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Abstract. Sex steroid concentrations in urine samples
from post-menopausal women have been associated
with risk of various chronic diseases. The basic re-
quirement for the assessment of risk in such large-
scale epidemiological studies is that subjects be
ranked accurately by their average, long-term hor-
mone levels. We examined the reproducibility over
time of measurements of urinary testosterone (T),
5a-androstane-3a, 17b-diol (ADIOL), estrone (E1),
estradiol (E2), 2-hydroxy estrone and 2-hydroxy est-
radiol, (2(OH)-E), 16a-hydroxyestrone (16a(OH)-E1)
and the ratio of 2(OH)-E and 16a(OH)-E1, in a rep-
resentative sub-sample of post-menopausal women
(n ¼ 43) participating in an ongoing prospective co-

hort study. Women collected three first morning ur-
ine voids on different occasions, with average time
difference between the first and the third urine sample
of 5.1 years. T, ADIOL, E1 and E2 were measured by
radio immunoassay after enzymatic hydrolysis, solid-
phase extraction and HPLC purification of the sam-
ples, while 2(OH)-E and 16a(OH)-E1 were assayed by
solid-phase enzyme immunoassay after enzymatic
hydrolysis. Intra-class correlation co-efficients (ICCs)
over time were very good for T (r ¼ 0.85), acceptable
for E2, E1 and ADIOL (r > 0.55), but low for
2(OH)-E, 16a(OH)-E1 and their ratio (r < 0.46). The
adjustment for creatinine concentrations did not in-
crease these correlations.
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Introduction

Sex steroid concentrations in blood or urine of post-
menopausal women have been associated with an
increase in risk of various chronic diseases, including
cancer [1, 2] and osteoporosis [3, 4]. Although blood
samples have been used in many studies, urine sam-
ples may be collected in large-scale epidemiological
studies for a number of reasons. First, contrary to
blood withdrawal, urine collection is non-invasive
and can be done directly by the study subjects,
without medical assistance. Second, the collection of
overnight or 24-hour urine samples may minimise
variability of hormones that show a pulsatile secre-
tion or diurnal variability (e.g., cortisol, growth
hormone) [5, 6]. Finally, certain hormones can only
be measured accurately in urine, because plasma
levels are very low (e.g., 2/16a-hydroxy estrogen
metabolites) [7, 8].

A difficulty inherent in epidemiological studies of
hormones is that random errors in the measurement

of individuals’ hormone levels attenuate relative risk
estimates and decrease the power of statistical tests
for hormone–disease association [9]. The basic re-
quirement for the accurate assessment of relative risk
in epidemiological studies is that subjects be ranked
accurately by their average, long-term hormone lev-
els. While several studies have been published on the
reproducibility and validity of hormone measure-
ments in blood over time [10–13], few have addressed
the reproducibility and validity of these measure-
ments in urine samples [14, 15].

In preparation for a prospective study on breast
cancer risk and sex-steroid concentrations in first
morning voids from post-menopausal women in a
Dutch prospective cohort, we examined the repro-
ducibility over time of measurements of urinary tes-
tosterone (T), 5a-androstane-3a, 17b-diol (ADIOL),
estrone (E1), estradiol (E2), 2-hydroxy estrone and 2-
hydroxy estradiol (2(OH)-E), 16a-hydroxyestrone
(16a(OH)-E1) and the ratio between 2(OH)-E and
16a(OH)-E1.
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Material and methods

Subjects and urine collections

All women born between 1911 and 1945 living in
Utrecht and surroundings were invited to participate
in a large population based screening programme for
early detection of breast cancer (the DOM-cohort)
between 1975 and 1986 [16]. Women who responded
to the first invitation to participate in this study were
then invited for regular screening examinations. At
each visit the women filled in a lifestyle questionnaire
containing questions regarding breast cancer risk
factors, medical history, exogenous hormone use and
last day of the cycle. Furthermore, anthropometric
measurements (height, weight, waist and hip cir-
cumferences) were taken for all participants, and the
women were asked to bring a first morning urine
sample on the day of their examination. Upon their
arrival at the laboratory, urine samples were stored at
)20 �C in 250-ml plastic polypropylene jars with a
screw cap, without preserving agents.

Forty-three women were randomly selected from
the 27,718 women participating in the DOM-cohort.
The women were post-menopausal at recruitment
(natural menopause defined as no menstruation
during the previous 12 months and no surgical in-
terventions), did not use exogenous hormones, and
had provided at least three different urine samples.

The average time difference between the collection
of the first (t1) and the second (t2) urine sample was
1.1 year (minimum 0.9 years, maximum 4.4 years),
while it was 4.0 years between the second and the
third (t3) sample (minimum 1.3 years, maximum
7.7 years). Urine samples were shipped on dry ice to
the Hormone and Cancer Group, International
Agency for Research on Cancer (IARC) laboratory
for hormone analyses. On their arrival, samples were
re-aliquotted in 3 ml-aliquots and stored at )80 �C
until analysis. One aliquot was then used for the si-
multaneous measurements of T, ADIOL, E1 and E2,
and a second one for the measurement of 2(OH)-E
and 16a(OH)-E1.

Sex-steroid assays

T, ADIOL, E1 and E2
T, ADIOL, E1 and E2 were measured by radioim-
munoassay (RIA) after enzymatic hydrolysis, solid
phase extraction and high-performance liquid chro-
matography (HPLC) purification of the urinary
samples.

The method for hydrolysis and purification of
urinary sex-steroids has been described previously in
detail [17, 18]. In brief, 1 ml of acetate buffer
(pH ¼ 5.2) and 5.6 mg of Helix Pomatia powder
(Sigma-Aldrich Chimie, Lyon, France) were added to
a 2-ml sample of urine, and the samples were incu-
bated at 45 �C for 22 hour. After hydrolysis, the

samples were extracted by a C18 cartridge (LiChro-
lut, 500 mg) coupled to a NH2 cartridge (LiChrolut,
200 mg, Merck, Darmstadt, Germany). Sex-steroids
were eluted with 5 ml of acetonitrile through the
column assembly. The eluent was then dried at
37 �C, under a gentle stream of dry nitrogen. The
dried extract was then redissolved into 400 ll of 50%
ethanol solution, passed through a syringe filter and
then injected into an HPLC (100 ll) (1100 HPLC
Hewlett Packard model, equipped with a Spherisorb
S5 ODS2 column (Waters, Milford, USA), mobile
phase: linear gradient 90% water/10% acetonitrile,
to 100% acetonitrile in 25 min). Three different
fractions of the eluent were collected: between 15.5
and 16.2 min for E2, between 16.3 and 17.2 min for
E1 and T (which were eluted in the same fraction),
and between 17.3 and 18.3 for ADIOL. All the
fractions were dried under a gentle stream of nitro-
gen at 37 �C, and then redissolved in known quan-
tities of albumin buffer at pH 7.4 (albumin fract.5,
Merck).

Quantification of T, ADIOL, E1 and E2 concen-
trations was performed by RIA. Specific antibodies
for E2 and T were made by our laboratory (Dr Dé-
chaud, Service de Radioanalyse et Radiopharmacie,
Hôpital Neurocardiologique, Lyon, France), while
for E1 and ADIOL antibodies were purchased from
Sigma and P.A.R.I.S. (Compiegne, France). [3H]-la-
belled tracers of T, E2 and E1 were purchased from
Amersham Biosciences Europe (Orsay, France),
while for ADIOL they were purchased from Perkin-
Elmer (Courtaboeuf, France). Since E1 and T were
eluted in the same fractions, cross-reactivities of the
respective antibodies were tested, but were found to
be negligible (0.022% for anti-E1 vs. T, and of
0.0055% for anti-T vs. E1).

All measurements were done in duplicate, includ-
ing hydrolysis, solid phase extraction, HPLC and
RIA steps, and all samples collected from each sub-
ject were measured randomly in the same HPLC and
RIA analytical batch. Laboratory technicians were
blind to the time of sampling of the samples (t1, t2, or
t3). For quality control, two control samples con-
taining known amount of steroids were run through
all the analysis (from hydrolysis to RIA) in each
analytical batch. Intra-batch coefficients of variation
were 6.9% for E1 (at a concentration of 1900 ng/l),
4.7% for E2 (at a concentration of 530 ng/l), 9.3%
for ADIOL (at a concentration of 14,500 ng/l) and
6.7% for T (at a concentration of 2900 ng/l). Inter-
batch coefficients of variation were 16% for E1, 17%
for E2, 15% for ADIOL and 10% for T at the same
concentrations. The detection limits of the method
were 2.0 ng/100 ml for E1 and E2, 7.8 ng/100 ml for
ADIOL and 1.6 ng/100 ml for T.

Results were expressed as concentrations, in ng
analyte per litre. To correct for the variability in urine
dilution, creatinine was measured in each sample by
kinetic Jaffé reaction (Hitachi 717, Roche, Central
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Laboratory for Biochemistry, Hôpital de l’Antiqua-
ille, Lyon, France), and results were also expressed
per mg creatinine.

Recovery and surcharge tests for hormone con-
centrations within the post-menopausal range were
performed in duplicate for each hormone on three
different urine samples. The dilution tests were done
by diluting samples in cascade with urine from which
all sex steroids had first been removed by stripping by
solid phase extraction. For the surcharge recovery
tests, a fixed volume of stripped urine was loaded
with increasing, known quantities of each of the four
sex steroids. Mean recovery for surcharge tests were
101% for E1, 108% for E2, 100% for ADIOL and
104% for T. Mean recovery for dilution tests were
94% for E1, 104% for E2, 119% for ADIOL and
109% for T.

2(OH)-E and 16a(OH)-E1

2(OH)-E and 16a(OH)-E1 were measured by solid-
phase enzyme immunoassay (Estramet, Immuna
Care Corporation, Bethlehem, USA), and the ana-
lyses were performed according to the protocols from
the manufacturer. In brief, each urine sample was
hydrolysed by b-glucuronidase/aryl sulfatase in
acidic milieu, and was pipetted into microtiter plates
with high-affinity murine monoclonal antibody. The
enzyme alkaline phosphatase was linked to each es-
trogen metabolite, which was used for the competi-
tion with the standard or the analyte in the assay.
Plates were read at end point at 405 nm (paranitro-
phenyl phosphate as chromogen) by an automated
plate reader (Spectracount, Packard, Meriden, USA).
All the samples were assayed in triplicate, and sam-
ples collected from the same subject were measured
in the same analytical batch. The ratio between
2(OH)-E and 16a(OH)-E1 was calculated from the
averages of the triplicate measurements for each
sample.

Validity, reproducibility and detection limits of the
method have been published previously [19]. In our
study, intra-batch coefficients of variation were 10.9%
for 2(OH)-E and 12.7% for 16a(OH)-E1 for concen-
trations of 3500 ng/l, while inter-batch coefficients of
variation were 17.3 and 21.2% for 2(OH)-E and
16a(OH)-E1, respectively. For the ratio 2(OH)-E/
16a(OH)-E1, intra-batch coefficients of variation were
of 16.3% for a ratio of 1, while inter-batch coefficients
of variation were of 17.9%.

All hormone measurements were performed at the
laboratory for hormone analyses, Hormones and
Cancer Group, IARC (Lyon, France).

Immunoassays were performed using an automa-
ted liquid handling system (Multiprobe II, Packard)
with computer connections to a liquid scintillation
analyser (TRI-CARB 1900CA, Packard) and an UV-
reader (Spectracount, Packard).

Statistical analyses

Statistical analyses were performed using the SAS
statistical software package (SAS Institute Inc., Cary,
NC, USA). The natural logarithm was used for all
variables, to normalise their frequency distributions.
Statistical analyses included the calculation of geo-
metric means and confidence intervals, and calcula-
tion of correlation coefficients. Pearson correlations
were used to examine the correlations over time of T,
ADIOL, E1, E2, 2(OH)-E, 16a(OH)-E1 and the ratio
2(OH)-E/16a(OH)-E1, and were calculated by com-
puting average values from the three different points
in time (t1, t2 and t3) for each hormone and for each
subject. Within- and between-subject variations were
evaluated by computing intra-class correlation coef-
ficients (ICCs), from the following model:

y ¼ between-subjectþ within-subjectþ error ð1Þ

where y denotes the value obtained by the urinary
measurements of the hormones, and the terms on the
right hand side are random effects. This corresponds
to the variance decomposition:

Var½ y� ¼Var½between-subject�
þ Var½within-subject� þ Var½error�

Here Var[ y] represents the total variance of the
measurements, and Var[between-subject], Var[within-
subject] and Var[error] are the variances attributable
to the between-subjects variation, to within-subject
variation, the variation between the three different
points in time, and to random errors between the
replicates within the same subject and the same
sample (laboratory error), respectively. These vari-
ances were estimated by maximising the likelihood of
the random effect model of Equation (1), as repre-
sented by the SAS procedure mixed.

The within and between-sample ICCs were calcu-
lated as

ðVar½between-subject� þ Var½within-subject�Þ=
ðVar½between-subject� þ Var½within-subject�
þ Var½error�Þ

and

Var½between-subject�=ðVar½between-subject�
þ Var½within-subject� þ Var½error�Þ;

respectively.
For creatinine analyses, between-subject variations

were evaluated by computing ICCs, from the fol-
lowing model:

y ¼ between-subjectþ error ð2Þ

This corresponds to the variance decomposition:

Var½ y� ¼ Var½between-subject� þ Var½error�
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where Var[ y] represents the total variance of the
measurements, Var[between-subject] is the variance
attributable to the between-subject variations, and
Var[error] is the variation within a given subject in
the three different points in time.

These variances were estimated by maximising the
likelihood of the random effect model of Equation
(2), as represented by the SAS procedure mixed.

The between-sample ICC was defined as Var-
[within-subject]/(Var[within-subject] +Var [error]).

Calculations of hormone concentrations corrected
by creatinine were obtained by the ratio of hormone
concentration (expressed in ng/l) and of creatinine
concentrations (mg/l). The statistical significance of
mean changes in the hormone levels over time was
assessed by analysis of variance (ANOVA) (using
log-transformed variables). As the numbers of ob-
servations within the various blocks were not equal,
all analyses of variance were done by generalised
linear models, using the SAS statistical software
package.

All statistical tests and corresponding p values were
two-sided with 95% confidence intervals.

Results

Geometric means and confidence intervals for age,
body mass index (BMI), T, ADIOL, E1, E2, 2(OH)-E,

16a(OH)-E1, 2(OH)-E/16a(OH)-E1 ratios and creat-
inine are presented in Table 1. BMI did not change
significantly over time. Measurements for all hor-
mones were well above the detection limit of the assay
method, and absolute levels were found to be in the
range of those previously reported [2, 13, 19, 20]. A
trend towards decreased levels from t1 to t3 was
observed for all hormones, and for E1 and E2 these
trends were statistically significant (p < 0.05). The
ratio of 2(OH)-E/16a(OH)-E1 did not show any sig-
nificant variation over time. The correction for cre-
atinine values reduced the trend towards lower levels
over time, although the trends remained substantial
for E1 and E2 only (p < 0.05). Very similar results
were obtained by adjusting hormone levels for cre-
atinine concentrations by multivariate regression
analysis (data not shown).

Within-subject variance, error (laboratory repli-
cate) variance, and intra-class (ICCs) and Pearson’s
correlations over time are shown in Table 2. ICCs for
laboratory replicates were all above 0.93, indicating
good analytical reproducibility. Within-subject ICCs
ranged from 0.55 to 0.85 for T, ADIOL, E1 and E2,
but they were much lower for 2(OH)-E, 16a(OH)-E1

and their ratio (ICCs < 0.46). The adjustment of
results for creatinine levels did not substantially
change the ICCs for T, ADIOL, E1 and E2, but
slightly increased the ICCs for 2(OH)-E from 0.20 to
0.32, and decreased the ICCs observed for 16a(OH)-

Table 1. Age, BMI, and urinary hormones over time (geometric means and 95% confidence intervals, CI)a

t1b Mean (CI) t2 Mean (CI) t3 Mean (CI)
Annual change of hor-
mone levels (%) (CI)

Age (years)c 57.6 (49.2–65.7) 58.7 (50.3–67.0) 63.0 (53.4–73.5)
BMIc (kg/m2) 25.6 (18.3–34.5) 25.5 (19.1–33.7) 26.2 (19.8–35.9)

Hormones (ng/l)

T 1657.2 (1280.4–2144.8) 1546.7 (1209.8–1977.5) 1244.4 (973.3–1590.9) �5.59 (�9.27 to �1.6)
ADIOL 11,164.7 (8770.1–14,213.3)10,205.2 (8099.5–12858.5) 9974.9 (8182.0–11,870.6) �2.37 (�7.05 to 2.54)
Ed

2 316.3 (225.1–444.5) 225.3 (175.8–288.8) 187.9 (138.8–254.3) �9.31 (�14.51 to �3.79)

Ed
1 1478.3 (1136.2–1923.3) 1002.0 (796.7–1260.3) 939.7 (734.9–1201.5) �8.16 (�13.65 to �2.32)

2(OH)-E 4907.1 (4309.1–5588.0) 4633.0 (3940.7–5447.0) 4392.7 (3776.9–5109.1) �5.46 (�9.95 to �0.75)
16a(OH)-E1 3526.1 (3075.2–4043.2) 2699.9 (2289.2–3184.2) 2775.9 (2442.0–3155.4) �5.34 (�8.30 to 2.29)
Ratio 2(OH)-E/

16a(OH)-E

1.56 (1.39–1.74) 1.75 (1.57–1.96) 1.58 (1.38–1.82) 0.18 (�4.52 to 5.11)

Creatininee 654.5 (564.3–759.2) 578.2 (485.2–689.1) 551.2 (479.2–633.9) �4.80 (�8.48 to �0.98)

Hormones correc-
ted for creatinine

(ng hormone/mg
creatinie)

T 2.6 (2.1–3.1) 2.7 (2.1–3.3) 2.33 (1.9–2.9) �0.82 (�3.51 to 1.93)

ADIOL 17.3 (13.9–21.6) 17.65 (13.9–22.4) 18.74 (15.8–22.3) 2.29 (�3.22 to 8.10)
Ed

2 0.5 (0.4–0.6) 0.4 (0.3–0.5) 0.3 (0.3–0.4) �4.73 (�9.31 to 0.07)
Ed

2 2.3 (1.9–2.8) 1.7 (1.5–2.0) 1.7 (1.4–2.1) �3.62 (�7.52 to 0.45)
2(OH)-E 8.3 (7.3–9.6) 8.4 (7.5–9.6) 8.0 (7.1–9.1) �1.37 (�5.76 to 3.22)

16a(OH)-E1 5.5 (4.5–6.1) 4.8 (4.4–5.2) 5.1 (4.6–5.7) �0.35 (�3.97 to 2.78)

a n = 43 post-menopausal women; b t1, t2, t3 = timepoint 1, timepoint 2, timepoint 3; cmeans, minimum and maximum
based on arithmetic means; d statistically signifiant between t1 and t3 (p < 0:05); emg/l.
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E1, from 0.46 to 0.26. The ICC over time for creati-
nine was 0.46. For all the hormones, Pearson’s cor-
relation coefficients and ICCs were comparable. Since
Pearson’s correlation coefficients reflect the agree-
ment of reproducibility of hormone levels over time,
and ICCs reflects this tendency also on absolute scale,
this finding suggested that ICCs over time were not
underestimated because of the decline of hormone
concentrations due to ageing.

The cross-classification of subjects by tertiles of
hormone levels over time is presented in Table 3. To
evaluate the accuracy of subject classification by
hormone levels on the basis of only one biological
sample collection, subjects were classified into tertiles
(due to the small sample size). The values on the di-
agonal line represent the concordance between the
ranking of subjects according to the sample collected

in t1, and the ranking of subjects according to the
mean of samples collected in t2 and t3 (longer ex-
posure over time). For T (within-subject ICCs of
0.85), 81% of the subjects (34 on 42) were well clas-
sified (assuming the mean levels of t2 and t3 as re-
ference concentration). For the ratio of 2(OH)-E/
16a(OH)-E1 (ICCs = 0.18), only 42% of the subjects
(14 on 33) were correctly classified.

Discussion

We evaluated the reproducibility of urinary sex-ste-
roid concentrations over time in first-morning voids
from post-menopausal women, measuring T, ADI-
OL, E1 and E2 by RIA after enzymatic hydrolysis,
solid-phase extraction and HPLC purification of the

Table 2. Variance components, and intraclass and Pearson correlation coefficients (with 95% confidence intervals, CI) of
urinary sex steroids (values in italics are creatinine adjusted)

Hormone (ng/l) Var ‘subject’

Var
‘within-

subject’ Var ‘error’

Lab-Replicate

ICC (CI)

Within-subjects

ICC (CI)

Within-subjects
Pearson correla-
tions between t1

and t3 (CI)

T 0.59 0.09 0.01 0.98 (0.97–0.99) 0.85 (0.79–0.82) 0.84 (0.73–0.91)
0.42 0.06 0.01 0.98 (0.97–0.99) 0.86 (0.80–0.93) 0.89 (0.80–0.94)

ADIOL 0.32 0.22 0.04 0.93 (0.91–0.95) 0.55 (0.42–0.78) 0.37 (0.08–0.60)

0.32 0.22 0.04 0.93 (0.91–0.95) 0.55 (0.42–0.79) 0.41 (0.12–0.64)
E2 0.66 0.37 0.03 0.97 (0.96–0.98) 0.62 (0.50–0.83) 0.56 (0.30–0.74)

0.43 0.29 0.03 0.95 (0.93–0.97) 0.57 (0.44–0.81) 0.45 (0.18–0.66)

E1 0.42 0.26 0.02 0.96 (0.95–0.97) 0.59 (0.46–0.81) 0.54 (0.28–0.73)
0.23 0.13 0.02 0.94 (0.92–0.96) 0.60 (0.48–0.81) 0.49 (0.22–0.69)

2(OH)-E 0.04 0.16 0.03 0.96 (0.95–0.97) 0.20 (0.10–1.00) 0.20 ()0.15–0.51)
0.05 0.09 0.03 0.95 (0.94–0.96) 0.32 (0.19–0.91) 0.20 ()0.15–0.51)

16a(OH)-E1 0.10 0.11 0.03 0.96 (0.95–0.97) 0.46 (0.33–0.79) 0.56 (0.29–0.74)
0.03 0.07 0.03 0.92 (0.90–0.94) 0.26 (0.14–1.00) 0.35 (0.04–0.60)

Ratio 2(OH)-E/

16a(OH)-E1

0.03 0.11 0.03 0.93 (0.91–0.95) 0.18 (0.08–1.00) 0.09 ()0.26–0.41)

Creatinine 0.12 0.14 0.46 0.57 (0.32–0.74)

Table 3. Cross classification of subjects due to their urinary hormone levels: first urine sample by the mean of the second

and the third

Testosterone (n = 42)
Tertile for mean of sample 2 and 3

1 2 3
Tertile for sample 1 1 11 3 0 14

2 3 10 1 14

3 0 1 13 14
14 14 14

Ratio 2(OH)-E/16a(OH)-E1 (n = 33)a Tertile for mean of sample 2 and 3

1 2 3
Tertile for sample 1 1 5 3 2 10

2 2 4 4 10

3 4 4 5 13
11 11 11

Values on the diagonal line represent concordance between sample in t1 and the mean of samples in t2 and t3.
aNine women were missing one value of either 2(OH)-E or 16a(OH)-E1 and were therefore excluded from the analyses.
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samples, and 2(OH)-E and 16a(OH)-E1 by solid-
phase enzyme immunoassay. Reproducibility over
time was found to be good for T, reasonably high for
ADIOL, E1 and E2, but low for 2(OH)-E, 16a(OH)-
E1 and the ratio of 2(OH)-E/16a(OH)-E1.

For all hormones, there was a trend toward lower
concentrations with time, possibly reflecting de-
creased production with age [21]. In fact, the lowest
concentrations of hormones were found at t3 (be-
tween 2.2 and 8.8 years after t1), the time point at
which women were the oldest, and further in time
from the start of menopausal status. The decrease in
hormone levels was higher for E1 and E2 than for the
other hormones, while the ratio between 2(OH)-E
and 16a(OH)-E1 remained constant over time. The
decrease in estrogens was far greater than the de-
crease in creatinine, and persisted after adjustment
for creatinine. This suggests that this hormone de-
crease was not due to changes in urine volumes.

The trend toward lower concentrations over time
(before and after the adjustment for creatinine values,
for almost all hormones) suggested that there were
probably no major problems of sex steroid degrada-
tion with storage, since the samples that were stored
the longest had the highest concentrations. This
confirms previous observations for T, E1 and E2 [22,
23]. Our study also showed that 2(OH)-E and
16a(OH)-E1 were stable enough to be measured in
urine samples stored at )20 �C for more 25 years
without any added preserving agents. Absolute values
in the frozen samples were not different from those in
fresh urine samples from post-menopausal women
(average data within ‘‘normal’’ post-menopausal
range on fresh urine samples were provided by the kit
manufacturer), or in urine samples that were stored
for much shorter periods of time, measured with the
same method [8, 24–26]. The apparent stability of
hormones during storage time, even at a temperature
of )20 �C, may be an important issue for prospective
epidemiological studies in which biological samples
are stored frozen over many years.

To our knowledge, only one study has been pub-
lished so far on the reproducibility of urinary sex
steroid measurements over time in post-menopausal
women [15]. In this previous study, 60 women who
participated as controls in a case–control study were
invited to give a second 24-hour urine sample
approximately 1 year after the first sample. For post-
menopausal women, Pearson’s correlation coeffi-
cients were found to be 0.41 for T and 0.57 for
ADIOL. In our study we found within-subject ICCs
of 0.85 for T and 0.55 for ADIOL for measurements
over time, despite the fact that our measurements
were performed on first-morning voids, rather than
on 24-hour urine samples, and despite the longer time
intervals between samples. Two other studies have
reported the reproducibility of urinary hormones
over time, but they focused only on estrogen metab-
olites in pre-menopausal women [14, 27]. Over a 1-

year interval, ICCs in the luteal phase were found to
range from 0.56 for 16(OH)-E1 to 0.71 for the ratio
between the two metabolites [14], and over a 2-month
interval, correlations were found to be even higher
[27]. In our study, ICCs over-time for estrogen me-
tabolites in post-menopausal women were not satis-
factory. This could have different explanations. First,
measurements of estrogens metabolites in urine
samples from post-menopausal women could be
problematic, since absolute levels are lower compared
to levels found in pre-menopausal women [19, 26].
Second, the time interval between the urine samples
in our study was longer than in the previous studies
(between 0.9 and 7.7 years). Third, the ratio between
2(OH)-E and 16a(OH)-E1 could be influenced by
changes in diet [28, 29] and smoking habit [30], fac-
tors that could easily vary over a long period of time.
Furthermore, the width of the confidence intervals
of ICCs and Pearson’s correlation coefficients for
2(OH)-E, 16a(OH)-E1 and their ratio could suggest
that the power of the study is rather limited for those
hormones.

Urine collection over 24-hours is known to be the
best option to accurately determine a woman’s daily
hormone excretion [31], but in practice this kind of
collection represents a heavy burden for study par-
ticipants. First-morning voids or overnight collec-
tions can be obtained more easily, but may decrease
somewhat the reliability of measurements. Most of
the studies published on hormone measurements in
overnight urine samples or first morning voids use
creatinine measurements to adjust for dilution errors
[32, 33]. Some papers have questioned whether such
creatinine adjustments will actually reduce, or rather
increase, measurement errors [34–36]. Creatinine ex-
cretion can vary depending on muscle mass, physical
exercise, diet and age [35, 37] of the subjects. In ad-
dition, creatinine measurements are subjected to
methodological errors as are any other measure-
ments. In our study, the adjustment for creatinine did
not substantially change the ICCs of hormones over
time. Creatinine ICC over time was only 0.46. Since
creatinine is an index of lean body mass [38], this low
ICC could be due to variation in the loss of lean body
tissue during aging.

In conclusion, the classification of T, ADIOL, E1

and E2 concentrations in first morning urine samples
from post-menopausal women appeared to be quite
reproducible over time. Reproducibility of 2(OH)-E
and 16a(OH)-E1 and the ratio of 2(OH)-E/16a(OH)-
E1, on the other hand, appeared to be very low over a
long period of time. Thus, urinary measurements of
sex-steroids by RIA after sample purification appears
to be an appropriate alternative to serum measure-
ments in epidemiological studies, as a non-invasive
method easy-to-apply on a large scale. The high
variability of 2(OH)-E and 16a(OH)-E1, however,
suggests that one urine sample may not be represen-
tative of these metabolites over time.
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