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OBJECTIVE: To evaluate the urinary albumin excretion rate and the glomerular filtration
rate of  single-kidney type 2 diabetic patients and of single-kidney nondiabetic patients.
PATIENTS 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 single-kidney type 2 diabetic patients
(eight men, age 62 ± 9 years; diabetes duration 8.5 ± 7 years), 17 single-kidney
nondiabetic patients (two men, age 57 ± 13 years), and 184 type 2 diabetic patients
who were matched to the single-kidney diabetic group for age, sex and body mass
index were studied. Urinary albumin excretion rate was measured by
immunoturbidimetry in timed 24-h sterile urine, and glomerular filtration rate was
determined by the 51CrEDTA single-injection method.
RESULTS: Single-kidney type 2 diabetic patients presented a higher proportion (eight
of 20; 40%) of microalbuminuria (urinary albumin excretion rate  20-200 mg/min)
than single-kidney nondiabetic patients (three of 17; 17.6%) and type 2 diabetic patients
(37 of 184; 20%). Single-kidney diabetic patients presented a higher proportion of
macroalbuminuria (urinary albumin excretion rate >200 mg/min; six of 20; 30%) than
single-kidney nondiabetic patients (one of 17; 6%) but were similar to type 2 diabetic
patients (43 of 184; 23%). The glomerular filtration rates of normaoalbuminuric single-
kidney nondiabetic patients (71.7 ± 21.4 ml × min-1 × 1.73 m -2 ) and single-kidney type
2 diabetic patients (73.0 ± 21.5 ml × min-1 × 1.73 m-2 ) were similar but higher than the
one-kidney glomerular filtration rate (GFR÷ 2)  of the age-, sex-, and body mass
index-matched normoalbuminiric type 2 diabetic patients (54.0 ±  11.6ml × min-1 ×
1.73m-2).
CONCLUSIONS: Increased GFR related to single-kidney status confers an increased
risk of developing renal disease in the presence of diabetes.
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Taxa de excreção urinária de albumina e taxa de filtração glomerular
em pacientes com diabetes tipo 2 e apenas um rim
OBJETIVO: Avaliar a taxa de excreção urinária de albumina e a taxa de
filtração glomerular em pacientes com apenas um rim e diabetes tipo 2 e em
pacientes não-diabéticos com apenas um rim.



Revista HCPA 1998;18 (2)164

Silveiro et al. UAER and GFR in single-kidney type 2 diabetic patients

PACIENTES E MÉTODOS: Foi feito um estudo controlado, de corte
transversal. Este estudo incluiu pacientes que tivessem apenas um rim por,
pelo menos, 5 anos, que não apresentaram doenças renais ou hipertensão
quando da nefroctomia, e que não tivessem cálculo ou doença sistêmica
quando da avaliação. Foram avaliados 20 pacientes com apenas um rim e
diabetes tipo 2 (oito homens, idade 62 + 9 anos; duração da diabete 8,5 + 7
anos), 17 pacientes não-diabéticos com apenas um rim (dois homens, idade
57 + 13 anos), e 184 pacientes com diabetes tipo 2, que foram agrupados
por idade, sexo e índice de massa corporal com os pacientes diabéticos
com apenas um rim. A taxa de excreção urinária de albumina foi medida por
imunoturbidimetria através de coletas de urina esterilizada obtidas a cada
24 h. A taxa de filtração glomerular foi determinada pelo método 51Cr-EDTA
de injeção única.
RESULTADOS: Os pacientes com diabetes tipo 2 e apenas um rim
apresentaram uma proporção maior (oito em 20; 40%) de microalbumnuria
(taxa de excreção urinária de albumina 20-200 mg/min) do que os pacientes
não-diabéticos e com apenas um rim (três em 17; 17,6%) e do que os
pacientes diabéticos do tipo 2 (37 em 184, 20%). Pacientes diabéticos com
apenas um rim apresentaram uma proporção maior de macroalbuminuria
(taxa de excreção urinária de albumina>200 mg/min; seis em 20; 30%) do
que os pacientes não-diabéticos e com apenas um rim (um em 17; 6%),
mas semelhante à mesma proporção dos pacientes com diabetes tipo 2 (43
em 184; 23%). As taxas de filtração glomerular dos pacientes não-diabéticos
e normoalbuminúricos com apenas um rim (71,7 + 21,4 ml x min-1 x 1,73m-

2), e de pacientes com diabetes tipo 2 e apenas um rim (73,0 + 21,5 ml x min-

1 x 1,73m-2) foram semelhantes. No entanto, estas foram mais elevadas do
que a taxa de filtração glomerular (TFR ÷ 2) dos pacientes com diabetes tipo
2 e normoalbuminúricos, agrupados por idade, sexo e índice de massa
corporal (54,0 + 11,6 ml x min-1 x 1,73m-2).
CONCLUSÕES: Uma TFR elevada, associada à condição de um único rim,
confere um aumento do risco de desenvolvimento de doença renal na
presença de diabetes.

Unitermos: taxa de excreção urinária de albumina (UAER); TFR; diabetes
tipo 2; pacientes com apenas um rim.
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Introduction

Abnormalities in glomerular hemodynamic
homeostasis have been proposed as the main
determining factor to initiate and continue the
progression of renal disease (1). Increased
glomerular filtration 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
attributed to the lack of a more meaningful
definition 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 rather arbitrary
criterion. The single-kidney condition is
characterized by hyperfiltration and can,
therefore, be employed as a model for the study
of the effects of glomerular hyperfiltration.
Experimental studies incriminate glomerular
hypertension in mediating progressive renal
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damage after uninephrectomy (8). Most of the
studies came to the conclusion that
uninephrectomy in men does not induce adverse
effects on the remnant 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
single-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.

Patients 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 at Hospital de Clínicas de Porto Alegre
(HCPA) (a tertiary care center) between January
1995 and December 1996. Informed consent was
obtained from each patient, and the protocol was
approved by the ethics commitee. The diagnosis
of diabetes and normal glucose tolerance was
based on World Health Organization (WHO)
criteria. The oral glucose tolerance test (75g of
glucose) 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 creatinine  > 1.2 mg/dl) at the time of
nephrectomy were excluded. Patients were also
excluded if they presented calculus or systemic
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
at HCPA or from private clinics. The SKN patients
were selected from a list of 365 patients who had
undergone uninephrectomy at the hospital
between 1975 and 1990. A total of 40 patients in
the same age range as SKD patients were
identified. Seventeen patients could not be

located; three refused to participate in the study;
and three 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 diabetes 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 (light
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
140mmHg 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 funduscopy after mydriasis.
Absence of vibratory perception (tuning fork) and
of ankle reflex and/or compatible symptoms were
considered to represent peripheral neuropathy.
Macroangiopathy was diagnosed by history and
by clinical examination  compatible with peripheral
arterial, cerebrovascular, or coronary heart
disease. The patients were evaluated 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
immunoturbidimetry (Microlab, Ames-Bayer,
Tarrytown, NY) (intra-and interassay coefficients
of variation 4.5 and 11.0%, respectively). The
presence of microalbuminuria or
macroalbuminuria (confirmed at least twice) was
established when the UAER was 20-200 µg/min
or >200 µg/min, respectively (11). GFR was
measured in the single-kidney patients and in a
sample of 39 normoalbuminuric type 2 diabetic
patients by the 51Cr-EDTA single-injection method
(coeficient of variation 11.2%) according to
Chantler and Barrat (12). These
normoalbuminuric 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 diabetic patients (n =
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Figure 1. Glomerular filtration rate values of SKD  patients
and SKN patients. ÿ and ∆  represent normoalbuminuric
patients, and n and s represent micro- and macro-
albuminuric patients.
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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
determined by a glucose oxidase method,
creatinine by the Jaffé 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.

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
considered to have renal agenesis, and the
reasons for uninephrectomy for the others was
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 smoking habit. The
proportion 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 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 patients presented the
same degree of metabolic control at the time of
evaluation (fasting plasma glucose 9.7 ± 4.4
mmol/ l  [3.6-22.0]; 9.8 ± 4.1 [2.6-24.0],
respectively; fructosamine 3.41 ± 0.74 mmol/l
[2.52-5.04]; 3.40 ± 0.84 [2.00-7.00], respectively).
There was no correlation 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  macroalbuminuria (6 of 20, 30%)
compared with SKN patients (1 of 17, 6%; P =
0.03). However, no difference was found in the

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 Fisher’s exact test and
the χ2 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
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Figure 2. Urinary albumin excretion and number of years
with one kidney in SKD patients (Ž) and in SKN patients
(∆). Ž and ∆ represent normoalbuminuric patients, and n
and s represent micro and macroalbuminuric patients.
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proportion of macroproteinuria between SKD and
type 2 diabetic patients (43 of 184, 23%; P =
0.19). The GFR values of normoalbuminuric 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

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
hypertensive 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/l;
fructosamine 3.46 ± 0.72 vs. 3.55 ± 0.89 mmol/
l). The prevalence of chronic complications of
diabetes, such as retinophaty (54 vs. 76%),
peripheral neurophaty (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 microalbuminuria 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
microalbuminuria 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 single-kidney patients
has a pathogenic 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
single-kidney condition predisposes to the
appearance of increased UAER.

The GFR increases 40-60% in the
remaining kidney a few weeks after nephrectomy
(14). Our data are in accordance with this
observation, considering the range of GFR in
normal individuals and normoalbuminuric type 2
diabetic patients. The increase in GFR in
uninephrectomized  nondiabetic individuals is due
to the increase in renal plasma flow (RPF) (14).
In diabetic patients, the increase of RPF accounts
for approximately 40% of the increase in GFR
(15). Experimental studies have suggested that

(Figure 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 × 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 (Figure 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
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increased intraglomerular pressure also
contributes to hyperfiltration, and it is probably
the most important factor of initiating renal
disease (16). Therefore, the mechanisms of
hyperfiltration 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, correlating positively with
fasting plasma glucose in these patients (17). In
SKD patients, this correlation was not observed,
probably because GFR was already maximally
elevated 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 function in patients with one
kidney (n = 29), including three type 1 diabetic
patients. Narkun-Burgess et al. (10), in a 45-year
follow-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 proteinuria > 250 mg/day) also presented
with type 2 diabetes. As far as we know, the
current study is the largest one including diabetic
patients with one kidney.

However, we should note that the
proportion 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 nephrectomy.
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 proportion 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 microalbuminuric type 2 diabetic
patients regarding blood pressure levels, degree
of metabolic control, and prevalence of other
cronic complications of diabetes. Only a
prospective analysis of these patients could
determine 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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