
Article

Effect of Processing Delay and Storage Conditions on
Urine Albumin-to-Creatinine Ratio

William Herrington,*† Nicola Illingworth,*‡ Natalie Staplin,* Aishwarya Kumar,*‡ Ben Storey,*†‡ Renata Hrusecka,*‡

Parminder Judge,*†‡ Maria Mahmood,† Sarah Parish,*‡ Martin Landray,* Richard Haynes,*†‡ Colin Baigent,*‡

Michael Hill,*‡ and Sarah Clark*‡

Abstract
Background and objectives Because there is substantial biologic intraindividual variation in albumin excretion, ran-
domized trials of albuminuria-reducing therapies may need multiple urine samples to estimate daily urinary albumin
excretion. Mailing spot urine samples could offer a convenient and cost-effective method to collect multiple samples, but
urine albumin-to-creatinine ratio stability in samples stored at ambient temperatures for several days is unknown.

Design, setting, participants, & measurements Patients with kidney disease provided fresh urine samples in two
tubes (with and without boric acid preservative). Reference aliquots from each participant were analyzed
immediately, whereas remaining aliquots were subject to different handling/storage conditions before analysis,
including delayed processing for up to 7 days at three different storage temperatures (4°C, 18°C, and 30°C),
multiple freeze-thaw cycles, and long–term frozen storage at280°C,240°C, and220°C.We calculated themean
percentage change in urine albumin-to-creatinine ratio for each condition, and we considered samples stable if
the 95% confidence interval was within a 65% threshold.

Results Ninety-three patients provided samples with detectable albuminuria in the reference aliquot. Median
(interquartile range) urine albumin-to-creatinine ratiowas87 (20–499)mg/g. The inclusionofpreservativehadminimal
effect on fresh urine albumin-to-creatinine ratio measurements but reduced the changes in albumin and creatinine in
samples subject to processing delay and storage conditions. The urine albumin-to-creatinine ratio was stable for 7 days
in samples containing preservative at 4°C and 18°C and 2 days when stored at 30°C. It was also stable in samples with
preservative after three freeze-thaw cycles and in frozen storage for 6 months at280°C or240°C but not at220°C.

Conclusions Mailed urine samples collected with preservative and received within 7 days if ambient
temperature is #18°C, or within 2 days if the temperature is higher but does not exceed 30°C, are suitable for
the measurement of urine albumin-to-creatinine ratio in randomized trials. Preserved samples frozen to240°C
or 280°C for 6 months before analysis also seem suitable.
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Introduction
Albuminuria is associated with cardiovascular risk and
CKD progression (1,2), and some treatments that re-
duce albuminuria have been shown to slow renal pro-
gression (3–5). The effect on albuminuria is, therefore, a
commonly used surrogate outcome in early phase trials
of novel kidney disease treatments (6–8). Urine albumin-
to-creatinine ratio (uACR) measured on a spot sample is
more convenient to estimate daily albumin excretion
than timed urine collections (the gold standard), and
spot first morning void (FMV) samples provide more
precise estimates with less within-person variability
than random spot samples (9–11).

Despite using FMV samples, within-person vari-
ability in uACR remains relatively large (10). There-
fore, randomized trials usually need to be large to
detect moderate effects on uACR. To reduce sample
sizes, collection of three sequential spot urine samples
from each participant has been recommended,

because the uncertainty in the estimate of an individ-
ual’s average 24-hour albuminuria excretion is re-
duced (12). However, the collection of multiple
FMV spot samples in an outpatient clinic is inconve-
nient for both participants and study staff and in-
creases study costs.
Previous studies have shown that urine can be

collected from participants by sending collection tubes
packaged with instructions. In a large mailed–based
trial of 15,000 patients with diabetes, 70% of reques-
ted urine samples were received within 2 days, and
90% of requested urine samples were received
within 4 days of collection (13). Although uACR
has been reported to be stable for 7 days when
cooled to between 4°C and 6°C (14,15), its stability
at warmer ambient temperatures is unknown. This
study assessed the stability of urine albumin and
creatinine across a range of handling and storage
conditions.
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Materials and Methods
Ethical permission was obtained to collect urine samples

from patients with kidney disease attending routine clinic
appointments at a tertiary referral renal unit (Oxfordshire
REC-A 11/SC/0498). After providing written informed
consent, patients provided spot urine samples in a 50-ml
collection container. Approximately 20ml of urinewas imme-
diately transferred into a 30-ml universal container contain-
ing powdered boric acid preservative (Appleton Woods;
selected for its stabilizing effect on red cells and bacteria [16]
and because it was available in precoated tubes, which are
safe for participants to handle). The remaining urine was
transferred into a plain universal container (Fisher Scientific,
Waltham, MA). A sample aliquot with and without preser-
vative from each participant was analyzed within 2 hours of
collection (the reference aliquots). Additional urine aliquots
were subject to different handling and storage conditions
before analysis, which included (1) delayed processing (1,
2, 4, and 7 days) with samples held at different storage tem-
peratures (4°C, 18°C, and 30°C), (2) up to three freeze-thaw
cycles (from 280°C) on 3 sequential days, and (3) 1- and
6-month frozen storage at different temperatures (280°C,
240°C, and 220°C).
When participants supplied ,40 ml of urine, the experi-

ments testing the effects of delayed processing and
freeze-thaw cycles in samples containing preservative were
prioritized. Spot urine samples from 100 participants were
estimated to provide 80% power at a 2p=0.05 to confirm
equivalent stability to the reference aliquot using a test of
equivalence (17) and estimates derived from a previously
completed renal progression trial (18).
To reduce albumin aggregation, all samples were subject to

10–30 seconds of vortex mixing and inversion before centri-
fugation at 30003g for 10 minutes and analysis. Urine cre-
atinine was measured by a Jaffe rate method, and urine
albumin was measured by a turbidimetric method using a
Beckman-Coulter DxC800 Clinical Chemistry Analyzer
(Beckman Coulter, Inc., Brea CA) and manufacturer’s re-
agents. The urine albumin method combines albumin with
specific antibody (polyclonal goat anti–human albumin) to
form insoluble antigen-antibody complexes. The change in
absorbance at 380 nm because of the formation of these com-
plexes is proportional to the concentration of albumin in the
sample. It is a sensitive method, with a lower reportable
limit of 2 mg/L. Urine creatinine and albumin were mea-
sured sequentially for each participant. Between–batch coef-
ficients of variation (CVs) were determined from two levels
of third party quality control material that were measured
repeatedly over the time period taken for sample analysis
and measured as bracketed quality control (run before and
after groups of 50–60 samples). For urine creatinine, CVs
were 1.56% at 83.1 mg/dl and 1.23% at 198 mg/dl, and
for urine albumin, CVs were 4.88% at 26.2 mg/L and
1.96% at 187 mg/L.
To investigate the effect of preservative on the concen-

tration of urine albumin, creatinine, and uACR, the
difference between paired samples with and without pre-
servative was calculated for participants with both mea-
surements. This was expressed as the percentage change
relative to the sample without preservative (difference in
concentration between the sample with preservative and
sample with no preservative divided by the concentration

in the sample with no preservative) and compared using
the Wilcoxon signed rank test (19).
For the experiments testing the different handling and

storage conditions, percentage change in uACR was de-
fined as the difference in concentration between the
relevant test and reference aliquot divided by the concen-
tration in the reference aliquot. Analyte stability was
defined a priori as a mean percentage change in uACR
compared with the reference aliquot with a 95% con-
fidence interval (95% CI) 65% (d). For comparison,
the acceptable limit of change (20) for uACR (based on
assay imprecision) was 61% (calculated using the

following formula: 6
1:963CV

ffiffiffi

n
p , where the CV for uACR

was derived from the between-batch CV for albumin at
26.2 mg/L and creatinine at 198 mg/dl and n was the
study sample size).
Because the distribution of uACR was skewed, log-

transformed uACR was used in all models and then, back
transformed to allow percentage change on the absolute
scale to be reported. For each different handling and
storage condition, mean percentage change in albumin,
creatinine, or uACR compared with the corresponding
reference aliquot (with 95% CI; uncorrected for assay
imprecision) was estimated using generalized estimating
equations (GEEs), assuming an autoregressive correlation
structure (21). The GEE method takes into account any
correlation in the data (for example, paired sample com-
parisons), handles missing values, and allows statistical
comparisons between samples with and without preserva-
tive subject to different handling and storage conditions.
For the overall results, a 95% CI crossing the stability
threshold indicated evidence of instability.
The study was not powered to study different types of

patients directly, and therefore, it is inappropriate to use

Table 1. Baseline characteristics of participants

Characteristic All Participants,a

n=93

Age, yr 56 (13)
Men 60 (65%)
Race
White 79 (85%)
Black 5 (5%)
Asian 7 (8%)
Not stated 1 (1%)

Diabetes 20 (22%)
Renal status
Predialysis CKD 25 (27%)
Functioning kidney transplant 67 (72%)

Albuminuria
Normoalbuminuria, ,30 mg/g 31 (33%)
Microalbuminuria,
$30 to #300 mg/g

32 (34%)

Macroalbuminuria, mg/g
.300 to #1000 19 (20%)
.1000 11 (12%)

Data are mean (SD) or n (%).
aThere was one participant for whom values of age, sex, race,
diabetes status, and renal status were missing.

Clin J Am Soc Nephrol 11: 1794–1801, October, 2016 Albumin Stability in Mailed Urine, Herrington et al. 1795



T
ab

le
2
.

M
ed

ia
n
va

lu
es

o
f
u
ri
n
e
cr
ea
ti
n
in
e
co

n
ce
n
tr
at
io
n
,
al
b
u
m
in

co
n
ce
n
tr
at
io
n
,
an

d
al
b
u
m
in
-t
o
-c
re
at
in
in
e
ra
ti
o
at

b
as
el
in
e,

o
ve

ra
ll
an

d
b
y
le
ve

l
o
f
al
b
u
m
in
u
ri
a

A
na

ly
te

M
ed

ia
n
(I
Q
R
)V

al
ue

s
of

Fr
es
h
Sa

m
pl
es

M
ed

ia
n
Pe

rc
en

ta
ge

C
ha

ng
e

fr
om

Sa
m
pl
es

w
it
h
no

Pr
es
er
va

ti
ve

(I
Q
R
)a

P
V
al
ue

fo
r
D
if
fe
re
nc

e
be

tw
ee
n
Sa

m
pl
es

T
yp

es
a

Pr
es
er
va

ti
ve

N
o
Pr
es
er
va

ti
ve

A
ll
p
ar
ti
ci
p
an

ts
N
o.

of
sa
m
pl
es

b
90

88
C
re
at
in
in
e,
m
g/

d
l

74
.4

(4
5.
6–

11
1.
5)

76
.9

(4
7.
2–

11
4.
3)

2
2.
5%

(2
3.
1%

to
2
1.
9%

)
,
0.
00

1
A
lb
um

in
,m

g/
L

65
.4

(2
0.
3–

32
8.
7)

62
.7

(2
0.
7–

28
9.
3)

2
2.
1%

(2
4.
5%

to
2
0.
4%

)
,
0.
00

1
A
lb
um

in
-t
o-
cr
ea
ti
ni
ne

ra
ti
o,

m
g/

g
86

.8
(1
9.
5–

49
9.
1)

90
.0

(2
1.
4–

47
9.
4)

0.
7%

(2
2.
0%

to
2.
3%

)
0.
43

N
or
m
o-

or
m
ic
ro
al
b
u
m
in
u
ri
a

N
o.

of
sa
m
pl
es

b
61

60
C
re
at
in
in
e,
m
g/

d
l

80
.7

(5
3.
1–

11
5.
6)

87
.0

(5
8.
3–

12
1.
3)

2
2.
6%

(2
3.
0%

to
2
2.
0%

)
,
0.
00

1
A
lb
um

in
,m

g/
L

27
.9

(1
4.
9–

69
.8
)

32
.5

(1
4.
8–

74
.7
)

2
2.
4%

(2
4.
5%

to
2
0.
4%

)
,
0.
00

1
A
lb
um

in
-t
o-
cr
ea
ti
ni
ne

ra
ti
o,

m
g/

g
33

.3
(1
3.
5–

92
.4
)

32
.9

(1
3.
9–

98
.0
)

0.
5%

(2
3.
0%

to
2.
3%

)
0.
74

M
ac
ro
al
b
u
m
in
u
ri
a

N
o.

of
sa
m
pl
es

b
29

28
C
re
at
in
in
e,
m
g/

d
l

53
.6

(3
6.
7–

85
.0
)

54
.1

(3
4.
8–

85
.7
)

2
2.
3%

(2
3.
3%

to
2
1.
5%

)
,
0.
00

1
A
lb
um

in
,m

g/
L

55
3.
1
(3
28

.7
–
97

3.
5)

49
1.
0
(2
89

.3
–
88

7.
1)

2
1.
6%

(2
3.
7%

to
2
0.
4%

)
,
0.
00

1
A
lb
um

in
-t
o-
cr
ea
ti
ni
ne

ra
ti
o,

m
g/

g
85

7.
1
(5
23

.4
–
14

73
.4
)

80
3.
2
(5
08

.3
–
13

91
.2
)

1.
3%

(2
1.
6%

to
3.
2%

)
0.
29

IQ
R
,i
nt
er
qu

ar
ti
le

ra
ng

e.
a A

m
on

g
pa

rt
ic
ip
an

ts
w
it
h
m
ea
su

re
m
en

ts
fr
om

bo
th

pr
es
er
va

ti
ve

an
d
no

pr
es
er
va

ti
ve

sa
m
pl
es
,t
he

pe
rc
en

ta
ge

ch
an

ge
w
as

ca
lc
ul
at
ed

as
th
e
d
if
fe
re
nc

e
in

co
nc

en
tr
at
io
n
be

tw
ee
n
th
e
sa
m
pl
e
w
it
h

pr
es
er
va

ti
ve

an
d
th
e
sa
m
pl
e
w
it
h
no

pr
es
er
va

ti
ve

d
iv
id
ed

by
th
e
co
nc

en
tr
at
io
n
in

th
e
sa
m
pl
e
w
it
h
no

pr
es
er
va

ti
ve

,a
nd

it
w
as

co
m
pa

re
d
us

in
g
th
e
W

ilc
ox

on
si
gn

ed
ra
nk

te
st

(1
9)
.

b
O
ft
he

93
pa

ti
en

ts
in

th
is
st
ud

y
w
it
h
d
et
ec
ta
bl
e
cr
ea
ti
ni
ne

an
d
al
bu

m
in
,8
5
ha

d
m
ea
su

re
m
en

ts
in

bo
th

sa
m
pl
e
ty
pe

s;
fi
ve

on
ly

ha
d
m
ea
su

re
m
en

ts
in

sa
m
pl
es

w
it
h
pr
es
er
va

ti
ve

,a
nd

th
re
e
on

ly
ha

d
m
ea
su

re
m
en

ts
in

sa
m
pl
es

w
it
h
no

pr
es
er
va

ti
ve

.

1796 Clinical Journal of the American Society of Nephrology



the 65% stability threshold to assess sample stability in
subgroups divided by baseline albuminuria or transplant
status. Instead, GEEs were used to test for equality of the
mean percentage change between these subgroups. Anal-
yses used SAS, version 9.3 (SAS Institute Inc., Cary, NC)
and R, version 2.14.2.

Results
Urine samples were collected from 102 patients with

kidney disease, of which 93 had detectable albuminuria in
at least one of their reference aliquots. Approximately two
thirds of these participants had a complete set of measure-
ments available for all handling and storage conditions.
The long–term frozen storage experiment had the most
missing data, but it still had at least 80 samples with

measurements available at each temperature for both
types of sample. Mean (SD) age was 56 (13) years old, 60
(65%) were men, 79 (85%) were white, and 20 (22%) had
diabetes mellitus (Table 1). In samples with preservative
processed immediately, median (interquartile range) uACR
was 87 (20–499) mg/g (Table 2), with about one third of
participants reporting results in the normoalbuminuric
(,30 mg/g), microalbuminuric (30–300 mg/g), and macro-
albuminuric (.300 mg/g) ranges.

The Effect of Boric Acid Preservative on uACR
The addition of preservative reduced urine albumin and

creatinine concentration in the fresh reference aliquots
with a median percentage change of about 2% but had no
effect on uACR (Table 2). In samples subject to delayed

Table 3. Mean percentage change in urine creatinine concentration, albumin concentration, and albumin-to-creatinine ratio after a
delay in processing, by preservative use and by storage temperature

Storage Condition
Mean Percentage Change (95% CI) Test for Equality of

Means by TemperaturePreservative No Preservative

Creatinine
4°C, 1 d 20.1% (20.4% to 0.2%) 20.2% (20.4% to 0.1%) 0.28
4°C, 2 d 0.1% (20.2% to 0.5%) 0.2% (20.0% to 0.4%)
4°C, 4 d 0.0% (20.3% to 0.3%) 0.3% (0.0% to 0.5%)
4°C, 7 d 0.6% (0.3% to 0.9%) 1.1% (0.7% to 1.4%)
18°C, 1 d 20.1% (20.4% to 0.3%) 0.1% (20.2% to 0.4%) ,0.001
18°C, 2 d 0.0% (20.3% to 0.3%) 0.9% (0.5% to 1.2%)
18°C, 4 d 20.1% (20.5% to 0.4%) 1.5% (0.8% to 2.2%)
18°C, 7 d 0.2% (20.4% to 0.9%) 4.7% (3.5% to 5.8%)
30°C, 1 d 20.5% (20.9% to 20.2%) 0.0% (20.3% to 0.3%) ,0.001
30°C, 2 d 20.7% (21.0% to 20.3%) 1.1% (0.5% to 1.6%)
30°C, 4 d 21.3% (22.1% to 20.5%) 1.4% (20.3% to 3.2%)
30°C, 7 d 22.4% (23.4% to 21.5%) 3.0% (20.3% to 6.3%)

Albumin
4°C, 1 d 20.3% (21.9% to 1.2%) 1.4% (20.8% to 3.6%) 0.39
4°C, 2 d 21.5% (23.3% to 0.2%) 20.5% (23.2% to 2.3%)
4°C, 4 d 20.1% (21.5% to 1.4%) 0.9% (21.2% to 3.0%)
4°C, 7 d 0.8% (21.2% to 2.8%) 1.7% (21.6% to 5.1%)
18°C, 1 d 0.5% (21.5% to 2.5%) 1.3% (21.4% to 4.0%) 0.06
18°C, 2 d 20.1% (21.6% to 1.3%) 2.2% (20.4% to 4.9%)
18°C, 4 d 1.0% (21.0% to 3.0%) 4.1% (1.2% to 6.9%)
18°C, 7 d 2.5% (0.6% to 4.3%) 7.8% (4.8% to 10.8%)
30°C, 1 d 0.9% (20.7% to 2.4%) 1.6% (21.1% to 4.4%) 0.15
30°C, 2 d 1.6% (20.1% to 3.3%) 2.3% (20.3% to 5.0%)
30°C, 4 d 3.0% (0.5% to 5.5%) 5.6% (3.0% to 8.3%)
30°C, 7 d 5.1% (2.4% to 7.7%) 10.3% (6.7% to 13.9%)

Albumin-to-creatinine ratio
4°C, 1 d 20.3% (21.9% to 1.2%) 1.5% (20.7% to 3.7%) 0.42
4°C, 2 d 21.8% (23.6 to 20.1%) 20.7% (23.4% to 2.0%)
4°C, 4 d 20.3% (21.8% to 1.2%) 0.6% (21.5% to 2.6%)
4°C, 7 d 20.0% (21.9% to 1.9%) 0.5% (22.7% to 3.8%)
18°C, 1 d 0.5% (21.5% to 2.5%) 1.2% (21.5% to 3.8%) 0.48
18°C, 2 d 20.3% (21.7% to 1.2%) 1.2% (21.4% to 3.9%)
18°C, 4 d 1.0% (21.0% to 3.0%) 2.3% (20.4% to 5.1%)
18°C, 7 d 2.1% (0.3% to 3.8%) 2.7% (20.0% to 5.4%)
30°C, 1 d 1.3% (20.3% to 2.9%) 1.5% (21.3% to 4.2%) 0.79
30°C, 2 d 2.2% (0.4% to 3.9%) 1.0% (21.6% to 3.6%)
30°C, 4 d 4.2% (1.8% to 6.6%) 3.9% (0.9% to 6.9%)
30°C, 7 d 7.4% (4.9% to 9.9%) 7.0% (3.0% to 11.1%)

95% CI, 95% confidence interval.
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processing, mean percentage change in uACR was similar
in samples with and without preservative (P values for
equality of means for uACR were all .0.05) (Table 3).
The benefit of adding preservative to urine samples, how-
ever, was to reduce large percentage changes in uACR, an
outcome observed in a small proportion of samples with-
out preservative (Supplemental Figure 1).

The Effect of Delayed Processing and Temperature on uACR
Using the predetermined definition of stability (a change

in uACR with a 95% CI within 65%), both longer process-
ing delay and higher storage temperature led to uACR
instability (Figure 1). uACRs in samples held at 30°C
before processing were stable at 2 days but not stable at
4 days, regardless of the presence of preservative. The ad-
dition of preservative in the sample, however, supported
uACR stability in samples stored at 18°C for 7 days.
Overall, the mean percentage change in urine albumin

was generally larger than that for creatinine (Table 3), and
there was some evidence that increases in albumin were
slightly larger among those with normo- or microalbumi-
nuria compared with those with macroalbuminuria (Sup-
plemental Table 1) but that these effects were not further
influenced by transplant status (data not shown).

The Effect of Freeze-Thaw Cycles
On the basis of the predetermined definition of stability,

uACR was stable in spot urine samples with preservative
even after three freeze-thaw cycles (Figure 2A, Supplemental

Table 2). Among such samples, a small reduction in uACR
was evident among those with macroalbuminuria, which
was not apparent at lower levels of albuminuria (Supplemen-
tal Table 3).

Long–Term Frozen Storage at Different Temperatures
On the basis of the predetermined definition of stability,

uACR was stable in urine samples with preservative when
stored for up to 6 months at 280°C or 240°C but not if
stored at 220°C, when mean uACR concentration was re-
duced by about one quarter (Figure 2, B and C). Samples
with no preservative showed a similar percentage change
to samples with preservative (Supplemental Table 4) but
on the basis of the predetermined definition of stability,
were unstable at any frozen temperature (Figure 2, B and
C). The observed decrease in the change in uACR mainly
reflected changes in albumin concentration (Supplemental
Table 4). Contrasting the observations from freeze-thaw
experiments, there was some evidence that these changes
were more pronounced in samples with lower levels of
albuminuria compared to those with macroalbuminuric
levels (Supplemental Table 5).

Discussion
By quantifying the size of the preanalytic variability in

urine albumin and creatinine under different handling and
storage conditions, we have shown the suitability of mailed
urine for the measurement of uACR in streamlined clinical
trials. Using a stringent stability threshold (a change in

Figure 1. | Mean percentage change in urine albumin-to-creatinine ratio (uACR) after a delay in processing by storage temperature. Panel (A)
sampleswith preservative, and (B) sampleswith no preservative. The size of each square is proportional to the quantity of statistical information
available. The dashed lines on each plot indicate percentage changes of 65%, which are the thresholds for stability. If the 95% confidence
interval (95% CI) is within this stability threshold, then the uACR samples are considered stable for this storage condition. The dotted lines on
each plot indicate percentage changes of 61%, which are the acceptable limits of change for uACR (based on assay imprecision).
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uACR with a 95% CI within 65%), urine collected in tubes
precoated with boric acid preservative was suitable for
uACR analysis if exposed to temperatures up to 18°C and
received within 7 days of collection. When preprocessing
conditions exceed 18°C, however, uACR in samples with
preservative was stable for 2 days but not for 4 days.
The results of this study replicate some of the results

from previous studies in which uACR was shown to be
stable for 7 days in samples refrigerated at 4°C (14), and
unstable if frozen long term at 220°C, leading to signifi-
cantly lower uACR measurements compared with fresh
samples (14,22,23). Our data also showed that storage to
240°C or 280°C (for 6 months) and three freeze-thaw cy-
cles have minimal effect on uACR results, suggesting that
mailed urine could also be stored at 240°C and analyzed
in batches.
We recognize that a 65% stability threshold may be

considered restrictive, but it is achievable when working
with an assay imprecision of 61% and provides a robust

margin to ensure that imprecision introduced by preana-
lytic handling remains considerably smaller than poten-
tially beneficial proportional treatment effects. We
anticipate that future trials might investigate whether re-
ducing albuminuria by 15%–30% on top of current anti-
proteinuric treatments is clinically important.
Average percentage changes were similar in urine

samples with and without preservative. However, large
individual percentage changes were seen in some samples,
particularly those with no preservative (5% of such samples
had changes in uACR.25% after storage for 7 days at 30°
C). A possible explanation for the large increase in albu-
min in a small number of samples (Supplemental Figures
2–4) is sample contamination (i.e., hydrolysis by bacterial
proteases increasing the apparent albumin concentration)
(24). The level of sample contamination seen in this study
may be enough to affect trial results; however, it seemed to
be relatively easy to control with the use of a preservative.
Individual studies would need to assess the contamination

Figure 2. | Mean percentage change in urine albumin-to-creatinine ratio concentration after freezing by number of freeze-thaw cycles,
duration of frozen storage and storage temperature. Panel (A) number of freeze-thaw cycles, (B) 1 month frozen storage at different tem-
peratures, and (C) 6months frozen storage at different temperatures. Conventions are the same as for Figure 1. 95%CI, 95%confidence interval.
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risk, particularly for urine samples being provided in a
nonclinical environment.
The decrease in detectable urine albumin in frozen

samples may be explained by freezing causing conforma-
tional changes in urine proteins, resulting in partial protein
precipitation (25,26). This would potentially interfere with
the turbidimetric albumin assay, which is reliant on the
formation of specific antigen-antibody complexes produc-
ing insoluble particles that affect the transmission and
scattering of light. Other studies have considered the in-
fluence of pH on urine albumin stability, with several re-
ports indicating that higher pH also stabilizes albumin in
frozen urine (26–28). Conversely, some reports found no
strong evidence for these pH stabilizing effects (14,29,30).
Sample handling procedures may, in part, explain the
wide range of findings between these studies, because it
has been shown that mixing urine samples thoroughly be-
fore assay measurement can substantially reduce apparent
variation in urine albumin concentration (27,28,31).
Variability introduced by delayed processing is undesir-

able, because it introduces random error (noise) into
statistical comparisons, reducing a trial’s statistical power
to detect any treatment effect (signal). There are several
sources of noise in trials of albuminuria-reducing thera-
pies, which include uACR instability during preanalytic
handling and storage (which this study has quantified),
error in uACR measurement caused by analyzer impreci-
sion (which this study has also quantified for the assays
used), and biologic within–individual variability in uACR
(which other studies have quantified [12,18]). For compar-
ison, the CVs for each of these sources of variation are
presented in Supplemental Table 6, which shows that the
noise introduced by a 4-day delay in processing of a sam-
ple stored at 18°C is only slightly larger than the noise in-
troduced by analyzer measurement error and an order of
magnitude smaller than the biologic variation observed in a
group of patients with kidney disease and albuminuria typ-
ical of those studied in trials. All of these sources of variation
need to be considered together to estimate the effect of intro-
ducing mail-based design on trial sample sizes. After aggre-
gation, it can be shown that the sample size for a hypothetical
albuminuria trial would be effectively unchanged if mail-
based design was used (Supplemental Table 6).
In this study, urine was collected in an outpatient clinic

environment where contamination was uncommon. The
potential benefits of preservative use for mailed urine
samples collected at home (where contamination risk could
be higher) may, therefore, have been underestimated.
Another limitation is that, despite being a comparatively
large stability study, two thirds of the population did not
have macroalbuminuria (a population often selected for
randomized trials of treatments for albuminuria), and a
large proportion of recruits had a functioning renal trans-
plant. There was some evidence that the overall results may
be modified by levels of albuminuria (Supplemental Tables
1, 3, and 5) but results were not further modified by trans-
plant status (data not shown). Increases in albumin that
resulted from delayed processing and decreases in albu-
min that resulted from long–term frozen storage were per-
haps slightly larger among those with lower levels of
albuminuria (these frozen storage findings are consistent
with other reports [14,32,33]), but freeze-thaw changes

were potentially larger among those with macroalbuminu-
ric levels. The sizes of these possible differences were,
however, small.
In conclusion, urine collected in preservative-coated

tubes, mailed, and received within 7 days if ambient
temperature is #18°C or within 2 days if the temperature
is higher but does not exceed 30°C is suitable for the pre-
cise measurement of uACR. Samples with preservative
frozen to 240°C or 280°C for 6 months and/or thawed
up to three times before analysis also seem suitable. The
implication of these results is that studies can use urine
mailed to a central laboratory to make studies lower cost
and more convenient for participants without any neces-
sity to increase study sample size.
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