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OBJECTIVE — To assess the long-term relationships between 24-h ambulatory blood pres-
sure (AMBP), urinary albumin excretion (UAE) rate, and metabolic control in non-insulin-
dependent diabetes mellitus (NIDDM) patients with normo- and microalbuminuria.

RESEARCH DESIGN A N D METHODS— We conducted a prospective study of 23
NIDDM patients (11 with normoalbuminuria and 12 with microalbuminuria) receiving stan-
dard clinical care, including antihypertensive treatment, attending the outpatient clinic and 8
healthy control subjects. Twenty-four-hour AMBP and UAE were measured synchronously in
addition to fasting plasma glucose, HbAlc, and serum creatinine at baseline and after 4.6 (4.2-
5.1) years [mean (range)].

RESULTS — Baseline systolic, but not diastolic, 24-h AMBP was significantly higher in dia-
betic patients compared with control subjects (146/80 [16/11] vs. 133/78 [9/9] mmHg, P <
0.05), but was similar in normoalbuminuric (143/81 [11/11] mmHg) and microalbuminuric
(148/80 [20/10] mmHg) patients during strict blood pressure control. The annual increase in
24-h AMBP was equivalent in diabetic patients (0.6/—0.2 [2.6/1.5] mmHg/year) and control
subjects (0.7/0.2 [1.2/1.4] mmHg/year, NS) and not significantly different from zero. Overall
UAE did not change in control subjects (5.6 [1.6] vs. 4.4 [1.9]) (geometric mean [antilog SD]) or
in the normoalbuminuric (8.7 [1.7] vs. 11.3 [3.0] /u-g/min) and microalbuminuric (35.7 [2.1] vs.
34.5 [3.2] jLtg/min) patients. In diabetic patients, the annual change in UAE correlated signifi-
cantly with the annual change in the systolic (r = 0.61, P < 0.002) and diastolic (r = 0.54, P <
0.008) 24-h AMBP. In microalbuminuric patients, only the annual increase in systolic 24-h
AMBP correlated significantly with the annual change in UAE (r = 0.71, P = 0.010), whereas in
the normoalbuminuric patients, only the annual increase in diastolic 24-h AMBP and the annual
change in UAE were significantly correlated (r = 0.66, P = 0.026). In a stepwise multiple linear
regression analysis, the annual progression in albuminuria in NIDDM patients was significantly
determined by increases in systolic (parameter estimate 0.018, SE 0.006, P < 0.008) as well as
in diastolic 24-h AMBP (parameter estimate 0.026, SE 0.011, P < 0.033).
CONCLUSIONS — In an outpatient clinical setting, 24-h AMBP is similar in NIDDM pa-
tients with normo- and microalbuminuria. Alterations in both 24-h AMBP and UAE are on
average moderate and equivalent compared with those in healthy control subjects. Although the
average change in albuminuria is small, a progression in albuminuria relates to increments in
both systolic and diastolic 24-h AMBP.
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D uring recent years, even slight ele-
vations in urinary albumin excre-
tion (UAE) (so-called microalbu-

minuria) have emerged as a valid marker
of premature morbidity and mortality
from cardiovascular causes in non-insulin
dependent diabetes mellitus (NIDDM)
(1-6) and have been found to predict an
increased incidence of overt diabetic ne-
phropathy (1). Elevated albuminuria is a
common feature of NIDDM and is often
found at the time of diagnosis (7-12). Es-
tablished cardiovascular risk factors such
as arterial hypertension and dyslipidemia
are frequently associated with NIDDM,
maybe as aspects of common pathophys-
iological mechanisms (13) and as addi-
tional independent risk markers aggravat-
ing the risk of cardiovascular events
already present in patients with NIDDM
(14-17).

Studies comparing risk factors in
normo- and microalbuminuric NIDDM
patients have not shown clear differences
in lipoprotein concentrations (18-21),
but a tendency toward a more athero-
genic lipid profile has been described in
some microalbuminuric patients (21).
Some studies, but not all, have found
higher blood pressure (BP) levels in mi-
croalbuminuric patients, but based on
measurements of 24-h ambulatory BP
(AMBP) recordings, this difference may
not be clear (22).

Little is known about the long-
term changes in and interrelations be-
tween 24-h AMBP, UAE, and metabolic
control in NIDDM. We therefore con-
ducted a prospective study using syn-
chronous measurements of 24-h AMBP
and UAE in addition to metabolic control
parameters in a previously described co-
hort of healthy subjects and NIDDM pa-
tients (receiving standard medical care)
with normo- and microalbuminuria (22).
The primary object of the study was to
test whether a relation between the long-
term alterations in BP and albuminuria in
NIDDM patients could be detected by the
use of simultaneous 24-h measurements.
Secondary objectives were to compare
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changes in 24-h AMBP and albuminuria
in N1DDM patients with normo- and mi-
croalbuminuria with matched healthy
control subjects.

RESEARCH DESIGN AND
METHODS — There were 32 NIDDM
outpatients and 10 healthy control sub-
jects initially studied during 1988-1989
who participated in this prospective ob-
servational study. Primary selection crite-
ria were age 50-70 years and treatment of
diabetes with diet alone or diet and oral
agents (22). All subjects had normal se-
rum creatinine and were without clinical
cardiac insufficiency or major diseases
unrelated to diabetes. Initially, patients
were recruited on the basis of prevalent
screening program values of urinary albu-
min concentration in the first morning
urine sample. The actual UAE level was
thereafter assessed from the mean of at
least two 24-h urine collections. Recruit-
ment was performed without knowledge
of actual BP level or ongoing antihyper-
tensive therapy. Fifteen patients were
normoalbuminuric (defined as UAE <15
/Ltg/min), and 17 had microalbuminuria
(UAE from 15 to 200 /ig/min). The dia-
betic groups and control subjects were
matched for age, sex, body mass index
(BM1), and diabetes duration (diabetes
patients only). From the normoalbumin-
uric group, one patient refused to partic-
ipate and three died. Among the mi-
croalbuminuric patients, one patient
refused reinvestigation, one patient was
disabled because of severe cerebral
thrombosis, and three patients died.
From the control group, two patients re-
fused participation. A total of 23 diabetic
patients (11 normoalbuminuric and 12
microalbuminuric) and 8 control subjects
were reexamined after a mean observa-
tion period of 4.6 years (range 4.2-5.1).
During the follow-up, three monthly con-
trols were performed in the outpatient
clinic, including antihypertensive treat-
ment.

Blood samples were drawn after
an overnight fast. Plasma glucose was
measured by a glucose oxidase technique.

Two different high-performance liquid
chromatographic methods for HbAlc

measurement were used at baseline (23)
and at follow-up (24). The interassay co-
efficients of variation were 5 and 2%, re-
spectively. Plasma C-peptide was as-
sessed by a radioimmunoassay kit
(Immunonuclear, Stillwater, MN). Mea-
surements of serum total cholesterol by
continuous-flow analysis (25), serum
triglycerides by an enzymatic technique
(26), and serum creatinine by a modified
Jaffe's reaction (27) were all adapted to the
Technicon CHEM 1(R) analyzer. BMI was
calculated as weight (kg)/height2 (m2)
and used as an index of overall obesity.

Twenty-four-hour AMBP was
measured by a portable automatic BP
monitor (model 90202, SpaceLabs, Red-
mond, WA) using oscillometry (28). The
device was programmed to measure BP
every 20 min between 6:00 A.M. and mid-
night and every hour during the night.
Patients recorded actual time for going to
bed and rising in the morning for accurate
appraisal of day and night BPs. Patients
exhibiting a reduction in both nighttime
systolic and diastolic BP of ^10% com-
pared with daytime values were defined
as "dippers" (29). Three auscultatory
measurements were performed after a
10-min rest in the sitting position using
a random zero sphygmomanometer
(Hawksley, Lancing, U.K.) using Korot-
koff phase V as the diastolic value. The
mean of such three measurements is
termed the clinic auscultatory BP. Syn-
chronously with the 24-h AMBP, one
24-h urine collection was obtained for de-
termining UAE by radioimmunoassay
(30). Urinary sterility was checked by a
dipstick method (Multistix 8 SG, Ames,
Bayer). The study was conducted in ac-
cordance with the principles of the Dec-
laration of Helsinki and was approved by
the local ethics committee. Informed con-
sent was obtained from all patients partic-
ipating in the study.

Statistical analysis
Values are presented as means (SD or
range) or as medians (25th-75th percen-

tile or range). Values expressing annual
changes are given as the mean (95% con-
fidence interval). UAE was log-trans-
formed because of the positively skewed
distribution and therefore given as the
geometric mean (X/-r- analog SD). The
change in albuminuria was calculated
from the ratio (follow-up value/baseline
value), and after log transformation of this
ratio, the annual relative change (ex-
pressed as ratio/year) could be calculated.
Comparisons between all three groups
were performed using one-way analysis
of variance (ANOVA) or the Kruskal-
Wallis test, and pairwise comparisons
(corrected for multiple comparisons)
were assessed by the Student-Neuman-
Keuls test or Dunn's test. Comparisons
between normo- and microalbuminuric
patients and between diabetic patients
and control subjects were analyzed by the
Student's t test and the Mann-Whitney
two-sample test. Fisher's exact test and
the x1 test were used for analysis of non-
continuous variables. Multiple regression
analysis was performed by step wise linear
regression analysis. Correlations were
evaluated by Pearson's r analysis. P <
0.05 was considered statistically signifi-
cant.

Power analysis
The power of Pearson's correlation analy-
sis (expected rvalue >0.50, a = 0.05) for
the number of diabetic patients investi-
gated (n = 23) is 79%. Student's t test
comparisons of diabetic patients (n = 23)
and control subjects (n = 8) with an ex-
pected difference between the two groups
in the mean (SD) change in systolic and
diastolic BP of 3 (2.5) and 2 (1.5) mmHg/
year hold powers of 81 and 88%, respec-
tively. Using the same figures for compar-
ison of normo- and microalbuminuric
patients results in a power of 78% for the
systolic and 86% for the diastolic BP
changes, respectively. Moreover, compar-
ison of changes in albuminuria between
diabetic patients and control subjects [ex-
pected difference in the mean (SD) log-
transformed ratio/year of 0.1: log (1.200)]
between groups holds a statistical power
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Albuminuria and blood pressure in NIDDM

Table 1—Patient data

Age (years)
Sex (men/women)
Known diabetes duration (years)
BMI (kg/m2)
Serum creatinine (/xmol/1)
UAE (/Ltg/min)
Retinopathy (normal/background/

proliferative)
Antidiabetic treatment (diet/tablets)
Antihypertensive treatment (yes/no)

Normoalbuminuria

63(6)
6/5
6.1(3.3)
27.9 (3.8)
88 (12)
7.2(1.5)
8/2/1

1/10
6/5

Microalbuminuria

64(6)
9/3
6.4 (4.8)
30.7 (5.9)
92(11)
37.2(2.1)
8/3/1

2/10
6/6

Control

64(3)
6/2
—
26.6 (3.4)
92(11)
NM
—

—
0/8

Data are means (SD). UAE values are geometric means (X/4- antilog SD). UAE levels were obtained during
recruitment of the patients and assessed as the mean of at least two 24-h urine collections. NM, not
measured.

of 84% and, using the same figures for the
comparison of normo- and microalbu-
minuric patients, holds a power of 82%.

RESULTS— Table 1 shows the base-
line characteristics of the patients and
control subjects attending the follow-up
examination. Compared with the reexam-

ined diabetic patients, the four nor-
moalbuminuric and five microalbumin-
uric patients lost at follow-up had similar
baseline levels of UAE (range: 3.5-9.0
and 17.1-69.0 /xg/min); 24-h AMBP (me-
dian [range]: 141 [128-149]/77 [70-92]
mmHg [three nondippers] and 139 [121—
162]/79 [67-91] mmHg [two nondip-

pers] , normo- and microalbuminuric pa-
tients, respectively). Furthermore, as
determined from hospital records and
death certificates, none of these patients
had developed uncontrolled hyperten-
sion, proteinuria (UAE >200 jag/min), or
end-stage renal failure. The individual
drugs used for blood pressure control are
listed in Table 2. Thus, antihypertensive
therapy was initiated or increased during
the follow-up in seven normoalbumin-
uric (A.G., E.H., K.N., R.M., I.O., H.R.,
and J.L.) and six microalbuminuric pa-
tients (E.B., O.C., P.E., G.H., I.E., and
E.S.), while one control subject (W.F.)
started antihypertensive therapy during
the study.

Glycemic control was unaltered
during the study, as shown in Table 3.
Baseline systolic, but not diastolic, 24-h
AMBP was significantly higher in diabetic
patients compared with control subjects
(146/80 [16/11] vs. 133/78 [9/9] mmHg,
P < 0.05 for systolic values), but similar
in normo- and microalbuminuric patients

Table 2—Drugs used for blood pressure control at baseline and follow-up

Patient

A.G. (N)
E.H. (N)
K.N. (N)
R.M. (N)
JJ. (N)
I.O. (N)
B.P. (N)
H.R. (N)
J.L. (N)
E.A. (N)
E.B. (M)
O.C. (M)
P.E. (M)
O.P.C. (M)
G.H. (M)
I.E. (M)
A.N. (M)
E.S. (M)
V.A. (M)
W.F. (C)

Baseline

0
0
0
0
Thiazide
Amiloride/thiazide
Loop diuretic
Loop diuretic
Loop diuretic 4- /3-blocker
Loop diuretic 4- /3-blocker
0
0
0
Thiazide
Thiazide
Thiazide
Loop diuretic + j8-blocker
j3-blocker + calcium channel blocker
ACE inhibitor
0

Follow-up

Calcium channel blocker
Amiloride/thiazide
ACE inhibitor
ACE inhibitor
Loop diuretic (UP)
Amiloride/thiazide (UD) + calcium channel blocker
Thiazide (UP)
Thiazide 4- /3-blocker
Loop diuretic (ID) + calcium channel blocker 4- ACE inhibitor
0
ACE inhibitor
ACE inhibitor
ACE inhibitor
Thiazide (UD)
Calcium channel blocker (IP)
ACE inhibitor (IP)
Loop diuretic (UD) + /3-blocker (UD)
j3-blocker (ID) + calcium channel blocker (RD) + thiazide
ACE inhibitor (UD)
/3-blocker

N, normoalbuminuria; M, microalbuminuria; C, control; ACE, angiotensin-converting enzyme; UP, unchanged potency; IP, increased potency; UD, unchanged
dose; ID, increased dose; RD, reduced dose compared to baseline.
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Table 3—Metabolic control parameters

Fasting plasma glucose (mmol/1)
HbAlc (%)
Serum C-peptide (jag/1)
Total serum cholesterol (mmol/1)
Serum high-density lipoprotein

cholesterol (mmol/1)
Serum triglycerides (mmol/1)

Normoalbuminuria

Baseline

9.5 (2.8)
7.4 (0.6)
2.6(1.0)

NM
NM

NM

Follow-up

10.6(3.3)
7.8(1.4)
1.9 (0.4)t
6.4(1.2)

1.24(0.22)

1.63(1.41-2.16)

Microalbuminuria

Baseline

9.3 (3.2)
7.2 (1.4)
2.6(1.2)

NM
NM

NM

Follow-up

10.0 (3.6)
7.9(1.5)
2.0 (0.5)t
6.6(1.4)

1.41 (0.31)

1.76(1.17-2.85)

Baseline

5.0 (0.8)*
5.9 (0.6)*
2.1(0.3)

NM
NM

NM

Control

Follow-up

6.4(1.1)*
6.1 (0.9)*
1.7 (0.4)T
7.0(1.1)

1.38(0.36)

1.59(1.16-1.92)

Data are means (SD) or geometric means (X/-i- antilog SD). NM, not measured. *P < 0.05 control vs. normoalbuminuria, control vs. microalbuminuria (ANOVA);
tP < 0.05 vs. baseline.

(143/81 [11/11] vs. 148/80 [20/10]
mmHg, NS; the mean difference [95%
confidence interval] for the systolic values
was 0.6 [-9 to 20] mmHg). Both the sys-
tolic and the diastolic night-to-day ratios
were comparable at baseline in the nor-
moalbuminuric (0.94 [0.07] and 0.90
[0.12]) and microalbuminuric patients
(0.89 [0.08] and 0.85 [0.07]) and in the
control subjects (0.90 [0.07] and 0.88
[0.10], NS). The level of albuminuria was
similar before and after follow-up in the
normoalbuminuric(8.7 X/-4- 1.7 vs. 11.3
X/-r- 3.0 /Ltg/min, NS) and microalbumin-
uric patients (35.7 X/-5- 2.1 vs. 34.5 X/+
3.2 jag/min, NS), as well as in the control
subjects (5.6 X/4- 1.6 vs. 4.4 X/+ 1.9
/ag/min, NS). The known diabetes dura-
tion at baseline was significantly longer in
nondippers compared with dippers (8.5

[3.3] vs. 3.4 [3.0], P < 0.02), and signif-
icant correlations between the diabetes
duration and both the systolic and the di-
astolic night-to-day ratio were noted (r =
0.44, P < 0.05 and r = 0.60, P < 0.01 for
systolic and diastolic BP, respectively).

The overall as well as the annual
increases in 24-h AMBP were equivalent
in diabetic patients and control subjects
and not significantly different from zero
(Table 4). Clinical BP and 24-h AMBP
were similar and not different between the
three groups. Moreover, no alterations
were observed in either daytime or night-
time BP. A reduction in the night-to-day
ratio was observed in the control group,
while stable values were found in both
diabetic groups. The annual relative
change in albuminuria was on average
similar in all three groups but varied con-

siderably between individuals, ranging
from 0.600 to 1.451 ratio/year in the dia-
betic patients and from 0.808 to 1.133
ratio/year in the control subjects. In dia-
betic patients, albuminuria increased sig-
nificantly in subjects taking no or a stable
dose of antihypertensive therapy (n = 9)
compared with that in those who initiated
or increased such therapy during the fol-
low-up (n = 13) (1.144 [0.999-1.310]
ratio/year vs. 0.938 [0.839-1.048] ratio/
year, P = 0.020). The concomitant
change in the systolic 24-h AMBP was 1.4
(0.0-2.7) vs. 0.0 (-1.8-1.8) mmHg/year
(NS) and in diastolic was 0.5 (-0.5-1.6)
vs. -0 .7 (-1.7-0.2) mmHg/year (P =
0.064). In one patient, antihypertensive
medication was withdrawn because of the
development of a normal BP level.

Changes in 24-h AMBP and albu-

Table 4—Overall and calculated annual changes in 24-h AMBP, clinical BP, and UAE

Normoalbuminuria Microalbuminuria Control

24-h systolic BP (mmHg)
24-h systolic BP (mmHg/year)
24-h diastolic BP (mmHg)
24-h diastolic BP (mmHg/year)
Clinical systolic BP (mmHg)
Clinical systolic BP (mmHg/year)
Clinical diastolic BP (mmHg)
Clinical diastolic BP (mmHg/year)
UAE (ratio)
UAE (ratio/year)

3.2 (-4.6-11.0)
0.6 (-1.0-2.3)

-1.1 (-5.6-3.4)
-0.2 (-1.2-0.7)

2.9 (-8.0-13.8)
0.6 (-1.7-2.8)
0.5 (-8.7-9.7)
0.0 (-1.9-2.0)

1.304(0.767-2.220)
1.056(0.946-1.178)

2.6 (-5.6-10.8)
0.6 (-1.2-2.3)

-1.3 (-6.3-3.7)
-0.2 (-1.3-0.8)

5.7 (-8.7-20.1)
1.3 (-1.8-4.3)
2.3 (-6.5-11.2)
0.5 (-1.3-2.4)

0.966 (0.488-1.912)
0.990(0.855-1.146)

3.0 (-1.5-7.4)
0.7 (-0.3-1.7)
0.7 (-4.5-5.9)
0.2 (-1.0-1.4)
6.0 (-2.7-14.7)
1.4 (-0.6-3.4)
2.9 (-7.6-13.4)
0.7 (-1.7-3.1)

0.792 (0.501-1.252)
0.948(0.853-1.054)

Data are means (95% confidence interval) or geometric means (antilog 95% confidence interval).
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Figure 1—Overall change in albuminuria as related to changes in 24-h systolic (A) (r = 0.61,

P = 0.002) and diastolic (B) (r = 0.54, P = 0.008) AMBP in normo- (O) and microalbuminuric ( • )

NIDDM patients.

mirmria were similar in diabetic patients
identified at baseline as dippers (n = 10)
and nondippers (n = 13) (systolic: 0.8
[-1.1-2.6] vs. 0.5 [-1.1-2.1] mmHg/
year, NS; diastolic: -0 .1 [-1.0-0.8] vs.
- 0 . 3 [-1.4-0.7] mmHg/year, NS;
change in albuminuria 0.993 [0.906-
1.089] vs. 1.043 [0.900-1.209] ratio/
year, NS). Moreover, similar values were
obtained in diabetic patients without ret-
inopathy (n = 16) and with retinopathy
(simplex or proliferative) (n = 7) with re-
gard to annual change in 24-h AMBP (sys-
tolic: 0.6 [-0.9-2.0] vs. 0.7 [-1.4-2.9]
mmHg/year, NS; diastolic: —0.3 [ — 1.1-
0.6] vs. -0 .2 [-1.6-1.2] mmHg/year,
NS) or relative change in albuminuria
(0.983 [0.888-1.089] vs. 1.112 [0.920-
1.345] ratio/year, NS). The prevalence of
nondippers tended to be higher in pa-
tients with retinopathy (6 of 7) than in
patients with a normal eye background (7
out of 16) (P = 0.089).

A significant correlation was ob-
served between the overall changes in
both the systolic and the diastolic 24-h
AMBP and the overall change in UAE
(Fig. 1). Figure 2 shows the relations after
conversion of data to annual rates. In con-
trast, clinical BP measurements failed to
pick up a significant correlation between
the annual changes in diastolic BP and
albuminuria (r = 0.37, P = 0.08). The
relation between changes in clinic systolic
BP and albuminuria was still significant (r
= 0.43, P = 0.039), but was not as pre-
cise as with the change in 24-h AMBP. In

microalbuminuric patients, increases in
UAE and systolic 24-h AMBP correlated
significantly (r = 0.71, P = 0.010), and a
tendency was found in normoalbumin-
uric patients (r = 0.49, P = 0.11). Con-
versely, in normoalbuminuric patients, a
significant correlation was found between
increases in UAE and the diastolic 24-h
AMBP (r = 0.66, P = 0.026), and a ten-
dency was found in microalbuminuric
patients (r = 0.46, P = 0.15). As seen
from Figs. IA and 2A, an increase in al-
buminuria (i.e., UAE ratio >1.0 or log
[albumin ratio]/year >0.0) was rather un-
common, although barely significant, in
patients with a reduction in systolic 24-h
AMBP (P = 0.07, Fisher's exact test). No
significant correlations were observed be-
tween the annual change in UAE and
changes in metabolic control or in the
baseline levels of UAE, 24-h AMBP, or

£ -0.1 -

-0.2 -

-0.3 L

- 6 - 4 - 2 0 2 4 6
A Systolic 24-h AMBP (mm Hg/year)

metabolic control. Moreover, changes in
24-h AMBP and BMI were not signifi-
cantly correlated. In a step wise multiple
linear regression analysis with the change
in UAE as the dependent variable and
with follow-up time, changes in HbAlc,
serum C-peptide, serum creatinine, and
systolic and diastolic (entered separately)
24-h AMBP (or clinic BP) as independent
variables, the annual progression in UAE
in diabetic patients was significantly de-
termined by increases in the systolic (pa-
rameter estimate 0.018, SE 0.006, P <
0.008) as well as in the diastolic 24-h
AMBP (parameter estimate 0.026, SE
0.011, P < 0.033) (Table 5). In contrast,
entering baseline levels of age, diabetes
duration, 24-h AMBP (or clinic BP), BMI,
UAE (calculated as the mean of baseline
and follow-up values to avoid regression
to the mean), serum creatinine, HbAlc,
serum C-peptide, systolic and diastolic
night-to-day ratio, and treatment of dia-
betes as independent variables failed to
pick up any significant predictors of the
changes in UAE (data not shown).

CONCLUSIONS— This prospective
study shows higher systolic 24-h AMBP
values in normo- and microalbuminuric
NIDDM patients receiving standard clin-
ical care compared with those in healthy
control subjects. Furthermore, we found
that both systolic and diastolic 24-h
AMBP, as well as the level of albuminuria,
remained stable throughout the study pe-

-0.2 -

-0.3 L

- 6 - 4 - 2 0 2 4 6
A Diastolic 24-h AMBP (mm Hg/year)

Figure 2—Annual relative change in albuminuria as related to annual changes in 24-h systolic (A)

(r = 0.61, P = 0.002) and diastolic (B) (r = 0.54, P = 0.008) AMBP in normo- (O) and microalbu-

minuric ( • ) NIDDM patients.
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Table 5—Stepwise linear multiple regression analysis in NIDDM patients

Original model Final model (Stepwise backward)

Variable

Follow-up time
Rise in HbAlc

Rise in serum C-peptide
Rise in serum creatinine
Rise in systolic BP
Rise in diastolic BP

Parameter estimate

0.148
0.083
0.121

-0.004
0.017
0.025

SD

0.098
0.063
0.088
0.006
0.006
0.011

P value

0.155
0.210
0.192
0.435
0.017
0.035

Parameter estimate

Eliminated
Eliminated
Eliminated
Eliminated
0.018
0.026

SD

—
—
—

0.006
0.011

P value

—
—
—

0.008
0.033

Dependent variable: annual rise in UAE.

riod. However, in diabetic patients,
changes in the systolic as well as the dia-
stolic 24-h AMBP were significantly re-
lated to changes in albuminuria.

The present study is the first that
compares long-term alterations in 24-h
AMBP and UAE in a synchronously col-
lected 24-h urine sample in patients with
established N1DDM. Clearly, our results
should be interpreted cautiously, as the
results from those patients who were lost
during the follow-up are unavailable.
This is a common problem in this type of
study and may mask a selective mortality/
drop out of those patients prone to the
highest increases in BP and/or albumin-
uria and maybe also the patients with pro-
gressive structural renal lesions. In this
study, baseline characteristics of the pa-
tients who were lost at follow-up were,
however, not different from the rest and
patient records and death certificates doc-
umented that none had developed overt
proteinuria or uncontrolled hyperten-
sion. Moreover, any conclusions about a
true linear change rate in BP and albumin-
uria are partly speculative because only
two measurements were made in each pa-
tient.

The patients were investigated in
an outpatient clinical setting, allowing an-
tidiabetic and antihypertensive therapy to
be currently adjusted. Previous studies
have shown a positive correlation be-
tween systolic BP and albuminuria
(6,11,22). Furthermore, the ability of an-
tihypertensive therapy to reduce albu-
minuria, even in normotensive NIDDM

patients, is well described (31-34). This
was partly confirmed in our study be-
cause albuminuria increased significantly
more in patients taking no or a stable dose
of antihypertensive drugs in comparison
with patients who initiated or increased
such therapy. Indeed, systolic BP is re-
lated to alterations in kidney function in
NIDDM (35-37). In a recent study (35),
we showed that systolic BP predicted the
future decline in the glomerular filtration
rate (GFR) in NIDDM patients with
normo- and microalbuminuria. This rela-
tion was also maintained when the analy-
sis was confined to those patients (73%)
not taking antihypertensive drugs. The
change rate of GFR was not determined
by the level of albuminuria, metabolic pa-
rameters, or baseline GFR. Similarly,
Ravid et al. (36), in somewhat younger
normotensive patients followed for 14
years, noted a relation between the rate of
decline in renal function (estimated by
the reciprocal serum creatinine) and ele-
vations in systolic BP.

In the present study, we demon-
strated a significant relation between al-
terations in diastolic BP and UAE. This is
a new observation and may be the result
of the combination of simultaneous mea-
surements of BP and UAE in combination
with a more precise estimation of daily life
BP, rather than clinic BP measurements,
which are partly influenced by the "white
coat hypertension" phenomenon. The re-
sults were not influenced by differences in
glycemic control and, based on the fol-
low-up measurements, there was no indi-

cation of differences in lipoprotein con-
centrations.

Alterations in albuminuria were
similar in patients with and without reti-
nopathy. This is interesting in light of the
findings of Parving et al. (38) who re-
cently demonstrated that the absence of
retinopathy in the presence of proteinuria
suggests kidney disease of nondiabetic
origin. Moreover, recent data from the
same group indicate a more rapid decline
in kidney function as well as a more
pronounced increase in albuminuria in
proteinuric NIDDM patients with biopsy-
proven diabetic glomerulopathy com-
pared with that in patients with nondia-
betic glomerulopathy (39).

Very few patients exhibited a rise
in albuminuria simultaneously with a re-
duction in the systolic BP (Figs. 1A and
2A). This has also recently been observed
(only much more clearly) in insulin-
dependent diabetic patients in the transi-
tion from normo- to microalbuminuria
(40) and suggests that a rise in albumin-
uria is associated with an increase in sys-
tolic BP. These observations favor the no-
tion that control of BP plays one key role
in efforts to prevent an increase in albu-
minuria and further kidney damage.
However, our data do not suggest that a
rise in systolic BP triggers an increase in
UAE. Thus, the relative role of hemody-
namically determined alterations in albu-
minuria resulting from daily life perturba-
tions in BP (i.e., functionally determined
albuminuria) and structural kidney le-
sions influencing both BP and albumin-
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uria (i.e., morphologically determined al-
buminuria) is difficult to reconcile. But
obviously the BP and albuminuria fluctu-
ate together.

More studies have shown a pro-
gressively abnormal diurnal variation in
BP (i.e., impaired decline of nocturnal BP)
with increasing levels of albuminuria in
NIDDM (41-44), but so far the prognos-
tic significance of an abnormal diurnal BP
pattern is not known. We observed no
difference between dippers and nondip-
pers with regard to changes in BP or albu-
minuria, but nondippers had significantly
longer diabetes durations. However, a
multiple regression analysis revealed that
neither diabetes duration nor the pres-
ence or absence of nondipping was re-
lated to alterations in albuminuria. It
should be pointed out that antihyperten-
sive treatment may disturb normal diur-
nal variation in blood pressure, which
may result in misclassification of some of
the patients. Therefore, failure of the
night-to-day blood pressure ratio to ex-
plain changes in albuminuria cannot be
extended to conclude that an abnormal
diurnal untreated blood pressure varia-
tion is not a risk marker of alterations in
UAE.

Recent observations indicate that
commonly accepted cardiovascular risk
factors also act independently in NIDDM
(12,45), whereas the additive effects of
hypertension and NIDDM on cardiovas-
cular risk have been known for some
years. So far, the effects of antihyperten-
sive treatment on survival or the inci-
dence of cardiovascular events in NIDDM
are not known (46). Because abnormal
albuminuria is also a strong cardiovascu-
lar risk marker, long-term studies focus-
ing on concomitant changes in BP and
albuminuria are of interest to clarify
whether simultaneous alterations of the
two occur, indicating a relationship (but
not necessarily a cause-effect relation-
ship), or whether one of the variables de-
teriorates independently of the other,
suggesting that the influence of other fac-
tors may be involved. From this study, it
is concluded that alterations in albumin-

uria may primarily be associated with
fluctuations in BP and that normo- and
microalbuminuric NIDDM patients in a
clinical outpatient setting display rather
stable values of BP and albuminuria dur-
ing standard treatment. Moreover, our
data suggest that an increase in albumin-
uria is accompanied by a rise in systolic
BP. More studies, including serial mea-
surements in a larger study population,
are needed before any precise cause-effect
relationship can be elucidated.
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