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ABSTRACT 
Large epidemiological and intervention studies often use frozen urine to assess 
albuminuria. It is, however, still unknown whether results are adversely affected by 
freezing. We compared the prospective prediction of mortality in the general 
population by albuminuria assessed from fresh urine and urine after prolonged frozen 
storage at -20°C. 
Urinary albumin concentration (UAC) was assessed by immunonephelometry in urine 
samples from 3485 subjects of the general population that were asked to collect two 
24 hour urine collections. UAC was assessed fresh and after storage at -20°C for 7 ± 
0.4 years. During follow-up from baseline (’97-’98) through December 2004, 340 
subjects died.  
ROC curve analyses showed that both albuminuria assessed from fresh urine (AUC 
0.80 ± 0.014, P<0.001) and frozen urine samples (AUC 0.74 ± 0.016, P<0.001) 
significantly predict mortality, but the predictive value of frozen samples was 
significantly lower (P=0.006). After frozen storage the mean change in albumin 
concentration was -31 ± 28%. Freezing resulted in an increase in measurement error 
in urinary albumin assessment. The overall additional measurement error (CVfreezing) 
resulting from frozen storage was 18% (CVanalytical+biological being 25% and CVtotal 31%).    
Our study is the first prospective report on a decrease in predictive properties of 
albuminuria for mortality after prolonged frozen storage of urine samples. Our study is 
also the first to report on the introduction of an additional measurement error by 
freezing, along with a decline in albumin concentrations. The introduction of an 
additional measurement error and the decline in predictive properties is of importance 
for the interpretation and design of epidemiological studies, screening programs, and 
intervention trials.  
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INTRODUCTION 
Microalbuminuria, defined as a urinary albumin excretion between 30 and 300 
mg/day, is in wide clinical use as an early predictor of diabetic nephropathy. More 
recently, interest has started to rise in microalbuminuria as a predictor of 
cardiovascular morbidity and mortality, both in patients with diabetes mellitus and in 
the general population.1 In large epidemiological studies and intervention trials, 
biological samples are often stored frozen before assessment of the analyte of interest. 
This has the advantage that samples can be handled within a relatively short time-span, 
in which laboratory conditions can be carefully controlled. It is questionable whether 
this is advantageous for the assessment of urinary albumin. Several studies have shown 
that prolonged frozen storage of urine samples at -20°C can result in detection of 
falsely low urinary albumin concentrations (UAC), especially if urine specimens with 
albumin concentrations in the microalbuminuric range are concerned.2-5 Besides this, 
many authors have suggested the introduction of an additional source of 
measurement error by frozen storage,4-10 but there are no studies that have 
substantiated this. It is furthermore not known whether prolonged frozen storage of 
urine samples prior to assessment affects performance of albuminuria as a predictor of 
events.  
We investigated prospectively whether prolonged frozen storage of urine samples 
prior to assessment results in an altered performance of albuminuria as a predictor of 
mortality. We furthermore investigated whether freezing results in the introduction of 
an additional measurement error.   
 
 
METHODS 

STUDY POPULATION 

The PREVEND (Prevention of REnal and Vascular ENd-stage Disease) study was 
initiated in 1997. This ongoing and prospective study was designed to investigate 
urinary albumin excretion (UAE) as a predictor of cardiovascular and renal disease in 
the general population. Study details are described elsewhere.11 The PREVEND study 
was approved by the local medical ethics committee and was conducted in 
accordance with the guidelines of the Declaration of Helsinki. The PREVEND study is 
enriched for albuminuria. To create a representative sample of the general population, 
the enriched part (UAC>10 mg/L) was reweighed by proportionally taking an SPSS 
generated random subset (n=3432). Subjects with missing data on UAC and/or with 
leucocyturia, erytrocyturia and kidney disease were excluded. In the total PREVEND 
cohort, frozen urine samples for re-assessment of albumin concentrations were 
available from the 340 subjects that died during follow-up from 1997-1998 until 
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December 2004. This number of cases provided a power of 91% with an α of 0.05 for 
detection of a difference of 0.05 in area under the curve (AUC) of a receiver operating 
characteristic (ROC) curve. The dataset was therefore enriched with all subjects that 
died, resulting in a final study population of 3485 subjects.     
 
URINE SAMPLES 

Participants were asked to collect two 24 hour urine samples. They were asked to 
keep the collected urine stored in two 3 liter plastic containers at 4°C to a maximum 
of two days prior to the visit to the outpatient clinic. The volume of the urine was 
determined immediately after arrival of the subject to the clinic. For fresh 
determination of UAC, specimens were kept at 4°C in 10 ml polystyrene tubes. 
Samples were subjected to approximately 10 hand-inversions and centrifuged before 
analysis. A portion of both fresh 24 hour urine collections was stored in 2 ml 
polypropylene aliquots at -20°C in manual-defrost freezers. For assessment after 
prolonged frozen storage, specimens were obtained from storage one day before 
analysis, and thawed at 4°C. Again, specimens were subjected to hand-inversions and 
centrifuged for 4 minutes at 15,000xg.  
 
LABORATORY METHODS 

UAC was determined by immunonephelometry (Behring Nephelometer, Marburg, 
Germany) with a threshold of 2.4 mg/L. The variability encountered with calibration 
ranged between 1.6 and 4.4%, and the variability encountered with reagent lot 
changes ranged between 1.1 and 2.4%. The intra- and interassay coefficients of 
variation (CV), valuated in our laboratory, were 2.7 and 4.5%, respectively.    
MORTALITY DATA 

Total mortality was the endpoint of the study. The vital status of the participants was 
evaluated through the municipal register. Follow-up for survival was defined as the 
period from the date of the first visit at the first screening (1997-1998) until death or 
the 31st of December 2004. 422 subjects that were lost to follow-up were censored 
for the last available date. 
  
STATISTICAL ANALYSES 

Power calculations were performed using NCSS - Statistical and Power Analysis 
Software - PASS (NCSS, Kaysville, Utah, USA). Calculations to determine statistical 
significance between ROC curves were performed using AccuROC version 2.5 
software (Accumetric Corporation, Montreal, Canada). ROC curve analyses were 
performed to investigate the predictive value of urinary albumin excretion (UAE) 
determined from fresh and thawed samples for mortality. SPSS version 12 software 
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was used to perform further statistical analyses (SPSS, Chicago, IL, USA). To investigate 
whether prolonged frozen storage results in the introduction of an additional error, we 
used the opportunity that the participants in our study gathered two 24 hour urine 
collections. These two urine collections allowed us to calculate the intra-individual day-
to-day variation in albumin concentration for fresh urine samples and for urinary 
albumin assessment after prolonged frozen storage. Any difference between these 
coefficients of variation (CV) can solely be accounted for by frozen storage. The size 
of a possible additional error can be calculated using the Pythagorean Theorem 
(CV2

total = CV2
analytical+biological + CV2

freezing).  
Subjects were excluded if one or more of the assessed albumin concentrations was 
below the detection limit of 2.4 mg/L. A value of P<0.05 (two-sided) was used as the 
nominal level of statistical significance.  
 
 
RESULTS 
During a median follow-up time of 2388 days (maximum 2649 days) 340 subjects 
died. The median albumin concentration [interquartile range] in the fresh urine 
samples was 5.0 [3.3-8.6] mg/L. Table 1 shows the baseline characteristics of all 3485 
subjects. The median (interquartile range) UAC in fresh urine samples was 5.0 (3.3-8.6) 
mg/L. UACs were reassessed after a mean (SD) time period of 7 (0.4) years (range, 
7.7-8.8 y) of frozen storage. After frozen storage the mean (SD) change in albumin 
concentration was -27 ± 26% for samples with a fresh UAC of <10 mg/L, -51 ± 29% 
for 10-20 mg/L, -43 ± 30% for 20-200 mg/L, and -14 ± 17% for samples with a fresh 
UAC >200 mg/L (P<0.001).   
The between-day variations were 24%, 26%, 25%, and 16% for fresh samples 
(CVanalytical+biological), and 27%, 40%, 37%, and 23% for frozen samples (CVtotal) for the  
10, 10-20, 20-200, and  200 mg/L categories, respectively. Freezing, therefore, 
introduced an additional variation (CVfreezing) of 12%, 30%, 27%, and 17% in the 
respective categories. The overall additional measurement error (CVfreezing) resulting 
from frozen storage was 18% (CVanalytical+biological 25% and CVtotal 31%). ROC analysis 
revealed a mean (SE) area under the curve of 0.80 (0.014; P<0.001) for the prediction 
of mortality by UAC assessed from fresh samples and 0.74 (0.016; P<0.001) from 
frozen samples (P<0.006 for comparison with fresh samples) (figure 1). 
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Table 1. Baseline characteristics according to survival status. 

 Alive Dead P-value 

Subjects, N 3145 340  

Age, years 48 (12) 63 (10) <0.001 

Male gender, % 46 68 <0.001 

BMI, kg/m2 26 (4) 27 (4) NS 

Current smoking, % 31 41 <0.001 

Waist circumference, cm, M 93 (10) 98 (11) NS 

Waist, circumference, cm, F 82 (12) 89 (13) NS 

Systolic bloodpressure, mm Hg 126 (18) 142 (24) <0.05 

Diastolic bloodpressure, mm Hg 73 (9) 78 (10) <0.05 

Glucose, mmol/L 4.7 (1.0) 5.3 (1.3) <0.001 

Cholesterol, mmol/L 5.6 (1.1) 5.9 (1.1) NS 

Anti-hypertensive use, % 16 38 <0.001 

Lipid lowering therapy, % 5 12 <0.001 

Diabetes, % 1.0 6.2 <0.001 

UAE fresh samples, mg/24h 6.9 (5.4-10.4) 18.2 (9.4-54.5) <0.001 

UAE frozen samples, mg/24h 4.6 (3.5-6.3) 9.1 (4.9-33.5) <0.001 

Data are presented as mean (SD). Data with skewed distribution are presented as median (interquartile 

range).  

 
 
DISCUSSION 
Our study is, to the best of our knowledge, the first prospective report on a decrease 
in predictive properties of albuminuria for mortality after prolonged frozen storage of 
urine samples at -20°C. Our study is also the first to report on introduction of an 
additional measurement error by freezing, along with a decline in albumin 
concentrations. The effect of frozen storage on the measured albumin concentration 
in urine samples has been studied before, but only after storage for of up to two 
years.9,12 In the present study, with a duration of storage of 7 years, we found 
decreases of 27, 51, 43, and 14% after frozen storage at -20°C for samples with fresh 
concentrations <10, 10-20, 20-200, and >200 mg/L respectively. These values are all 
slightly higher than the corresponding decreases of 25, 30, 26 and 13% after 18-24 
months of storage in our previous study.6  
In that study, we found that there was a relatively rapid initial decline up to after 8 
months of storage, followed by relative stabilization. One of the most suggested 
explanations for lower albumin concentrations is the entrapment of albumin in a 
precipitate, containing proteins, phosphate and urea.8,10  
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Figure 1.  ROC curves for albuminuria assessed in fresh and thawed samples as predictor of total 

mortality. 

 
 
Adhesion of albumin to the wall of storage tubes may also play a role.13 Thorough 
vortex-mixing or applying hand-inversions of the thawed urine samples before albumin 
analysis has been shown to prevent a considerable decline in albumin, but does not 
completely prevent it.6,14 Hydrolysis of albumin by bacterial proteases is another 
proposed reason for a decline in albumin after frozen storage.15 All these factors may 
play a role in the introduction of an additional measurement error along with a decline 
in assessed albumin concentrations. The introduction of an additional measurement 
error by freezing has been suggested before,5-10 but there are, to the best of our 
knowledge, no previous studies that actually made the comparison with fresh samples.  
A limitation of our study is that we did not specifically investigate subgroups of special 
interest, such as subjects with diabetes mellitus, renal disease, and proteinuria. One 
could argue that another limitation of our study is that we did not investigate the effect 
of storage of urine samples at -80°C. MacNeil et al. investigated the effect of storage 
for 22 weeks at -20°C and -70°C and found no significant difference in albumin 
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concentration during this time.5 These authors therefore suggested that storage at -
70°C is more optimal than storage at -20°C. Schulz et al. did not assess albumin 
concentrations in fresh samples, but only after frozen storage at -20°C and -70°C.4 
Albumin concentrations assessed from samples stored at -70°C were significantly 
higher than those assessed from samples stored at -20°C. It could, however, not be 
investigated whether storage at -70°C indeed prevents the occurrence of a decline or 
introduction of additional variation.  
Prolonged frozen storage and subsequent thawing causes albuminuria to become a 
less powerful predictor of mortality than if it were assessed from fresh urine samples. 
Assessment of urinary albumin concentrations from frozen samples results in the 
introduction of an additional measurement error and falsely low concentrations. These 
effects of frozen storage on assessment of urinary albumin concentrations are relevant 
for the interpretation and design of epidemiological studies, screening programs, and 
intervention trials.   
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