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background

 

In the present study, we aimed to determine the frequency of a significant reduction in
urinary albumin excretion and factors affecting such reduction in patients with type 1
diabetes and microalbuminuria.

 

methods

 

The study included 386 patients with persistent microalbuminuria, indicated by repeat-
ed measurements of urinary albumin excretion (estimated on the basis of albumin-
to-creatinine ratios) in the range of 30 to 299 µg per minute during an initial two-year
evaluation period. Subsequent measurements during the next six years were grouped
into two-year periods, averaged, and analyzed for regression of microalbuminuria,
which was defined as a 50 percent reduction in urinary albumin excretion from one
two-year period to the next.

 

results

 

Regression of microalbuminuria was frequent, with a six-year cumulative incidence of
58 percent (95 percent confidence interval, 52 to 64 percent). The use of angiotensin-
converting–enzyme inhibitors was not associated with the regression of microalbumin-
uria. However, microalbuminuria of short duration, salutary levels of glycosylated hemo-
globin (less than 8 percent), low systolic blood pressure (less than 115 mm Hg), and low
levels of both cholesterol and triglycerides (less than 198 mg per deciliter [5.12 mmol
per liter] and 145 mg per deciliter [1.64 mmol per liter], respectively) were independ-
ently associated with the regression of microalbuminuria. Patients with salutary levels
of all modifiable factors had a hazard ratio for regression of 3.0 (95 percent confidence
interval, 1.5 to 6.0), as compared with patients with no salutary levels of any modifiable
factor.

 

conclusions

 

Frequent regression of microalbuminuria in patients with type 1 diabetes indicates that
elevated urinary albumin excretion does not imply inexorably progressive nephropathy.
Identification of the multiple determinants of the regression of microalbuminuria has
implications for current theories about the mechanisms of early diabetic nephropathy.
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n the early 1980s, three landmark

 

studies of patients with type 1 diabetes sug-
gested an ominous prognosis for those with

minute elevations of urinary albumin excretion, des-
ignated as microalbuminuria. Microalbuminuria
was said to confer a 60 to 85 percent risk of the
development of overt proteinuria within 6 to 14
years.

 

1-3

 

 Although derived from small studies, this
model of diabetic nephropathy held that microalbu-
minuria in type 1 diabetes heralded an inexorable
process leading to overt proteinuria.

Other prospective studies challenged this mod-
el, suggesting a considerably lower risk of pro-
gression to proteinuria

 

4-7

 

; in some patients micro-
albuminuria remained stable, whereas in others
microalbuminuria abated transiently or even per-
manently.

 

8-10

 

 If the factors determining regression
could be identified, they might provide clues to ef-
fective strategies for preventing advanced diabetic
nephropathy.

The Joslin Study of the Natural History of Mi-
croalbuminuria was designed to identify the de-
terminants of the early stages of diabetic nephrop-
athy in type 1 diabetes. Previously published results
described factors affecting the incidence of micro-
albuminuria

 

11,12

 

 and its progression to overt pro-
teinuria.

 

6

 

 In the current study, we aimed to deter-
mine the frequency of a significant reduction in
urinary albumin excretion and the factors affecting
such reduction in patients with microalbuminuria.

 

selection of study participants

 

All patients with type 1 diabetes and microalbumin-
uria who were enrolled in the Joslin Study of the
Natural History of Microalbuminuria

 

6,11,12

 

 were
eligible. Urine specimens from every second pa-
tient with type 1 diabetes who was 15 to 44 years
of age, seen at the Joslin Clinic in Boston between
January 1991 and April 1992, were examined for
urinary albumin excretion (1602 patients). The pa-
tients whose urine specimens were examined were
observed for the next eight years. For analysis, ob-
servation was divided into two-year periods, con-
sisting of an initial evaluation period and a first,
second, and third follow-up period. Microalbumin-
uria was present initially in 312 patients (the preva-
lence cohort) and developed later in another 109
patients during the first or second follow-up peri-
od (the incidence cohort).

 

12

 

 Only 25 patients from
the prevalence cohort (8 percent) and 10 from the

incidence cohort (9 percent) were lost to follow-up,
leaving 386 for analysis. The study protocol and
consent procedures were approved by the commit-
tee on human studies of the Joslin Diabetes Center.
Written informed consent was obtained from all
patients.

 

assessment of urinary albumin excretion

 

The albumin excretion rate was estimated on the
basis of the albumin-to-creatinine ratio in random
urine samples, as previously described.

 

11-13

 

 The
participants provided an average of 3.3 urine sam-
ples per two-year period. Individual values for the
albumin-to-creatinine ratio (measured in milli-
grams per gram) were transformed to a (base-10)
logarithmic scale for analysis and converted to al-
bumin excretion rates (in micrograms per minute)
by the formula log(AER)=0.44+(0.85)log(ACR)–
(0.13)sex, where AER is the albumin excretion rate,
ACR is the albumin-to-creatinine ratio, and sex is
assigned a value of 1 for female patients and 0 for
male patients.

 

13

 

 This conversion formula was de-
rived from an independent sample of patients with
type 1 diabetes who underwent simultaneous de-
terminations of the albumin-to-creatinine ratio
and the albumin excretion rate based on a three-
hour daytime collection (Pearson correlation co-
efficient, 0.97).

 

13

 

At the end of each two-year period, the partici-
pants were classified according to their nephropa-
thy status (normal levels of albumin excretion, mi-
croalbuminuria, or proteinuria) on the basis of the
median of all urinary measurements within the two
years.

 

12,13

 

 Microalbuminuria was defined by an
albumin excretion rate of 30 to 299 µg per minute
(43 to 430 mg per 24 hours). This definition was
similar to that used in the Diabetes Control and
Complications Trial, which was 40 mg per 24 hours
estimated from a daytime, timed urine collection
(4 hours) converted to 24-hour values.

 

14

 

 

 

definition of regression
of microalbuminuria

 

The lower threshold for the above definition of mi-
croalbuminuria, if used as the basis for defining de-
creasing albumin excretion during follow-up, has
inherent problems as a result of regression toward
the mean and the propensity for participants with
albumin excretion rates close to the lower bound-
ary for microalbuminuria to cross the boundary be-
cause of random measurement error. These prob-
lems were minimized by our basing the estimate

i

methods
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of a patient’s albumin excretion on the geometric
mean of several measurements (mean, 3.3 per peri-
od) and defining regression of microalbuminuria as
a 50 percent reduction in albumin excretion from
one two-year period to the next. Given the standard
deviation of 38 percent for the albumin excretion
rate in an individual subject,

 

13

 

 the critical value for
a significant decrease in the average of three meas-
urements (in a one-tailed test) is 46 percent, which
we rounded to 50 percent. Figure 1 illustrates the
method of determining the time and occurrence of
the outcome.

 

measurement of exposure variables

 

The examination for exposure variables included a
medical-history interview, with emphasis on the
use of angiotensin-converting–enzyme (ACE) in-
hibitors and non–ACE-inhibitor antihypertensive
medications; measurement of blood pressure; and
blood sampling for determination of biochemical
values. All laboratory variables measured within
a two-year period were averaged (the mean number
of measurements per two-year period was 4.0 for
glycosylated hemoglobin, 2.0 for total cholesterol,
1.9 for triglycerides, and 1.7 for high-density lipo-
protein). Glycosylated hemoglobin was measured
as hemoglobin A

 

1

 

c

 

.

 

11

 

 Lipid concentrations were
measured by an enzymatic timed-end-point meth-
od (Synchron CX 9ALX, Beckman Coulter). Blood-
pressure measurements for the first three clinic
visits in each period were averaged. The use of ACE
inhibitors or non–ACE-inhibitor antihypertensive
medications and exposure to cigarette smoking
were recorded if they occurred for at least three
months in a given two-year period.

 

statistical analysis

 

The data were examined first by a case–control
analysis, in which the participants were classified
according to whether regression of microalbumin-
uria occurred during follow-up. Next, the data were
examined by a failure–time (Cox regression) anal-
ysis, in which the predictor variables were permit-
ted to vary over time. The level of the predictor var-
iables in the preceding two-year period was used in
this analysis, since events bore the strongest tem-
poral relation to exposures in that period (data not
shown). Follow-up time was censored if regression
of microalbuminuria occurred or if the patient was
unavailable for follow-up in the next period.

Descriptive statistics were calculated and analy-

ses of univariate and multivariate regression mod-
els were performed with use of SAS software (ver-
sion 8.02 for Windows). Cumulative incidence rates
were estimated by life-table methods. The selection
of exposure variables for the multivariate analysis
was based on preliminary univariate Cox regression
analyses. All variables with an alpha level of less
than 5 percent according to the Wald test were re-
tained for the multivariate analysis. Indicator var-
iables were created to represent continuous varia-
bles with a nonlinear association with survival
time. A manual backward stepwise procedure was
used to select explanatory variables with statisti-
cally significant effects on the time to regression
(alpha, <5 percent). This multivariate Cox regres-
sion model was associated with 25 events per in-
dependent variable and a 

 

x

 

2

 

 in a log-likelihood test
of 55 (P<0.001).

 

Figure 1. Albumin Excretion Rate over Time for a Patient with Regression 
of Microalbuminuria.

 

Individual albumin excretion measurements estimated on the basis of the al-
bumin-to-creatinine ratio are shown as solid circles, and geometric means of 
all measurements made during each two-year period are shown as diamonds; 
bars indicate the duration of the measurement periods. The participant was a 
woman who was 28 years old at the beginning of study enrollment and who 
did not use angiotensin-converting–enzyme inhibitors at any point during 
the eight years of the study. In the majority of the patients, the individual 
measurements of the albumin excretion rate changed in a nonlinear fashion 
during follow-up. Division of follow-up into two-year periods captured the signif-
icant directional changes in sequential measurements. In this example, the 
mean albumin excretion rate decreased by 23 percent from the initial evalua-
tion period to the first follow-up period, and by 74 percent from the first to the 
second follow-up period. The albumin excretion rate decreased by more than 
50 percent in the latter period. Since the second period corresponds to four 
years of follow-up, the time of the event for this patient was four years. Only 
the first occurrence of regression was included in the analysis, and therefore the 
further decrease in the third follow-up period was ignored.
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Table 1 shows the distribution of the patients ac-
cording to their nephropathy status for each two-
year study period. During the three follow-up pe-
riods, the prevalence of proteinuria increased to
7 percent, 13 percent, and then 15 percent. The six-
year cumulative incidence of an increase in urinary
albumin excretion into the range defined as pro-
teinuria was 19 percent (95 percent confidence in-
terval, 14 to 23). This estimate is higher than the
prevalence in the third follow-up period because
the level of albumin excretion decreased in some
of the patients with proteinuria. An analysis of the
frequency of the progression of microalbuminu-
ria to proteinuria and the factors associated with
such progression has been previously reported.

 

6

 

The most striking finding was that at six years
the cumulative proportion of subjects whose albu-
min-excretion rate had decreased into the normal
range was 59 percent (95 percent confidence inter-
val, 54 to 64). The prevalence of normal albumin
excretion remained constant after the first follow-up
period because microalbuminuria recurred in some
patients, whereas others had albumin excretion that
became normal in the second or third follow-up pe-
riod (Table 1). To make the analysis independent of
the boundary between normal albumin excretion
and microalbuminuria, however, we defined regres-
sion of microalbuminuria as a reduction of 50 per-

cent or more in the albumin excretion rate from one
two-year period to the next.

Regression of microalbuminuria occurred in
196 patients, a six-year cumulative incidence of 58
percent (95 percent confidence interval, 52 to 64).
The characteristics of the patients at base line are
summarized in Table 2 according to whether or not
regression of microalbuminuria occurred. Those in
whom regression occurred were younger and were
more likely to be female (the first difference, but not
the second, was statistically significant). There were
no base-line differences in the mean albumin ex-
cretion rate or the mean serum creatinine level be-
tween those who did and those who did not later
have a regression of microalbuminuria. There were
also no base-line differences between these groups
in the rate of smoking, the use of non–ACE-inhib-
itor antihypertensive medications, or the propor-
tion of patients with membership in the incidence
cohort. The number of subjects whose microalbu-
minuria regressed was slightly lower among those
taking ACE inhibitors than among those not taking
such drugs during follow-up. Subjects with regres-
sion of microalbuminuria had lower systolic blood
pressure and lower levels of glycosylated hemo-
globin, total cholesterol, and triglycerides, although
the difference in systolic blood pressure was not
significant.

Factors associated with regression of microal-
buminuria in the follow-up analysis are shown in
Table 3. Among the nonmodifiable factors, the haz-
ard ratios for regression of microalbuminuria were
significant for younger age and for membership in
the incidence cohort — that is, for microalbumin-
uria of shorter duration.

The strongest modifiable factors associated
with regression of microalbuminuria were lipid
levels and glycemic exposure. In preliminary analy-
ses, the effects of total cholesterol and triglycerides
were nonlinear. The likelihood of the regression
of microalbuminuria appeared greatest among pa-
tients in the two lowest quartiles of cholesterol lev-
el and the three lowest quartiles of triglyceride level
(Table 3). Although these factors were correlated,
their effects were independent. Therefore, lipid lev-
els in the multivariate model were represented by
four groups defined by both cholesterol and triglyc-
erides (Table 3). A low level of either cholesterol
or triglycerides alone approximately doubled the
chance of the regression of microalbuminuria, but
low levels of both cholesterol and triglycerides had
little effect beyond that of either alone. The hazard

results

 

* The lower limits of the albumin excretion rate for microalbuminuria and pro-
teinuria were 30 and 300 µg per minute, respectively.

† The initial evaluation period was the first two-year period during which micro-
albuminuria was present. Microalbuminuria was present initially in 287 pa-
tients (the prevalence cohort) and developed during a later period in 99 (the 
incidence cohort). In the incidence cohort, the initial evaluation period took 
place after two years in 62 patients and after four years in 37.

‡ After adjustment for the shorter length of potential follow-up in the incidence 
cohort, the completeness of follow-up was 91 percent, 83 percent, and 77 per-

 

cent in the first, second, and third periods, respectively.

 

Table 1. Nephropathy Status According to Two-Year Study Period.

Status*

Initial 
Evaluation 

Period†

1st 
Follow-up 

Period

2nd 
Follow-up 

Period

3rd 
Follow-up 

Period

 

no. (%)

 

Proteinuria — 24 (7) 37 (13) 33 (15)

Microalbuminuria 386 (100) 191 (54) 141 (49) 99 (45)

Normal albumin excretion — 136 (39) 110 (38) 88 (40)

Total 386 (100) 351 (100)‡ 288 (100)‡ 220 (100)‡
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ratio for the regression of microalbuminuria in-
creased progressively as glycosylated hemoglobin
decreased, with by far the strongest effect in the
lowest quartile (glycosylated hemoglobin level,
<8 percent).

Systolic blood pressure was the third modifiable

determinant of the regression of microalbuminu-
ria. It was initially examined in three categories to-
gether with a fourth group (those treated with non–
ACE-inhibitor antihypertensive medications). The
hazard ratio for the regression of microalbuminu-
ria increased only in the lowest category (those with

 

* Plus–minus values are means ±SD. Base-line creatinine levels did not differ between those who did and those who did 
not subsequently have regression of microalbuminuria (0.9±0.2 mg per deciliter [80±18 µmol per liter] and 0.9±0.3 mg 
per deciliter [80±27 µmol per liter], respectively; P=0.89). The mean number of individual urinary albumin excretion 
measurements per two-year period was 3.2±1.8 for those who had microalbuminuria regression and 3.3±1.8 for those 
who did not (P=0.40). ACE denotes angiotensin-converting enzyme, and HDL high-density lipoprotein.

† Characteristics are given for the initial evaluation period unless otherwise stated.
‡ P values for categorical variables were calculated with the 

 

x

 

2

 

 test statistic, and those for continuous variables were cal-
culated by analysis of variance, both without ordering.

§ For subjects with prepubertal onset of diabetes, the duration of diabetes was calculated from the age of 11 years.
¶ For this analysis, data from subjects in whom regression occurred were not censored at the time of the event, and thus 

the end of the study for both groups is the last follow-up period during which the subject was evaluated.
¿ The most frequently used ACE inhibitor was lisinopril (34 percent). Eighty percent of ACE-inhibitor users were taking 

one of the following four agents (median daily dose in parentheses): lisinopril (20 mg), enalapril (10 mg), captopril 
(75 mg), and quinapril (20 mg). Of the participants using one of these four agents, 37 percent did not report the dose.

**To convert values for total cholesterol and HDL cholesterol to millimoles per liter, multiply by 0.02586.

 

††To convert values for triglycerides to millimoles per liter, multiply by 0.01129.

 

Table 2. Clinical Characteristics of the Study Participants According to the Presence or Absence of Regression 
of Microalbuminuria during Follow-up.*

Characteristic†
Regression 
(N=196)

No Regression
(N=190)

P 
Value‡

 

Female sex (%) 55 47 0.16

Age (yr) 29±8 31±8 0.02

Duration of diabetes (yr)§ 17±9 18±9 0.41

Albumin excretion rate (µg/min)
Initial

Median 
Interquartile range

At end of study¶
Median 
Interquartile range

59
41–122

17
11–34

57
37–110

87
38–262

0.64

<0.001

Microalbuminuria of short duration (incidence cohort) (%) 26 25 0.86

Use of non–ACE-inhibitor antihypertensive drugs (%)
Initial
At end of study

8
15

10
16

0.52
0.68

Use of ACE inhibitors (%)¿
Initial
At end of study

23
41

28
53

0.22
0.02

Systolic blood pressure (mm Hg) 121±16 124±14 0.07

Diastolic blood pressure (mm Hg) 74±9 76±8 0.11

Glycosylated hemoglobin (%) 8.8±1.5 9.3±1.6 0.001

Total cholesterol (mg/dl)** 193±40 203±40 0.01

HDL cholesterol (mg/dl)** 53±13 53±16 0.59

Triglycerides (mg/dl)†† 109±57 146±134 <0.001

Current smoking (%) 33 34 0.25

Mean follow-up time (yr)¶ 4.3±1.7 4.6±1.5 0.12
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systolic blood pressure of less than 115 mm Hg).
Because the hazard ratio for the group with treated
hypertension was the same as that for those with
systolic blood pressure at or above 115 mm Hg,
these groups were combined.

To investigate the combined effect of the three

modifiable factors on the regression of microalbu-
minuria, we first dichotomized the level of each de-
terminant as salutary or nonsalutary. The salutary
level was defined as the first category of the factor,
as listed in Table 3, and the remaining categories
were combined as nonsalutary. We then coded each
follow-up period of observation on a scale of 0 to
3, according to the number of modifiable factors at
a salutary level. The hazard ratio for the regression
of microalbuminuria increased significantly with
each increment in the number of factors at a salu-
tary level (Fig. 2). If all three factors, as compared
with none, were at salutary levels, the hazard ratio
for the regression of microalbuminuria was 3.0 (95
percent confidence interval, 1.5 to 6.0).

Microalbuminuria in patients with type 1 diabetes
has been considered the first step toward protein-
uria and renal failure, yet our results indicate that
microalbuminuria is more likely to subside to nor-
mal levels than to progress to overt proteinuria.
Therefore, the evolution of early diabetic nephrop-
athy may not be confined to a single pathway lead-
ing to progression to proteinuria.

Persistent elevation of urinary albumin excre-
tion above 30 µg per minute is rare in the general
population,

 

13,15

 

 but in patients with type 1 diabetes
the lifetime risk of such elevation is approximately
60 percent.

 

13,16

 

 Early landmark studies of microal-
buminuria indicated that the risk of a progressive
increase in albumin excretion to overt proteinuria
within 6 to 14 years was 60 to 85 percent.

 

1-3

 

 This
finding implied that microalbuminuria heralds the
onset of an inexorable process leading to overt pro-
teinuria. However, our six-year follow-up of almost
400 persons with well-documented microalbumin-
uria found that a minority (19 percent) went on to
have overt proteinuria, whereas in the majority (ap-
proximately 60 percent) there was regression to
normal albumin excretion levels. The same frequen-
cy of regression of microalbuminuria was observed
when microalbuminuria was defined as a 50 per-
cent reduction in albumin excretion. The reason for
the low risk of progression to proteinuria in our
study, in comparison with the early studies, is un-
clear, but two possibilities might be considered.
First, the three landmark studies,

 

1-3

 

 which involved
a total of only 30 patients, may have overestimated
the true risk. Second, there may have been a true de-
crease in the frequency of progression to protein-

discussion

 

* The multivariate model was adjusted for sex, ACE-inhibitor status (hazard ra-
tio for use, 0.9; 95 percent confidence interval, 0.7 to 1.3), and mean urinary 
albumin excretion in the initial evaluation period. Sixteen (8 percent) of the 
instances of regression were preceded by a period during which the mean al-
bumin excretion rate had already subsided to the normal range (less than 30 µg 
per minute). The complete data analysis produced estimates for all predictor 
variables within 10 percent of the presented model with the use of a simple 
imputation method. CI denotes confidence interval.

† P values were derived from the Wald test, representing the contribution of 
each independent predictor variable.

‡ Those in the incidence cohort (in whom microalbuminuria developed after 
the beginning of the study) had microalbuminuria of shorter duration than 
those in the prevalence cohort (in whom microalbuminuria was present dur-
ing the initial two years).

§ Cholesterol and triglyceride levels were significantly associated with the regres-
sion of microalbuminuria in the multivariate model (hazard ratio for total cho-
lesterol below the median of 198 mg per deciliter, 1.4; 95 percent confidence 
interval, 1.1 to 1.9; hazard ratio for triglycerides below the third quartile of 
145 mg per deciliter, 1.9; 95 percent confidence interval, 1.3 to 2.8). A total 
cholesterol value of 198 mg per deciliter is equivalent to 5.12 mmol per liter, and 
a triglyceride value of 145 mg per deciliter is equivalent to 1.64 mmol per liter.

¶ This served as the reference category.
¿ Diastolic blood pressure and mean arterial pressure were not significantly as-

sociated with the regression of microalbuminuria in these analyses.
** Intervals in which the patients used antihypertensive agents other than ACE 

 

inhibitors are included.

 

Table 3. Results of the Cox Regression Analysis of Regression 
of Microalbuminuria with the Use of Time-Dependent Factors.*

Factor

Adjusted
Hazard
Ratio

(95% CI)
P

Value†

Nonmodifiable

 

Age (≤26 vs. >26 yr) 1.6 (1.2–2.2) 0.004

Incidence cohort (vs. prevalence cohort)‡ 1.8 (1.2–2.6) 0.003

 

Modifiable

 

Lipid status§
Cholesterol <198 mg/dl, triglycerides <145 mg/dl
Cholesterol <198 mg/dl, triglycerides ≥145 mg/dl
Cholesterol ≥198 mg/dl, triglycerides <145 mg/dl
Cholesterol ≥198 mg/dl, triglycerides ≥145 mg/dl¶

2.4 (1.4–4.0)
1.9 (1.0–3.8)
2.1 (1.2–3.5)
1.0

0.002

Glycosylated hemoglobin
<8.0 %
8.0–8.9 %
9.0–9.9 %
≥10.0 %¶

1.9 (1.2–2.9)
1.5 (1.0–2.3)
1.2 (0.8–1.9)
1.0

0.02

Systolic blood pressure¿
<115 mm Hg
≥115 mm Hg¶**

1.4 (1.0–1.9)
1.0

0.02
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uria during the past 20 to 30 years. For example, if
the frequency of regression of microalbuminuria
had increased during this time, the proportion of
patients with progression to proteinuria would have
decreased, given the pool of persons remaining
at risk. Other studies have reported regression of
overt proteinuria,

 

17,18

 

 even independently of the
use of ACE inhibitors.

 

19

 

 Neither these studies nor
the present prospective study of regression of mi-
croalbuminuria demonstrates which alternative is
the more plausible.

These considerations suggest a model of early
diabetic nephropathy in which elevated urinary al-
bumin excretion is a marker of dynamic, rather than
fixed, renal injury. According to this model, when
elevated urinary albumin excretion develops in per-
sons with type 1 diabetes, it can remain static, ad-
vance toward overt proteinuria, or regress toward
normal levels, as it did in a large proportion of the
patients in this study. Factors associated with the
regression pathway may provide clues to interven-
tions that may promote the diminution of microal-
buminuria to normal levels of albumin excretion.

Given the well-established role of hyperglyce-
mia as a risk factor for the onset

 

9,10,12,20-23

 

 and
progression

 

6,10,23,24

 

 of microalbuminuria, it is not
surprising that levels of glycosylated hemoglobin
below 8.0 percent are associated with the regres-
sion of microalbuminuria. The fact that the fre-
quency of regression does not decline with further
increases in glycosylated hemoglobin presents an
interesting contrast to the dose–response pattern
for the onset of microalbuminuria, which is infre-
quent at glycosylated hemoglobin levels below 8.0
percent. However, the frequency of microalbumin-
uria rises steeply at higher levels and is exaggerated
in cigarette smokers.

 

11,12

 

 Perhaps the mechanisms
underlying the regression of microalbuminuria are
most effective in the low range of glycosylated he-
moglobin levels, at which they are not overwhelmed
by the opposing effects of high levels of glycosy-
lated hemoglobin and its interaction with smok-
ing. Thus, glycosylated hemoglobin levels below
8.0 percent may be considered salutary, permitting
resolution or repair of functional aberrations in
the glomerulus

 

25-27

 

 or proximal tubule

 

28

 

 that com-
monly lead to increased urinary albumin excretion.

Earlier clinical trials did not support an asso-
ciation between interventions to enhance glyce-
mic control and favorable outcome in patients with
type 1 diabetes and microalbuminuria.

 

29

 

 Inadequate
sample size

 

30

 

 and insufficient follow-up time

 

31

 

appear to be responsible for such negative findings,
emphasizing the need for long-term clinical stud-
ies involving a large number of subjects. Moreover,
trials should be designed with multifactorial inter-
ventions, as has been done in comparable studies of
patients with type 2 diabetes.

 

32

 

Regression of microalbuminuria was associat-
ed with low systolic blood pressure (below 115
mm Hg). Since microalbuminuria is associated
with impairment of renal hemodynamic autoregu-
lation,

 

33,34

 

 we hypothesize that very low systemic
blood pressure attenuates shear stress and may
permit the recovery of glomerular integrity. How-
ever, it remains to be determined whether phar-
macologic intervention resulting in a very low sys-
temic blood pressure will be effective in reducing
urinary albumin excretion.

The association between low levels of total se-

 

Figure 2. Additive Effects of Factors at Salutary Levels on Regression 
of Microalbuminuria.

 

Salutary levels of the various factors were defined as less than 8 percent for 
glycosylated hemoglobin, less than 115 mm Hg for systolic blood pressure, and 
a combination of less than 198 mg of total cholesterol per deciliter (5.12 mmol 
per liter) and less than 145 mg of triglycerides per deciliter (1.64 mmol per 
liter). Absence of a salutary level of any of the three factors was considered 
the reference category. In separate analyses, no specific combination of fac-
tors was identified for which salutary levels were more predictive of regres-
sion of microalbuminuria (data not shown). The estimates were adjusted for 
age, sex, membership in the microalbuminuria incidence or prevalence co-
hort, mean urinary albumin excretion in the initial evaluation period, use or 
nonuse of angiotensin-converting–enzyme inhibitor therapy, and missing val-
ues for each variable. The numbers of person-years during which patients had 
0, 1, 2, and 3 factors at salutary levels were 536 (31 percent), 692 (41 percent), 
398 (23 percent), and 80 (5 percent), respectively.
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rum cholesterol and triglycerides and the regres-
sion of microalbuminuria provides a rationale for
pharmacologic intervention with lipid-lowering
agents, even in patients with type 1 diabetes who
do not have overt dyslipidemia. Although data im-
plicating lipid abnormalities in the development
and evolution of early diabetic nephropathy are
limited,

 

22

 

 extensive experimental data in animal
models support the concept that lipids have a patho-
genic role in progressive glomerular and tubulo-
interstitial injury.

 

33,35-38

 

Microalbuminuria of short duration (regardless
of the duration of diabetes) is more likely to regress
than microalbuminuria of long duration. Although
more research is required to explain this finding,
we suggest that frequent screening for microalbu-
minuria, even at low levels, may lead to more effec-
tive intervention. The practice

 

39

 

 of delaying the fol-
low-up confirmation of microalbuminuria detected
in a single urine sample or of delaying intervention
until high levels of urinary albumin excretion are
reached may not be prudent in the light of the cur-
rent results.

The use of ACE inhibitors retarded the increase
in urinary albumin excretion in short-term clinical
trials. ACE inhibitors are now well established for
prevention of the progression of microalbuminu-
ria to proteinuria.

 

40

 

 However, in the present study,
the use of ACE inhibitors was not associated with
the regression of microalbuminuria. Moreover, de-
tailed analysis found that the effect of low blood
pressure in this study was independent of the use
or nonuse of ACE inhibitors. Rather than a contra-
diction, it is possible that the beneficial pharmaco-
logic effects of ACE inhibitors that prevent the pro-
gression of microalbuminuria do not influence the
biologic mechanisms that underlie the regression
of microalbuminuria.

Our findings have limitations. First, despite the
common features in the natural history and biolo-
gy of early diabetic nephropathy in type 1 and type 2
diabetes, further study will be required to deter-
mine the relevance of our results to type 2 diabetes.
Second, although the present study identified im-
portant clinical determinants of regression, other
factors, including genetic factors,

 

41

 

 should be ex-
amined. Third, although our findings support a new
model of early diabetic nephropathy, the contribut-
ing variables are not known with precision. Salutary
values for glycemic control, systolic blood pressure,
and serum lipids have additive effects on the regres-
sion of microalbuminuria, but the sample size and
measurement errors limit the precision of these
values. Finally, our statistical analysis incorporated
certain arbitrary definitions, such as the designa-
tion of a 50 percent reduction in urinary albumin
excretion as significant regression of microalbu-
minuria. Such definitions served the purposes of
this analysis, but a different target, such as normal
albumin excretion, might be more effective in pre-
venting the progression of diabetic nephropathy.
Clinical trials that assess the optimal target level of
albumin excretion — in terms of the regression of
microalbuminuria — as well as the optimal levels
of other factors are warranted.
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