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Abstract Background. The risk of microalbuminuria in
patients with insulin-dependent diabetes mellitus (IDDM)
is thought to depend on the degree of hyperglycemia, but
the relation between the degree of hyperglycemia and uri-
nary albumin excretion has not been defined.

Methods. We measured urinary albumin excretion in
three random urine samples obtained at least one month
apart from 1613 patients with IDDM. Microalbuminuria or
overt albuminuria was considered to be present if the ratio
of albumin (in micrograms) to creatinine (in milligrams)
was 17 to 299 or =300, respectively, for men and 25 to
299 or =300, respectively, for women. Measurements of
glycosylated hemoglobin (hemoglobin A,) obtained up to
four years before the urine testing were used as an index
of hyperglycemia. Twelve percent of the patients had
overt albuminuria and were excluded from subsequent
analyses.

Results. The prevalence of microalbuminuria was 18

TABETIC nephropathy is the chief cause of mor-

bidity and premature mortality in patients with
insulin-dependent diabetes mellitus (IDDM).!? This
complication is first manifested as an increase in uri-
nary albumin excretion (microalbuminuria), which pro-
gresses to overt albuminuria and then to renal fail-
ure.’ Improved glycemic control seems to delay or
prevent the onset of microalbuminuria, but the devel-
opment of cost-effective preventive strategies requires
knowledge of the increase in the risk of nephropathy
associated with each increase in the degree of hyper-
glycemia.*® The recently published results of the
Diabetes Control and Complications Trial (DCCT)
showed that intensive treatment of diabetes reduces
the risk of diabetic complications, including microal-
buminuria, but the relation between the degree of hy-
perglycemia and the risk of microalbuminuria was not
examined.” In this study, we examined the relation be-
tween the degree and duration of hyperglycemia and
the prevalence of microalbuminuria in a large cohort
of patients with IDDM.

METHODS

Characteristics and Evaluation of the Study Subjects

Between January 1, 1991, and March 31, 1992, every other diabetic
patient between the ages of 15 and 44 years who visited the internal
medicine or pediatrics clinic of the Joslin Diabetes Center was
screened for microalbuminuria. Most of the patients were referred to
the center soon after the diagnosis of diabetes and had received most
of their care at the center since that time. Before this study, no sys-
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percent in patients with IDDM. It increased with increas-
ing postpubertal duration of diabetes and, within each six-
year interval of disease duration, it increased nonlinearly
with the hemoglobin A value. For hemoglobin A, values
below 10.1 percent, the slope of the relation was almost
flat, whereas for values above 10.1 percent, the preva-
lence of microalbuminuria rose steeply (P<0.001). For
example, as the hemoglobin A ; value increased from 8.1
to 10.1 percent, the odds of microalbuminuria increased
by a factor of 1.3, but as the value increased from 10.1 to
12.1 percent, the odds were increased by a factor of 2.4.

Conclusions. The risk of microalbuminuria in patients
with IDDM increases abruptly above a hemoglobin A, val-
ue of 10.1 percent (equivalent to a hemoglobin A, value
of 8.1 percent), suggesting that efforts to reduce the fre-
quency of diabetic nephropathy should be focused on re-
ducing hemoglobin A, values that are above this thresh-
old. (N Engl J Med 1995;332:1251-5.)

tematic screening for microalbuminuria had been conducted at the
center. Patients who visited the pregnancy clinic or who had given
birth within the preceding six weeks were excluded. Additional eligi-
bility requirements included an onset of diabetes before the age of 41
years, Massachusetts residency, and registration at the center before
1991. The screening protocol was approved by the committee on hu-
man subjects at the center.

By March 31, 1992, a total of 1795 patients had been screened at
least once for microalbuminuria. The urine samples were collected
randomly at the time of the clinic visit, with no advance instructions
concerning fluid intake or urination. The laboratory continued to save
urine samples from these patients whenever they returned to the clin-
ic. This analysis is based on results available by December 31, 1993.

Urine samples with abnormal sediments on routine urinalysis were
discarded. All others were assayed for albumin within seven days af-
ter collection (samples not analyzed immediately were refrigerated)
with the use of reagent strips (Multistix; Ames Division, Miles Lab-
oratories, Elkhart, Ind.), which were read by an optical scanner. If
the reading was strongly positive (=2+; albumin concentration,
=1000 ug per milliliter), the patient was considered to have overt al-
buminuria and the sample was not analyzed further. In the remain-
ing samples, the urinary albumin concentration was measured by im-
munonephelometry with N Albumin kits (Behring, Somerville, N.J.)
normally used to measure serum albumin and a manufacturer-sup-
plied protocol specifically designed to detect the low concentrations
of albumin in urine.® The intraassay and interassay coefficients of
variation were less than 2 percent and less than 4 percent, respec-
tively. Urinary creatinine concentrations were measured by colorim-
etry (modified Jaffé reaction) on an Astra-7 automated system (Beck-
man Instruments, Brea, Calif.).

For male patients normoalbuminuria was defined as a ratio of al-
bumin (measured in micrograms) to creatinine (measured in milli-
grams) of less than 17 and for female patients as a ratio of less than
25. These sex-specific values are equivalent to a urinary albumin
excretion rate of 30 wg per minute (unpublished data). A ratio of al-
bumin to creatinine of 300 or higher, regardless of sex, was consid-
ered to indicate overt albuminuria. Microalbuminuria was defined as
a ratio of albumin to creatinine in the intermediate range: 17 to 299
for male patients and 25 to 299 for female patients. The results of one
or two subsequent measurements in 80 percent of the patients one or
more months later (median, five) were very similar to the initial re-
sults (Spearman correlation, 0.81), confirming that the majority of
patients were properly categorized according to urinary albumin ex-
cretion in the first sample.

If the results of a second measurement placed the patient in a dif-
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ferent category from that based on the first measurement, a third
urine sample was obtained to confirm either the first or second meas-
urement. If the results of all three measurements were different, the
patient was considered to have microalbuminuria. If a third urine
sample was not obtained (as was true for 5 percent of the group), the
assignment was based on the geometric mean of the first two meas-
urements. If the results of only one measurement were available (15
percent of the entire group), they were used to make the classifica-
tion. The 20 percent of patients classified on the basis of one assay
or two discordant assays did not differ from the rest with respect to
age, sex, duration of diabetes, glycosylated hemoglobin (hemoglobin
A,) value, or urinary albumin excretion. The 24 patients who had re-
ceived renal transplants were classified as having overt albuminuria
regardless of assay results.

We extracted from the records of the clinical laboratory all infor-
mation on measurements of hemoglobin A, in these patients during
two periods: the 12 months of 1988 and the 24 months of 1990 and
1991. The degree of hyperglycemia in each patient was determined by
calculating the geometric mean of all the hemoglobin A, values ob-
tained in 1988 and the geometric mean of three values (separated by
at least a month) obtained in 1990 and 1991 (values for 1989 could
not be readily abstracted from the patients’ records). Hemoglobin A,
(normal range, 5.4 to 7.4 percent) was measured electrophoretically
(Corning Medical and Scientific, Corning, N.Y.).? To facilitate com-
parisons with the results of the DCCT, 52 blood samples were ana-
lyzed in the standard manner by our laboratory and according to the
Diamat high-performance liquid chromatographic method (Bio-Rad
Laboratories, Hercules, Calif.!’) by the Department of Pathology, Uni-
versity of Missouri School of Medicine, Columbia. The latter assay
was calibrated to match the reference system used by the central he-
moglobin A, laboratory of the DCCT.'"" Hemoglobin A, a component
of hemoglobin A,, is the most chemically specific glycated hemoglobin
that can be measured.!” The correlation between the two sets of re-
sults was 0.98, and linear regression analysis was used to determine a
conversion formula that would yield hemoglobin A, values that corre-
sponded approximately to the hemoglobin A, values obtained in our
laboratory (hemoglobin A, = [hemoglobin A —0.14]/1.23).

The date of diagnosis of diabetes was abstracted from the medical
records or obtained from the patients. All cases of diabetes diagnosed
in patients less than 21 years old were classified as insulin-dependent.
If diabetes was diagnosed between the ages of 21 and 40 years, the
medical record was reviewed by a physician to classify the type of di-
abetes. Patients who began insulin therapy within two years after the
diagnosis of diabetes and continued to receive it were considered to
have IDDM. An age of less than 41 years at diagnosis and a need for
continuous treatment with insulin were found to be accurate criteria
for an operational definition of IDDM in other studies.'?!?

Of 1795 patients screened, 177 (10 percent) had non-insulin-
dependent diabetes and were excluded from the analysis. Another
five patients were excluded because they had nondiabetic renal dis-
case predating the diagnosis of diabetes. Ninety-two percent of the
remaining 1613 patients reported their racial or ethnic origin as non-
Hispanic white. The remaining 8 percent of the group was composed
of nearly equal proportions of blacks, Hispanics, and Asians; all pa-
tients in these groups were considered together for this analysis.

Age, the duration of diabetes, and the duration of follow-up at the
Joslin Diabetes Center were calculated as of the date the second
urine sample was obtained. For patients given a diagnosis of diabetes
before the age of 10 years, the duration of the disease after puberty
was calculated beginning after the 10th birthday, since the years of
diabetes before puberty do not contribute to the development of dia-
L1415

betic nephropathy.

Statistical Analysis

Analysis of variance and analysis of covariance were used to com-
pare the subgroups of patients with different degrees of albuminuria;
Tukey’s studentized range test was used to assess statistical signifi-
cance. The relations between the prevalence of microalbuminuria
and the hemoglobin A, value and the postpubertal duration of diabe-
tes were evaluated by calculations of odds ratios.'® The statistical sig-
nificance of these associations, after adjustment for covariates, was
evaluated with logistic-regression models in which hemoglobin A,
was treated as a grouped variable or expressed as a logarithm.!”!%

To evaluate the relation between the hemoglobin A, level and the
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Table 1. Clinical Characteristics of Patients with IDDM, According
to the Degree of Albuminuria.*

Normo- Micro- OVERT
ALBUMINURIA  ALBUMINURIA  ALBUMINURIA
CHARACTERISTIC (N=1117) (N=295) (N=201) P VALUE
Male sex (%) 46 51 52 >0.10
Age (yr) 28*8 30=+8 33*5 T
Duration of IDDM (yr) 12+8 17£8 22*6 <0.001
Duration of IDDM at 3*5 3+5 5+7 T
time of first visit to
Joslin Center (yr)
Age at diagnosis of 169 12+8 106 +
IDDM (yr)
Hemoglobin A, (%)
In 1988 10.3%£2.0 11.3%£23 11.7£23 <0.001%
In 1990-1991 10.3%1.9 11.322.0 11.6=1.9 <0.001%
Correlation between 0.60 0.60 0.34

1988 value and
1990-1991 value§

*Plus—minus values are means =SD.

{The differences between the groups do not reflect an independent effect of this variable but
are indirect associations due to the correlation of this variable with a long duration of IDDM.

$The values in the groups with microalbuminuria and overt albuminuria were not signifi-
cantly different from each other but were significantly higher than the values in the group with
normoalbuminuria. The P values shown are based on comparisons of the log-transformed he-
moglobin A, values with the use of Tukey’s studentized range test.

§All correlations were statistically significant (P<<0.001).

risk of microalbuminuria, three alternative models were examined: a
simple exponential,'® a threshold,' and a changepoint® model.

RESULTS

Among the 1613 patients (duration of IDDM, 1 to
39 years) who were screened for microalbuminuria dur-
ing the 36-month study period, 295 (18 percent) had
microalbuminuria and 201 (12 percent) had overt albu-
minuria. The characteristics of the patients are sum-
marized in Table 1 according to the degree of albumi-
nuria. Both the patients with microalbuminuria and
those with overt albuminuria had had diabetes longer
and had higher hemoglobin A, values in both 1988 and
1990 to 1991 than the patients with normoalbuminuria.
The hemoglobin A, values in the group with microalbu-
minuria and the group with overt albuminuria were
similar during both periods. The correlation between
the hemoglobin A, values in 1988 and those in 1990
to 1991 was high in the patients with normoalbumi-
nuria (r=0.60) and in the patients with microalbumi-
nuria (r=0.60), but not in those with overt albuminu-
ria (r=0.34), indicating considerable stability in the
degree of hyperglycemia in the first two groups. By
contrast, the low correlation in the patients with overt
albuminuria suggests greater variation in the degree of
hyperglycemia, as a result of intensified efforts to con-
trol glycemia prompted by the clinical diagnosis or de-
teriorating renal function. For this reason, the patients
with overt albuminuria were excluded from further
analyses.

To examine the association between microalbuminu-
ria and the degree of hyperglycemia, the patients with
normoalbuminuria and microalbuminuria were subdi-
vided into quintiles based on the distribution of the he-
moglobin A, values in 1990 to 1991 (5.9 to 8.8 percent,
8.9 to 9.8 percent, 9.9 to 10.7 percent, 10.8 to 11.9 per-
cent, and 12.0 to 21.3 percent). The prevalence of mi-
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Table 2. Odds Ratios for the Effect of Variations in Hemoglobin
A, Values on the Development of Microalbuminuria, According to
the Postpubertal Duration of IDDM.*

DURATION OF

IDDM (YR) HEMOGLOBIN A| VALUES IN 1990-1991

5.9-8.8% 8.9-9.8% 9.9-10.7% 10.8-11.9% 12.0-21.3%
odds ratio (total no. of patients)

1-6 1.0 (104)F 1.6 (65) 2.6 (64) 2.2 (49) 5.8 (74)
7-12 2.4 (58) 2.3 (82) 2.4 (81) 6.8 (94) 13.2 (107)
13-18 2.3 (47) 4.7 (69) 3.9(52) 7.5 (52) 28.8 (43)
19-24 11.3 (45) 15.0 (40) 14.3 (44) 12.1 (52) 23.6 (35)
25-32 7.1 (27) 7.9 (25) 13.0 (35) 19.0 (37) 12.5 (21)

*The geometric mean ratios of albumin to creatinine in the patients with microalbuminuria
were 67.6, 66.1, 56.2, 73.4, and 56.5 for those with hemoglobin A, values ranging from 5.9 to
8.8 percent, 8.9 to 9.8 percent, 9.9 to 10.7 percent, 10.8 to 11.9 percent, and 12.0 to 21.3 per-
cent, respectively. Hemoglobin A, was not measured in 10 patients.

FThe prevalence of microalbuminuria was 3.8 percent in the reference group.

croalbuminuria was 11.7 percent in the lowest quintile
of hemoglobin A, and increased progressively with each
quintile to 15.3 percent, 17.4 percent, 24.5 percent, and
36.1 percent. To control for the effect of the duration of
diabetes, the prevalence of microalbuminuria in each
of these quintiles was examined according to the post-
pubertal duration of diabetes (Table 2). Among pa-
tients who had had diabetes six years or less, the prev-
alence of microalbuminuria in the lowest quintile of
hemoglobin A, was 3.8 percent. This prevalence, which
is much higher than the prevalence of 0.9 percent re-
ported in normal subjects (unpublished data), was used
as the reference point for calculating the odds ratios for
other combinations of hemoglobin A, values and dura-
tions of diabetes. The pattern of results was similar
when the 1988 and 1990 to 1991 hemoglobin A, values
were combined (data not shown).

The risk of microalbuminuria increased with the du-
ration of IDDM (Table 2) except among patients who
had had diabetes for 25 to 32 years. In a multiple logis-
tic-regression model with adjustment for hemoglobin
A, value, sex, and age at the time of diagnosis, each
successive 6-year interval of disease duration through
the 19-to-24-year interval was associated with an in-
crease in risk of approximately 80 percent (P<<0.001).
The absence of any additional increase in risk with a
longer duration of disease may be due to the exhaustion
of the pool of susceptible patients after 24 years.?!

The risk of microalbuminuria also increased with the
level of hemoglobin A, (Table 2). The risk rose moder-
ately between the first and fourth quintiles and then
steeply in the fifth quintile. This pattern was almost
identical in each category of disease duration except for
that spanning 25 to 32 years. The increment in risk be-
tween the first and fifth quintiles of hemoglobin A, was
estimated in a multiple logistic-regression model that
adjusted for the duration of diabetes, sex, and age at di-
agnosis. As compared with the first quintile, the risk
rose 34 percent (P=0.29) in the second quintile, 33
percent (P=0.31) in the third quintile, 101 percent
(P=0.009) in the fourth quintile, and 412 percent
(P<<0.001) in the fifth quintile. Hemoglobin A, was
then modeled as a continuous variable, and the fifth
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quintile was treated as an outlier. The relative risk in-
creased by a factor of 1.25 with each increase of 1 per-
centage point on the hemoglobin A, scale (P<<0.001),
but in the fifth quintile, the relative risk was higher by
a factor of 1.67 (P=0.04) than that predicted by the re-
gression line.

We examined the evidence of a nonlinear relation
between the risk of microalbuminuria and the hemo-
globin A, value more closely by grouping the hemoglo-
bin A, values in small intervals of equal width (0.45
percent) (Fig. 1). The intervals in the tails of the dis-
tribution were combined as necessary to maintain the
sample size. The hemoglobin A, groups were modeled
with indicator variables in a logistic-regression model
of the prevalence of microalbuminuria that included
covariates to adjust for age at onset of diabetes, the du-
ration of diabetes, and sex. As before, patients who had
had diabetes for at least 25 years were excluded. The
reference group for the adjusted relative odds was the
group of patients with the lowest hemoglobin A, values
(range, 5.9 to 7.9 percent; mean, 7.3 percent). To find

127

10+

Odds Ratio

o
L

7 8 9 10 11 12 13 14 15
Hemoglobin A; (%)

Hemoglobin A, (%) 58 64 72 80 88 9.6 105 113 121
Blood glucose (mg/dl) 108 139 169 199 229 259 289 319 350

Figure 1. Relation between Mean Hemoglobin A, Values and the
Risk of Microalbuminuria in Patients with IDDM.

Hemoglobin A, values were grouped into small intervals of equal
width (0.45 percent, or 0.90 percent in the tails) and modeled
with indicator variables in a logistic-regression model of the prev-
alence of microalbuminuria with covariates to adjust for the age
at onset of diabetes, the duration of diabetes, and sex. The ref-
erence group for the adjusted relative odds (circles) was the
group of patients with hemoglobin A; values ranging from 5.9 to
7.9 percent. A changepoint model, including the same covari-
ates, was fitted to the logarithm of hemoglobin A, as a continu-
ous variable to estimate the location of the changepoint and the
regression slopes below and above the changepoint (continuous
line). The horizontal axis shows hemoglobin A, values as well as
the equivalent values of hemoglobin A, (see the Methods sec-
tion) and the blood glucose profile.'* In the DCCT, the blood glu-
cose profile was determined by measuring the capillary-blood
glucose concentration seven times in a 24-hour period (before
and 90 minutes after each of the three major meals and before
bedtime). The results of quarterly determinations of the blood
glucose profile over a one-year period were averaged, and the
line of regression was determined on the basis of the average of
quarterly determinations of hemoglobin A, during the same year.
To convert values for blood glucose to millimoles per liter, multi-
ply by 0.05551.
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a suitable model for the relation between the risk of
microalbuminuria and the degree of hyperglycemia,
we tested three alternative logistic-regression models:
a simple exponential,'® a threshold,!” and a change-
point?® model. The results were similar. The simple ex-
ponential model confirmed the earlier indication of
nonlinearity because the resulting curve bent sharply
upward, in a manner consistent with the occurrence of
a threshold. The results of the threshold test were sig-
nificant (P=0.03), with an estimated threshold value
for hemoglobin A, of 9.9 percent. The changepoint
model estimated the threshold at 10.1 percent and al-
lowed a non-zero slope for the line below the threshold
— a model that seemed to represent the data most
closely (Fig. 1).

For hemoglobin A, values below 10.1 percent, the
slope of the relation was almost flat (P=0.25), whereas
for values above 10.1 percent the prevalence of micro-
albuminuria rose steeply (P<<0.001). For example, as
the hemoglobin A, value increased from 8.1 to 10.1 per-
cent, the odds of microalbuminuria were increased by
a factor of 1.3 (95 percent confidence interval, 0.8 to
2.0), but as the value increased from 10.1 to 12.1 per-
cent, the odds were increased by a factor of 2.4 (95 per-
cent confidence interval, 1.9 to 3.0).

DISCUSSION

We found that the risk of microalbuminuria in pa-
tients with IDDM is strongly related to both the dura-
tion of diabetes and the degree of hyperglycemia,
measured as the prevailing level of hemoglobin A, dur-
ing the preceding two to four years. In patients who
had had diabetes for less than 25 years and whose he-
moglobin A, values were below 10.1 percent, the risk of
persistent microalbuminuria varied little, although it
was higher than in normal subjects. In contrast, in pa-
tients with hemoglobin A, values above 10.1 percent,
the risk of microalbuminuria rose steeply. This nonlin-
ear pattern for the relation between hemoglobin A, val-
ues and the risk of microalbuminuria was independent
of the effect of the duration of diabetes; the latter was
an independent risk factor for which no threshold effect
could be found.

Our results are consistent with those of the DCCT.’
In both the primary- and secondary-prevention compo-
nents of that trial, the patients who received intensive
treatment had a statistically significant reduction in the
cumulative incidence of microalbuminuria as com-
pared with the patients who received conventional
treatment. The lower risk of microalbuminuria in the
former group was attributed to improved glycemic con-
trol, but the relation was not further defined. A relation
between elevated hemoglobin A, values and an in-
creased risk of microalbuminuria has been reported
previously, but none of the studies had a sample size
sufficient to examine the relation more closely.?*%
Small sample size has not been the only obstacle to the
detection of a threshold in the relation. An emphasis on
models that smooth the data has been a factor,?® and
there are limitations inherent in the statistical proce-
dures used for this purpose.'®” The finding in the
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DCCT of a high risk of hypoglycemia associated with
intensive treatment prompted our scrutiny of the evi-
dence of a threshold in the relation between the he-
moglobin A, value and the risk of microalbuminuria.
There seems to be a similar threshold in the relation
between the degree of hyperglycemia and the develop-
ment of diabetic retinopathy.?

The distinctly different risks of microalbuminuria in
patients with low hemoglobin A, values and those with
high values suggest that diabetes damages the kidney
through several mechanisms. The mechanisms operat-
ing below the threshold hemoglobin A, value of less
than 10.1 percent (which corresponds to prevailing
blood glucose concentrations of less than 200 mg per
deciliter [11.1 mmol per liter]) seem to be independent
of the level of hyperglycemia and may be influenced by
other components of the diabetic milieu — for exam-
ple, abnormalities in plasma insulin concentrations.??
At high hemoglobin A, values, which are indicative of
high blood glucose concentrations, microalbuminuria is
most likely caused by the deleterious effects of hyper-
glycemia on cell functions and extracellular structures
such as the basement membrane and mesangial ma-
trix 3031

Our data have several shortcomings. First, the
measurements of hemoglobin A, determined before the
screening for microalbuminuria can only be consid-
ered as an approximation of the degree of hyperglyce-
mia during the interval in which microalbuminuria de-
veloped. However, the resulting misclassification of the
degree of hyperglycemia most likely increased the ran-
dom variation of hemoglobin A, values, making the
detection of a threshold value for hemoglobin A, more
difficult.* Second, since measurements of hemoglobin
A, (and hemoglobin A, ) vary among laboratories, the
threshold value reported here cannot be generalized,
except to laboratories that have calibrated their val-
ues to a reference method such as that used in the
DCCT.!"*!"! Third, our findings were obtained in pa-
tients whose IDDM had been diagnosed before the age
of 41 years. Whether there is a similar relation between
the degree of hyperglycemia and the development of
microalbuminuria in older patients with IDDM and in
patients with non-insulin-dependent diabetes mellitus
is not known.

In conclusion, our findings have implications for the
care of patients with IDDM. Patients and care provid-
ers should give the highest priority to improving glyce-
mic control sufficiently to maintain hemoglobin A, val-
ues below 10.1 percent (equivalent to hemoglobin A,
values below 8.1 percent). If this can be achieved, the
number of patients in whom microalbuminuria devel-
ops should decline substantially, which should, in turn,
lower the number in whom overt macroalbuminuria
and end-stage renal disease develop.

We are indebted to Drs. A.R. Christlieb and K. Quickel for assist-
ance in starting the study; to the clinic staff for help in implementing
the screening; to Dr. J. Robins for comments regarding the threshold
model; to Drs. R.R. Little and D.E. Goldstein for assistance in devel-
oping a conversion formula for expressing the value for hemoglobin
A, as an approximate hemoglobin A,  value; and to Mr. G. Gearin,
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Mr. F. Denri, Mr. S. Federman, Mr. M. Wantman, and Ms. W. Fisher
of the Section on Epidemiology and Genetics, Joslin Diabetes Center,
for making the study possible.
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