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Abstract Aims/hypothesis: Proteinuria predicts cardio-
vascular disease (CVD), but it is unclear whether this is
explained by the association of the metabolic syndrome with
proteinuria. Therefore, we investigated proteinuria and the
metabolic syndrome as independent predictors of CVD
death in men and women. Methods: The cohort comprised
574 non-diabetic men, 707 non-diabetic women, 371 dia-
betic men and 349 diabetic women, all free of CVD at
baseline. ModifiedWorld Health Organization criteria were
used to define the metabolic syndrome, and a urinary
protein concentration of ≥0.1 g/l (or ≥0.2 g/l) to define
proteinuria. The endpoint was CVD mortality during the
18-year follow-up. Results: Among non-diabetic men,
CVD mortality per 1,000 person-years was as follows: no
metabolic syndrome, no urinary protein group: 5.3; no
metabolic syndrome, positive for urinary protein: 8.9;
positive for metabolic syndrome, no urinary protein: 13.3;
and positive for metabolic syndrome and urinary protein:
14.9. For non-diabetic women the corresponding values
were: 0.9, 2.3, 4.9 and 7.9, respectively. Among diabetic
men, CVDmortality per 1,000 person-years was 15.2, 32.5,
23.6 and 42.0 for the respective groups. Among diabetic
women it was 25.3, 38.0, 26.3 and 40.3 (urinary protein in
all cases defined as ≥0.1 g/l). In multivariate Cox models
including both urinary protein and metabolic syndrome, the
hazard ratios (HRs, 95% CI) of proteinuria for CVD
mortality were 1.5 (0.9–2.4) in non-diabetic men, 1.8 (0.8–
4.2) in non-diabetic women, 1.6 (1.0–2.6) in diabetic men
and 1.6 (1.1–2.3) in diabetic women. Urinary protein as a

continuous variable was associated with CVD mortality in
all groups. The corresponding HRs for metabolic syndrome
were: 1.6 (0.9–2.7), 4.0 (1.7–9.7), 1.5 (1.1–2.0) and 1.1
(0.8–1.5). Conclusions/interpretation: Proteinuria pre-
dicted CVD mortality independently of the presence of
metabolic syndrome in non-diabetic and diabetic subjects.
Metabolic syndrome predicted CVD mortality in non-
diabetic women and in diabetic men, independently of the
presence of proteinuria.

Keywords Cardiovascular disease . Metabolic syndrome .
Proteinuria

Abbreviations CVD: cardiovascular disease . HR: hazard
ratio . NCEP: National Cholesterol Education Program .
OR: odds ratio

Introduction

Microalbuminuria and proteinuria predict cardiovascular
disease (CVD) events, not only in diabetic [1–7], but also in
non-diabetic individuals [5, 8–12]. Microalbuminuria was
included in the WHO definition of the metabolic syndrome
in 1998 [13], but since then there has been debate about
microalbuminuria as a component of the metabolic syn-
drome [14]. Microalbuminuria could be a secondary
indicator of vascular dysfunction reflecting the effects of
risk factor components of metabolic syndrome, because no
independent association of albuminuria with the insulin
resistance syndrome has been found [15]. Furthermore,
although microalbuminuria is present in 10–40% of pa-
tients with essential hypertension [16], its association with
insulin resistance in hypertensive patients has remained
controversial [17, 18]. However, several components of
metabolic syndrome are associated with proteinuria in both
non-diabetic and type 2 diabetic subjects [19–21].

No prospective population-based studies have examined
whether proteinuria and metabolic syndrome defined with-
out proteinuria are independent predictors of CVD mortal-
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ity in non-diabetic and type 2 diabetic subjects. Therefore,
we investigated this question in an 18-year follow-up study
of Finnish non-diabetic and type 2 diabetic men and
women, with a particular focus on the impact of sex on the
predictive value of proteinuria and metabolic syndrome.

Subjects and methods

Patients A detailed description of study participants has
been published previously [22]. Altogether 1,059 subjects
(581 men, 478 women) with type 2 diabetes, aged 45–
64 years, born and living in the Turku University Hospital
district in West Finland and in the Kuopio University
Hospital district in East Finland were identified through a
national drug reimbursement register. A random sample of
1,373 non-diabetic subjects (638 men, 735 women), aged
45–64 years, born and living in the two study areas, was
taken from the population register and invited to participate.
Subjects with type 1 diabetes were excluded on the basis of
the age of onset of diabetes, history of ketoacidosis, and
glucagon-stimulated C-peptide measurement at baseline.
The present study included 1,281 non-diabetic subjects
(574 men, 707 women) and 720 subjects with type 2 dia-
betes (371 men, 349 women) who were free of clinically
significant CVD (verified previous myocardial infarction,
stroke or lower extremity amputation due to peripheral
arterial disease) at baseline, who were not treated with in-
sulin and for whom complete data on insulin or urinary
protein analyses were available. Subjects with concurrent
clinically diagnosed urinary tract infections were excluded.
Of the diabetic subjects, 118 were treated with diet only and
602 with oral hypoglycaemic drugs. The mean age ± SD
was 54.4±5.6 in non-diabetic men, 54.8±5.5 in non-diabetic
women, 57.0±5.2 in diabetic men, and 58.8±4.7 years in
diabetic women, and the mean BMI was 26.1±3.2, 27.0±
4.6, 28.3±4.6 and 30.8±5.9 kg/m2, respectively. The du-
ration of diabetes was 7.5±3.6 years in both diabetic men
and women.

Baseline study The baseline examination, conducted in
1982–1984, has been described in detail previously [22].
Two investigators (T. Rönnemaa, M. Laakso) reviewed the
hospital records of those participants who reported that they
had been hospitalised for CVD. Modified WHO criteria for
definite or possible myocardial infarction based on chest
pain symptoms, ECG changes, and cardiac enzymes were
used to verify the diagnosis of previous myocardial in-
farction [23]. The diagnosis of previous stroke was based
on WHO criteria: a neurological deficit observed by a
physician and persisting for >24 h, without another disease
explaining the symptoms [24]. Non-traumatic lower ex-
tremity amputations were recorded. Subjects were classi-
fied as having hypertension if they were receiving drug
treatment for hypertension or if systolic blood pressure was
≥160 mmHg or diastolic blood pressure was ≥95 mmHg in
the sitting position after a 5-min rest. Standing height and
body weight were measured.

Biochemical methods All laboratory specimens were taken
at 08:00 hours after a 12-h fast. The analyses were per-
formed in duplicate except for HbA1c. Serum total cho-
lesterol and triglycerides were determined enzymatically
(Boehringer). Serum HDL cholesterol was determined en-
zymatically after precipitation of LDL and VLDL with
dextran sulphate-MgCl2. The day-to-day variations in mea-
surements were 2.2% for cholesterol and 4.4% for triglyc-
erides, and intra-assay variations were 1.6% for cholesterol
and 2.6% for triglycerides. Plasma glucose was determined
with the glucose oxidase method (Boehringer). Plasma
insulin concentration was determined by a commercial RIA
method (antisera M8170 and 8309; Novo, Copenhagen,
Denmark). The day-to-day and intra-assay variations were
8.4 and 7.0%, respectively. Total urinary protein concen-
tration was measured from the morning spot urine specimen
with the Coomassie brilliant blue method (Bio-Rad Lab-
oratories, Hercules, CA, USA) [25].

Definition of metabolic syndrome and proteinuria A mod-
ifiedWHO definition was used to determine the presence of
metabolic syndrome as in the DECODE study [26]. Hyper-
insulinaemia, with fasting insulin equal to or higher than the
highest quartile in non-diabetic subjects, as a surrogate
marker for insulin resistance, was used as a compulsory
component of metabolic syndrome, and additionally the
presence of at least two of the following four components of
metabolic syndrome was required: (1) elevated fasting
glucose ≥6.1 mmol/l or known diabetes; (2) raised systolic
or diastolic blood pressure (≥140/90 mmHg) or the use of
antihypertensive drugs; (3) dyslipidaemia with triglyc-
erides ≥1.7 mmol/l or HDL cholesterol <0.9 mmol/l in
men and <1.0 mmol/l in women; and (4) obesity with
BMI >30 kg/m2. Data for urinary protein were analysed
with two cut-offs for urinary protein concentration (≥0.1
and ≥0.2 g/l). Subjects were assigned to groups as follows:
(1) no metabolic syndrome, no urinary protein; (2) no
metabolic syndrome, positive for urinary protein; (3) pos-
itive for metabolic syndrome, no urinary protein; and (4)
positive for metabolic syndrome and urinary protein.

Follow-up study The follow-up period lasted until 1 Jan-
uary 2001. Information on the vital status of the participants
and copies of death certificates of all deceased subjects
were obtained from the Cause-of-Death Register (Statistics
Finland). In the final classification of causes of death, hos-
pital records and autopsy records, if available, were also
used. The causes of death were reviewed by two of us
(A. Juutilainen, S. Lehto). The endpoint used in this study
was CVD death, specified as codes of 390-459 of the
International Classification of Diseases 9.

Statistical methods Data analyses were conducted with the
SPSS 11.5.1 programs (SPSS, Chicago, IL, USA). The re-
sults for continuous variables are given as means±SD, and
for categorical variables as percentages, unless otherwise
indicated. The group differences in continuous variables
were analysed by Student’s t-test, except for the duration of
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diabetes, which was analysed by Mann–Whitney U-test.
The χ2-test was used to test differences in categorical
variables. The non-parametric Jonckheere–Terpstra test
was used to test trends of continuous variables over the
groups formed by the number of the components of the
metabolic syndrome. Logistic regression analysis was
performed to evaluate the associations of metabolic syn-
drome and its components with proteinuria as the depen-
dent variable. Logarithmic transformations were used for
all statistical testing concerning triglycerides, fasting insu-
lin and urinary protein to correct their skewed distribution.
Cox proportional hazards models, adjusted for age, sex,
area of residence, current smoking and total cholesterol,
were used to assess the association of metabolic syndrome,
proteinuria and their different combinations with the risk of
CVD death. The cumulative incidence of CVD death was
depicted by Kaplan–Meier curves. A p-value less than 0.05
was considered statistically significant, with the exception
of p<0.10 when testing interactions.

Approval of the ethics committees The ethics committees of
the Kuopio University Hospital and the Turku University
Central Hospital approved the study. All study subjects
gave informed consent.

Results

Prevalence of the metabolic syndrome and proteinuria at
baselineMetabolic syndrome was present in 14.6% of non-
diabetic men, in 12.7% of non-diabetic women, in 49.1% of
diabetic men and in 58.7% of diabetic women. Proteinuria,
using the cut-offs of ≥0.1 g/l/≥0.2 g/l, was present in
53.1%/13.2% of non-diabetic men, in 30.8%/6.8% of non-
diabetic women, in 75.5%/35.0% of diabetic men, and in
65.0%/32.1% of diabetic women.

When the cut-off for proteinuria was increased from 0.1
to 0.2 g/l the prevalence of metabolic syndrome increased
in non-diabetic men, but the increase was less in non-dia-
betic women, diabetic men, and diabetic women (Table 1).
With regard to the prevalence of individual components of
metabolic syndrome, increasing the cut-off for proteinuria
induced the greatest increase for dyslipidaemia and ele-
vated fasting glucose in non-diabetic women, and for
obesity in non-diabetic men. The increased prevalence of
the other components remained quite modest.

In logistic regression analysis (Table 1), adjusted for age
and area of residence, the cross-sectional association of
different variables with proteinuria differed according to
sex. In non-diabetic men, metabolic syndrome, hyperinsu-
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Fig. 1 The medians and interquartile ranges for fasting plasma
insulin (a,b) and urinary protein (c,d) in non-diabetic and diabetic
men (a,c) and women (b,d) according to the number of components
of the metabolic syndrome other than hyperinsulinaemia. Open bars

non-diabetic subjects, black bars diabetic subjects. p values for
trends: plasma insulin, p<0.001 in all subject groups; urinary pro-
tein, p<0.001 in non-diabetic and diabetic men; p=0.008 in non-
diabetic women; p=0.006 in diabetic women
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Table 2 Number of deaths from all-causes (n), number of subjects at risk (N), total death rate/1,000 person-years (DR) and hazard ratio
(HR) from Cox model adjusted for age, area of residence, current smoking and total cholesterol in non-diabetic and type 2 diabetic men and
women with and without metabolic syndrome and urinary protein during 18-year follow-up

Non-diabetic men Non-diabetic women Diabetic men Diabetic women

n/N DR HR (95% CI) n/N DR HR (95% CI) n/N DR HR (95% CI) n/N DR HR (95% CI)

Metabolic syndrome
No 132/490 16.7 1 66/617 6.2 1 115/189 46.1 1 87/144 45.0 1
Yes 30/84 22.7 1.2 (0.8–1.9) 21/90 14.4 2.0 (1.2–3.3) 132/182 60.5 1.4 (1.1–1.8) 142/205 56.0 1.3 (1.0–1.7)

Urinary protein ≥0.1 g/l
No 65/269 14.7 1 49/489 5.8 1 40/91 28.8 1 65/122 38.1 1
Yes 97/305 20.3 1.3 (0.9–1.8) 38/218 10.3 1.6 (1.0–2.4) 207/280 63.0 2.1 (1.5–2.9) 164/227 59.3 1.6 (1.2–2.2)

Urinary protein ≥0.2 g/l
No 132/498 16.3 1 71/659 6.2 1 140/241 42.7 1 143/237 44.6 1
Yes 30/76 26.5 1.4 (0.9–2.1) 16/48 21.1 3.2 (1.9–5.6) 107/130 76.6 1.7 (1.3–2.3) 86/112 68.0 1.7 (1.3–2.3)

Combinations (MetS; UP≥0.1 g/l)
MetS−UP− 57/241 14.4 1 37/437 4.8 1 24/59 26.0 1 29/59 34.9 1
MetS−UP+ 75/249 19.2 1.3 (0.9–1.8) 29/180 9.5 1.7 (1.1–2.9) 91/130 57.9 2.1 (1.3–3.4) 58/85 52.5 1.7 (1.1–2.7)
MetS+UP− 8/28 17.8 1.2 (0.6–2.6) 12/52 14.6 2.6 (1.4–5.1) 16/32 34.3 1.5 (0.8–2.9) 36/63 41.2 1.3 (0.8–2.2)
MetS+UP+ 22/56 25.2 1.5 (0.9–2.4) 9/38 14.3 2.3 (1.1–4.9) 116/150 67.7 2.6 (1.7–4.1) 106/142 63.8 2.0 (1.3–3.1)

Combinations (MetS; UP≥0.2 g/l)
MetS−UP− 110/436 15.5 1 54/579 5.4 1 70/136 36.2 1 59/106 39.8 1
MetS−UP+ 22/54 28.3 1.6 (1.0–2.5) 12/38 19.6 3.7 (1.9–6.9) 45/53 80.5 2.2 (1.5–3.2) 28/38 61.8 1.8 (1.2–2.9)
MetS+UP− 22/62 22.7 1.3 (0.8–2.1) 17/80 13.0 2.1 (1.2–3.7) 70/105 52.1 1.6 (1.1–2.2) 84/131 48.7 1.3 (0.9–1.8)
MetS+UP+ 8/22 22.6 1.3 (0.6–2.7) 4/10 27.1 4.0 (1.4–11.3) 62/77 74.1 2.1 (1.5–2.9) 58/74 71.4 2.1 (1.4–3.0)

MetS− Without metabolic syndrome, MetS+ with metabolic syndrome, UP− without urinary protein, UP+ with urinary protein

Table 3 Number of cardiovascular disease (CVD) deaths (n), number of subjects at risk (N), CVD death rate/1,000 person-years (DR) and
hazard ratio (HR) from Cox model adjusted for age, area of residence, current smoking and total cholesterol in non-diabetic and type 2
diabetic men and women with and without metabolic syndrome and urinary protein during 18-year follow-up

Non-diabetic men Non-diabetic women Diabetic men Diabetic women

n/N DR HR (95% CI) n/N DR HR (95% CI) n/N DR HR (95% CI) n/N DR HR (95% CI)

Metabolic syndrome
No 56/490 7.1 1.0 14/617 1.3 1.0 65/189 26.1 1 63/144 32.6 1
Yes 19/84 14.4 1.7 (1.0–2.9) 9/90 6.2 4.3 (1.8–10.2) 83/182 38.1 1.6 (1.1–2.2) 90/205 35.5 1.1 (0.8–1.6)

Urinary protein ≥0.1 g/l
No 27/269 6.1 1 11/489 1.3 1 25/91 18.0 1 44/122 25.8 1
Yes 48/305 10.0 1.5 (1.0–2.5) 12/218 3.3 2.0 (0.9–4.7) 123/280 37.4 1.8 (1.1–2.8) 109/227 39.4 1.6 (1.1–2.3)

Urinary protein ≥0.2 g/l
No 60/498 7.4 1 17/659 1.5 1 82/241 25.0 1 93/237 29.0 1
Yes 15/76 13.3 1.5 (0.8–2.7) 6/48 7.9 4.9 (1.9–12.7) 66/130 47.3 1.7 (1.2–2.4) 60/112 47.4 1.9 (1.3–2.6)

Combinations (MetS; UP≥0.1 g/l)
MetS−UP− 21/241 5.3 1 7/437 0.9 1 14/59 15.2 1 21/59 25.3 1
MetS−UP+ 35/249 8.9 1.6 (0.9–2.8) 7/180 2.3 2.1 (0.7–6.1) 51/130 32.5 1.9 (1.0–3.4) 42/85 38.0 1.7 (1.0–3.0)
MetS+UP− 6/28 13.3 2.2 (0.9–5.6) 4/52 4.9 5.0 (1.4–17.5) 11/32 23.6 1.9 (0.9–4.3) 23/63 26.3 1.2 (0.7–2.1)
MetS+UP+ 13/56 14.9 2.3 (1.1–4.6) 5/38 7.9 7.0 (2.1–23.4) 72/150 42.0 2.6 (1.5–4.7) 67/142 40.3 1.8 (1.1–3.0)

Combinations (MetS; UP≥0.2 g/l)
MetS−UP− 44/436 6.2 1 10/579 1.0 1 38/136 19.6 1 41/106 27.7 1
MetS−UP+ 12/54 15.4 2.1 (1.1–4.0) 4/38 6.5 7.0 (2.1–23.1) 27/53 48.3 2.2 (1.3–3.7) 22/38 48.6 2.1 (1.2–3.5)
MetS+UP− 16/62 16.5 2.2 (1.2–4.0) 7/80 5.4 5.4 (2.0–14.6) 44/105 32.7 1.9 (1.2–2.9) 52/131 30.2 1.2 (0.8–1.7)
MetS+UP+ 3/22 8.5 1.1 (0.3–3.6) 2/10 13.5 9.7 (2.0–47.0) 39/77 46.6 2.3 (1.4–3.6) 38/74 46.8 2.0 (1.3–3.1)

MetS− Without metabolic syndrome, MetS+ with metabolic syndrome, UP− without urinary protein, UP+ with urinary protein
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linaemia and elevated fasting glucose were associated with
proteinuria, while in diabetic men metabolic syndrome,
hyperinsulinaemia and dyslipidaemia were associated with
proteinuria (urinary protein ≥0.1 g/l). When the ≥0.2-g/l
cut-off point for urinary protein was applied, elevated fast-
ing glucose and dyslipidaemia were associated with pro-
teinuria in non-diabetic women, and dyslipidaemia was
associated with proteinuria in diabetic women.

Fasting plasma insulin showed a strong linear associ-
ation with the number of the components of metabolic
syndrome in all four groups. Urinary protein concentra-
tions also showed a positive, but less consistent, linear
association with the number of the components of meta-
bolic syndrome (Fig. 1).

Metabolic syndrome and proteinuria as predictors of
cardiovascular mortality During the 18-year follow-up 162
of 574 non-diabetic men, 87 of 707 non-diabetic women,
247 of 371 diabetic men and 229 of 349 diabetic women
died. The corresponding numbers for death from CVD
were: 75 for non-diabetic men, 23 for non-diabetic women,
148 for diabetic men, and 153 for diabetic women.

The presence of metabolic syndrome was significantly
associated with all-cause mortality (Table 2) in non-diabetic
women and diabetic subjects, and with CVD mortality
(Table 3) in non-diabetic subjects and diabetic men. The

presence of proteinuria with both urinary protein cut-offs
was significantly associated with all-cause and CVD mor-
tality in diabetic subjects. In non-diabetic women, urinary
protein according to both cut-offs was associated with all-
cause mortality, while a positive finding according to the
0.2-g/l cut-off point only was associated with CVD
mortality. In non-diabetic men, proteinuria with a cut-off
point of 0.1 g/l was associated with CVD mortality, but not
with all-cause mortality.

Compared with the no metabolic syndrome, no urinary
protein group, the group that was negative for metabolic
syndrome and positive for urinary protein was associated
with increased risk of all-cause mortality when both urinary
protein cut-offs were applied, except for non-diabetic men
with a cut-off point of 0.1 g/l. Comparing the same groups,
the latter was also associated with increased risk of CVD
mortality in diabetic subjects with both cut-offs, and in non-
diabetic subjects when a cut-off point of 0.2 g/l was applied.
Compared with the no metabolic syndrome, no urinary
protein group, the group that was positive for metabolic
syndrome and negative for urinary protein was associated
with increased risk of all-cause and CVD mortality in non-
diabetic women for both urinary protein cut-offs, and with
increased CVD mortality in non-diabetic men for a cut-off
point of 0.2 g/l, and with all-cause and CVD mortality in
diabetic men when a cut-off point of 0.2 g/l was applied.
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Fig. 2 Cumulative Kaplan–Meier curves for cardiovascular mor-
tality in non-diabetic men (a) and women (b), and in diabetic men
(c) and diabetic women (d), according to the presence or absence of

the metabolic syndrome (MetS+, MetS−) and of proteinuria with a
cut-off point of ≥0.1 g/l (UP+, UP−) during 18 years of follow-up
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Table 5 Cox model for cardiovascular disease death with all listed variables included, and adjusted for age, area of residence, smoking and
total cholesterol

Urinary protein ≥0.1 g/l Urinary protein ≥0.2 g/l Urinary protein (continuousa)

HR HR 95% CI p HR HR 95% CI p HR HR 95% CI p

Non-diabetic men
Hyperinsulinaemiab 1.3 0.8–2.2 0.346 1.3 0.8–2.3 0.319 1.2 0.7–2.1 0.438
Obesityc 0.9 0.4–2.0 0.855 0.9 0.4–1.9 0.736 0.8 0.4–1.9 0.673
Hypertensiond 1.5 0.9–2.5 0.106 1.5 0.9–2.5 0.108 1.5 0.9–2.5 0.116
Dyslipidaemiae 1.0 0.6–1.6 0.862 1.0 0.6–1.6 0.939 1.0 0.6–1.6 0.848
Elevated fasting glucosef 1.0 0.6–1.8 0.990 1.0 0.6–1.9 0.884 1.0 0.5–1.8 0.942
Proteinuria 1.4 0.9–2.3 0.159 1.3 0.7–2.4 0.384 1.4 1.0–1.8 0.029

Non-diabetic women
Hyperinsulinaemiab 2.9 1.1–8.1 0.040 2.8 1.0–7.6 0.045 2.9 1.1–8.1 0.040
Obesityc 1.2 0.5–3.4 0.668 1.2 0.4–3.2 0.730 1.2 0.4–3.3 0.736
Hypertensiond 3.7 1.0–12.9 0.043 3.4 1.0–12.1 0.053 3.7 1.1–13.0 0.039
Dyslipidaemiae 5.3 1.4–19.2 0.012 4.2 1.1–16.4 0.041 4.1 1.1–15.8 0.039
Elevated fasting glucosef 0.2 0.0–1.4 0.105 0.2 0.0–1.2 0.078 0.2 0.0–1.4 0.094
Proteinuria 2.0 0.9–4.8 0.101 4.1 1.5–11.3 0.006 1.7 1.1–2.9 0.030

Diabetic men
Hyperinsulinaemiab 1.2 0.8–1.7 0.446 1.1 0.8–1.7 0.511 1.1 0.7–1.7 0.626
Obesityc 1.3 0.9–1.9 0.165 1.4 0.9–2.0 0.114 1.3 0.9–1.9 0.131
Hypertensiond 1.3 0.8–2.0 0.276 1.2 0.8–1.8 0.472 1.2 0.8–1.8 0.483
Dyslipidaemiae 1.2 0.8–1.8 0.279 1.2 0.8–1.8 0.338 1.2 0.8–1.8 0.367
Elevated fasting glucosef – – – – – – – – –
Proteinuria 1.6 1.0–2.5 0.047 1.5 1.1–2.2 0.023 1.3 1.1–1.6 0.004

Diabetic women
Hyperinsulinaemiab 0.9 0.7–1.3 0.713 0.9 0.6–1.3 0.706 0.9 0.6–1.3 0.526
Obesityc 1.1 0.8–1.5 0.741 1.1 0.8–1.5 0.619 1.1 0.8–1.5 0.767
Hypertensiond 1.1 0.7–1.9 0.598 1.1 0.7–1.8 0.718 1.1 0.7–1.8 0.670
Dyslipidaemiae 1.7 1.2–2.5 0.006 1.6 1.1–2.3 0.024 1.6 1.1–2.4 0.012
Elevated fasting glucosef – – – – – – – – –
Proteinuria 1.6 1.1–2.2 0.015 1.7 1.2–2.4 0.002 1.3 1.1–1.6 <0.001

aLogarithmic transformation
bFasting plasma insulin ≥ highest quartile of the non–diabetic subjects
cBMI >30 kg/m2

dSystolic BP ≥140 mmHg or diastolic BP ≥90 mmHg or antihypertensive treatment
eTriglycerides ≥1.7 mmol/l or HDL <0.9/1.0 mmol/l in men/women
f ≥6.1 mmol/l
HR hazards ratio

Table 4 Hazard ratios (HRs) of cardiovascular disease death and sex interactions from three different Cox models including both the
metabolic syndrome (MetS) and proteinuria in non-diabetic and type 2 diabetic men and women

Non-diabetic Type 2 diabetic

Men Women Interaction ×
sex (p)

Men Women Interaction ×
sex (p)HR (95% CI) p HR (95% CI) p HR (95% CI) p HR (95% CI) p

Model 1
MetS 1.6 (0.9−2.7) 0.090 4.0 (1.7−9.7) 0.002 0.072 1.5 (1.1−2.0) 0.024 1.1 (0.8−1.5) 0.622 0.206
UP≥0.1 g/l 1.5 (0.9−2.4) 0.123 1.8 (0.8−4.2) 0.175 0.407 1.6 (1.0−2.6) 0.036 1.6 (1.1−2.3) 0.008 0.403

Model 2
MetS 1.6 (0.9−2.8) 0.084 3.7 (1.5−8.9) 0.004 0.059 1.4 (1.0−2.0) 0.031 1.1 (0.8−1.5) 0.654 0.252
UP≥0.2 g/l 1.4 (0.8−2.5) 0.295 4.0 (1.5−10.5) 0.006 0.019 1.6 (1.1−2.2) 0.013 1.9 (1.3−2.6) <0.001 0.822

Model 3
MetS 1.5 (0.9−2.6) 0.153 3.8 (1.6−9.2) 0.003 0.061 1.4 (1.0−1.9) 0.077 1.0 (0.7−1.4) 0.893 0.227
UP continuous 1.4 (1.0−1.8) 0.023 1.6 (1.0−2.7) 0.046 0.288 1.3 (1.1−1.6) 0.002 1.4 (1.2−1.6) <0.001 0.709

In Model 1 urinary protein (UP) is presented as a dichotomous variable with a cut-off of 0.1 g/l, in Model 2 with a cut-off of 0.2 g/l and in
Model 3 as a continuous variable g/l (log). The models also include age, area of residence, current smoking and total cholesterol
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The Kaplan–Meier curves outline the cumulative incidence
of CVD death in the composite groups during 18 years of
follow-up (Fig. 2).

We also analysed the independent predictive value of
metabolic syndrome and urinary protein by entering both of
these variables simultaneously into multivariate adjusted
Cox models (Table 4). Metabolic syndrome was an inde-
pendent predictor of CVDmortality in non-diabetic women
and in diabetic men. Urinary protein with a cut-off point of
0.1 g/l was an independent predictor of CVD mortality in
diabetic men and diabetic women, as was urinary protein
with a cut-off point of 0.2 g/l in non-diabetic women and
diabetic subjects, and urinary protein as a continuous
variable in all four groups.

A significant interaction between sex and metabolic
syndrome was observed in the prediction of CVD death in
non-diabetic subjects (Table 4). In the pooled data of non-
diabetic and diabetic subjects an interaction between dia-
betes status and metabolic syndrome in the prediction of
CVD mortality was observed in women (p-values 0.002–
0.003 depending on urinary protein cut-offs), with a higher
hazard ratio (HR) of metabolic syndrome on the risk of
CVD death in non-diabetic women than in diabetic women.
In men, interaction between diabetes status and metabolic
syndrome was not statistically significant.

Finally, we performed statistical analyses for each
component of metabolic syndrome and urinary protein
(cut-off points of 0.1, 0.2 g/l, and as a continuous variable)
to predict CVD mortality, adjusted for age, area of resi-
dence, smoking and total cholesterol (Table 5). Urinary
protein was an independent predictor of CVD mortality
with a cut-off of 0.1 g/l in diabetic subjects, with a cut-off of
0.2 g/l in non-diabetic women and diabetic subjects, and as
a continuous variable in all four groups. Other independent
CVD predictors were hyperinsulinaemia, hypertension and
dyslipidaemia among non-diabetic women, and dyslipid-
aemia in diabetic women.

Discussion

Our study, based on the 18-year follow-up of non-diabetic
and type 2 diabetic subjects from the same geographically
defined population, demonstrated that proteinuria as a con-
tinuous variable predicted increased risk of CVD mortality
in non-diabetic and diabetic subjects, independently of the
presence of metabolic syndrome, without any consistent
sex-related difference. Among non-diabetic subjects, met-
abolic syndrome was a stronger predictor of CVD risk in
women than in men, whereas among diabetic subjects
metabolic syndrome predicted CVD risk only in men.

Our finding that metabolic syndrome predicted CVD
death is in agreement with results from previous studies in
non-diabetic [27–29] and type 2 diabetic subjects [30, 31].
In the study of Bonora et al. [30], no sex-related differences
were found in the prediction of CVD among type 2 diabetic
patients. Our finding that among non-diabetic subjects
metabolic syndrome was a stronger predictor of CVD mor-
tality in women than in men is of interest. This finding is

supported by the Atherosclerosis Risk in Communities
Study, which showed that the association of metabolic
syndrome by the National Cholesterol Education Program
(NCEP) definition with the risk of incident coronary heart
disease and stroke was stronger in women than in men, and
that there was a statistically significant interaction with sex
[32]. In the San Antonio Heart Study the association of
metabolic syndrome (NCEP definition) with CVD mortal-
ity was about twice as strong in women than in men in the
general population, although the sex difference was not
statistically significant [33]. In the Second National Health
and Nutrition Study Examination Survey the association of
metabolic syndrome (NCEP definition) with CVD mortal-
ity was slightly stronger in women than in men, but an
interaction with sex was not significant [34]. Our finding
that several individual components of metabolic syndrome
by the WHO definition (insulin resistance, raised blood
pressure and dyslipidaemia) were independent predictors of
CVD mortality in non-diabetic women but not in non-
diabetic men (Table 5) suggests that the impact of risk factor
clustering with insulin resistance may have a stronger effect
on CVD risk in women than in men.

Our finding that proteinuria alone predicted CVD is also
in accord with findings from other studies [1–12]. Mi-
croalbuminuria has been shown to be related to insulin
resistance and hyperinsulinaemia [35–39], and other com-
ponents of metabolic syndrome, including blood pressure
[40, 41], high levels of triglycerides and apolipoprotein B
[42, 43] and obesity [44]. When the 1998 WHO Consul-
tation report [13] introduced microalbuminuria as a com-
ponent of metabolic syndrome, this decision was evidently
based on the association of microalbuminuria with insulin
resistance and other components of metabolic syndrome.
Our logistic regression analyses of cross-sectional asso-
ciations between proteinuria and metabolic syndrome and
its individual components showed, however, that these
associations were not particularly strong, although urinary
protein excretion increased linearly with an increasing
number of metabolic syndrome components present. A
significant finding of our study was that in non-diabetic
men and women elevated fasting glucose within the non-
diabetic range was associated with proteinuria, suggesting
that even minor impairments in glucose regulation may
enhance the development of glomerular leakage.

The causal relationship of microalbuminuria and pro-
teinuria with the components of metabolic syndrome remains
unclear. At least two possibilities have to be considered
when trying to explain the association of proteinuria with
CVD risk in prospective studies. Firstly, the clustering of
several risk factors, including obesity, impaired glucose
regulation, dyslipidaemia and hypertension, may be the
primary abnormality leading to endothelial dysfunction.
Proteinuria may be a manifestation of this damage and thus
secondary to risk factor abnormalities. In this case, the
development of risk factor abnormalities would be the
underlying factor and proteinuria a sign of resulting pre-
clinical vascular damage, which predicts the risk of clinical
manifestations of atherosclerotic disease. Secondly, endo-
thelial dysfunction with glomerular protein leakage may be
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the primary abnormality and lead to the appearance of risk
factor abnormalities characteristic of metabolic syndrome
and increased risk of CVD. It has even been proposed that
glomerular protein leakage would be a marker of a genetic
predisposition to vascular disease [45]. The findings of the
present study are compatible with the view that proteinuria
is an indicator of an early vascular damage heralding the
development of CVD.

A methodological limitation of our study is that at the
baseline examination, performed more than 20 years ago,
we measured total urinary protein concentration from spot
urine samples with the Coomassie brilliant blue method,
instead of using a specific assay for albumin [46–48] which
constitutes about one-half of total urinary protein [49].
Correlation of albuminuria with proteinuria has been pre-
viously documented with convergence toward the line of
unity with increasing degrees of proteinuria [50]. We an-
alysed our data using two different cut-offs to define pro-
teinuria, namely urinary protein concentrations of ≥0.1
and ≥0.2 g/l, and the results obtained with regard to the
predictive impact of proteinuria were consistent with each
other. Urinary protein as a continuous variable also yielded
similar results. These low urinary protein cut-offs points
were chosen to mimic microalbuminuria.

The strength of our study is that at baseline all essential
components of metabolic syndrome were measured, in-
cluding fasting insulin as a surrogate marker for insulin
resistance. A complete follow-up in regard to cause-specific
mortality is also an important advantage. However, caution
is needed in extrapolating results from proteinuria, gen-
erally considered as a sign of a renal disease, to micro-
albuminuria or albuminuria, generally considered as a sign
of endothelial dysfunction.

In conclusion, our study showed that proteinuria as a
continuous variable predicted CVD mortality independent-
ly of the presence of metabolic syndrome in non-diabetic
and type 2 diabetic subjects. Metabolic syndrome predicted
CVDmortality in non-diabetic women and in diabetic men,
independently of the presence of proteinuria.
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