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Reduction in albuminuria predicts a beneficial effect on
diminishing the progression of human diabetic nephropathy during

antihypertensive treatment

P. Rossing, E. Hommel, U. M. Smidt, H.-H. Parving

Steno Diabetes Center, Gentofte, Denmark

Summary Diabetic nephropathy is the main cause of
increased mortality and morbidity in IDDM patients.
The effect of antihypertensive treatment on the pro-
gression of the nephropathy is highly variable. The aim
of this study was to evaluate putative predictors of the
progression in diabetic nephropathy during long-term
antihypertensive treatment. Eighteen hypertensive
IDDM patients with diabetic nephropathy, who had
not been treated previously, were followed during
3 years of treatment with captopril and frusemide or
bendrofluazide. Glomerular filtration rate, arterial
blood pressure, albuminuria and adjusted albuminuria
were used as putative predictors of rate of decline in
glomerular filtration. Fall rate in glomerular filtration
rate was 4.6 (4.0) ml-min™'-year' (mean (SD)) during
treatment. Relative change in albuminuria (ratio of
first year of treatment/baseline) and albuminuria dur-
ing first year of treatment were significantly correlated
to fall rate in glomerular filtration rate during 3 years of

treatment (r =0.73, p <0.001) and (r = 0.60, p < 0.01),
respectively. Arterial blood pressure and glomerular
filtration rate measured at baseline, during first year of
treatment or relative changes in these variables did not
correlate with fall rate in glomerular filtration rate dur-
ing 3 years of treatment. Haemoglobin A, serum-cho-
lesterol, protein intake and sodium excretion remained
unchanged during treatment, and were not correlated
with loss of kidney function. Reduction in albuminuria
during captopril treatment predicts an attenuated rate
of decline in glomerular filtration rate in early diabet-
ic nephropathy (glomerular filtration rate >70 ml-
min™-1.73 m?). The finding suggests a clinical applica-
tion in monitoring the efficacy of antihypertensive
treatment in early diabetic nephropathy. [Diabetologia
(1994) 37:511-516]
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Diabetic nephropathy develops in 30-40% of IDDM
patients [1, 2], and nephropathy is the main cause of in-
creased morbidity and mortality in these patients [1].
Diabetic nephropathy is a clinical syndrome charac-
terized by persistent albuminuria, a relentless decline
in glomerular filtration rate, and raised arterial blood
pressure [3]. Human and animal studies have demon-
strated a correlation between elevation in arterial
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blood pressure and development and progression of
diabetic glomerulopathy [4-10]. Several studies [11-
17] have demonstrated that the rate of decline in
glomerular filtration rate can be reduced by antihyper-
tensive treatment. However the beneficial effect of
antihypertensive treatment on the progression of the
diabetic nephropathy is highly variable. From a clinical
point of view, identification of predictors of the long-
term effect on kidney function of a recently initiated
treatment modality would be important. Patients, for
whom poor prognosis is predicted, could then be given
intensified treatment. Preliminary analysis of kidney
function data in diabetic nephropathy has led us to sug-
gest, that a decrease in albuminuria shortly after onset
of antihypertensive treatment predicts a low rate of de-
cline in glomerular filtration rate [18].
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Table 1. Clinical data of 18 IDDM patients with diabetic ne-
phropathy

Sex (female/male) 4/14

Age (years) 33(8)
Duration of diabetes 21(7)
Retinopathy (Nil/background/proliferative) 0711
Insulin dose (IU - kg'-day™) 0.60 (0.15)
Body mass index (kg/m?) 234(1.7)

Values are mean (SD)

In an attempt to evaluate this concept and thereby
obtain a clinical guideline for the future loss of kidney
function after onset of antihypertensive treatment, we
analysed data from a prospective study of the effect on
kidney function of antihypertensive treatment with an
angiotensin converting enzyme inhibitor in IDDM pa-
tients with early diabetic nephropathy (glomerular fil-
tration rate >70 ml-min~!-1.73 m2) [16]. The follow-
ing putative predictors were evaluated: arterial blood
pressure, glomerular filtration rate, urinary albumin
excretion, adjusted albumin excretion (albumin excre-
tion/glomerular filtration rate).

Subjects and methods

Patients

Eighteen patients with IDDM and persistent albuminuria at-
tending Steno Diabetes Center were included in this study
(Table 1). The patients comprise the entire treatment group in a
non-randomized controlled trial of matched hypertensive
IDDM patients with nephropathy treated with captopril and fru-
semide or bendrofluazide [16]. All patients fulfilled the follow-
ing inclusion criteria: age under 50, persistent albuminuria
(>300 mg/day), a serum creatinine concentration less than
120 umol/l, no oedema, diagnosis of hypertension, but not re-
ceiving antihypertensive treatment (including diuretics), devel-
opment of diabetes before the age of 31, and not blind.

Antihypertensive treatment with captopril (37.5 to 100 mg
daily) alone (one patient) or in combination with frusemide
(mean 98.0mg daily, 10 patients) or bendrofluazide (mean
4.0 mg daily, seven patients) was started after the baseline inves-
tigation. The aim was to achieve a stable reduction in diastolic
blood pressure to below 90 mm Hg and of at least 10 mm Hg in
mean arterial blood pressure (diastolic pressure plus one-third
of the pulse amplitude), or both.

All patients were placed on insulin therapy from the time of
diagnosis, and all received at least two daily injections of highly
purified porcine insulin. They had a normal diabetic diet con-
taining 45-55 % carbohydrate, 30-35 % fat, and 15-20% protein
throughout the study. None of the patients had their intake of
protein or salt restricted. Hypertension was diagnosed if the
mean of the last three measurements performed in the out-pa-
tient clinic before the start of the study was equal to or greater
than 160/90 mm Hg. Nephropathy was diagnosed clinically if
there was persistent albuminuria, diabetic retinopathy, diabetes
of more than 10 years duration, and no clinical or laboratory evi-
dence of kidney or renal-tract disease other than diabetic ne-
phropathy [11]. The study was approved by the local ethical com-
mittee, and the investigated patients all gave their informed con-
sent.
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Methods

Allinvestigations were carried out on one day between 08.30 and
13.00 hours. Patients had their normal breakfast and morning
dose ofinsulin before the investigations, during which they rested
supine and stood up only to pass urine. They drank 150-200 ml
tap water per h during the study. The investigations were carried
out5to7timesduring 31-36 (mean 34) months. The patients were
studied at baseline, after 3 months, and then at 6-month intervals.

The glomerular filtration rate was measured after a single in-
travenous injection of edetic acid labelled with 3.7 MBq sodium
chromate-51 at 09.00 hours, by determining the radioactivity in
venous blood samples taken from the other arm 180,200,220, and
240 min after the injection [19,20]. The results were standardized
for1.73m?body surface area, using the patientssurface areaat the
start of the study. The mean coefficient of variation in the glo-
merular filtration rate of each patient from day to day was 4 %.

Urinary albumin excretion was measured during the 4-h
clearance period by radioimmunoassay [21]. The assay had a
sensitivity of 0.5 mg/l and a coefficient of variation between as-
says of 9 %. The patients collected urine for one 24-h period be-
fore the investigations for measuring the excretion of sodium
and urea. The urea excretion was used to calculate protein in-
take from the nitrogen content of the urea and an estimated
value of non-urea nitrogen of 31 mg-kg™ -day™ [22]. (Assuming
a constant nitrogen balance, nitrogen intake = nitrogen content
of urinary urea plus nonurea nitrogen; protein intake
(g/day) = nitrogen intake x 6.25)[23].

Blood pressure was measured after 10 min or more rest with
the patientin the supine position with a standard clinical mercury
sphygmomanometer (cuff 25 x 12 cm) on the right arm. Blood
pressure was measured two times between 09.00 and 10.00 hours
and between 12.00 and 13.00 hours during the study,and twotimes
ateach visit tothe out-patient clinic. Diastolicblood pressure was
recorded as the disappearance of the Korotkoffsounds (phase V).
Serum cholesterol concentration measured by conventional lab-
oratory technique and stable haemoglobin A, concentration
(normal range 4.1-6.1 % of total haemoglobin) were measured
during each investigation. All patients visited the clinicevery 2 to
4 months during the investigation. At each visit the postprandial
blood glucose concentration was measured along with urinary
glucose excretion, blood pressure and body weight, and the dose
ofinsulin and antihypertensive treatment were adjusted. The fol-
lowing putative predictors of rate of decline in glomerular filtra-
tionrate during antihypertensive treatment were evaluated: arte-
rial blood pressure, glomerular filtration rate, albuminuria, ad-
justed albuminuria (albuminuria/glomerular filtration rate), at
baseline,and for the first year during antihypertensive treatment,
respectively. The relative changesin these variables after onset of
antihypertensive treatment were also evaluated as predictors
(((during-baseline)/baseline)*100 % ). Serum concentration of
haemoglobin A, cholesterol, protein intake and sodium excre-
tion during the 3 years of treatment were determined as possible
confounders. Rate of decline in glomerular filtration rate was cal-
culated for the whole treatment period.

Statistical analysis

Valuesare givenas mean (SD). Values for urinary albumin excre-
tion rate and adjusted albuminuria were logarithmically trans-
formed before analysis because of their positively skewed dis-
tribution, median (range) are given. Wilcoxon's non-parametric
test was used for paired comparison. Kruskall-Wallis test of vari-
ance was used for comparison between three groups, if a dif-
ference was found, the Mann-Whitney U-test was used for com-
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Table 2. Arterial blood pressure, albuminuria, glomerular filtration rate, adjusted albuminuria (albuminuria/glomerular filtration
rate) at baseline, and the first year during antihypertensive treatment, and the relative changes in these variables (((during-

baseline)/baseline)- 100 % )(n = 18)

Baseline First year during Relative change (%)
treatment (mean(SD))
Blood pressure (mm Hg)* 14793 (11/5) 131/84 (11/6)¢ ~10/-10 (6/5)
Albuminuria (pug/min)® 1295 (168-2946) 646 (71-2216) —40(35)
Glomerular filtration rate (ml- min™-1.73 m?)* 98 (22) 91 (26)¢ -9(8)
Adjusted albuminuria (ug-ml”'-1.73 m?)® 12 (2-34) 8 (1-25)¢ -35(37)
Mean (SD), ® median (range);
¢p <0.001;° p < 0.01 vs baseline
120 Results
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Fig.1. Mean course of glomerular filtration rate in 18 IDDM pa-
tients with diabetic nephropathy at baseline (°) and during anti-
hypertensive treatment (). Bars are SEM
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Fig.2. Correlation between albuminuria (log scale) and rate of
decline in glomerular filtration rate (r =0.60 p <0.01). Albu-
minuria was measured during the first year after start of anti-
hypertensive treatment. Glomerular filtration rate was
measured during 3 years of antihypertensive treatment in 18
IDDM patients with diabetic nephropathy

parison between two groups. Linear regression analysis (least
squares method) was used to determine the rate of decline in
glomerular filtration rate for each patient, using all measured
values of glomerular filtration rate from the treatment period.
Univariate linear regression analysis was used to analyse data for
correlations between the above-mentioned putative predictors
and rate of decline in glomerular filtration rate. Forward stepwise
multiple linear regression analysis was made with the putative
predictors asindependent variables and rate of decline in glomer-
ular filtration rate as the dependent variable. These analyses
were made using absolute values of putative predictors measured
at baseline or during the first year of treatment, or with the
relative changes in the putative predictors. All calculations were
made using Statgraphics (STSC, Rockville,Md., USA). A pvalue
of less than (.05 was considered significant (two-tailed).

Arterial blood pressure, albuminuria, glomerular fil-
tration rate and adjusted albuminuria decreased sig-
nificantly after onset of antihypertensive treatment
(Table 2). The blood pressure was reduced after
3 months of antihypertensive treatment and was main-
tained at 136/85 (8/5) mm Hg during the 3 years of
treatment. During the entire treatment period haemo-
globin A, (normal range 4.1 to 6.1 %) and serum cho-
lesterol concentration were 9.3 (0.8)% and 6.5 (0.8), re-
spectively, both were unchanged compared to baseline.
Average protein intake was 1.1 (0.3) g-kg' -day™ and
urinary sodium excretion was 154 (63) mmol/day. The
rate of decline in glomerular filtration rate was 4.6 (4.2)
ml-min~'-year™!, ranging from 2.1 to 13.0 (Fig. 1).

Forward stepwise multiple linear regression anal-
ysis with rate of decline in glomerular filtration rate as
the dependent variable and the absolute levels of the
putative predictors (arterial blood pressure, albu-
minuria, glomerular filtration rate and adjusted albu-
minuria) measured at baseline or the first year during
treatment, respectively, as independent variables,
showed only a significant correlation with albumin ex-
cretion during the first year of treatment (r = 0.60,
p <0.01, Fig. 2).

Furthermore the relative change in the putative pre-
dictors was calculated using first year during treatment
vs baseline. In a stepwise linear regression analysis
there was a significant correlation between the loss of
kidney function and relative change in albuminuria
(r =0.73, p<0.001, Fig. 3). In a univariate regression
analysis there was a significant correlation between
relative change in adjusted albuminuria and rate of de-
cline in glomerular filtration rate (r = 0.72, p < 0.001).
The patients were divided into tertiles based on relative
change in albuminuria (Table 3), the group with the
largest decrease in albuminuria had a rate of decline in
glomerular filtration rate of 1.5 ml- min™' - year™!, while
the rate of decline was 8.3 ml- min~'-year~! in the group
with stable or increasing albuminuria (p =0.01). There
was no significant correlation between the relative
change in systolic or diastolic blood pressure and the
relative change in albuminuria or adjusted albuminuria
(during/baseline), respectively.
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To evaluate the predictive value of the earliest de-
monstrable changes, we repeated the above-described
stepwise regression analyses using baseline values and
the first measurement during treatment, which were
performed after 3 months of treatment. There was a
significant correlation between the absolute values of
albuminuria after 3 months and rate of decline in
glomerular filtration rate (r =0.49, p <0.05) and be-
tween the relative change in adjusted albuminuria and
the loss of kidney function (r = 0.48, p < 0.05).

In a stepwise linear regression analysis with rate of
decline in glomerular filtration rate as the dependent
variable and serum concentrations of haemoglobin
A, cholesterol, protein intake and sodium excretion,
as independent variables, (averages of values obtained
during the 3-year treatment period were used), there
was no significant correlation. These variables re-
mained unchanged during the study period.

Our study suggests that low levels of albuminuria
measured shortly after the start of antihypertensive
treatment with captopril and diuretics predicts an at-
tenuated fall in glomerular filtration rate in IDDM pa-
tients with early diabetic nephropathy (glomerular fil-
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Fig.3. Correlation between relative change in albuminuria and
decline in glomerular filtration rate (» = 0.73 p <0.001). Albu-
minuria was measured at baseline and during the first year after
start of antihypertensive treatment, respectively. Glomerular fil-
tration rate was measured during 3 years of antihypertensive
treatment in 18 IDDM patients with diabetic nephropathy
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tration rate >70 ml-min-1.73 m?). This guideline is
further improved if pretreatment values are known,
since the relative change in albuminuria or adjusted al-
buminuria are more closely correlated with the future
fall in glomerular filtration rate. We have demon-
strated a correlation between initial measurements of
albuminuria (surrogate end-point) and long-term pres-
ervation of glomerular filtration rate (principal end-
point) in diabetic nephropathy. Our study did not sup-
port the suggestion that arterial blood pressure and
glomerular filtration rate measured initially during
antihypertensive treatment can be used as a clinical
guideline for the future loss of kidney function, but
numbers were small. Other putative confounders such
as metabolic control, serum cholesterol, protein intake
and sodium excretion could not explain the wide range
in fall rate in glomerular filtration rate during anti-
hypertensive treatment.

Furthermore, in a preliminary analysis, we have
demonstrated a correlation between relative change in
adjusted albuminuria and rate of decline in glomerular
filtration rate in 20 IDDM patients with diabetic ne-
phropathy (glomerular filtration rate >37 ml-min!-
1.73 m~) treated with metoprolol and frusemide [18].
Recently Apperloo et al. [24] have demonstrated that
the reduction in proteinuria after 12 weeks of therapy
correlated with the long-term rate of decline in glo-
merular filtration rate in 30 proteinuric non-diabetic
patients (glomerular filtration rate >30ml-min!-
1.73 m™2) treated for 2 years with atenolol or enalapril
in a double-blind trial.

Treatment which successfully has reduced the pro-
gression in diabetic kidney disease both experimentally
[8, 9, 25] and in clinical trials [12, 13, 16, 17, 26] has al-
ways been associated with a reduction in proteinuria
during the intervention period. The association be-
tween albuminuria and progression of diabetic ne-
phropathy, suggests that measurements of the initial
antiproteinuric effect may provide a tool for rapid
screening of the potential renoprotective effect of new
drugs and non-pharmacological treatment regimens.
Further evaluation of this concept are urgently needed
in diabetic and other glomerulopathies. The impact of
antihypertensive treatment on albumin excretion must
reflect functional or structural factors contributing di-
rectly or indirectly to the loss of kidney function. As the
antiproteinuric effect is observed shortly after treat-

Table 3. Impact of relative change in albuminuria (((first year during treatment-baseline)/baseline)- 100 %) on the progression of

diabetic nephropathy in 18 IDDM patients

Tertiles

Largest reduction (n = 6)

Intermediate (n = 6) No reduction (n = 6)

Change in albuminuria (%) (range) —86to-58

Rate of decline in glomerular
filtration rate (ml-min™'-year)?

1.5(-12t04.2)

—57t0-26 -25to 49

4.0(1.0t07.1) 83 (4.8t011.7)b

a Mean (95 % confidence interval); ® p < 0.01 Largest vs no reduction
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ment is initiated, it is most likely caused by functional
changes, since structural lesions would probably not re-
gress that quickly. The observed antiproteinuric effect
of captopril and frusemide/bendrofluazide may be due
either to diminished glomerular capillary hydraulic
pressure or to enhanced intrinsic selectivity of the
glomerular capillary barrier wall, or to both. Increased
glomerular capillary hydraulic pressure has been
shown to accelerate the development of diabetic
glomerulopathy in experimental animals [9], while
antihypertensive medication reduces intraglomerular
pressure, albuminuria and the severity of diabetic
glomerular lesions [25]. The antiproteinuric effect is
mainly/solely present if the reduction in systemic blood
pressure leads to a decrease in intraglomerular pres-
sure [25, 27]. Inhibition of angiotensin converting
enzyme prevents the action of angiotensin II on the ef-
ferent arteriole, thereby diminishing the intraglomeru-
lar pressure irrespective of the effect on systemic
hypertension.

The size and charge selectivity of the glomerular
capillary filtration barrier is impaired in patients with
diabetic nephropathy compared to patients with
normo- and microalbuminuria [28-30]. Scandling et al.
[31] have shown in diabetic as well as other proteinuric
nephropathies that there is a reciprocal relationship
between the fraction of large pores (resposible for pro-
teinuria) and pore density (ultrafiltration capacity).
This is consistent with our prediction if the same mem-
brane change that lowers the glomerular permeability
to albumin (fraction of large pores) also increases the
filtration capacity (pore density). Antihypertensive
treatment with an angiotensin converting enzyme in-
hibitor has been shown to improve both size and charge
selective properties [32, 33).

Remuzzi et al. [34] has suggested that proteinuria is
not simply a marker of the extent of glomerular dam-
age, but that proteinuria per se may contribute to the
kidney lesions. The potential mechanisms by which
proteinuria may itself promote damage to mesangial,
epithelial and tubular cell function has been critically
reviewed [34]. Our finding of a correlation between al-
buminuria and rate of progression in kidney function is
compatible with the concept that albuminuria per se
may be harmful to the kidney. We have previously dem-
onstrated a correlation between the magnitude of albu-
minuria and the rate of decline in glomerular filtration
rate in an observational study of the natural history of
diabetic nephropathy [35].

Marked proteinuria causes dyslipidaemia with
hypercholesterolaemia and hypertriglyceridaemia
with increasing LDL and VLDL [36, 37]. Hyperlipid-
aemia has been shown to play a role in initiation and
progression of glomerular injury in animal models [38,
39]. A positive correlation has been found between
serum cholesterol and rate of decline in glomerular fil-
tration rate in IDDM patients with diabetic nephrop-
athy [17] and in proteinuric non-diabetic patients [24].

515

Animal studies have demonstrated a reduced dyslipid-
aemia after reduction in albuminuria with antihyper-
tensive treatment [40]. In our study we found no
change in serum cholesterol after onset of treatment
and no correlation was found between cholesterol and
loss of kidney function.

In conclusion our study suggests that adecreaseinaal-
buminuria shortly after onset of antihypertensive treat-
ment with an angiotensin converting enzyme inhibitor
predictsalow rate of declinein glomerular filtrationrate
in the early stages of diabetic nephropathy. The finding
suggests a clinical application to monitor the efficacy of
antihypertensive treatment in early diabetic nephrop-
athy. The validity of this suggestion in more advanced
diabetic nephropathy (glomerular filtration rate

<70 ml-min"-1.73 m™) remains to be evaluated.
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