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Chapter 2 

ABSTRACT 

Objective: To determine the degree of variability and sampling distribution of several commonly 

used parameters of microalbuminuria in patients with non-insulin-dependent diabetes 

mellitus (NIDDM), and to propose a sampling strategy for estimating the level of 

albuminuria. 

Methods: Four N I D D M patients with previously documented microalbuminuria collected 30 

consecutive split (overnight and daytime) 24-hour urine samples (experiment A). These 

samples were analysed for total 24-hour albumin excretion, daytime, overnight, and 24-

hour albumin concentration and daytime, overnight, and 24-hour albumin-to-creatinine 

ratio (ACR). In a second experiment (B), 10 patients collected 10 consecutive overnight 

urine samples. Finally, a total of 300 separate triplicate urine samples was analysed for 

variability of 24-hour albumin excretion (100 samples), and ACR in 24-hour (100 samples) 

and overnight (100 samples) urine. 

Results: The sampling distribution shape of all parameters of albuminuria is positively skewed, 

without consistent evidence of log-normality. Using two methods for quantifying day to 

day variability (the interquartile range / median ratio and the chance of a single 

measurement being >50% off the actual value of albuminuria), the overnight ACR is the 

least variable parameter of albuminuria, scoring 0.38 and 10% on both methods, 

respectively, in experiment A. Collecting multiple samples of overnight urine improves 

accuracy. The largest gain in precision in estimating the actual value of albuminuria is 

obtained for sample sizes of 3 and 5, and does not increase by non-consecutive sampling 

of urine. Based on the combined data from experiments A and B, the expected mean 

deviation of the median of 3 and 5 overnight samples from the actual level of the overnight 

ACR is 17.9% and 12.1%, respectively. An analysis of variability in 3 sets of 100 triplicate 

24-hour urine samples shows that the overnight ACR is a significantly more constant 

parameter of microalbuminuria than the amount of albumin excreted in 24-hours, or the 

ACR in 24-hour urine (p<.05) 

Conclusion: Parameters of diabetic albuminuria have positively skewed, non-log-Normal sampling 

distributions. The overnight albumin to creatinine ratio is the least variable parameter of 

microalbuminuria. We recommend collecting 3 consecutive early morning urine samples, 

using the median value of the albumin-to-creatinine ratio in these samples for quantifying 

albuminuria. 
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INTRODUCTION 

An increased urinary albumin excretion (UAE) in patients with NIDDM is a risk 

indicator for the future development of cardiovascular events, clinical proteinuria, and 

nephropathy (1-4). 

One of the difficulties in monitoring UAE has traditionally been the high degree of 

day-to-day variability (5). This causes problems both in defining micro- and macro-

albuminuria, and in the follow-up of UAE in individual patients. The high degree of 

variability of UAE is largely unexplained, but appears to be partly correlated to changes 

in posture, physical activity, dietary protein intake, and glycaemic control. Furthermore, 

disease states such as fever, urinary tract infection and congestive heart failure can influence 

UAE (5). It is currently unclear which parameter of UAE is most suitable for clinical use 

in terms of being the least variable and in terms of having a practical sampling routine. 

Lately, it has become more common practice to use the urinary albumin-to-creatinine 

ratio, since it may correct for collecting errors, which are likely to occur if patients are 

asked to perform a complete and exactly timed urine collection. Others oppose this idea, 

arguing that the introduction of a second biological variable (urinary creatinine) is unlikely 

to provide a clinically useful reduction in variability (6). 

It is essential for any biological variable showing significant variability that one obtains 

an estimate of the sampling distribution of this variable in individual patients. Not only 

is this important for clinical interpretation of measurements, it is also a requirement for 

a sensible choice of statistical methods in clinical research. In previous studies, it was 

often assumed that the distribution of UAE values is positively skewed in a log-Normal 

fashion (i.e. a Normal distribution after logarithmic transformation of the data). This 

assumption, however, appears to be based on extrapolation of population distributions, 

rather than on data from individual patients, since no study has ever been undertaken to 

verify the hypothesis of log-Normality 

The present study was designed with the purpose of quantifying the degree of variability 

of various commonly used parameters of UAE. In addition, distribution shapes of these 

parameters are studied. Finally, a strategy for monitoring UAE is proposed based on the 

study results. 
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METHODS 

Four NIDDM patients with documented microalbuminuria participated in the first 

part of this study (experiment A). Their clinical characteristics are listed in table 1. None 

of these patients showed signs of congestive heart failure, hypertension, or used an 

Angiotensin Converting Enzyme (ACE) inhibitor. Blood pressure and metabolic control 

patient: 1 2 3 4 

sex (male/female) F M M F 
age (years) 55 64 73 72 
duration of NIDDM (years) 25 5 18 24 
blood pressure (mmHg) 140/70 160/85 155/85 165/85 
HbAlc(%) 7.7 8.3 8.7 7.2 
serum creatinine (p.mol/1) 103 92 99 123 
smoking no no yes no 
medication insulin glibendamide 

metformin 
insulin insulin 

Table I : Clinical and laboratory data of the four patients in experiment A 

were stable for at least the year prior to the study. Microalbuminuria was diagnosed 

within one year before to the study, and was defined as an albumin excretion rate of 

between 30 and 300 mg in at least 2 out of 3 consecutive timed 24-hour urine samples. 

The diagnosis of microalbuminuria was established only after 2 triplicate 24-hour urine 

samples at least 3 months apart were within the microalbuminuric range. 

Study protocol: 

Patients were instructed to collect their urine for a period of 30 consecutive days. This 

collection period was chosen because of the large sample size that is needed for 

identification of sampling distribution shapes (7). Overnight and daytime urine was 

collected separately. Daytime collections ended at the time patients went to sleep. 

Overnight collections consisted of urine voided during the night, and the first morning 

urine, collected by emptying the bladder immediately after rising. Patients received oral 

and written instructions when to start and end collection periods. Rising hours were 

constant, bedtime hours varied with a maximum of one hour for each patient. The 

subjects were asked to adhere to their normal daily activity pattern, and to avoid 

extraordinarily strenuous activity, or to report such activities otherwise. Physical complaints 
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were monitored weekly, specifically those suggesting the presence of urinary tract infection 

or febrile illness. One patient (no 1) skipped 3 days of collecting urine because of her 

menstrual period. Urine was collected in polyethylene containers and kept in a cool, dark 

place in the subjects' homes. Twice weekly, these containers were collected, and urine 

was analysed immediately afterwards. Urinary albumin concentration is stable in fresh 

urine stored at room temperature for at least 7 days (8). On day 1 and 30 of the study 

protocol, urinary tract infection was excluded by urinary sediment and culture. 

Volume, albumin and creatinine concentrations were measured in the urine samples, 

and the following parameters of UAE were determined: A: amount of albumin excreted 

in 24-hours (mg/24h), B: Albumin-to-creatinine ratio (ACR) of urine collected overnight 

(mg/mmol), 

C: daytime ACR, D: 24-hour urine ACR. Values for 24-hour collections were 

constructed mathematically from daytime and following overnight values. 

In a second experiment (experiment B), 10 other NIDDM patients with micro

albuminuria collected 10 consecutive overnight urine samples, which were analysed for 

albumin and creatinine concentration in order to calculate the ACR. The inclusion criteria 

and the criteria for diagnosing microalbuminuria were the same as previously described 

for the 4 patients in experiment A. 

Finally, 300 separate triplicate urine samples (200 24-hour samples, 100 overnight 

samples), all from microalbuminuric NIDDM patients, were studied. Variability was 

quantified for albumin excretion in mg/24h (100 samples), ACR in 24h-urine (100 samples) 

and overnight ACR (100 samples). 

Analytical methods: 

Urinary albumin was measured using an immuno-chemical method on a Behring 

Nephelometer (Behringwerke, Germany, inter-assay coefficient of variation: 6.9% at level 

of 13 mg/1,4.2% at 75 mg/1, and intra-assay-variation: <2.5 % at all levels). Urinary creatinine 

was measured with a modified Jaffé method. HbAlc was measured using an automated 

HPLC analyser (Diamat BioRad Laboratories, NY, USA, normal range 5.2% to 6.7%). 

Statistical methods: 

From the data of experiment A, group averages of the distribution shapes of each of 

the four UAE parameters were constructed using the "Vincentising" method, which is 

used for estimating group distribution shapes from several individual distributions. It is 

unaffected by differences in the location of the distribution and in the scale of the 
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abscissa between subjects (9). The total number of observations was divided in 7 quantiles 

for graphic representation of the Vincentised distribution functions. Each distribution 

of UAE parameters A to D for patients 1 to 4 was also constructed after loge-

transformation of the UAE data. The hypothesis that parameters of UAE generally 

show a log-Normal distribution was tested by pairwise comparison of the Kolmogorov-

Smirnov z-test statistic for Normality of non-transformed and log-transformed 

distributions (9). 

To quantify the degree of variability of each UAE parameter, two methods were used. 

The first method consisted of calculating the ratio "interquartile range (IQR) / median" 

(IQR = absolute distance between P25 and P75). Often, the Coefficient of Variation (CV 

= standard deviation / mean) is used for purposes like these. However, both components 

of this CV-ratio require evidence of a Normal distribution of the variable of interest. 

Since neither the literature nor our own distribution histograms provided such evidence, 

the IQR / median ratio was used as a non-parametrical, distribution-free equivalent of the 

CV Secondly, for each distribution, the chance of a single measurement being more than 

50% off the reference value was calculated ("P50%off ") The median of the 30 samples 

was taken as the reference value ("true value") of UAE. Differences in variability of the 

UAE parameters A-D were tested with Student's t-tests for paired observations. 

To examine the effects of collecting multiple urine samples, the series of 30 samples 

from experiment A was clustered into groups of 2, 3, 5, and 7 samples. First, this was 

done in consecutive order, and subsequently, combinations were made of 2, 3, 5, and 7 

samples with intervals of 1, 2, and 7 days (for 7 day interval: groups of 2 and 3 samples 

only). The median values of these sample groups were subsequently analysed with respect 

to their deviation from the reference value of the parameter at issue (median of the 30 

samples). Gain from non-consecutive sampling would not be expected if consecutive 

samples are stochastically independent. If periodicity exists, gain in precision of estimating 

the reference value of UAE would be expected if the data were collected with an interval 

of half the main period (10). The question of whether there was evidence of periodicity 

in the UAE signal over the period of 30 days was addressed by computing autocorrelations 

for lag-series -15 to +15 (10). A similar analysis of the effect of collecting multiple 

samples was performed using the data from experiment B, in which the median of 10 

instead of 30 samples served as the reference value. Finally, an analysis of variability of 

albumin excretion was made in 300 triplicate urine samples. Analogous to the IQR / 

median ratio discussed previously, variability of triplicate samples was expressed as the 

ratio: full range / median. 
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Statistical calculations were performed using the Statview 4.01 statistical software 

package (Abacus Concepts Inc., Berkeley, CA, USA). Kolmogorov-Smirnov tests were 

performed using SPSS (SPSS Inc., Chicago, II, USA). Distribution Vincentising was done 

using Ratcliff's method (11), using specifically designed software. 

RESULTS 

Sampling Distributions: 

Figure 1 displays the distributions of the UAE parameters A-D in the 4 study patients. 

Note the inter-individual differences in variability and in the degree of positive skewness 

of the distributions. The Vincentised distribution functions of UAE parameters A-D 

are displayed at the bottom row of figure 1. All distributions are unimodal and positively 

skewed. When Kolmogorov-Smirnov Normality tests for untransformed and loge-

transformed data are compared, only transformation of parameter A results in a 

significantly closer approximation of a Normal distribution of the data (p=0.02). A 

similar but non-significant trend is seen for parameters C and D (p=0.13 and p=0.07, 

respectively). Log-transformation of parameter B does not result in a more Normal 

distribution (p=0.47). Although log-transformation of parameters A, C, and D results in 

distributions that are closer to Normality, the Kolmogorov-Smirnov test for Normality 

indicates statistical significance (p<0.05) only for patients 1 and 4 for parameter A, patient 

2 for parameter C, and patient 4 for parameter D. Normality is thus often more closely 

approached by loge-transformation, but is only sporadically actually achieved. Log10-

transformation gives virtually the same results as loge-transformation (data not shown). 

Variability: 

The indexes of variability of the UAE parameters A-D are displayed for each patient 

in experiment A in table 2. Essentially, these results show that all UAE parameters are 

associated with considerable variability. Both methods show a trend for B (overnight 

ACR) being the most constant, and A (mg alb/24h) being the most variable UAE 

parameter. Keeping in mind that any statistical method testing for differences between 

such small groups should be interpreted with caution, the difference between parameters 

B and A, and D and A with respect to the P50%off was found to be statistically significant. 

Variability scores are highest for overnight, daytime, and 24-hour urinary albumin 

concentrations (0.52, 0.49, and 0.47, respectively for IQR/median-ratios, and 29%, 22% 
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Figure I : Sampling distributions of various parameters of urinary albumin excretion. 
The bottom row displays the Vincentised group distribution functions for parameters A-D. This statistical 
method serves to provide an estimate of the shape of a distribution of a parameter as it would look like for 
any individual in a representative population. This estimate is based on a group of observed individual 
distributions, (ref #9) As these functions serve to illustrate only the shape of distributions, no axis units are 
presented. 
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IQR/med; ian chance of being >50% off reference value 
A B C D A B C D 

patient 
1 0.49 0.38 0.40 0.38 19% 11% 19% 15% 
2 0.47 0.55 0.62 0.53 27% 17% 13% 13% 
3 0.49 0.16 0.22 0.22 11% 0% 11% 7% 
4 0.44 0.42 0.55 0.49 23% 14% 17% 15% 
mean: 0.47 0.38 0.45 0.41 20% 1096+ 15% 12%+ 

+: P<.05 versus parameter A 

Table 2: Variability of parameters of Urinary Albumin Excretion in experiment A. 
A: mg Albumin /24h; B: overnight Albumin-to-Creatinine Ratio (ACR in mg/mmol); Cdaytime ACR; D:24h 
urine ACR (IQR = Inter-Quartile Range) 

and 2 1 % for P50%off). In contrast to albumin excretion, creatinine excretion showed a 

Normal distribution in all 4 patients. The coefficient of variation of 24-hour creatinine 

excretion was 8%, 12%, 13%, and 13% for patients 1-4, respectively. 

Effects of obtaining multiple samples: 
Because parameter B (ACR in overnight urine) shows a tendency to be the least variable, 

and since in clinical practice it is a parameter that is more suitable for multiple sampling 

than is 24-hour urine, it was analysed in more detail regarding the effects of multiple 

sampling. The deviation from the reference value of the overnight ACR is shown as a 

function of sample size in figure 2. Separate functions are shown for consecutive and 

non-consecutive samples. The 2 day interval function runs parallel and close to the line 

of non-consecutive sampling with a 1-day interval, and is not displayed in the interest of 

graph quality. The small differences between the functions at sample size n=3 are not 

statistically significant. In essence, figure 2 illustrates [1] the gain in precision in estimating 

the reference value of the overnight ACR when the sample size is increased, and [2] the 

lack of gain in precision when these multiple samples are taken at certain intervals. In 

accordance with the latter, computation of auto-correlation in the overnight ACR data 

series does not provide evidence for the existence of periodicity (p>0.5). Regardless of 

whether samples are taken consecutively or with certain intervals, the maximum gain in 

precision of the estimate of the actual value of the overnight ACR is obtained with 

sample sizes of 3 and 5. Deviations from the reference value are 16.9% and 10.3% for 

the median of 3 and 5 consecutive samples, respectively. Essentially the same results are 

obtained from the data of experiment B (panel in fig 2). For this experiment, 10 other 

NIDDM subjects were approached, 4 males, 6 females, mean age 56.3 years, all 
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Figure 2: Diagnostic Accuracy of median ACR of triplicate overnight samples as a function of sample size. 
Main figure: Deviation of median of overnight ACR in groups of 1, 2 (median = mean), 3, 5, and 7 samples 
from the reference value of the overnight ACR (median of 30), displayed as a function of sample size; data 
from experiment A. Lines are drawn for consecutive multiple samples and for multiple samples with I day 
and I week intervals. Error bars indicate SEM. 

The panel shows the same data for experiment B. Axis units are as in the main figure. As these patients 
collected 10 instead of 30 samples, a mean deviation for a sample size of 7 was not calculated. 

normotensive, non-ACE inhibitor users, and under stable metabolic control. Mean 

deviations from the reference value are 18.9%, and 13.8% for the medians of sample 

si2es 3 and 5, respectively. Although the available data are less extensive than for experiment 

A, again no advantage is obtained from non-consecutive sampling in experiment B (data 

not shown). Thus, based on the combined data, the expected mean deviation of the 

median of 3 and 5 overnight samples from the actual level of the overnight albumin-

creatinine ratio is 17.9% and 12.1%, respectively. 
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Figure 3: Box plots of variability scores of 3 methods for quantifying albumin excretion. 

The variability score for triplicate samples is defined as the full range / median-ratio. The 3 box plots each 
represent these scores for different groups of 100 triplicate urine samples, all within the range of 
microalbuminuria. The 5 horizontal lines display the 10th, 25th, 50th, 75th and 90th percentile, values 
outside this range are plotted separately. P-values are obtained using the Mann-Whitney U-test. 
mg/24h=amount of albumin (mg) excreted in 24 hours, 24h-ACR=albumin-to-creatinine ratio in 24-hour 
urine, ON-ACR=albumin-to-creatinine ratio in overnight urine. 

300 triplicate urine samples: 

After having obtained the above results, we decided to change our sampling routine for 

assessing microalbuminuria in diabetic outpatients. Previously, we routinely collected 24-

hour urine samples on 3 consecutive days, measuring volume, albumin concentration and 

creatinine concentration. We now request patients to collect a sample of overnight urine 

on 3 consecutive mornings. Figure 3 shows the impact this change in sampling routine has 

had on the degree of variability by performing an unpaired comparison of 3 separate sets 

of 100 triplicate urine samples. These samples were obtained from 186 different NIDDM 

patients, who collected consecutive triplicate urine samples at 3-monthly visits to the 

outpatient clinic. Median variability of triplicate samples, expressed as full range / median 

ratio, was 0.43, 0.38, and 0.28 for mg alb/24h, 24h-ACR and overnight ACR, respectively. 

The difference between mg alb/24h and 24h-ACR is not statistically significant (p=0.18), 

but the overnight ACR is clearly less variable than the two other methods (p=0.02), 

confirming the results of experiment A. 
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DISCUSSION 

This study shows that all commonly used parameters of UAE are associated with a 

considerable degree of variability, and that the overnight ACR tends to show the lowest 

average variability in four patients who collected 30 consecutive samples. The lower 

degree of variability of the overnight ACR is statistically significant in a substantially 

larger data set of triplicate urine samples. Furthermore, several UAE parameters (albumin 

excretion per 24 hour, daytime ACR and 24-hour ACR) have positively skewed sampling 

distributions, which tend to become more Normal after log-transformation. However, 

log-transformation of these parameters by no means guarantees a Normal distribution. 

Therefore, although log-transformation is preferable if parametrical statistical methods 

are to be used, non-parametrical statistics remain first choice for analysing UAE data. 

The data do not support log-transformation of overnight ACR values. 

The problem of high variability of UAE in diabetic patients has been recognised before 

(5,12-16). Unfortunately, the majority of previous studies have performed variability 

calculations on as little as 4 to 5 non-consecutive urine samples, collected over periods 

ranging from 1 to 18 months. One conclusion that already became clear from these studies, 

and that is supported by our results, is that a simple albumin concentration is a highly 

variable, inaccurate parameter of UAE. It is generally accepted that its use should be avoided 

(17-22). The lower variability of overnight albuminuria compared to daytime measurements 

has also been observed before, and most likely results from more stable physiological 

conditions during the night (12). As with any highly variable biological parameter, the only 

method for obtaining a reliable value is by performing multiple measurements. In this 

respect, the overnight ACR qualifies best as the UAE parameter of choice, not only because 

it tends to be the least variable, but also because it is more convenient for patients to collect 

multiple untimed overnight urine samples than 24-hour samples. The median of these 

multiple samples is more appropriate than the mean because of the non-symmetrical 

sampling distribution. The results indicate that the gain in precision is highest for sample 

sizes of 3 and 5, and is not augmented by non-consecutive sampling. 

An argument that has been raised in favour of using daytime or 24-hour urine samples 

as opposed to overnight samples has been that these would be more sensitive in detecting 

microalbuminuria. (22-24). It is true that many studies have identified the prognostic 

value of microalbuminuria of diabetic patients based on UAE values within specified 

limits in 24-hour urine samples. However, that does not necessarily mean that it would 
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not be possible to define above-normal levels of UAE for overnight urine samples without 

loss of predictive power for future complications. Cut-off values for normoalbuminuria 

and microalbuminuria can be redefined on the basis of data on diurnal variation. Our 

data indicate that the overnight ACR is on average 19.8% lower than the 24-hour ACR. 

An ACR of between 3 and 30 mg/mmol defining microalbuminuria in 24-hour urine 

would thus translate into an ACR of 2,4 to 24 indicating microalbuminuria in overnight 

urine. Similarly, B (overnight ACR) relates to A (the amount of albumin excreted per 24 

hours) in the following manner: A = 13.4xB (R2=0.89, no statistically significant intercept 

in the regression model). Overnight ACR values of 2.2 to 22.6 thus predict 24-hour 

UAE values of 30 to 300 mg. Previous estimates of cut-off points for normal values of 

overnight ACR have been fairly consistent with ours, ranging from 2.0 (25) to 2.6 (13,17). 

The only objection that can be raised against calculations of normal overnight UAE 

values from data on diurnal variation is that, in some patients, diurnal variation itself or 

the response of UAE to postural changes or to a certain degree of physical activity 

during the day could possibly have prognostic significance of its own. Simply re-setting 

the criteria for elevated UAE for overnight urine samples would then result in loss of 

predictive power. There is, however, no evidence that this is indeed the case. 

An obvious limitation of this study is the small sample size of the group of subjects 

who collected the 30 samples, which may cast doubt on the representativity of the 

conclusions from this part of the study for the entire population of NIDDM patients. 

However, the main conclusions, specifically those concerning the verification of log-

normality and the effects of multiple sampling as presented in figure 2, were consistent 

for all 4 patients. Furthermore, the effects of multiple sampling in experiment B were 

very similar to those obtained for experiment A. Another limitation is that bedtime hours 

were not precisely timed. Would this have been the case, than UAE in ug/min could 

have been separately assessed for overnight and daytime urine samples. Some suggest 

that the overnight UAE in ^g/min is the most constant parameter of albuminuria. 

However, the few studies study that have actually looked into this could not confirm this 

(12,13). In daily practice, exact timing of multiple urine collections may be difficult. 

We conclude that first morning urine samples are preferable for adequate monitoring of 

albuminuria. Given the variability data and the effects of multiple sampling presented, and 

in view of practical considerations, collecting 3 overnight urine samples and determining 

the median albumin-to-creatinine ratio of these samples is the preferable option. 

51 



Chapter 2  

REFERENCES 

1. Schmitz A, Vaeth M. Microalbuminuria: A major risk factor in non-insulin dependent diabetes. A 10-
year follow-up study of 503 patients. Diab Med 1988;5:126-134. 

2. Mattock MB, Morrish NJ, Viberti G, Keen H, Fitzgerald AP, Jackson G. Prospective study of 
microalbuminuria as predictor of mortality in NIDDM. Diabetes 1992;41:736-741. 

3. Gall MA, Borch-Johnsen KB, Hougaard P, Nielsen FS, Parving HH. Albuminuria and poor glycémie 
control predict mortality in NIDDM. Diabetes 1995;44:1303-1309. 

4. Mogensen CE. Microalbuminuria predicts clinical proteinuria and early mortality in maturity onset 
diabetes. N EnglJ Med 1984;310:356-360. 

5. Mogensen CE, Vestbo E, Poulsen PL, et al. Mcroalbuminuria and potential confounders. Diab Care 
1995;18:572-581. 

6. Tbwnsend JC. Urine albumin/creatinine ratio and untimed urine specimens (Letter). Clin Chem 
1986:2224. 

7. Altman DG. Practical statistics for medical research. London: Chapman & Hall, 1991. 
8. Collins ACG, Sethi M, MacDonald FA, Viberti GC. Storage temperature and differing methods of 

sample preparation in the measurement of urinary albumin. Diabetologia 1993;36:993-997. 
9. Press WH, Teukolsky SA, Vetterling WT, Flannery BP. Numerical recipes in C. (2 ed.) Cambridge: 

Cambridge Uneiversity Press, 1992. 
10. Gottman JM. Time series analysis. Cambridge: Cambridge University Press, 1981. 
11. Ratcliff R. Group reaction time distributions and an analysis of distribution statistics. Psychol Bulletin 

1979;86:446-461. 
12. Chachati A, Frencell Rv, Foidart-Williams J, Godon JP, Lefèbre PJ. Variability of albumin excretion in 

insulin dependent diabetics. Diab Med 1986;4:441-445. 
13. Cohen DL, Close CF, Viberti GC. The variability of overnight urinary albumin excretion in insulin-

dependent diabetic and normal subjects. Diab Med 1987;4:437-440. 
14. Feldt-Rasmussen B, Mathiesen ER. Variability of urinary albumin excretion in incipient diabetic 

nephropathy. Diab Nephrop 1984;3:101-103. 
15. Phillipou G, Phillips PJ. Variability of urinary albumin excretion in patients with microalbuminuria. 

Diab Care 1994;17:425-427. 
16. Watts GF, Kubal C, Chinn S. Long term variation of urinary albumin excretion in insulin-dependent 

diabetes mellitus: some practical recommendations for monitoring microalbuminuria. Diab Res Clin 
Pract 1990;9:169-177. 

17. Eshoj O, Feldt-Rasmussen B, Larsen ML, Mogensen EF. Comparison of overnight, morning and 24-
hour urine collections in the assessment of diabetic microalbuminuria. Diab Med 1987;4:531-533. 

18. Gatling W, Knight C, Hill RD. Screening for early diabetic nephropathy: which sample to detect 
microalbuminuria. Diab Med 1985;2:451-455. 

19. Kouri TT, Viikari JSA, Mattila KS, Irjala KMA. Microalbuminuria. Invalidity of simple concentration-
based screening tests for early nephropathy due to urinary volumes of diabetic patients. Diab Care 
1991;14:591-593. 

20. Marshall SM. Screening for microalbuminuria: Which measurement? Diab Med 1991;8:706-711. 
21. McKenna MU, Arias C, Feldkamp CS, Whitehouse FW. Microalbuminuria in clinical practice. Arch 

Intern Med 1991;151:1745-1747. 
22. Wiegman TB, Chonko AM, Barnard MJ, et al. Comparison of albumin excretion rate obtained with 

different times of collection. Diab Care 1990;13:864-871. 
23. Stehouwer CDA, Fischer HRA, Hackeng WHL, Ottolander GJHd. Identifying patients with incipient 

diabetic nephropathy. Should 24-hour urine collections be used? Arch Intern Med 1990;150:373-375. 

52 



Variability of albuminuria 

24. Ellis D, Coonrod BA, Dorman JS, et al. Choice of urine sample predictive of microalbuminuria in 
patients with insulin dependent diabetes mellitus. Am J Kidney Dis 1989;13:321-328. 

25. Gading W, Knight C, Mulle MA, Hill RD. Microalbuminuria in diabetes: A population study of the 
prevalence and an assessment of three screening tests. Diab Med 1988;5:343-347. 

53 




