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Abstract
Aims/hypothesis In type 1 diabetic patients with micro-
albuminuria not receiving antihypertensive treatment, an
increase in urinary AER (UAER) of 6–14%/year and a risk
of developing diabetic nephropathy (DN) of 3–30%/year
have been reported. We audited the long-term effect of
blocking the renin–angiotensin–aldosterone system (RAAS)
with an ACE inhibitor (ACEI) or angiotensin II receptor
blocker (ARB) in microalbuminuric type 1 diabetic patients
on progression of microalbuminuria and development of DN.
Methods All patients with type 1 diabetes and persistent
microalbuminuria (30–300 mg/24 h) were identified
(n=227) in 1995 at Steno Diabetes Center and followed
for 11 years. Development of DN was defined as a UAER
of >300 mg/24 h in two of three consecutive urine samples.
Results Age and duration of diabetes at baseline (mean±SD)
were 46±15 and 28±13 years, respectively. During follow-
up 14 patients emigrated and 58 (26%) died. Over the same

period 79% were treated with an ACEI or ARB. There was a
mean decline in UAER of 4%/year. Sixty-five patients (29%)
progressed to overt DN, corresponding to 3.1%/year. How-
ever, 29 of them regressed to normo- or microalbuminuria on
intensified antihypertensive treatment. Glycaemic control
and blood pressure remained nearly unchanged.
Conclusions/interpretation In our outpatient clinic, the im-
plementation of RAAS-blocking treatment in type 1 diabetic
patients with microalbuminuria successfully reduced long-
term progression to overt DN to a rate similar to those
previously reported in randomised, double-blind interven-
tion trials of shorter duration using RAAS blockade.
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Abbreviations
ACEI ACE inhibitor
ARB angiotensin II receptor blocker
DN diabetic nephropathy
eGFR estimated GFR
ESRD end-stage renal disease
RAAS renin–angiotensin–aldosterone system
SDC Steno Diabetes Center
UAER urinary AER

Introduction

Diabetic nephropathy develops in approximately 30% of
diabetic patients and is the most common cause of end-
stage renal disease (ESRD) in the western world. Micro-
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albuminuria has previously been demonstrated to precede
and predict the development of diabetic nephropathy in
type 1 diabetic patients. In type 1 diabetic patients with micro-
albuminuria not receiving antihypertensive treatment, an
increase in urinary AER (UAER) of 6–14%/year and a risk
of developing diabetic nephropathy (DN) of 3–30%/year have
previously been reported [1–10]. Several clinical trials of
short or medium duration have shown a beneficial effect of
blocking the renin–angiotensin–aldosterone system (RAAS)
with an ACE inhibitor (ACEI) on progression of albuminuria,
the development of diabetic nephropathy and the decline in
kidney function [6, 7, 9–15]. Angiotensin II receptor blockers
(ARBs) have been shown to have a similar effect in type 2
diabetic patients with microalbuminuria [16]. In 1995, a
consensus report on the detection, prevention and treatment
of diabetic nephropathy with special reference to micro-
albuminuria recommended treatment with ACEIs and im-
proved glycaemic control (HbA1c below 7.5–8.0%) [17]. A
slightly modified version of these guidelines was imple-
mented in our outpatient clinic at Steno Diabetes Center
(SDC) in 1995.

The renoprotective effect of long-term RAAS blockade
in microalbuminuric type 1 diabetic patients in a clinical
setting has not been evaluated previously. The aim of our
11 year observational follow-up study was to audit how
successful we had been in implementing the new treatment
and to audit the effect of RAAS-blocking treatment in
microalbuminuric type 1 diabetic patients on the progression
of microalbuminuria and development of DN in the clinical
setting of our outpatient clinic at SDC.

Methods

Patients and data acquisition From our patient register at
SDC, all type 1 diabetic patients with persistent micro-
albuminuria (UAER>30 and <300 mg/24 h in two of three
consecutive urine samples) were identified in the first week
of January 1995, as described previously [18]. A total of
227 type 1 diabetic patients with persistent microalbumi-
nuria were included for follow-up.

At baseline, patients were divided according to the level
and/or rate of progression of UAER during the 2 years prior
to 1 January 1995 into a group at high risk (UAER
≥100 mg/24 h and/or ΔUAER>6%/year) and a group at
low risk (UAER<100 mg/24 h and ΔUAER≤6%/year) of
developing DN. In accordance with international guidelines
[17], patients at high risk of developing DN were recom-
mended treatment with an ACEI, and if HbA1c was >8%
these patients were also offered intensive nurse guidance in
order to improve glycaemic control. Patients in the low-risk
group were prescribed an ACEI only if this was considered
appropriate by the individual’s physician (until 2002).

In 2002 the recommendations at SDC were extended to
include ACEI treatment in all patients with microalbuminuria
(independent of high- and low-risk status); furthermore,
statins and low-dose aspirin (75 mg daily) were recommen-
ded for all these patients. Patients who did not tolerate ACEIs
were prescribed ARBs. Additional antihypertensive treatment
was prescribed as considered appropriate by the individual
physician if blood pressure exceeded 140/90 mmHg, in order
to reach a target blood pressure of 130/85 mmHg.

During follow-up, patients were seen three or four times
a year for routine visits in our outpatient clinic at SDC. At
each visit, blood pressure, blood glucose, HbA1c and UAER
were measured. Patients were followed until 31 December
2005 or until death or emigration.

Progression to overt diabetic nephropathy was defined as
albuminuria ≥300 mg/24 h in two of three consecutive urine
samples. Regression to normo- or microalbuminuria from
overt diabetic nephropathy was defined as UAER within the
normoalbuminuric (UAER <30 mg/24 h) or microalbumi-
nuric (UAER ≥30 mg/24 h and <300 mg/24 h) range in at
least the last three consecutive urine samples.

Patients were followed with yearly measurements of
serum creatinine using the same method (Cobas Mira Plus;
Roche Diagnostics, Mannheim, Germany) until the end of
2003 and GFR was estimated (using the modification of diet
in renal disease [MDRD] equation) [19]. The decline in
estimated GFR was calculated from 1995 to 2003 in patients
with at least three measurements and ≥3 years of follow-up
(n=169). In 2004 a new method for measuring creatinine,
which did not allow direct comparison with previous mea-
surements, was introduced at SDC.

The data used were from our patients’ case records, clinical
data from other clinics (for emigrated patients) and death
certificates. The vital status of all patients was evaluated in the
National Death Certificate Registry at 31 December 2005.
Treatment and renal status are given as last known values
(all patients, n=227), which was the basis for calculating
follow-up times.

A 4 year follow-up of the present cohort was published
in 2001 [18]. The study was performed according to the
principles of the Declaration of Helsinki and approved by
the Danish Data Protection Agency and by the Institutional
Review Board at Steno Diabetes Center.

Statistics Normally distributed variables are expressed as
means±SD (baseline) and means±SE (follow-up). Values
for UAER were logarithmically transformed owing to their
skewed distribution and are given as geometric mean (95%
CI). All measurements were made regularly during follow-
up and each data variable was averaged for each year.
Furthermore, systolic and diastolic blood pressures andHbA1c,
measured during 1996–2005, were averaged (follow-up) and
compared with values from 1995 (baseline). Linear regres-
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sion analysis was used to determine the rate of progression
in UAER (slope) during the study period (1995–2005)
using all available measurements of UAER. The paired
samples t test was used to compare continuous variables
(baseline vs follow-up). Comparisons between groups were
performed with the χ2 test. Linear regression analysis was
used to analyse for correlations between the relative change
in albuminuria and baseline variables, and between changes
in UAER and changes in arterial blood pressure and HbA1c.
Cumulative incidence curves (based on survival analysis)
for time to progression to DN, persistent macroalbuminuria
and regression to normoalbuminuria are shown in the
Electronic supplementary material (ESM). Significance was
indicated by p values <0.05 (two-sided). Data were evaluated
using SPSS version 14.0 (SPSS, Chicago, IL, USA).

Results

A total of 227 type 1 diabetic patients with microalbumi-
nuria were identified at SDC in January 1995. Fifty-eight
patients died during follow-up; death certificates were
available for all of these patients. Twenty-nine patients
moved to other clinics, and data on current treatment and
renal status were obtained in 15 of these patients; the
remaining 14 patients were lost to follow-up after a median
period of 3.5 years (range 0.5–9.5). Last data from SDC
were used for these patients, who were not attending any
nephrology or cardiology clinic at the end of follow-up
according to the National Health Registry. Overall, patients
were followed up for a median (range) time of 11.0 (0.5–
11.0) years. The mean follow-up time, 9.3 (SD 3.0) years,
was used to calculate annual progression rates from micro-
to macroalbuminuria. Baseline characteristics and follow-up
data are given in Table 1.

Treatment Throughout the study, 79% of the patients were
treated with an RAAS-blocking agent (ACEI 64%, ARB
15%). For patients who were attending SDC at the end of
follow-up the percentage was 85% (ACEI 64%; ARB 21%).
Patients who received ARBs did not differ from ACEI-
treated patients regarding sex, age, progression of albumin-
uria or development of DN. The median (range) number of
antihypertensive drugs used in order to obtain the target
blood pressure of 130/85 was 2 (0–5). Diuretics and calcium
channel blockers were the most commonly used additional
antihypertensive drugs, but also prescribed were beta-blockers,
alpha-blockers, aldosterone antagonists, centrally acting
antihypertensive drugs, and drugs for dual blockade of the
RAAS (ACEI plus ARB). Statins and low-dose aspirin were
prescribed in 61 and 57% of the patients at SDC in 2005 (27
and 20%, respectively, in patients attending other clinics).

Progression of UAER Overall, there was a mean±SE decline
in UAER of 4.0±2.1%/year during follow-up. During the
11 years of follow-up, 65 patients (29%) progressed to overt
DN, corresponding to 3.1%/year. However, 23 of these
patients regressed to microalbuminuria and six to normoalbu-
minuria as a result of increased doses of RAAS-blocking
treatment (n=22) or the addition of other antihypertensive
drugs (n=7), i.e. only 1.7%/year of 227 microalbuminuric
patients had progressed to persistent macroalbuminuria at the
end of follow-up. In 2005, 32% of the 140 patients still
attending SDC were normoalbuminuric, 55% were micro-
albuminuric and 13% were macroalbuminuric. Cumulative
incidence curves for progression to DN, persistent macro-
albuminuria and regression to normoalbuminuria are given
in ESM Figs 1, 2 and 3, respectively.

There was no association between changes in UAER and
the baseline variables of UAER (r=0.09, p=0.2), age,
diabetes duration, blood pressure, HbA1c and high- vs low-
risk status (p≥0.1 for all comparisons). Furthermore, there
was no correlation between changes in UAER and blood
pressure during follow-up. However, there was a weak but
statistically significant correlation between changes in UAER
and HbA1c during follow-up (r=0.15, p<0.05). Patients
who were in the high-risk group at baseline had a threefold
higher risk of progressing to overt DN compared with the
low-risk group (34 vs 10%, p=0.001).

Estimated GFR Baseline estimatedGFR (eGFR) and changes
in eGFR are shown in Table 1. There was no statistically
significant difference in annual change in eGFR between

Table 1 Clinical and laboratory characteristics of 227 type 1 diabetic
patients with persistent microalbuminuria in 1995 (baseline) and
during follow-up

Baseline Follow-up

Age (years) 46±15 –
Diabetes duration (years) 28±13 –
HbA1c (%) 8.8±1.0 8.7±1.0a

Urinary albumin excretion
(mg/24 h)

65 (58–74) 52 (44–61)a

Systolic blood pressure
(mmHg)

142±20 141±17

Diastolic blood pressure
(mmHg)

80±9 77±7a

eGFR (ml min−1 1.73 m−2) 81±18 –
Change in GFR
(ml min−1 year−1)
Overall – −2.1 (−2.5 to −1.7)
Patients not developing DN – −2.0 (−2.4 to −1.6)b

Patients developing DN – −2.5 (−3.4 to −1.6)

Data are means±SD except for urinary albumin excretion, which is
given as geometric mean (95% CI)
a p<0.01 vs baseline
b Not significant vs patients developing DN (p=0.21)
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patients who did or did not progress to DN. At the end of
follow-up eGFR was, however, significantly lower in the
DN group (mean±SE, 64±3 ml min−1 1.73 m−2) than in
patients who did not develop DN (71±2 ml min−1 1.73 m−2;
p<0.05).

Two patients had a doubling of serum creatinine but the
eGFR at the end of follow-up was 37 and 41 ml min−1

1.73 m−2, respectively. Three patients developed ESRD
according to their death certificates (see “Cardiovascular
events and mortality”, below), but they all moved to other
clinics before developing ESRD and therefore do not appear
among the patients with doubling of serum creatinine.

Glycaemic control and blood pressure Baseline and follow-
up data are given in Table 1. After 11 years of follow-up there
was an overall decrease in HbA1c of 0.2 (0.1–0.3) from a
mean±SE HbA1c of 8.8±0.1%, p<0.01. Systolic blood
pressure remained unchanged during follow-up (p=0.5),
whereas a decrease in diastolic blood pressure of 2.4 mmHg
(95% CI 1.4–3.3) was obtained (p<0.001).

Cardiovascular events and mortality Table 2 shows fatal
and non-fatal cardiovascular events with patients grouped
according to DN status. There were no significant differ-
ences between patients who had developed DN and those
who had not in the incidence of cardiovascular events or
mortality.

During follow-up, 58 patients died. The cause of death
was cardiovascular disease in 24 (41%) patients, ESRD in 3
(5%) patients, ‘other diseases’ (i.e. cancer, acute diabetic
complications, infections) in 19 (33%) patients and unknown
causes in 12 (21%) patients. The mean±SE age at the time
of death was 67±1 years and the mean duration of diabetes
was 44±2 years.

Discussion

In our 11 year observational follow-up study evaluating the
renoprotective effect of implementing RAAS-blocking treat-

ment in type 1 diabetic patients with microalbuminuria, we
found an overall decrease in UAER during follow-up and a
reduction in progression to overt DN similar to values found
in previous randomised, double-blind RAAS-blockade inter-
vention trials of shorter duration [11–15]. In the present
study, long-term RAAS-blocking treatment was prescribed
in 85% of type 1 diabetic patients with microalbuminuria
and low-dose aspirin and statins in approximately 60% (at
the end of follow-up). Only ten of 227 patients did not
comply with therapy because of adverse effects.

In previous studies not using RAAS-blocking treatment,
an annual increase in UAER of 5–70% in type 1 diabetic
patients with microalbuminuria has been reported [4, 5, 7–
10]. In contrast, we found an overall decrease in UAER
after the introduction of RAAS-blocking treatment.

Furthermore, a progression rate from micro- to macro-
albuminuria of roughly 80% was originally reported during
an observation period of 10–14 years in type 1 diabetic
patients not receiving RAAS-blocking treatment [1–3].
Subsequently, multiple trials have looked at progression
rates from micro- to macroalbuminuria and reported pro-
gression rates ranging from 5.6 to 30%/year [5–10].
Intervention trials have demonstrated that ACEIs reduce
the progression from micro- to macroalbuminuria and
preserve GFR in type 1 diabetic patients [11–15]. Chaturvedi
and colleagues conducted a large scale meta-analysis of
studies comparing intervention groups (treated with ACEIs)
with placebo groups [15]. The progression rate from micro-
to macroalbuminuria in the placebo arm was 15.6%/year
(N. Chaturvedi, National Heart and Lung Institute, Imperial
College at St Mary’s, London, UK, personal communica-
tion), whereas progression to macroalbuminuria was re-
duced in patients receiving ACEI (OR 0.38, 95% CI 0.25–
0.57) [15]. Similar results with ARBs have been reported in
type 2 diabetic patients [16].

In our observational follow-up study, implementation of
RAAS blockade in type 1 diabetic patients reduced the
progression to overt diabetic nephropathy to 3.4%/year. It
should be noted that 45% of patients progressing to DN
subsequently regressed to micro- or normoalbuminuria on

Table 2 Cardiovascular events and mortality in 227 microalbuminuric patients according to development of diabetic nephropathy during 11 years
of follow-up

Patients without DN (n=162) Patients with DN (n=65) p value

Fatal or non-fatal AMI or CABG or CHF 17% 15% 0.84
Fatal or non-fatal stroke or TCI 12% 19% 0.26
PAS or amputation 10% 10% 1.00
Total number of patients with fatal or non-fatal cardiovascular eventsa 32% 38% 0.52
Total mortality 27% 22% 0.41

AMI, acute myocardial infarction; CABG, coronary arterial bypass grafting; CHF, chronic heart failure; TCI, transitory cerebral ischaemia; PAS,
peripheral arterial surgery
a Patients with one or more fatal or non-fatal events
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intensified antihypertensive treatment; i.e. only 1.7%/year
progressed to persistent macroalbuminuria after 11 years of
follow-up.

At the end of follow-up the cumulative incidence of
developing DN in our study was 29%, which is similar to
(although somewhat lower than) the incidence in a previous
study [20]; this suggests that RAAS blockade may not
prevent but rather delay the progression to DN. The benefit
of a delay in progression to DN is obvious since kidney
function has been shown to be preserved until progression
to DN [11]. Furthermore, aggressive antihypertensive treat-
ment in type 1 diabetic patients with DN has improved the
prognosis of diabetic nephropathy in type 1 diabetes [21].

Progression from microalbuminuria to DN was associated
with HbA1c levels during follow-up in our study. This is in
accordance with previous observational studies finding the
same association between poor glycaemic control and pro-
gression in albuminuria and the rate of progression to DN
[20, 22–25]. In our study, an effort was made to obtain
improved glycaemic control by intensive nurse guidance.
The results, however, were disappointing, with only a small
decrease in HbA1c. There was no association between
changes in UAER and blood pressure, in agreement with
previous findings in normotensive type 1 diabetic patients
with microalbuminuria [26].

During follow-up, 26% of the patients died. This must
be regarded as an improvement in survival; i.e. our group
previously reported a similar mortality in a 10 year obser-
vational follow-up study [27] in 181 type 1 diabetic patients
with microalbuminuria followed from 1984, i.e. before the
introduction of routine RAAS-blocking treatment in patients
with microalbuminuria. The patients in the present study
were, however, 8 years older and had a diabetes duration
that was 7 years longer at baseline compared with the
patients in the previous study [27]. In the present study,
only three patients died from ESRD whereas 24 died of
known cardiovascular disease. There was no difference in
the incidence of cardiovascular events and mortality when
patients progressing to overt DN were compared with
patients who did not develop DN. Overall mortality was
reduced to a similar level in the two groups. The lack of
difference between DN and non-DN patients is unclear but
may have been due partly to the short duration of DN
(median follow-up with DN 6.5 years, range 0.5–10.5) and
consequently well-preserved kidney function. Furthermore,
it should be noted that approximately half of the patients
regressed to micro- or normoalbuminuria, thereby reducing
markedly their risk of cardiovascular events and ESRD [28,
29]. Moreover, microalbuminuria per se is a well-established
risk factor for cardiovascular disease [30], which may further
diminish the difference in prognosis regarding cardiovascu-
lar disease and mortality between patients with persistent
microalbuminuria and patients with DN. The introduction of

routine use of low-dose aspirin and statins in patients with
microalbuminuria and DN in 2002 in our study is expected
to have contributed to the reductions in mortality and
cardiovascular events that we observed. However, the
guidelines are the same in microalbuminuric patients and
patients with DN, and therefore do not explain the lack of
difference between these groups.

Our encouraging results must be regarded as conservative
since drug compliance in the treatment of chronic asymp-
tomatic disease has been reported to be as low as 40–80%
[31]. There are also limitations to an audit like this. First,
we do not have complete follow-up data on all included
patients; 14 patients were lost to follow-up in relation to the
development of diabetic nephropathy after a median of
3.5 years. However, these patients were alive at the end of
follow-up and we were able to rule out the possibility that
these patients had been hospitalised in a nephrology or
cardiology ward from the National Health Registry. Second,
we may have underrated the number of non-fatal cardiovas-
cular events because this information came from our patients’
case records, which may be incomplete.

In conclusion, we found that it was feasible to implement
RAAS-blocking treatment as standard therapy in type 1
diabetic patients with microalbuminuria in a clinical setting.
This reduced the long-term rate of progression to overt DN
to a rate similar to those observed in randomised, double-
blind RAAS-blockade intervention trials of shorter duration.
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