
P a t h o p h y s i o l o g y / C o m p l i c a t i o n s
O R I G I N A L A R T I C L E

Urinary Albumin Excretion Rate
and Glomerular Filtration Rate in
Single-Kidney Type 2 Diabetic Patients
SANDRA P. SILVEIRO, MD
LUCIANA A. DA COSTA, MD

MARISTELA 0 . BECK, MD
JORGE L. GROSS, MD

OBJECTIVE — To evaluate the urinary albumin excretion rate (UAER) and the glomerular
filtration rate (GFR) of single-kidney type 2 diabetic patients (SKD) and of single-kidney non-
diabetic patients (SKN).

RESEARCH DESIGN AND METHODS— Patients who had only one kidney for at
least 5 years, with no renal disease or hypertension at the time of the nephrectomy and with
no calculus or systemic disease at the time of the evaluation, were included in this controlled
cross-sectional study. A total of 20 SKD (8 men, age 62 ± 9 years; diabetes duration 8.5 ± 7
years), 17 SKN (2 men, age 57 ± 13 years), and 184 type 2 diabetic patients who were matched
to the single-kidney diabetic group for age, sex, and BM1 were studied. UAER was measured
by immunoturbidimetry in timed 24-h sterile urine, and GFR was determined by the 51Cr-
EDTA single-injection method.

RESULTS — SKD patients presented a higher proportion (8 of 20, 40%) of microalbumin-
uria (UAER 20-200 ug/min) than SKN patients (3 of 17, 17.6%) and type 2 diabetic patients
(37 of 184, 20%). SKD patients presented a higher proportion of macroalbuminuria (UAER
>200 ug/min; 6 of 20, 30%) than SKN patients (1 of 17, 6%) but were similar to type 2 dia-
betic patients (43 of 184, 23%). The GFRs of normoalbuminuric SKN (71.7 ± 21.4 ml • mirr1 •
1.73 m~2) and SKD patients (73.0 ± 21.5 ml • min"1 • 1.73 m~2) were similar but higher than
the one-kidney GFR (GFR -=- 2) of the age-, sex-, and BMI-matched normal individuals (50.5
± 9.0 ml • min"1 • 1.73 m~2) and normoalbuminuric type 2 diabetic patients (54.0 ± 11.6ml •
min"1 • 1.73 m"2).

CONCLUSIONS — Increased GFR related to single-kidney status confers an increased risk
of developing renal disease in the presence of diabetes.

Diabetes Care 21:1521-1524,1998

Abnormalities in glomerular hemody-
namic homeostasis have been pro-
posed as the main determining factor

to initiate and continue the progression of
renal disease (1). Increased glomerular fil-
tration rate (GFR) is the most commonly
used marker of these changes. Glomerular
hyperfiltration has been suggested as a risk
factor for the development of diabetic
nephropathy in type 1 diabetic patients

(2), but the data are still contradictory
(3-5). Few prospective studies on type 2
diabetic patients are available, and the
results are still inconclusive (6,7). Perhaps
some of this controversy could be attrib-
uted to the lack of a more meaningful def-
inition of glomerular hyperfiltration, since
most authors define hyperfiltration as GFR
values above the upper limit of the normal
range (mean + 2 SD) and this could be a
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rather arbitrary criterion. The single-kidney
condition is characterized by hyperfiltra-
tion and can, therefore, be employed as a
model for the study of the effects of
glomerular hyperfiltration on renal func-
tion. Experimental studies incriminate
glomerular hypertension in mediating pro-
gressive renal damage after uninephrec-
tomy (8). Most of the studies came to the
conclusion that uninephrectomy in men
does not induce adverse affects on the rem-
nant kidney. These studies did not include
a representative number of diabetic patients
(9,10). Probably the presence of diabetes
increases the harmful potential of the sin-
gle-kidney condition for renal function. To
examine the consequences of the single-
kidney status for kidney function (GFR
and urinary albumin excretion rate
[UAER]), single-kidney individuals with
and without diabetes were evaluated.

RESEARCH DESIGN AND
METHODS

Subjects and methods
A cross-sectional study was conducted on
single-kidney patients with type 2 diabetes
(SKD), single-kidney nondiabetic patients
(SKN), and type 2 diabetic patients with two
kidneys. The study was performed at the
outpatient Diabetes Clinic of the Hospital de
Clinicas de Porto Alegre (a tertiary care cen-
ter) between January 1995 and December
1996. Informed consent was obtained from
each patient, and the protocol was approved
by the ethics committee. The diagnosis of
diabetes and normal glucose tolerance was
based on World Health Organization criteria.
The oral glucose tolerance test (75 g of glu-
cose) was performed in all nondiabetic
patients after an overnight fast. The inclusion
criterion for single-kidney patients (with or
without diabetes) was the presence of only
one kidney for at least 5 years. The presence
of only one kidney was confirmed by renal
scintigraphy (dimercapto succinic acid) and
ultrasonography Patients with renal disease
(presence of overt proteinuria [>0.5 g/24 h
or positive dipstick] and/or serum creati-
nine >1.2 mg/dl) at the time of nephrec-
tomy were excluded. Patients were also
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Figure 1—Glomerular filtration rate values oj SKD patients and SKN patients. • and A represent
normoalbuminuric patients, and • and • represent micro- and macroalbuminuric patients.

excluded if they presented calculus or sys-
temic disease at the time of study evaluation.

A total of 20 type 2 diabetic patients
with at least 1 year of diabetes duration and
a previous known condition of one-kidney
status (SKD patients) were recruited from
the outpatient clinic of the Hospital de
Clinicas de Porto Alegre or from private
clinics. The SKN patients were selected
from a list of 365 patients who had under-
gone uninephrectomy at the hospital
between 1975 and 1990. A total of 40
patients in the same age range as SKD
patients were identified, and 17 patients
could not be located, 3 refused to partici-
pate in the study, and 3 patients presented
abnormal glucose tolerance and were
excluded from the study A total of 184 type
2 diabetic patients were selected from a
pool of about 500 type 2 diabetic patients
attending the Diabetic Clinic based on the
same age range of SKD and SKN patients
and on the same known duration range of
diabetes of SKD patients.

All patients were submitted to a clinical
evaluation. Smokers were defined as those
currently smoking. Height and weight Qight
clothes without shoes) were measured and
BMI was calculated (weight/height2). Blood
pressure was measured twice in the sitting
position after a 10-min rest with a mercury
sphygmomanometer (phases I and V of the
Korotkoff sounds). Arterial hypertension
was considered to be present when systolic
blood pressure was higher than 140 mmHg
or diastolic blood pressure was higher than

90 mmHg or if the patient was taking anti-
hypertensive drugs. In diabetic patients, the
presence of retinopathy was assessed by an
ophthalmologist by fundoscopy after
mydriasis. Absence of vibratory perception
(tuning fork) and of ankle reflex and/or
compatible symptoms were considered to
represent peripheral neuropathy. Macroan-
giopathy was diagnosed by history and by
clinical examination compatible with
peripheral arterial, cerebrovascular, or coro-
nary heart disease. The patients were evalu-
ated at their usual diets, which corresponds
to an average protein intake of 1.4 g/kg
body weight, assessed by diet records and
nitrogen output.

Urinary albumin was measured in 24-
h timed sterile urine samples by immuno-
turbidimetry (Microalb, Ames-Bayer,
Tarrytown, NY) (intra- and interassay coef-
ficients of variation 4.5 and 11.0%, respec-
tively). The presence of microalbuminuria
or macroalbuminuria (confirmed at least
twice) was established when the UAER was
20-200 ug/min or >200 ug/min, respec-
tively (11). GFR was measured in the sin-
gle-kidney patients and in a sample of 39
normoalbuminuric type 2 diabetic patients
by the 51Cr-EDTA single-injection method
(coefficient of variation 11.2%) according
to Chantler and Barrat (12). These nor-
moalbuminuric type 2 diabetic patients
were selected according to age, sex, and
BMI from the normoalbuminuric patients
(n = 104) of the whole group of type 2 dia-
betic patients (n = 184). The GFR values of

32 normal individuals (age 55.3 ± 4.7
years, range 48-66) were 100.9 ± 18.0 ml
• min"1 • 1.73 m~2. Glucose was deter-
mined by a glucose oxidase method, crea-
tinine by the Jaffe reaction, and
fructosamine by a colorimetric method
(normal range 1.87-2.87 mmol/l). These
measurements were performed during the
same day of GFR evaluation.

Statistical analysis
UAER values were log-transformed before
the calculations. Differences in mean values
were tested by the unpaired t test and by
analysis of variance. Data were compared
by the Mann-Whitney and Kruskal-Wallis
tests. Proportions were compared by the
Fishers exact test and the x2 test. P values
<0.05 were considered to be statistically
significant. Results are expressed as means
± SD unless otherwise stated. Statistical
analysis was carried out with SAS and SPSS
software packages.

RESULTS

Causes of single-kidney condition
The causes of solitary-kidney condition
were similar in SKD and SKN patients. Five
of the SKD patients were considered to
have renal agenesis, and the causes of
uninephrectomy for the others were the
following: infection (5), lithiasis (5), cancer
(3), donation (1), and vascular abnormality
(1). Three of the SKN patients were con-
sidered to have renal agenesis, and the rea-
sons for uninephrectomy for the others
were the following: donation (5), infection
(4), lithiasis (2), cancer (2), and unknown
(1). No significant difference in duration of
the single-kidney condition was observed
between SKD (means ± SD [range]; 23 ± 17
years [5-63]) and SKN (21 ± 18 [5-73], P
= 0.64) patients.

Clinical and laboratory
characteristics
SKD, SKN, and type 2 diabetic patients
were age-matched (age 62 ± 9 years
[48-81]; 57 ± 13 [35-75]; 61 ± 7 [48-75],
respectively) and BMI-matched (28 ± 4; 27
± 5; 28 ± 5 kg/m2). They did not differ
regarding the smoking habit. The propor-
tion of women was higher among SKN (15
of 17) patients than among type 2 diabetic
patients (92 of 184) but was similar to that
of SKD patients (12 of 20). Type 2 diabetic
patients presented a higher proportion
(113 of 184) of arterial hypertension than
SKN patients (5 of 17; P = 0.01), but not
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Figure 2—Urinary albumin excretion and number of years with one kidney in SKD patients (D) and
in SKN patients (A). • and A represent normoalbuminuric patients, and H and A represent micro-
and macroalbuminuric patients.

higher than that of SKD patients (9 of 20).
SKD and type 2 diabetic patients presented
the same known diabetes duration (8.5 ± 7
years [1-22]; 10 ± 7 [1-34], respectively; P
= 0.47).

SKD and type 2 diabetic patients pre-
sented the same degree of metabolic control
at the time of evaluation (fasting plasma glu-
cose 9.7 ± 4.4 mmol/1 [3.6-22.0]; 9.8 ± 4.1
[2.6-24.0], respectively; fructosamine 3.41 ±
0.74 mmol/1 [2.52-5.04]; 3.40 ± 0.84
[2.00-7.00], respectively). There was no cor-
relation between fasting plasma glucose and
GFR in SKD patients (r = 0.22, P = 0.17).

Renal data
SKD patients presented a higher proportion
of microalbuminuria (8 of 20, 40%) than
SKN (3 of 17, 17.6%; P = 0.03) and type 2
diabetic (37 of 184,20%; P = 0.03) patients
and a higher proportion of macroalbumin-
uria (6 of 20, 30%) compared with SKN
patients (1 of 17, 6%; P = 0.03). However,
no difference was found in the proportion
of macroproteinuria between SKD and type
2 diabetic patients (43 of 184, 23%; P =
0.19). The GFR values of normoalbumin-
uric SKD (73.0 ± 21.5 ml • min"1 • 1.73
m-2) and SKN (71.7 ± 21.4 ml • min"1 •
1.73 m~2) were not different (Fig. 1).
Assuming that each kidney accounts for

50% of total renal function, these values
were higher than those of normoalbuminuric
type 2 diabetic patients (108.1 ± 23.2 ml •
min"1 • 1.73 m~2 + 2 = 54.0 ± 11.6 ml •
min"1 -1.73 m~2) and normal individuals
(100.9 ± 18.0 ml • min"1 • 1.73 m~2 + 2 =
50.5 ± 9.0 ml • min-1 • 1.73 m"2).

When analyzing the UAER and the
duration of the single-kidney condition,
we observed that three of four SKN patients
who developed increased albuminuria did
so after 30 years with one kidney. On the
other hand, increased UAER was observed
in SKD patients as early as after 5 years of
single-kidney status (Fig. 2).

Considering only SKD and SKN
patients with increased UAER, the duration
of the single-kidney condition was found to
be shorter in SKD patients (23.0 ± 18.4 vs.
43.5 ± 23.2 years; P = 0.009). All SKD
patients with more than 25 years of single-
kidney condition presented increased
UAER levels, except one patient with renal
agenesis whose known duration of diabetes
was 1 year. SKD and type 2 patients with
elevated UAER presented similar age (63 ±
10 vs. 62 ± 7 years, respectively), male-to-
female ratio (8:6 vs. 30:50), BMI (29 ± 5 vs.
28 ± 5 kg/m2), known diabetes duration
(10 ± 7 vs. 12 ± 8 years), proportion of
smokers (1:14 vs. 7:80), number of hyper-

tensive patients (8 of 14 vs. 58 of 80), and
degree of metabolic control (fasting plasma
glucose 10.6 ± 4.9 vs. 10.7 ± 4.7 mmol/1;
fructosamine 3.46 ± 0.72 vs. 3.55 ± 0.89
mmol/1). The prevalence of chronic com-
plications of diabetes, such as retinopathy
(54 vs. 76%), peripheral neuropathy (23
vs. 54%), and macrovascular disease (31
vs. 28%) was similar for SKD and type 2
diabetic patients, respectively.

CONCLUSIONS— In the present
study an increased proportion of microal-
buminuria and macroalbuminuria in type 2
diabetic patients with only one kidney for at
least 5 years was observed. This period of
time was chosen as the minimum time
required for the patients to be exposed to the
risk (single-kidney). The interval of 5 years
was based on the observation that microal-
buminuria will develop only after 5 years of
diabetes duration in type 1 patients (13).
The elevated number of diabetic patients
with renal disease may indicate that the
glomerular hyperfiltration occurring in sin-
gle-kidney patients has a pathogenetic role
in the development of diabetic nephropathy.
The clinical and laboratory characteristics of
the three groups of patients were similar, but
the duration of single-kidney status was
shorter in SKD patients than in SKN
patients. Therefore, we may assume that the
coexistence of diabetes and the single-kid-
ney condition predisposes to the appear-
ance of increased UAER.

The GFR increases 40-60% in the
remaining kidney a few weeks after
nephrectomy (14). Our data are in accor-
dance with this observation, considering
the range of GFR in normal individuals
and normoalbuminuric type 2 diabetic
patients. The increase in GFR in uni-
nephrectomized nondiabetic individuals is
due to the increase in renal plasma flow
(RPF) (14). In diabetic patients, the
increase of RPF accounts for -40% of the
increase in GFR (15). Experimental studies
have suggested that increased intra-
glomerular pressure also contributes to
hyperfiltration, and probably is the most
important factor in initiating renal disease
(16). Therefore, the mechanisms of hyper-
filtration of nondiabetic single-kidney
patients are probably not the same as those
of diabetic patients.

It has been previously reported that
GFR levels are influenced by metabolic
control in type 2 diabetic patients, corre-
lating positively with fasting plasma glu-
cose in these patients (17). In SKD patients,
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this correlation was not observed, probably
because GFR was already maximally ele-
vated in patients with one kidney

Previous studies on single-kidney
patients included small numbers of diabetic
patients. Schmitz et al. (9) found no
detectable harmful effects on kidney func-
tion in patients with one kidney (n = 29),
including three type 1 diabetic patients.
Narkun-Burgess et al. (10), in a 45-year fol-
low-up after traumatic uninephrectomy (n
= 28), concluded that the procedure has
few major adverse effects on the kidney
However, four out of five patients with
some alteration of renal function in that
study (serum creatinine > 1.5 mg/dl or pro-
teinuria >250 mg/day) also presented with
type 2 diabetes. As far as we know, the cur-
rent study is the largest one including dia-
betic patients with one kidney.

However, we should note that the pro-
portion of macroalbuminuria in SKD
patients was not different from that
observed in type 2 diabetic patients. This
could represent a bias of selection of type 2
diabetic individuals since this group was
recruited from a tertiary care center with a
special interest in diabetic nephropathy. In
fact, the proportion of macroalbuminuria
in our type 2 diabetic patients was higher
than that reported by other authors (14%)
(18). Using this figure, we observed that
our SKD patients presented a higher pro-
portion of macroalbuminuria (P = 0.02).

An important aspect to be solved is the
meaning of the increased UAER in SKD
and SKN patients. Microalbuminuric SKD
patients are very similar to microalbumin-
uric type 2 diabetic patients regarding
blood pressure levels, degree of metabolic
control, and prevalence of other chronic
complications of diabetes. Only a prospec-
tive analysis of these patients could deter-
mine if this increased UAER constitutes a
risk factor for increased mortality or more
advanced stages of diabetic nephropathy, as
demonstrated in type 2 diabetic patients
with two kidneys (19,20).
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