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Urine Albumin Excretion, Within Normal
Range, Reflects Increasing Prevalence of
Metabolic Syndrome in Patients With
Essential Hypertension

Gregory Vyssoulis, MD; ' Eva Karpanou, MD;? Pangiotis Spanos, MD; ' Stella-Maria
Kyvelou, MD; ' Dionysios Adamopoulos, MD;' Christodoulos Stefanadis, MD'

Microalbuminuria is a prognostic marker of
cardiovascular disease and is related to metabolic
syndrome (MetS). For this purpose, the authors
examined the relationship of low grade albu-
minuria to MetS, using 4 current definitions and
a MetS score. They studied 6650 consecutive,
nondiabetic, hypertensive patients with normal
microalbumin excretion. MetS was defined by
Adult Treatment Panel 111, American Heart
Association, World Heart Organization,
International Diabetes Federation criteria, and
MetS Gruppo Italiano per lo Studio della Strepto-
chinasi nell’Infarcto Miocardico (GISSI) score.
Urine microalbumin concentration was measured
after a 24-hour urine collection by immuno-
nephelometry. By all definitions, hypertensive
patients with MetS had higher microalbumin
levels. Significantly higher microalbumin levels
were observed as the number of metabolic
components rose. After adjustment for systolic
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blood pressure, the strength of this association
was reduced to a nonsignificant level. Microalbu-
min levels, within normal range, are increased in
patients with MetS, irrespective of the definition
criteria. ] Clin Hypertens (Greenwich). 2010;
12:597-602. ©2010 Wiley Periodicals, Inc.

he significance of microalbuminuria, as a

prognostic marker of cardiovascular disease,
has been established during the past few years.'™
In essential hypertensives, increased albumin
excretion has been associated with blood pressure
(BP) values and hyperinsulinemia, as an expres-
sion of insulin resistance.®” Obesity, smoking,
and genetics have also been implicated as
determinants of microalbuminuria in some stud-
ies.'® Although the association of higher levels of
albumin excretion with future cardiovascular
events is well described, only recently the impor-
tance of low-grade albuminuria has been investi-
gated. 12 Increases of albuminuria, even
within the accepted normal range, are associated
with higher cardiovascular risk.'**

In the general population, metabolic syndrome
(MetS) is associated with increased cardiovascular
mordibity'® and mortality.'® Hypertensive patients
with MetS exert 2-fold greater cardiovascular risk
compared to those without MetS. Despite the
debate on the distinct definitions of MetS, focusing
either on central obesity or on insulin resistance,
microalbuminuria is significantly associated with
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the prevalence of MetS."” Moreover, microalbumin-
uria is included in the determinant criteria of MetS
according to the World Health Organization
(WHO), but the association of low-grade albumin-
uria with MetS has not been fully explored.

The aim of the present study was to investigate
whether a continuum of increasing levels of albu-
min excretion, within the normal range, reflects
increasing prevalence of MetS, according to the
definitions of WHO, of the National Cholesterol
Education Program Adult Treatment Panel III
(NCEP-ATP 1III), of the American Heart Association
(AHA) and the International Diabetes Federation
(IDF), and MetS Gruppo Italiano per lo Studio
della Streptochinasi nell’Infarcto Miocardico (GISSI)
score.

MATERIALS AND METHODS

Study Population

The study included 7500 patients who attended our
outpatient clinics for the first time. Patients with
acute and chronic inflammatory disease, endocrine
disorders, chronic obstructive pulmonary disease,
malignancy, renal insufficiency (serum creatinine
>1.5 mg/dL. for men and >1.3 mg/dL for
women), heart failure, recent (<6 months) cerebro-
vascular event, coronary artery disease (history of
stable, unstable angina or past myocardial infrac-
tion), ventricular arrhythmia, atrial fibrillation,
sinus bradycardia (<55 beats per minute), sinus
tachycardia (>100 beats per minute) or atrioven-
tricular conduction disturbance, and any condition
preventing technically adequate ambulatory BP
monitoring, were excluded from the study. Patients
with microalbuminuria, defined as albumin excre-
tion rate >20 pg/min were also excluded from the
study.

The study protocol was approved by the Ethics
Committee of Hippokration Hospital. All patients
included in the study were subjected to the follow-
ing procedures: physical examination, medical his-
tory, repeated clinical BP measurement, blood
sampling for routine laboratory examinations, and
24-hour ambulatory BP monitoring.

Thus the final cohort comprised 6650 consecu-
tive patients (mean age 53.8 years, 3381 men and
3269 women). Essential hypertension was defined
as systolic BP (SBP) >140 mm Hg and/or diastolic
BP >90 mm Hg in the sitting position. The diagno-
sis of hypertension was based on office BP measure-
ments which were taken in 3 consecutive visits
1 week apart. At each visit, BP was measured 3
times with 1-minute intervals and with the patient
resting comfortably, back supported in the sitting
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position after a 10-15 minute relax period. A
mercury sphygmomanometer was used for all
measurements with a medium or a large size cuff,
according to the patients arm circumference. All
patients underwent a 24-hour ambulatory BP moni-
toring (Spacelabs 90207; Redmond, WA).

Anthropometric and Biochemical Measurements
In each subject weight and height were measured,
while body mass index (BMI) and waist to height
were also calculated. Waist circumference was mea-
sured at the midpoint between the bottom of the
rib cage and above the top of the iliac crest from
patients at minimal respiration to the nearest
0.1 cm.

All subjects underwent full laboratory evaluation
(blood test, lipids, liver, and kidney function indi-
ces). The blood samples were collected from the
antecubital vein between 8:00 aM and 10:00 aMm, in
a sitting position, after a 12-hour fast and alcohol
absence. The biochemical evaluation was carried
out in the same laboratory that followed the crite-
ria of the WHO Lipid Reference Laboratories.

Patients with fasting blood glucose >100 mg/dL
were subject to a 2-hour oral glucose tolerance test
with 75 g glucose. Urine microalbumin concentra-
tion was measured after a 24-hour urine collection
by immunonephelometry (Dade Behring, Marburg,
Germany).

Determination of MetS

The definition of MetS was based on the following

criteria:

e ATP III criteria (3 or more of the following
including hypertension): waist circumference
>102 cm for men or >88 cm for women,
serum triglycerides >150 mg/dL, high-density
lipoprotein [HDL] cholesterol <40 mg/dL for
men or <50 mg/dL for women, and fasting glu-
cose levels >110 mg/dL.

e AHA (updated ATP III criteria): similar to ATP
I, but with lower glucose threshold (glucose
>100 mg/dL)

e WHO criteria: impaired glucose tolerance or
impaired fasting glucose or insulin resistance
plus 2 of the following plus hypertension: waist
to hip ratio >0.90 for men or >0.85 for women
or BMI >30kg/m? serum triglycerides
>150 mg/dL, HDL cholesterol <35 mg/dL for
men or <39 mg/dL for women, and microalbu-
minuria defined as albumin excretion rate of
20 mg/L or urinary albumin to creatinine ratio
>30 mg/g. Diabetes mellitus was excluded from
the WHO criteria.
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Table I. Patient Baseline Characteristics According to Microalbumin Group

GRoOUP 1 GRrour 2 GRoUP 3 GROUP 4 P VALUE
N (M) 1659 (767) 1675 (849) 1656 (869) 1660 (896) NS
Age, y 53.5+13.0 53.1+12.2 53.3+12.8 54.9+12.8 <.001
WrtoHeight 5.30+6.41 5.36+6.41 5.39+6.24 5.53+6.41 <.001
BMI, kg/m2 26.84+4.2 27.44+3.9 27.444.0 28.04+4.2 <.001
Waist, %" 27.7 27.7 29.6 35.0 <.001
MLK, mg/L 5.84£2.03 9.614+7.12 12.84+1.28 17.67+1.38 <.001
Male sex, % 46.2 50.7 52.5 54 <.001
MetS-WHO, % 16 17.8 22.2 26.7 <.001
MetS-NCEP, % 22.1 30.0 31.6 39 <.001
MetS-GISSI, % 22.3 26.3 32.1 37.7 <.001
ATP-MetS, % 16 23.7 24.7 29.9 <.001
MetS-IDF, % 31.3 39 41.8 46.1 <.001
IGT, % 8.6 11.3 13.8 14.2 <.001
IFG, % 16 16.3 17.8 22.7 <.001
Abbreviations: ATP-MetS, metabolic syndrome definition according to Adult Treatment Panel III; BMI, body mass index; IFG,
impaired fasting glucose; IGT, impaired glucose tolerance; M, male; MLK, microalbumin; MetS-IDF, metabolic syndrome
definition according to the International Diabetes Federation; MetS-GISSI, metabolic syndrome Gruppo Italiano per lo Studio
della Streptochinasi nell'Infarcto Miocardico score system; MetS-NCEP, metabolic syndrome definition according to the
National Cholesterol Education Program; MetS-WHO, metabolic syndrome definition according to the World Health
Organization; NS, not significant; WtoHeight, waist to height. *Waist, % is >102 cm for men and >88 c¢m for women.

e IDF criteria: central obesity defined as waist cir-
cumference >94 cm for men or 80 cm for
women plus any 2 of the following including
hypertension: serum triglycerides >150 mg/dL,
HDL cholesterol <40 mg/dL.  for men or
<50 mg/dL for women and fasting glucose
>100 mg/dL

e GISSI score: According to the GISSI study,
points were assigned for each risk factor includ-
ing male gender, age, hypertension, BMI, serum
triglycerides, HDL cholesterol, and fasting glu-
cose. The score was obtained by summing all
the individual points. The cutpoint of the total
score for the diagnosis of MetS was 28.

Statistical Analysis

Statistical analysis was performed using SPSS pack-
age for Windows version 13.0 (SPSS, Chicago, IL.).
Values were expressed as means =+ standard devia-
tion or as percentages. Means were compared using
independent samples Student #-test or after analysis
of variance when appropriate. Analysis of categori-
cal data was carried out with the chi-square test.
The limit of statistical significance was set at
P<.0S.

RESULTS

Overall, the study population was divided into 4
groups according to urine microalbumin quartiles.
Baseline characteristics of the study cohort are pre-
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sented in Table I. Patients in the fourth group of
microalbumin were significantly older, had higher
waist-to-height values and were mostly men
(P<.001). The distribution of patients according to
different MetS definition criteria (AHA, ATP III,
IDF, WHO, and GISSI score) is also presented in
Table L

Further, we analyzed the presence of MetS
according to each different MetS definition criteria
separately for each one of the 4 microalbumin
quartiles. In group 1 (lowest microalbumin levels)
there were significantly higher microalbumin levels
in patients with MetS according to GISSI score
(P=.01), while in group 4 (highest microalbumin
levels) there were significantly higher microalbumin
levels in patients with MetS according to AHA
(P=.002), GISSI score (P<.001), and ATP III
(P=.0034) (Table 1I).

Moreover, in order to explore the burden posed
to microalbumin levels as the number of compo-
nents of MetS rose, the study population was
divided into 5 groups: group 1 (hypertension),
group 2 (hypertension + any 1 other component),
group 3 (hypertension + any 2 other components),
group 4 (hypertension + any 3 other components),
and group 5 (all 5 components), and the distribu-
tion in the 4 microalbumin quartiles was investi-
gated (Table III).

When comparing the 5 groups of MetS compo-
nents, significantly higher microalbumin levels were
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Table II. Distribution of Microalbumin Quartiles According to Each of the 5 Definition Criteria Used

GRrouP 1 Grour 2
o 1 P VALUE o 1 P VaLug
MetS-WHO 5.7742.06 5.86£1.96 NS 9.6240.70 9.5940.72 NS
MetS-NCEP 5.7642.03 5.9342.02 NS 9.6140.70 9.614+0.73 NS
MetS-GISSI 5.73+£2.05 6.03+1.92 .01 9.60+0.70 9.614+0.73 NS
ATP-MetS 5.76+2.03 5.9742.01 NS 9.6040.70 9.6040.74 NS
MetS-IDF 5.7742.05 5.86+£1.96 NS 9.6240.70 9.5940.72 NS
GRoOUP 3 GRrour 4
o 1 P o 1 P
MetS-WHO 12.83+1.26 12.87+1.31 NS 17.63+1.39 17.72+1.37 NS
MetS-NCEP 12.83+1.26 12.87+1.40 NS 17.5941.39 17.81£1.37 .002
MetS-GISSI 12.8441.26 12.86+£1.32 NS 17.55+1.38 17.874+1.37 <.001
ATP-MetS 12.85+1.27 12.83+1.33 NS 17.63+1.38 17.78+1.38 .034
MetS-IDF 12.83+1.26 12.87+1.31 NS 17.63+1.39 17.72£1.37 NS

Organization.

Abbreviations: ATP-MetS, metabolic syndrome definition according to Adult Treatment Panel III; MetS-IDF, metabolic
syndrome definition according to the International Diabetes Federation; MetS-GISSI, metabolic syndrome Gruppo Italiano

per lo Studio della Streptochinasi nell'Infarcto Miocardico score system; MetS-NCEP, metabolic syndrome definition according
to the National Cholesterol Education Program; MetS-WHO, metabolic syndrome definition according to the World Health

Table III. Patients’ Distribution According to the Number of MetS Components

GRrouUP 1 Groupr 2 GRroUP 3 GrouP 4 GRoOUP § P VALUE
N (M) 2907 2147 1086 417 66 NS
Age 53.6+13.3 53.94+12.7 53.7+11.9 53.6+11.4 55.5+10.3 NS
WtoHeight 0.51£0.05 0.55+0.06 0.5840.06 0.614+0.04 0.6240.04 <.001
Male (%) 50.1 50.3 52.8 53.7 51.5 NS
MILK (mg/L) 10.93+4.54 11.53+4.60 12.2444.47 12.77+4.56 13.19£4.09 <.001
SBP, mm Hg 160.40+11.72 161.93+11.65 163.85+11.66 164.67£10.62 165.30+9.37 <.001
DBP, mm Hg 100.86£7.08 100.94+£7.05 101.43£7.02 101.64+7.5 100.97+7.66 NS
Glucose, mg/dL 90.4749.17 94.81£11.50 98.50£12.66 103.41+£14.05 118.03+£7.11 <.001

SBP, Systolic blood pressure.

Abbreviations: DBP, diastolic blood pressure; M, male; MLK, microalbumin; NS, not significant; WtoHeight, waist to height;

observed as the number of components rose (Fig-
ure; P<.001), while the same significant trend was
also observed in SBP levels (P<.001), fasting glu-
cose levels (P<.001) and finally in waist-to-height
levels (P<.001). After adjustment for SBP, glucose,
and waist-to-height a nonsignificant  relation
between microalbumin levels and number of com-
ponents was revealed (P = not significant).

DISCUSSION

Microalbuminuria is an established marker of car-
diovascular and renal disease and is included in the
definition criteria of MetS, according to WHO. In
the hypertensive patients, microalbuminuria has
been proposed as an important risk factor,
although it has not penetrated all guidelines. The
groups of Bigazzi and Campese and coworkers®
reviewed the importance of microalbuminuria as a

THE JOURNAL OF CLINICAL HYPERTENSION

cardiovascular risk predictor. Larger cohort studies
confirmed this to be independent from other risk
markers in the general hypertensive population
(Multinational Monitoring of Trends and Determi-
nants in Cardiovascular Disease [MONICA]),®> a
hypertensive cohort with left ventricular hypertro-
phy (Losartan Intervention for Endpoint Reduction
in Hypertension [LIFE]),'® and in individuals with
already increased cardiovascular risk (Heart Out-
comes Prevention Evaluation [HOPE]).?

The main finding of the present study was that in
hypertensive patients low grade albuminuria was sig-
nificantly associated to MetS prevalence, irrespec-
tively of the considered definition. For the first time
we showed that albumin excretion, even within the
currently defined normal levels, was related to MetS,
using 4 variations of the definition and a score, inter-
preting the common pathophysiology pathways of
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Figure. Different distributions of albumin quartiles according to the number of metabolic syndrome components.

the two. It has been reported that clinical and prog-
nostic consequences of MetS may relate to the num-
ber of its individual components.'””'” In the present
study we observed that microalbumin levels were
higher as more metabolic components rose, even
among patients with MetS.

The estimates of MetS prevalence are controver-
sial due to different criteria used for its definition.*”
The level of agreement among the current defini-
tions of MetS is not encouraging.?! In our study we
found that, even among the same microalbumin
quartile, patients with MetS according to GISSI
score had significantly higher microalbumin levels.
GISSI score has the advantage, compared to all
other diagnostic tools of MetS, of the weighted
contribution of each individual metabolic compo-
nent.”” Moreover, male gender and age are also
taken into account.”>** Despite the conflicting
results depending on each definition of MetS, the
relationship of low-grade albuminuria to MetS is
highlighted in patients with higher albumin excre-
tion, within the normal range. These findings are in
line with the proposed hypothesis that albuminuria
should be interpreted as a continuum rather than
as threshold cutoff values.”

Whether MetS per se plays a regulator role in
the process of albumin excretion or its contribution
is mainly through its components such as SBP or
hydrocarbonate metabolism abnormality is yet
unknown. Adjusting for possible confounders such
as SBP we found that the association of MetS to
microalbumin levels was not independent. These
results are in keeping with the findings of the recent
studies showing that BP is the main determinant of
developing albuminuria.®*”

The limitation of the present study is the defini-
tion of microalbuminuria, which is still far from
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being standardized, with all of the confusing
consequences. Although one should recognize the
necessity for a clear definition of the term micro-
albuminuria, one should interpret the term with
caution, because albuminuria is a continuous vari-
able. In the present study, cutoff limits for high
normal microalbumin levels were 20 mg/L in 24-
hour urinary collection.

In conclusion, the present study confirms the
clinical importance of low-grade albuminuria in
essential hypertensive patients. A continuum of
increasing levels of albumin excretion reflects
increasing prevalence of MetS, and as shown in
recent studies, increasing cardiovascular risk. More
studies need to be assessed in order to explore the
biologic complexity of low-grade albuminuria and
to challenge the existing definition of normal.
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