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ABSTRACT

We wondered whether in an elderly hypertensive population in a primary prevention

setting, free from diabetes mellitus and clinical atherosclerosis, differences between

end organ damage and microalbuminuria (MA) could be found using a lower level

of urinary albumin excretion than that of classically defined microalbuminuria.

From a population survey 173 previously untreated hypertensive patients (4x blood

pressure systolic ≥ 160 and ≤ 220 mmHg, and/or diastolic ≥ 95 and ≤ 115 mmHg),

mean age 67 ± 4 years, were screened for MA (defined as albumin excretion between

20 and 300 mg/24 hours). End organ damage was determined by B-mode ultrasound

scanning of carotid and femoral arteries and echocardiography.

Out of 173 hypertensives 14 showed MA (8%). These hypertensives had a significantly

higher intima media thickness (IMT) (1.01 ± 0.21 vs. 0.88 ± 0.6 mm, P < 0.05) and

increased left ventricular mass index (118 ± 31 vs. 103 ± 22 g/m2, P < 0.05) than

hypertensives without MA. Linear regression analysis showed that MA, age, male

gender and diastolic blood pressure were independently related to IMT, while systolic

blood pressure, male gender and body mass index were independently related to left

ventricular mass.

Even using lower levels of urinary albumin excretion rate, patients with MA had

significantly higher IMT and increased left ventricular mass. Moreover, MA was

independently related to IMT these elderly hypertensives. These results suggest that

the threshold value for MA should be reconsidered in hypertension.

INTRODUCTION

Microalbuminuria (MA) has been associated with a cluster of metabolic and

nonmetabolic cardiovascular risk factors, and has also been suggested to be a marker

of endothelial dysfunction in hypertensive patients. It has been shown that MA predicts

mortality in insulin dependent diabetes mellitus 1 and in the general population 2,3. In

patients with diabetes mellitus, threshold values for microalbuminuria are debatable18.

Evidence shows that an increased risk also exists for levels of MA lower than those

in use at present. The significance of MA in hypertensive populations is less clear,

especially in the lower than normal used threshold values for microalbuminuria.

The relevance of vascular and cardiac end organ damage in hypertension is supported

by the JNC-VI 4 and WHO guidelines 5. In patients with mild hypertension,

antihypertensive therapy seems justified in case of end organ damage. Whether or
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not MA can be used as a marker for the presence of cardiovascular end organ damage,

is debatable 6,7,8. Few human studies have indicated the association of MA with a

thicker intima media9, or  increased left ventricular mass in hypertensive populations10.

The prevalence of MA in hypertensive populations has been documented to vary

between 5 and 40 % 11,12,13,14, depending on populations studied.

We wondered whether in an elderly hypertensive population in a primary prevention

setting differences between end organ damage and MA could be found using lower

levels of urinary albumin excretion than that of classically defined microalbuminuria.

Therefore, we determined the prevalence of MA, the association with known

cardiovascular risk factors, and the differences to cardiovascular end organ damage

in a group of previously untreated, elderly hypertensives free from diabetes mellitus

and clinical signs of atherosclerosis.

METHODS

Patients

Patients with previously untreated mild to moderate hypertension were recruited from

a population survey performed in the north of the Netherlands in two rural munici-

palities. Systolic blood pressure (SBP) and diastolic blood pressure (DBP) were mea-

sured four times at three occasions. Patients were included in the study if SBP or DBP

was four times ≥ 160 mmHg or ≥ 95 mmHg, respectively, and if they were between

60 and 75 years of age and had not been treated with antihypertensive drugs. Exclu-

sion criteria were: secondary hypertension of any etiology (ruled out by history and

routine blood chemistry), diabetes mellitus, angina pectoris, stroke, myocardial inf-

arction, intermittent claudication, renal insufficiency (defined as a repeat serum crea-

tinine > 200 µmol/L) and electrolyte disturbances (serum potassium <3.0 mmol/l or

>6.0 mmol/l). Patients with office blood pressure > 220/115 mmHg were excluded.

The research protocol was approved by the Medical Ethical Committee of the Uni-

versity Hospital of Groningen and written informed consent was obtained from all

subjects.

B-mode ultrasound imaging

The B-mode ultrasound imaging of the carotid and the femoral arterial walls was

done with an Acuson 128 XP ultrasound machine (Acuson Corp., Mountain View,

California, USA), equipped with a 7.0 MHz L7384 linear array transducer by two

experienced sonographers, who were unaware of the clinical data. The methods used

to record and analyze B-mode ultrasound images have been described in detail
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before15. In short, ten prespecified segments, three from the left and right carotid

artery and two of the left and right femoral artery were scanned. In the carotid artery,

the arterial segment 1 cm proximal to the carotid dilatation (the common carotid

artery), the arterial segment between the carotid dilation and carotid flow divider

(carotid bulb) and a 1 cm long arterial segment distal to the flow divider (internal

carotid artery) were measured. In the femoral artery, a 1 cm long arterial segment

proximal to the femoral dilation (common femoral artery) and a 1 cm arterial segment

distal to the femoral flow divider (superficial femoral artery) were measured. Of

each arterial segment, 5-sec real time image sequences were stored on S-VHS. B-

mode ultrasound video images were analyzed off-line (S-VHS Panasonic NV-FS

100 HQ; VCR; Sony GVM-1400 QM multisync monitor; IDEN IVT-7p time base

correctors, IPC 80486 personal computer equipped with DT2861 and DT2862 frame

grabbers). Image analysis software was developed in cooperation with Selzer et al 16.

The mean value of the intima media thickness (IMT) of the mean far walls of three

carotid artery segments and two femoral artery segments was used for analysis. The

IMT of the far wall was evaluated as the distance between the luminal-intimal interface

and the medial-advential interface. When macrovascular lesions were obvious, IMT

was not measurable or IMT exceeded 1.2 mm, lesions were considered plaques.

Plaques were scored as a dichotomous variable in the 10 predefined arterial segments

in both the near and far walls, and the score of plaques was expressed as the total

amount of plaques of all arterial segments. The average plaque-score of all arterial

segments per patient was used for analysis. The measurement error of variation in

the population studied was 0.03 mm for the mean max far wall IMT. The primary

endpoint of the B-mode ultrasound study was the combined mean far wall IMT of

the ten segments of the carotid and femoral artery.

Echocardiography

Echocardiographic examinations were recorded by a single, trained operator. An

Acuson XP-10 echocardiograph (Acuson Corp., Mountain View, California, USA)

with a 2.5-4.0 MHz transducer was used. Left ventricular dimensions were measured

in 2-D mode according to the Penn-Convention in the left lateral decubitus position.

Three recordings were made of end diastolic left ventricular wall (LVPW),

interventricular septum (IVS) and left ventricular end diastolic diameter (EDD). To

estimate left ventricular mass the cube formula of Devereux and Reichek was used17.

In order to calculate left ventricular mass index the left ventricular mass was divided

by body surface area.

Diastolic filling abnormalities were measured by using pulsed Doppler

echocardiography. Measurements were done in the standard apical four-chamber view,
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with the patient in the left decubitus position. The Doppler sampling volume was

placed between the tips of the mitral valve leaflets to obtain maximal filling velocities.

Three recordings were made at the end of expiration. Calculations were made using

the Acuson software package. Early peak (E-peak) and atrial peak (A-peak) filling

velocities were measured and their ratio (E/A ratio) calculated.  Deceleration time of

the early peak was measured.

Microalbuminuria

MA was screened with an early morning urine sample using nephelometry. Patients

with urinary albumin concentration of at least 20 mg/L received oral and written

instructions on how to collect 24-hour urine sample to confirm MA. Urine was

collected over a single 24 hour period. The subjects were told to avoid coffee and

heavy exercise on the day of urine collection. In case of fever or urinary tract infection,

urine collection was postponed. Urine albumin concentrations were determined by

nephelometry with a threshold of 2.3 mg/l and intra- and inter-assay coefficients of

variation of less than 4.3% and 4.4%, respectively (Dade Behring Diagnostic,

Marburg, Germany). MA was defined, when albumin excretion was within the range

of 20 –300 mg/24 hour, as recently suggested in patients with diabetes mellitus18.

These levels of MA are related to cardiovascular risk factors in the general

population19.

Statistical analysis

Descriptive statistics and comparisons between groups were performed with the SPSS

statistical package (SPSS for Windows, version 9.0, SPSS Inc.). All descriptive data

are presented as mean ± SD. Equality of variances between groups with or without

MA were tested with Levene’s test. The independent T-test for equality of means

was used in order to detect significant differences between the two groups, as

appropriate. In case of categorical variables, the X2 test was used. To identify the

determinants of MA, logistic regression analysis was used. Clinical baseline variables

included age, systolic and diastolic blood pressure, gender, body mass index, smoking,

creatinine and lipid profile. To determine if microalbuminuria was associated with

end organ damage, regression analyses were done with combined mean maximum

far wall intima media thickness and left ventricular mass index as dependent variables,

and cardiovascular risk factors including microalbuminuria as independent variables.

A p-value of < 0.05 was considered statistically significant. All p-values are two

tailed.
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RESULTS

Patients

From the population survey, 1969 subjects between 60 and 75 years had their blood

pressure taken. A total of 1162 subjects had normal blood pressures, 421 subjects

were treated with antihypertensive drugs, 214 subjects were identified as having

untreated systolic hypertension and 172 subjects as having untreated diastolic

hypertension after 3 serial blood pressure measurements. From these 386 untreated

subjects 173 subjects fulfilled the in- and exclusion criteria and entered the study.

Table 1 shows a comparison between hypertensive subjects with and without MA.

The two groups differed with respect to smoking and systolic blood pressure, but not

with respect to age, body mass index and lipid profile.

Variables Patients with Patients without P-value

microalbuminuria microalbuminuria

(n=14)      (n= 159)

Male sex, % 64 51 0.250

Age, y 67 ± 5 67± 4 0.810

Body Mass Index, kg/m2 28 ± 3 28 ± 4 0.942

Office SBP, mmHg 185 ± 12 177 ± 14 0.034 *

Office DBP, mmHg 97 ± 7 95 ± 8 0.232

Pulse pressure, mmHg 88 ± 13 82 ± 14 0.172

Total cholesterol, mmol/L 5.82 ± 1.02 5.96 ± 0.90 0.583

LDL-cholesterol, mmol/L 4.04 ± 0.77 3.97 ± 0.83 0.803

HDL-cholesterol, mmol/L 1.22 ± 0.25 1.27 ± 0.31 0.565

Triglyceride, mmol/L 1.25 ± 0.53 1.64 ± 1.31 0.266

Fasting blood glucose (mmol/L) 4.75 ± 1.27 4.53 ± 0.83 0.360

Uric acid (mmol/L) 5.11 ± 1.38 5.54 ±1.30 0.240

Serum creatinine (µmol/L) 82.8 ± 11.2 86.3 ± 15.2 0.396

Smoking, % 80 20 0.000 ‡

Family history of hypertension, % 64 47 0.171

Cardiovascular family history, % 14 26 0.258

Values are expressed as mean ± SD. * Difference significant at the P < 0.05 level. ‡

Difference significant at the P < 0.001 level. SBP = Systolic Blood Pressure; DBP =

Diastolic Blood Pressure; LDL = Low Density Lipoprotein; HDL = High Density

Lipoprotein

Table 1. Characteristics of hypertensive patients with and without microalbuminuria
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Endorgan damage Patients with Patients without P-value

microalbuminuria microalbuminuria

      (n=14)        (n=159)

Vascular end organ damage

IMTTOT (mm) 1.01 ± 0.21 0.88 ± 0.16 0.004 †

IMTAC (mm) 1.06 ± 0.22 0.91 ± 0.16 0.002 †

IMTAF (mm) 0.96 ± 0.25 0.84 ± 0.22 0.052

Average plaque-score 6.0 ± 3.9 3.6 ± 2.8 0.005 †

Cardiac end organ damage

LVMI (g/m2) 118 ± 31 103 ± 22 0.016*

RWT 0.48 ± 0.05 0.48 ± 0.05 0.965

IVS (mm) 11.6 ± 1.4 11.1 ± 1.1 0.065

LVPW (mm) 11.0 ± 0.8 10.6 ± 0.9 0.076

LVEDD (mm) 46.4 ± 5.2 44.5 ± 4.7 0.162

E/A ratio 0.77 ± 0.15 0.79 ± 0.23 0.734

E-DT (ms) 255 ± 48 227 ± 43 0.032 *

Values are expressed as mean ± SD. * Difference significant at the P <0.05 level.  †

Difference significant at the P < 0.01 level. IMTAC = Intima Media Thickness of

Arteria Carotis; IMTAF = Intima Media Thickness of Arteria Femoralis; IMTTOT =

IMTAC + IMTAF. LVMI = Left Ventricular Mass Index; RWT = Relative Wall

Thickness; IVS = InterVentricular Septum; LVPW = Left Ventricular Posterior Wall;

LVEDD = Left Ventricular End Diastolic Diameter; E/A ratio = Peak Early velocity /

Peak Atrial velocity; E-DT = Early peak velocity Deceleration Time.

Table 2. Cardiovascular end organ damage in hypertensives with and without

microalbuminuria.

Prevalence of microalbuminuria

A total of 173 patients turned in morning urine, and 25 patients had an albumin

excretion rate ≥ 20 mg/L. These 25 patients were asked to collect 24 hour urine. The

median urinary albumin excretion rate amounted to 21.5 mg/24 h (with p25-p75:

11.3-55.0). A total of 14 patients had MA between 20 and 300 mg/24 hour (6 patients

had MA between 20 and 30 mg/24 hour and 8 patients had MA between 30 and 300

mg/24 hour). This resulted in a prevalence of MA of 8 % in these elderly hypertensives

without diabetes mellitus.

Microalbuminuria and end organ damage

Table 2 shows a comparison of vascular and cardiac end organ damage in patients

with or without MA. Hypertensive patients with MA showed an increased IMT,
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expressed as total mean far wall IMT and an increased frequency of plaques in the

arterial segments studied compared to hypertensives without MA. In terms of cardiac

end organ damage, hypertensive patients with MA showed an increased left ventricular

mass index, compared to those without. The diastolic function parameter, E/A ratio,

was not significantly different between both groups, while deceleration time of the

early peak was significantly higher in the MA group.

Comparing the patients with MA between 20 and 30 mg/24 hour to patients without

MA showed that patients with MA between 20 and 30 mg/24 hour had higher IMT

(1.01 ± 0.25 versus 0.88 ± 0.16 mm with P < 0.05) and more arterial plaques (7.2 ±
4.0 versus 3.6 ± 2.8 with P < 0.01), while left ventricular mass index was not significant

different (112 ± 24 versus 103 ± 22 g/m˝ with P = 0.303). Comparing patients with

MA between 20 and 30 mg/24 hour to patients with MA between 30 and 300 mg/24

hour showed no differences in end organ damage.

Cardiovascular risk factors contributing to microalbuminuria

From a variety of baseline characteristics, including traditional cardiovascular risk

factors like lipid profile, systolic and diastolic blood pressure, smoking, body mass

index and creatinine, logistic regression analyses identified smoking and systolic

blood pressure as independent factors relating to the presence of MA in these elderly

hypertensives, as seen in table 3. These factors explained to 31% of the variance of

MA in elderly hypertensives.

Variable B SE P

Smoking (yes/no) 2.810 0.710 0.000

Systolic blood pressure (mmHg) 0.058 0.024 0.018

Constant -14.218 4.627 0.002

Shown are predictors for microalbuminuria, determined by backward elimination from

a model including age, gender, diastolic and systolic blood pressure, lipid profile,

smoking, body mass index, glucose and creatinine. Model R2 = 0.312; P = 0.001.

Table 3. Logistic Regression Analysis for Predicting Microalbuminuria
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 Variable B SE P

Age (years) 0.008 0.003 0.003

Male gender 0.099 0.023 0.000

Smoking (yes/no) 0.057 0.028 0.060

Diastolic blood pressure (mmHg) -0.005 0.001 0.001

Microalbuminuria (yes/no) 0.101 0.044 0.023

Constant 0.805 0.232 0.001

Shown are predictors for combined mean maximum far wall intima media thickness of

carotid and femoral arteries, determined by backward elimination from a model

including age, gender, microalbuminuria, systolic and diastolic blood pressure, lipid

profile, smoking, glucose, and body mass index. Model R2 = 0.247; P = 0.001.

Table 4. Linear regression analysis associating intima media thickness with

microalbuminuria and cardiovascular risk factors

Variable B SE P

Male gender 11.544 3.344 0.001

Systolic blood pressure (mmHg) 0.377 0.122 0.002

Body mass index (mg/kg2) 0.913 0.448 0.043

Microalbuminuria (yes/no) 10.987 6.087 0.073

Constant 16.245 23.926 0.498

Shown are predictors for left ventricular mass index, determined by backward

elimination from a model including age, gender, microalbuminuria, systolic and

diastolic blood pressure, lipid profile, smoking, glucose, and body mass index.

Model R
2
 = 0.151; P = 0.001.

Table 5. Linear regression analysis associating left ventricular mass index with

microalbuminuria and cardiovascular risk Factors



186

Chapter 12

Associations between cardiovascular end organ damage and cardiovascular risk

factors

In table 4 the associations between combined mean maximum far wall intima media

thickness of carotid and femoral arteries and cardiovascular risk factors, including

microalbuminuria is seen. IMT was positively significant associated with male sex,

age, smoking, and microalbuminuria. IMT was inversely significantly associated

with diastolic blood pressure. In table 5 the associations between left ventricular

mass index and cardiovascular risk factors, including microalbuminuria is seen. LVMI

was positive significantly associated with male sex, systolic blood pressure and body

mass index. Microalbuminuria was borderline significantly associated with LVMI.

DISCUSSION

The present study documents a lower than expected prevalence of microalbuminuria

(8%) in elderly hypertensives. Especially, because we used lower than normal used

threshold values for microalbuminuria and because it has been known that the

prevalence of MA increases with age 11. Our approach for assessing MA using a spot

urine morning sample and a consecutive 24 hour urine collection is comparable with

clinical practice. In studies concerning hypertensive patients free from clinical signs

of atherosclerotic disease, the prevalence has been reported to vary in the range of 5

to 40% 12,13,20,21, with an average around 12%. Several factors are available to explain

the relatively low prevalence of MA in our study in the elderly. The reported variation

is mainly due to differences in populations studied. In general, in studies concerning

hypertensive patients with diabetes mellitus the prevalence of MA is usually higher

than in those without. By contrast, our patients were selected in a primary care setting

and were free from diabetes mellitus. Moreover, all patients had no clinical signs of

atherosclerosis as angina pectoris, myocardial infarction and stroke were exclusion

criteria and all patients were previously untreated for hypertension, therefore

eliminating possible drug effects. In addition, the fact that hypertension was newly

found suggests that the history of hypertension was relatively short in a significant

number of these individuals. Therefore, they might not have developed MA yet.

The ultrasound findings of the study show, that hypertensives with MA exhibit more

marked end organ damage than those without MA. Not only did we find an increased

IMT and more arterial plaques in hypertensives with MA, but we also found an

increased left ventricular mass index compared to hypertensives without MA. Our

findings comply with those of Pontremoli et al 10. In a group of 211 untreated

hypertensive patients free from diabetes mellitus, they showed that hypertensives

with MA, had early signs of vascular damage and a higher prevalence of unfavorable
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left ventricular geometric patterns, compared to hypertensive patients without MA.

The main difference with our study is, that they report a higher prevalence of MA

(14 %) in a younger hypertensive group (mean age 47, range 21-65), compared to

our prevalence of 8% in the elderly. This might well be caused by the fact that, in

their study only 39% of the patients were previously untreated for hypertension,

while the majority of the patients was on treatment or had been treated for

hypertension. It should be noted that all our patients were in a primary care setting

and were previously untreated for hypertension, therefore eliminating possible

treatment effects of antihypertensive drugs.

We found that systolic blood pressure and smoking are significantly associated with

MA in these elderly hypertensives. Few studies are available to assess which factors

are related to the presence of MA in hypertensive patients. In a study of middle aged

hypertensives, diastolic blood pressure and left ventricular mass index were

independently related to MA in a group of 95 untreated hypertensive patients with a

mean age of 39 ± 6 years 20. In the Gubbio Population Study by Cirillo et al 22, pulse

pressure and systolic blood pressure were directly related to MA in nondiabetic,

middle aged adults. Our findings are partly supported by a study of Pedrinelli et al 23,

in which pulse pressure, left ventricular mass index and smoking status were

independent predictors for MA in non-diabetic untreated hypertensive males. Another

study, partly supporting our findings is by Agewall et al 8, in which smoking and

concomitant cardiovascular disease were found to be independent predictors of

cardiovascular mortality among treated hypertensive patients without diabetes

mellitus. Their hypertensive male group had an age comparable with our men and

women. In the study by Agewall et al. macroalbuminuria but not MA was an

independent predictor for cardiovascular mortality in treated hypertensive men. Why

macroalbuminuria and not MA was an independent predictor in this study, may be

explained by the fact that many of their patients had cardiovascular endpoints at

inclusion and they had been treated for hypertension for many years. In such a group

it may be difficult to identify the possible predictive role of MA.

Recently, it has been shown that smoking is related to MA and abnormal renal function

in nondiabetic persons 24. Several mechanisms may be responsible for the contribution

of smoking to MA, which was also observed in our population. Smoking may induce

MA through advanced glycation end products, which are known to be responsible

for enhanced vascular permeability 25,26, as seen in diabetes. Another possible

mechanism underlying the pathophysiologic effects of smoking might be insulin

resistance. Several investigators have found smoking to be causally related to insulin

resistance in non-diabetic persons 27,28,29. Features of the insulin resistance syndrome

include hypertension, central obesity and high fasting glucose levels. Our study
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participants were all hypertensive, were on average slightly obese, but did not have

high fasting glucose levels. Patients with diabetes mellitus were excluded in the present

study.

We found that microalbuminuria was independently associated with vascular end

organ damage. Besides microalbuminuria, atherogenic risk factors, like age, male

sex and smoking and diastolic blood pressure were significantly associated with intima

media thickness. Although unfavorable lipid profiles have been associated with

increased IMT 30, they were not associated with IMT in our study. Moreover, lipid

profiles were not significantly different between hypertensive patients with and

without MA. The inverse relation between intima media thickness and diastolic blood

pressure might be due to increased pulse pressure. Therefore, it is suggested that the

presence of microalbuminuria besides these risk factors is a marker of already

established vascular damage and could therefore predict cardiovascular events.

Hypertensives with MA had higher left ventricular mass index, compared to those

without MA. Gender, systolic blood pressure and body mass index were independently

associated with left ventricular mass index, while MA was borderline significant

associated with left ventricular mass. This suggests that microalbuminuria is primarily

associated with vascular organ damage and that established risk factors like systolic

blood pressure, male sex and body mass index are the major contributing factors for

cardiac organ damage in elderly hypertensives.

The present study is a cross-sectional study. It remains to be investigated whether

hypertensives with MA are different from hypertensives without MA with respect to

their propensity to develop end organ damage. For this, longitudinal studies are needed.

The fact that in the present study, smoking as well as systolic blood pressure were

significantly and independently related to MA, suggests that these factors play an

important role in the pathophysiology of microalbuminuria in older hypertensives. It

may well be that MA is associated with endothelial dysfunction and vasomotor

abnormalities which, in turn, may form the basis for vascular remodeling and coronary

vascular, cerebrovascular or peripheral vascular events. Even using lower levels of

urinary albumin excretion rate than that of classically defined microalbuminuria,

cardiac and vascular end organ damage were significantly higher in hypertensive

patients with MA compared to those without MA. These results suggest that the

threshold value for MA should be reconsidered in elderly hypertensive patients.

Moreover, MA was independently related to vascular end organ damage in these

patients, suggesting that MA is an independent predictor of end organ damage and

may be useful in the evaluation and management of newly found, elderly hypertensive

patients.
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