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ABSTRACT

Background Patients with type 1 diabetes mellitus
and microalbuminuria often have elevated blood pres-
sure while they are asleep, but it is not known wheth-
er the elevation develops concomitantly with microal-
buminuria or precedes it.

Methods We monitored 75 adolescents and young
adults who had had type 1 diabetes with normal uri-
nary albumin excretion and blood pressure for more
than five years. Ambulatory blood-pressure monitor-
ing was used to assess blood pressure at the initial
evaluation and about two years later, at which time
all subjects had normal urinary albumin excretion.
Subsequently, subjects were monitored for the de-
velopment of microalbuminuria.

Results Microalbuminuria developed in 14 sub-
jects, whereas the other 61 continued to have normal
urinary albumin excretion. The mean (=SD) systolic
pressure during sleep increased significantly in the
subjects who ultimately had microalbuminuria (from
109.9+11.3 to 114.9+11.7 mm Hg, P=0.01) but not in
the subjects with normal albumin excretion (from
106.0+8.8 to 106.4+14.8 mm Hg). The risk of progres-
sion to microalbuminuria was examined in relation to
the ratio of systolic pressure during sleep to systolic
pressure in the daytime. A ratio of 0.9 or lower, used
to define a normal fall in nocturnal pressure, had a
negative predictive value of 91 percent for the devel-
opment of microalbuminuria. Moreover, the risk of mi-
croalbuminuria was 70 percent lower (95 percent con-
fidence interval, 44 to 110 percent) in subjects with a
ratio of 0.9 or less than in those with a ratio higher
than 0.9 (P=0.01).

Conclusions In persons with type 1 diabetes, an
increase in systolic blood pressure during sleep pre-
cedes the development of microalbuminuria. In those
whose blood pressure during sleep decreases nor-
mally, the progression from normal albumin excre-
tion to microalbuminuria appears to be less likely.
(N Engl J Med 2002;347:797-805.)

Copyright © 2002 Massachusetts Medical Society.

MONG persons with type 1 diabetes mel-
litus who have normal urinary albumin ex-
cretion, the prevalence of hypertension, de-
termined on the basis of blood-pressure
readings at office visits, is similar to that in the general
population.1:2 Moreover, when microalbuminuria is
detected in persons with type 1 diabetes, indicating
the presence of incipient nephropathy, hypertension

is usually absent, whereas persons with type 2 diabetes
usually have overt hypertension when microalbumin-
uria is first detected.2#* Thus, if one uses the conven-
tional definition of hypertension, or even the more
stringent definition recently proposed for persons
with diabetes (i.e., systolic blood pressure that exceeds
129 mm Hg and diastolic blood pressure that exceeds
79 mm Hg),* one must conclude that in persons with
type 1 diabetes who are susceptible to kidney disease,
hypertension does not develop until microalbumin-
uria is established.

However, more recent studies with the use of am-
bulatory blood-pressure monitoring have shown that
subjects with type 1 diabetes and microalbuminuria
have higher nocturnal blood pressure than either sub-
jects with type 1 diabetes and normal urinary albumin
excretion or age-matched controls.¢13 Such studies
have shown that persons with type 1 diabetes and in-
cipient nephropathy often have associated nocturnal
hypertension.

On the basis of a previous cross-sectional study, we
suggested that in persons with type 1 diabetes and
incipient nephropathy, nocturnal hypertension may
antedate the development of microalbuminuria.¢ Al-
ternatively, the two conditions may develop concom-
itantly, as others have suggested.!? It is important to
determine whether nocturnal hypertension develops
before microalbuminuria or at the same time, in view
of increasing evidence that the risk of progression to
overt nephropathy is strongly influenced by the level
of blood pressure, perhaps more than by the degree
of glycemic control.'* If an elevation in blood pressure,
manifested as nocturnal hypertension, antedates the
development of microalbuminuria, this finding might
be useful as a potential marker of nephropathy and
might provide a rationale for treating susceptible per-
sons before the onset of microalbuminuria. To address
this issue, we performed ambulatory blood-pressure
monitoring in a prospective study of adolescents and
young adults with type 1 diabetes who had normal
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urinary albumin excretion at the time of enrollment
in the study.

METHODS
Subjects and Study Design

We recruited 75 subjects from the pediatrics and diabetes outpa-
tient clinics of Hospital General in Valencia, Spain, and Hospital
de Sagunto in Sagunto, Spain, to participate in the study. All the
subjects had type 1 diabetes according to the standard criteria of an
onset in childhood and insulin dependency. In all subjects, the di-
agnosis of diabetes had been made at least five years before enroll-
ment. At the time of enrollment, none of the subjects had clinical
evidence of diabetic complications, such as proliferative retinopathy,
clinical neuropathy, or nephropathy. To be enrolled in the study,
subjects had to have normal urinary albumin excretion and normal
blood pressure. Normal blood pressure, measured at an office visit,
was defined as pressure that was lower than 130/80 mm Hg in
adults and less than the 95th percentile for age and sex in adoles-
cents (as reported by the Task Force on Blood Pressure Control in
Children).!s No subjects had ever received antihypertensive therapy.
Ambulatory blood-pressure monitoring was performed at intervals
of approximately two years as long as urinary albumin excretion re-
mained normal. Subjects were followed prospectively, with meas-
urement of urinary albumin excretion every three months. Those
in whom microalbuminuria developed were withdrawn from the
study, since they were generally given an angiotensin-converting—
enzyme inhibitor as part of standard treatment at that point. Uri-
nary albumin excretion was measured in two separate 24-hour urine
specimens with the use of a nephelometric immunoassay (Behring
Institute; normal range, 0 to 29 mg per 24 hours). Microalbumin-
uria was defined as a value for urinary albumin excretion that ranged
from 30 to 299 mg per 24 hours, as confirmed by two consecutive
measurements less than six months apart.

The study was approved by the committees for the protection
of human subjects of Hospital General and Hospital de Sagunto.
All participants gave written informed consent. If a subject was
younger than 18 years of age, a parent signed the consent form
as well.

Blood-Pressure Measurements

At cach office visit, blood pressure was measured three times
while the subject was seated, after a five-minute rest, with the use
of a mercury sphygmomanometer. The first Korotkoft phase was
used to signify systolic pressure and the fifth phase to indicate dia-
stolic pressure. The mean of the three readings was recorded as the
blood pressure for each office visit. Ambulatory blood-pressure
monitoring was performed with a portable oscillometric recorder
(Spacelabs 90207). Recording began between 8:30 and 9 a.m. The
pressure was measured at 20-minute intervals from 6 a.m. until mid-
night and at 30-minute intervals from midnight until 6 a.m. The
most appropriate cuff was selected from the four sizes supplied by
the manufacturer (10 by 13 cm, 13 by 24 cm, 24 by 32 cm, and 32
by 42 cm).

For the purpose of ambulatory blood-pressure monitoring, two
different periods were defined. The daytime period included all
readings obtained from 8 a.m. until 10 p.m., and the nighttime pe-
riod included all readings from midnight until 6 a.m. Data from
10 p.m. until midnight and from 6 a.m. until 8§ a.m. were not in-
cluded in the data for the daytime and nighttime periods, respec-
tively, in order to minimize overlaps but were included in the analy-
sis of the 24-hour data. The mean values for all the readings of
systolic and diastolic pressure during a daytime or nighttime period
were recorded as the systolic and diastolic pressure for that peri-
0d.61617 A value of 0.9 or lower for the ratio of the mean nighttime
systolic pressure to the mean daytime systolic pressure was defined
as the normal drop in blood pressure during sleep. In a pilot study

798 - N Engl J Med, Vol. 347, No. 11 - September 12,2002 -

of 24 young adults with type 1 diabetes and normal urinary albumin
excretion, the reproducibility of this ratio was assessed with the use
of the Bland and Altman method, which is an approach based on
a graphic technique with calculations.’” The mean (=SD) interval
between the two measurements in the pilot study was 10.6+4.6
months. All subjects had normal pressure (daytime, 120.2/74.9
mm Hg; nighttime, 104.6,/59.2 mm Hg). The coefficients of re-
peatability were as follows: daytime systolic pressure, 0.19; daytime
diastolic pressure, 0.28; nighttime systolic pressure, 0.17; nighttime
diastolic pressure, 0.26; ratio of nighttime to daytime systolic pres-
sure, 0.37; ratio of nighttime to daytime diastolic pressure, 0.33.
These relatively low coefticients reflect good reproducibility.!”

Statistical Analysis

We used the Wilcoxon rank-sum test to compare the subjects in
whom microalbuminuria developed with those in whom it did not.
The associations between several variables and the relative risk of
microalbuminuria were calculated with the use of logistic-regression
analysis. Positive and negative predictive values were calculated as
previously described.!® We used Kaplan—Meier survival analysis to
determine the probability that microalbuminuria would develop
in the subjects with a normal fall in nocturnal blood pressure and
those without a normal fall in nocturnal pressure, comparing the
two groups with the use of the log-rank test. A P value of less than
0.05 (based on the Mann—Whitney test) was considered to indicate
statistical significance. The difference in the risk of microalbumin-
uria between the groups was calculated on the basis of the crude
rate of microalbuminuria with the use of SPSS software.8

RESULTS
Characteristics of the Subjects at Enroliment

At the time of enrollment, urinary albumin excre-
tion was normal in all subjects (mean level, 11.7+13.2
mg per 24 hours). Blood pressure measured at the
initial office visit was also normal in all subjects (sys-
tolic pressure, 119.9+10.2 mm Hg; diastolic pressure,
75.8+8.8 mm Hg). The mean values for 24-hour
ambulatory blood pressure were in the normal range
(daytime systolic and diastolic pressure, 119.8+9.1
and 73.4£6.8 mm Hg, respectively; nighttime sys-
tolic and diastolic pressure, 106.7£9.2 and 60.1+6.1
mm Hg, respectively).6.16

Urinary Albumin Excretion and Progression
to Microalbuminuria

After a mean follow-up of 63.0+x9.3 months
(range, 23 to 108), microalbuminuria developed in
14 of the 75 subjects (19 percent); urinary albumin
excretion in this group increased from 11.6%8.5 to
108.7£85.0 mg per 24 hours (P<0.001) (Fig. 1A) —
a conversion rate similar to that reported in other
studies.!20 Urinary albumin excretion remained nor-
mal in these 14 subjects for a mean of 27.8+16.0
months (range, 9 to 68) after the initial evaluation. In
the other 61 subjects (81 percent), microalbuminuria
did not develop during a mean follow-up period of
6621 months (range, 21 to 120) (Fig. 1B). In these
subjects, urinary albumin excretion remained within
the normal range (from 11.8+7.9 to 14.0+7.8 mg
per 24 hours) after more than five years of follow-up
(Fig. 1B).
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Figure 1. Urinary Albumin Excretion over Time in 75 Subjects with Type 1 Diabetes.

Panel A shows mean urinary albumin values in the 14 subjects in whom microalbuminuria (defined as ex-
cretion of 30 to 299 mg per 24 hours) ultimately developed, and Panel B shows values in the 61 subjects in
whom urinary albumin excretion remained within the normal range (defined as excretion of less than 30 mg
per 24 hours). The bar below each panel indicates the period of normal urinary albumin excretion. I bars

indicate standard deviations.

The 14 subjects in whom microalbuminuria ulti-
mately developed are henceforth referred to as the mi-
croalbuminuria group, and the 61 subjects in whom
urinary albumin excretion remained normal are re-
ferred to as the normoalbuminuria group.

Characteristics of the Two Groups

The group of subjects in whom microalbuminuria
ultimately developed and the group with normoalbu-
minuria were similar with respect to age, sex distribu-
tion, body-mass index, and base-line urinary albumin
excretion (Table 1). The duration of disease, defined
by the time elapsed since the diagnosis of diabetes,
was shorter in the microalbuminuria group than in
the normoalbuminuria group (P<<0.001), and the
glycosylated hemoglobin level was higher in the mi-
croalbuminuria group (P=0.01). The two groups did
not differ significantly with regard to either systolic
or diastolic pressure, measured in the office (Table 1).
Likewise, total cholesterol and triglyceride levels did
not differ significantly between the two groups (data
not shown). In the course of the study, proliferative
retinopathy developed in 5 subjects (1 of 14 in the mi-
croalbuminuria group and 4 of 61 in the normoalbu-
minuria group), but none of the 5 subjects had clinical
evidence of neuropathy.

Ambulatory Blood-Pressure Monitoring

At the initial evaluation, the mean systolic pressure
during the daytime and nighttime periods did not dif-
fer significantly between the microalbuminuria group
and the normoalbuminuria group (Table 1). The day-
time diastolic pressure was slightly but significantly
higher in the microalbuminuria group than in the nor-
moalbuminuria group. The heart rate did not differ
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significantly between the two groups during cither
the daytime or the nighttime period.

At the final evaluation, the systolic and diastolic
pressure, measured in the office, also did not differ
significantly between the two groups of subjects (Ta-
ble 1). In contrast, the diastolic pressure during both
the daytime period and the nighttime period and the
systolic pressure at night were significantly higher in
the microalbuminuria group than in the normoalbu-
minuria group. The heart rate was significantly higher
in the microalbuminuria group at night and during
the day (Table 1).

In the microalbuminuria group, the nighttime sys-
tolic pressure increased from 109.9+11.3 mm Hg at
the initial evaluation to 114.9+11.7 mm Hg at the
last evaluation (P=0.008), whereas in the normoal-
buminuria group it remained essentially unchanged
(106.0x8.8 mm Hg at the initial evaluation and
106.4+14.8 mm Hg at the final evaluation) (Fig. 2A).
In the microalbuminuria group, diastolic pressure dur-
ing sleep also increased (from 62.9+7.3 mm Hg ini-
tially to 66.4+7.8 mm Hg at the final evaluation), but
the increase was not statistically significant (P=0.06).
Diastolic pressure during sleep did not change signif-
icantly in the normoalbuminuria group (from 59.5
+5.7 mm Hg initially to 60.1£6.5 mm Hg). There
was little change in the systolic and diastolic pressure
during the daytime period in either group (Table 1).

Logistic-regression analysis showed that an increase
in nighttime systolic pressure was significantly relat-
ed to the development of microalbuminuria. For each
5 mm Hg increase in nighttime systolic pressure, the
relative risk of microalbuminuria was 1.44 (95 percent
confidence interval, 1.03 to 2.02). In the same model,
for each 1 percent increase in the glycosylated hemo-

www.nejm.org - 799

Downloaded from www.nejm.org on November 12, 2009 . For personal use only. No other uses without permission.
Copyright © 2002 Massachusetts Medical Society. All rights reserved.



The New England Journal of Medicine

TABLE 1. CHARACTERISTICS OF 75 SUBJECTS WITH TYPE 1 DIABETES,
ACCORDING TO WHETHER MICROALBUMINURIA ULTIMATELY DEVELOPED.*

CHARACTERISTIC INITIAL EVALUATION FINAL EVALUATIONT
MICRO- NORMO- MICRO- NORMO-
ALBUMINURIA  ALBUMINURIA ALBUMINURIA ALBUMINURIA
(N=14) (N=61) P VALUE (N=14) (N=61) P VALUE
Age (yr) 17.8+2.6  21.7%11.6 0.31 20.1*%2.8 245*13.3 042
Sex (no. of subjects) 0.83 0.83
Male 9 41 9 41
Female 5 20 5 20
Body-mass indext 20.1+4.0 21.4%3.0 0.19  20.3%2.8 21.1x1.6 0.19
Duration of disease (yr) 6.6x1.1 14229 <0.001 8.8+1.2 16.9+4.0 <0.001
Urinary albumin excretion (mg/24 hr) 11.6x8.5 11.8%£8.0 0.93 16.8+10.3 14.0=7.9 0.37
Glycosylated hemoglobin (%) 10.7x1.7 9.2*1.6 0.01 10.2x2.3 8.4*x1.3 <0.001
Office blood pressure (mm Hg)
Systolic 121.7+10.6 119.3+9.8 0.43 122.3%x129 117.6*x10.7 0.12
Diastolic 77.8%9.3 75.2+8.5 0.36 77.9%9.7 76.1%x7.6 0.56
Ambulatory blood pressure and heart rate
Daytime (8 a.m.—10 p.m.)
Systolic pressure (mm Hg) 123.1+£10.0 119.0+8.8 0.13 124.0%x10.3 119.6+*7.4 0.17
Diastolic pressure (mm Hg) 76.6+6.8 72.7+6.4 0.02  76.2+4.0 72.7+5.8 0.02
Heart rate (beats/min) 91.1£12.0 84.5*+94 0.07 91.2+10.5 81.1x11.0 0.007
Nighttime (midnight—6 a.m.)
Systolic pressure (mm Hg) 109.9+11.3 106.0£8.8 0.16 1149*11.7 1064*14.8 0.007
Diastolic pressure (mm Hg) 62.9+7.3 59.5+5.7 0.13 664x7.38 60.1%£6.5 0.005
Heart rate (beats/min) 70.5%£9.9 73.5*12.1 048 759*11.3 67.5+7.0 0.003

*Plus—minus values are means =SD.

1The final evaluation was the last evaluation during follow-up in the normoalbuminuria group and the last evaluation
before the development of microalbuminuria in the microalbuminuria group.

$The body-mass index was calculated as the weight in kilograms divided by the square of the height in meters.

globin level, the relative risk of microalbuminuria was
1.66 (95 percent confidence interval, 1.13 to 2.44).

Progression to Microalbuminuria According to the Ratio
of Nighttime to Daytime Pressure

An abnormal pattern of nighttime blood pressure
is often described in terms of the ratio of nighttime
to daytime pressure.6222 We defined an abnormal
pattern as a ratio higher than 0.9.21.22 At the initial
evaluation, 43 of the 75 subjects in our study had a
normal pattern of nighttime blood pressure and 32
had an abnormal pattern (Fig. 3). The distribution was
similar at the final evaluation, although a change in the
pattern was observed in six subjects (from a normal to
an abnormal pattern in three subjects and from an ab-
normal to a normal pattern in the other three). At the
initial evaluation, there were no significant differences
in daytime systolic or diastolic pressure between sub-
jects with a normal pattern of nighttime pressure and
those with an abnormal pattern (daytime systolic pres-
sure, 120.9£10.0 and 118.5+7.38 mm Hg, respective-
ly; P=0.21; daytime diastolic pressure, 74.8=7.08 and
71.8+6.37 mm Hg, respectively; P=0.08). As expect-
ed, nighttime blood pressure was higher in the sub-
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jects with an abnormal pattern than in those with a
normal pattern (nighttime systolic pressure, 112+8.33
mm Hg vs. 102.9%8.04 mm Hg; nighttime diastolic
pressure, 63.1+5.28 mm Hg vs. 58.1+5.82 mm Hg;
P<0.001 for both comparisons), reflecting the cri-
teria used to define normal and abnormal patterns of
nighttime pressure. There were no significant difter-
ences between the subjects who had a normal pat-
tern of nocturnal pressure and those who had an ab-
normal pattern with regard to age (23.3+12.6 and
18.7£8.4 years, respectively; P=0.07), the duration
of disease (14.3+7.27 and 13.4+5.07 years, P=0.49),
urinary albumin excretion (13.1+14.5 and 13.8+10.8
mg per 24 hours, P=0.52), or the glycosylated he-
moglobin level (9.1+1.60 and 9.9*+1.80 percent,
P=0.14).

Microalbuminuria developed in only 7 of the 43
subjects with a normal pattern of nocturnal blood
pressure at the initial evaluation and in only 4 of the
43 with a normal pattern at the final evaluation. As
a marker of progression to microalbuminuria, a nor-
mal pattern of nocturnal blood pressure had a neg-
ative predictive value of 84 percent and 91 percent,
respectively, at the initial and final evaluations, indi-
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Figure 2. Systolic Blood Pressure during Sleep.

Panel A shows nocturnal systolic pressure in the 14 subjects in whom microalbuminuria ultimately devel-
oped and in the 61 subjects in whom urinary albumin excretion remained normal. Panel B shows nocturnal
systolic pressure in the normoalbuminuria group according to the mean (£SD) level of glycosylated hemoglo-
bin (HbA, ). The final evaluation was the last evaluation during follow-up in the normoalbuminuria group
and the last evaluation before the development of microalbuminuria in the microalbuminuria group. I bars
indicate standard deviations.
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A ratio of 0.9 or lower was defined as a normal nocturnal pattern, and a ratio higher than 0.9 as an
abnormal nocturnal pattern.

cating a low risk. Microalbuminuria developed in 7 of | value of an abnormal pattern of nocturnal pressure

the 32 subjects classified as having an abnormal pat- | for the progression to microalbuminuria was 22 per-
tern of nocturnal pressure at the initial evaluation and | cent at the initial evaluation and 31 percent at the last
in 10 of the 32 classified as having an abnormal pat- | evaluation during the period of normoalbuminuria.
tern at the last evaluation during the period of normal Kaplan—Meier analysis showed that the risk of pro-

urinary albumin excretion. The positive predictive | gression to microalbuminuria differed significantly be-
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Figure 4. Kaplan—Meier Curves Showing the Probability of Microalbuminuria According to the Pattern of Daytime

and Nighttime Systolic Pressure.

The probability of microalbuminuria differed significantly between the two groups (P=0.01 by the log-rank test;
chi-square=6.217 with 1 df). The risk of microalbuminuria was 70 percent lower in the subjects with a normal
nocturnal pattern than in those with an abnormal nocturnal pattern.

tween the subjects with a normal pattern of nocturnal
blood pressure and those with an abnormal pattern
(Fig. 4). On the basis of the final evaluation, the risk
of microalbuminuria in the group of subjects with a
normal pattern of nocturnal blood pressure was 70
percent lower than the risk in the group with an ab-
normal pattern (95 percent confidence interval, 44 to
110 percent).

Subgroup Analysis According to the Glycosylated
Hemoglobin Level

At the initial evaluation and during follow-up, gly-
cosylated hemoglobin levels were higher in the sub-
jects in whom microalbuminuria ultimately developed
than in those in whom it did not (Table 1). As noted
above, logistic-regression analysis indicated that the
value for glycosylated hemoglobin was significantly re-
lated to the risk of microalbuminuria. Thus, our data
confirm the observation that poor glycemic control
is a predictor of microalbuminuria.!®-23

To address the question of whether poor metabol-
ic control or high nocturnal systolic pressure account-
ed for the progression to microalbuminuria, we per-
formed a separate analysis of data from ambulatory
blood-pressure monitoring in 16 of the 61 subjects
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in the normoalbuminuria group; these 16 subjects had
levels of glycosylated hemoglobin that were as high as
those in the microalbuminuria group (Table 2). In this
subgroup of 16 subjects, who were similar in age to
the 14 subjects in the microalbuminuria group, urinary
albumin excretion at the initial evaluation was in the
normal range and was similar to that in the microal-
buminuria group (Table 2). The mean values for sys-
tolic and diastolic pressure, measured at the initial
office visit, were 119.5£9.9 and 75.5+9.2 mm Hg,
respectively; the values were nearly the same at the end
of the normoalbuminuric period (Table 2). Analysis
of data from ambulatory blood-pressure monitoring
showed that daytime blood pressure did not differ sig-
nificantly between this subgroup and the microalbu-
minuria group. In contrast, systolic pressure during
sleep was significantly lower in the subgroup with nor-
moalbuminuria and high glycosylated hemoglobin
levels than in the microalbuminuria group (104.9+6.6
vs. 114.9+11.7 mm Hg, P=0.003).

Systolic pressure during sleep did not change signif-
icantly during the course of the study in the 45 sub-
jects in the normoalbuminuria group who had lower
levels of glycosylated hemoglobin (7.9+0.9 percent)
(Fig. 2B). Diastolic pressure at night, as well as both
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TABLE 2. CHARACTERISTICS OF THE SUBJECTS IN WHOM MICROALBUMINURIA
ULTIMATELY DEVELOPED AND THE SUBGROUP OF SUBJECTS
WITH NORMOALBUMINURIA AND AN ELEVATED LEVEL OF GLYCOSYLATED
HEMOGLOBIN AT THE FINAL EVALUATION.*

VARIABLE

Age (yr)
Sex (no. of subjects)
Male
Female
Body-mass index
Duration of disease (yr)
Urinary albumin excretion (mg,/24 hr)
Glycosylated hemoglobin (%)
Office blood pressure (mm Hg)
Systolic
Diastolic
Ambulatory blood pressure and heart rate

Daytime (8 a.m.—10 p.m.)

Systolic pressure (mm Hg)
Diastolic pressure (mm Hg)
Heart rate (beats/min)

Nighttime (midnight—6 a.m.)
Systolic pressure (mm Hg)
Diastolic pressure (mm Hg)

Heart rate (beats/min)

NORMOALBUMINURIA,

GLYCOSYLATED
MICROALBUMINURIA  HEMOGLOBIN >9.5%
(N=14) (N=16) P VALUE
20.1x2.8 19.9+10.0 0.33
0.80
9 11
5 5
20.3%2.8 20.3%2.8 0.57
8.8x1.2 17.224.0 <0.001
16.8£10.3 12.3£10.0 0.20
10.2+2.3 10.2+0.8 0.65
122.3*12.9 118.5x11.6 0.21
77.9%9.7 77.8+8.1 0.48
124.0=10.3 119.2%6.1 0.27
76.2+4.0 74.2+4.6 0.27
91.2+10.5 84.1x7.9 0.05
114.9+11.7 104.9+6.6 0.003
66.4+7.8 61.6+5.7 0.06
759+11.3 70.1x5.4 0.10

*For the microalbuminuria group, the final evaluation was the last evaluation before microalbu-
minuria developed, and for the normoalbuminuria group it was the last evaluation during follow-up.

Plus—minus values are means *=SD.

systolic and diastolic blood pressure during the day,
did not change significantly in either subgroup of sub-
jects in whom urinary albumin excretion remained
normal (data not shown).

DISCUSSION

In this study, which involved a cohort of adolescents
and young adults with type 1 diabetes, an increase in
blood pressure during sleep, detected by ambulatory
blood-pressure monitoring, preceded the development
of microalbuminuria. In contrast, in subjects in whom
microalbuminuria did not develop during a follow-up
period of more than five years, neither nighttime nor
daytime blood pressure increased significantly.

Thus, the risk of microalbuminuria, a marker of kid-
ney disease in patients with type 1 diabetes,!9:23.2¢ ap-
pears to be very low in patients who remain normo-
tensive, as defined not only by normal blood-pressure
readings at office visits and during ambulatory day-
time monitoring over time but also by the absence of
an increase in systolic pressure during sleep. We em-
phasize these criteria to highlight the fact that neither
blood pressure as assessed at office visits nor daytime
blood pressure as assessed by ambulatory blood-pres-
sure monitoring changed significantly over time (i.e.,

N Engl ] Med, Vol. 347, No. 11 - September 12,2002 -

during the period of normoalbuminuria) in subjects
in whom microalbuminuria eventually developed.
Thus, an increase in nighttime systolic pressure ap-
pears to be the earliest detectable manifestation of al-
tered blood-pressure regulation in patients with type 1
diabetes. Our study documented a temporal relation
between an increase in blood pressure and the devel-
opment of incipient diabetic nephropathy as reflected
by microalbuminuria in patients with type 1 diabetes.2*

An ecarly increase in nighttime arterial blood pres-
sure may have a key role in the development of diabet-
ic nephropathy. For instance, systemic pressure over-
load, initially restricted to systolic pressure during
sleep, when transmitted to the glomerular circulation,
may cause intrarenal hemodynamic changes, leading
to microalbuminuria, structural renal damage, or both.

Our findings are in keeping with the concept that
a predisposition to essential hypertension increases the
risk of diabetic nephropathy. This concept is based
on studies showing that the parents of patients with
type 1 diabetes and proteinuria have a higher preva-
lence of hypertension than that in the general popula-
tion.2>27 A different line of evidence that also suggests
a common link between a susceptibility to hyperten-
sion and diabetic nephropathy among patients with
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type 1 diabetes comes from studies showing increased
activity of cellular markers such as the sodium-lithi-
um exchanger?8 and the sodium—hydrogen exchanger
in both subjects with essential hypertension? and
those with type 1 diabetes and nephropathy.3°

In accordance with the results of previous studies,
our data suggest that the risk of progression to micro-
albuminuria is influenced by the level of glycosylated
hemoglobin.20 Yet microalbuminuria did not develop
in a subgroup of subjects with very poor metabolic
control in whom blood pressure remained normal.
Although poor metabolic control hastens the progres-
sion of renal disease,2° nephropathy appears to develop
only in susceptible persons with type 1 diabetes.?1-33
Since subtle but early elevations in blood pressure an-
tedate the development of microalbuminuria, we sur-
mise that, regardless of the level of metabolic control,
an elevation in nocturnal blood pressure plays a key
part in the development of microalbuminuria in sus-
ceptible persons with type 1 diabetes.

Circadian changes in blood pressure can readily be
assessed on the basis of the ratio of nighttime to day-
time blood pressure.? In our study, a ratio of 0.9 or
lower, reflecting the normal drop in nighttime pres-
sure, had a negative predictive value of 91 percent for
progression to microalbuminuria. The potential clin-
ical significance of the nighttime drop in blood pres-
sure is further revealed in the associated 70 percent
reduction in the risk of microalbuminuria. Thus, a nor-
mal decrease in nocturnal blood pressure is a strong
marker of nonprogressive disease.

An evaluation of the risk of nephropathy at an early
stage of type 1 diabetes would provide the best basis
for choosing therapies designed to prevent the pro-
gression to microalbuminuria. The absence of a drop
in nocturnal blood pressure has been associated with
cardiovascular complications in subjects with essential
hypertension353¢ and, more recently, in those with
type 1 diabetes and overt nephropathy.?” Early doc-
umentation of an increase in nocturnal pressure might
warrant the use of agents such as angiotensin-con-
verting—enzyme inhibitors or angiotensin II-recep-
tor blockers in a patient with type 1 diabetes. Doc-
umentation of normal nocturnal blood pressure, on
the other hand, might suggest that there is no need
for early therapeutic interventions other than those
designed to provide optimal glycemic control.

Supported by grants from the National Institute of Diabetes and Digestive
and Kidney Diseases and the Department of Veterans Affairs (to Dr. Batlle).

Presented in part at the annual meeting of the High Blood Pressure
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