1. Clinical features of study population 

871 

Glucose tolerance Normal glucose tolerance Impaired glucose tolerance Type 2 (non-insulin-dependent) diabetes 
Albumin creatinine 
ratio (rag/g) < 30 30-299 > 300 < 30 30-299 > 300 < 30 30-299 > 300 

Total number 1514 110 19 217 33 5 443 214 173 
Male/female 683/831 32/78 4/15 68/149 7/26 2/3 155/288 75/139 65/108 
Mean (range) 

age (years) 
Mean (range) 

diabetes duration 
(years) - 6.7 (0-34.0) 9.7 (0-34.4) 17.2 (0-38.9) 

Mean (-_+ SD) HbA1 (%) 6.1+0.6 6.2+0.9 6.5+0.9 6.4+0.7 6.5+_0.6 6.3+0.6 9.5_+2.5 10.4+ 2.5 10.9+2.5 
Mean (_+ SD) 

systolic BP 114+_14 118+_17 119+17 118+14 122+18 111+_ 9 121+16 128_+18 143_+25 
Mean (-+SD) 

diastolic BP 68_+11 72_+13 73+-12 72+_10 73+_11 75+11 75+_10 77+12 83_+13 

27 (15-84) 33 (15-93) 39 (15-86) 32 (15-89) 38 (16-79) 36 (20-54) 43 (15-81) 48 (15-87) 54 (20-86) 

B P =  Blood pressure (mm Hg) 

Subjects were asked to empty their bladders at the beginning of 
the oral glucose tolerance test, and a urine specimen was collected 
2 h later. These collections were made predominately between 08.00 
and 12.00hours. Specimens were frozen, stored at - 2 0 ~  and as- 
sayed within 30 days for albumin concentration with a nephelomet- 
ric immunoassay using a monospecific antiserum to human albumin 
[14] and for creatinine concentration using the Jaffe method [20] as 
modified by Chasson et al. [21]. A urinary albumin to urinary creat- 
inine ratio (mg albumin/g creatinine) was used as an estimate of al- 
bumin excretion rate [22-25]. Urinary albumin excretion was con- 
sidered to be abnormal if the albumin to creatinine ratio was 
> 30 mg/g. This level is approximately the 95th percentile of urinary 
albumin to creatinine ratios in a "healthy" subset of the Pima Indian 
population aged >_ 15 years who had normal glucose tolerance, took 
no medicines, had no known renal or cardiovascular diseases, and 
had normal blood pressures (systolic blood pressure <160mmHg,  
diastolic blood pressure < 95 mm Hg) and normal serum creatinine 
concentrations [<  133 p.mol/1] [unpublished observations]. A second 
level of abnormality was arbitrarily defined at an albumin to creat- 
inine ratio of 300 rag/g, corresponding approximately to dipstick de- 
tectable (___ 1 + )  proteinuria that has traditionally been taken to rep- 
resent "clinical proteinuria" in many studies of diabetic renal 
disease. 

Blood pressure was measured with a mercury sphygmomanometer 
with subjects at rest in a supine position. Diastolic blood pressure was 
measured at the fourth Korotkoff sound to the nearest 2 mmHg. 
Mean blood pressure was defined as two-thirds the diastolic blood 
pressure plus one-third the systolic blood pressure. Plasma glucose 
was measured by the ferricyanide method with an Autoanalyser [26]. 
HbAI was measured by agar gel electrophoresis [27]. 

Statistical analysis 

Chi-square tests for association were performed by the Mantel-Haen- 
szel method [28]. The effects of continuous variables were evaluated 
with a Chi-square test by grouping the values of the variables and as- 
sessing average partial association in three-way contingency tables 
under the multiple hypergeometric model while controlling for the 
effects of a set of covariables [29]. 

Multiple logistic regression analysis [30] was used to test several 
models of the association of excessive albuminuria with glucose toler- 
ance and other variables. The results of the parsimonious models, 
controlling for potential confounding variables, are presented. As sig- 
nificant interactions between sex and glucose tolerance, and sex and 
age were found in the analysis of subjects with diabetes or normal glu- 
cose tolerance, separate models for men and women are presented. In 
addition, a model testing the relative association of several variables 
with excessive albuminuria in persons with diabetes is shown. 

Covariate-adjusted prevalence rates of excessive albuminuria ac- 
cording to different durations of diabetes and levels of mean blood 
pressure were calculated from the regression model by covariance ad- 
justment of rates to the mean values of the covariates in the sample 
[311. 

R e s u l t s  

O f  t h e  2 7 2 8 s u b j e c t s  ( 1 0 9 1 m e n ,  1 6 3 7 w o m e n ) ,  255  

(77  m e n ,  178  w o m e n )  h a d  i m p a i r e d  g l u c o s e  t o l e r a n c e  

a n d  830  (295  m e n ,  535  w o m e n )  h a d  T y p e  2 d i a b e t e s  

( T a b l e  1). U r i n a r y  a l b u m i n  t o  c r e a t i n i n e  r a t i o s  o f  30-  
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Fig.l.  Prevalence (%) of albuminuria in Pima Indians according to 
glucose tolerance in non-diabetic subjects and diabetes duration in 
Type 2 (non-insulin-dependent) diabetic subjects. Normal glucose 
tolerance: 2 h  glucose<7.SmmoI/ l ;  impaired glucose tolerance 
(IGT): 2 h glucose >_ 7.8 mmol/1 but < 11.1 mmol/1; Type 2 diabetes: 
2 h glucose >_ 11.1 mmol/1. Urine albumin/creatinine (rag/g): 30-299 
(w);  >_300 (m) 
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Fig.2. Prevalence (%) of  albuminuria according to age in non- 
diabetic (N) and in Type 2 (non-insulin-dependent)  diabetic (D) Pima 
Indians. Urine a lbumin/creat inine (mg/g):  30,299 ( [ ] ) ;  >_300 ( I )  

by age), but no gender difference was found in subjects 
with impaired glucose tolerance or diabetes. The prev- 
alence of abnormal albuminutia increased significantly 
with age regardless of glucose tolerance (normal, 
impaired, or diabetes) (x 2= 105.6, d f=  5, p < 0.001, 
stratified by sex and glucose tolerance). Figure 2 shows 
the prevalence of excessive albuminuria according to 
age in Type 2 diabetic and non-diabetic subjects. 

Nineteen subjects with normal glucose tolerance 
(4men, 15 women) and five with impaired glucose 
tolerance (2men, 3 women) had urine albumin to 
creatinine ratios > 300 mg/g. Among these subjects, 
clinical records revealed that 10 (8 with normal and 2 
with impaired glucose tolerance) had suffered from re- 
current urinary tract infections and/or  pyelonephritis; 
6 (all with normal glucose tolerance) had chronic 
glomerulonephritis; 1 (with normal glucose tolerance) 
had systemic lupus erythematosus; and 7 (4 with nor- 
mal and 3 with impaired glucose tolerance) had albu- 
minutia of unknown aetiology. Evaluation for kidney 

299 mg/g were found in 7% of subjects with normal 
glucose tolerance, 13% of those with impaired glucose 
tolerance, and 26% of subjects with Type 2 diabetes; 
higher urinary albumin to creatinine ratios 
(>_ 300 mg/g) were present in 1% of subjects with nor- 
mal glucose tolerance, 2% of subjects with impaired 
glucose tolerance, and 21% of subjects with Type 2 
diabetes. Among subjects with urine albumin to creat- 
inine ratios of 30-299 mg/g, only 20% had dipstick 
(Labstix, Ames Company, Elkhart, Ind, USA) positive 
proteinuria (_> 1 +), while 89% of those with ratios 
> 300 mg/g were dipstick positive. Albumin concen- 
tration in the urine was below the sensitivity of the 
assay (<  2 mg/1) in 12% of those with normal glucose 
tolerance, 10% of those with impaired glucose toler- 
ance, and 5% of those with Type 2 diabetes. The uri- 
nary albumin to creatinine ratio could not be calcu- 
lated in these subjects and the albumin excretion was 
assumed to be in the normal range. 

Figure 1 shows the prevalence of abnormal urinary 
albumin excretion according to glucose tolerance 
status. The prevalence of abnormal albuminutia dif- 
fered between the three categories of glucose tolerance 
(x2= 194.7, d f=  2, p < 0.001, stratified by age and sex), 
and was greater in subjects with impaired than in those 
with normal glucose tolerance. Type 2 diabetic subjects, 
even those of short diabetes duration, had higher pre- 
valence rates than did those with either impaired or nor- 
mal glucose tolerance. The prevalence of abnormal al- 
bumin excretion in Type 2 diabetic subjects was related 
to the duration of diabetes and was 29.4% in those with 
0-4 years duration of diabetes and 86.4% in those with 
at least 20 years duration. 

In subjects with normal glucose tolerance, women 
had a significantly higher prevalence of abnormal albu- 
minutia than men (x 2 = 14.8, dr= 1, p < 0.001, stratified 

Table 2. Multiple logistic regression models in Pima Indians accord- 
ing to categories of  glucose tolerance 

Dependen t  variable: Albuminuria _> 30 m g / g  
Variable [~ SE of  [3 X 2 p 

Compar ison of  impaired and normal glucose tolerance n = 1889 a 

Age (years) 0.0473 0.0089 / 27.65 b 
< 0.001 

Age x Sex c -0 .0347 0.0112 ) 
Sex (women = 1, ] 33.60 d < 0.001 

m e n = 0 )  2.1523 0.4566 J 
Mean blood 

pressure e 0.0338 0.0084 16.23 < 0.001 
Glucose tolerance 

(impaired = 1, 
n o r m a l = 0 )  0.3799 0.2089 3.31 0.069 

Intercept - 7.4981 0.8196 
Compar ison of  men with Type 2 (non-insulin-dependent) diabetes 
and normal glucose tolerance n = 1011 a 

Age (years) 0.0367 0.0069 28.04 < 0.001 
Mean blood 

pressure e 0.0427 0.0085 25.06 < 0.001 
Glucose tolerance 

(diabetes = 1, 
normal  = 0) 1.9885 0.2280 76.07 < 0.001 

Intercept - 7.9727 0.8283 
Compar ison of  women  with Type 2 diabetes and normal glucose 
tolerance n = 1452 a 

Age (years) - 0.0550 0.0251 / 31.29 b 
< 0.001 

Age 2 (years 2) 0.0009 0.0003 J 
Mean blood 

pressure e 0.0439 0.0070 39.76 < 0.001 
Glucose tolerance 

(diabetes = 1, 
normal = 0) 1.3943 0.1800 59.99 < 0.001 

Intercept - 5.0889 0.6681 

a Nine subjects were excluded from the comparison of  impaired and 
normal glucose tolerance due to missing values; three from the com- 
parison of  men  with Type 2 diabetes and normal glucose tolerance; 
and seven from the comparison of  women  with Type 2 diabetes and 
normal  glucose tolerance, b x 2 test for effect o f  age (d f=  2) derived 
from comparing this model  with the model  omitting both  age terms. 
c Interaction between age and sex. a x 2 test for effect of  sex (d f=2)  
derived from comparing this model  with the model  omitting both sex 
terms, e [(2 • diastolic blood pressure) + systolic blood pressure]/3 
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Table 3. Multiple logistic regression model in Type 2 (non-insulin- 
dependent) diabetic Pima Indians 

Dependent variable: Albuminuria >_ 30 mg/g n = 759 a 

Variable [~ SE of [~ X 2 p 

Age (years) - 0.0890 0.0349 

Age 2 (years 2) 0.0010 0.0004 

Sex (women = 1, 
men = 0) - 0.0007 0.1863 

Type 2 diabetes 
duration (years) - 0.1968 0.1102 

Type 2 diabetes 
duration 2 (years 2) 0.0034 0.0016 

Duration x 
blood pressure d 0.0022 0.0010 

Mean blood 
pressure f 0.0244 0.0118 

HbA1 (%)g 1.4870 0.3411 
Insulin treatment 

(yes = 1, no = 0) 0.6429 0,2349 
Intercept - 4.7570 1.4191 

8.23 b 0.016 

0.00 0.997 

49.74 c <0.001 

47.11 e <0.001 

19.00 < 0.001 

7.49 0.006 

a Seventy-one subjects were excluded due to missing values, b x 2 test 
for effect of age (df=2) derived from comparing this model with the 
model omitting both age terms, c x 2 test for effect of duration (df= 3) 
derived from comparing this model with the model omitting all terms 
involving duration, d Interaction between Type 2 diabetes duration 
and mean blood pressure, e x 2 test for effect of mean blood pressure 
(dr= 2) derived from comparing this model with the model omitting 
both terms involving mean blood pressure, r I(2 x diastolic blood 
pressure) + systolic blood pressure]/3, g Analysed on a natural loga- 
rithmic scale 

disease in each of these subjects was based on clinical 
judgement rather than a specific research protocol. 
Thus, unexplained clinically detectable albuminuria 
(>_300 mg/g) was found in 0.2% (4/1643) of subjects 
with normal and 1.2% (3/255) of those with impaired 
glucose tolerance. 

The effect of glucose tolerance categories on abnor- 
mal albumin excretion (>_ 30 mg/g), controlling for age, 
sex, and blood pressure, was examined using multiple 
logistic regression analysis (Table 2). When controlled 
for these variables and an interaction term between age 
and sex, the odds of abnormal albuminuria in subjects 
with impaired glucose tolerance were 1.5 times (95% 
confidence interval, 1.0 to 2.2) those in subjects with 
normal glucose tolerance. The odds were even greater 
in subjects with diabetes compared with those with nor- 
mal glucose tolerance. Diabetic men had odds of abnor- 
mal albuminuria 7.3 times (95% confidence interval, 4.7 
to 11.4, controlled for age and mean blood pressure) 
those of men with normal glucose tolerance, and 
diabetic women had odds 4.0 times [95% confidence in- 
terval, 2.8 to 5.7, controlled for age (with a quadratic 
term) and mean blood pressure] those of women with 
normal glucose tolerance. In each of these models, 
blood pressure was strongly associated with the prev- 
alence of abnormal albuminuria. 

The prevalence of abnormal albumin excretion 
among the diabetic subjects in relation to diabetes du- 
ration, blood pressure, HbA1, and insulin use were 

examined using multiple logistic regression analysis 
(Table 3). No difference in the frequency of abnormal 
albumin excretion was found between the sexes [odds 
ratio (men/women)= 1.0; 95% confidence interval, 0.7 
to 1.4], but abnormal albumin excretion was significant- 
ly associated both with age and the duration of 
diabetes. In addition, abnormal albuminuria was posi- 
tively associated with ttbA1, mean blood pressure, and 
insulin treatment (when controlled for all other vari- 
ables simultaneously). Body mass index (weight in 
kg/square of height in meters) and use of oral hypogly- 
caemic medicines did not contribute significantly to the 
model and were excluded from these analyses. Ex- 
cessive albuminuria was more common in subjects 
treated with insulin (odds ratio = 1.9; 95% confidence 
interval, 1.2 to 3.0) and in those with higher HbAt. A 
20% increment in HbA1, e.g., the difference between 
10% and 12%, was associated with an increased odds of 
excessive albuminuna (odds rat io=l .3;  95% con- 
fidence interval, 1.2 to 1.5). Significant associations 
were also found when either fasting or 2 h post-load 
plasma glucose concentrations were used in place of 
UbAt. 

Among the diabetic subjects, blood pressure was 
positively associated with abnormal albuminuria 
(Fig.3), but there was an interaction between mean 
blood pressure and diabetes duration which indicated 
that the association with blood pressure was stronger 
at longer durations of diabetes. The covariate-adjusted 
prevalence of abnormal albuminuria for subjects with 
mean blood pressures of 80mmHg was 24% at 
10 years and 42% at 20 years duration of diabetes; and 
for subjects with mean blood pressures of 120 mmHg 
was 67% at 10 years and 92% at 20 years duration of 
diabetes. 
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Fig.3. Prevalence (%) of 
abnormal albuminuria in 
Type 2 (non-insulin-de- 
pendent) diabetic Pima 
Indians as a function of 
diabetes duration, accord- 
ing to low (L) or high (H) 
mean blood pressure. The 
mean blood pressure was 
considered high if it was 
>-- 95 mmHg. Urine al- 
bumin/creatinine (rag/g): 
30-299 ( n ) ;  ~300 (11) 
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Discussion 

Abnormal urinary albumin excretion was associated 
with the level of glycaemia in Pima Indians. Indeed, 
subjects with impaired glucose tolerance were found to 
have a higher prevalence of abnormal albuminuria than 
those with normal glucose tolerance. Keen et al. [32] 
have also reported higher albumin excretion rates in 
subjects who would now be considered to have im- 
paired glucose tolerance. This suggests that hypergly- 
caemia below levels diagnostic of diabetes may be as- 
sociated with renal dysfunction in some subjects. 
Although causes of abnormal albumin excretion, other 
than diabetes, were not systematically determined in 
this study, previous histologic examinations of the kid- 
neys of Pima Indians show that intercapillary glomeru- 
losclerosis associated with diabetes is the overwhelm- 
ingly predominant form of renal disease in the 
population [33]. Furthermore, 95% of the end-stage 
renal disease in Pima Indians occurs in those with 
diabetes, and among these, 97% are attributable to 
diabetic nephropathy [3]. 

The urinary albumin to creatinine ratio was used to 
assess albumin excretion in the present study. Several 
studies have shown a high degree of agreement between 
albumin excretion measured in this way and direct 
measurements of albumin excretion over a short timed 
collection period, and with overnight or 24-h urine col- 
lections [22-25]. Although there is intraindividual day to 
day variability in urine albumin excretion with coeffi- 
cients of variation of about 45% [34-38], the range of 
abnormality of particular interest in this study (30- 
299 mg/day) is 2-20 times the average normal albumin 
excretion. Thus, this large intraindividual day to day 
variation represents a relatively minor problem that 
would lead to group misclassification in only a small 
minority of the individuals. Such misclassification 
would reduce the strength of the associations that we 
have demonstrated. 

An increased prevalence of abnormal albumin ex- 
cretion has been found previously in persons with 
newly-diagnosed Type 2 diabetes compared with non- 
diabetic control subjects [39, 40]. Uusitupa et al. [39] 
found that 20% of newly-diagnosed Type 2 diabetic 
subjects in Finland had albumin excretion exceeding 
35 mg/24 h, whereas none of the non-diabetic subjects 
had excretion rates this high. Damsgaard and Mogen- 
sen [40] have reported that 26% of persons aged 
60-74 years with occult fasting hyperglycaemia (fasting 
blood glucose > 7.0 mmol/1 and no history of diabetes) 
had albumin excretion rates greater than 30 ~tg/min. Al- 
though occult fasting hyperglycaemia was associated 
with increased albuminuria only in men, known 
diabetes was associated with increased albuminuria in 
both men and women. Fabre et al. [41] found that 37% 
of Type 2 diabetic subjects within a year of diagnosis in 
a Swiss outpatient clinic had protein excretion greater 
than 150 mg/24 h. 

The prevalence of abnormal albuminuria has also 
been determined in subjects with Type 1 and in those 
with Type 2 diabetes of longer duration. Parving et al. 
[42] found a prevalence of albuminuria (>  30 mg/24 h) 
of 41% in clinic patients with Type ./l diabetes of at least 
five years duration. The rate increased with duration 
but plateaued after 15 years of diabetes. This compares 
with a rate of 56% among the Type 2 diabetic subjects 
with at least five years duration in the present study, but 
in the Pima Indians the prevalence continued to in- 
crease past 20 years duration. Schmitz et al. [43] found 
that 35% of 329 Type 2 diabetic clinic patients from 
Denmark had abnormal albuminuria (>15 p~g/min) 
compared with 47% of Type 2 diabetic Pima Indians 
who had albumin to creatinine ratios > 30 mg/g. Thus, 
the prevalence of abnormal albumin excretion in the 
Type 2 diabetic Pima Indians is at least as great as re- 
ported in Type 1 and other Type 2 diabetic populations. 

HbA1, an integrated measure of the level of gly- 
caemia, and fasting and 2 h plasma glucose concentra- 
tions were each associated with the prevalence of ab- 
normal albumin excretion among the Type 2 diabetic 
Pima Indians after controlling for' confounding vari- 
ables. Associations between glycaemia and albuminuria 
have also been found in several previous studies [38, 
44-46]. In addition, insulin use was; associated with al- 
buminuria, possibly because insulin users had more 
severe hyperglycaemia. 

A relationship between excessive albumin excre- 
tion and blood pressure has been described previously 
in non-diabetic subjects [40, 47] and in those with 
either Type 1 or Type 2 diabetes [32, 38, 44, 45, 48]. In 
the present study, higher mean blood pressure was as- 
sociated with higher prevalence rates of abnormal al- 
buminuria regardless of glucose tolerance. Among the 
diabetic subjects the relative difference in the fre- 
quency of abnormal albuminuria in relation to mean 
blood pressure was greater at longer durations of 
diabetes. The biological meaning of the relationship 
between blood pressure and diabetic renal disease, 
however, is difficult to assess in cross-sectional studies 
because elevated blood pressure n~lay cause abnormal 
albumin excretion, but may also be a consequence of 
progressive diabetic renal disease. Mathiesen et al. [36] 
found that Type I diabetic subjects with normal uri- 
nary albumin excretion rates (_< 20 gg/min) who pro- 
gressed to incipient nephropathy (abnormal urinary 
albumin excretion rates >70 ~tg/rnin) developed sig- 
nificantly higher blood pressures than subjects who 
remained normal. In the Pima Indians, however, ele- 
vated blood pressure before the onset of diabetes has 
been shown to predict elevated albumin excretion 
after the onset of diabetes [49] and, in those with 
Type 2 diabetes, predicts the development of more 
severe proteinuria [2]. Thus, higher blood pressure 
seen in diabetic nephropathy is not entirely the result 
of the renal disease, but may precede and contribute 
to it. 
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In the Pima Indians, proteinuria (>_ 1 g protein/g 
urine creatinine) predicts the development of renal in- 
sufficiency [2] and accounts for almost all of the ex- 
cessive mortality related to diabetes [50]. The mortality 
rates from uraemia and cardiovascular diseases are sig- 
nificantly higher in diabetic persons with proteinuria 
than in those without [50]. Similar findings have been 
reported in subjects with Type1 diabetes [51-53]. 
Whether or not levels of albumin excretion below those 
detectable by commonly used clinical methods predict 
the development of diabetic nephropathy or cardiovas- 
cular diseases in Pima Indians is not known. Subjects in 
the present study are being followed in order to address 
these questions. Mild elevations in albumin excretion, 
however, have been shown to predict the development 
of clinical proteinuria and mortality in non-Indian per- 
sons with Type 2 diabetes [6, 54], and renal failure in 
those with Type 1 diabetes [5]. Furthermore, a relation- 
ship between albuminuria and cardiovascular disease 
has been reported in non-diabetic subjects [55] and in 
subjects with Type 2 diabetes [56]. 

In summary, abnormal albumin excretion not re- 
liably detected by usual dipstick methods was com- 
monly observed in diabetic Pima Indians, and was as- 
sociated with age and increasing blood pressure 
regardless of glucose tolerance. Among those with 
diabetes, associations were found with age, duration 
of diabetes, level of glycaemia, blood pressure, and 
treatment with insulin. Furthermore, Pima Indians 
with impaired glucose tolerance, who have a high risk 
of developing diabetes [57], had a prevalence of ab- 
normal albuminuria intermediate between subjects 
with normal glucose tolerance and those with 
diabetes. This suggests that hyperglycaemia below lev- 
els diagnostic of diabetes is associated with renal ab- 
normalities in some subjects and that these abnor- 
malities may even precede the onset of diabetes. 
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