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Nocturnal Blood Pressure Elevation

Predicts Progression of Albuminuria in
Elderly People With Type 2 Diabetes
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Ambulatory 24-hour pulse pressure predicts pro-
gression of albuminuria in persons with diabetes
mellitus. The authors assessed whether nocturnal
blood pressure (BP) patterns added predictive
information and examined the multivariate-adjust-
ed association of nocturnal BP patterns with pro-
gression of urine albumin excretion during follow-
up in a multiethnic cobort of older people (1=957)
with type 2 diabetes mellitus who were free of
macroalbuminuria. Albuminuria was assessed

by spot urine measurement of albumin-to-crea-
tinine ratio at baseline and annually for 3 years.
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Participants were categorized according to their
sleep/wake systolic BP ratio as dippers (ratio <0.9;
n=295), nondippers (flat nocturnal pattern, ratio
>0.9 to 1; n=475), and nocturnal BP risers (ratio
>1; n=187). The proportion exhibiting progression
of albuminuria in dippers, nondippers, and risers
was 17.6%, 22.9%, and 27.3%, respectively (P
for linear trend =.01). A nocturnal BP rise was
independently associated with progression of albu-
minuria (hazard ratio, 1.68; 95% confidence inter-
val [CI], 1.09-2.60; P=.02), whereas office pulse
pressure was not. When ambulatory 24-hour pulse
pressure was added to the model, the nocturnal BP
rise remained an independent predictor of progres-
sion of albuminuria (hazard ratio, 1.58; 95% CI,
1.02-2.45; P=.04). Nocturnal nondipping (without
BP increase) was not an independent predictor.

In conclusion, nocturnal BP rise on ambulatory
monitoring is superior to office BP to predict wors-
ening of albuminuria in elderly individuals with
type 2 diabetes and adds to the information pro-
vided by 24-hour pulse pressure. (] Clin Hypertens
(Greenmwich). 2008;10:12-20) ©2008 Le Jacq

Ibuminuria is an independent predictor of car-

diovascular morbidity and mortality in people
with and without diabetes mellitus—an association
that extends to urine albumin levels below the cur-
rently accepted, arbitrary cutoff point for microal-
buminuria.!® Moreover, an increase in urinary
albumin excretion is associated with higher cardio-
vascular morbidity and mortality,” and a decrease
in albuminuria by drug therapy is associated
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with better cardiovascular and renal outcomes.?

Albuminuria is prevalent in older and middle-aged
people with type 2 diabetes mellitus in whom it is
often present when diabetes is diagnosed®'! and in
whom cardiovascular and renal complication rates
are the highest.'>~1* Thus, it is particularly relevant
to identify predictors of worsening albuminuria in
older people with diabetes mellitus.

In persons with diabetes mellitus, ambulatory
blood pressure monitoring (ABPM) has been shown
to predict progression of albuminuria better than
office blood pressure (BP).>"'® Several ABPM vari-
ables appear to be of value to predict worsening of
albuminuria. Pulse pressure is of particular interest
in the elderly because it is a measure of increased
arterial stiffness prevalent in that age group. We
previously reported that 24-hour pulse pressure is
the most informative ABPM variable, outperform-
ing office pulse pressure and ambulatory systolic
BP (SBP) and diastolic BP for predicting progression
of albuminuria in elderly patients with diabetes.'®
In a subsequent study, we confirmed those findings
after longer follow-up and also found that a lack of
nocturnal decrease in BP (nondipping, as compared
with the normal dipping pattern) did not add to
the prediction of albuminuria progression provided
by pulse pressure.!” In contrast, a study in patients
with type 1 diabetes mellitus reported that a nondip-
ping pattern was associated with progression from
normoalbuminuria to microalbuminuria.!” Their
analyses did not adjust for clinical characteristics,
office BP, or other ambulatory BP measurements. It
is possible that after considering glycemic control and
office BP, a nondipping nocturnal pattern (measured
at an additional cost) might not have improved the
prediction of progression to microalbuminuria. In
addition, a nocturnal elevation in BP has been shown
to be associated with higher cardiovascular risk after
adjusting for 24-hour pulse pressure and other char-
acteristics.”’ This raises the question as to whether a
categorization of nocturnal patterns that distinguish-
es patients with a nighttime increase (using 3 catego-
ries: dippers, nondippers, and risers) might be more
informative than the usual dichotomous classification
(dippers vs nondippers). Therefore, we investigated
whether nocturnal BP patterns, using an assessment
that discriminates between a flat pattern and a noc-
turnal rise, improves the prediction of worsening of
albuminuria in persons with diabetes.

METHODS

Data Collection

We studied participants enrolled in the multisite
Informatics for Diabetes Education and Telemedicine
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(IDEATel) study,”! which has been described in detail
elsewhere. IDEATel evaluates telemedicine as a means
of managing the care of older Medicare beneficiaries
with diabetes who reside in medically underserved
areas of New York State. Inclusion criteria in IDEATel
were: age 55 years or older; being a current Medicare
beneficiary; having diabetes as defined by a physi-
cian’s diagnosis and being on treatment with diet, an
oral hypoglycemic agent, or insulin; residence in a fed-
erally designated medically underserved area in New
York State; and fluency in either English or Spanish.
All IDEATel participants signed informed consent,
and the protocol was approved by the institutional
review boards at all participating institutions.

This study examined the relationship between
data obtained at the baseline IDEATel examina-
tion, conducted during the years 2000 and 2001,
and the urinary albumin content, measured by spot
urine albumin-to-creatinine ratio, at 3 consecutive
annual follow-up visits. Prescription drug use was
ascertained by interviewer-administered question-
naire and confirmed through review of medication
bottles. Medication use was successfully ascertained
in 99.5% of the participants at the baseline visit. For
analytic purposes, antihypertensive medications were
categorized into 4 classes: angiotensin-converting
enzyme (ACE) inhibitors or angiotensin receptor
blockers (ARBs), B-blockers, calcium channel block-
ers, and diuretics (the use of other types of antihyper-
tensive drugs was rare). Height, weight, and seated
BP were measured, blood and spot urine samples
were collected, and 24-hour ABPM was performed.

Laboratory Measures

Urine albumin level was measured using the immu-
noprecipitin method (Diasorin, Stillwater, MN)
from a random spot sample. Values <5.7 mg/dL
were assigned a value of 4.0 mg/dL. Urine creatinine
level was measured using the picric acid colorimet-
ric method. Both analyses were performed using
a Roche/Hitachi 717 automated analyzer (Roche
Diagnostics, Indianapolis, IN). Hemoglobin A was
analyzed by boronate affinity chromatography with
the Primus CLC 385 (Primus, Kansas City, MO).
Total cholesterol, triglyceride, and high-density lipo-
protein cholesterol levels were measured using
enzymatic colorimetric methods (Vitros; Johnson &
Johnson, New Brunswick, NJ). Biochemical analy-
ses were performed at Penn Medical Laboratory
(currently MedStar, Inc.) in Washington, DC.

Albumin-to-Creatinine Ratio

Albumin-to-creatinine ratio (ACR) (milligrams of
albumin per grams of creatinine) was calculated
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from a morning spot urine sample. Urine albumin
excretion was categorized into normoalbuminuria
(ACR <17 in men and <25 in women), microal-
buminuria (ACR 17-250 in men and 25-355 in
women), and macroalbuminuria (ACR >250 in
men and >355 in women); these thresholds are
designed to identify people with urinary albumin
excretion rates >30 mg/24 h and >300 mg/24 h,
respectively.?? Participants who had macroalbu-
minuria at baseline were excluded from this study.

Progression of albuminuria was defined as an
increase in ACR to a level in a higher category,
provided that it did not revert to a lower category
in a subsequent measurement (ie, the worsening
had to be persistent). In patients with normoal-
buminuria at baseline, progression was defined as
microalbuminuria or macroalbuminuria at follow-
up. In patients with microalbuminuria at baseline,
progression was defined as macroalbuminuria at
follow-up. In participants with microalbuminu-
ria at baseline, improvement in albuminuria was
defined as having a measurement within a lower
albuminuria category at a follow-up visit, provided
that it did not revert to a higher category in a sub-
sequent measurement. The group with improve-
ment in albuminuria was identified for descriptive
purposes only. In all statistical analyses, this group
was combined with patients without progression,
to preserve statistical power. Thus, our analyses
compared participants with progression of albu-
minuria with those without progression.

Resting BP Measurement
Resting BP was measured at the baseline and
follow-up visits by trained and certified research
personnel using the Dinamap Monitor Pro 100
(Critikon, Tampa, FL) automated oscillometric
device. Three measurements were obtained at
1-minute intervals in a seated position after 5 min-
utes of rest in a quiet room, using a standardized
protocol.”? The average of the second and third
measurements was recorded as the resting BP.
Office pulse pressure was defined as the differ-
ence between systolic and diastolic resting BP.

Ambulatory BP Monitoring

ABPM was performed at the IDEATel baseline visit
using a Spacelabs 90207 oscillometric monitor
(SpaceLabs, Redmond, WA) following a published
protocol.”* BP was recorded every 20 minutes for
a 24-hour period with the machine programmed
to deflate in 8-mm Hg bleed steps. Sleep and
wake intervals were defined based on diary entries
and confirmed by a telephone interview on the
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morning when monitoring ended. A minimum of
6 valid wake readings and 4 valid sleep readings
were required for the computation of wake and
sleep averages. A reading was accepted as valid if
it was nonartifactual and within physiologic range.
Our group has used this approach over the years
because 6 daytime readings have been estimated
to provide a reliable estimate of daytime mean BP
values, and the nighttime BP is less variable than
daytime BP.2* Of note, our method is less stringent
than the usual requirement of at least one valid
reading per hour over the 24-hour period?® and
may thus result in increased noise-to-signal ratio.
Ambulatory 24-hour pulse pressure was defined as
the mean difference between all systolic and dia-
stolic BP readings. Nocturnal dipping was defined
as a ratio of mean sleep to mean wake SBP of <0.90
(a decrease in sleep SBP of at least 10% relative to
wake SBP). Nondipping or flat nocturnal pattern
was defined as a ratio >0.9 to 1.0, and a nocturnal
rise was defined as a ratio >1.0.%’

Statistical Analysis

Variables that were positively skewed, includ-
ing ACR, were log-transformed for the analy-
ses to better approximate a normal distribution.
Comparisons of baseline characteristics accord-
ing to category of progression of albuminuria
were made using chi-square or Fisher exact tests
(when any expected cell frequency was <5) for
categoric variables, Student # for continuous vari-
ables approximating a normal distribution, and
the Mann-Whitney U test for continuous variables
that were not normally distributed.

The main goal of the Cox proportional hazards
models was to test the independent association of
a nocturnal rise in BP with progression of albumin
excretion after adjustment for other baseline cova-
riates. Office and ambulatory 24-hour pulse pres-
sure were selected as BP covariates for these mod-
els because we previously found them to be strong
predictors of progression of albuminuria in this
population.'®!” We also adjusted for the following
covariates, assessed at baseline, selected because of
their biologically plausible association with albu-
minuria: age, sex, IDEATel randomization group,
body mass index, baseline urinary albumin-to-cre-
atinine ratio (log-transformed), hemoglobin A,
triglycerides, high-density lipoprotein cholesterol,
years since diagnosed with diabetes, number of
antihypertensive medications, use of ACE inhibi-
tors, and active smoking. Office pulse pressure
and nocturnal BP patterns were the BP variables
entered in the first model; ambulatory 24-hour
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Table I. Selected Baseline Characteristics of 957 Participants Categorized by Progression of Albuminuria During Follow-Up®
CHARACTERISTIC No PROGRESSION (N=745) PROGRESSION (N=212) P VALUE
Age, y 70.53 71.83 .009
Female, % 63 59 29
Race/ethnicity, % .036

White 50 42

Hispanic 37 44

African American 13 14
Randomized to telemedicine, % 51 44 .10
Body mass index, kg/m? 31.6x6.3 30.4+5.9 .01
Waist circumference, cm 10615 106+14 .37
Office systolic blood pressure, mm Hg 139.4+21.8 139.4+22.2 .99
Office diastolic blood pressure, mm Hg 70.7+10.9 69.9+17.8 41
Office pulse pressure, mm Hg 68.7+17.0 69.4+17.8 61
Use of ACE inhibitors/ARBs, % 61 63 47
ACR (log-transformed), mg/g 1.4+0.5 1.5£0.5 .01
Duration of diabetes, y 10+9 1249 .005
Hemoglobin A, 7.3x1.4 7.6£1.6 .001
HDL cholesterol, mg/dL 47.9+13.9 45.9+12.6 .06
Triglycerides, mg/dL 167.4+98.5 175.7£107.3 32
Currently smoking, % 6 11 .017
24-h systolic blood pressure, mm Hg 131.4+13.5 133.7+14.9 .049
24-h diastolic blood pressure, mm Hg 69.1+8.2 68.3+8.7 22
24-h pulse pressure, mm Hg 62.3+10.9 65.4+12.1 .001
Nocturnal blood pressure pattern .011b

Dipping 33 25

Flat (nondipping) 49 51

Rising 18 24
Abbreviations: ACE, angiotensin-converting enzyme; ACR, albumin-to-creatinine ratio; ARBs, angiotensin receptor blockers; HDL,
high-density lipoprotein. *From the Informatics for Diabetes Education and Telemedicine (IDEATel) study.?! Values are expressed as
mean + SD unless otherwise indicated. P for linear trend.

pulse pressure and nocturnal patterns were entered
in the second model. Correctness of the propor-
tional hazards assumption was verified using the
Harrell and Lee modification of the Schoenfeld
goodness of fit test.?® Collinearity between BP
variables was assessed by calculating the tolerance
for each of them in the final model. None of the
BP variables exhibited tolerance values <0.20 (e,
there was no indication of excessive collinearity).?’
All predictor variables were considered fixed at
baseline (ie, none was treated as time-dependent).
The significance of interaction terms was assessed
in fully adjusted models using the likelihood ratio
test. Statistical analyses were performed using SPSS
version 13.0 (SPSS, Chicago, IL) and SAS version
9.0 (SAS Institute Inc, Cary, NC).

RESULTS

Sampling and follow-up in this study are summa-
rized in Figure 1. There were 1180 IDEATel partic-
ipants with complete baseline data. Of those, 223
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were excluded from the analysis because they had
macroalbuminuria at baseline. The mean follow-
up in the remaining 957 participants was 30.4+9
months. Among them, 212 exhibited worsening
of their albuminuria. Of the 301 participants who
had microalbuminuria at baseline, 94 exhibited
improvement of albuminuria during follow-up.
Those participants exhibiting improvement were
similar to those without a significant change in
microalbuminuria during follow-up, except that
the former tended to be younger and to have a
lower albumin-to-creatinine ratio at baseline.

Participants exhibiting progression of albumin-
uria were more likely to be older, to be Hispanic,
to smoke (Table I), and to have higher mean levels
of albumin excretion, hemoglobin A and 24-hour
systolic and pulse pressure, and lower body mass
index. This group was also more likely to exhibit a
nocturnal rise in SBP.

The percentages of patients who exhibited pro-
gression of albuminuria among the normal dippers,
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Complete baseline data
n=1180

A4

A

Macroalbuminuria at baseline
excluded from study

n=223

One-year follow-up ACR
n=943

4

Two-year follow-up ACR

n=926

A

Three-year follow-up ACR

n=844

At least one follow-up ACR available

n=957

v

Albuminuria improved during
follow-up
n=94

Albuminuria without significant

Albuminuria worsened during
follow-up
n=212

change
n=651

Figure 1. Sampling for this study. ACR indicates albumin-to-creatinine ratio.

nondippers, and risers were 17.6%, 22.9%, and
27.3%, respectively (Table II; P for trend = .011).
As previously reported,!” a 24-hour pulse pressure
>65 mm Hg was also associated with worsening
of albuminuria (P=.001). Figure 2 depicts the pro-
portions of participants with progression of albu-
minuria for each category of nocturnal BP pattern,
stratified by 24-hour pulse pressure. These data
suggested that nocturnal BP patterns may be most
informative in the subgroup of participants with
elevated 24-hour pulse pressure. Thus, tests for
a possible interaction between nocturnal patterns
(both as categoric and continuous variables) and
24-hour pulse pressure (as a continuous variable)
were performed in the Cox models.

Cox proportional hazards models were used
to test whether nocturnal BP patterns were inde-
pendently predictive of the risk of progression of
albuminuria. In the first model (Table III), which
included office pulse pressure, nocturnal BP rise
was an independent predictor of progression of
albuminuria; the adjusted hazards ratio was 1.68
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(95% confidence interval, 1.09 to 2.60; P=.019).
Office pulse pressure was not an independent pre-
dictor in this model. The inclusion of 24-hour mean
SBP in the model did not change the results sub-
stantially, nor did adjustment for the use of diuret-
ics. Other variables independently associated with
progression of albuminuria were age, hemoglobin
A, number of antihypertensive medications, and
active smoking. Of note, BMI was not indepen-
dently associated with progression of albuminuria.
When the night-to-day SBP ratio was included in
the multivariate model instead of the categoric
nocturnal SBP variables, an independent log-linear
association with the progression of albuminuria
was observed (P=.048 for the log,,-transformed
night-to-day SBP ratio). In the second Cox model,
which included ambulatory 24-hour pulse pres-
sure, nocturnal BP rise remained an independent
predictor of progression of albuminuria; the hazard
ratio was 1.58 (95% confidence interval, 1.02 to
2.5; P=.04). Hemoglobin A, 24-hour pulse pres-
sure, smoking, and the number of antihypertensive
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5% +
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21.1%
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(n=95)
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Dippers
(n=193)

Nondippers
(n=282)

Risers
(n=92)

Dippers  Nondippers
(n=102) (193)

24-h PP 265 mm Hg

Figure 2. Percentages of patients (95% confidence interval [Cl]) with progression of albuminuria according to categor
ofg nocturnal blood pressure pattern and stratified by 24-hour pulse pressure (PP). The P for trend across categories o/
nocturnal blood pressure was .007 when 24-hour PP was >65 mm Hg and .62 when 24-hour PP was <65 mm Hg.

medications were also independently significant.
There was no evidence that 24-hour pulse pres-
sure modified the multivariate-adjusted association
between nocturnal BP elevation and progression of
albuminuria (P=.38 for the interaction term [night-
to-day SBP ratio x 24-hour pulse pressure]).

DISCUSSION

Our main finding was that a nocturnal rise in BP
was associated with progression of albuminuria
after adjusting for several covariates, including
24-hour ambulatory pulse pressure. We believe this
finding is clinically relevant because progression of
albuminuria is associated with greater cardiovas-
cular risk”® and that progression may be slowed
and in some cases even reversed with appropriate
antihypertensive treatment. The role of nocturnal
hypertension as a predictor of albuminuria has
been described in people with type 1 diabetes.!”
In a previous study of progression of albuminuria
in type 2 diabetes, however, we failed to identify
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nocturnal BP patterns as an independent predic-
tor.!” We believe that this was probably due to the
fact that we used a dichotomous classification of
the nocturnal BP pattern, dividing the sample into
persons with a normal nocturnal BP fall (dippers)
and persons without that decrease (nondippers). In
doing so, we grouped together 2 subgroups with
different risks: patients with a flat nocturnal pat-
tern (a decline of <10% relative to daytime BP) and
patients with a nocturnal rise. In the current study
we separated the “risers” from the “nondippers.”
This analytic framework resulted in an observed
independent association between nocturnal BP ele-
vation and progression of albuminuria. It has also
been observed by others that collapsing several
categories into one, Or categorizing a continuous
variable, may result in loss of information.3%-3!
Our results have practical implications for clini-
cians when they perform risk stratification of their
patients in regards to progression of albuminuria.
In addition, our findings raise the possibility that a
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Table II. Percentage of Patients Exhibiting Progression
of Albuminuria at Follow-Up, Within Blood Pressure
Categories (n=957)*

PROGRESSION OF

BLoOD PRESSURE VARIABLE ALBUMINURIA, % PP VALUE
Office blood pressure® 27
Controlled (n=342) 23.4
Uncontrolled (n=615) 21.5
24-h blood pressure® 43
Controlled (n=139) 23.0
Uncontrolled (n=818) 22.0
Nocturnal pattern 0114
Dipping (n=295) 17.6
Flat (n=475) 22.9
Rising (n=187) 27.3
24-h pulse pressure .001
<65 mm Hg (n=570) 18.6
>65 mm Hg (n=387) 27.4

*From the Informatics for Diabetes Education and
Telemedicine (IDEATel) study.?! "Uncontrolled office blood
pressure was defined as systolic blood pressure >130 mm
Hg or diastolic blood pressure >80 mm Hg. “Uncontrolled
24-hour blood pressure was defined as mean systolic blood
pressure >120 mm Hg or mean diastolic blood pressure >70

mm Hg. 4P for trend.

similar phenomenon may have occurred in studies
assessing the value of ABPM to predict cardiovas-
cular events. Two studies that examined nocturnal
patterns as dipping/no dipping did not find an
association with cardiovascular risk,?>33 whereas
a study that assessed the nocturnal rise did report
a significant association.” In an analysis nested
within the Systolic Hypertension in Europe Trial,
Staessen and colleagues® found that the night-to-
day BP ratio added significantly to 24-hour SBP to
predict major cardiovascular events.

Several approaches to antihypertensive drug
treatment, including the addition of a diuretic, the
use of extended-release formulations, and nightly
dosing, have been shown to lower nocturnal BP in
nondippers, bringing their circadian cycles closer
to a normal pattern,>*-3? and to reduce the severity
of proteinuria in some patients.>® Unfortunately,
our observational design, with its nonrandomized
antihypertensive treatment assignment, precluded
an unbiased assessment of the role different medi-
cation classes, formulations, and dosing schedules
may play in the association between nocturnal BP
and the progression of albuminuria in this popula-
tion.*® For example, it is apparent that the number

Table III. Results of Proportional Hazards Model for Progression of Albuminuria in 957 Participants Without Macroalbuminuria

at Baseline

MopbeL 1* MobkL 2°

'VARIABLE Hazarp Rario (95% CI) P VALUE Hazarp Rario (95% CI) P VALUE
Age, y 1.03 (1.0-1.05) 048 1.02 (0.99-1.05) 14
Female sex 0.83 (0.61-1.15) 27 0.79 (0.57-1.09) 14
Randomization group (telemedicine) 0.76 (0.56-1.04) .08 0.77 (0.57-1.04) .09
Body mass index, kg/m2 0.98 (0.95-1.01) 14 0.98 (0.95-1.01) .16
Baseline ACR (log-transformed), mg/g 1.25 (0.88-1.76) 21 1.15 (0.82-1.61) 43
Hemoglobin A, , % 1.11 (1.01-1.22) 035 1.12 (1.02-1.23) 02
HDL cholesterol, mg/dL 0.99 (0.98-1.00) .08 0.99 (0.98-1.00) 11
Triglycerides, mg/dL 1.00 (0.99-1.00) 43 1.00 (0.99-1.00) 41
Duration of diabetes, y 1.01 (0.99-1.03) 21 1.01 (0.99-1.03) 26
Use of ACE inhibitors or ARBs 1.01 (0.73-1.57) 73 1.03 (0.71-1.51) .87
Antihypertensive medications, No. 1.19 (1.02-1.41) .03 1.22 (1.04-1.44) .02
Currently smoking 2.05 (1.25-3.35) .004 2.09 (1.23-3.4) .003
Nocturnal blood pressure pattern

Dipping (reference) — (reference) —

Flat 1.37 (0.94-2.00) 11 1.35 (0.92-1.97) .13

Rising 1.68 (1.09-2.60) .02 1.58 (1.02-2.45) .04
Office pulse pressure, 10 mm Hg 1.01 (0.92-1.10) .82 — —
24-h pulse pressure, 10 mm Hg — — 1.19 (1.04-1.36) 014

Abbreviations: ACR, albumin-to-creatinine ratio; ACE, angiotensin-converting enzyme; ARBs, angiotensin receptor blockers; CI,
confidence interval; HDL, high-density lipoprotein. “Model 1: selected characteristics, nocturnal blood pressure patterns, and
office pulse pressure. "Model 2: selected characteristics, nocturnal blood pressure patterns, and 24-hour pulse pressure. From the

Informatics for Diabetes Education and Telemedicine (IDEATel) study.?! All covariates are listed in the Table.
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of antihypertensive medications was associated
with greater risk of progression of albuminuria
in this study because patients with more severe
hypertension were prescribed more drugs, and not
due to a deleterious effect of the drugs themselves.
For the same reason, ACE inhibitors and ARBs
did not appear to have a protective effect against
albuminuria in our analyses.

It remains to be determined whether interven-
tions that lower nocturnal BP will decrease cardio-
vascular risk in people with diabetes, particularly
after the 24-hour pulse pressure has already been
lowered. This hypothesis should be assessed by
properly designed randomized clinical trials, which
should include follow-up with serial ABPM studies.

This study has several limitations. First, we
measured albumin urinary excretion using a single
spot urine sample. Whereas a 24-hour urine col-
lection, or 3 measurements instead of 1, may
provide a more accurate measurement of renal
albumin excretion, assessment of albuminuria in a
spot urine sample has been accepted as valid and
may be the only feasible alternative in large stud-
ies.*1=** Moreover, there is no reason to expect
that misclassification of albuminuria caused by
our measurement procedure would be differential
with respect to the predictors. Second, our sample
was composed of older patients, with long-stand-
ing diabetes, prevalent end-organ damage, and
advanced cardiovascular stiffness at the time of the
evaluation. Thus, our findings may not generalize
to younger patients, and particularly to patients
with type 1 diabetes. Third, like all observational
studies, ours is subject to the risk of residual con-
founding due to poorly measured or unmeasured
confounders. For example, certain predictors of
progression of albuminuria, such as chronic exces-
sive use of nonsteroidal anti-inflammatory agents
and high protein diets, were not measured in this
sample. Finally, the IDEATel baseline examination
did not include an assessment of renal function,
such as a serum creatinine measurement. Patients
with advanced renal failure were excluded from
enrollment, but we do not know whether the addi-
tion of a serum creatinine measurement would
have substantially changed our results.

The strengths of this study include a longitudinal
design and a large sample that was well characterized,
elderly, and multiethnic and had adequate representa-
tion of women. Detailed information regarding per-
tinent covariates, including a medication inventory
and comprehensive laboratory and anthropometric
measurements, was available. ABPM was performed
using a well-validated methodology.*’

VOL. 10 NO. 1 JANUARY 2008

In conclusion, a nocturnal rise in SBP recorded
by 24-hour ambulatory monitoring was associated
with higher risk of progression of albuminuria in
this cohort of elderly people with type 2 diabetes.
This association was statistically significant after
adjustment for 24-hour ambulatory pulse pressure
and other baseline covariates.

Disclosure: This research was supported by Cooperative
Agreement 95-C-90998 from the Centers for Medicare and
Medicaid Services.
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