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Increased proteinuria is recognized as a risk predictor for all-cause and cardiovascular mortality in diabetic patients; however,
no study has evaluated these relationships in Brazilian patients. The aim of this study was to investigate the prognostic value of
gross proteinuria for all-cause and cardiovascular mortalities and for cardiovascular morbidity in a cohort study of 471 type 2
diabetic individuals followed for up to 7 years. Several clinical, laboratory and electrocardiographic variables were obtained at
baseline. The relative risks for all-cause, cardiovascular and cardiac mortalities and for cardiovascular and cardiac events
associated with the presence of overt proteinuria (>0.5 g/24 h) were assessed by Kaplan-Meier survival curves and by
multivariate Cox regression model. During a median follow-up of 57 months (range 2-84 months), 121 patients (25.7%) died, 44
from cardiovascular and 30 from cardiac causes, and 106 fatal or non-fatal cardiovascular events occurred. Gross proteinuria
was an independent risk predictor of all-cause, cardiovascular and cardiac mortalities and of cardiovascular morbidity with
adjusted relative risks ranging from 1.96 to 4.38 for the different endpoints. This increased risk remained significant after
exclusion of patients with prior cardiovascular disease at baseline from the multivariate analysis. In conclusion, gross proteinuria
was a strong predictor of all-cause, cardiovascular and cardiac mortalities and also of cardiovascular morbidity in a Brazilian
cohort of type 2 diabetic patients. Intervention studies are necessary to determine whether the reduction of proteinuria can
decrease morbidity and mortality of type 2 diabetes in Brazil.
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Introduction

Several prospective studies have reported that abnor-
mal proteinuria or albuminuria are predictors of all-cause
and cardiovascular mortality in patients with diabetes (1-
8), and also in the non-diabetic population (9-11). How-
ever, most longitudinal studies on proteinuria and mortality
were conducted in European countries (1-5), in the USA
(7,9,11) and some in Asia (6,10). Also, there is variability in
the extent of the increase in mortality associated with
proteinuria among different geographic locations. Thus, it
is important to have data from a variety of countries to
determine differences in the magnitude of proteinuria-

associated risks of specific causes of death and incidence
of non-fatal events. In particular, the role of proteinuria as
a predictive marker of mortality is not known in some
diabetic populations. No Brazilian study has described the
association between proteinuria and total mortality and
cardiovascular morbidity and mortality. We have previ-
ously reported the risk markers of all–cause mortality and of
stroke in this cohort and proteinuria was among the inde-
pendent predictors (12,13).

Hence, the aim of this study was to investigate the
relationship between gross proteinuria and total all-cause,
cardiovascular and cardiac mortalities and cardiovascular
morbidity in a Brazilian multi-ethnic cohort prospective study.
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Patients and Methods

Study patients and baseline procedures
Study patients have been described elsewhere (14,15).

Briefly, all adult diabetic outpatients, diagnosed according to
1985 WHO criteria, who had standard EKGs     recorded from
July 1994 to June 1996 were enrolled consecutively in the
study. Exclusion criteria were type 1 diabetes, unstable
angina or recent (less than 4 months) acute myocardial
infarction, serum potassium or calcium electrolyte abnor-
malities, use of any antiarrhythmic drug (except ß blockers
when used for hypertension or coronary artery disease),
chronic renal failure undergoing dialysis and non-sinusal
rhythms on EKG. After applying these exclusion criteria, a
total of 471 type 2 diabetic patients composed the cohort.
The study protocol complied with the 1975 Declaration of
Helsinki, was approved by the local Ethics Committee and all
patients gave written informed consent.

The baseline procedures and criteria for diagnosing
clinical variables have been described previously (14,15).
In brief, all subjects were submitted to a complete clinical
examination, with special attention to signs and symptoms
of cardiovascular diseases and to diabetic degenerative
complications. Laboratory evaluation included fasting plas-
ma glucose, creatinine, triglycerides, total and HDL cho-
lesterol, and 24-h proteinuria, by automated methods. The
diagnosis of gross proteinuria, consistent with clinical dia-
betic nephropathy, needed at least 3 consecutive meas-
urements greater than 0.5 g/24 h. Patients with previous
persistent overt proteinuria (>0.5 g/24 h) were considered
as clinical nephropathy independent of present level of
proteinuria. No anthropometric measures were obtained.
Arterial hypertension was diagnosed if mean systolic blood
pressure ≥140 mmHg or diastolic blood pressure ≥90
mmHg or if anti-hypertensive drugs had been prescribed.
Mean values of all blood pressure measurements and
laboratory examinations performed in the first year of fol-
low-up were recorded.

Follow-up and endpoints
The patients were evaluated regularly at least two times

a year until June 2001. Those who failed to return to the
hospital clinic were contacted annually to determine health
status. Causes of death during the follow-up period were
ascertained from medical records, death certificates and
interviews with attending physicians and families, by a stand-
ard questionnaire reviewed by an independent observer.
Causes of death were coded according to the International
Classification of Disease. The primary endpoints were all-
cause, cardiovascular and cardiac mortalities. Cardiac mor-
tality was defined as death from acute myocardial infarction,

progressive heart failure or sudden cardiac death, defined
as death occurring instantaneously or within 1 h after the
onset of symptoms (16). Cardiovascular mortality was de-
fined as death from any cardiac, cerebrovascular, aortic or
peripheral arterial disease. Total, fatal or non-fatal, cardio-
vascular and cardiac events were also primary endpoints.
We considered as cardiac events all cardiac deaths plus
non-fatal myocardial infarctions and any myocardial revas-
cularization procedures (either surgical or not), and as car-
diovascular events all cardiac events and cardiovascular
deaths plus strokes, amputations above the ankle and lower
limb revascularization procedures. The observation period
for each patient was the number of months from the date of
entry in the study to the date of death or June 30, 2001. Forty-
three patients (9.1%) were lost from follow-up and were
considered censored observations at the date of their last
hospital visit.

Statistical analysis
All statistics were performed using the SPSS statistical

package version 13.0. Continuous data were reported as
means and standard deviations. Comparisons of baseline
characteristics between the subgroups with and without
gross proteinuria were performed by the unpaired t-test for
continuous variables with normal distribution, by the Mann-
Whitney test for continuous asymmetrically distributed vari-
ables and by the chi-square test for categorical data. Kaplan
Meyer estimation of mortality curves (compared by log-rank
test) and univariate and multivariate proportional hazards
Cox models were used for survival analysis. Cox regression
models were fitted in a forward stepwise procedure for each
primary endpoint. First, it was adjusted for age and sex and
then for all other covariates that could potentially impact the
associations between gross proteinuria and outcome (age,
gender, diabetes duration, presence of arterial hypertension
and any cardiovascular disease at baseline, mean systolic
and diastolic blood pressures, anti-hypertensive and dia-
betic treatment, lipid profile and mean fasting glycemia). In
addition, regression analysis was repeated for all endpoints
after excluding patients with any cardiovascular disease at
baseline. Assumptions of the proportional hazards models
and interactions were also tested (17) and no violation was
observed. Results are reported as adjusted relative risks
(RRs) with their 95% confidence intervals. A two-tailed P
value <0.05 was considered to be statistically significant.

Results

Baseline characteristics
Mean proteinuria ranged from 0.01 to 10.00 g/24 h

(median: 0.18, interquartile range: 0.06-0.46 g/24 h). One
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hundred and six patients (22.5%) presented
gross proteinuria. Baseline characteristics of all
patients and of those with and without overt
proteinuria are reported in Table 1. Patients with
gross proteinuria were more frequently males,
had a longer duration of diabetes, increased
prevalence of arterial hypertension, cardiovas-
cular diseases and diabetic retinopathy. They
also had higher systolic and diastolic blood pres-
sures and heart rate, used angiotensin-convert-
ing enzyme inhibitor drugs more frequently and
had higher serum triglycerides than those with-
out clinical nephropathy.

Follow-up endpoints and survival analysis
During a median follow-up of 57 months

(range 2-84 months), there were 121 all-cause
deaths, 44 from cardiovascular and 30 from
cardiac causes. There were 106 total fatal or
non-fatal cardiovascular events, 40 strokes, and
55 cardiac events. Results of multivariate Cox
regression analysis of all patients are reported
in Table 2. After adjustment for age and gender,
the presence of gross proteinuria was inde-
pendently associated with all-cause, cardiovas-
cular and cardiac mortalities and also with total,
fatal or non-fatal, cardiovascular, cardiac and
cerebrovascular events. After adjusting for all
covariates, the presence of overt proteinuria
remained a significant predictor of all endpoints
except for the occurrence of cardiac events.
RRs after full adjustment ranged from 1.6 for
cardiac events up to 4.4 for cardiac and cardio-
vascular mortalities. Table 3 shows the same
multivariate analysis after excluding 130 pa-

Table 2.Table 2.Table 2.Table 2.Table 2. Adjusted relative risks associated with the presence of gross proteinuria for each endpoint of all 471 diabetic patients.

Model A Model B

RR 95%CI P RR 95%CI P

All-cause mortality (N = 121) 2.61 1.78-3.83 <0.001 2.55 1.68-3.87 <0.001
Cardiovascular mortality (N = 44) 4.59 2.50-8.42 <0.001 4.38 2.25-8.52 <0.001
Cardiac mortality (N = 30) 4.51 2.16-9.40 <0.001 4.37 1.94-9.85 <0.001
Total cardiac events (N = 55) 2.07 1.15-3.72 0.016 1.57 0.81-2.98 0.18
Stroke (N = 40) 2.63 1.34-5.16 0.005 2.96 1.41-6.18 0.004
Total cardiovascular events (N = 106) 2.31 1.53-3.50 <0.001 1.96 1.23-3.12 0.005

Adjusted relative risk was calculated with the Cox regression model. RR = relative risk; N = number of events. Model A: adjusted for
age and gender. Model B: adjusted for age, gender, diabetes duration, arterial hypertension, cardiovascular disease and retinopathy
at baseline, hypertension and diabetes treatment, systolic and diastolic blood pressures, heart rate, serum total and HDL cholesterol,
triglycerides and fasting glycemia.

Table 1.Table 1.Table 1.Table 1.Table 1. Baseline characteristics of all patients with and without gross pro-
teinuria.

Characteristics All patients Patients with Patients with
(N = 471) proteinuria  proteinuria

>0.5 g/24 h ≤0.5 g/24 h
(N = 106) (N = 365)

Gender (male) 161 (34.2%) 51 (48.1%)+ 110 (30.1%)
Age (years) 60.5 ± 11.1 58.5 ± 10.1* 61.0 ± 11.3
Diabetes duration (years) 9.3 ± 7.3 10.1 ± 7.7# 9.0 ± 7.3
Retinopathy 95 (20.2%) 33 (31.3%)+ 62 (17.0%)
Neuropathy 68 (14.4%) 18 (17.0%) 50 (13.7%)
Arterial hypertension 271 (57.5%) 70 (66.0%)* 201 (55.1%)
Heart failure 20 (4.2%) 11 (10.4%)+ 9 (2.5%)
Coronary heart disease 56 (11.9%) 17 (16.0%) 39 (10.7%)
Cerebrovascular disease 26 (5.5%) 3 (2.8%) 23 (6.3%)
Peripheral vascular disease 43 (9.1%) 14 (13.2%) 29 (7.9%)
SBP (mmHg) 142.8 ± 19.8 146.1 ± 19.8+ 141.9 ± 19.7
DBP (mmHg) 83.3 ± 10.5 85.4 ± 10.0+ 82.7 ± 10.6
Heart rate (bpm) 78.0 ± 14.6 83.0 ± 14.6# 76.6 ± 14.5
Diabetes treatment

Sulfonylureas 274 (58.2%) 63 (59.4%) 211 (57.8%)
Insulin 130 (27.6%) 27 (25.5%) 103 (28.2%)

Anti-hypertensive treatment
ß blockers 36 (7.6%) 8 (7.5%) 28 (7.7%)
Calcium channel blockers 94 (20.0%) 24 (22.6%) 70 (19.2%)
Diuretics 111 (23.6%) 24 (22.6%) 79 (21.6%)
ACE inhibitors 135 (28.7%) 53 (50.0%)# 82 (22.5%)

Fasting glycemia (mmol/L) 10.7 ± 4.0 10.5 ± 4.4 10.8 ± 3.9
Triglycerides (mmol/L) 1.92 ± 1.12 2.23 ± 1.51* 1.84 ± 0.96
Total cholesterol (mmol/L) 5.38 ± 1.26 5.67 ± 1.54 5.30 ± 1.16
HDL cholesterol (mmol/L) 1.07 ± 0.27 1.04 ± 0.32 1.08 ± 0.26

Data are reported as absolute numbers with percent in parentheses or means
± SD. SBP = systolic blood pressure; DBP = diastolic blood pressure; ACE =
angiotensin-converting enzyme; HDL = high-density lipoprotein.
*P < 0.05, +P < 0.01, #P < 0.001 comparisons between patients with and
without abnormal proteinuria (unpaired t-test, Mann-Whitney and χ2 tests).
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Table 3.Table 3.Table 3.Table 3.Table 3. Adjusted relative risks associated with the presence of gross proteinuria for each endpoint of 341 diabetic patients without
prior cardiovascular disease.

Model A Model B

RR 95%CI P RR 95%CI P

All-cause mortality (N = 69) 2.17 1.29-3.65 0.003 2.41 1.36-4.27 0.003
Cardiovascular mortality (N = 24) 4.73 2.10-10.67 <0.001 4.85 1.97-11.93 0.001
Cardiac mortality (N = 15) 3.58 1.27-10.12 0.016 3.59 1.14-11.23 0.028
Total cardiac events (N = 28) 1.68 0.71-3.97 0.24 1.77 0.68-4.60 0.24
Stroke (N = 26) 2.12 0.89-5.08 0.09 2.34 0.90-6.11 0.08
Total cardiovascular events (N = 57) 1.99 1.11-3.56 0.021 2.12 1.10-4.08 0.024

Adjusted relative risk was calculated with the Cox regression model. RR = relative risk; N = number of events. Model A: adjusted for
age and gender. Model B: adjusted for age, gender, diabetes duration, arterial hypertension and retinopathy at baseline, hypertension
and diabetes treatment, systolic and diastolic blood pressures, heart rate, serum total and HDL cholesterol, triglycerides and fasting
glycemia.

Figure 1.Figure 1.Figure 1.Figure 1.Figure 1. Kaplan-Meier estimation of all-cause, cardiovascular and cardiac mortality curves in patients grouped according to the
presence of gross proteinuria in all 471 diabetic patients. The number of patients at risk at each 2-year period is shown in the right
panel.

Figure 2.Figure 2.Figure 2.Figure 2.Figure 2. Kaplan-Meier estimation of inci-
dent total fatal or non-fatal cardiovascular
and cardiac event curves in patients grouped
according to the presence of gross proteinu-
ria in all 471 diabetic patients. The number of
patients at risk at each 2-year period is
shown in each panel.
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Figure 3.Figure 3.Figure 3.Figure 3.Figure 3. Kaplan-Meier estimation of all-cause, cardiovascular and cardiac mortality curves in patients grouped according to the
presence of gross proteinuria in 341 patients without cardiovascular disease at baseline.     The number of patients at risk at each 2-
year period is shown in the right panel.

tients with pre-existent cardiovascular disease at baseline.
In patients without any cardiovascular disease, the pres-
ence of gross proteinuria remained a predictor of poor
prognosis for all endpoints investigated, except for total
cardiac events and stroke. In the fully adjusted models, the
RRs ranged from 1.8 for cardiac events to nearly 5.0 for
cardiovascular mortality.

Figures 1 and 2 show Kaplan-Meier curves for the 5
primary endpoints. The presence of gross proteinuria dis-
tinguishes a subgroup of diabetic patients with significantly
worse prognosis than those with lower proteinuria levels.
Figure 3 shows the Kaplan-Meier curves for the mortality
endpoints excluding the patients with prior cardiovascular
disease. Similarly, the presence of overt proteinuria was
associated with greater mortality, even in those diabetic
patients without any cardiovascular disease at baseline.

Discussion

In this prospective cohort study with up to 7 years of
follow-up in a Brazilian type 2 diabetic population, the
presence of persistent gross proteinuria, defined as a
mean urinary protein excretion rate greater than 0.5 g/24 h,
predicted not only increased risk of all-cause, cardiovas-
cular and cardiac mortalities, but also of incident total, fatal
or non-fatal, cardiovascular events, with relative risks vary-
ing from nearly twice for total cardiovascular events up to
4.5-fold for cardiovascular mortality compared with the
reference group without gross proteinuria at baseline.
These increased risks persisted independent after adjust-
ing for other important cardiovascular risk factors, such as
presence of arterial hypertension and cardiovascular dis-

ease at baseline, blood pressure levels and serum lipid
profile. They were also observed in the subgroup of dia-
betic patients without cardiovascular disease at entry into
the study.

These results agree with previous studies (1,4,6-8,
18,19). Overt proteinuria or macroalbuminuria are consid-
ered to be, in general, good biomarkers of subsequent
mortality (9,10,20). Various studies have shown a better
survival in non-proteinuric type 2 diabetic patients. Never-
theless, most of these studies are based on simple qualita-
tive dipstick or precipitation screening tests (1,6,7,9-11,18)
or on urinary protein concentration from a morning spot
(19). In the present study, the measurement of 24-h urinary
protein excretion was assessed on at least three different
occasions, whenever possible. Certainly, the method per-
formed in this study, decreased random proteinuria varia-
tion and increased the strength of the associations found
between gross proteinuria and morbi-mortality.

This is the first prospective study performed in a multi-
ethnic Brazilian population, confirming the predictive role
of proteinuria in type 2 diabetic patients. However, ab-
sence of information on urinary albumin excretion rate is a
real limitation of this study, preventing the evaluation of the
prognostic value of lower levels of proteinuria and microal-
buminuria. Even though some studies have reported simi-
lar predictive roles of both gross proteinuria and microal-
buminuria for cardiovascular death (7,8), and other inves-
tigations have observed an even stronger association of
overt proteinuria than microalbuminuria with cardiovascu-
lar mortality (4,21), data on albuminuria would certainly
improve this study.

Many explanations have been proposed to account for
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the increased cardiovascular morbidity and mortality in
type 2 diabetes related to abnormal urinary protein excre-
tion. The exact mechanism by which increased urinary
protein excretion is associated with increased cardiovas-
cular risk is unclear; but it is probably multifactorial (22).
One possible mechanism may be excessive protein reab-
sorption in the proximal renal tubule, causing increased
synthesis of vasoactive and inflammatory substances (23).
This inflammatory response may elicit local and possibly
systemic endothelial dysfunction. Endothelial dysfunction
occurs precociously in atherosclerosis and modulates vas-
cular permeability. Increased vascular permeability re-
lated to proteinuria may reflect systemic endothelial dys-
function and chronic inflammation. On the other hand, the
presence of proteinuria may represent a surrogate marker
of diffuse systemic vascular disease (24), reflecting the
increased transvascular leak of a variety of proteins, in-
cluding lipoproteins (22-24), that leads to atherosclerotic
vascular disease. Although a lot of work has been done to
clarify these complex interactions, a more comprehensive
understanding is still necessary.

The present study has some limitations that include the
fact that albuminuria and other potentially important prog-
nostic variables, such as glycated hemoglobin, smoking
status and body mass index were not included in the
analysis because they were not available. Smoking status
was considered to be non-reliable data for this cohort. It
has been reported as a mortality risk factor in some inves-
tigations (1,21,25), but not in others (4,6,8,26). Information
on metabolic control provided by HbA1c levels probably
was, at least partially, provided by mean fasting glycemia

levels obtained during the first year of follow-up. Further-
more, no investigation for silent myocardial ischemia by
provocative tests was performed, since the diagnosis of
pre-existent coronary heart disease was made by clinical
and electrocardiographic criteria. Thus, due to the ab-
sence of these covariates, the possibility of an incomplete
statistical adjustment cannot be ruled out. However, the
relationships between gross proteinuria and the various
outcomes found in this study are similar to other studies.
Therefore, we believe that it is improbable that the ab-
sence of these variables could have significantly affected
our results, given the strength and consistency of the
associations we detected. Another possible limitation was
the relatively small number of endpoints observed, espe-
cially in the analysis excluding the patients with pre-exis-
tent cardiovascular disease at baseline. This may have
affected the accuracy of risk estimates for this particular
survival analysis. Finally, another limitation was the selec-
tion of patients for this study. Since it was not a population-
based, but a hospital-based cohort, the diabetic patients of
this investigation may not be representative of the general
Brazilian type 2 diabetic population.

This prospective study provides evidence that gross
proteinuria is a strong independent predictor of all-cause,
cardiovascular and cardiac mortalities and of cardiovascu-
lar morbidity in Brazilian type 2 diabetic patients. These
increased risks are also present in patients without any
cardiovascular disease at baseline. Multi-interventional
studies are needed to try to reduce mortality and morbidity
related to the degenerative complications of diabetes in
Brazil.
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