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Background and objectives: The objective of this study was to investigate correlates of risk for having microalbuminuria in
individuals with one or more cardiovascular risk factors.

Design, setting, participants, & measurements: The study involved 1919 individuals who attended general practice settings,
were aged 55 to 75 yr, and did not have a history of cardiovascular events or diabetes but had one or more cardiovascular risk
factors. A tree-based regression technique and multivariate analysis were used to identify distinct, homogeneous subgroups
of patients with different likelihood of having microalbuminuria; interaction between correlates of microalbuminuria and risk
for microalbuminuria was also investigated.

Results: The prevalence of microalbuminuria was 5.9%. Patients who did not have hypertension and had postload glycemia
<140 mg/dl showed the lowest prevalence of microalbuminuria (1.9%) and represented the reference class. The likelihood of
microalbuminuria was seven times higher in men with hypertension and homeostatic model assessment levels in the upper
tertile and four times higher in women with the same characteristics. Individuals with hypertension and lower homeostatic
model assessment levels and normotensive individuals with postload glycemia >140 mg/dl had a more than three-fold
increased likelihood of having microalbuminuria. Treatment with statins was associated with a 54% reduction in the
likelihood of having microalbuminuria, whereas levels of triglycerides >150 mg/dl and fibrinogen levels in the upper tertile
were associated with a significantly higher risk for microalbuminuria.

Conclusions: The likelihood of having microalbuminuria in a population-based study of elderly individuals is strongly
related to the interaction between the components of the metabolic syndrome, particularly hypertension, insulin resistance,
and impaired glucose tolerance.
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M icroalbuminuria (MA), defined as the increase in
urine albumin excretion �30 to 299 �g/mg, reflects
widespread vascular damage and generalized en-

dothelial dysfunction (1,2) and has been found to be a strong,
consistent, and independent predictor of all-cause and cardio-
vascular mortality and morbidity in individuals with and with-
out diabetes (3,4). A role for MA has been suggested in both
micro- and macrovascular damage, including retinopathy, neu-
ropathy, and nephropathy, with the risk for doubling of serum
creatinine and end-stage kidney disease increasing by two- to
four-fold in the presence of MA (5–7).

Because studies support the hypothesis of an association
between insulin resistance and the development of increased

urinary albumin excretion (8,9) and given the association
among MA, cardiovascular risk factors, and insulin resistance,
it has been proposed that MA be included among the compo-
nents of the metabolic syndrome (10). However, it has not been
sufficiently explored whether patients with and without meta-
bolic syndrome show equal risk for developing MA. In addi-
tion, the independent role of the different components of the
metabolic syndrome and their interaction in predicting the risk
for MA have not been fully explored. In other words, it is not
clear whether individuals with the metabolic syndrome repre-
sent a homogeneous population in terms of risk for having MA
or whether the magnitude of such a risk may be influenced by
different features of the metabolic syndrome. In this analysis, in
the context of the Impaired Glucose tolerance and Long-term
Outcomes Observational (IGLOO) Study, we investigated these
open questions.

Materials and Methods
Study Design

The IGLOO Study is a multicenter, prospective cohort study aimed at
estimating the prevalence of impaired glucose tolerance (IGT) and
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unknown diabetes in individuals with one or more cardiovascular (CV)
risk factors and assessing the 5-yr incidence of type 2 diabetes and CV
events, according to baseline CV and metabolic risk profile (11).

The study population was represented by men and women who were
aged 55 to 75 yr, did not have a history of diabetes and CV events
(angina, myocardial infarction, percutaneous transluminal balloon cor-
onary angioplasty/coronary artery bypass graft, heart failure, transient
ischemic attack, stroke, peripheral vascular disease or limb bypass
surgery, or percutaneous angioplasty), and had one or more of the
following CV risk factors: family history of premature CV events (def-
inite myocardial infarction or sudden death before 55 yr of age in father
or other male first-degree relative or before 65 yr of age in mother or
other female first-degree relative), hypertension (�140 mmHg systolic
or �90 mmHg diastolic or on antihypertensive medication), dyslipide-
mia (total cholesterol �220 mg/dl or LDL cholesterol �160 mg/dl or
HDL cholesterol �40 mg/dl or on lipid-lowering therapy), left ventric-
ular hypertrophy with strain pattern defined per electrocardiogram
(Sokolow and Lyon criteria or Cornell criteria), or smoking (current
cigarette smoking or an individual who has quit smoking �12 mo
before inclusion).

Consecutive patients up to a maximum of 30 individuals who at-
tended general practice offices between October 2002 and February
2004 for a routine visit and met these eligibility criteria were identified.
All patients were referred to a diabetes outpatient clinic to collect blood
and urine samples and to perform an oral glucose tolerance test, with
determination of venous plasma glucose, fasting and 2 h after the
ingestion of 75 g of glucose. All biochemistry was evaluated centrally
(Servizio di Patologia Clinica, Ospedale di Desio, Milano). At study
entry, general practitioners collected clinical information for all patients
enrolled. Local ethics committees approved the protocol, and all pa-
tients gave written informed consent before their participation in the
study. This analysis was based on cross-sectional data collected at the
time of patients’ recruitment in the IGLOO Study.

MA Assessment
Urinary albumin and creatinine concentrations were determined on

a morning spot-urine sample. Urine albumin was determined by the
immune turbidimetric method (albumin tina-quant; Roche Diagnostics,
Rotkreuz, Switzerland), whereas urinary creatinine was assessed by the
kinetic Jaffé method with the Autoanalyzer Modular (Hitachi-Roche
Diagnostics, Manneheim, Germany). The urinary albumin-to-creatinine
ratio (ACR) was then calculated. MA was defined as an ACR of 30 to
299 �g/mg. Patients with macroalbuminuria (defined as ACR �300
�g/mg; n � 12) were excluded from the analyses.

Metabolic Syndrome and Biochemical Parameters
Metabolic syndrome was defined according to the Adult Treatment

Panel III criteria (12), whereas alterations of glucose metabolism were
defined according to the World Health Organization 1999 criteria (10).

Serum concentrations of C-reactive protein (CRP) were determined
by a high-sensitivity immunonephelometric assay (NLatex CRP mono;
Dade Behring, Newark, DE). Plasma levels of fibrinogen were mea-
sured by derived fibrinogen method (Thromborel S; Dade Behring) on
Dade Behring photometric coagulation analyzers, whereas homocys-
teine levels were determined by an HPLC method and fluorescence
detection.

Insulin resistance was evaluated from fasting plasma glucose and
insulin, using the homeostasis model assessment of insulin resistance
(HOMA-IR), with the following equation: Fasting insulin (mU) � fast-
ing glucose (mmol/L)/2.5 (13). High HOMA-IR values indicate high
insulin resistance.

Statistical Analyses
Baseline characteristics were reported as mean and SD for continuous

variables and frequencies and percentages for categorical ones. Analy-
ses were initially performed using univariate comparisons. Patients’
characteristics according to the presence of MA were compared using
the Mann-Whitney test for continuous variables. The association of MA
with categorical variables was expressed as an odds ratio (OR) with its
95% confidence interval (95% CI). In addition, to take into account the
possible confounding effect of the variables investigated, we performed
a multiple logistic regression analysis with stepwise variable selection
with results expressed as adjusted OR (AOR) and their 95% CI. The
covariates tested were age; gender; smoking habits; body mass index;
abdominal obesity; total cholesterol; triglycerides; pulse pressure; CRP;
homocysteine; fibrinogen; white blood cell (WBC) count; postload gly-
cemia; HOMA-IR; hypertension; dyslipidemia; and use of statins, an-
giotensin-converting enzyme inhibitors (ACE-I), and angiotensin re-
ceptor blockers. For the purpose of these analyses, the following
continuous variables were categorized in tertiles: pulse pressure, ho-
mocysteine, HOMA-IR, fibrinogen, and WBC count.

Interaction among variables and identification of distinct and homo-
geneous subgroups of patients with different risk for MA were assessed
by the Recursive Partitioning and Amalgamation (RECPAM) method
(14,15). This method attempts to integrate the advantages of main-
effects logistic regression and tree-growing techniques (15). At each
partitioning step, the method chooses the variable and the level of
splitting to maximize identification of differences in the outcome of
interest. In this study, variables tested in the RECPAM analysis were
the same as in those in the multiple logistic regression analysis. Pa-
tients’ characteristics according to RECPAM classes were compared
using the �2 test for categorical variables. To detect additional global
correlates (i.e., variables that played their role in the whole sample,
irrespective of RECPAM classes), we ran a final logistic analysis with
the classes identified by RECPAM forced in the model, testing all other
characteristics that did not enter the tree.

All analyses were performed using SAS Language (Release 9.1; SAS
Institute, Cary, NC). For the RECPAM analyses, we used a SAS macro
routine written by one of the authors (F.P.).

Results
Patients’ Characteristics
In the IGLOO Study, 170 general practitioners recruited a total
of 1919 individuals, 986 (51.4%) of whom were male. The mean
age of the study population was 62.6 � 5.3 yr; 1138 (59.3%)
patients had hypertension, 1220 (63.6%) had dyslipidemia, 237
(12.3%) had a family history of CV events, 355 (18.6%) were
current smokers, and 183 (9.5%) had left ventricular hypertro-
phy. Overall, 1008 (53.5%) patients showed abnormalities of
glucose metabolism: Impaired fasting glucose (265 [14.1%] pa-
tients), IGT (397 [21.1%] patients), or unknown diabetes (346
[18.3%] patients). A total of 730 (38.0%) had metabolic syn-
drome according to the Adult Treatment Panel III definition
(12).

The prevalence of MA was significantly associated with pres-
ence of hypertension, alterations of glucose metabolism, and
metabolic syndrome (Table 1). Prevalence of MA increased
with increasing number of metabolic syndrome components,
whereas it was significantly lower in individuals treated with
statins (Table 1).

In comparison with normoalbuminuric patients, those with
MA showed higher levels of fasting blood glucose (117 � 25
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Table 1. Prevalence of MA according to characteristics of the study populationa

Overall Sample (N � 1919) n (%) Prevalence of MA (%) OR (95% CI)

Gender
male 986 (51.4) 6.6 1.0 (referent)
female 933 (48.6) 5.1 0.8 (0.5 to 1.1)

Age (yr)
55 to 60 756 (39.4) 5.2 1.0 (referent)
61 to 65 566 (29.5) 6.3 1.2 (0.8 to 1.9)
66 to 70 408 (21.3) 6.0 1.1 (0.7 to 1.9)
71 to 75 189 (9.8) 7.1 1.4 (0.7 to 2.6)

Glycemic statusb

NGT 875 (46.5) 4.3 1.0 (referent)
IFG 265 (14.1) 6.9 1.7 (1.0 to 3.0)
IGT 397 (21.1) 5.6 1.4 (0.8 to 2.3)
type 2 diabetes 346 (18.3) 9.5 2.4 (1.5 to 3.9)

Visceral obesityb,c

no 876 (48.9) 4.8 1.0 (referent)
yes 916 (51.1) 6.5 1.4 (0.9 to 2.1)

MS/ATP III
no 1213 (63.2) 4.1 1.0 (referent)
yes 706 (36.8) 7.5 1.9 (1.2 to 2.9)

No. of MS/ATP III components
0 131 (6.8) 2.3 1.0 (referent)
1 440 (22.9) 4.8 2.1 (0.6 to 7.3)
2 618 (32.2) 5.2 2.3 (0.7 to 7.7)
3 455 (23.7) 8.1 3.8 (1.1 to 12.4)
4 190 (9.9) 7.4 3.4 (1.0 to 12.0)
5 85 (4.4) 7.1 3.2 (0.8 to 13.3)

Hypertension
no 781 (40.7) 3.7 1.0 (referent)
yes, no drugs 199 (10.4) 5.0 1.4 (0.7 to 2.9)
yes, drugs (no ACE-I/ARB) 615 (32.0) 8.5 2.4 (1.5 to 3.8)
yes, drugs (ACE-I/ARB) 324 (16.9) 6.8 1.9 (1.1 to 3.3)

Dyslipidemia
no 699 (36.4) 7.7 1.0 (referent)
yes, no drugs 822 (42.9) 5.9 0.8 (0.5 to 1.1)
yes, statins 398 (20.7) 2.8 0.3 (0.2 to 0.7)

Left ventricular hypertrophy
no 1736 (90.5) 5.6 1.0 (referent)
yes 183 (9.5) 8.7 1.6 (0.9 to 2.8)

Smoking habitsb

no smoker 1552 (81.4) 5.7 1.0 (referent)
0 to 15 cigarette/d 199 (10.4) 6.7 1.2 (0.6 to 2.1)
�15 cigarette/d 156 (8.2) 6.5 1.2 (0.6 to 2.3)

Family CV history
no 1682 (87.7) 6.2 1.0 (referent)
yes 237 (12.3) 3.4 0.5 (0.3 to 1.1)

aACE-I, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; ATP-III, Adult Treatment Panel III; CI,
confidence interval; CV, cardiovascular; IFG, impaired fasting glucose; IGT, impaired glucose tolerance; MA,
microalbuminuria; MS, metabolic syndrome; NGT normal glucose tolerance; OR, odds ratio.

bTotal sample is �1919 because of missing value on the specific variable.
cWaist circumference: men �102 cm; women �88 cm.
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versus 110 � 20 mg/dl; P � 0.0010), postload blood glucose
(159 � 70 versus 141 � 63 mg/dl; P � 0.0070), HOMA-IR (4.1
versus 2.7; P � 0.0001), fasting insulin levels (14 � 9 versus 10 �

6 �U/ml; P � 0.0001), body mass index (28.9 � 4.3 versus 27.6 �

4.2; P � 0.0010), waist circumference (100.4 � 13 versus 96.9 �

13.4 cm; P � 0.0070), systolic BP (143.2 � 15.6 versus 138.8 �

14.3 mmHg; P � 0.0300), pulse pressure (59.0 � 12.1 versus
54.7 � 11.8 mmHg; P � 0.0020), triglycerides (159 � 106 versus
133 � 71 mg/dl; P � 0.0200), CRP (5.3 � 8.1 versus 3.3 � 5.3
mg/L; P � 0.0002), and WBC count (7.0 � 2.0 versus 6.6 � 1.7
103/�l; P � 0.0200).

Multivariate Analysis
Multiple logistic regression showed that several variables were
independently associated with the likelihood of having MA
(Table 2). In particular, the presence of hypertension and a
higher degree of insulin resistance (upper tertile of HOMA-IR:
�2.87) were the strongest correlates of MA. Values of triglyc-
erides �150 mg/dl were also independently associated with an
increased risk for having MA. Conversely, the use of statins
was associated with a markedly lower risk for MA (Table 2).

RECPAM Analysis
RECPAM algorithm led to the identification of five classes,
characterized by a marked variability in the prevalence of MA,
ranging from 12.4 to 1.9% (Figure 1). OR were estimated with
respect to the referent category (class 5, with the lowest prev-
alence of MA).

The most important variable in differentiating the risk for
MA was hypertension; in particular, normotensive patients
with postload glycemia �140 mg/dl showed the lowest prev-
alence of MA (1.9%). The likelihood of MA was seven times
higher in men with hypertension and HOMA-IR levels in the
upper tertile (AOR 7.2; 95% CI 3.5 to 14.8) and four times higher
in women with the same characteristics (AOR 4.1; 95% CI 1.9 to
9.2). A more than three-fold increase in the likelihood of MA
was also present among individuals with hypertension and

lower HOMA-IR levels (�2.87; AOR 3.1; 95% CI 1.5 to 6.2), as
well as in normotensive individuals with postload glycemia
�140 mg/dl (AOR 3.5; 95% CI 1.5 to 8.3). Compared with the
reference category (RECPAM class 5), all RECPAM classes that
were associated with an increased risk for MA also showed a
markedly higher prevalence of the components of the metabolic
syndrome (Figure 1).

A final stepwise logistic regression with the RECPAM classes
forced in was performed to highlight the role of additional
variables that play a role as global correlates (Table 3). Plasma
triglycerides and fibrinogen levels and the use of statins were
retained in the final model as globally predictive variables.
Treatment with statins was associated with a markedly lower
likelihood of MA, whereas higher levels of triglycerides (�150
mg/dl) and values of fibrinogen in the upper tertile (�8.2
�mol/L) were correlated with a higher risk for MA (OR 1.86
[95% CI 1.22 to 2.84] and OR 1.62 [95% CI 1.01 to 2.60]).

Discussion
We found that patients with MA display significant increases in
the levels of factors of the metabolic syndrome and markers of
inflammation (CRP, WBC count). This suggests that the pres-
ence of MA in the setting of metabolic syndrome is a marker of
clinical severity.

The association between MA and the metabolic syndrome
has been previously described. In a large representative sample
of US adults who participated in the Third National Health and
Nutrition Examination Survey (NHANES III) (16), MA was
significantly associated with the metabolic syndrome and each
of its components, and the risk for MA increased progressively
as the number of components of the metabolic syndrome in-
creased from 0 or 1 to 5.

What our study adds is that the risk for having MA is related
not only to the number of metabolic syndrome components but
also even more to the interaction of specific components of the
metabolic syndrome. The concomitant presence of hypertension

Table 2. Correlates of MA: Results of logistic regression analysisa

Parameter Adjusted OR 95% CI P

Triglycerides (mg/dl)
�150 1.0 (referent)
�150 1.83 1.20 to 2.78 0.005

Statins
no 1.0 (referent)
yes 0.45 0.24 to 0.85 0.015

Hypertension
no 1.0 (referent)
yes 2.18 1.32 to 3.60 0.002

HOMA-IR (tertiles)
first (0.00 to 1.75) 1.0 (referent)
second (1.76 to 2.87) 1.38 0.78 to 2.42 0.266
third (�2.87) 2.26 1.33 to 3.82 0.002

aHOMA-IR, homeostasis model assessment of insulin resistance.

4 Clinical Journal of the American Society of Nephrology Clin J Am Soc Nephrol ●● : ●●● -●●● , ●●●●



and insulin resistance represented the major factor affecting the
risk for MA, which increased by four- to seven-fold. In absolute
values, per every 10 patients who presented hypertension and

insulin resistance, one had MA. As for normotensive individuals,
the discriminating factor was represented by a postload glycemia
�140 mg/dl, which was associated with a 3.5-fold increase in the

Figure 1. Identification of subgroups of patients showing different risk for microalbuminuria (MA): Results of Recursive
Partitioning and Amalgamation (RECPAM) analysis. RECPAM tree-growing algorithm models the odds for MA as outcome
following a multivariate logistic. Splitting variables are written in bold between branches; the condition sending patients to the
left or right sibling is placed on the relative branch. Subgroups of patients are denoted by circles or squares; the latter indicate
RECPAM classes. Numbers inside circles and squares represent the number of patients with MA (in italics) and without MA (plain
text), respectively. Adjusted odds ratio (AOR) with the corresponding 95% confidence interval (in parentheses) is attached to each
class. The class with the lowest likelihood to present MA, placed at the utmost right (class 5), is set as reference category (OR 1.0).

Table 3. Logistic regression results with RECPAM classes forced ina

Variable Adjusted OR 95% CI P

RECPAM class
5 1.0 (referent)
4 3.68 1.54 to 8.76 0.003
3 2.94 1.44 to 5.98 0.003
2 3.76 1.66 to 8.48 0.001
1 6.28 2.99 to 13.19 �0.001

Triglycerides (mg/dl)
�150 1.0 (referent)
�150 1.86 1.22 to 2.84 0.004

Statins
no 1.0 (referent)
yes 0.44 0.23 to 0.84 0.013

Fibrinogen (tertiles; �mol/L)
first (0 to 6.6) 1.0 (referent)
second (6.7 to 8.2) 0.99 0.59 to 1.65 0.966
third (�8.2) 1.62 1.01 to 2.60 0.047

aRECPAM, Recursive Partitioning and Amalgamation.
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risk for having MA. High levels of triglycerides and fibrinogen
further increased the risk for MA in all categories by 60 to 90%.

The notion that hypertension and insulin resistance are
strongly, independently, and consistently associated with the
risk for MA is not new. The relationship between insulin resis-
tance and MA was previously documented in individuals with-
out diabetes and patients with type 2 diabetes (16–20). The
Insulin Resistance Atherosclerosis Study (IRAS) found that the
association between MA and insulin resistance was partially
dependent on BP and obesity (21). Fujikawa et al. (9) also
showed that insulin resistance precedes the onset of MA and
hypertension in individuals without diabetes. Similarly, for
hypertension, a large body of evidence shows its role as a
predictor of MA (22). The additional information that derives
from our data is the striking increase in risk for MA that is
conferred by the concomitant presence of these two compo-
nents of the metabolic syndrome.

In our study, postload hyperglycemia represented the stron-
gest correlate of MA in patients without hypertension, confirm-
ing the crucial role of glucose metabolism on renal function.
Furthermore, two thirds of the normotensive patients with
postload glycemia �140 mg/dl had IGT, thus confirming the
role of even mild glucose metabolism abnormalities in increas-
ing the risk for early renal impairment (MA) (23).

We also identify a close relationship between the risk for MA
and lipid alterations. The adjusted risk for having MA is nearly
doubled in presence of high levels of triglycerides (�150 mg/dl),
a typical component of the metabolic syndrome. Conversely, the
likelihood of having MA was significantly lower among individ-
uals who were treated with statins. Clinical trials have shown that
in normotensive patients with type 2 diabetes, simvastatin de-
creased urinary albumin excretion rate independent of the de-
crease in plasma LDL cholesterol (24–26). Pravastatin significantly
reduced proteinuria in well-controlled hypertensive patients with-
out hyperlipidemia. Similar data have been found with atorvasta-
tin in patients who have chronic kidney disease and receive ACE-I
or angiotensin receptor blockers. These interventions reduced pro-
teinuria and the rate of progression of kidney disease (27). Taken
together, these data suggest that statins may reduce glomerular
injury through their cholesterol-dependent and/or pleiotropic ef-
fects (28–32).

In our study, the risk for having MA was also associated with
high levels of fibrinogen (i.e., �280 mg/dl). The relationship
between a procoagulant status and the risk for renal damage
has already been underlined in previous studies (33,34). In
particular, Bruno et al. (33) documented that high levels of
fibrinogen predicted progression to overt nephropathy, inde-
pendent of the presence of MA or hypertension. Furthermore,
Klein et al. (34) showed that hyperfibrinogenemia is indepen-
dently associated with urinary albumin excretion in patients
with type 1 diabetes.

The relevance of our findings should not be overinterpreted,
in light of a number of limitations. First, the cross-sectional
study design hinders the ability to draw inferences regarding
causality among insulin resistance, other components of the
metabolic syndrome, and MA. We are therefore unable to de-
termine whether insulin resistance and concomitant hyperin-

sulinemia lie on the same causal pathway that leads to MA later
in the chain of events. For the same reason, the putative pro-
tective effects of statins on renal function need confirmation in
large-scale, longitudinal studies. Second, we measured MA
only once with potential for nondifferential misclassification;
this might have occurred and, at most, biased our results to-
ward the null. Furthermore, a single determination of MA is
usually considered in epidemiologic studies as a reasonable
proxy of renal function (16). Another limitation is represented
by the impossibility to exclude other possible causes of MA,
such as urinary tract infections, exercise status, or other condi-
tions that may have caused false-positive urine albumin spec-
imens.

Conclusions
The presence of MA was found to be associated with a higher
risk profile in terms of traditional CV risk factors, components
of the metabolic syndrome, and markers of inflammation and
prothrombotic state. The concomitant presence of hypertension
and insulin resistance dramatically increases the risk for MA,
which is also strongly associated with the other components of
the metabolic syndrome. Independent of whether MA is con-
sidered as a component of the metabolic syndrome, its presence
should be systematically investigated in all individuals with
one or more CV risk factors. The role of MA and the metabolic
syndrome in CV and renal diseases is a matter of debate. If the
presence of the metabolic syndrome is causally related to MA,
then it would be plausible that lifestyle and/or pharmacologic
interventions that address the metabolic syndrome may also
result in significant effects on MA, CV, and renal outcomes.
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