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This study examined factors contributing to the
development of microalbuminuria in diabetic patients. A
total of 236 patients with Type 2 diabetes were studied: 143

were normoalbuminuric and 86 were also normotensive.
Multiple regression analysis was used to identify factors
influencing the urinary albumin index (VAl), an index of
proteinuria based on urinary albumin adjusted for urinary
creatinine. Significant factors (retinopathy, systolic blood
pressure, and glycosylated haemoglobin) were used to
generate a formula for estimating the loge VAl. Target
values for systolic blood pressure and glycosylated
haemoglobin to maintain the urinary albumin index at or
below 22 were determined for different degrees of
retinopathy. Normoalbuminuric patients were followed for
3 years to evaluate their progression to microalbuminuria.
Each month, blood pressure, urinary albumin and
creatinine, and glycosylated haemoglobin were measured.
In normotensive, normoalbuminuric patients, initial
urinary albumin index and loge VAl were significantly
higher in patients who subsequently developed
microalbuminuria. Patients with initial loge VAl > 3.09 or
initial glycosylated haemoglobin > 6.0% also showed
greater progression to microalbuminuria. Hyperglycaemia
was an independent factor for the development of
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microalbuminuria in Type 2 diabetes. The urinary albumin
index was most significantly affected by retinopathy,
systolic blood pressure, and glycosylated haemoglobin. The
estimated loge VAl calculated from these factors is a useful
predictor of progression to microalbuminuria.
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INTRODUCTION
Clinical diabetic nephropathy is defined as
the development of persistent proteinuria
and hypertension.':' Life expectancy is short­
ened due to a high risk of renal failure, car­
diovascular disease, or both.':" Clinical dia­
betic nephropathy is preceded by incipient
diabetic nephropathy! - B characterized by
persistent microalbuminuria. Once clinical
diabetic nephropathy has developed, pro­
gression is difficult to prevent by improved
metabolic controlv'" or antihypertensive
therapy.":" Indeed, it has been demonstrated
that strict metabolic control over 12 months
does not reverse diabetic microalbumin­
uria." The factors involved in progression
from normoalbuminuria to microalbumin­
uria remain unclear.!"

In the present study, factors contributing
to the development of microalbuminuria
were examined to identify means of main­
taining normoalbuminuria and to clarify use­
ful predictors of progression from normoal­
buminuria to microalbuminuria.

PATIENTS AND METHODS

PATIENTS
The group initially screened for inclusion in
this study were 236 patients with non-insu-
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lin-dependent diabetes mellitus (Type 2
diabetes) followed in the diabetes out-patient
clinic of our hospital for a period of at least 3
months between 10 January and 30 June
1987. The diagnosis of Type 2 diabetes was
based on WHO criteria. All patients were
stable with regard to metabolic control,
blood pressure, and other relevant para­
meters and had no history of cardiovascular,
renal, or urinary tract disease (Table 1). In
Table 1, the age given is when the patient
was registered for the study, and disease dur­
ation is the period from the initial diagnosis
of Type 2 diabetes until the time the patient
was enrolled in the study.

PROCEDURE
Fasting morning urine samples were
obtained from each patient, and albumin and
creatinine concentrations were measured
by imrnunonephelornetry" and enzymatic
analysis," respectively. The urinary albumin
index (UAI) was calculated as the ratio of
albumin to creatinine (mg/g of creatinine) to
adjust for fluctuations in urinary albumin
excretion. The urinary albumin excretion
rate (AER) can be calculated from the UAI
using the formula loge AER = 0.86 X loge
UAI."i Patients were classified according to
the definition of albuminuria adopted by our
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Clinical and demographic details of the study population (n = 236)

Variable

Age (years)
Height (em)
Weight (kg)
Body mass index (kg/m 2

)

Disease duration (years)
Urinary protein (g/day)
Urinary albumin index (mg/g creatinine)
Logeurinary albumin index
Glycosylated haemoglobin (%)

Blood urea nitrogen (mg/dl)
Serum creatinine (mg/dl)
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)

Mean ± SO

57.0±13.75
158.5 ± 9.08
56.8 ± 10.07
22.5 ± 3.26
7.02 ± 7.09
0.45 ± 0.68
170 ± 825

3.13±1.61
7.47 ± 1.99

17.37±5.73
0.98 ± 1.30

133.8 ± 23.2
75.7 ± 12.2

Range

15-87
136 -184

37.8-100.0
16.3-41.6

0-33
0-2

0.7 -11036
-0.35- 9.3

4.1 -13.9
7.1 - 50.6

0.34 -3.0
99 - 204
40 -114

laboratory:":" 143 patients showed normoal­
buminuria (DAI ,,; 22 mg/g creatinine), 33
patients showed microalbuminuria (22 <
DAI ,,; 50.5 mg/g creatinine) and 60 patients
showed macroalbuminuria (DAI > 50.5 mg/g
creatinine) .

Multiple regression analysis was per­
formed to identify the factors most closely
correlated with maintenance of normoalbu­
minuria. Loge DAI was used as the criterion
variable and 11 factors, as explanatory vari­
ables, giving a total of 12 factors in multiple
regression analysis. Absolute values were
used for the following explanatory variables:
age (years), body mass index [kg/rn"], dur­
ation of diabetes (years), glycosylated hae­
moglobin (%), blood urea nitrogen (mg/dl),
serum creatinine (mg/dl), and systolic blood
pressure (mmHg). Qualitative explanatory
variables were assigned numerical values as
follows: sex, male = 0, female = 1; diabetic
treatment, diet =0, sulphonylureas =1, insu­
lin = 2; antihypertensive therapy, no = 0,
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yes = 1; and retinopathy, retinopathy-free =

0, non-proliferative retinopathy = 1, prolifer­
ative retinopathy = 2. Classification of
retinopathy was based on examination at 6­
month intervals by specialist diabetic oph­
thalmologists at our hospital. Proteinuria
and diastolic blood pressure were excluded
as explanatory variables because of their
close correlations with DAI (r = 0.65) and
systolic blood pressure (r =0.63, Spearman's
correlation factor), respectively.

PROGRESSION STUDY
To study the progression from normoalbu­
rninuria to rnicroalburninuria, the 143 nor­
moalbuminuric Type 2 diabetes patients
were followed for 3 years. At baseline, these
patients were classified according to WHO
criteria" into six groups based on blood
pressure and glycosylated haemoglobin
(HbA,c) levels:
group A, (n = 20)

HbA ,c ,,; 6.0% +hypertensive
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group A, (n = 9)
HbA ,c> 6.0% +hypertensive

group B, (n = 6)
HbA,c0:; 6.0% +borderline hypertensive

group B, (n = 22)
HbA,c> 6.0% +borderline hypertensive

group G1 (n = 23)
HbA,c0:; 6.0% +normotensive

group C2 (n = 63)
HbA, r. > 6.0% +normotensive.

Glycosylated haemoglobin values were
determined by high-performance liquid
chromatography and an automated analyser
(Kyoto Daiichi Kagaku, Kyoto, Japan). Sys­
tolic and diastolic blood pressures were
measured over the brachial artery with a
standard mercury sphygmomanometer (cuff
size: 25 em x 12 em) after approximately 90
min supine rest.

These patients were then monitored at
monthly visits, where blood pressure was
measured and fasting blood and urine
samples were collected. Urinary albumin
and creatinine, and glycosylated haemo­
globin were measured as described above.
UAI and urinary albumin excretion rate were
calculated and used to classify each patient
as normo-, micro-, or macroalbuminuric, as
described above, after ruling out urinary
tract infection and other disorders known to
increase urinary protein excretion. If mic­
roalbuminuria was consistently recorded at
each visit after the initial diagnosis, persist­
ent microalbuminuria was diagnosed. Clini­
cal diabetic nephropathy was defined as
Albustix't-positive (Bayer-Sankyo Co Ltd,
Tokyo, Japan).

STATISTICAL ANALYSIS
A P value of less than 0.05 was considered
statistically significant. The x' test was
applied when appropriate.
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RESULTS
Multiple regression analysis with loge UAI as
the criterion variable and other factors
as explanatory variables showed that the
explanatory variables with the greatest
weights were diabetic retinopathy, systolic
blood pressure (SBP) and glycosylated hae­
moglobin (HbA,cl in that order (n = 235, R2 =
0.4079, P = 0.0001; Table 2). The other
explanatory variables were not statistically
significant. Using these three significant
variables, multiple regression analysis was
repeated and the following formula was
obtained:

estimated loge UAI = (0.88439 x
retinopathy) + (0.02328 x SBP) + (0.17935 x

HbA ,c)- 1.61848 (1)

The relationship between systolic blood
pressure and the glycosylated haemoglobin
level was examined using formula (1) to clar­
ify how these factors might relate to main­
taining a normoalbuminuric UAI value (Fig.
1).

Seven (4.9%) of the 143 normoalbumin­
uric patients dropped out of the study for
reasons such as change of residence or
employment. During the 3-year follow-up
period, retinopathy developed in none of our
patients, and persistent microalbuminuria
developed in 36 (26.5%) of the remaining
136 patients (3 of 19 in group A" 3 of 8 in
group A2 , 0 of 5 in group B1 , 9 of 22 in group
B2,1 of 21 in group C

"
and 20 of 61 in group

C2 ), but not in the other 100 (73.5%). There
were no patients in whom the development
of proteinuria was questionable, and none
developed fatal uraemia. The identification
of microalbuminuria was not difficult
because only normoalbuminuric patients
were selected initially and urinalysis was
repeated at short (t-month) intervals, permit­
ting accurate timing of the onset of persistent
microalbuminuria. The mean interval
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TABU 2

Multiple regression analysis with loge urinary albumin index (UAI) as the criterion variable
and the other 11 factors as explanatory variables

Parameters

Loge UAI (intercept)
Sex
Age
Body mass index
Disease duration
Glycosylated haemoglobin
Diabetes drug use
Antihypertensive drug use
Blood urea nitrogen
Serum creatinine
Retinopathy
Systolic blood pressure

Coefficient

-2.1108
-0.0829

0.0056
0.0006
0.0039
0.1589
0.1356
0.3952
0.0248
0.5074
0.6734
0.0179

Standard error

0.8863
0.1847
0.0078
0.0285
0.0158
0.0457
0.1283
0.2514
0.0195
0.3656
0.1569
0.0048

Tvalue

-2.382
-0.449

0.716
0.020
0.247
3.474
1.056
1.572
1.275
1.388
4.292
3.728

Pvalue

0.0181
0.6540
0.4747
0.9841
0.8048
0.0006
0.2920
0.1174
0.2038
0.1666
0.0001
0.0002

n = 235 (one patient excluded due to insufficient data); f = 0.4079; P = 0.0001.

between the start of the study and the
appearance of persistent microalbuminuria
was 0.96 ± 0.81 years.

Groups A and B were too small, so stat­
istical analysis was applied only to patients
in group C. In the 82 normoalbuminuric,
normotensive patients, the prognostic value
of the initial glycosylated haemoglobin level
was evaluated by examining the time-course
of the glycosylated haemoglobin level com­
pared with the initial glycosylated haemo­
globin level. Glycosylated haemoglobin
values were higher in the group with high
initial glycosylated haemoglobin levels
(group C2 , n = 61) than in the group with nor­
mal initial glycosylated haemoglobin levels
(group C1 , n = 21) at all examination times
(Fig. 2). The prognostic value of the initial
loge UAI or estimated loge UAI was examined
in a similar way. Loge UAI or estimated loge
UAI was higher in the group with high initial
glycosylated haemoglobin levels than in
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those with normal initial glycosylated hae­
moglobin levels at all examination times
(Fig. 3). These results suggest that a high
initial glycosylated haemoglobin level may
indicate subsequent persistently higher gly­
cosylated haemoglobin levels and loge UAL
Systolic blood pressure did not differ signifi­
cantly between the groups with high and
normal initial glycosylated haemoglobin
levels (Fig. 4).

In normotensive, normaalbuminuric
patients, both the initial UAI and the calcul­
ated UAI were significantly higher in the 21
patients who later developed persistent
microalbuminuria (VAl 10.65 ± 1.57; esti­
mated UAI 19.09 ± 2.25) than in the 61
patients who did not (UAI 5.64 ± 3.13; esti­
mated UAI 13.29 ± 1.73; P < 0.02 and P <
0.05, respectively).

For the 82 normoalbuminuric, normoten­
sive patients at the start of the study, initial
estimated loge UAI was calculated from the
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The relationships between systolic
blood pressure and glycosylated hae­
moglobin levels based on formula (1),
needed to maintain the urinary albu­
min index at 22 or less, in patients
with proliferative retinopathy, non­
proliferative retinopathy and no retin­
opathy.

o I 2
Duration (years)

3

retinopathy score, systolic blood pressure,
and glycosylated haemoglobin level using
formula (1). The patients were then divided
into two groups: an estimated microalbumin­
uria group in which the initial estimated loge
DAI was> 3.092 and an estimated normoal­
buminuria group in which the initial esti­
mated loge DAI was ~ 3.092. The incidence
of persistent microalbuminuria at later times
was then examined. According to formula
(1), the glycosylated haemoglobin level
should be higher in patients with initial esti­
mated microalbuminuria, suggesting that
these patients are likely to progress to
microalbuminuria. The results showed that
the incidence of persistent microalbuminu­
ria was higher in patients with initial esti-
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mated microalbuminuria than in those with
initial estimated normoalbuminuria (Fig. 5),

supporting the hypothesis that in normoal­
buminuria, hyperglycaemia may be an
independent factor for the development of
microalbuminuria in normotensive patients.

To further clarify the role of the glycosyl­
ated haemoglobin level as a contributory fac­
tor in progression to microalbuminuria, the
cumulative incidence of persistent microal­
buminuria at the end of the study was com­
pared with the HbA 1c level in the normoten­
sive state. The incidence of persistent
microalbuminuria was significantly higher
in the group with high initial glycosylated
haemoglobin levels (32.8%) than in the
group with normal initial glycosylated hae-
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61).

min level, with the normal range defined as
:S 15 ,ug/min for insulin-dependent diabetes
mellitus (Type 1 diabetes). In previous stud­
ies, we generated the formula loge AER =
0.86 X loge UAI based on morning random
urine samples (P < 0.0001).'0 Since the nor­
mal range for UAI in adults is known to be :S

22,17 the normal range for AER can be calcu­
lated to be :S 14.2 ,ug/min. The cut-off point
between microalbuminuria and macroalbu­
minuria was found to be UAI=50.5. ' R Thus,
UAI and AER ranges corresponding to the
microalbuminuric state were 22 < UAI :S

50.5 mg/g creatinine and 14.2 < AER :S 29.2
,ug/min.

To prevent diabetic nephropathy, the
levels of relevant parameters of diabetes
should be controlled to maintain UAI :S 22.
In the present study, the most significant
explanatory variables for loge UAI were retin-
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Time-course of changes in estimated
loge urinary albumin index (UAI) and
loge UAI, for different initial glycosyl­
ated haemoglobin (HbA,c) levels in
82 normotensive normoalbuminuric
patients. 0: estimated loge UAI in nor­
mal initial HbA,cgroup (group C" n =
21); .: estimated loge UAI in high
initial HbA,cgroup (group C2, n = 61);
0: loge UAI in normal initial HbA1c

group, .: loge UAI in high initial HbA,c
group. "P < 0.05, '''P < 0.02, ""P <

0.01.

moglobin levels (4.8%) (P < 0.05,.t test; Fig.
6).

DISCUSSION
The parameters evaluated in the present
study are reviewed first. The development of
microalbuminuria" is a reliable marker for
the early detection of diabetic nephropathy,
even when Albustix" tests remain negative.'
The urinary albumin excretion rate (AER) is
calculated from the measured urinary albu-
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opathy, systolic blood pressure, and glycosy­

lated haemoglobin level. in that order. This

suggests that it is particularly important to

monitor the systolic blood pmssure and gly­

cosylated haemoglobin level to prevent dia­

betic nephropathy. and that the goal of con­

trolling diabetes mellitus should be to

maintain these factors at levels that maintain
a UAI ~ 22.

Repeated multiple regression analysis

using the above three significant explanatory

variables resulted in formula (1). Using this
formula. the target level of systolic blood

pressure needed to maintain UAI ~ 22 can

he determined. For example, in a patient
with a glycosylated haemoglobin level of 7°/',
and no retinopathy, the target systolic blood

pressure is ~ 148 mmHg. Figure 1 shows, on

the basis of formula (1), the relationships

between glycosylated haemoglobin level and

systolic blood pressure to meet the con­

ditions for UAI ~ 22 in patients with pro­

lifurativo retinopathy, nonprolifnrutive retin­
opathy, and no retinopathy, The values of

glycosylated haemoglohin and systolic blood

pressure required to satisfy UAI ~ 22 can

only he achieved in retinopathy-free patients
in clinical practice,

Even in normotensive. normoalbuminuric

patients, a higher initial estimated log, UAI

(> 3,092, initial estimated microalbuminuria)

indicates a higher risk of progression to

microalbuminuria, since higher glycosylated

haemoglobin values are expected in patients

with higher initial estimated microalbumin­

uria compared with those with lower initial

estimated log, UAI (~ 3.092, initial esti­

mated normoalbuminuria). The results of the
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present study are consistent with this llxlwc­
tat ion (Fig. 5). and help to verify the legit­
imacy of formula (1) for estimating UAI.

The cumulative incidence of persistent
microalbuminuria in normotensive. nor­
moalbuminuric patients was significantly
higher in patients with higher initial gIvco­
sylated haemoglobin values. suggesting that
the hyperglycaemic state is an independent
contributor to progression to persistent
microalbuminuria. Thus. strict metabolic
management must be initiated as early as
possible to prevent the development of dia­
betic nephropathy in patients with Type 2
diabetes.

A similar tendency with respect to glyco­
sylated haemoglobin was observed in nor­
moalbuminuric patients with hypertension

and with borderline hypertension. Because
the number of subjects was small in the pre­
sent study. statistical analysis could not be
applied with respect to the weight of hyper­
tension as a contributor to the development
of rnicroalbuminuria. This point needs to be
studied in more detail. However. the present
study demonstrates that hypertension is not
an essential factor in the progression from
normoalbuminuria to persistent rnicroalbu­
minuria, but that hyperglycaernia is a con­
tributory factor in normotensive patients.

A 5-year prospective study in 205 normo­
tensive normoalbuminuric patients with
Type 1 diabetes showed that initial urinary
albumin excretion and glycosylated haemo­
globin levels were significantly higher in 15
patients who later developed microalbumin-
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uria than in 190 who remained normoalbum- 
inuric, but the initial blood pressure did not 
differ significantly between the two groups.'" 
Our %year prospective pilot study involving 
82 normotensive, normoalbuminuric 
patients with Type 2 diabetes showed sinii- 
lar results: initial glycosylated haemoglobin 
levels UAI. and estimated UAI values were 
significantly higher in the 21 patients who 
developed microalbuminuria than in the 61 
who remained normoalbuminuric. There 
was no significant difference in initial sys- 
tolic blood pressure between the two groups. 
These results justify the use of formula (1). 

Is it possible to prevent diabetic nephro- 
pathy with strict metabolic control? The 
incidence of persistent microalbuminuria in 
patients maintaining glycosylated haemo- 

globin levels 5 8.09% (calculated from 
formula ( 1 )  for a systolic blood pressure of 
140 mmHg) or estimated log,. UAI c: 3.092 
over the entire period of our study was lower 
than that in those with glycosylated haemo- 
globin levels > 8.09%, or estimated log,. 
UAI > 3.092 (Fig. 7). Progression to persist- 
ent microalbuminuria was less frequent for 
estimated UAI 5 22, than for estimated 
UAI > 2, indicating that nephropathy may be 
prevented by maintaining the glycosylated 
haemoglobin level. estimated from formula 
(1). within an acceptable range. 

This study has clarified the target levels 
for various parameters of diabetic control to 
prevent diabetic nephropathy and has also 
demonstrated that hyperglycaemia is an 
independent factor responsible for the devel- 

- * 50] I always logic HbAic 5 8.09% ( n  = 39) 
always logic HbAic > 8.09% ( n  = 18) 

c 
r 

Duration (years) 

Time-course of the incidence of persistent microalbuminuria in groups in which the 
glycosylated haemoglobin (HbAlc) level remained 5 8.09% (I; estimated range for log. 
UAI 5 3.092; n = 39) and in which the HbA,, remained w 8.09% (B; estimated range for 
log. UAI 3.092; n = 18) in 82 normotensive, normoalbuminuric patients. 
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opment of microalbuminuria in Type 2 dia­
betes. The results of this study provide not
only a useful predictor of progression to
microalbuminuria, but also useful guidelines
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