
Diabetologia (1990) 33:438-443 

Diabetologia 
�9 Springer-Verlag 1990 

Familial predisposition to renal disease in two generations of Pima 
Indians with Type 2 (non-insulin-dependent) diabetes mellitus 
D. J. Pet t i t t  1, M. F. Saad 1, R H. Benne t t  1, R. G. Nelson  2 and W. C. Knowle r  1 

t Diabetes and Arthritis Epidemiology Section, Phoenix Epidemiology and Clinical Research Branch, National Institute of Diabetes and 
Digestive and Kidney Diseases, National Institutes of Health, and 2 Department of Biostatistics and Epidemiology, The Cleveland Clinic 
Foundation, Phoenix, AZ, USA 

Summary. We studied the occurrence of renal disease by 
measuring serum creatinine and urine protein concentra- 
tions in the diabetic members of 316 Pima Indian families 
with Type 2 (non-insulin-dependent) diabetes in two suc- 
cessive generations to determine if diabetic renal disease ag- 
gregates in families. After adjustment for sex and other risk 
factors, proteinuria occurred among 14.3% of the diabetic 
offspring if neither parent had proteinuria, 22.9% if at least 
one diabetic parent had proteinuria, and 45.9% if both par- 
ents had diabetes and proteinuria. Among male offspring, an 

elevated serum creatinine concentration ( > 177 gmol/1) was 
present in 11.7% if the parent had an elevated creatinine and 
in 1.5% if the parent did not. Thus, proteinuria and high 
serum creatinine aggregated in diabetic families, suggesting 
that susceptibility to renal disease is inherited independently 
of diabetes. 

Key words: Type 2 (non-insulin-dependent) diabetes melli- 
tus, American Indians, diabetic renal disease, genetics. 

End-stage renal disease, mostly attributable to diabetic 
nephropathy, is a major cause of morbidity and mortality 
for diabetic subjects [1-5]. Furthermore,  among diabetic 
subjects, excessive mortality attributable to cardiovascu- 
lar disease or infection, as well as to renal failure, occurs 
among those with proteinuria, which is the hallmark of 
diabetic nephropathy [6-8]. Durat ion of diabetes and 
degree of hyperglycaemia are major  determinants of 
diabetic nephropathy [3, 4, 9-11], and yet many people 
have no evidence of renal disease even after many years of 
diabetes [12-14]. It has been  observed that the incidence of 
proteinuria in Type 1 (insulin-dependent) diabetes melli- 
ms increases rapidly after the first decade but diminishes 
later in the course of the disease [12,15], suggesting that not 
all subjects with diabetes are at risk of developing this com- 
plication. Several authors have suggested that suscepti- 
bility to renal disease in Type i diabetes may be hereditary 
[16-20], but this has not been shown to be the case in Type 2 
(non-insulin-dependent) diabetes. It  has been hypo- 
thesised that the susceptibility to diabetic renal disease 
may be inherited independently of diabetes [2, 10, 17, 20-  
22], but that those who are susceptible develop renal com- 
plications only if they develop diabetes. 

Because of the high prevalence and early age of onset 
of Type 2 diabetes in Pima Indians, there are many Pima 
families with diabetes in two generations. This circum- 
stance enables examination of the hypothesis that among 

diabetic subjects there are familial determinants of renal 
disease that are perhaps attributable to differences in 
genetic susceptibility to renal disease. The aim of this 
study was to determine if diabetic renal disease in Pima In- 
dians aggregates among parents and offspring with Type 2 
diabetes. 

Subjects and methods 

The subjects are participants in the longitudinal study of diabetes 
which, since 1965, has been conducted in the Gila River Indian Com- 
munity in Southern Arizona [23]. The residents of this community, 
who are primarily Pima or closely related Tohono O'odham (Papa- 
go) Indians, have the world's highest reported prevalence of Type 2 
diabetes [24]. All residents of the community over the age of five 
years are asked, every two years, to participate in a standardised 
examination which includes the measurement of serum creatinine 
concentration and an oral glucose tolerance test. Plasma glucose was 
measured [25] on a specimen drawn 2 h after the ingestion of 75 g of 
carbohydrate (Glucola, Ames Co., Elkhart, Ind., USA; or Dexcola, 
Custom Laboratories, Baltimore, Md., USA). Subjects are asked to 
void before ingesting the carbohydrate, and a urine specimen is col- 
lected 2 h later at the end of the glucose tolerance test. This urine 
specimen was tested for protein by dipstick (Labstix, Ames Co.), and 
urine containing a trace or more of protein was tested quantitatively 
for protein using a precipitation technique [26]. Creatinine concen- 
tration was measured in the same urine samples using an automated 
alkaline picrate procedure [27]. The urine was not cultured. 
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Table 1. Prevalence of proteinuria and high creatinine in offspring according to presence or absence of proteinuria and high creatinine in par- 
ents with Type 2 (non-insulin-dependent) diabetes 

Diabetic parents Offspring 

Sex Number of subjects Prevalence of proteinuria Prevalence of high creatinine a 
number ( % ) numb er (%) 

No Male 77 19 (25%) 1 (1%) 
proteinuria Female 171 37 (22%) 6 (4%) 

Proteinuriaonly b Male 71 23 (32%) 3 (4%) 
Female 103 32 (31%) 2 (2%) 

Proteinuria and high Male 28 9 (32%) 4 (14%) 
creatinine c Female 49 9 (18%) 0 (0%) 

Total 499 129 (26%) 16 (3%) 

a All subjects with high creatinine also had proteinuria; b In at least one parent, neither of whom had high creatinine; c In at least one parent 

Blood pressure was measured, with the subject supine, with a 
large adult cuff and a mercury sphygmomanometer (W.A.Baum 
Co., Inc., Copiaque, NY, USA).  The first and fourth Korotkoff 
sounds were used for systolic and diastolic pressures respectively. 

All plasma, serum, and urine measurements were performed in 
the same laboratory using uniform methods throughout the study. 
Each assay, performed in duplicate, has included four (two normal 
and two abnormal) quality control specimens, and values for each 
control have met established criteria for the assay to be accepted. 
The laboratory has participated in proficiency testing of blinded 
samples supplied by the United States Centers for Disease Control 
or by the College of American Pathologists. 

Diabetes was diagnosed according to the World Health Organi- 
sation criteria for epidemiologic studies [28] if the 2-h post-load ven- 
ous plasma glucose concentration was at least 11.1 mmol/1. 

Two measures of renal disease were considered: (1) proteinuria, 
defined by a urine protein to urine creatinine ratio of at least one 
gramme of protein per gramme of creatinine, a level which corre- 
sponds to a urine protein excretion of approximately i g/24 h [29, 
30]; and (2) high creatinine, defined by a serum creatinine of at least 
177 gmol/1. 

Pima and Tohono O'odham Indian families with diabetes in two 
successive generations were identified. Subjects who were half to 
full heritage Pima or Tohono O'odham Indians and who had 
diabetes of at least two years duration were eligible for inclusion. 
This duration was required to include only subjects who had had at 
least some time to develop proteinuria. 

There were 316 families in which diabetes occurred in two suc- 
cessive generations and in which serum creatinine and urine protein 
concentrations had been measured after at least two years duration 
of diabetes. These families included 499 diabetic offspring (mean 
age, 44 years at their last examination) and 349 diabetic parents 
(mean age, 63 years). The 499 offspring included 133 for whom both 
parents had diabetes, 112 for whom both parents had been examined 
but only one had diabetes and the other did not, and 254 for whom 
one parent had diabetes of at least two years duration and one parent 
had not been examined or had diabetes of less than two years of dur- 
ation. 

Within the community but excluded from the analyses, i.e. not 
part of the 316 families, were five offspring who were less than half 
Pima and Tohono O'odham, seven whose diabetic parent had no 
data regarding proteinuria or serum creatinine concentration, and 
71 because the offspring or parent had diabetes of less than two 
years duration. Also excluded were 11 offspring because protein- 
uria existed before the diagnosis of diabetes and three because the 
parent had proteinuria before the diagnosis of diabetes. Only 3 of 
these 14 had an identifiable cause (glomerulonephritis, chronic cal- 
cific cystitis, or nephrohthiasis) for their proteinuria. Within the 
community, but not included in present analyses, there were an ad- 
ditional 205 diabetic offspring, one or both of whose parents had 
been examined and did not have diabetes. Forty nine (24%) of 
these 205 diabetic offspring had proteinuria and 15 (7%) had an 
elevated creatinine. 

Statistical analysis 

Multiple logistic regression analysis [31] was used to compare the 
presence or absence of each of the two indicators of renal disease in 
the offspring and the diabetic parent while simultaneously control- 
ling for age, sex, diabetes duration, plasma glucose concentration, 
and systolic blood pressure. These variables were chosen because of 
their univariate associations with renal disease. Models are shown 
with and without systolic blood pressure since elevated blood pres- 
sure may be a cause or a result of renal disease. Two indicator vari- 
ables were used for parental proteinuria. The first indicator was 
given a value of '1' if either parent had proteinuria and ~ otherwise 
and served as an indication of the effect of the presence of protein- 
uria in one or both parents compared with neither parent having pro- 
teinuria. The second indicator variable was assigned a value of '1' 
only if both parents had proteinuria and '0' otherwise. This variable 
was an indication of the effect of both parents having proteinuria 
compared with only one having proteinuria. There were no cases in 
which both parents had an elevated creatinine so only one indicator 
variable was needed in the model evaluating the effect of a high cre- 
atinine in the parent. There were no significant interaction terms so 
such terms were not included in the final models presented. For each 
subject, the highest recorded 2-h post-load plasma glucose concen- 
tration was used as a measure of severity of diabetes. Blood pressure 
was used as a continuous variable in the model and was recorded 
without regard to antihypertensive medicine usage. For subjects 
with proteinuria, the blood pressure measured when proteinuria was 
first diagnosed and for other subjects, the value at the last examin- 
ation, were used. Systohc and diastolic blood pressure were highly 
correlated and only systolic, the stronger of the two predictors, was 
used in the models. Odds ratios were calculated as described by 
Kleinbaum et al. [32]. Covariate-adjusted prevalence rates of pro- 
teinuria and elevated creatinine in the offspring of parents with and 
without these complications were calculated from the regression 
model by covariance adjustment of rates to the mean values of the 
covariates in the sample [33]. 

Results 

T a b l e  1 shows  p r e v a l e n c e  o f  p r o t e i n u r i a  a n d  h i g h  c rea -  
t i n ine  in  d i a b e t i c  o f f sp r ing  a c c o r d i n g  to  t he  p r e s e n c e  o f  
p r o t e i n u r i a  o r  e l e v a t e d  c r e a t i n i n e  in t h e  d i a b e t i c  pa ren t s .  
P r o t e i n u r i a  was  p r e s e n t  in 25 .9% of  t h e  o f f sp r ing  (29.0% 
in m a l e s  a n d  24 .1% in f ema le s ) .  H a l f  ( 50 .3%)  of  t he  off-  
sp r ing  h a d  at  leas t  o n e  d i a b e t i c  p a r e n t  w i t h  p r o t e i n u r i a .  
E l e v a t e d  c r e a t i n i n e  was  p r e s e n t  in 3 .2% of  t h e  o f f sp r ing  
a n d  15.4% h a d  a d i a b e t i c  p a r e n t  w i t h  a h i g h  c rea t in ine .  A l l  
sub jec t s  w i th  e l e v a t e d  c r e a t i n i n e  c o n c e n t r a t i o n s  also h a d  
p r o t e i n u r i a .  
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Table 2. Prevalence (%) of proteinuria in offspring according to age, duration of Type 2 (non-insulin-dependent) diabetes, 2-h post-load plas- 
ma glucose concentration and systolic and diastolic blood pressure by number of diabetic parents with proteinuria 

Number of parents with proteinuria 

None One Two 

n Prevalence in offspring n Prevalence in offspring n Prevalence in offspring 

Age (years) 

< 35 56 12.5 
35-54 130 18.5 
> 55 61 39.3 

Diabetes duration (years) 

< 5 47 12.8 
5-9 74 9.5 
10-14 54 13.0 
> 15 72 48.6 

2-h glucose (mmol/1) 

< 16 37 5.4 
16-22 51 11.8 
22-28 100 18.0 
> 28 59 49.2 

Systolic blood pressure (mm Hg) 

< 120 88 9.1 
120--159 143 25.9 
> 160 16 62.5 

Diastolic blood pressure (ram Hg) 

< 80 141 13.5 
80-99 91 30.8 
> 100 15 53.3 

72 13.9 6 16.7 
132 33.3 5 60.0 
36 41.7 1 100.0 

52 7.7 3 0.0 
67 11.9 2 0.0 
55 34.5 4 50.0 
66 57.6 3 100.0 

33 9.1 3 0.0 
50 10.0 3 33.3 

103 29.1 4 50.0 
54 57.4 2 100.0 

94 11.7 3 33.3 
123 35.0 8 37.5 
23 65.2 1 100.0 

130 17.7 7 42.9 
99 38.4 5 40.0 
11 72.7 0 - 

The  prevalence of  proteinuria  in the offspring varied 
with age, durat ion of  diabetes, severity of  diabetes as 
measured  by the 2-h post- load plasma glucose concentra-  
tion, and with b lood pressure (Table 2). In most  strata, the 
prevalence in the offspring was higher if one or  both  
diabetic parents  had proteinuria  and lowest if nei ther  par- 
ent had proteinuria.  Table 3 shows the odds ratios f rom 
the logistic models  used to control  for the covariates. Pro-  
teinuria in the offspring was associated with proteinuria  in 
the parents  and with diabetes durat ion and 2-h post- load 
plasma glucose concentra t ion of  the offspring. Systolic 
b lood pressure was associated with proteinuria  but  its ad- 
dition to the model  had little effect on  the odds ratios of  
the o ther  variables. Proteinuria  was crudely associated 
with age, but  after being control led for diabetes duration,  
there was no association. 

Figure 1 shows the covariate-adjusted prevalence of  
proteinuria  in the offspring, est imated f rom the data  
shown in Table 3, according to sex and to proteinuria  in 
the diabetic parents.  Offspring with at least one diabetic 
parent  with proteinuria  had a significantly higher pre- 
valence of  proteinuria  (22.9%) than did the offspring of  
diabetic parents  without  proteinuria  (14.3%, odds 
r a t i o = l . 8 ,  95% confidence i n t e r v a l = l . 1  to 2.9, 
(p = 0.019) control led for age, sex, diabetes duration,  and 
2-h post  load plasma glucose concent ra t ion  with logistic 
regression). The  adjusted prevalence of  proteinuria  was 
even higher in the offspring who had two diabetic parents  
with proteinuria  (45.9%) than the offspring with one par- 
ent with proteinuria  (22.9%), however,  the odds ratio of  
2.9 (for the effect of  having two compared  with one 

diabetic parent  with proteinuria)  has wide 95% con- 
fidence limits of  0.7 and 12.1. 

Elevated  creatinine, unlike proteinuria,  was much  
more  prevalent  in male than in female  offspring. Because 
of  the sex difference, males and females were analysed 
separately. Of  323 females with diabetic parents,  elevated 
creatinine occurred in only eight, all of  w h o m  were among  
the 274 offspring of parents  wi thout  elevated creatinine. 
On  the o ther  hand, 14.3% (4 of  28) of  the male offspring of  
parents  with elevated creatinine had elevated creatinine 

Table 3. Results of multiple logistic regression models. Age, sex, 
diabetes durations glucose concentration, and blood pressure are 
offspring variables. Dependent variable: proteinuria in offspring 

Variable Odds ratio a 95% C.I. b 

Model A 
Proteinuria in either parent (0 or 1) 1.8 1.1-2.9 
Proteinuria in 2nd parent (0 or 1) 2.9 0.7-12.1 
Age (per 5 years) 1.0 0.9-1.2 
Male sex 1.6 1.0-2.6 
Type 2 diabetes duration (per 5 years) 1.8 1.5-2.3 
2-h glucose (per 2.5 mmoI/1) 1.4 1.3-1.6 

Model B 
Proteinuria in either parent (0 or 1) 1.9 1.1-3.1 
Proteinuria in 2rid parent (0 or 1) 2.5 0.6-11.2 
Age (per 5 years) 1.0 0.9-1.1 
Male sex 1.1 0.9-1.1 
Type 2 diabetes duration (per 5 years) 1.8 1.4-2.2 
2-h glucose (per 2.5 mmol/1) 1.4 1.2-1.5 
Systolic blood pressure (per 10 mm Hg) 1.4 1.2-1.6 

a Odds ratio for number of units shown in parentheses; u C.I. = con- 
fidence interval 
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Fig. 1. Prevalence of proteinuria in offspring according to sex and 
number of parents with proteinuria, adjusted for age, systolic blood 
pressure, diabetes duration, and glucose concentration. (Open 
bars = males, solid bars = females) 
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Figo2. Prevalence of elevated creatinine in male offspring, adjusted 
for age, systolic blood pressure, diabetes duration, and glucose con- 
centration. (Open bar = offspring of parents without elevated crea- 
tinine, solid bar = offspring of parents with elevated creatinine) 

compared with 2.7% (4 of 148) of the offspring of parents 
without elevated creatinine (p < 0.023, 2-tailed Fisher's 
exact test. 

Among male offspring (Table 4), the prevalence of 
elevated creatinine varied with age, diabetes duration, 
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2-h post-load glucose concentration, and blood pressure, 
and was generally higher in the offspring of parents with 
elevated creatinine. Figure 2 shows that the adjusted pre- 
valence of elevated creatinine was much higher in the 
male offspring of diabetic parents who had elevated cre- 
atinine (11.7%) than in the offspring of diabetic parents 
who did not have elevated creatinine (1.5%). Table 5 
shows the regression coefficients and odds ratios for the 
variables included in the models. The estimate of the 
odds ratio is 8.9 with 95% confidence limits of 1.6 and 
49.1 (adjusted for age, 2-h post-load plasma glucose con- 
centration and duration of diabetes). Blood pressure, 
when added to the model, was significantly (p = 0.001) as- 
sociated with a high creatinine. With blood pressure, the 
estimate for the odds ratio for the parental effect was re- 
duced slightly to 6.5 with confidence limits of 0.7 and 62.5 
indicating that the difference in blood pressure accounts 
for some of the difference in the prevalence of an elev- 
ated creatinine concentration between the offspring of 
parents with and without an elevated creatinine and sug- 
gesting that, in part, the parental effect may be mediated 
by blood pressure. 

Discussion 

The high prevalence of Type 2 diabetes in the Pima In- 
dians and the follow-up of the population for 25 years 
have allowed the occurrence of diabetic renal disease to 
be evaluated in two successive generations. Diabetic off- 
spring who had parents with diabetic renal disease were at 
higher risk for renal disease than offspring of diabetic par- 
ents without renal disease. This demonstrates that 
diabetic renal disease aggregates in families and suggests 
that the development of renal disease among those with 
Type 2 diabetes is determined independently of the sus- 
ceptibility to diabetes. In Type 1 diabetes, only about 50% 
of diabetic subjects develop renal disease and the in- 
cidence of this complication is highest in the first 15 to 
30 years of diabetes, after which time it diminishes [12, 
15]. Furthermore, it has been claimed that renal disease 
aggregates in siblings with Type i diabetes [18]. These ob- 
servations have led to speculation that susceptibility to 
diabetic renal disease is common but is inherited inde- 
pendently from diabetes and is expressed only in those 
who have diabetes. The present study supports the same 
hypothesis in Type 2 diabetes. 

If renal disease were an inevitable complication of 
diabetes, its incidence might be expected to be a simple 
function of duration and severity of diabetes. We have 
previously shown that blood pressure is also an important 
predictor of the development of proteinuria among Pima 
Indians with Type 2 diabetes [11, 34]. In the present study 
blood pressure in the offspring was significantly associ- 
ated with both clinical proteinuria and elevation of the 
serum creatinine concentration. Although blood pressure 
and the duration and severity of hyperglycaemia are im- 
portant determinants, the present study shows in addition, 
that in subjects with Type 2 diabetes the occurrence of 
renal disease in parents confers an increased risk of renal 
disease in the offspring. 
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Parental hypertension is associated with renal disease 
in subjects with Type i diabetes, suggesting that an in- 
herited factor not necessarily related to diabetes per se in- 
fluences the development  of nephropathy [19, 20]. On the 
other hand, Mathiesen et al. [35] have shown that in 
Type i diabetes, by the time blood pressure is elevated, al- 
bumin excretion is already abnormal.  They suggested that 
elevated blood pressure may be a very early manifestation 
of renal disease in diabetes. Although in the present  study, 
parental  blood pressure, often measured many  years after 
diabetes had developed, was not related to renal disease in 
the offspring (data not shown), the blood pressure in the 
parents may have been altered by therapy and by the 
presence of diabetes or diabetic nephropathy. Further- 
more,  the effect of proteinuria in the parents as a risk fac- 
tor for proteinuria in the offspring remained after being 
adjusted for blood pressure, although the parental  effect 
on the elevated creatinine was somewhat  diminished. 
Thus, the additional risk of renal disease attributable to 
parental  renal disease is not entirely an effect mediated by 
blood pressure. 

Familial aggregation of elevated serum creatinine con- 
centration was examined as an index of a more  serious de- 
gree of diabetic nephropathy. Renal  insufficiency, re- 
flected by such increases in serum creatinine, has a serious 
prognosis and heralds the development  of renal failure 
and end-stage renal disease. Many subjects with protein- 
uria will develop renal insufficiency [4, 5], and the familial 
aggregation of proteinuria found in the present  study 
might be expected to lead to familial aggregation of renal 
insufficiency and end-stage renal disease. Although pro- 
teinuria occurred more frequently in both  men and 
women when the parents had proteinuria, the prevalence 
of an elevated serum creatinine was low in the younger 
generation of women, and not significantly associated 
with elevated creatinine in the parents. Although there 
are reports of a higher prevalence of microangiopathic 
complications of diabetes in men than in women [2, 12, 
16], the sex difference in elevated serum creatinine con- 
centrations in the offspring in this study is most  likely due 
to the small sample size, as Pima women and men have 
similar incidence rates of end-stage renal disease [4], and 
among the diabetic parents in the present study 12% (29 
of 238) of the mothers  and 8% of the fathers (9 of 111) had 
serum creatinine concentrations of 177 gmol/1 or greater. 
Among  diabetic offspring who were excluded, the pre- 
valence of an elevated creatinine was similar in males 
(7.9%) and females (7.0%) making selection bias an un- 
likely explanation for the sex difference. 

The definitions of renal disease used in this study, 
while highly specific, are not sensitive, and some parents 
and offspring may have been misclassified. Some of the 
diabetic offspring may have had renal disease unrelated to 
their diabetes, although given the relative frequency of 
renal disease among diabetic compared with non-diabetic 
Pima Indians [4, 11], this probably contributed only a 
small fraction of those affected. Also, the fact that subjects 
were classified as to renal disease cross-sectionally only as 
of the last biennial research examination may have intro- 
duced a bias that would tend to result in underest imation 
of the extent of familial aggregation of renal disease. From 
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Table 4. Prevalence (%) of high creatinine in male offspring accord- 
ing to age, duration of Type 2 (non-insulin-dependent) diabetes, 2-h 
post-load plasma glucose concentration and systolic and diastolic 
blood pressure by absence or presence of high creatinine in the 
diabetic parents 

Parental high creatinine 

Absent Present 

n Prevalence n Prevalence 
in offspring in offspring 

Age (years) 

< 35 40 0.0 7 0.0 
35-54 83 3.6 20 20.0 
> 55 25 4.0 1 0.0 

Diabetes duration (years) 

< 5 33 0.0 8 0.0 
5-9 42 0.0 8 12.5 
10-14 29 3.4 7 14.3 
> 15 44 6.8 5 40.0 

2-h glucose (mmol/1) 

< 16 20 0.0 3 33.3 
16-22 36 2.8 11 9.1 
22-28 56 3.6 11 9.1 
> 28 36 2.8 3 33.3 

Systolic blood pressure (mm Hg) 

< 120 41 0.0 5 0.0 
120-159 93 1.1 19 5.3 
> 160 14 21.4 4 75.0 

Diastolic blood pressure (mm Hg) 

< 80 59 1.7 8 0.0 
80-99 75 2.7 18 16.7 
> 100 14 7.1 2 50.0 

Table 5. Results of multiple logistic regression models. Age, 
diabetes duration, glucose concentration, and blood pressure are 
offspring variables. Dependent variable: High creatinine in male off- 
spring 

Variable Odds ratio a 95% C.I2 

Model  A 
Parental high creatinine (0 or 1) 8.9 1.649.1 
Age (per 5 years) 1.0 0.6-1.5 
Type 2 diabetes duration (per 5 years) 2.3 1.14.7 
2-h glucose (per 2.5 mmol/1) 1.1 0.8-1.5 

Model  B 
Parental high creatinine (0 or 1) 6.5 0.7~52.5 
Age (per 5 years) 0.7 0.4-1.5 
Type 2 diabetes duration (per 5 years) 2.3 0.9-2.5 
2-h glucose (per 2.5 mmol/1) 1.1 0.7-1.6 
Systolic blood pressure (per 10 mm Hg) 2.6 1.54.6 
" Odds ratio for number of units shown in parentheses; b C.I. = con- 
fidence interval 

the available data, it is not possible to say if the familial 
predisposition to renal disease is a result of genetic predis- 
position, of some unknown familial environmental  fac- 
tors, or both. 

Despite  these limitations, a strong familial association 
of both proteinuria and elevated creatinine was found. 
The strength of this association suggests that genetic 
transmission of susceptibility to renal disease may be the 
most likely explanation for the findings. 
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