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ABSTRACT 
Microalbuminuria has recently been identified as an independent risk factor for 
cardiovascular disease in the general population. Immunochemical urinary albumin 
assays only detect immunochemically reactive intact albumin. High Performance 
Liquid Chromatography (HPLC) is able to detect both immunochemically reactive and 
immunochemically nonreactive intact albumin. We compared both measurement 
methods respectively in subjects with normo-, micro- and macroalbuminuria in the 
general population.   
We used 24 hour urine samples that were collected within the framework of the 
second screening for the PREVEND study, a prospective cohort study on albuminuria 
in the city of Groningen, The Netherlands.  
With immunonephelometry as the immunochemical reference method, we classified 
986 subjects as normoalbuminuric, 283 as microalbuminuric, and 43 subjects as 
macroalbuminuric. The mean (SD) albumin concentration was 6.8 (4.3) mg/L for 
immunonephelometry in the urine samples of the 998 subjects with a concentration 
<20 mg/L according to immunonephelometry versus 17.6 (10.3) mg/L for HPLC 
(P<0.001, HPLC 159% higher). These values were 58.9 (40.6) mg/L for 
immunonephelometry versus 74.0 (51.8) mg/L for HPLC (P<0.001, n=280, HPLC 26% 
higher) in the concentration range between 20 to 200 mg/L and 436.3 (371.8) mg/L 
for immunonephelometry versus 399.1 (329.2) mg/L for HPLC above 200 mg/L 
(P=0.048, n=34, HPLC 8.5% lower). Associations of 24 hour urinary albumin excretion 
with cardiovascular risk factors were generally somewhat stronger for 
immunonephelometry than for HPLC. Logistic regression analyses with an abnormal 
ankle-brachial index as outcome parameter revealed adjusted odds ratios of 1.78 (95% 
CI 1.01-3.12, P<0.05) and 4.67 (95% CI 1.68-12.9, P<0.05) respectively for micro- and 
macroalbuminuria as determined by HPLC, compared to 1.37 (95% CI 0.77-2.41, 
P=NS) and 3.85 (95% CI 1.53-9.67, P<0.05) respectively for immunonephelometry. 
The ROC-curve showed similar sensitivity and specificity for both methods (P=0.25). 
The use of HPLC for the determination of urinary albumin concentrations reveals 
higher values compared to immunonephelometry, especially in the lower 
concentration range, resulting in a higher prevalence of microalbuminuria. With HPLC, 
compared to immunonephelometry, we found a 21% higher independent odds ratio 
for microalbuminuria with the presence of peripheral vascular disease, and a 30% 
higher independent odds ratio for macroalbuminuria. This higher prevalence of 
microalbuminuria accompanied with a similar absolute risk for peripheral vascular 
disease as compared to patients with microalbuminuria detected by 
immunonephelometry, suggests HPLC to identify more people at risk which is of great 
importance, especially where screening in large populations is concerned.  
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INTRODUCTION 
Microalbuminuria is widely established as one of the earliest indicators of incipient 
nephropathy in patients with type 1 and type 2 diabetes mellitus.1-6  
Early treatment, guided by annual microalbuminuria testing, has been shown to slow 
or even prevent progression to persistent albuminuria/proteinuria and end-state renal 
disease.7,8 Less well established, but certainly not of lesser importance, is the fact that 
albuminuria can be used to identify subjects at an increased risk of cardiovascular 
disease. This was first recognized in patients with type 2 diabetes mellitus,6,9,10 and 
later extended to patients with type 1 diabetes mellitus.11-14 Importantly, however, 
recent studies indicate that the risk for cardiovascular disease held by 
microalbuminuria is also present in the general population.15-19 From these studies it 
became not only apparent that microalbuminuria is very common in the general 
population, with a prevalence of 6.6% even in subjects without diabetes or 
hypertension,18 but also that it is an independent cardiovascular risk factor, even in 
subjects with a high normal urinary albumin excretion.19 Given the high global 
incidence of cardiovascular disease and the availability of adequate preventive 
treatment modalities, it is of great importance to identify those people at increased risk 
of cardiovascular disease as soon, and as adequate as possible. A reliable urinary 
albumin assay is obviously of great importance. 
Urinary albumin concentrations are traditionally measured using immunochemical 
methods, such as radioimmunoassay, immunoturbidimetry, and immunonephelometry. 
The limitation of these assays is that they can only detect albumin when 
immunochemically reactive. Recently, it has been discovered that diabetic rats excrete 
appreciable amounts of immunochemically nonreactive intact albumin besides 
immunochemically reactive intact albumin.20 The presence of immunochemically 
unreactive intact albumin has also been demonstrated in urine from diabetic patients 
using high-performance liquid chromatography (HPLC),21 a method which is capable 
of measuring both immunochemically reactive intact albumin and immunochemically 
nonreactive intact albumin.22  
We compared, in the general population, urinary albumin excretion as assessed by a 
conventional immunochemical method (immunonephelometry) with HPLC. To do so, 
we not only compared the prevalence of micro- and macroalbuminuria indicated by 
the different methods, but we also investigated associations of urinary albumin 
excretion as determined by the two methods with other cardiovascular risk factors and 
with the presence of peripheral vascular disease.   
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METHODS 

STUDY POPULATION AND DESIGN 

This study is part of the ongoing PREVEND study (Prevention of REnal and Vascular 
ENd stage Disease), running in the city of Groningen, the Netherlands. Details of the 
study design and the first screening are described elsewhere.23 Four years after the first 
screening, the study participants were invited for a second screening consisting of two 
visits. A total number of 6981 out of the original 8592 subjects visited our outpatient 
clinic between June 2001 and December 2003. Prior to the visits subjects were asked 
to fill out a questionnaire regarding, amongst others, drug use. Height, weight and 
waist circumferences were measured. During both visits, systolic and diastolic blood 
pressure were measured (Dynamap XL Model 9300 series device) at the right brachial 
artery (ten times in total). Within the first 5 minutes, systolic blood pressure at each leg 
was measured. Subjects were again asked to collect two 24 hour urine samples. They 
received oral and written instructions on how to collect 24 hour urine samples, and 
were asked to postpone urine collections in case of urinary tract infection or 
menstruation and to refrain from alcohol, smoking and heavy exercise during 
collection as much as possible. Fasting blood samples were drawn for determination 
of glucose, serum creatinine, total cholesterol and HDL-cholesterol. Blood pressure 
was again measured during this visit. We consecutively selected 1484 subjects (2968 
urine samples) from the PREVEND population which we enriched with micro- and 
macroalbuminuria. We assessed urinary albumin concentrations by 
immunonephelometry and HPLC.   
 
DATA HANDLING AND DEFINITIONS 

We excluded 172 subjects with either leucocyturia and/or erytrocyturia. For analytical 
comparison of both methods we composed groups consisting of a urinary albumin 
concentration of less than 20 mg/L, 20-200 mg/L and more than 200 mg/L.24 Analyses 
of associations with risk factors and markers of atherosclerosis were performed using 
categories based on urinary albumin excretion rates (below 30 mg/24 hour, 30-300 
mg/24 hour and above 300 mg/24 hour).25 Both analyses were performed using 
immunonephelometry as the reference method.  
Body mass index (BMI) was calculated by the ratio of weight and the square height. 
Obesity was defined as a BMI of >30 kg/m2. Systolic and diastolic blood pressure were 
calculated as the average of the last two measurements of both visits. Hypertension 
was defined as systolic blood pressure >140 mm Hg or diastolic blood pressure of >90 
mm Hg or the use of antihypertensive medication. The ankle-brachial index (ABI) was 
calculated as the ratio of the systolic blood pressure of the ankle of each leg and right 
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arm. The lowest ankle-brachial index was used in the analysis. Peripheral artery disease 
was defined as an ankle-brachial index <0.9.26 

 

LABORATORY METHODS 

Urinary immunochemically reactive albumin was measured by immunonephelometry 
(Behring Nephelometer using reagents from Dade Behring Diagnostics, Marburg, 
Germany) with a threshold of 1.8-2.3 mg/L and intra and interassay coefficients of 
variation of less than 2.2 and 2.6 %, respectively. Total urinary intact albumin 
(immunochemically reactive plus immunochemically nonreactive) was measured using 
an Agilent/Hewlett Packard 1100 HP series based on size-exclusion HPLC. Aliquots of 
urine (25 μl) were injected onto a Zorbax Bio series preparative GF 250 column (9.4-
mm I.D. x 25 mm). The mobile phase was phosphate buffered saline (PBS) run at a 
flow rate of 0.5 ml/min. Blood glucose was determined by ECA 180 (Depex, Houten, 
The Netherlands). Serum and urinary creatinine and serum total cholesterol and HDL-
cholesterol were determined by MEGA (Merck, Darmstadt, Germany). Urinary 
leukocyte and erythrocyte measurements were done by Nephur-test sticks (Boehringer 
Mannheim, Mannheim, Germany).  
 
STATISTICAL ANALYSIS 

Analyses were performed using SPSS 10.0 (SPSS, Chicago, IL, USA). The significance 
level was determined at P<0.05. Continuous data were reported as mean and standard 
deviation. Skewed distributions were expressed as median with interquartile range. 
Analytical comparison of both methods was performed using linear regression and 
limit of agreement method by Bland and Altman. For comparison between 
prevalence’s, chi-square analysis was carried out. Continuous data with a skewed 
distribution were transformed towards a normal distribution by log transformation. For 
urinary albumin excretion we applied log transformation to normalize the distribution. 
Mean values of continuous data were compared between groups by analysis of 
variance (ANOVA) or paired t-test (for comparison between urinary albumin 
concentrations by immunonephelometry and HPLC). To study the association of 
urinary albumin excretion as assessed by immunonephelometry and HPLC with 
cardiovascular risk factors and markers of atherosclerosis we used Pearson’s 
correlation analyses. We used logistic regression to study the association between 
albuminuria classes with diminished ABI. After analyzing crude odds ratios, 
adjustments were made for age and gender. In a subsequent model we additionally 
adjusted for BMI, glucose, systolic and diastolic blood pressure, use of 
antihypertensive drugs, serum total cholesterol, HDL-cholesterol, lipid-lowering therapy 
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and smoking. ROC curves were used to compare urinary albumin assessed by 
immunonephelometry and HPLC for peripheral vascular disease.  
 
 
RESULTS 

POPULATION CHARACTERISTICS 

The characteristics of the subjects described for the various UAE groups as measured 
by immunonephelometry are shown in table 1. The results are consistent with an 
increased prevalence of cardiovascular risk factors in subjects with either micro- or 
macroalbuminuria. Only smoking was less prevalent in the macroalbuminuric subjects. 
Urinary albumin excretions were remarkably higher in the normo and 
microalbuminuria subjects when measured by HPLC compared to 
immunonephelometry. Of special note is the high prevalence of an abnormal ABI in 
subjects with micro- and macroalbuminuria compared to normo-albuminuric subjects 
(14.0% and 28.6% resp. vs. 6.7%).  
 
COMPARISON BETWEEN IMMUNONEPHELOMETRY AND HPLC 

Figure 1 shows a Bland and Altman bias plot for both assays. Data were log 
transformed before plotting because of skewed distribution. There is an increasing 
amount of bias with decreasing urinary albumin concentrations. The scatter plot in 
figure 2a provides a closer view on the normoalbuminuric concentration range, 
according to immunonephelometry. The mean (SD) of the urinary albumin 
concentrations as determined by immunonephelometry in the urine samples of the 
998 subjects in this range was 6.78 (4.27) mg/L versus 17.6 (10.3) mg/L for HPLC 
(P<0.001), a 159% difference. Figures 2b and 2c respectively show the scatter plots for 
the microalbuminuric and the macroalbuminuric concentration range. The mean (SD) 
of immunonephelometry was 58.9 (40.6) mg/L versus 74.0 (51.8) mg/L for HPLC 
(HPLC 26% higher, P<0.001) in the 280 subjects with immunonephelometric 
concentrations between 20-200 mg/L, and 436 (371) mg/L for immunonephelometry 
versus 399 (329) mg/L for HPLC (HPLC 8.5% lower, P=0.048) in the 34 subjects in the 
range above 200 mg/L. Following these analyses, we also investigated the agreement 
between both methods, based on 24 hour urinary albumin excretion rates. The results 
of this comparison are shown in table 2. Thirteen (2.0%) out of 662 subjects that are 
classified as normoalbuminuric by HPLC are classified as microalbuminuric by 
immunonephelometry, while 337 (34.2%) out of 986 subjects that are classified as 
normoalbuminuric by immunonephelometry are classified as microalbuminuric by 
HPLC.       
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Table 1. Population characteristics according to categories of albuminuria as detected by 

immunonephelometry. 

 <30 mg/24h 

(n=986) 

30-300 mg/24h 

(n=283) 

>300 mg/24h 

(n=43) 

 

P-valueb 

Male gender  % 52.3 67.8 81.4 <0.001 

Age  year 52 (12) 60 (11) 62 (10) <0.001 

Body Mass Index  kg/m2 26.4 (4.1) 28.3 (4.7) 30.8 (4.9) <0.001 

Obesity  % 17.2 30.7 41.9 <0.001 

Smoking  % 28.9 25.7 9.3 <0.001 

Waist  cm     Men 

                     Women 

96.3 (11.3) 

86.7 (11.9) 

101.4 (11.0) 

93.9 15.8) 

108.2 (9.9) 

95.8 (15.6) 

<0.001 

<0.001 

Diabetes Mellitus  % 1.9 12.0 18.6 <0.001 

Glucose  mmol/L 4.8 (0.9) 5.5 (1.6) 6.1 (2.0) <0.001 

Anti-diabetic drugs  % 1.8 13.9 20.9 <0.001 

Systolic blood pressure  mm Hg 125 (18) 139 (20) 150 (24) <0.001 

Diastolic blood pressure  mm Hg 73 (9) 78 (9) 82 (10) <0.001 

Hypertension  % 28.0 59.9 79.1 <0.001 

Anti-hypertensive drugs  % 15.7 35.8 51.2 <0.001 

Cholesterol  mmol/L 5.4 (1.1) 5.5 (1.1) 5.4 (1.1) NS 

HDL cholesterol  mmol/L 1.04 (0.29) 0.96 (0.29) 0.95 (0.30) <0.001 

Lipid lowering drugs  % 7.8 20.0 23.3 <0.001 

Creatinine clearance  ml/min 101.2 (24.8) 100.6 (31.0) 94.6 (32.4) NS 

UAE nephelometrya  mg/24 hour 8.3 (6.1-12.9) 62.5 (40.2-107.9) 517.0 (364.5-780.6) <0.001 

UAE HPLCa  mg/24 hour 24.5 (17.8-34.1) 84.9 (56.9-134.1) 531.5 (321.6-780.6) <0.001 

ABI  %   Impaired    6.7 14.0 28.6 <0.001 

a  Data with a skewed distribution are presented as median (interquartile range). 
b P-value using ANOVA for continuous data (log transformed in case of a skewed distribution) and chi-

square for percentages. 

 
  
In the macroalbuminuric range 35 subjects were classified as macroalbuminuric by 
both methods, on 43 subjects with macroalbuminuria as classified by 
immunonephelometry and 41 subjects with macroalbuminuria as classified by HPLC.  
Table 3 shows Pearson correlation coefficients for the associations of 24 hour urinary 
albumin excretion rates as determined by immunonephelometry and HPLC with 
cardiovascular risk factors and several other variables. This analysis showed a slightly 
stronger association of urinary albumin excretion as determined by 
immunonephelometry with age, body mass index, obesity, waist circumference, 
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Figure 1. Bland Altman plot for immunonephelometry and HPLC. The thin lines represent the zero bias 

line ± 1.96 SD limits.  

 
systolic blood pressure, diastolic blood pressure, hypertension, use of anti-hypertensive 
drugs, HDL-cholesterol, use of lipid-lowering drugs, and creatinine clearance. Urinary 
albumin excretion as determined by HPLC was somewhat more strongly associated 
with the presence of diabetes mellitus, fasting glucose concentrations, and use of anti- 
diabetic drugs. Despite the fact that the associations with cardiovascular risk factors 
were generally somewhat stronger for urinary albumin excretion rates as determined 
by immunonephelometry, we found the strongest association of urinary albumin 
excretion as determined by HPLC with the outcome parameter in our study, an 
abnormal ABI. 
Figure 3 shows the logistic regression analyses that we performed to determine 
whether HPLC predicts ABI in a similar way to immunonephelometry, either 
unadjusted or after adjustment for cardiovascular risk markers. The unadjusted odds 
ratio for macroalbuminuria as determined with HPLC (with normoalbuminuria as 
determined with HPLC as reference group) was 9.1 (95% CI 4.0-20.8, P<0.001). 
Immunonephelometry showed an odds ratio of 7.2 (95% CI 3.4-15.2, P<0.001) for 
macroalbuminuria (with normoalbuminuria as determined with immunonephelometry 
as reference group). All odds ratios decreased after adjustment for other risk factors. 
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Figure 2. Scatter plots and regression lines calculated using the least square method to determine the 

relation between immunonephelometry and HPLC, according to categories of urinary albumin 

concentrations (UAC).  

(A) Albumin concentration below 20 mg/L. (B) Albumin concentration between 20 and 200 mg/L. (C) 

Albumin concentration above 200 mg/L.  

 
 
However, the odds ratio for macroalbuminuria as determined by HPLC, 4.7 (95% CI 
1.7-12.9, P<0.05), remained higher than the odds ratio for macroalbuminuria as 
determined by immunonephelometry, 3.9 (95% CI 1.5-9.7, P<0.05) a 30% difference. 
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Table 2. Agreement between categories of albuminuria as determined by immunonephelometry versus 

HPLC. 

HPLC albuminuria classes  

<30 mg/24hr 

(n=662) 

30-300 mg/24hr 

(n=609) 

>300 mg/24hr 

(n=41) 

% 

<30 mg/24hr (n=986) 649 337 0 75.2 

30-300 mg/24hr (n=283) 13 264 6 21.6 

>300 mg/24hr (n=43) 0 8 35 3.2 

Nephelometry 

albuminuria  

classes 

% 50.5 46.4 3.1 100 

 
Table 3. Pearson correlations with albuminuria as determined by immunonephelometry and HPLC. 

 Immunonephelometer HPLC 

Gender -0.22* -0.22* 

Age 0.30* 0.28* 

Body Mass Index 0.28* 0.17* 

Obesity 0.21* 0.12* 

Smoking -0.05 0.00 

Waist 0.36* 0.26* 

Diabetes Mellitus 0.22 0.23* 

Glucose 0.28* 0.29* 

Anti-diabetic drugs 0.24* 0.25* 

Systolic blood pressure 0.40* 0.33* 

Diastolic blood pressure 0.36* 0.30* 

Hypertension 0.36* 0.28* 

Anti-hypertensive drugs 0.25* 0.20* 

Cholesterol 0.04 0.03 

HDL-cholesterol -0.17* -0.12* 

Lipid lowering drugs 0.17* 0.15* 

Creatinine clearance 0.07* 0.02 

Ankle-brachial index 0.13* 0.16* 

* Significance at the 0.01 level. 

 
 
For microalbuminuria the unadjusted odds ratio for HPLC was 2.5 (95% CI 1.5-4.2, 
P<0.001), and 2.4 (95% CI 1.5-3.9, P<0.001) for immunonephelometry. These values 
are 1.8 (95% CI 1.0-3.1, P<0.05) and 1.4 (95% CI 0.8-2.4, P=NS) respectively for HPLC 
and immunonephelometry after adjustment for all other risk factors: a 21% difference. 
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Figure 3. Odds ratios of a diminished ankle-brachial index according to categories of urinary albumin 

excretion determined by immunonephelometry and HPLC. * P<0.05, ** P<0.001. 

 
 
A comparison of the predictive performance of both methods using ROC curve 
analysis (figure 4), showed that there was no significant difference in the area under 
the curve (AUC) between HPLC and immunonephelometry (AUC 0.67 (95%CI 0.61-
0.73) vs. 0.65 (95%CI 0.58-0.71) resp., P=0.25). 
 
 
DISCUSSION 
We compared urinary albumin concentrations and 24 hour urinary albumin excretion 
rates as determined by immunonephelometry versus HPLC in a selected sub sample of 
the general population. Immunonephelometry only measures immunochemically 
reactive intact albumin whereas HPLC measures both immunochemically reactive and 
immunochemically nonreactive intact albumin.27 As might be anticipated from this 
difference between both techniques, we found higher urinary albumin concentrations 
in subjects using HPLC, compared to immunonephelometry, in the normoalbuminuric 
range (<20 mg/L).   
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Figure 4. ROC analysis of HPLC and immunonephelometry according to a diminished ankle-brachial 

index.  HPLC is represented by the dashed line and immunonephelometry by the solid line. 

 
 
This is quite consistent with the fact that HPLC measures the same amount of 
immunochemically reactive intact albumin as immunonephelometry plus some 
amount of immunochemically nonreactive intact albumin. From the relatively low 
correlation between the two methods (r=0.61) in this urinary albumin concentration 
range, it can be seen that it is not a constant factor which is simply added on to the 
amount of immunochemically reactive intact albumin. Interestingly, in the higher 
urinary albumin concentration ranges, we did not find any indication of additional 
albumin, the regression lines almost equals the line of identity (y=x) and the mean 
value in the macroalbuminuric range was even 8.5% lower with HPLC than with 
immunonephelometry. Correlation coefficients in the higher concentration ranges 
were slightly higher for the micro- and much higher for macroalbuminuric range 
respectively. 
Our explanation for the fact that HPLC only provides higher values in samples with 
low urinary albumin concentrations is that not all immunochemically reactive intact 
albumin can be detected by currently available immunochemical methods due to as 
yet not otherwise identifiable insensitivity of the methods in the lower concentration 
ranges. Other potential explanations have been listed by Comper et al.21 In direct 
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relation to the relatively high urinary albumin concentrations detected by HPLC in the 
low urinary albumin concentration range, we found poor agreement between both 
methods in classifying subjects as normo- or microalbuminuric on the basis of 24 hour 
urinary albumin excretion rates. We confirmed the known associations of urinary 
albumin excretion with age, gender and several cardiovascular risk factors. 
Correlations of urinary albumin excretion as detected by HPLC with these known 
associates were generally weaker than with urinary albumin excretion as detected by 
immunonephelometry. When it comes to identifying subjects with prevalent peripheral 
vascular disease, indicated by a low ABI, HPLC may be a better predictor. This was 
shown by the higher odds ratios for micro- and macroalbuminuria as determined by 
HPLC. Several points concerning our study have to be addressed. Our finding of much 
higher urinary albumin concentrations using HPLC than immunonephelometry, but 
only in normoalbuminuric range (< 20 mg/L) is consistent with findings of a 
comparison between the use of HPLC and radioimmunoassay for urinary albumin 
detection in urine samples from 97 diabetic patients.21 In this latter study HPLC also 
revealed relatively high values in the low urinary albumin concentration range and 
essentially equivalent results in the higher range. It was suggested that this is specific 
for subjects with diabetes, because in 78 non-diabetic control subjects with low 
urinary albumin concentrations values revealed by HPLC were non-significantly 
(P=0.07) higher (7.5 (6.6) mg/L vs. 5.3 (4.5) mg/L) than the values revealed by RIA. 
However, our results indicate a highly significant difference in the general population. 
It seems likely the previous study was underpowered to draw conclusions about the 
absence of a difference in the non-diabetic population.21  
Future studies are necessary to elaborate on the potential superiority of urinary 
albumin determination by HPLC over immunonephelometry for determination and 
prediction of (cardio)vascular disease. It should be realized that our study has several 
limitations. First, our study is cross-sectional in nature and can, therefore, only be 
considered as hypothesis generating. Firm conclusions can only be drawn from a 
prospective cohort study. Second, it should be realized that we investigated a selected 
study population with a relatively high prevalence of micro- and macroalbuminuria. 
The prevalences of micro- and macroalbuminuria according to immunonephelometry 
in our study population were 21.6 and 3.2% resp. These are much higher prevalences 
than the 12.1 and 1.1% resp. in the original, already for microalbuminuria enriched 
cohort.23 The actual prevalence of microalbuminuria in the general Dutch population 
is estimated to be 7%.18 Thus, our study population is not representative for the 
general population.  
Another complication which decreases the generalizability of our results to the general 
population is the fact that we used data collected in subjects that have been made 
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aware of the results of the first screening of the PREVEND population. It is not unlikely 
that this has diverted the study population away from the characteristic of the general 
population. One example is the smoking prevalence in our study sample.  
During the first screening we found a smoking prevalence of 44.3% for 
normoalbuminuric subjects, 46.7% for microalbuminuric subjects, and 45.1% for 
macroalbuminuric subjects (P=NS).23 The smoking prevalence by classification 
according to immunonephelometry in our study sample is much lower, especially in 
the subjects with macroalbuminuria. One possible explanation is that awareness of 
their increased cardiovascular risk motivated relatively many subjects with 
macroalbuminuria to stop smoking between the two screenings. It should be realized 
that we used the same classic cut-off values for micro- and macroalbuminuria for both 
immunonephelometry and HPLC. This resulted in relatively few cases of 
normoalbuminuria and relatively more cases of microalbuminuria with HPLC as 
compared to immunonephelometry, because HPLC provides higher values especially 
in the low range of concentrations. The number of macroalbuminuric subjects was 
roughly the same with both methods. Thus, using the 30 mg/24 hour cut-off point, 
more patients were identified as having microalbuminuria with HPLC than with 
immunonephelometry. Notwithstanding, those patients identified by HPLC had a 
similar absolute risk for prevalent peripheral vascular disease (diminished ABI) when 
compared to those identified with immunonephelometry (29 out of 283 patients 
versus 53 out of 609 patients, respectively, P=NS). When confirmed in prospective 
studies, these findings may have consequences for population screening since 
measuring albuminuria with HPLC will identify more people at risk.  
 
 
CONCLUSION 
We have shown that detection of total intact urinary albumin by HPLC provides 
different values than immunonephelometry, which only measures immunochemically 
reactive intact albumin. The difference between the two methods is especially present 
in the normoalbuminuric concentration range. Urinary albumin excretion as 
determined by immunonephelometry is generally somewhat more strongly correlated 
to cardiovascular risk factors, but HPLC was more strongly related to prevalent 
peripheral vascular disease, with a 21% higher independent odds ratio for 
microalbuminuria, and a 30% higher independent odds ratio for macroalbuminuria. 
However, future research is needed because our study was cross-sectional in a 
selected population.  
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