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background: The UNDP/WHO/World Bank/Special Programme of Research, Development and Research Training in Human
Reproduction (Geneva) set up a study to determine whether it is feasible for women to monitor their ovarian activity reliably by home
testing. Daily self-monitoring of urinary hormone metabolites for menstrual cycle assessment was evaluated by comparison of results
obtained with the Home Ovarian Monitor by untrained users both at home and in study centres.

methods: Women collected daily data for urinary estrone glucuronide (E1G) and pregnanediol glucuronide (PdG) for two cycles, then
the procedure was repeated in the women’s local centre (in Chile, Australia or New Zealand) giving a total of 113 duplicate cycles. The tests
were performed without the benefit of replicates or quality controls. The home and centre cycles were normalized and compared to identify
assay errors, and the resulting home and centre menstrual cycle profiles were averaged.

results: Reliable mean cycle profiles were obtained with the home and centre excretion rates agreeing to within 36+21 nmol/24 h for
E1G and 0.77+0.28 mmol/24 h for baseline PdG values (1–5 mmol/24 h). The cycles had a mean length of 28.1+ 3.1 days (n ¼ 112; 5th
and 95th percentiles: 24 and 35 days, respectively), a mean follicular phase of 14.8+3.1 days (n ¼ 107; 5th and 95th percentiles: 11 and 21
days) and a mean luteal phase length of 13.3+1.5 days (n ¼ 106; 5th and 95th percentiles: 11 and 17 days), calculated from the day of the
LH peak.

conclusions: The study confirmed that the Ovarian Monitor pre-coated assay tubes worked well even in the hands of lay users,
without standard curves, quality controls or replicates. Point-of-care monitoring to give reliable fertility data is feasible.
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Introduction
The Ovarian Monitor is a device developed to measure estrone glu-
curonide (E1G) and pregnanediol glucuronide (PdG) in urine
samples, using pre-coated assay tubes in a home or in a point-of-care
setting. The assays utilize the principle of a homogeneous enzyme

immunoassay (Brown et al., 1988, 1989, 1991; Blackwell et al.,
2003) in which an antibody to a ligand specifically inhibits the
enzyme activity of an enzyme–ligand conjugate. Knowledge of E1G
and PdG excretion rates allows identification of the fertile window
(Blackwell and Brown, 1992; Blackwell et al., 1998) and also differenti-
ates between ovulatory fertile cycles and other cycle variants (Brown,
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2011). Ovarian activity can change abruptly within a 24 h period, with
profound consequences; thus a device that allows daily monitoring of
hormone levels non-invasively is needed to monitor the ovarian cycle.

In its search for reliable systems that women can operate them-
selves to monitor their ovarian activity, the UNDP/WHO/World
Bank/Special Programme of Research, Development and Research
Training in Human Reproduction (Geneva) set up a study, at three
locations (Santiago, Chile; Sydney, Australia and Palmerston North,
New Zealand), to determine whether the home Ovarian Monitor
was suitable for this purpose. The first part of this study involved a
comparison of Monitor results with corresponding laboratory radio-
immunoassay results, performed with quality controls, standard
curves and replicates. The data for both assays were determined by
trained personnel in a London laboratory (Blackwell et al., 2003) for
the same urine samples from 20 cycles provided by women at the
study locations. The conclusion was that the Monitor pre-coated
tube assays produced quantitative results that were as accurate as
the laboratory assays at the levels encountered during the ovulatory
cycle. The timing of the pre-ovulatory E1G peak and the post-
ovulatory PdG rise (Blackwell et al., 1998), agreed within experimental
error between the Monitor and RIA systems.

The objective of the present study is to test, under controlled con-
ditions, the hypothesis that the Ovarian Monitor pre-coated assay
tubes also give reliable results for menstrual cycle assessment when
carried out by lay users in the home or in a study centre, as single
measurement assays, without the benefit of assay replicates, standard
curves or quality controls. To test this hypothesis, we compared the
shapes of 113 menstrual cycle profiles obtained by the participants
using the Monitor at home, with those duplicated by lay users for
the same urine samples in the study centre, at each of the three loca-
tions. If the Monitor results obtained by the home users are reliable,
the individual home and centre profiles for both the E1G and PdG
excretion rates, after normalization, should be identical within the
experimental error. Agreement of the profiles would therefore
demonstrate the reliability of the data obtained as single measurement
assays at home, and disagreements would identify any assay errors.

Materials and Methods

Study protocols
Women using a recognized method of natural family planning were
recruited at each of three locations (Palmerston North, New Zealand;
Santiago, Chile; Sydney, Australia). A description of these women has
been given previously (Blackwell et al., 2003); the main recruitment criter-
ion was that they were ovulating as judged by a history of regular (20–40
days) menstrual cycles and ovulatory patterns of cervical mucus produc-
tion and/or basal body temperature, for the previous three cycles. All par-
ticipants signed an informed consent form approved by WHO before
entering this study (#90905). Protocols were conducted in accordance
with the WHO ethical guidelines for research involving human subjects.
After initial instructions on how to use the Ovarian Monitor pre-coated
assay tubes that were produced by St Michael’s Research Foundation
(Melbourne, Australia), the women collected daily urine specimens for
periods of at least 3 h and at any convenient time of the day as described
in detail previously (Cooke et al., 2007). For the 10 days around the
expected time of ovulation, �3 ml of urine was taken for laboratory ana-
lysis of LH before the bulk sample was diluted to 150 ml/h. The variations

in hormone concentration due to changes in urine volume production are
compensated for by time-dilution of all samples to a constant volume of
150 ml/h (Brown et al., 1988, 1989, 1991; Blackwell et al., 2003; Cooke
et al., 2007), and expressing the results as excretion rates (amount
excreted per unit time). The women (n ¼ 62) measured their E1G and
PdG levels each day at home on their freshly collected and time-diluted
samples using the pre-coated assay tubes for two complete menstrual
cycles to give a total of 113 cycles. Their Monitor data were recorded
as transmission change (DT ¼ Tt 2 To), where To is the transmission of
the substrate solution at time ¼ 0 and Tt is the transmission after the clear-
ing reaction has run for t minutes (Blackwell et al., 2003), and are referred
to simply as Monitor readings, DT/20 min for the E1G assay and DT/5 min
for the PdG assay. A longer time period was necessary for the E1G assay
since the urinary E1G excretion rates are much lower than the PdG excre-
tion rates. The women froze aliquots of these urines immediately in plastic
tubes containing boric acid as a preservative (Blackwell et al., 2003).

Aliquots of the daily samples from each woman were sent to the appro-
priate centres and re-analysed also using pre-coated assay tubes. The
study centre repeat analyses were carried out by lay operators who had
no previous experience with the use of the Monitor and who were
given the same training in its use as the study participants received.
These tubes were usually from a different batch to those used by the
women at home, and since the urine samples were presented to each
centre only at the end of each cycle, a version of the Monitor test was
used, which included a heating block for simultaneous analysis of multiple
samples, allowing the cycle to be analysed in a few runs (Blackwell et al.,
2003). The study coordinators at the Palmerston North and Sydney
centres had some previous experience with the Ovarian Monitor and
taught the lay users to operate it and to use the pre-coated assay
tubes; however, the centre at the Santiago location successfully established
the Monitor system and taught the lay users based solely on written
instructions.

Assay methods
The details of the pre-coated tube assays are given in full in part I of this
series (Blackwell et al., 2003). The sensitivities of the assays are set to
include the most important ranges of values required to identify the cyc-
lical periods of fertility and infertility during the human ovulatory cycle
(Blackwell et al., 2003). Urine samples giving a Monitor reading (transmis-
sion change) .300 for either the E1G or the PdG pre-coated assay should
have been diluted and re-analysed according to the study protocols, but
this was rarely carried out.

Data analysis
Identification of one day spikes and troughs in the Monitor readings
A computer database program was constructed to read the data file pro-
vided by the UNDP/WHO/World Bank/Special Programme of Research,
Development and Research Training in Human Reproduction (Geneva).
The program was used to display the cycles individually and process the
data, including identifying the cycles with one day spikes or troughs in
metabolite concentrations. To identify the one day spikes and troughs, a
standard normal variate transformation (Krieg et al., 1999; Cooke et al.,
2007) was carried out on the Monitor readings first. This was necessary
because the women at home and the operators in the local centre
were not using standard curves to transform their Monitor readings into
excretion rates. Since they were using different batches of pre-coated
assay tubes, the ranges of the Monitor readings could differ considerably.
The menstrual cycle profiles were normalized individually by subtracting
the mean value for the complete cycle profile from each daily Monitor
reading for the cycle and dividing the result by the standard deviation
for the cycle (Cooke et al., 2007). The normalized profiles for each
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cycle should then overlap closely day to day, since the same urine samples
were being analysed by both operators. Thus, one day spikes and troughs
in either the home or centre values for a day were easily recognized. An
individual day was flagged as a potential spike day if the normalized daily
difference (value on dayn–value on dayn – 1) in either the home or centre
data were one or more standard deviations above the normalized
values for the two flanking days. If the daily difference within either a
home or centre profile was one or more standard deviations less than
the values for both of the two flanking days, a potential trough day was
flagged. To be accepted as a true one day spike or trough day, the abso-
lute value for the normalized differences on a flagged day between the nor-
malized home and centre results also had to be equal to or greater than
1SD. The corresponding non-flagged home or centre value was accepted
as the valid raw result. A measure of the closeness of the fit between the
normalized home and centre menstrual cycle profiles after removal of the
one day spike or trough values for each cycle at each location was calcu-
lated as

p
(
∑

d2/n), the root mean square (RMS) of the normalized home-
centre daily differences (d) where n is the number of days.

Calculation of average daily hormone excretion rates
The computer program counted and removed the values that were one
day spikes and troughs from further calculation and then converted the
remaining valid Monitor readings into the corresponding E1G and PdG
hormone excretion rates. This was done independently for both the
home and centre menstrual cycle profiles for each cycle day, by interpol-
ation from a Boltzman sigmoidal fit (Blackwell et al., 2003) to the appro-
priate standard curve provided with each batch of pre-coated assay tubes
from Melbourne. The E1G excretion rates were expressed as nmol/24 h
and for the PdG excretion rates the units were mmol/24 h. These derived
excretion rates can be converted into more familiar nmol/l and mmol/l by
division by 3.6, the number of litres of urine that would be collected in
24 h at a rate of 150 ml/h. It should be noted however that the actual
urine collections were not 24 h collections. The minimum collection
time was 3 h and most of the urine collections were between 3 and
10 h. Finally, the valid home and centre E1G and PdG pairs of excretion
rate data for each cycle day were compared, and the mean daily differ-
ences were calculated for the complete cycle. A measure of the typical dif-
ference (S) for a cycle between the home and centre operators was
calculated as S ¼

p
(
∑

d2/2n), where d is the difference between the
home and centre excretion rate for each cycle day and n is the number
of pairs of home-centre data in the cycle. Any pair of values in a cycle
for which d ≥2.8S (or �2

p
2S) implies, with a probability of �95% (Sne-

decor and Cochran, 1989), that at least one of the values is an outlier.
Thus, that pair of home and centre values could not be used to give an
average for that cycle day. The remaining valid pairs of values were aver-
aged to give the mean E1G and PdG excretion rates for each cycle day,
and finally the average daily results for each cycle were displayed graphic-
ally. The range of valid excretion rates for E1G was 20–750 nmol/24 h
and for PdG it was 1–36 mmol/24 h.

Definition of cycle parameters
The first/pre-ovulatory E1G rise day following menses was determined by
eye as the first day that the E1G excretion rate increased significantly
above preceding values by .50 nmol/24 h. The rise was also part of at
least three consecutive rising values. The ovulatory E1G peak day was
the last day of elevated E1G values before a sharp fall that preceded the
post-ovulatory rise in the PdG excretion rate. Note that the first and pre-
ovulatory rise days are the same if there are no early E1G peaks. The early
E1G peaks are defined by Alliende (2002). The day of the PdG threshold
(Blackwell et al., 1998, 2003) was the day that the PdG value was
≥7.0 mmol/24 h. Because we observed multiple LH peaks in the data,

sometimes it was necessary to choose the correct LH peak day by its
proximity to the E1G peak day and its occurrence prior to the post-
ovulatory rise in PdG values. Therefore, the LH peak day was defined
as the day with the highest LH value close to the E1G peak day and on,
or before, the first significant increase in PdG excretion rate. The follicular
phase is the number of days from the first day of bleeding to the day of the
LH peak inclusive. The luteal phase is the number of days following the LH
peak to the day before the commencement of menses for the next cycle.

Statistical methods
The arithmetic means and standard deviations for n values of parameters
such as the follicular phase, luteal phase and cycle lengths, the RMS values,
DT values and excretion rates were all calculated by the column statistics
package of Graphpad Prism, version 5. Statistical significance was calcu-
lated by comparison of pairs of means and standard deviations using the
unpaired t-test package of Prism, which yielded a two-tailed P-value in
each case. The significance of the percentage of errors encountered by
the Monitor users, between home and centre in each location, and
between locations, was assessed by a x2 calculation using the CHITEST
function of Excel. The means and standard deviations used to construct
the composite E1G, PdG and LH profiles were calculated by the computer
database program for each cycle day when all of the cycles were aligned in
columns according to the E1G peak day.

Results

Initial data screening
An example of the normalization procedure to identify the valid pairs
of raw home and centre data produced by the lay users is shown for
the E1G values for the first cycle from a participant from Santiago
(Fig. 1A; 500 4S). The mean Monitor reading for the pre-coated
assay tubes used at home was 245+ 46 DT/20 min for the complete
cycle and, for the pre-coated assay tubes used in the Santiago centre,
the corresponding cycle mean was significantly less (168+52 DT/
20 min). Using these statistical values, the daily data for the two men-
strual cycle profiles (home and centre) were normalized (Krieg et al.,
1999; Cooke et al., 2007) and plotted (Fig. 1A). Three 1 day troughs in
the normalized E1G values were seen clearly by visual inspection and
flagged by the computer program, one occurring in the home data
(Day 13) and two in the centre data (Days 9 and 23). It should be
noted that for each flagged day, the corresponding home or centre
partner value was not a spike or trough (Fig. 1A) but fitted in with
the trend of the neighbouring values. The absolute difference
between the flagged normalized values in one profile and their non-
flagged partners in the other for each of these 3 days was greater
than 1SD. Thus, they were all confirmed as measurement errors—
one day trough days in this case. The three tagged normalized one
day trough values were counted and removed to give the overlapping
normalized menstrual cycle profiles shown in Fig. 1B. The RMS value
of the differences for these two profiles was 0.63.

A similar analysis was applied to the PdG data, and examples are
given for the second cycle from participant 22G from Sydney
(Fig. 2A) and the first cycle from participant 23B from Palmerston
North (Fig. 2B). In each case, the two normalized menstrual cycle pro-
files were identical within experimental error as reflected in their low
RMS values (0.19 and 0.22, respectively), and no one day spike or
trough days were identified in either cycle. The excellent agreement
between the home and centre normalized profiles for all of the PdG
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data was similar to that shown in Fig. 2A and B irrespective of the
study location. Similar analyses of the total E1G and PdG data for
one day spikes and troughs was carried out for all cycles over the
three study locations.

Comparison of home and centre Monitor
readings
The total number of individual Monitor readings removed from each
cycle for E1G and PdG as tube or operator faults for both the
home and centre data is given in Table I for each location and
overall. Overall, 4.9% of the E1G values measured by the women at
home were classified as either one day spikes or troughs and hence
removed from the calculations. For the data repeated in the local
centres with different batches of pre-coated assay tubes, the

comparable overall figure was 4.0% of the E1G values, which was
not significantly different (P ¼ 0.091). There was no significant differ-
ence between the percentages of one day spikes and troughs in the
data collected at home for the three study locations (all P . 0.05).
However, for the centre comparisons, although there was no differ-
ence (P ¼ 0.328) between Santiago (4.8%) and Sydney (5.8%) for
the E1G values, the Palmerston North centre E1G data had a much
lower percentage (1.7%) of one day spikes or troughs than either
(Table I; versus Santiago, P ≤ 0.0001; versus Sydney, P ≤ 0.0001).
This was also true when the Palmerston North home data were com-
pared with its corresponding centre data (Table I; P ≤ 0.0001). A
similar analysis was carried out for the PdG results, and overall only
1.5% of the pre-coated assay tubes used at home in all locations
and 1.1% of the tubes used in the study centres at all locations pro-
duced either one day spikes or troughs. This difference was not stat-
istically significant (P ¼ 0.107). There were no significant differences
between the home and centre data for Santiago (P ¼ 0.760) and

Figure 1 (A) Normalized menstrual cycle E1G profiles using
subject’s raw data for the first cycle from participant 500 4S from San-
tiago (DT/20 min, solid line) and the corresponding centre data (D/
20 min, broken line). Normalization was carried out as described in
the text (Y ¼ value, ,Y. ¼ mean value and SD ¼ standard devi-
ation). (B) The same data after removal of three troughs, one in
the home data and two in the centre data.

Figure 2 (A) Comparison of normalized PdG menstrual cycle pro-
files for the second cycle of participant 1495 22G from Sydney con-
structed from the subject’s raw data (DT/5 min, solid lines) and the
centre repeats (DT/5 min, broken line). (B) Comparison of normalized
PdG menstrual cycle profiles for the first cycle of participant 1830 23B
from Palmerston North constructed from the woman’s raw data
(DT/5 min, solid lines) and the centre repeats (DT/5 min, broken line).
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Sydney (P ¼ 0.807), but the Palmerston North centre data were sig-
nificantly better than the corresponding home data (P ¼ 0.004). It
should be noted that the spike and trough days identified in the
home data were necessarily different from the days identified by the
centre operators for the same samples, even though the percentages
were similar.

The mean RMS values for overlap of the E1G and PdG menstrual
cycle profiles resulting from the home-centre comparisons for the
three locations individually and combined are given in Table II. The
agreement between the home and centre profiles after removal of
the one day spikes and troughs was similar for Sydney and Santiago
for both E1G (P ¼ 0.16) and PdG (P ¼ 0.07). However, the Palmer-
ston North home and centre profiles agreed slightly better as
shown by significantly lower RMS values for both E1G (versus
Santiago, P ¼ 0.016; versus Sydney, P ¼ 0.0003) and PdG (versus
Santiago, P ¼ 0.0001; versus Sydney, P ¼ 0.0056).

Average E1G and PdG hormone excretion
rates for the menstrual cycle profiles
An analysis of the differences between the duplicate pairs of calculated
excretion rates for E1G and PdG (S) identified an extra 35 pairs of
data points out of a total of 3037 (1.2%) where the difference was
greater than 2.8S. Visual inspection of the home and centre excretion
rate menstrual cycle profiles showed that the excretion rate of the pair
of values that caused the high difference occurred 21 times in the
home results and 14 times in the local centre duplicates. The 21
aberrant home values consisted of 15 E1G excretion rates and 6
PdG excretion rates. For the centre data, nine were E1G excretion
rates and five were PdG excretion rates. Of the 24 total aberrant
E1G excretion rates, 17 were due to high values that were calculated
for the E1G peak day, 3 were due to one value being lower than the
assay limit in the peri-ovulatory period and 4 were due to a high value
occurring in the luteal phase. For the 11 aberrant PdG pairs, 3 had one
of the duplicates with a low excretion rate, 7 had one of the pair with
a high excretion rate in the mid-luteal phase and 1 was part of a cycle
with poor PdG data. The high E1G excretion rates on the estrogen
peak day and the high PdG excretion rates in the mid-luteal phase
were accepted as valid duplicates. An example average cycle is given
in Fig. 3A for the E1G excretion rate data calculated from the
Monitor readings for the first cycle from participant 500 4S from the
Chilean centre (Fig. 1B), together with the corresponding mean PdG
excretion rates calculated for this cycle.

Composite average cycle profiles
Figure 3B shows the composite E1G, LH and PdG profiles drawn from
the daily average home and centre excretion rates for each hormone
calculated from the 112 cycles averaged and aligned relative to the LH
peak day as day zero. (The cycle from a woman who became pregnant
during the study was not included in this calculation.) The first E1G rise
day, which marks the beginning of the fertile period (Blackwell and
Brown, 1992), was Day 25 when calculated from the increase in
E1G excretion rate 2 SDs above the mean baseline period (165+
8.5 nmol/24 h for Days 212 to 26). The mean E1G peak day (as
defined in methods and shown in Fig. 3A) coincided with the mean
LH peak day, and the mean peak values were 327+107 nmol/24 h
and 39.5+ 39.5 mIU/ml, respectively. For the PdG data, following
an initial period of declining PdG values (Days 216 to 210), the
mean baseline excretion rate (Days 29 to 21) was 3.33+
0.05 mmol/24 h. The mean first rise in PdG levels above this follicular
phase baseline was clearly discernible by eye on Day 0. The PdG
threshold value of 7.0 mmol/24 h (Blackwell et al., 1998) was
exceeded on Day +3 when the mean value was 10.1+6.0 mmol/
24 h, and the mid-luteal phase maximum PdG value was on Day
+7 (17.8+ 7.2 mmol/24 h). The mean fertile window, defined as
the number of days from the first rise in E1G excretion rate to the
day before the PdG threshold day inclusive, therefore lasted for 8
days beginning on Day 25 and finishing on Day +2.

Mean lengths of cycle phases
Excluding the one pregnancy cycle (n ¼ 112), the average length of the
cycles for the population of averaged E1G and PdG menstrual cycle
profiles was 28.1+3.1 days and the 5th and 95th percentiles for
the menstrual cycle length were 24 and 35 days, respectively. The

........................................................................................

........................................................................................

Table II Summary of RMS differences between home
and study centre menstrual cycle profiles.

Mean RMS difference between home and centre DT data (n)

Location E1G PdG

Santiago 0.89+0.21 (39) 0.58+0.20 (39)

Sydney 0.96+0.22 (35) 0.50+0.17 (35)

Palmerston North 0.77+0.22 (39) 0.40+0.13 (39)

All locations 0.89+0.23 (113) 0.51+0.19 (113)

................................ ................................

........................................................................................

Table I Summary of the number of one day spikes and
troughs in the home and centre data removed for the
113 cycles.

Study
location
home or
centre

E1G PdG

No. of
assays

No. of spike
or trough
days
removed (%)

No. of
assays

No. of spike
or trough
days
removed (%)

Santiago

Home 1018 53 (5.21) 1018 24 (2.36)

Centre 1020 49 (4.80) 1020 22 (2.16)

Sydney

Home 929 45 (4.84) 922 9 (0.98)

Centre 932 54 (5.79) 922 8 (0.87)

Palmerston North

Home 1086 51 (4.70) 1086 13 (1.20)

Centre 1085 18 (1.66) 1085 2 (0.18)

Total

Home 3033 149 (4.91) 3026 46 (1.52)

Centre 3037 121 (3.98) 3036 32 (1.06)
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mean day of the LH peak and the length of the follicular phase was
14.8+3.1 days (n ¼ 107; 5th and 95th percentiles: 11 and 21 days,
respectively). The mean length of the luteal phase was 13.3+1.5
days (n ¼ 106; 5th and 95th percentiles: 11 and 17 days, respectively),
and the mean day of the E1G peak was 14.5+3.2 days (n ¼ 113; 5th
and 95th percentiles: 10 and 20, days respectively).

Agreement of key parameters between the
home and centre duplicates
The difference between the home and centre results (home value
minus centre value) for the pre-ovulatory rise day agreed to within
20.12+0.90 days (n ¼ 113), the E1G peak days agreed to within
20.03+0.85 days (n ¼ 113) and the PdG threshold days agreed to
within 0.15+ 0.99 days (n ¼ 111). The negative sign indicates that
the home results were ahead of the centre results. For the pre-
ovulatory E1G rise day, 102/113 cycles (90.3%) agreed to within
one day and the remaining 11 (9.7%) agreed to within 2 days. For

the E1G peak day, 104/113 cycles (92%) agreed within one day
while the remaining nine (8%) agreed to within 2 days. The PdG
threshold day agreed to within one day for 98/111 cycles (88.3%).
Of the remaining 11.7%, 9% (10/111) agreed to within 2 days and
the last 2.7% agreed to within 3 days (3/111).

Discussion
The previous study (Blackwell et al., 2003) showed that trained techni-
cians using the pre-coated assay tubes could get clinically useful
information on the women’s menstrual cycles that was as accurate as
that obtained by laboratory procedures. The present study confirmed
that the Ovarian Monitor assay with pre-coated tubes worked well in
the hands of lay users even without standard curves, quality controls
or replicates. These were demanding conditions, but the assay was
nevertheless suitable for home use, and valuable clinical information
was obtained without significant degradation of the data compared
with the trained technicians. Better performance of the tests was rou-
tinely obtained in the Palmerston North centre, where there was previ-
ous experience with the pre-coated assay tubes, and where repeat
assays were carried out according to the study protocol. This suggested
that an experienced supervisor is desirable at all stages of the application.

No reference assay was available to confirm the accuracy of the
cycle profiles in this study. In a standard laboratory immunoassay,
errors (or outliers) always occur but these are recognized by using
replicates (usually three or four) for each sample. This strategy is
not possible with a home test using singletons. Thus, to assess the per-
formance of the pre-coated assay tubes in the hands of both sets of lay
users, the following assumptions were made:

(i) the ovary is not an erratic organ and therefore, one day spikes or
troughs in the data are not physiological;

(ii) an aberrant value (a one day spike or a trough) in a home assay
result not duplicated in the corresponding centre data for the
same urine sample means the home datum is a measurement
error, and vice versa;

(iii) the relatively smooth menstrual cycle profiles are unique for each
cycle and must be the same within experimental error irrespect-
ive of the operator or the batch of pre-coated assay tubes and

(iv) the home and centre excretion rates for each location and each
analyte should be the same after conversion of the data, thus
they should be duplicates and may be averaged.

Application of these principles to the normalized daily data as described
here resulted in easy identification of the one day spikes and troughs by
overlap of the home and centre profiles. After removal of the aberrant
values, a good agreement between the home and centre profiles was
obtained, within experimental error, for both E1G and PdG (as shown
in Fig. 1B and Fig. 2A and B). The greater RMS values for the E1G profiles
reflect the facts that the excretion rates for E1G are approximately
20–100 times smaller than for PdG, and also that the differences
between E1G excretion rates in the follicular phase are only �40%
per day (Brown, 2011), which is close to the stated coefficient of
variation of 15% (Blackwell et al., 2003) for the E1G assay.

However, it was noteworthy that the normalized PdG profiles
showed better agreement than the E1G profiles for the whole study
irrespective of the operator (see Fig. 2 and Table II). This was also
reflected in the lower percentage of one day spikes and troughs for

Figure 3 (A) Mean of the home and study centre E1G (nmol/
24 h) and PdG (mmol/24 h) excretion rates for the first cycle of par-
ticipant 500 4S from Santiago after conversion with the appropriate
standard curves and removal of one day spikes and troughs in the
data. Closed circles ¼ E1G data; open circles ¼ PdG data. (B) Com-
posite cycle for the 112 mean cycle profiles. The E1G (nmole/24 h;
solid line) and PdG (mmol/24 h; broken line) data are the means of
the home and centre hormone excretion rates. The dotted line is
the composite profile for the LH peak for all of the cycles.
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the PdG assays with home use and in all centres (Table I) highlighting
the robustness and value of the PdG assay. The greater variability
in the shapes of the E1G profiles compared with the PdG profiles is
consistent with data on variability of follicular growth patterns and
the associated hormone production (Gore et al., 1995; Baerwald
et al., 2003a,b; Santoro et al., 2003). As the low percentage of aber-
rant values overall was similar to that encountered previously (1–5%)
with the laboratory-trained users (Blackwell et al., 2003), this implied
that the home and centre lay users were successfully performing the
assays according to the protocols of the study. It also implies that
the one day spikes and troughs originated from faulty tube production
and are not due to the operators.

Removal of the one day spikes and troughs from the Monitor read-
ings before conversion to excretion rates did not prevent a few pairs
of the calculated home and centre values differing by more than
expected on the basis of the experimental variation. Most of these
extra discrepancies were the result of one of the Monitor readings
being outside the working range of the assays (,50 or .300). The
high E1G values mostly occurred during the rising values that made
up the ovulatory peak and in fact defined the ovulatory E1G peak
day. These values were accepted because even if the actual values
for the average excretion rate were uncertain, they were peak
values and were definitely high. The same was true for the few high
mid-luteal phase PdG values. Even though repeat assays were not
done routinely in this study, the one day spikes and troughs in the
data could be recognized easily by the users, since consecutive daily
measurements were being taken. Thus, in home use any spike or
trough can be identified and repeated at the time. Although undesir-
able, this level of repeats has not proved to be an obstacle to the
use of the system (Brown et al., 1991; Cavero, 1995).

The agreement found in the timings of the key cycle parameters
(the first E1G rise day, the ovulatory E1G peak day and the PdG
threshold day) for the valid home and centre data when analysed sep-
arately was remarkable, generally being the same to within one day.
This agreement is an important criterion of the accuracy of the
results being obtained. Clearly, if the day a given event occurred in
both the home and the centre data was within a day, then confidence
could be placed on the average results (e.g. the day of the early E1G
peak and the E1G peak day in Fig. 3A). For each parameter, this was
true for nearly all of the averaged cycles. For the whole study, the
average RMS of the differences between the duplicate home and
centre E1G excretion rates was 36+ 21 nmol/24 h, and for the base-
line PdG values (1–5 mmol/24 h) the average difference was 0.77+
0.28 mmol/24 h. These differences correspond approximately to least
significant differences of �42 nmol/24 h and 0.55 mmol/24 h, re-
spectively. Differences in E1G and PdG excretion rates less than
these values, although not significant from zero statistically, may never-
theless lead to a different day being chosen for a given cycle event in a
few cases as encountered in this study. Most of the timings of key cycle
parameters between the home and centre data that differed by
greater than +1 day occurred either where the hormone excretion
rates were very low or where the E1G peak day excretion rate dif-
fered between the home and centre results by ,42 nmol/24 h. In
all but one case of the few discrepancies in the three key cycle para-
meters, no difficulties would have been experienced in the interpreta-
tions for either avoidance or achievement of pregnancy. However,
averaging of the home and centre cycles as done in this work

removed this problem and gave an accurate profile for both the
E1G and PdG excretion rates.

The composite profiles derived from the averages of the lay user
results were similar to published classical composite menstrual cycle
profiles (Moghissi et al., 1972; Brown et al., 1988; Collins, 1989;
Munro et al., 1991; Ecochard et al., 2001; Alliende, 2002; Baerwald
et al., 2003a,b; Cole et al., 2009). The fact that the LH peak and E1G
peak days were the same was unexpected since usually the LH peak
lags after the E1G peak by about one day (Ecochard et al., 2001).
However, they occurred on the same day in the data published by
Alliende (2002). In both the present results and those published by
Alliende (2002), multiple LH peaks were observed, which can bias the
composite profile in the direction of an earlier mean LH peak day
since the extra LH peaks tended to occur before the ovulatory LH
peak. The reason for the multiple LH peaks is not yet clear but in
another study on regularly cycling women, 47% had early urinary LH
surges and 37% of these had multiple early LH peaks (Krotz et al., 2005).

It should be noted that real features of individual profiles, such as
the decline in E1G and PdG excretion rates from the previous cycle
and the early E1G peak shown in Fig. 3A, are not apparent in the com-
posite profiles (Fig. 3B). This highlights the loss of information that can
occur when populations of data are averaged (Alliende, 2002). The
mean length of the fertile window of 8 days agreed well with the
value of 7.6 days reported previously for a different population of
women using the first rise in total estrogen excretion and a threshold
of pregnanediol excretion (Blackwell et al., 1998). There was also
excellent agreement between the mean follicular and luteal phase
lengths calculated from the data using the day of the LH peak as the
mid-cycle marker and with the corresponding values reported by
Cole et al. (2009). The follicular phase concluded within 11–21
days of the first day of bleeding (Cole: 10–20 days) and the luteal
phase lasted 11–17 days (Cole: 9–17 days). By the criteria given by
Cole, all of these individual mean cycles would be judged as normal
but it should be noted that they are not necessarily fertile.

The results clearly demonstrate that accurate point-of-care testing
is possible with a device such as the Ovarian Monitor in the hands
of lay users if a small level of assay repeats is acceptable. Thus, the
Ovarian Monitor offers another possibility for reliable family planning
to achieve or prevent a pregnancy (Freundl et al., 2010). However,
if a point-of-care test is to be carried out without the need to run
replicates, irrespective of whether they are done by lay or technically
trained personnel, a method with a coefficient of variation of better
than 15% is needed. A precision similar to the best laboratory
assays (8–10%) is the objective, but thus far no point-of-care assay
for E1G or PdG with this precision is available.

Further research should focus on evaluating the variability of the
menstrual cycle profiles produced in this study, validating the early
E1G peaks by daily ultrasound measurements and on comparing the
hormonal points of change with changes in self-observed mucus and
basal body temperature symptoms.
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