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Summary Arterial hypertension and poor glycaemic 
control are central to the development of microalbu- 
minuria in insulin-dependent diabetes mellitus 
(IDDM). Recent  consensus has established sensitive 
criteria for their detection and treatment,  although 
the proportion of patients who may benefit is un- 
clear. Between 1988 and 1990, we measured urinary 
albumin to creatinine concentration ratio (A/C) in 
3,636 adult out-patients with I D D M  of more than 
3 years duration, serum creatinine under 133 vmol/1 
and who were not undergoing antihypertensive treat- 
ment. A/C indicating microalbuminuria (_> 2.38/ 
2.96 mg/mmol, male/female) was found in 620 of 
3,451 patients without proteinuria, and associated 
with hypertension (blood pressure >_ 140 and/or 
90 mmHg;  p = 0.0016; rate: 39.6 %), independent of 
diabetes duration (p =0.0082) and male gender 
(p = 0.0350; relative risk = 1.16; 95 % confidence in- 
terval: 1.01-1.32). Hypertension was less common 
among those with normal A/C (27.5 %, p < 0.0001) 

but was positively related with diabetes duration. Of 
the 1,015 patients with A/C >_ 2.0 mg/mmol 529 
were reexamined. Glycated haemoglobin levels ex- 
ceeded 3 SD above the mean of normal in 84.3 % of 
the 198 microalbuminuric patients ( A E R = 2 0 -  
200 ~tg/min), but were comparably poor (79.2 %) in 
normoalbuminuria. Durat ion of diabetes was inver- 
sely related to glycated haemoglobin only in micro- 
albuminuria (0.05 < p < 0.1). Intervention to lower 
blood pressure remains mainly restricted to those pa- 
tients with long-term diabetes and slower develop- 
ment  of kidney disease. Near-normalisation of gly- 
caemia remains the priority for the majority of pa- 
tients with microalbuminuria. [Diabetologia (1994) 
37: 1015-1024] 

Key words Insulin-dependent diabetes mellitus, ar- 
terial hypertension, borderline hypertension, micro- 
albuminuria, diabetic nephropathy. 

The long-term prognosis of IDDM is linked to the on- 
set of kidney disease. Clinical proteinuria develops in 
30-40 % of these patients [1, 2], eventually leading to 
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end-stage renal failure and renal replacement ther- 
apy. IDDM is characterised by a high rate of cardio- 
vascular morbidity and mortality, which is predomi- 
nantly explained by the subset of patients with renal 
disease [3, 4]. The biological mechanisms underlying 
the association of proteinuria with cardiovascular 
events are still unclear, but arterial hypertension is 
an established risk factor for cardiorenal mortality 
among long-term IDDM patients [5], and both the 
course of kidney disease and mortality can benefit 
from near-normalisation of blood pressure following 
pharmacological intervention at the stage of clinical 
nephropathy [6-8]. 

Although blood pressure levels are often within 
the World Health Organisation criteria for arterial 
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Fig. I.  Diagram of the selection of patients through both study 
phases 

hypertension among diabetic patients without pro- 
teinuria [9-12], sub-clinical increases in blood pres- 
sure can predict the onset of clinical proteinuria [13, 
14], perhaps in parallel with microalbuminuria [15- 
19], and their pharmacologic correction is known to 
slow the progression of microalbuminuria [20, 21]. 
The recent extension of detection and treatment cri- 
teria for arterial hypertension to include diabetic pa- 
tients with borderline hypertension [22] may be parti- 
cularly relevant to those with microalbuminuria [23]. 

The proportion of either risk factor is unclear in 
Mediterranean countries, and studies of the preva- 
lence of hypertension and microalbuminuria in large 
groups of patients with IDDM have never consid- 
ered borderline hypertension [9-11]. Metabolic ab- 
normalities are another established factor in the pro- 
gression of microalbuminuria [14, 24-26], and sensi- 
tive criteria for the detection of poor glycaemic con- 
trol are likewise recommended in the secondary pre- 
vention of diabetic nephropathy [23], although the 
proportion of patients who may benefit from near- 
normalising glycaemia in ordinary clinical practice is 
likewise unclear. We therefore decided to study arte- 
rial hypertension and microalbuminuria in IDDM, 
and examined the cross-sectional relationship of mi- 
croalbuminuria with blood pressure and glycaemic 
control. 

Patients and methods 

Study design. Assuming that there is a lower incidence of mi- 
croalbuminuria in a Mediterranean country than in England, 
as found in a preliminary report  which suggested a rate of 
5.7 % [27], we studied a group of more than 3,000 patients 
with I D D M  which was considered adequate to identify at 
least 100 patients with microalbuminuria. The study was de- 
signed as a cross-sectional multi-centre screening in two pha- 
ses, with a standardised collection of clinical and chemical 
data from independent observers and laboratories. There 
were no geographic criteria in the choice of the distribution 
of centres [28]. Tertiary referral centres co-ordinated the ac- 
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tivity of the secondary referral centres located in the same 
region, equally selecting patients on a secondary referral 
basis. 

Selection criteria. Patients were selected at phase 1 to attend 
one of the participating diabetes outpatient clinics for at least 
6 months following the first visit. Informed consent was verbal- 
ly obtained from all patients, who had diabetes for more than 
3 years, between the ages of 16-65 years, with known serum 
creatinine less than 133 ~tmol/1 (1.5 mg/dl), and absence of per- 
sistent urinary sediment abnormalities and/or non-diabetic 
kidney disease. At  this stage, basic demographics, antihyper- 
tensive treatment, serum creatinine concentration, and blood 
pressure were measured and recorded. A single non-timed 
urine sample was obtained from each patient to measure A/C, 
and indicate the presence of microalbuminuria. Local observ- 
ers had no knowledge of current urinary albumin excretion, 
which had not been routinely tested at most of the secondary 
referral centres at the time of the study (1988-1990). 

Of the 3,988 patients meeting the above criteria, 352 were 
being treated for hypertension (Fig. 1) and were therefore ex- 
cluded, because of the confusing effect of antihypertensive 
treatment upon A E R  and on the natural course of diabetic 
kidney disease. Of the remaining 3,636 patients, only those 
with A/C over 2.0 mg/mmol were subsequently considered for 
phase 2 evaluation, although only 529 patients (52.1%) sub- 
mitted three consecutive timed overnight urine collections for 
the measurement of AER.  Comparisons of their clinical fea- 
tures at phase i with those of the patients who failed to com- 
plete the study suggested similarities in duration of diabetes 
(16.8 + 8.8 vs 16.9 + 8.1 years, p = NS), A/C (6.6 x/+ 2.8 vs 
7.2 x/+ 3.3 mg/mmol, geometric mean x/+ tolerance factor, 
p = NS) and proportion of male patients (52.4 vs 51.8 %, 
p = NS), but patients who completed the study were younger 
(39.1 + 13.2 vs 40.7 + 12.7 years, p = 0.035) and had lower 
blood pressures (systolic: 130.2 + 17.2 vs 132.5 + 18.1 mmHg,  
0.05 < p  < 0.1; diastolic: 79.7 + 8.4 vs 81.3 + 9.2 mmHg,  p = 
0.0023). 

On the second visit, body weight and height were measured 
and recorded along with blood pressure and total daily insulin. 
Blood was taken for measurement of glycated haemoglobin, 
blood glucose and serum creatinine, while the patients were 
in the fasting state. 

Clinical and laboratory methods. Single blood pressure record- 
ings (Korotkoff phases I/V) to the nearest 5 mm Hg were taken 
on each visit after 5-rain rest with an ordinary mercury sphyg- 
momanometer,  with appropriately sized cuffs. Body weight 
was obtained in light indoor clothing, and height was mea- 
sured with no shoes. Body mass index was calculated and ex- 
pressed in kg/m 2. Single void, non-timed urine samples were 
collected with no preservative added. Timed overnight urine 
samples were collected in bottles with preservative (Thimero- 
sal, Sigma Chemical Co., St. Louis, MO, USA; 500 ~1 of a i g/1 
solution per bottle; and NaOH,  500 ~1 of a 4 mol/1 solution 
per bottle). Al l  urine samples were aliquoted and stored at 
-20 ~ or less until analysis. The measurements of UAlb (RIA; 
either Pharmacia, Uppsala, Sweden; or SCLAVO, Cinisello 
Balsamo, Italy) and urinary creatinine (Jaff6 reaction) [29] 
were centralised by region, with a total of nine laboratories. 
The inter-laboratory coefficient of variation in UAlb, as evalu- 
ated by an external quality control programme, was 40 % 
around 3.4 mg/1, but less than 15 % at concentrations in the mi- 
croalbuminuric range was acceptable [30]. The variability in 
the measurement of urinary creatinine concentration was com- 
parable with the preliminary stage of the study [28]. Serum 
creatinine and blood glucose (routine enzymatic-colorimetric 
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Table 1. Rates of macroalbuminuria (UAlb >_ 150 mg/1) and microalbuminuria (UAlb < 150 rag/l, but A/C higher than the indi- 
cated gender-specific levels) by gender and duration of diabetes among 3,636 patients without treated hypertension fulfilling 
phase i entry criteria 

Duration Men Women 

of IDDM UAlb < 150 rag/1 UAlb _> 150 rag/1 UAlb < 150 mg/1 
(years) A/C >__ 2.38 mg/mmol A/C _> 2.96 mg/mmol 

UAlb >_ 150 mg/1 

n Rate 95 % C.I. Rate 95 % C.I. n Rate 95 % C.I. Rate 95 % C.I. 

0405 254 11.8 8.2-16.6 1.6 0.5-4.2 170 11.2 7.0-17.1 3.5 1.4-7.9 
06-10 479 1 3 . 6  10.7-17.0 3.3 2.0-5.4 374 1 2 . 6  9.4-16.5 2.1 1.0-4.3 
11-15 445 1 9 . 3  15.8-23.4 6.5 4.5-9.3 354 17 .5  13.8-21.9 2.8 1.4-5.3 
16-20 321 20.3 16.1-25.2 8.4 5.7-12.1 332 19 .3  15.3-24.0 5.7 3.6-8.9 
21-25 248 21.0 16.2-26.7 8.5 5.4-12.8 200 16.0 11.3-22.0 6.5 3.7-11.1 
26-30 121 24.8 17.6-33.6 8.3 4.2-15.0 141 22.7 16.3-30.7 2.8 0.%7.5 
31+ 103 28.2 19.9-38.0 9.7 5.0-17.5 94 7.4 3.3-15.2 8.5 4.0-16.6 
All strata 1 9 7 1  1 8 . 1  16.4-19.9 5.9 4.9-7.1 1665 15.8 14.1-17.7 4.1 3.2-5.2 

methods) were likewise centralised at the same laboratories. 
Glycated haemoglobin was measured locally, and depended 
on HbA I or HbAic determinations; data were then individual- 
ly readjusted to the local mean and SD of normal, and expres- 
sed in number of SD above the mean of normal [23]. 

Diagnostic criteria. The diagnosis of IDDM was established by 
the presence of insulin-treated, ketosis-prone diabetes with on- 
set before the age of 40 years. Poor glycaemic control was de- 
fined as glycated haemoglobin levels more than 3 SD above 
the mean of normal [23]. The diagnosis of arterial hyperten- 
sion was consistent with WHO criteria, but normal blood pres- 
sure was restricted to the patients with systolic/diastolic re- 
cordings less than 140 and 90 mmHg, respectively, to comply 
with recent consensus [23]. The finding of AER in the range 
of 20-200 ~g/min in at least two out of three sterile (nitrite- 
and leucocyte-dipstick negative) collections established the 
presence of microalbuminuria. 

For the purpose of statistical analysis, albuminuria mea- 
surements obtained during study phase I were categorised by 
the use of UAlb and A/C levels as previously stated [28]. In 
line with the traditional use of concentration (dipstick-re- 
agent) tests for the diagnosis of clinical proteinuria, UAlb 
over 150 rag/1 was used to suggest the presence of AER over 
200~tg/min. Among the patients with lower UAlb, A/ 
C _> 2.38/2.96 rag/retool (male/female) was assumed to detect 
AER higher than 20 lxg/min with 77 % sensitivity and 78 % 
positive predictive value. As more than 20 % of the patients 
with microalbuminuria have A/C less than the above levels, a 
borderline range was considered, and A/C under 1.20/ 
1.52 mg/mmol (male/female) was taken to suggest AER un- 
der 20 ~tg/min with a predictive value over 99 %. 

Statistical analysis 

Data were analysed by the use of commercial software pack- 
ages (SAS and JMP; SAS Institute Inc., Cary, NC, USA), and 
are presented as arithmetic mean with SD or rates with 95 % 
C.I. Variables deviating from the normal distribution (signifi- 
cant Kolmogorov-Smirnov-Lilliefors or Wilks-Shapiro test, ac- 
cording to a sample size of larger or smaller than 2000) were 
conservatively rank-averaged before analysis, as appropriate. 
Differences between groups were addressed by one-way analy- 
sis of variance, allowing for unequal variance according to 
Welch, and significance was adjusted for multiple compari- 
sons by the Tuckey-Kramer test. Simple relationships bet- 

ween categorical effects were addressed by contingency table 
analysis. Multiple regression, analysis of covariance and logis- 
tic models were addressed by the general linear models proce- 
dure after rank-transformation of all continuously distributed 
variables. Reports include the number of df due to model and 
effect components, which are directly relevant to chi square- 
based analyses. The dfdue to error, as relevant to F Ratio sta- 
tistics, can be obtained by [n - (1 + dr)], where n is the total 
number of observations. As statistical associations were simi- 
lar before and after rank-transformation the usual parametric 
analyses were chosen for model presentation, with beta-coeffi- 
cients indicating the change in the dependent variable per unit 
increase of the independent variable. The null hypothesis was 
rejected for two-tailed p levels below 5 %. 

Results 

Study phase 1. R a i s e d  U A l b  and  A / C  levels, respec-  
tively, suggest ing the  p r e sence  of  A E R  in the  m a c r o -  
and  mic roa lbuminu r i c  range,  were  found  for  all dia- 
be tes  durat ions,  b o t h  a m o n g  m a l e  and  f e m a l e  pa-  
t ients  (Table 1). Male  gende r  and  dura t ion  of  d iabe tes  
were  posi t ively  assoc ia ted  with g rea te r  p robab i l i t y  of  
U A l b  >_ 150 rag/1 (n = 3636; whole  m o d e l  R 2 = 0.028, 
p < 0.0001; gender :  p = 0.0051; dura t ion  of  diabetes:  
p < 0.0001) and  A / C  in the  r ange  of  m i c r o a l b u m i n u r i a  
a m o n g  those  wi th  U A l b  < 150 rag/1 (n = 3451; whole  
m o d e l R  2 = 0.014,p < 0.0001; g e n d e r : p  = 0.0098; dura-  
t ion of  diabetes :  p < 0.0001), a l though  the  raw re la t ive  
risk for  m e n  was jus t  a b o v e  1 b o t h  for  the  p r e sen ce  of 
U A l b  > 150 mg/1 (1.48; 95 % C.I .  = 1.09-2.00) and  for  
the  p re sence  of  A / C  in the  mic roa lbuminu r i c  range  
(1.16; 9 5 %  C.I .  = 1.01-1.32). Deta i l s  of  the  clinical 
f ea tu res  of  pa t ien ts  at  phase  i we re  also cons is tent  
with para l le l  associat ions of  ra ised  ur inary  a lbumin  
with o lder  age and  h igher  b lood  pressures ,  wi th  ar te-  
rial  and  bo rde r l ine  h y p e r t e n s i o n  t oge the r  character is -  
ing up  to 40 % of the  pa t ien ts  wi th  A / C  in the  microa l -  
buminur ic  r ange  (Table  2). 

A m o n g  the  pa t i en t s  wi th  U A l b  less than  150 mg/I,  
having  A / C  in the  mic roa lbuminu r i c  r ange  r e m a i n e d  
i n d e p e n d e n t l y  re la ted  to hype r t ens ion  (p = 0.0016), 
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Table 2. Details of 3,636 IDDM patients without treated hypertension fulfilling phase i selection criteria 

Urinary albumin concentration 

< 150 mg/1 _> 150 rag/1 

Urinary A/C ratio (mg/mmol) 

(Male) < 1.20 1.20-2.37 _> 2.38 
(Female) < 1.52 1.52-2.95 --> 2.96 

Group 
Number and sex (male/female) 
Age (years) 
Duration of diabetes (years) 
Systolic blood pressure (mm Hg) 
Diastolic blood pressure (ram Hg) 
Known serum creatinine (~,mol/1) 
Arterial hypertension (%) 
Borderline hypertension (%) 

A B C D p-value 
1,201/1,057 296/277 357/263 117/68 0.0094 
36.9 • 12.3 36.9 • 12.7 40,1 _+ 12.8" 41.2 • 12.7 a < 0.000l 
14.6 _+ 8.4 14,9 + 8.1 16,8 • 8.3 a 18.4 �9 8.8 a < 0.0001 

126.1 • 14.9 129.1 • 16.6 b 130.7 + 16.9 b 136.1 • 18.8 c < 0.0001 
78.4 • 8.3 79.5 • 8.4 b 80.3 • 8.7 b 82.5 _+ 8.7 c < 0.0001 
77.6 • 15.8 76.3 • 16.0 77.4 • 17.6 85.1 • 20.2 c < 0.0001 
5.3 (4.5-6.4) 9.7 (7.5-12.6) 10.6 (8.4-13.4) 18.9 (13.7-25.5) < 0.0001 

22.2 (205-24.0) 25.5 (22,0-29.3) 29.0 (25,5-32.8) 35.1 (28.4-42.5) < 0.0001 

Data are arithmetic mean + SD or rates with 95 % confidence limits in parentheses. 
"p < 0.05 vs groups A and B, bp < 0.05 vS group A and D, and Cp < 0.05 vs all other groups, allowing for multiple comparisons 

Table 3. Rates of hypertension by duration of diabetes and urinary albumin to creatinine ratio among 3,451 IDDM patients with 
UAlb < 150 rag/1 without treated hypertension fulfilling phase I entry criteria 

Duration Male 
of IDDM (years) A/C < 1.20 mg/mmol A/C = 1.20-2.37 mg/mmol A/C _> 2.38 mg/mmol 

Female 

A/C < 1.52 mg/mmol A/C = 1.52-2,95 mg/mmol A/C _> 2.96 mg/mmol 

n Rate 95 % C.I. n Rate 95 % C.I. n Rate 95 % C. 1. 

04-s 305 1 5 , 1  11.4-19.7 60 15.0 7.5-27.1 49 26.5 15.4-41.3 
06-10 579 19.2 16.1-22,7 138 21.7 15.4-29.7 112 27.7 19.8-37.1 
11-15 468 23,7 20.0-27,9 144 31.2 23.9-39.6 148 29.1 22.0-37.2 
16-20 382 34.8 30.1-39.9 96 40.6 30.9-51.1 129 45.7 37.0-54.7 
21-25 257 40.5 34.5-46.8 73 5 2 . 1  40.1-63.8 84 46.4 35.6-57.6 
26-30 155 41.9 34.2-50.1 31 64.5 45.4-80.2 62 61.3 48,0-73.1 
31+ 112 47.3 37.9-56.9 31 67.7 48.5-82.7 36 63.9 46.2-78.7 
All strata 2258 27.6 25.8-29.5 573 35.2 31.4-39.3 620 39.7 35.8-43.7 

male  gender  (p = 0.0350), and dura t ion  of  d iabetes  
(p = 0.0082) weighing for  the effects  of  age (p = NS) 
and l abo ra to ry  of  m e a s u r e m e n t  (p < 0.0001) in a mul-  
t iple logistic regress ion mode l  (n = 3451; whole  mod-  
el R 2 = 0.026, p < 0.0001). Comparab l e  ra tes  of  hyper-  
tens ion  were  present ,  however ,  among  those  with 
border l ine  A / C  (Table 2). Table 3 shows unad jus ted  
rates of  hype r t ens ion  by  dura t ion  of  d iabetes  and A/  
C levels. 

L ine a r  mode ls  rec iprocal ly  addressing the  con- 
comitants  of  systolic and diastolic b lood  pressure  re- 
conf i rmed  a posi t ive and significant effect  of A /C  
a m o n g  the pat ients  with UAlb  < 150 mg/1 indepen-  
den t  of  the  paral le l  associations of  b lood  pressures  
with age and male  gender  (Table 4). The re  was also 
an i n d e p e n d e n t  re la t ionship  be tween  systolic b lood  
pressure  and diabetes  durat ion.  

Study phase 2. Of  the 529 pat ients  who comple t ed  the 
study, 47 had  mac roa lbuminu r i a  and 198 had  microal-  
buminur ia ,  yielding a p ropor t iona l ly  reca lcu la ted  

ra te  of  mic roa lbuminur ia  of  10.7 % out  of  the non-  
macroa lbuminur i c  patients,  which did not  account  
for  the 89 % sensitivity of  the screening t echn ique  
[28]. 

Compar i sons  of  thei r  clinical fea tures  with the 
284 pat ients  who tu rned  no rmoa lbuminur i c  recon-  
f i rmed  the above  descr ibed  associations of  raised 
A E R  with o lder  age, male  gender ,  longer  dura t ion  
of  d iabetes  and h igher  b lood  pressure  (Table 5). 
Ra tes  of  ar ter ial  and border l ine  hyper t ens ion  ap- 
p ro x im a ted  phase  1 findings in the cor responding  
subsets. In  addit ion,  A E R  was para l le led  by  small 
bu t  significant di f ferences  in body  mass index and 
se rum creat inine,  whereas  d i f ferences  in daily insulin 
dose, b lood  glucose and glycated haemog lob in  levels 
were  not  significant. Likewise,  p o o r  glycaemic con- 
trol  charac ter i sed  a major i ty  of  the pat ients  in bo th  
groups. 

Simple regress ion analyses indicated  that  among  
the pat ients  with mic roa lbuminur ia  the re  were  bor- 
der l ine  inverse re la t ionships  of  diabetes  dura t ion  
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Table 4. Study phase 1. Linear models examining the influence of the A/C ratio on systolic and diastolic blood pressure among 
3,451 IDDM patients with urinary albumin concentration less than 150 mg/1 and without treated hypertension 

Response Systolic blood pressure Diastolic blood pressure 

Whole-model test R 2 F Ratio p R 2 F Ratio p 
0.254 97.7 < 0.0001 0.099 31.6 < 0.0001 

Nominal effects /3-coeff. + SEM F Ratio p fi-coeff. + SEM F Ratio p 
Gender" - 1.18 + 0.23 25.5 < 0.0001 - 0.72 + 0.14 27.0 < 0.0001 
Laboratory b 16.4 < 0.0001 14.5 < 0.0001 

Interval effects fi-coeff. + SEM F Ratio p fi-coeff. + SEM F Ratio p 
Age 0.50 + 0.02 458.2 < 0.0001 0.15 + 0.01 114.0 < 0.0001 
Duration of diabetes 0.14 + 0.02 15.8 0.0001 0.02 + 0.02 1.0 NS 
log A/C 2.65 _+ 0.47 31.3 < 0.0001 1.44 + 0.28 26.7 < 0.0001 

a The least square means (+ SEM) were higher among male patients both for systolic (128.31 _+ 0.34 vs 125.95 + 0.36 mmHg) and 
for diastolic blood pressure (79.63 + 0.20 vs 78.20 + 0.22). b Parameter estimates (n = 8) were omitted because not relevant to 
pathophysiology 

Table 5. Clinical characteristics of 529 IDDM patients who completed phase 2 evaluation 

Normoalbuminuria Microalbuminuria Macroalbuminuria p-value 

Number and sex (male/female) 112/172 
Age (years) 36.4 + 13.1 ~ 
Duration of diabetes (years) 15.5 + 8.6" 
Serum creatinine (~mol/1) 76.5 + 14.5 a 
Body mass index (kg/m 2) 23.7 + 3.2 
Insulin dose (IU/24 h) 41.6 + 14.0 
Blood glucose (mmol/1) 10.9 + 4.3 
Glycated haemoglobin b 6.12 + 3.8 
Poor glycaemic control ~ (%) 79.2 (73.%83.7) 
Systolic blood pressure (mmHg) 126.5 + 15.6 a 
Diastolic blood pressure (mm Hg) 79.6 _+ 7.8 a 
Arterial hypertension (%) 6.7 (4.2-10.4) 
Borderline hypertension (%) 19.7 (15.3-24.9) 

129/69 36/11 < 0.0001 
41.4 + 13.2 45.3 + 10.1 < 0.0001 
18.0 + 8.9 19.7 + 8.3 0.0005 
83.7 + 16.8 a 94.5 + 22.1 a < 0.0001 
24.4 + 3.2 26.0 _+ 4.7 ~ 0.0014 
43.9 + 16.8 45.5 + 18.6 NS 
11.4 + 4.7 12.1 + 4.1 NS 
6.60 + 3.4 6.94 + 3.1 NS 
84.3 (78.4-89.0) 85.1 (71.1-93.3) NS 

134.4 + 16.1 139.1 + 18.0 < 0.0001 
82.5 + 8.3 84.0 + 7.6 < 0.0001 
12.6 (8.5-18.3) 23.4 (12.8-38.4) 0.001 
35.9 (29.3-43.0) 34.0 (21.3-49.4) 0.0001 

Overall statistical significance by analysis of variance or contingency table analysis, ap < 0.05 vs both of the other groups, b Ex- 
pressed in number of SD above the mean of normal, c Glycated haemoglobin levels higher than 3 SD above the mean of normal 

wi th  insulin dose  (d-coeff ic ient  + SEM: - 0.26 + 0.13, 
0.05 < p  < 0.1) and  g lyca ted  h a e m o g l o b i n  levels 
( -  0.050 + 0.027, 0.05 < p  < 0.1). A m o n g  those  with 
n o r m o a l b u m i n u r i a ,  the re  was a nega t ive  associa t ion  
with insulin dose  ( -  0.25 _+ 0.10, p = 0.0102), though  
not  with g lyca ted  h a e m o g l o b i n  levels ( - 0 . 0 2  + 0.02; 
p = NS).  D u r a t i o n  of  d iabe tes  was p o s i t i v e l y  corre-  
la ted  with age, b lood  p ressure  and  s e rum crea t in ine  
in b o t h  of  the non-p ro te inu r i c  groups.  

Mul t ip le  regress ion  analyses  sugges ted  tha t  b lood  
pressure  was i n d e p e n d e n t l y  assoc ia ted  with d iabe tes  
dura t ion  only  a m o n g  those  pa t i en t s  wi th  mic roa lbu -  
minur ia ,  whe reas  age and  b o d y  mass  index were  the  
m a i n  concomi t an t s  of  systolic and  diastol ic  b lood  
pressure  in the  subset  of  n o r m o a l b u m i n u r i c  pat ients ,  
also af ter  a l lowing m o r e  var iab les  of  pu ta t ive  rele-  
vance  to b lood  p ressure  in the  statistical mode l s  (Ta- 
ble 6). 

Discussion 

This s tudy repor t s  the ra tes  of  m i c r o a l b u m i n u r i a  in a 
large g roup  of  I D D M  ou tpa t i en t s  wi thou t  clinical 
p ro te inur ia ,  address ing  for  the  first t ime  the  p ropor -  
t ion of these  pa t i en t s  who  m a y  be  cand ida tes  for  anti-  
hype r t ens ive  t r e a t m e n t  and  nea r -no rma l i s a t i on  of  
g lycaemic  cont ro l  [22, 23]. F u r t h e r m o r e ,  analyses  of  
the  concomi tan t s  of  ra ised ur inary  a lbumin  agree  
with k n o w n  posi t ive  and  i n d e p e n d e n t  associa t ions  
with ma le  gende r  [1, 9, 11, 12, 31, 32], dura t ion  of  dia- 
be tes  [9, 11] and  b l o o d  pressure  [9-12, 33]. 

In  con t ras t  wi th  an initial screening  es t ima te  of  
17.9 % f r o m  A / C  of  single r a n d o m  ur ine  samples ,  
the  reca lcu la ted  ra te  of  m i c r o a l b u m i n u r i a  was only 
10.7 % af ter  mul t ip le  m e a s u r e m e n t s  of  A E R  in over-  
night  collections. H o w e v e r ,  b o t h  the  i n c o m p l e t e  sen- 
sitivity of  the  ope ra t i ve  A / C  cut -of f  level  [28] and  
the  clinical f ea tu res  of  the  pa t ien ts  who  were  re-ex-  
a m i n e d  were  consis tent  wi th  a nega t ive  se lec t ion 
bias dur ing the  second  phase  of  the  study. Also,  day-  
t ime  increases  in a lbumin  excre t ion  [34], ref lect ing 
the  acute  effects  of  d ie ta ry  p ro t e in  in take  [35] and  
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physical exercise [36], may parallel the above differ- 
ence. A/C is not an alternative to A E R  in the diag- 
nosis of microalbuminuria, but our use of indepen- 
dent A/C levels which are known to detect A E R  
above 20 ~tg/min with identical sensitivity and posi- 
tive predictive value [28] may minimise the bias in 
the calculation of the expected rates. Our initial pa- 
tients were not selected to represent all of those 
with a clinical record at participating clinics, as 
other studies have done [9-11]. It has been shown 
that if recruitment is made from patients attending 
the clinic twice per year, there is a lower chance of 
selecting patients with complications [2, 37]. Under  
these assumptions, a 17.9 % rate may be more repre- 
sentative, and comparable with a 14.9% estimate 
from Denmark [10], but remains less than the initial 
finding of a 27 % prevalence also from Denmark 
[9]. A considerably lower rate of 3.7 % was reported 
by the Microalbuminuria Collaborative Study Group 
[11], by re-examination of patients initially selected 
by less sensitive criteria, and with the restriction of 
the diagnosis of microalbuminuria to A E R  above 
30 ~g/min. 

Interestingly, about 11% of the patients with a 
short duration of diabetes may have microalbumin- 
uric A/C levels. This was not previously considered 
by two studies [9, 10] and could have been missed in 
a smaller sample of patients [11]. However, microal- 
buminuria is rare at IDDM onset [38], and our exclu- 
sion of patients with less than a 4-year duration may 
have positively biased our estimate. 

Higher rates of microalbuminuria characterised 
patients later in the course of diabetes, and were not 
uncommon with long diabetes duration [9, 11], when 
the risk of developing nephropathy might be re- 
duced [1, 2[. The concomitants and outcome of mi- 
croalbuminuria late in the course of diabetes are un- 
clear [39-41]. Trends in the reduction of incidence of 
persistent proteinuria are generally assumed to paral- 
lel improvements in the standards of glycaemic con- 
trol [32, 42], and may indicate a later development of 
microalbuminuria [26] or persistence of the subclini- 
cal stage [24-26]. Furthermore, poor glycaemic con- 
trol is a known factor of progression to [43, 44] and 
through the course of microalbuminuria [41], and 
the trend to an inverse association of diabetes dura- 
tion with glycated haemoglobin levels among our mi- 
croalbuminuric patients may reflect this. Statistical 
modelling also suggested that blood pressures may 
be positively related to diabetes duration, indepen- 
dent of AER,  only among the patients with microal- 
buminuria, suggesting that hypertension could be 
more common among those with a stow disease pro- 
gression. This association was not detectable in the 
subset of patients who were normoalbuminuric at re- 
examination, where two common concomitants of 
hypertension, age and body mass index, were the pre- 
dominant effects associated with blood pressure, and 
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long diabetes duration could indicate protection 
from the risk of kidney damage [1, 2, 13]. 

Interpretation of cross-sectional data should be 
conservative [45], and our study excludes from de- 
tailed evaluations the normoalbuminuric patients 
who initially screened negative. Furthermore, nei- 
ther family history of hypertension nor erythrocyte 
sodium-lithium countertransport activity were con- 
sidered. These may be positively associated with 
overt nephropathy [46-48], microalbuminuria [49, 
50] and blood pressure [14, 50] in IDDM. In the sin- 
gle cohort study accounting for all these factors 
among patients with a 15-20 year diabetes duration, 
elevated sodium-lithium countertransport was relat- 
ed to higher risk of developing either nephropathy 
(in the presence of poor glycaemic control) or simple 
hypertension (with excellent glycaemic control). In 
contrast to the above observations, the risk of simple 
progression to microalbuminuria was predominantly 
attributed to poor glycaemic control, and not to ele- 
vated sodium-lithium countertransport, which did 
not reach significance [141 . 

While the nature of the genetic background of ne- 
phropathy is controversial [48, 51], our failure to as- 
sociate microalbuminuria with poor glycaemic con- 
trol may either parallel the above selection bias, or 
relate to the smaller power of cross-sectional evi- 
dence, where this relationship is likewise missed [9, 
11, 51, 52]. Also, the finding that a large majority of 
microalbuminuric patients may be candidates for the 
near-normalisation of glycaemia may be of little in- 
terest after the recent results of the Diabetes Control 
and Complications study [26]. This clearly indicated 
that intensive insulin treatment is highly relevant to 
the primary prevention of nephropathy, with microal- 
buminuria being delayed by several years [26]. Inten- 
sive insulin treatment can also delay the onset of dia- 
betic retinal and neural abnormalities, thus encourag- 
ing early and aggressive correction of hyperglycae- 
mia, irrespective of complications being present [26]. 
However, the incidence of microalbuminuria could 
not be entirely suppressed, and the target of near-nor- 
moglycaemia may not be feasible in all the patients 
randomised to intensive treatment [26]. Further- 
more, the benefits of treatment must be weighted 
against the possibility of severe hypoglycaemia, sup- 
porting the prospective use of alternative measures 
in the prevention of nephropathy. 

In line with several other studies, only a relatively 
small minority of our patients with microalbumin- 
uria would be considered for treatment according to 
the conservative WHO diagnosis of hypertension [9- 
12]. Recent expansion of the criteria to include those 
with borderline hypertension may increase the num- 
ber to 40-50 %, although a majority of these patients 
appear to be among those with long diabetes dura- 
tion as expected [9]. Thus, current indications to 
treat hypertension in microalbuminuria are in favour 
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of patients whose kidney damage follows a relatively 
benign course. In addition, the proport ion of nor- 
moalbuminuric patients who may be considered for 
antihypertensive treatment following recent consen- 
sus has also considerably expanded, albeit less than 
in microalbuminuria. This intervention is justified in 
normoalbuminuria mainly because of cardiovascular 
considerations [22, 23], as its relevance to the pri- 
mary prevention of nephropathy is not known, and 
findings that raised blood pressure may anticipate mi- 
croalbuminuria remain controversial [43, 44, 53]. 

A majority of the patients who present microalbu- 
minuria early in the course of diabetes are normoten- 
sive if judged by the current criteria. While the pres- 
ence of microalbuminuria per  se may not always indi- 
cate a fast progression to proteinuria [41], two studies 
have now reported that the onset of proteinuria can 
be postponed by antihypertensive treatment in nor- 
motensive I D D M  patients with microalbuminuria, 
independent  of changes in glycaemic control [21, 54]. 
Indeed, cost-benefit ratio analyses of screening for 
microalbuminuria, and administration of antihyper- 
tensive treatment irrespective of blood pressure in a 
computer-simulated cohort of these patients, have 
been consistent with life- and money-saving effects 
[551. 

In conclusion, indications to treat borderline hy- 
pertension may largely implement the secondary pre- 
vention of nephropathy, although most patients are 
simply candidates for near-normalisation of glycae- 
mia. Should the benefits of systemic blood pressure 
reduction among normotensive patients with micro- 
albuminuria be confirmed, it might extend to micro- 
albuminuria per  se, and add to the benefits of near- 
normalising glycaemic control. 
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