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ABSTRACT

Background: Numerous studies have now demonstrated that
heart failure with a normal ejection fraction (HFnlEF) is common.
Hypertension is also the most commonly associated cardiac
condition in patients with HFnlEF. Despite the observed link
between microalbuminuria, obesity, and cardiovascular disorders,
this question has remained — ‘Which is more important for the
prediction and prevention of diastolic dysfunction in non-diabetic

hypertensive patients?’

Methods: The current study was a cross-section study conducted
on a total of 126 non-diabetic hypertensive patients screened to
identify those with hypertension. Urine creatinine was measured
by the picric acid method and urine albumin content was
measured by a sensitive, nephelometric technique. The urinary
albumin/creatinine ratio (UACR) was determined as an indicator
of microalbuminuria. Complete two-dimensional, doppler, and
tissue-doppler echocardiography was performed and the recording

of the diastolic function parameters was carried out.

Results: High body mass index and high systolic blood pressure
were positively correlated with the appearance of left ventricular
hypertrophy, whereas, the UACR index had no significant
relationship with hypertrophy. Multivariable analysis also showed
that advanced age and systolic blood pressure were significantly
associated with the E/E annulus parameter.

Conclusion: According to our investigation obesity is more
important than microalbuminuria for the prediction and prevention
of diastolic dysfunction in non-diabetic hypertensive patients.
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INTRODUCTION

Hypertension can induce systolic and diastolic dysfunction,
but until the last two decades, the possibility that a large number
of patients with heart failure (HF) might have a normal ejection
fraction (EF) was not considered. As numerous studies have
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now demonstrated that heart failure with a normal
ejection fraction (HFnlEF) is common; why it
was not previously recognized is unclear. It may
be that HFnlEF was always common, but the
cardiology community failed to recognize it. It is
also possible that the prevalence of HFnlEF has
increased over time, leading to more widespread
recognition. Support for this concept comes from a
study which shows that the prevalence of HFnlEF
among patients admitted for HF, at a single large
institution, has increased dramatically during a
15-year period, from 1987 to 2001.

Hypertension is also the most commonly
associated cardiac condition in patients with
HFnlEF. Chronically increased blood pressure
is an important stimulus for cardiac structural
remodeling and functional changes. The resultant
hypertensive heart disease is characterized by
left ventricular hypertrophy (LVH), increasing
vascular and ventricular systolic stiffness, impaired
relaxation, and increased diastolic stiffness, all
factors linked to the pathogenesis of HFnlEF.[! In
the presence of hypertensive heart disease, ischemia
produces exaggerated increases in filling pressures,
and hypertensive heart disease and ischemic heart
disease are often present in combination in patients
with HFnlEF. Elucidating which factors mediate
transition to HFnlEF, in persons with hypertensive
heart disease, is an area of active investigation.

Most large contemporary studies have now
suggested that the all-cause mortality for HFnlEF
is similar to that of HF with a reduced EF.1>**!

Hypertensive obese patients are at an increased
risk for HF. In general, patients with HFnlEF are
more often hypertensive obese than are patients
with HF with a reduced EF, and the prevalence of
diastolic dysfunction is increased in obese persons.
Increased body mass index is a risk factor for
hypertension, diabetes mellitus, coronary artery
disease, and atrial fibrillation, all of which are
associated with HFnlEF.1°!

Albuminuria has been identified as a
life-threatening renal and cardiovascular risk
profile.” This important diagnostic parameter
can not only predict renal or concurrent renal and
cardiovascular adverse events in high-risk patients,
such as diabetics and hypertensive patients (ranging
from 10 to 40%),'>! but can also be frequently
found in seemingly healthy subjects, with an overall
prevalence of 5 to 7% in normal individuals.!'*!¥ In
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spite of the observed link between microalbuminuria
and cardiovascular disorders, its pathophysiological
mechanisms responsible for progression of cardiac
dysfunction or heart failure have been already
unknown. However, some strong hypotheses for
these processes have been put forward. First, it has
been suggested that reduced glomerular filtration
rate following renovascular damage can lead to
activation of the renin—angiotensin—aldosterone
system, which subsequently affect the cardiovascular
system and result in ventricular dysfunction.'¥ It has
been also hypothesized that common cardiovascular
risk factors such as systolic hypertension,
hyperglycemia, and hyperlipidemia might have a
triggering role for progressing atherosclerosis.™> Of
late, the appearance of microalbuminuria has been
identified as a main indicator of left ventricular
systolic and diastolic dysfunction, particularly in
diabetic patients.!'®!”l It seems that some patient’s
indices, such as raised night-to-day systolic blood
pressure or high body mass index, which can be
related to left ventricular hypertrophy may result
in cardiac, systolic and diastolic dysfunction.®
However, some other researchers could not confirm
any significant differences in left ventricular systolic
and diastolic functions between patients with and
without microalbuminuria,'” and therefore, its
causative role has been already questioned.

Thus, the main aim of this study is comparing
of microalbuminuria and body mass index for
prediction and prevention of diastolic dysfunction
in non-diabetic hypertensive patients.

METHODS

The current study is a cross-section study
conducted on a total of 126 non-diabetic
hypertensive patients. The data for this investigation
were obtained from a large, cross-sectional study
entitled “the Isfahan Healthy Heart Program”
(THHP) that was a population-based cohort survey
of cardiovascular risk factors.?%

A physician measured office BP thrice in each
participant using a mercury sphygmomanometer,
with an appropriate size cuff. During the
measurements, the participant remained seated for
10 minutes with the arm comfortably placed at the
level of the heart.

The participants were defined as hypertensive
if resting systolic blood pressure was >140 mm Hg
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and/or diastolic >90 mm Hg, or were treated with
antihypertensive medications. Blood pressure
was also stratified as stage 1 (systolic BP,
140 — 160 mmHg and/or diastolic BP 90— 100)
and stage 2 (systolic BP, >160 mmHg and/or
diastolic BP >100 mmHg).

The exclusion criteria include the presence of
diabetes mellitus, acute inflammatory disorders,
ischemia, trauma, surgery, pancreatitis, febrile
disorders, connective tissue disorder, documented
coronary  diseases, cerebrovascular accident,
angina pectoris or myocardial infarction, cardiac
arrhythmias,  chronic  pulmonary  diseases,
malignancies or heavy physical activities a day
before the study begins. The study protocol, which
complies with the principles of good clinical practice
and the declaration of Helsinki, has been approved
by the relevant ethics committee at the participating
center. Written informed consent was required from
each patient before enrolment in the trial.

After the final diagnosis of hypertension, all
participants underwent a screening test with five
plasma samples to measure the plasma levels of
serum electrolytes and creatinine, fasting blood
sugar and lipid profile, as well as five urine samples
for measuring urine albumin and creatinine.
Albuminuria was measured by collection of fasting
random urine specimens on arrival to the clinic
in the morning. Urine creatinine was measured
by the picric acid method, and urine albumin
content was measured by a sensitive, nephelometric
technique (Pars Azmoon kits, Iran). The urinary
albumin/creatinine ratio (UACR) and all other
laboratory values were determined in a central
laboratory within 24 hours after obtaining the urine
andblood samples. Microalbuminuria was defined as
UACR from 30 to 300 mg/g and macroalbuminuria
as a UACR of more than 300 mg/g.

Body weight was measured with the patients in
light clothing, without shoes.

Body mass index (BMI) was calculated as weight
(kg)/height 2 (m?). The patients were characterized
as normal weight if their BMI was between 18.5
and 24.9, overweight if their BMI was between 25
and 29.9, and obese if their BMI was higher than
30.

All participants underwent standard
two-dimensional =~ M-mode,  Doppler, and
tissue-Doppler, echocardiograms within a week
from the BP measurements. Left ventricle (LV)
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dimensions were measured, using the American
Society of Echocardiography (ASE) and the
European Society of Cardiology guidelines. U
The numbers were randomly assigned to
all echocardiograms, Dblinding all patient
identifications. Two experts in echocardiography
read the echocardiograms The ASE-recommended
formula for estimation of left ventricular mass
from left ventricular linear dimensions, validated
with necropsy, was used. Left ventricular mass was
indexedforheight2.7(LVMI).?? Thekappastatistics
between the two measurements suggested a high
agreement between readers of echocardiograms,
k was equal to 0.92 and intraobserver variability
lower than 0.1. Left ventricular hypertrophy was
defined as LVMI higher than 48 g/m 2.7 in men
and higher than 44 g/m 2.7 in women, according
to the guidelines.?!! Relative wall thickness (RW'T)
was also calculated.

Left ventricular diastolic function was assessed
using pulsed-Doppler samples of mitral inflow and
pulsed-tissue Doppler at the level of the septal wall of
the mitral annulus. Standard diastolic indices were
recorded, including early (E) and late (A) transmitral
peak flow velocities, early deceleration time (DT),
and LV isovolumic relaxation time (IVRT). IVRT
as the time from aortic valve closure to mitral valve
opening was measured by simultaneous Doppler
and M-mode echocardiography, and its normal
range was about 70 = 12 ms.

Normal DT is also ranged between 160 to
240 ms.

Diastolic dysfunction can be graded according
to the diastolic filling pattern.?’]

* Grade 1 (mild dysfunction): Impaired
relaxation with normal filling pressure

* Grade 2 (moderate dysfunction):
Pseudonormalized mitral inflow pattern

»  Grade 3 (severe reversible dysfunction):
Reversible restrictive (high filling pressure)

* Grade 4 (severe irreversible dysfunction):
Irreversible restrictive (high filling pressure)

Results were reported as meanztstandard
deviation (SD) for quantitative variables and
percentages for categorical variables. The groups
were compared using the Student’s #-test or
Mann-Whitney U test for continuous variables
and the Chi-square test or Fisher’s exact test,
if required, for categorical variables. Predictors
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exhibiting a statistically significant relationship
withtheappearance of left ventricular hypertrophy
in the univariate analysis (P value <0.05) were
taken for a multivariate logistic regression
analysis, to investigate their independence. Odds
ratios (OR) and 95% confidence intervals (CI) for
OR were calculated. Model discrimination was
measured using the c statistics, which was equal
to the area under the ROC (Receiver Operating
Characteristic) curve. Model calibration was
estimated using the Hosmer-Lemeshow (HL)
goodness-of-fit statistic (higher P values imply
that the model fits the observed data better).
Multivariable linear analysis was also used to
determine the main correlates of E/E annulus.
P value of <0.05 was considered statistically
significant. All the statistical analyses were

performed using SPSS version 16.0 (SPSS Inc.,
Chicago, IL, USA) for Windows.

RESULTS

The baseline data of study patients are
summarized in Table 1. A total of 126 patients with
the final diagnosis of primary hypertension were
included in the study. The mean age of patients
was 53.5 years (ranged 27 to 86 years) with a male
to female ratio of 0.8. The mean body mass index
(BMI) was 29.49 kg/m?, and among them, 43.7%
had obesity, with a BMI equal or more than 30 kg/m?.
Systolic and diastolic blood pressures on the first
admission day were controlled in the normal ranges
in 36.4 and 43.1% of the patients, respectively.
Primary hypertension was newly diagnosed in 6.5%

Table 1: Baseline characteristics of study patients with hypertension with positive and negative urine albumin/creatinine ratio
s A

Characteristics Total UACR (+) UACR (-) P value
(n=126) (N=10) (N=116)
Male gender 55(43.7) 3 (30.0) 53 (44.8) 0.511
Age 53.56 £ 11.31 53.50 + 10.02 53.57+£11.45 0.984
Body mass index 29.49 +4.59 29.44 + 4.68 30.08 £3.54 0.601
Systolic blood pressure
<140 mmHg 44 (36.4) 4 (40.0) 40 (36.0)
140 — 160 mmHg 52 (43.0) 4 (40.0) 48 (43.2) 0.968
>160 mmHg 25(20.7) 2 (20.0) 23 (20.7)
Diastolic blood pressure
<90 mmHg 50 (41.3) 5(50.0) 45 (40.5)
90 — 100 mmHg 49 (40.5) 2 (20.0) 47 (42.3) 0.338
>100 mmHg 22 (18.2) 3 (30.0) 19 (17.1)
Duration of HTN
New 8(6.5) 0(0.0) 8(7.0)
<5 years 84 (67.7) 6 (60.0) 78 (68.4) 0.507
5—10 years 19 (15.3) 3 (30.0) 16 (14.0)
>10 years 13 (10.5) 1 (10.0) 12 (10.5)
Abnormal ECG 11 (8.7) 1(10.0) 10 (8.6) 0.999
Oral medications
Calcium-blockers 11 (10.3) 0(0.0) 11 (11.1) 0.266
Beta-blockers 59 (55.1) 5(62.5) 54 (54.5) 0.626
ACE-inhibitors 27 (25.2) 3 (37.5) 24 (24.2) 0.353
Diuretics 10 (9.3) 0(0.0) 10 (10.1) 0.291
Laboratory parameters
Serum creatinine 1.08 £0.21 1.09 +0.28 1.08 +0.20 0.890
Potassium 4.00+£0.41 4.04 +£0.32 4.00 +£0.42 0.531
Fasting blood sugar 101.00 £ 6.74 111.50 +£ 6.36 100.25 £ 17.05 0.257
Total cholesterol 202.96 = 44.63 233.50 +20.51 200.42 £ 45.38 0.258
High density lipoprotein 46.64 + 11.06 50.50 £ 6.36 46.25 +11.46 0.485
Low density lipoprotein 127.14 £39.28 138.50 +38.89 126.00 = 40.13 0.554
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of the subjects and 10.5% of the subjects had had
hypertension for more than 10 years. No significant
differences were found between the two groups,
with and without microalbuminuria, in terms of
demographics, blood pressure categories, duration
of hypertension, electrocardiogram abnormalities,
and oral medications administered, before the study
began. There were also no significant differences
in the baseline laboratory indices including total
cholesterol, triglycerides, fasting blood sugar, high
and low lipoprotein as well as serum creatinine level,
across the two groups. Among all 126 study subjects,
one of them was diagnosed with macroalbuminuria.
He was a 49-year-old man with systolic and diastolic
blood pressures of 160 and 100 mmHg, respectively.
He had a serum creatinine concentration of 1 mg/
dL, and appeared with a normal ECG.

Regarding left ventricular structure and diastolic
function [Table 2], mild-to-moderate diastolic
dysfunction (grade 1-1I) appeared in 33.3% of
the patients with microalbuminuria and 21.6%
of those without albuminuria (P=0.219). None
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of the patients had severe diastolic dysfunction
(grade III -1V). Mitral E velocity and mitral A
velocity were similar in the two groups with and
without albuminuria. Consequently, the mitral
E/A ratio was not different in the two groups. Left
ventricular ejection fraction, left ventricular mass
index, and mitral deceleration time were all similar
in the patients with and without microalbuminuria.
Left ventricular hypertrophy was found in 30.0%
of the patients with microalbuminuria and in
25.9% of the group without microalbuminuria.
No significant linear correlations were found
between the UACR measurement and cardiac
indices of the left ventricular mass index,
declaration time, mitral A and E velocities, as
well as E/E annulus index [Figures 1 and 2].
Positive microalbuminuria appeared in 9.1% of the
patients with left ventricular hypertrophy, while
among those without left ventricular hypertrophy;
microalbuminuria was detected in 7.5% of them.
Also, 11.1% of the patients with moderate left
ventricular hypertrophy had microalbuminuria

Table 2: Cardiovascular parameters in patients with hypertension with positive and negative urine albumin/creatinine ratio
L

Characteristics UACR (-) (N=10) UACR (+) (V=116) P value
Diastolic function
Normal function 0(0.0) 29 (25.0)
Grade I dysfunction 7 (66.7) 3(33.4) 0.219
Grade II dysfunction 3(33.3) 25 (21.6)
Declaration time
<160 ms 0(0.0) 13 (12.8)
160 — 240 ms 4(44.4) 45 (44.6) 0.478
>240 ms 6 (55.6) 43 (42.6)
Left ventricular ejection fraction 63.75+9.26 64.52 +7.08 0.802
Left ventricular hyperthrophy 3(30.0) 30 (25.9) 0.721
Severity of ventricular hypertrophy
Normal 7 (70.0) 86 (74.1)
Mild 2 (20.0) 19 (16.4) 0.924
Moderate 1 (10.0) 8(6.9)
Severe 0(0.0) 3(2.6)
Left ventricular mass index 143.38 +53.18 154.34 +49.47 0.564
Left ventricular mass severity
Normal 7(77.8) 91 (78.4)
Mild 1(11.1) 12 (10.3) 0.783
Moderate 1(11.1) 6(5.2)
Severe 0(0.0) 7 (6.0)
E/A ratio 6.90 +£0.20 1.07+0.36 0.134
A wave 81.70 £24.17 71.68 + 18.69 0.230
E wave 70.70 + 16.73 73.65 + 16.49 0.603
E/E annulus 10.46 +2.60 10.30 +3.90 0.870
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Figure 1: Association between urine albumin/creatinine ratio
and left ventricular mass index in primary hypertensive patients
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Figure 3: Relationship between urine albumin/creatinine
ratio and severity of left ventricular hypertrophy in primary
hypertensive patients

and none of the patients with severe hypertrophy
had this urinary pathological abnormality.

No significant relationship existed between the
severity of left ventricular hypertrophy and the
UACR measurement [Figure 3].

With respect to the determinants, left
ventricular hypertrophy, high body mass index,
and high systolic blood pressure were positively
correlated with the appearance of left ventricular
hypertrophy, whereas, the UACR index had no
significant relationship with hypertrophy [Table 3].
Multivariable linear analysis also showed that
the variables of advanced age and systolic blood
pressure were significantly associated with the E/E
annulus parameter [Table 4].
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Figure 2: Association between urine albumin/creatinine
ratio and E/E annulus in primary hypertensive patients

Table 3: Multivariable logistic analysis of the determinants
of left ventricular hypertrophy in patients with

hypertension
I e

Variable Multivariate Odds 95% confidence
P value ratio intervals
Female gender 0.935 1.045  0.366-2.981
Advanced age 0.086 1.044  0.994 —1.097
Body mass index 0.009 1.154  1.037-1.286
Systolic BP 0.006 1.053  1.015-1.092
Diastolic BP 0.031 0.922  0.856-0.992
Urine ACR 0.371 1.001  0.998 — 1.004

s
Hosmer-Lemeshow goodness of fit: Chi-square: 4.501;
P =0.809

Table 4: Multivariable linear analysis of the determinants
of E/E annulus in patients with hypertension

Variable Multivariate  Beta Standard
P value error for beta
Female gender 0.126 1.132 0.733
Advanced age 0.026 0.074 0.033
Body mass index 0.132 0.114 0.075
Systolic BP 0.016 0.066 0.027
Diastolic BP 0.245 -0.062 0.053
Urine ACR 0.918 0.129 1.252

I e O
R-square: 0.157

DISCUSSION

In the present study, we found no association
between microalbuminuria, LV mass, and wall
thickness in hypertensive adults.

None of the measured indices of diastolic
function was significantly associated with
microalbuminuria. Although, the association of
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baseline demographic and topographic variables
such as female sex, smoking, higher waist
circumference, and presence of the metabolic
syndrome, insulintreatment, smoking, poordiabetes
control, and even family history of cardiovascular
disease with microalbuminuria, was demonstrated
in some recent studies,**?! these observational
associations might not have proved the causality.?¢!
Furthermore, the underlying predisposing factors
for microalbuminuria have been mostly described
among diabetic patients with multiple systemic
defects and poor outcome, including renal
dysfunction, and therefore, known causes of
microalbuminuria might not have a causative role
for appearing as microalbuminuria in the general
population. Among our participants, none of the
patients had uncontrolled fasting blood sugar (more
than 126 mg/dL) and therefore our study was
certainly focused on non-diabetic ones. Moreover,
defects in both the glomerulus and the tubules have
been implicated as the main pathophysiological
etiologies of microalbuminuria. In acute
inflammation, microalbuminuria is surmised to be
a result of the endothelial glomerular leak in the
kidneys, which is a manifestation of the systemic
increases in capillary permeability, due to an intense
inflammatory onslaught on the endothelium.?”
Each acute inflammatory condition may lead to
endothelial glomerular defects and finally result in
microalbuminuria. Thus, all subjects suspected as
microalbuminuria should be screened with regard
to acute or chronic inflammatory disorders. Also,
with respect to the relationship between systolic
blood pressure and the measurement of UACR, we
did not demonstrate this association in the primary
hypertensive population. It was better to compare
the UACR measurement between hypertensive and
normotensive ones, because numerous patients in
our study population had a normal range of both
systolic and diastolic blood pressure. In addition,
more than half of the patients had a short-term
experience of evidenced hypertension.

Despite our non-significant association of
microalbuminuria and parameters of left ventricular
diastolic function, such as left ventricular mass,
left ventricular hypertrophy pattern, and ejection
fraction but direct relationship between these
cardiac indices and UACR measurement has
been documented. In a study by Djoussé et al.,
microalbuminuria was positively associated with
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left ventricular mass in normotensive subjects, as
it was in hypertensive subjects, while this renal
pathological defect was negatively related to
ejection fraction only in hypertensive subjects.!*”!
In another study by Picca et al., microalbuminuria
was associated with an increased left ventricular
mass index, a higher prevalence of a concentric
left ventricular hypertrophy pattern, a depressed
midwall systolic performance, and thus, a markedly
impaired diastolic function.®® According to this
fact that the appropriate cardiac diastolic function
can be directly dependant on other important
structural and functional indices such as impaired
aortic elastic propertiesi®!! and altered vascular
dilatory capacity, these indices should also be
considered for assessing the relationship between
microalbuminuria and left ventricular diastolic
dysfunction.

In this study, high body mass index and high
systolic blood pressure were positively correlated
with the appearance of left ventricular hypertrophy.

The heart of obese individuals is subjected to
continued volume overload due to an elevated
cardiac output (CO), which may stimulate
the growth of cardiac walls, left ventricular
dilatation, and subsequently induce left ventricular
hypertrophy.323

In some other studies, left ventricular
hypertrophy was 17.67 times more likely in obese
patients as compared to normal-weight true
normotensive individuals and it was concluded
that high body mass index might represent a
significant cardiovascular risk factor for left
ventricular hypertrophy, even in normotensive
individuals.®® Some other authors showed that
left ventricular hypertrophy was more common in
patients with higher systolic blood pressure, pulse
pressure, higher end-diastolic and systolic volumes,
lower ejection fraction, and a calcium-phosphate
product.B738  Therefore, systolic hypertension,
especially in obese patients, could be independent
predictors of left ventricular hypertrophy and
its role was confirmed in the presence of
other confounders. This relationship might be
influenced by the duration of hypertension and
its severity. According to the common association
of hypertension and left ventricular mass index,
as well as the predictive role of ventricular
hypertrophy for mortality in cardiovascular
disease patients,*”’ minute assessment of the left
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ventricular mass index in hypertensive patients,
with suspected cardiovascular diseases, should be
strongly recommended.

Hypertensive obese patients have more epicardial
fat thickness that is metabolically active, which can
induce coronary artery disease and heart failure."

Also hypertension can induce premature
coronary artery disease, like smoking, with respect
to the number of vessel involvements and left main
disease.!!!

For prevention of complication from obesity,
weight loss has been shown to decrease left
ventricular hypertrophy in obese patients. Diet
has been documented to be at least as effective as
antihypertensive medication in the normalization of
anelevatedleftventricularmass.? Thereisincreasing
evidence that obesity is associated with an increase
in central arterial stiffness3! and that weight loss
reduces arterial stiffness.*®! There is increasing
evidence that obesity is associated with an increase
in central arterial stiffness*! and that weight
loss reduces arterial stiffness.?! The mechanisms
responsible for arterial stiffening in obese humans
are unclear, but endothelial dysfunction, elevated
advanced glycation end-products, collagen
cross-linking, and activation of the vascular tissue
renin—angiotensin—aldosterone system may play a
role. A number of previous reports have suggested
that the major determinant of left ventricular mass
in obesity might be mediated by an increase in the
metabolically active abdominal fat tissue.

According to our investigation obesity is more
common and important than microalbuminuria
for the prediction and prevention of diastolic
dysfunction in non-diabetic hypertensive patients.

REFERENCES

1. Diamond JA, Phillips RA. Hypertensive heart disease.
Hypertens Res 2005;28:191.

2. Owan TE, Hodge DO, Herges RM, Jacobsen SJ, Roger
VL, Redfield MM. Heart failure with preserved ejection
fraction: Trends in prevalence and outcomes. N Engl J
Med 2006;355:251-9.

3. OwanTE, Redfield MM. Epidemiology of diastolic heart
failure. Prog Cardiovasc Dis 2005;47:320-32.

4. Hogg K, Swedberg K, McMurray J. Heart failure with
preserved left ventricular systolic function; epidemiology,
clinical characteristics, and prognosis. J Am Coll Cardiol
2004;43:317-27.

5. BhatiaRS, TulJV, Lee DS, Austin PC, Fang J, Haouzi A,

218

10.

11.

12.

13.

14.

15.

16.

17.

et al. Outcome of heart failure with preserved ejection
fraction in a population-based study. N Engl J] Med
2006;355:260-9.

Powell BD, Redfield MM, Bybee KA, Freeman WK,
Rihal CS. Association of obesity with left ventricular
remodeling and diastolic dysfunction in patients without
coronary artery disease. Am J Cardiol 2006;98:116-20.
Hillege HL, Fidler V, Diercks GF, van Gilst WH, de
Zeeuw D, van Veldhuisen DJ, et al. Urinary albumin
excretion predicts cardiovascular and noncardiovascular
mortality in general population. Circulation
2002;106:1777-82.

Parving HH, Lewis JB, Ravid M, Remuzzi G, Hunsicker LG.
Prevalence and risk factors for microalbuminuria in
a referred cohort of type II diabetic patients: A global
perspective. Kidney Int 2006;69:2057-63.

Lambers Heerspink HJ, Brinkman JW, Bakker SJ,
Gansevoort RT, de Zeeuw D. Update on microalbuminuria
as a biomarker in renal and cardiovascular disease. Curr
Opin Nephrol Hypertens 2006;15:631-6.

Wachtell K, Ibsen H, Olsen MH, Borch-Johnsen K,
Lindholm LH, Mogensen CE, et al. Albuminuria and
cardiovascular risk in hypertensive patients with left
ventricular hypertrophy: The LIFE Study. Ann Intern
Med 2003;9:901-6.

Rachmani R, Levi Z, Lidar M, Slavachevski I,
Half-Onn E, Ravid M. Considerations about the threshold
value of microalbuminuria in patients with diabetes
mellitus: Lessons from an 8-year follow-up study of
599 patients. Diabetes Res Clin Pract 2000;49:187-94.
Arnlov J, Evans JC, Meigs JB, Wang TJ, Fox CS,
Levy D, et al. Low-grade albuminuria and incidence of
cardiovascular disease events in nonhypertensive and
nondiabetic individuals: The Framingham Heart Study.
Circulation 2005;112:969-75.

Romundstad S, Holmen J, Kvenild K, Hallan H,
Ellekjaer H. Microalbuminuria and all-cause mortality
in 2089 apparently healthy individuals: A 4.4-year
follow-up study. The Nord-Trondelag Health Study
(HUNT), Norway. Am J Kidney Dis 2003;42:466-73.
Remuzzi G, Bertani T. Is glomerulosclerosis a
consequence of altered glomerular permeability to
macromolecules? Kidney Int 1990;38:384-94.

Deckert T, Feldt-Rasmussen B, Borch-Johnsen K,
Jensen T, Kofoed-Enevoldsen A. Albuminuria reflects
widespread vascular damage. The Steno hypothesis.
Diabetologia 1989;32:219-26.

Dobre D, Nimade S, De Zeeuw D. Albuminuria in heart
failure: What do we really know? Curr Opin Cardiol
2009;24:148-54.

Liu JE, Robbins DC, Palmieri V, Bella JN, Roman MJ,
Fabsitz R, et al. Association of albuminuria with systolic

International Journal of Preventive Medicine, Vol 3, No 3, March 2012



18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

International Journal of Preventive Medicine, Vol 3, No 3, March 2012

and diastolic left ventricular dysfunction in type 2
diabetes: The Strong Heart Study. J Am Coll Cardiol
2003;41:2022-8.

Rutter MK, McComb JM, Forster J, Brady S,
Marshall SM. Increased left ventricular mass index and
nocturnal systolic blood pressure in patients with Type 2
diabetes mellitus and microalbuminuria. Diabet Med
2000;17:321-5.

Yildirmmtiirk O, Kiliggedik M, Tugcu A, Aytekin V,
Aytekin S. The relationship of microalbuminuria with
left ventricular functions and silent myocardial ischemia
in asymptomatic patients with type 2 diabetes. Tiirk
Kardiyol Dern Ars 2009;37:91-7.

Roohafza H, Sadeghi M, Shirani S, Bahonar A, Mackie M,
Sarafzadegan N. Association of Socioeconomic Status
and Life-style Factors with Coping Strategies in Isfahan
Healthy Heart Program, Iran. Croat Med J 2009;50:380-6
Lang R, Bierig M, Devereux RB, Flachskampf FA,
Foster E, Pellikka PA, et al. Recommendations for
chamber quantification: A report from the American
Society of Echocardiography’s Guidelines and Standards
Committee and the Chamber Quantification Writing
Group, developed in conjunction with the European
Association of Echocardiography, a branch of the
European Society of Cardiology. J Am Soc Echocardiogr
2005;18:1440-63.

de Simone G, Devereux R, Maggioni A, Gorini M,
de Divitiis O, Verdecchia P. Different normalizations
for body size and population attributable risk of
left ventricular hypertrophy: The MAVI study. Am
J Hypertens 2005;18:1288-93.

Nagueh SF, Appleton CP, Gillebert TC, Marino PN,
Oh JK, Smiseth OA, et al. Recommendations for
the evaluation of left ventricular diastolic function
by echocardiography. J] Am Soc Echocardiogr 2009;
22:107-33.

Wincour PH, Marshall SM. Microalbuminuria
biochemistry, epidemiology and clinical practice.
Cambridge: Cambridge University Press; 1998.

Jones CA, Francis ME, Eberhardt MS, Chavers B,
Coresh J, Engelgau M, ef al. Microalbuminuria in the
US population: Third national health and nutrition
examination Survey. Am J Kidney Dis 2002;39:445-59.
Ritz E, Viberti GC, Ruilope LM, Rabelink AJ, 1zzo JL Jr,
Katayama S, et al. Determinants of urinary albumin
excretion within the normal range in patients with type 2
diabetes: The Randomised Olmesartan and Diabetes
Microalbuminuria Prevention (ROADMAP) study.
Diabetologia 2010;53:49-57.

Gosling P. Microalbuminuria: A marker of systemic
disease. Br J Hosp Med 1995;54:285-90.

Dziedzic T, Slowik A, Szczudlik A. Urine albumin

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Shemirani, ef al.: Prevention of diastolic dysfunction

excretion in acute ischaemic stroke is related to serum
interleukin-6. Clin Chem Lab Med 2004;42:182-5.
Djoussé L, Kochar J, Hunt SC, North KE, Gu CC, Tang W,
et al. Relation of albuminuria to left ventricular mass (from
the HyperGEN Study). Am J Cardiol 2008;101:212-6.
Picca M, Agozzino F, Pelosi G. Influence of
microalbuminuria on left ventricular geometry and
function in hypertensive patients with type 2 diabetes
mellitus. Ital Heart J 2003;4:48-52.

Duman D, Demirtung R, Karadag B, Karatag M.
Association of albuminuria with impaired aortic elasticity
and left ventricular diastolic dysfunction in type 2
diabetes. Anadolu Kardiyol Derg 2008;8:10-5.

Lauer MS, Anderson KM, Kannel WB, Levy D. The
impact of obesity on left ventricular mass and geometry.
The Framingham Heart Study. JAMA 1991;266:231-6.
Hense HW, Gneiting B, Muscholl M, Broeckel U, Kuch B,
Doering A, et al. The associations of body size and body
composition with left ventricular mass: Impacts for
indexation in adults. J Am Coll Cardiol 1998;32:451-7.
Kuch B, Hense HW, Gneiting B, Doring A, Muscholl M,
Broeckel U, et al. Body composition and prevalence of left
ventricular hypertrophy. Circulation 2000;102:405-10.
Lauer MS, Evans JC, Levy D. Prognostic implications
of subclinical left ventricular dilatation and systolic
dysfunction in men free of overt cardiovascular
disease (the Framingham Heart Study). Am J Cardiol
1992;70:1180-4.

Kotsis 'V, Stabouli S, Toumanidis S, Tsivgoulis G, Rizos Z,
Trakateli C, et al. Obesity and daytime pulse pressure
are predictors of left ventricular hypertrophy in true
normotensive individuals. J Hypertens 2010;28:1065-73.
Patel RK, Oliver S, Mark PB, Powell JR, McQuarrie EP,
Traynor JP, ef al. Determinants of Left Ventricular Mass
and Hypertrophy in Hemodialysis Patients Assessed by
Cardiac Magnetic Resonance Imaging. Clin J Am Soc
Nephrol 2009;4:1477-83.

lasser SP, Koehn DK. Predictors of left ventricular
hypertrophy in patients with primary hypertension. Clin
Cardiol 1989;12:129-32.

Salem R, Denault AY, Couture P, Bélisle S, Fortier F,
Guertin MC, et al. Left ventricular end-diastolic
pressure is a predictor of mortality in cardiac surgery
independently of left ventricular ejection fraction. Br
J Anaesth 2006;97:292-7.

Shemirani H, Hosseini K. The relationship between
echocardiography epicardial fat thickness and coronary
artery disease. J Isfahan Med School 2004;73:35-7.
Shemirani H, Separham K. The relative impact of smoking
or hypertension on severity of premature coronary artery
disease. Iran Red Cresent Med J 2007;9:177-81.

. Liebson PR, Grandits GA, Dianzumba S, Prineas RJ,

219



Shemirani, ef al.: Prevention of diastolic dysfunction

43.

44,

220

Grimm RH Jr, Neaton JD, et al. Comparison of five
antihypertensive monotherapies and placebo for
change in left ventricular mass in patients receiving
nutritionalhygienic therapy in the Treatment Of
Mild Hypertension Study (TOMHS). Circulation
1995;91:698-706.

Danias PG, Tritos NA, Stuber M, Botnar RM, Kissinger K'V,
Manning WJ. Comparison of aortic elasticity determined
by cardiovascular magnetic resonance imaging in obese
versus lean adults. Am J Cardiol 2003;91:195-9.
Resnick L, Militianu D, Cunnings A, Pipe J, Evelhoch J,
Soulen R. Direct magnetic resonance determination of
aortic distensibility in essential hypertension: Relation
to age, abdominal visceral fat, and in situ intracellular

45.

46.

free magnesium. Hypertension 1997;30:654-9.
Wildman RP, Mackey RH, Bostom A, Thompson T,
Sutton-Tyrrell K. Measures of obesity are associated with
vascular stiffness in young and older adults. Hypertension
2003;42:468-73.

Balkestein EJ, van Aggel-Leijssen DP, van Baak MA,
Struijker-Boudier HA, Van Bortel LM. The effect of
weight loss with or without exercise training on large
artery compliance in healthy obese men. J Hypertens
1999;17:1831-5.

Source of Support: Nil Conflict of Interest: None declared.

International Journal of Preventive Medicine, Vol 3, No 3, March 2012



