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Objectives: The aim of this study is to examine the prevalence and predictors of microalbuminuria and to investigate the 
association between microalbuminuria and pulse pressure among patients with isolated systolic and diastolic hypertension 
(DH).  

Materials and Methods: In this cross-sectional study, patients with DH and isolated systolic hypertension (ISH) were 
included. Data including patient age, sex, duration of hypertension (HT), comorbidities, and drugs were recorded. Blood 
analysis of serum total cholesterol, high D-density lipoprotein (HDL) cholesterol, triglyceride, urea, creatinine, and fasting 
blood glucose, urinalysis, electrocardiography (ECG), transthoracic echocardiography, exercise stress test (EST), and 
coronary angiography (if the patient had a positive EST result) were performed.

Results: Overall, we included 183 patients (58.5% female) with HT. The patients with ISH had significantly higher 
pulse pressure, left ventricular (LV) mass, and LV mass index, but had a shorter duration of HT and lower diastolic 
blood pressure than those with DH. All patients were in sinus rhythm, and there were no ischemic ECG changes. Fifty-
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Introduction 
Microalbuminuria (MA) is defined as the presence 

of 30-300 mg of albumin in a 24-hour collected urine 
sample (or 20-200 mcg/min)(1). MA occurs as a result 
of disruption in the glomerular filtration barrier. Major 
causes of MA include, but not limited to, diabetes mellitus 
(DM), hypertension, and renal disease. In addition, diurnal 
variation and a number of functional causes of MA have 
been reported(2). 

MA is common even in the general population. Several 
epidemiologic studies reported the prevalence of MA in 
the healthy general population ranging between 2.2% and 
11.8%(3). 

Mogensen, who was the pioneer reporting the 
significance of albuminuria in cardiorenal disease, 
reported first that the presence of MA was predictive of 
overt proteinuria as well as cardiovascular mortality in 
type 2 diabetic patients(4). After this first report, it was 
elucidated that there was a linear relationship between 
MA level and cardiovascular risk. Even albuminuria 
levels below the MA lower threshold were associated 
with increased cardiovascular risk in the Framingham 
Offspring Study(5). 

Hypertension is one of the major causes of MA, which 
is considered as a target organ damage of high blood 

pressure(6). It has been reported that MA is found in up to 
15% of patients with primary hypertension(7). On the other 
hand, some other studies reported an exceptionally high 
prevalence of MA in hypertensive patients reaching up to 
50%(8,9). 

Several factors may account for the great variability of 
MA prevalence among hypertensive patients. First, higher 
blood pressure levels are associated with higher degrees of 
MA. Second, factors such as exercise, fever, heart failure, 
and urinary tract infection may lead to temporary albumin 
excretion with urine. Third, some factors related to high 
blood pressure might be at work. For instance, different 
types of blood pressure patterns such as nocturnal blood 
pressure elevation, masked hypertension and white-coat 
hypertension are independently associated with MA 
development(10,11). In addition, subsequent studies also 
showed an association between systolic (but not diastolic) 
blood pressure and pulse pressure with the development 
of MA(12-15). Considering the magnitude of the problem, 
available studies investigating the relationship between 
blood pressure patterns and MA seem inadequate. In 
another population-based study, pulse pressure was 
reported to affect MA development in an ethnicity-
dependent manner(16). Thus, further studies in different 

Abstract

nine (32.2%) patients had microalbuminuria (MA) (≥20 µg/min). LV mass, left atrial diameter, E/A ratio, systolic blood 
pressure (SBP), pulse pressure, and frequency of LVH were significantly higher in patients with MA than in patients 
without MA. The prevalence of angiographically proven atherosclerotic heart disease was similar in patients with and 
without microalbuminuria. Multivariate binary logistic regression analysis revealed that only systolic pressure and left 
atrial diameter were independent associates of microalbuminuria. Each 1 mmHg increase in SBP was associated with a 
3% increase in the risk of having microalbuminuria (p=0.04). In addition, each 1 mm increase in the diameter of the left 
atrium increased the risk of having microalbuminuria by 20% (p=0.02).

Conclusion: This study demonstrated that microalbuminuria in hypertensive patients was independently associated with 
left atrial size and systolic blood pressure, but not with pulse pressure.
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ethnic groups seem necessary to better understand the 
relationship between pulse pressure and MA. 

Due to the high prevalence of MA in the general 
population and hypertensive patients and its unequivocal 
causal association with cardiovascular and renal disease, 
we aimed to study the prevalence and predictors of MA in 
hypertensive patients. We exerted special attention on the 
relationship between pulse pressure, systolic and diastolic 
hypertension (DH) as well as cardiovascular disease in a 
Turkish hypertensive patient cohort. 

Materials and Methods

Design, Setting and Population 

In this cross-sectional study, patients with DH and 
isolated systolic hypertension (ISH) were included. The 
study was approved by the ethics committee of Uludağ 
University Medical Faculty (2003-18/36). Written 
informed consent forms were signed by each study 
participant. 

Data including patient age, sex, duration of HT, 
comorbidities, and drugs were recorded for each 
participant. Inclusion criteria were as follows: having DH 
or ISH, having serum urea and creatinine levels in normal 
limits for age and sex, and normal urine microscopy. 

Exclusion criteria were the presence of severe valvular 
heart disease, angina pectoris, findings of previous 
myocardial infarction in electrocardiography, coronary 
artery disease (CAD), urinary tract infection, fasting blood 
glucose >110 mg/dL, having with pacing rhythm and 
atrial fibrillation, segmentary wall motion abnormalities, 
thyroid disease, anemia, liver disease, chronic obstructive 
pulmonary disease and secondary hypertension.

Laboratory Evaluations 

Blood analysis of serum total cholesterol (TC), high 
density lipoprotein (HDL) cholesterol, triglyceride (TG), 
urea, creatinine, and fasting blood glucose and urinalysis 
were performed after 12 hours of fasting. Low density 
lipoprotein (LDL) cholesterol was calculated according to 
the Friedewald formula as follows: LDL (mg/dL) = TC 
(mg/dL) - HDL (mg/dL) - TG (mg/dL)/5(17).

MA level was measured in 24-hour urine by an 
immunometric assay with fluorescence detection on 
the DPC IMMULITE 2000 analyzer (Euro/DPC Ltd, 
Llanberis, UK). Urinary albumin concentration of ≥20 
µg/minute (approximates to 30 mg/day) was considered 
as MA.

Anthropometric and Blood Pressure Measurements

Patient height and weight were measured. Body mass 
index was calculated by dividing weight in kilograms by 
the square of height in meters(18).

Blood pressure (BP) was measured three times with 
two-minute intervals, from the right arm with a mercury 
manometer based on Korotkoff sounds, sitting upright 
position, after a rest of at least 10 minutes. The arithmetic 
mean of the three BP values was calculated for each 
patient as the final BP measurement.

ISH was defined when systolic BP was ≥140 mmHg 
and diastolic BP was <90 mmHg(19). DH was diagnosed 
according to the Joint National Committee (JNC7) 
guideline (systolic BP less than 140 mmHg and a diastolic 
BP of at least 90 mmHg)(19). Pulse pressure was calculated 
by subtracting the diastolic BP value from systolic BP 
value. All anthropometric and BP measurements were 
performed by the same investigator.

Cardiac Evaluation

Standard 12-lead electrocardiography (ECG), 
transthoracic echocardiography, and exercise stress tests 
(EST) were performed in all patients. If the patient had a 
positive EST result, coronary angiography was performed 
additionally. 

Two-dimensional, M-mode, and Doppler 
echocardiography was performed using the SONOS 2000 
device (Hewlett-Packard Medical Systems, Andover, 
MA, USA) in accordance with the recommendations 
of the American Society of Echocardiography(20). 
Echocardiography was performed while the participant 
was lying on the left side. Doppler measurements were 
carried out during expiration. All measurements were 
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taken by the same experienced echocardiography operator 
who was blinded to the status of the patient. E wave, A 
wave, and E/A ratio were measured by taking pulsed 
Doppler records of the mitral valve along with ECG 
recording. Left ventricular (LV) systolic and diastolic 
diameter, interventricular septal (IVS), and LV posterior 
wall thickness (PWT) were measured. Interventricular 
septal (IVS) and LV PWT, and end-diastolic diameter 
(EDD) were calculated with the Devereux formula(21). LV 
mass index (LVMI) was computed using the following 
equation: LVMI= LV mass/body surface area. A patient 
was considered to have LV hypertrophy (LVH) if the LV 
mass index was greater than 134 g/m2 in men and greater 
than 110 g/m2 in women(22,23).

The EST was performed with the standard Bruce 
protocol(24). Drugs that could interfere with the test results, 
such as beta-blockers, calcium channel blockers, digoxin, 
etc., were discontinued twice the drug half-life before 
the test. The test was terminated in case of obtaining 
the predetermined heart rate (220-age), development 
of severe shortness of breath, chest pain, weakness, ST 
depression (>3 mm), ST-elevation (>2 mm), ventricular 
or supraventricular tachyarrhythmias, left bundle branch 
block, second or third-degree block, decrease (more 
than 20 mmHg) or increase (more than 250 mmHg) in 
systolic blood pressure (SBP). The result was interpreted 
as positive in terms of ischemia in the presence of ST 
elevation (>1 mm, in derivation that without Q wave) 
or downsloping ST depression in at least two successive 
leads after 80 milliseconds from the J point, 20 mmHg 
decrease in SBP, occurrence of angina pectoris, and angina 
equivalent shortness of breath.

Coronary angiography was performed in patients 
whose EST result was positive for ischemia by using the 
femoral artery with the Judkin’s technique (Philips DCI 
device)(25). The coronary angiograms were interpreted 
by experienced invasive cardiologists. Atherosclerotic 
plaques in the epicardial coronary arteries (greater than 
30% in lumen narrowing) were accepted as CAD(26).

Statistical Analysis 

The Kolmogorov-Smirnov test was used to check the 
normality assumptions of the data. Normally distributed 
variables were presented as a mean ± standard deviation, 
whereas non-normally distributed variables were given 
as median and min-max. The Independent samples t-test 
or the Mann-Whitney-U test were used for numerical 
variables, and chi-square was employed for categorical 
variables. Binary logistic regression analysis was 
performed to determine independent associates of MA. 

SPSS 10.0 software package (IBM, Armonk, NY, 
USA) was used to analyze data of the study. A p-value 
<0.05 was accepted as statistically significant.

Results
Overall, we included 183 patients (58.5% female) with 

hypertension. The mean age of the entire study cohort was 
55.1±9.2 years (range: 31-80 years). The median length of 
duration of hypertension was 4 years (ranging from 1 to 20 
years). Clinicodemographic characteristics and laboratory 
values of the entire study cohort are shown in Table 1.

When the patients who had DH and ISL were 
compared, it was observed that patients with ISL had 
significantly higher pulse pressure, LV mass, and LV mass 
index, but had a shorter duration of HT and lower diastolic 
BP. Moreover, patients with ISL were significantly older 
than the patients with DH (Table 2). The prevalence of 
angiographically proven atherosclerotic heart disease was 
similar in patients with and without MA. 

We divided the study population into two groups 
according to their MA levels. While patients with MA ≥20 
µg/min were considered MA positive group, those with 
MA <20 µg/min were defined as MA negative group. 
Fifty-nine (32.2%) patients were MA positive. The resting 
ECG parameters were compared in patients with and 
without MA. All patients were in sinus rhythm, and there 
were no ischemic ECG changes. Patients with MA were 
significantly older than patients without MA. Besides, LV 
mass, LVMI, left atrial diameter, E/A ratio, SBP, pulse 
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pressure, and frequency of LVH were significantly higher 
in patients with MA than those without MA (Table 3).

Multivariate binary logistic regression analysis revealed 
that only systolic pressure and left atrial diameter were 
independent associates of MA. Each 1 mmHg increase 
in SBP was associated with a 3% increase in the risk of 
having MA (p=0.04). In addition, each 1 mm increase in 
the diameter of the left atrium increased the risk of having 
MA by 20% (p=0.02) (Table 4).

Discussion
The notable findings of the present study were as 

follows: (i) there was not a difference between the patients 
with diastolic and ISH in terms of rate of MA. (ii) SBP 
and pulse pressure were statistically significantly higher 
among patients who had MA compared to patients without 
MA. (iii) Although there was no difference regarding 
the rate of CAD, patients with MA had a significantly 
higher LV mass and LV mass index relative to patients 
without MA. (iv) Multivariate logistic regression analysis 

Table 1. Clinicodemographic characteristics and laboratory values of the entire study cohort

 Parameters Values 
(mean ± SD or median and min-max)

Age, (years) 55±9.2

Gender
Female/male 107 (58.5%)/76 (41.5%)

BMI, (kg/m2) 27.9±4.1

Comorbidities, n (%)
Coronary artery disease (family history) 26.2%

Duration of hypertension, (years) 4 (max: 20, min: 1)

Dyslipidemia 39.3%

Microalbuminuria 59 (32.2%)

Smoking 20.2%

Antihypertensive medications, n (%)
No medication 27 (14.9%)

ACE inhibitors 15%

Beta-blockers 29%

Calcium channel blockers 15%

Multi-drug 26.1%

Laboratory parameters
Fasting blood glucose, (mg/dL) 81±11

Total cholesterol, (mg/dL) 206±40

LDL-cholesterol, (mg/dL) 128±37

HDL-cholesterol, (mg/dL) 46±7

Triglycerides, (mg/dL) 133 (max: 386, min: 35)

Microalbuminuria, (µg/min) 13 (max: 179, min: 1.2)

Blood pressure measurements
Systolic blood pressure, (mmHg) 152.2±19.2

Diastolic blood pressure, (mmHg) 91.1±9.3

Pulse pressure, (mmHg) 61.1±17

BMI: Body mass index, ACE: Angiotensin-converting enzyme, LDL: Low density lipoprotein, HDL: High density lipoprotein, max: Maximum, min: Minimum, 
SD: Standard deviation, n: Number
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revealed that independent predictors of MA were SBP and 
left atrial diameter. 

The causal association between elevated BP and the 
development of MA has been firmly established(27,28). 
Moreover, it has been demonstrated that not only the level 
of BP but also several characteristics of BP elevation such 
as systolic and diastolic components, pulse pressure, non-
dipping pattern (nocturnal hypertension) had an impact 
in this respect(10,11,29). However, studies exploring the 
relationship between BP components such as pulse pressure 
and SBP are limited(12,14,15,30,31). Several hypotheses have 
been put forward to explain the effect of systolic and pulse 
pressures on MA development. Actually, SBP is reflected 
in the glomerulus and associated with intraglomerular HT 
and consequent glomerular injury(32,33). A study recruited 

1,858 treatment-naïve hypertensive patients and they 
found SBP [odds ratio (OR): 1.010, confidence interval 
(CI): 1.005-1.016, p<0.001] and pulse pressure (OR: 
1.009, 95% CI: 1.003-1.015, p=0.003) as independent 
predictors of MA(27).  

In our study, the only independent associates of MA 
were left atrial diameter and SBP. In contrast to previous 
studies, pulse pressure was not found as an independent 
predictor of MA in hypertensive patients. Since our 
patients were not treatment-naïve, this might have led to 
the negative finding of pulse pressure and MA interaction. 
On the other hand, each 1 mmHg increase in SBP was 
associated with a 3% increased risk of MA. 

MA is long established as an independent cardiovascular 
risk factor(33). This effect is independent of accompanying 

Table 2. Comparison of demographic characteristics, clinical and laboratory data of patients with diastolic hypertension and isolated 
systolic hypertension

  Diastolic hypertension 
(n=124)

Isolated systolic 
hypertension (n=59) p-value

Age, (years) 51.5±7.9 62.6±6.9 0.001

Gender
Female/male 76/48 31/28 NS

BMI, (kg/m2) 28.1±4.2 27.5±3.7 NS

Comorbidities, n (%) 
Duration of hypertension 5 (max: 10 min: 3) 3.5 (max: 20 min: 1) 0.007

Microalbuminuria positivity 28% 40.7% NS

Echocardiographic left ventricular measurements 
Left ventricular mass, (gram) 197±55.3 246.9±75 <0.001

Left ventricular mass index, (gram/m2) 106 ± 27.5 134.7±40  <0.001

Laboratory parameters
Fasting blood glucose, (mg/dL) 87±11 91±10 NS

Total cholesterol, (mg/dL) 205±39 207±43 NS

LDL-cholesterol, (mg/dL) 127±38 131±35 NS

HDL-cholesterol, (mg/dL) 46.8±9.6 46.6±9.7 NS

Triglycerides, (mg/dL) 132 137 NS

Microalbuminuria, (µg/min) 13.1 12.8 NS

Blood pressure measurements
Systolic blood pressure, (mmHg) 149.1±18.1 159.1±18.1 0.001

Diastolic blood pressure, (mmHg) 93±10.3 83.6±5.5 <0.001

Pulse pressure, (mmHg) 56.1±14 71.8±18 <0.001

BMI: Body mass index, ACE: Angiotensin-converting enzyme, LDL: Low density lipoprotein, HDL: High density lipoprotein, max: Maximum, min: Minimum, 
SD: Standard deviation, NS: Not significant, n: Number
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hypertension or DM, too. Some hypotheses regarding this 
independent and strong relationship point to the fact that 
MA is a marker of generalized endothelial dysfunction, 
which also underpins the development of atherosclerotic 

heart disease(34-36). Wider pulse pressure operates as a 
marker of the pulsatile hemodynamic load and conduit 
vessel stiffness. Hence pulse pressure seems as a significant 
cardiovascular risk factor(15). Thus, wider pulse pressure 

Table 3. Comparison of demographic characteristics, clinical and laboratory data of patients with and without microalbuminuria

 
Patients with MA
(MA ≥20 µg/min)
(n=59)

Patients without MA
(MA <20 µg/min)
(n=124) p-value

Age, (years) 57.2±9.9 54.3±8.8 0.045

Gender
Female/male 32/27 75/49 NS

BMI, (kg/m2) 27.4±4.8 28.2±3.7 NS

Comorbidities, n (%) 
Coronary artery disease (family history) 32% 23.4% NS

Duration of hypertension, (years) 5.7 (max: 19, min: 1) 5.3 (max: 20, min: 1) NS

Dyslipidemia 30.5% 43.5% NS

Smoking 13.6% 23.6% NS

Cardiac measurements
Frequency of LVH (in ECG), (%) 27.1% 20.2% NS

Frequency of LVH (in ECHO), (%) 50.8% 29% 0.004

Left ventricular mass (in ECHO), (gram) 231.6±67 205.2±64 0.001

LVMI (in ECHO), (g/m2) 125.6±34.6 111±34.1 <0.001

Left atrial diameter, (mm) 39.1±3.26 37.3±3.2 <0.001

E wave 0.69±0.19 0.68±0.17 NS

A wave 0.73±0.18 0.75±0.16 NS

E/A ratio 1.03±0.46 0.94±0.33 0.014

E wave DT, (milliseconds) 178.3±50.8 182.5±47.5 NS

IVRT, (milliseconds) 91.2±28.7 94.1±21.4 NS

Positive stress test result, (%) 9 (15.3%) 13 (10.5%) NS

Coronary artery disease, (%) 9 (15.3%) 8 (6.5%) NS

Laboratory parameters
Fasting blood glucose, (mg/dL) 89±9.2 88±12 NS

Total cholesterol, (mg/dL) 203±45 207±38 NS

LDL-cholesterol, (mg/dL) 128±39 128±35 NS

HDL-cholesterol, (mg/dL) 46±10 47±9 NS

Triglycerides, (mg/dL) 151 (max: 380, min: 40) 145 (max: 386, min: 35) NS

Microalbuminuria, (µg/min) 25.8 10.6 <0.001

Blood pressure measurements
Systolic blood pressure, (mmHg) 159.5±19.1 148.9±18.5 <0.001

Diastolic blood pressure, (mmHg) 91.2±11.6 89±9.2 NS

Pulse pressure, (mmHg) 66.1±17.1 58.8±17.2 0.008

DT: Deceleration time, IVRT: Isovolumic relaxation time, LVH: Left ventricle hypertrophy, LVMI: Left ventricular mass index, MA: Microalbuminuria, NS: Non 
significant, ECHO: Echocardiogram, BMI: Body mass index, LDL: Low density lipoprotein, HDL: High density lipoprotein, max: Maximum, min: Minimum, E: 
Early ventricular filling velocity, A: Late ventricular filling velocity, SD: Standard deviation
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seems like a plausible common risk factor impacting both 
MA and atherosclerotic heart disease. Recently, pulse 
pressure has been linked to diabetes inflammation and 
obesity, all of which are associated with MA. Thus, pulse 
pressure might be related to the development of MA not 
only through high BP but also with diabetes, inflammation 
and obesity(37).  

Our results revealed that the prevalence of 
atherosclerotic disease that was demonstrated with 
coronary angiography among hypertensive patients 
with MA was no different from those who did not have 
MA. On the other hand, microalbuminuric patients had 
significantly higher rates of LV mass, LV mass index, 
and left atrial diameter relative to non-microalbuminuric 
patients. The lack of difference regarding atherosclerotic 
disease between the groups might be due to the relatively 
small sample size of our study and drug use, such as statins 
and angiotensin-converting enzyme (ACE) inhibitors that 
might affect the development of manifest atherosclerotic 
disease. 

Some limitations of the present work are as follows: 
First, we did not recruit treatment-naïve patients. We 
are not sure that patients on statin and ACE inhibitor 
treatments were matched between the microalbuminuric 
and nonmicroalbuminuric patients. Second, we did not 
employ ambulatory BP measurement, which was shown 
to be a better predictor of cardiovascular morbidity and 
mortality. Instead, we relied on the office measurement, 
which may be suffered from the white coat effect. Third, 
our sample size might not be sufficient to elucidate subtle 
differences between the MA groups. 

Despite its limitations, we think that current work 
makes important contributions to the literature. We 
evaluated the association between MA and BP components 
in the context of cardiovascular disease. We evaluated the 
cardiac function of the study participants in detail with 
echocardiography, ESTs, and angiography, when needed. 
Thus, we think that our results portrayed a more real-
world situation in which the association of MA and BP 
was investigated.

Conclusion

This present study demonstrated that MA in prevalent 
hypertensive patients was independently associated with 
left atrial size and systolic BP, but not with pulse pressure. 
Moreover, the frequency of proven atherosclerotic heart 
disease was not different between the microalbuminuric 
and non-microalbuminuric hypertensive patients. It seems 
there is an exact need to conduct more studies in this field. 
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Systolic blood pressure 1.03 1.009-1.046 0.04

Left atrial diameter 1.202 1.073-1.347 0.02

OR: Odds ratio, CI: Confidence interval, LR: Logistic regression
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