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Abstract

A study was conducted to determine the accuracy and reliability of the Home Ovarian Monitor for measuring estrone glucuronide (E1G)
and pregnanediol glucuronide (PdG) during ovulatory cycles as a means of monitoring ovarian activity. Approximately 60 ovulating women
in three centres collected timed specimens of urine (3 h or more) for a total of six cycles each. The women measured the E1G and PdG excre-
tion per 24 h in their urine specimens using the Monitor. A local laboratory using the Monitor also measured the excretion. Urine specimens
from 18 to 19 cycles were sent frozen to the WHO Reference Laboratory in London where they were analysed for E1G and PdG by the Mon-
itor and by radioimmunoassay (RIA). The correlation coefficients between the Monitor and radioimmunoassay results obtained in London
were better than 0.84 in 80% of the cycles. A urine bias caused the Monitor E1G results to be higher than those obtained by radioimmunoas-
say but the daily patterns were the same. In 50% of the cycles, this bias caused a delay of up to 3 days in identifying the beginning of the E1G
rise compared with radioimmunoassay. Timing of the preovulatory E1G peak and the postovulatory PdG rise agreed within the experimental
errors of the two systems. The study confirmed that women using the Monitor at home obtained results that were as accurate as those obtained
by laboratory procedures. Careful supervision was required to maintain laboratory levels of quality control and interpretation of results.
© 2003 Elsevier Science Inc. All rights reserved.
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1. Introduction

The UNDP/WHO/World Bank/Special Programme of
Research, Development and Research Training in Human
Reproduction, Geneva, in its search for reliable systems
that women could operate themselves to monitor their ovar-
ian activity, set up a study to determine whether the Home
Ovarian Monitor [1] was suitable for this purpose. The
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Ovarian Monitor measures the urinary excretion of estrone
glucuronide (E1G) and pregnanediol glucuronide (PdG),
important metabolites of the two ovarian hormones, estra-
diol and progesterone. The primary aims in developing the
Monitor were to produce an assay that was as accurate, and
had the same range of applications, as the best laboratory
assays using blood or urine and could be operated by women
at home. Such an assay would provide considerable savings
in travelling time and expense for the woman and would en-
able daily monitoring of ovarian activity to be applied, both
as a research tool in the improvement of methods of Natural
Fertility Regulation and as a routine assay for the control
of patient responses in Assisted Reproduction Technology.
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Preliminary experiments had shown that for hormone mea-
surements to provide better information on ovarian activity
than the self observed symptoms commonly used in Natural
Fertility Regulation, which themselves are regulated by the
hormone levels, the measurements needed to be as accurate
as the best laboratory assays available. Furthermore, in tri-
aling a simple eye test for measuring pregnanediol output,
it was found that women could misread their test even when
it was obvious to others, particularly when it disagreed with
their preconceptions of their ovarian activity[2]. Therefore,
an absolute instrumental read-out was necessary and this
provided the opportunity to develop a fully quantitative test.
Thus, in developing the Monitor, accuracy and being able
to be operated reliably by women at home, were the two
main requirements. In contrast, simplicity of operation and
interpretation of results were the overriding requirements in
the development of other related home hormone assays, for
example the Unipath Persona ClearPlan Fertility Monitor
[3]. To maintain standards, laboratories and clinics must be
accredited and employ fully trained personnel for perform-
ing the assays, maintaining quality control and interpreting
the results. To replace such a service, a quantitative home
test also requires such expert supervision, and in the case
of the Monitor, this can be provided by phone, fax, e-mail
or personal contact with trained supervisors. To ensure that
the urinary values provide an accurate reflection of ovarian
hormone production, the Monitor uses timed specimens of
urine to correct for variations in urine volume with time and
syringes for dispensing fluid volumes. Such requirements
add further to the complexity of the test. Thus, the Monitor
is necessarily among the most complicated tests yet devised.
Preliminary reports[1,4–7] have shown that the Monitor
achieves the above aims. The study was designed to test
these reports and to determine the place of the Monitor in
Natural Fertility Regulation.

The study was carried out in three centres including
one in the developing world (Chile). Twenty women were
recruited in each center and collected urine daily for six
menstrual cycles (total of approximately 360 cycles). They
measured their daily E1G and PdG excretion using the
Monitor. The results were compared with those obtained
by a local laboratory using the Monitor. The results were
also compared with those obtained by the staff of the WHO
Collaborating Centre for Research and Reference Services
in the Immunoassay of Hormones in Human Reproduction
in the WHO Reference Laboratory at Hammersmith in Lon-
don. This is referred to as the “London laboratory” where
both the Monitor method and radioimmunoassays (RIAs)
for E1G and PdG were applied to some of the urine spec-
imens. We report here the London results that allow both
the Monitor and RIA methods to be assessed according to
standard reliability criteria[8,9]. The results obtained by
the women at home and by the local laboratory on the urine
specimens analysed in London are also included. The results
obtained in the total study will be reported in a following
paper.

2. Experimental

2.1. Volunteers and urine collection

Twenty women who were ovulating regularly as judged
by regular menstrual cycles and ovulatory patterns of cervi-
cal mucus production and/or basal body temperature were
recruited at each of three centres (Palmerston North, New
Zealand; Sydney, Australia and Santiago, Chile). The crite-
ria for selection included; current user of a method of natural
family planning (NFP), regular menstrual cycles of up to 40
days and willing to collect timed specimens of urine, per-
form the Monitor test, and record their NFP symptoms daily
for 6 months, and had access to a freezer for storing urine
specimens. All participating women were under regular
supervision and were required to sign an informed consent
form. In addition other details such as age, contraceptive
history and desire for future pregnancy were recorded.
The women were a fertile group; only 3 (5%) were nulli-
parous and 28 (49%) had four to seven children. The mean
age±S.D. for the group was 34±6 years. The mean (±S.D.)
total duration of education was 15.1 ± 2.1 years and was
practically the same in the three centres. Only one volunteer
discontinued the study because of inability to do the test.

The women collected urine daily, usually for six complete
menstrual cycles, using the following procedure. After com-
pletely emptying her bladder, she collected urine for a period
of at least 3 h, at a convenient time of the day, or overnight,
finally completely emptying her bladder again and noting
the collection period. The minimum collection period of 3 h
was specified to reduce error caused by unpassed urine. The
urine was collected into a 2 -l plastic container that was cali-
brated in hours with each hour interval equal to a volume of
150 ml. The urine was diluted with tap water up to the mark
corresponding to the number of hours over which it was
passed so that it represented a constant volume of 150 ml/h
or 3600 ml/24 h. The diluted urine was thoroughly mixed
and approximately 2 ml was added to a 3 ml plastic tube con-
taining boric acid crystals (10 mg). The tube was capped and
labelled. When the volume exceeded 150 ml/h it was diluted
to the mark corresponding to twice the number of hours over
which it was passed, this was noted on the label, and twice
the volume of diluted urine was used in the assay. During
the 10 days over expected ovulation, approximately 3 ml of
urine was taken before dilution for laboratory analysis of
luteinizing hormone (LH). The women at home measured
the E1G and PdG content of their freshly collected diluted
urine using the Monitor. The remainder of the urine speci-
men in the tube was frozen immediately and stored frozen.
The urine specimens were thawed and analysed in batches in
the local laboratory using the Monitor and refrozen immedi-
ately. These laboratories were within the departments of the
study coordinator for that city (LFB, Palmerston North; PV,
Santiago; and BG, Sydney). Frozen urine samples from the
first 2–3 cycles were air freighted in dry ice to the London
laboratory where 18–19 complete cycles were selected at
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random without knowledge of the previous results and anal-
ysed using both the Monitor and RIA. The study coordina-
tors in Palmerston North and Sydney and the staff in London
were shown how to operate the Monitor. The center in San-
tiago established the Monitor using the written instructions.

2.2. The Ovarian Monitor

2.2.1. Principles
The Monitor utilises the principle of homogeneous en-

zyme immunoassay[10]. The assay tube (Fig. 1) contains
a glass bead to aid mixing, the salts and buffer required
for the enzyme reaction, antiserum (1�l) to E1G or PdG
dried in the bottom, lysozyme conjugate (1�l) of E1G or
PdG dried part way up on the side of the tube and substrate
(Micrococcus lysodeikticus, 5�l) dried near the top in
exactly adjusted and measured amounts.

2.2.2. Meter
The Monitor system[1] employs a specially designed

meter that is a rate colorimeter thermostatted at 40◦ with
timer settings for the warm-up and enzyme reactions. The
optical read-out is given in three figures and is related
to light transmission× 1000. The meter provides all the
instrumental requirements for single assay home use. For
multiple assays, a thermostatted heating block is supplied
which accommodates up to 48 assay tubes, the meter is
used as a colorimeter and the timings are performed man-
ually using a stop watch. In this way up to 48 E1G assays
or 20 PdG assays can be performed in a run.

2.2.3. Reagents
Pure E1G and PdG were synthesised independently in

Melbourne and London using the same procedures[11].
The antisera used in the Monitor assay were provided by Dr
R.I. Cox, Commonwealth Scientific and Industrial Research
Organisation (CSIRO), Prospect, NSW, Australia. They

Fig. 1. The Monitor assay tube showing the positions of the buffer salts, the antiserum, the conjugate spot and theM. lysodeikticus spot.

were raised in sheep against an E1G–bovine serum albumin
conjugate and a PdG–bovine thyroglobulin conjugate pre-
pared by the mixed anhydride reaction[12]. The only signif-
icant cross-reaction found for the E1G antiserum was with
2-hydroxyestrone-3-glucuronide (20%) and for the PdG
antiserum was with pregnanolone glucuronide (20%) and
pregnanediol (15%). The conjugates with lysozyme were
prepared by the mixed anhydride reaction and purified by
cation-exchange chromatography and differential solubility.

2.2.4. Assay tube production
A production run of assay tubes usually amounted to

2000–4000 tubes in boxes of 100 tubes. The glass bead and
buffer salts (10�l) were added to the bottom of each tube
and the buffer was allowed to dry holding the bead. Conju-
gate and antiserum (1�l of each) and a suspension ofM.
lysodeikticus (5�l) were added to the tubes held horizon-
tally, each addition being with a stepper motor driven preci-
sion 100 or 500�l syringe with needles ending in a curved
tip (seeFig. 1 for spot placement). The ratio of antiserum
to conjugate was critical for achieving the desired response
in the assay. The tubes were dried immediately in a current
of air in the horizontal position and stored over anhydrous
calcium chloride. The E1G and PdG assay tubes were
capped and color coded and dispatched in air-tight cans
containing blue indicated silica gel satchets to control hu-
midity. The tubes were identified by the batch number of the
antiserum-conjugate combination used, and the box number
from that particular batch. The assay characteristics of each
production run were determined by performing a complete
standard curve on each 5th box and every 50th tube was
tested with the quality control urine. The maximum coeffi-
cient of variation for the quality control accepted for a run
was 15% based on the�T readings. This information was
sent with each batch of tubes together with an expiry date
of 6 months from time of production. Humidity is the most
important factor affecting the keeping qualities of the tubes
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and 6 months was a realistic time to maintain a low humidity
in the unopened cans with the amount of desiccant used.

2.2.5. Assay procedure
The assay procedure is fully described in the Monitor

manual[13].

2.2.5.1. The E1G test. Starting with the urine diluted to
150 ml/h, 50�l of this urine is taken up into a 500�l plastic
insulin syringe and added to the bottom of an E1G assay
tube. The tube is allowed to stand at room temperature or
in the thermostatted cell holder of the meter for 5 min. The
dried antiserum and buffer salts in the assay tube dissolve
and the glass bead is freed. The E1G in the urine partly
neutralises the antiserum present. The tube is gently shaken
laterally to rattle the bead and mix the contents. Distilled wa-
ter (300�l) is added from a syringe. The liquid level is now
above the conjugate spot which dissolves immediately. The
remaining antiserum reacts with and partly inactivates the
lysozyme conjugate. The tube is gently shaken laterally to
mix its contents and placed in the meter for 10 min to warm
to 40◦C. The tube is then taken from the meter, shaken vig-
orously in the horizontal position until all theM. lysodeik-
ticus spot is suspended, and returned to the meter. The light
transmission is recorded immediately (T1) and again after
20 min (T2). The change in light transmissionT2 − T1 =
�T is a measure of the amount of active conjugate remain-
ing which is a direct measure of the E1G concentration in
the urine. As this represents the concentration in a specimen
diluted to 150 ml/h or 3600 ml/24 h,�T can be converted to
absolute units excreted per 24 h by reference to the standard
curve constructed for that batch of tubes and for a dilution of
3600 ml/24 h. The meter provides the timings for the 5, 10
and 20 min by beeping at the set time, and holds the value
for T2. Thus, onceT1 has been recorded, no further atten-
tion is required by the operator until she is ready to readT2.
With a little experience the test can be fitted in with normal
daily activities. The total E1G test takes about 40 min.

2.2.5.2. The PdG test. As the PdG concentration is much
higher than that of E1G, less urine and shorter incubation
times are used. The urine, already diluted to 150 ml/h, is
further diluted 1 in 5 with distilled water using a syringe
and tube. Then, 50�l of this further diluted urine is used
in the test, i.e.10�l of the urine diluted to 150 ml/h. The
procedure is the same as for E1G except that the warm-up
time is 5 min and the enzyme incubation time is also 5 min.
The total test takes about 15 min.

2.2.6. Range of applicability
The sensitivities of the assays were set to include the

ranges of values required to identify the key events of the
human ovulatory cycle. The assay has an upper ceiling of
response reached when all of the antibody is neutralised by
the hormone metabolite in the urine. For quantitative results
all values exceeding the upper ceiling must be repeated using

less urine in the assay. This is normally required for many
of the E1G preovulatory peak values and for all the PdG
values encountered during the mid-luteal phase. The ceiling
given for this study was�T = 300. This requirement was
generally overlooked because it was not essential for timing
the key events of the cycle and it generally involved repeating
the assay. However, it was most important when quantitative
comparisons were being made on specimens that exceeded
a �T value of 300. To reduce this problem the London
laboratory routinely used a 1 in 10dilution of the urine
instead of the 1 in 5 dilution (i.e. 5�l of the urine diluted
to 150 ml/h) for the PdG test and multiplied the results by
2. However, this reduced the sensitivity of the assay in the
early phases of the cycle.

2.2.7. Standards and quality controls
Standards for the Monitor were supplied from Melbourne

already diluted and sterilised in a selected blank urine con-
taining 0.5% boric acid as preservative. The E1G standards
contained the equivalent of 0, 20, 50, 120, 200, 300 and
750 nmol/24 h for 50�l of urine diluted to 150 ml/h. The
PdG standards contained the equivalent of 0, 1.3, 4, 7, 12 and
36�mol/24 h for 10�l of urine diluted to 150 ml/h. Stan-
dard curves are shown inFigs. 2 and 3. A quality control
urine was supplied for each steroid. It was sterilised and pre-
served in a similar manner to the standards and the steroid
content was adjusted to be within the middle of the oper-
ating range of the assays (approximately 180 nmol/24 h for
E1G and 7�mol/24 h for PdG).

2.2.8. Calculation of results
All Monitor assays were performed singly. The London

laboratory included the standards and the quality control
supplied by Melbourne with each assay run. The urine�T
values obtained by the women and local laboratories were
converted to absolute units by entering the standard curve
data into a Graphpad PrismTM program (Graphpad, San
Diego, CA) and fitted using the Boltzman sigmoidal equa-
tion provided as part of that package. The daily urine�T
values for the cycles were entered with the standard curves
and the corresponding concentrations (nmol/24 h for E1G
and �mol/24 h for PdG) were automatically calculated as
best fit parameters. The first day of rising E1G values was
calculated as the day when the Trigg’s tracking signal al-
gorithm exceeded a value of 0.65 corresponding to a cumu-
lative probability of 95%[14]. This was essentially the day
when the E1G values rose to two standard deviations above
the early baseline values. The beginning of post-ovulatory
infertility was indicated when the PdG value equalled, or
exceeded, 6.3�mol/24 h[15], was rising from lower values
at the time and continued to rise thereafter.

2.3. Radioimmunoassays

The RIA methods for E1G and PdG were developed by
the London laboratory for the WHO Special Programme
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Fig. 2. Standard curves for E1G constructed in Melbourne and London.
(A) The Melbourne results for batches #10 boxes 473–480 (�), and the
London results for #10 boxes 473–476 (�) and for boxes 477–480 (�).
(B) The Melbourne results for #14 boxes 226–229 (�), and the London
results for #14 boxes 226–227 (�) and boxes 228–229 (�).

for Research in Human Reproduction and distributed to 25
centres world-wide for over 10 years as part of the WHO
Matched Reagent Programme. The assays utilise antisera
and tritiated labels produced by Dr P. Samarajeewa (De-
partment of Biochemistry, University College, London) and
used in all earlier WHO sponsored studies. The assays utilise
dextran-coated charcoal for separation of bound and free tri-
tiated label. The E1G antiserum was raised in rabbits against
an E1G–BSA conjugate. It was used at a final dilution in the
assay tube of 1:96,000; it cross-reacted with estrone (100%),
E1G (97%) and estrone-3-sulphate (231%). The PdG anti-
serum was raised in rabbits against a PdG–BSA conjugate.
It was used at a final dilution of 1:60,000; it cross-reacted
with pregnanediol (4%). The standards covered the range of
0–4000 fmol/tube. The urine samples were diluted 100-fold
for both assays and the results were analysed using the
WHO RIA data analysis program and were expressed in
nanomoles per litre. As all urine samples had been diluted
by the women to 150 ml/h the concentrations per litre could
be converted to concentration per 24 h by multiplying by
3.6. All radioimmunoassays were performed in duplicate,
and contained three quality control samples at the start and
finish of each assay.

Fig. 3. Standard curves for PdG constructed in Melbourne and London.
(A) The Melbourne results for batches #12 boxes 231–246 (�) and the
London results for #12 boxes 231–234 (�) and for boxes 239–242 (�).
(B) The Melbourne results for #12 boxes 411–412 (�) and the London
results for #12 boxes 411–412 (�).

2.4. Correlations

The accuracy of the Ovarian Monitor was assessed by
correlating the results obtained for each urine sample with
those obtained by RIA. The PdG data were correlated using
the Deming regression model[16] that minimises the errors
in both theX andY axes, since both methods were equally
reliable. The E1G data were correlated using the standard
linear least squares package of the Graphpad PrismTM pro-
gram since the Monitor results included a variable urine bias
and the RIA results were the more reliable.

3. Results

3.1. Cycle results obtained by radioimmunoassay

The combined RIA results for the 19 cycles are shown in
Fig. 4 plotted relative to the day of the E1G preovulatory
peak: day 0 for each cycle. The 10, 50 and 90th percentiles
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Fig. 4. Daily excretion of E1G and PdG throughout 19 ovulatory menstrual cycles measured by RIA. The results for each cycle were plotted relative to
the day of the E1G preovulatory peak= day 0 for that cycle. The 90, 50 and 10th percentiles are shown. (A) E1G; (B) PdG.

are shown and the concentrations are expressed in excretion
per 24 h. All cycles in this study showed the hormone pat-
terns characteristic of the ovulatory cycle.

3.2. Assessment of the Monitor assays in London

Two lots of assay tubes were sent to London. The first
were E1G #10, boxes 473–480 made 12/17/93 and PdG
#12 boxes 231–246 made 12/22/93. These were not used
until 5/3/94–7/22/94 (i.e. they were close to or past their
use-by date). The second lots were E1G #14 boxes 226–229
made 6/23/94 and PdG #12 boxes 411–412 made 5/20/94.
These were used immediately. The standard curves ob-
tained in Melbourne and London using the same batches
of tubes and standards are shown inFigs. 2 and 3, respec-
tively. The between run precision of the Monitor assay was
measured using the quality control urine supplied from

Melbourne. For E1G the coefficient of variation was 8.4%
at 204 nmol/24 h,N = 15, and for PdG it was 15.5% at
7.5�mol/24 h,N = 16. For RIA the coefficients of variation
were 8.7% at 133 nmol/l,N = 36 and 9.0% at 5.8�mol/l,
N = 34, respectively.

3.3. Acceptability of results

The RIA measurements were performed in duplicate and
the results were accepted provided the duplicates agreed
within a defined error[9]. However, duplication of the Mon-
itor measurements would have doubled the work involved
and was not practicable for home use. Therefore, users were
advised that, as the ovary is not an erratic organ, smooth
daily changes in the hormonal pattern were to be expected,
and any results which were clearly out of line with the gen-
eral trend were to be repeated. Such repetition was seldom
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performed. In the London study, unacceptable duplicates for
RIA, or discrepancies defined in retrospect on the above cri-
teria for the Monitor, occurred to the extent of 27/472 (5.7%)
of the E1G tests and 14/443 (3.2%) of the PdG tests by RIA
and 14/447 (3.1%) of the E1G tests and 8/472 (1.7%) of the
PdG tests by the Monitor. These have been excluded from
the calculations reported in the present paper. The justifica-
tion for this is given inSection 4.

3.4. Correlations between the Monitor and RIA results

Some comparisons between the daily Monitor and RIA
E1G and PdG results are shown inFigs. 5 and 6. The exam-
ples span the best and worst of the comparisons obtained.
The correlation coefficients for each individual cycle and for
the total cycles are shown inTables 1 and 2.

3.5. Comparison between the Monitor and RIA results in
determining the periods of fertility and infertility

Fig. 7 compares the days that the Monitor and RIA re-
sults indicated: (A) the first rise in oestrogen excretion above
the early baseline as defined by the Trigg’s tracking signal,

Fig. 5. Comparison of E1G levels (nmol/24 h) by RIA (	) and the Monitor (�). (A) Cycle 023-F2; (B) cycle 024-L2; (C) cycle 014-X1; and (D) cycle
004-M2.

this is a signal for the beginning of the fertile phase[14]
and allows for the fertilising life of the sperm; (B) the pre-
ovulatory oestrogen peak, defined as the highest E1G value
associated with the beginning of the ovulatory rise in PdG
levels which continue to increase so that they exceed the
value of 9�mol/24 h, this peak is closely associated with
ovulation, provides a mid-cycle marker for the most fertile
time of the cycle and allows the calculation of the length
of the luteal phase; it is not necessarily the highest E1G
level reached during the cycle; (C) the postovulatory rise in
PdG excretion to reach or exceed the 6.3�mol/24 h thresh-
old, signalling the beginning of the postovulatory infertile
phase[15]. The day on which an event was signalled by
the RIA results (day 0) was subtracted from the correspond-
ing day determined by the Monitor results.Fig. 7A shows
that the day of the first E1G rise determined by the Monitor
agreed with that determined by RIA in approximately 50%
of cycles and was delayed by up to 3 days in the remaining
50% of cycles. The maximum delay was 3 days.Fig. 7B
shows that the day of the preovulatory E1G peak coincided
in practically all cycles.Fig. 7Cshows that the day that the
PdG threshold was reached also coincided in the majority of
cycles.
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Fig. 6. Comparison of PdG levels (�mol/24 h) by RIA (	) and the Monitor (�). (A) cycle 023-F2; (B) cycle 024-L2; (C) cycle 014-X1; and (D) cycle
004-M2.

Table 1
Cycle correlations for E1G, Monitor vs. RIA

Cycle Slope Intercept
(nmol/24 h)

Number of
points

Correlation
coefficient

014-B1 1.28 32 19 0.692
016-K3 0.91 58 21 0.803
021-R2* 1.88 91 25 0.769
026-T2 1.46 78 26 0.713
022-A2 1.31 7 21 0.958
023-F2* 1.70 8 20 0.910
024-L2* 1.54 103 15 0.856
014-X1* 0.89 161 23 0.895
004-M2 1.26 32 24 0.886
023-B2* 1.03 130 22 0.581
023-B1* 1.40 122 24 0.879
016-S1 – – – –
020-K1 1.13 49 23 0.897
014-X2* 1.05 144 22 0.691
023-F3 0.97 33 19 0.846
009-D2 1.72 10 26 0.821
002-F2* 1.62 118 23 0.871
003-J2 1.24 45 24 0.949
020-W1 – – – –
017-W1 – – – –
All cycles 1.30 72 386 0.653

The asterisk (*) indicates data obtained with assay tubes that were near
or past their use-by date.

Table 2
Cycle correlations for PdG, Monitor vs. RIA

Cycle Slope Intercept
(�mol/24 h)

Number of
points

Correlation
coefficient

014-B1* 1.24 0.81 21 0.867
016-K3 1.21 0.76 22 0.951
021-R2* 1.37 0.26 25 0.954
026-T2* 2.13 −1.99 22 0.947
022-A2 2.82 −4.80 24 0.920
023-F2* 0.73 1.03 21 0.881
024-L2* 2.26 −1.22 17 0.965
014-X1* 1.52 −0.83 27 0.934
004-M2* 2.43 −3.11 27 0.869
023-B2* 0.82 0.07 22 0.953
023-B1* 1.35 1.08 20 0.898
016-S1 1.73 −0.49 24 0.968
020-K1* 1.13 1.04 20 0.963
014-X2* 2.65 −5.81 24 0.898
023-F3 1.18 0.05 22 0.934
009-D2* 1.16 0.43 25 0.946
002-F2 1.41 −1.67 18 0.712
003-J2 – – – –
020-W1 – – – –
017-W1 1.42 −1.55 24 0.919
All cycles 1.16 0.22 320 0.842

The asterisk (*) indicates data obtained with assay tubes that were near
or past their use-by date.
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Fig. 7. Key cycle days calculated from the Monitor results relative to
the day determined by RIA: day 0. (A) The day of the first E1G rise
above the preceding baseline. (B) The day of the preovulatory E1G peak.
(C) Day that the PdG threshold value of 6.3�mol/24 h was equalled or
exceeded (see text).

3.6. Home and local laboratory data compared with the
London data

Table 3lists the timings of the above key events of the
cycles, calculated from the RIA and Monitor results ob-
tained in London, and from the Monitor results obtained by
the local laboratories and by the women at home analysing
the same urine specimens. The duration of each cycle is in-
cluded so that the lengths of the luteal phases can be cal-
culated (cycle length—day of E1G preovulatory peak). The
correlations between the Monitor results obtained by the
London laboratory, the local laboratories and the women at
home against the London RIA results were for E1G, Lon-
don/RIA r = 0.653 (N = 386), laboratory/RIAr = 0.633
(N = 464) and home/RIAr = 0.684 (N = 410), and for
the PdG results that did not need diluting (≤12�mol/24 h),
London/RIA r = 0.850 (N = 315), laboratory/RIAr =
0.728 (N = 307) and home/RIAr = 0.844 (N = 333).

4. Discussion

4.1. Stability of the urine specimens

The stability of the urine specimens during storage was
expected to be a problem. However, no evidence was en-
countered that any specimen had deteriorated under the con-
ditions used.

4.2. Cycle results obtained by RIA

These are shown inFig. 4. The level of sensitivity of
the RIA E1G assay was well within the range of all val-
ues encountered during the human ovulatory cycle and the
amounts excreted per 24 h agreed well with those reported
for a specific chemical method for estrone[17]. No urine
bias occurred and the cross-reactivity of the antiserum with
other oestrogens was not a problem. The PdG excretion per
24 h (Fig. 4) agreed well with that reported using gas–liquid
chromatography (GLC)[18,19].

4.3. Standard curves and quality controls

All but one of the standard curves for the first lot of tubes
sent to London (Figs. 2 and 3), and used near their use-by
date, had changed from those obtained in Melbourne with a
flattening of the curves and a lowering of the upper ranges.
This is characteristic of changes due to entry of moisture.
However, this would not have affected the derived hormone
concentrations because the standard curve obtained at the
same time as the assays were performed was used for the
calculations. The second lot of tubes was used immediately
and the London standard curves agreed with those obtained
in Melbourne. The precision figures for the Monitor were
within the range specified.
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Table 3
Day of cycle on which key fertility events occurred as determined by RIA and by Monitor measurements performed in London, laboratory and home

Cycle First E1G rise day E1G preovulatory peak day PdG threshold day Cycle
length
(days)

RIA London Laboratory Home RIA London Laboratory Home RIA Laboratory Laboratory Home

014-B1 14 14 14 12 17 16 16 17 23 23 23 22 27
016-K3 14 14 14 12 15 15 15 15 19 19 18 18 29
021-R2 9 10 12 12 15 13 15 15 17 15 16 18 28
026-T2 7 6 7 8 11 11 10 10 13 13 13 13 24
022-A2 12 12 11 11 15 15 15 15 18 18 18 18 28
023-F2 13 13 13 14 16 16 17 17 23 23 20 19 30
024-L2 12 13 14 14 15 15 15 15 20 20 19 20 28
014-X1 9 10 – 9 12 12 12 12 15 14 15 15 27
004-M2 9 11 7 9 14 14 14 14 17 17 18 18 28
023-B2 6 8 8 7 10 10 10 10 17 18 17 14 25
023-B1 6 6 6 6 11 11 11 11 15 15 13 14 26
016-S1 9 – 8 8 12 – 12 12 17 16 15 16 27
020-K1 7 10 12 11 14 14 13 13 19 19 18 18 28
014-X2 7 9 7 7 11 10 11 11 15 15 14 15 26
023-F3 14 15 14 14 17 17 15 15 22 22 21 21 30
009-D2 10 12 11 7 12 12 12 12 16 16 18 16 29
002-F2 11 11 11 11 13 13 13 15 18 17 18 18 24
003-J2 14 14 14 14 16 16 17 17 – – 21 20 29
020-W1 5 – 7 7 11 – 12 11 – – 11 16 28
017-W1 8 – 11 7 13 – 12 13 15 16 12 15 26

Cells having no data in the table represent specimens on which no measurements were performed or the adjacent result was missing so that days could
not be assigned.

4.4. Correlations of the E1G values

The E1G values obtained using the Monitor were higher
than those obtained by RIA. This was caused by a vertical
displacement of the profiles resulting from a bias caused by
the relatively large volumes of urine and prolonged incuba-
tion times required for obtaining the necessary sensitivity
of the assay. This urine bias was known during the devel-
opment of the method[1] and work is still proceeding on
its reduction. The magnitude of the bias was different for
different women. This is shown by the range of the inter-
cepts listed inTable 1(7–161 nmol/24 h). This large range
was the cause of the low correlation coefficient for all cy-
cles of 0.653 (N = 386) (Table 1). However, the bias was
relatively constant for an individual woman as shown by
the similarity of the patterns with those provided by RIA
(Fig. 5A–D) and the correlation coefficients of 0.84 or more
in 10 of the 17 cycles studied (Table 1). Compared with the
RIA results, the day of the first oestrogen rise determined
by the Monitor was delayed by this urine bias in approxi-
mately 50% of cycles by up to 3 days (Fig. 7A). However,
the day of the preovulatory oestrogen peak agreed closely
by both methods (Fig. 7B). Thus, the noise contributed by
the urine bias is causing the Monitor to operate at the lim-
its of its sensitivity at the E1G levels encountered early in
the cycle. However, it is well within its accurate operating
range at the levels found at the preovulatory peak. Thus, the
Monitor would not be suitable for measuring the lower oe-
strogen levels excreted by postmenopausal women, men and
children.

4.5. Correlations of the PdG values

Pregnanediol values, originally measured by GLC, have
been interpreted in Melbourne for the past 30 years by
threshold values that differentiate between anovulatory ovar-
ian activity, luteinised unruptured follicles, deficient luteal
phases and fully fertile ovulatory cycles. A threshold value
is also used to signal the beginning of the postovulatory in-
fertile phase[15]. The threshold values apply to the majority
of women and have been used widely, for example for iden-
tifying returning fertility during breastfeeding[20]. It was,
therefore, important to confirm that a close quantitative re-
lationship existed between the PdG values obtained by the
Monitor, RIA and GLC so that the same thresholds could
be used for each method. In comparisons with the GLC
method, the results obtained by the Monitor correlated with
a coefficientr = 0.95 (N = 227), slope= 1.0, intercept=
1.0�mol/24 h[1]. In the present study, the correlation coef-
ficients between the Monitor and RIA methods were above
0.85 (the minimum value for two equivalent methods with
coefficients of variation of 15 and 8%) in 17/19 cycles but
the slopes ranged from 0.73 to 2.82 and the intercepts from
−5.8 to 1.08�mol/24 h (Table 2). These results could be
explained by the presence of outliers resulting from failure
to use less urine in the Monitor assay when the�T values
exceeded 300. When only those results which were within
the operating range of the method without further dilution
(≤12�mol/24 h) were included, the correlation coefficient
was 0.84 (N = 320), the slope was 1.16 and the intercept
was 0.22�mol/24 h. Therefore, since the results obtained by
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the three methods were in essential agreement, they could
be interpreted by the same threshold values. The day that
the value of 6.3�mol/24 h was reached by the Monitor co-
incided within a day with that determined by RIA in 95%
of cycles (Fig. 7C).

4.6. Comparisons between the London, local laboratory
and home results

The London, local laboratory and home results all agreed
essentially in the timing of the key cycle events (Table 3).
The correlations were similar both with respect to slope
and correlation coefficients to the results listed for the
London studies inTables 1 and 2and Figs. 5 and 6(see
Section 3).

4.7. Quality control of the Monitor assays

Because of the many possible sources of error in the Mon-
itor assays, arising from its operation by lay women and by
the inability to perform duplicate assays, maintaining quality
control of the results has required new strategies. The quality
control instituted during manufacture of the assay tubes has
been described underSection 2. A large degree of quality
control is achieved by inspecting the results when they are
obtained daily. Ovarian activity is not erratic. A developing
follicle or corpus luteum produces a continuously rising E1G
or PdG excretion over a number of days and a result out of
line as indicated by a random spike or trough in the daily pat-
tern is a strong indication of error that needs investigation. In
other words, each day’s result acts as a control for adjacent
days.

An experienced supervisor is essential at all stages of
application. During the woman’s initial training period the
supervisor is needed to identify quickly errors in urine col-
lection and dilution and assay technique. She also advises
when a test needs to be repeated, either because the�T
value is >300 or because it is out of line, and she enthuses
the woman when she is tempted to miss specimens at im-
portant times. She is required to reassure the woman that
her results follow known patterns when an unexpected cycle
variant is encountered and she is available to ensure that the
results are interpreted correctly. In the present study, results
obviously out of line and not repeated constituted 3.1% of
the E1G results and 1.7% of the PdG results. Therefore,
they were eliminated from the calculations on the grounds
that as they were not repeated, they were very likely to
be wrong.

4.8. Clarity of the signals

The rise to the preovulatory oestrogen peak was logarith-
mic with the values increasing by a factor of approximately
1.5 per day. The fall after the peak was equally precipitous
so that the peak was sharp and clearly defined unless it

occurred midway between two collection periods (seeFigs. 4
and 5). Likewise the rises in PdG values after ovulation
were unambiguous with the values increasing by a factor
of 1.6 per day at the time the PdG threshold was reached
(seeFigs. 4 and 6). This was one of the reasons for the
close agreement between the Monitor and RIA methods in
identifying the key signals of the cycle because the daily
changes being recorded were greater than any differences
that occurred between the two methods. The other reason
for the clarity of the signals obtained by both RIA and
the Monitor in this study was that timed specimens of
urine were used. Previous studies conducted by the WHO
have employed untimed early morning specimens of urine
and have not shown the clarity of signals demonstrated
here[21].

4.9. Conclusions

The results obtained here confirm all the previous reports
concerning the characteristics of the Monitor method for
measuring urinary excretion of E1G and PdG. The Monitor
and RIA results obtained for the 18–19 complete menstrual
cycles analysed by the London laboratory agreed well. The
results obtained by the women at home and by the local
laboratories using the Monitor also agreed well with those
obtained in London. The signals produced by both meth-
ods in timing the key hormone events of the cycles were
clear and in agreement, apart from a possible small delay
in identifying the first E1G rise caused by the urine bias in
the E1G assay. It can be concluded that, except for some
of the lowest early E1G baseline values, the Monitor pro-
vides quantitative results close to those provided by the best
urinary assays at the levels encountered in women during
the ovulatory cycle. Because this is also the range of appli-
cability of commercially available plasma assays, the sen-
sitivity of the Monitor in measuring ovarian activity is of
the same order as the blood assays. The study confirmed
that the tests can be performed reliably by women at home.
The tests cost US 40 cents per assay tube and US $220
for purchase of the meter or a fee for leasing. Only one of
the women in this study was excluded because of inability
to perform the Monitor assays correctly. However, to main-
tain laboratory standards of accuracy it was necessary to
closely supervise the women throughout the study. As part
of the study yet to be reported, women were asked whether
they would use the Monitor as a method of Natural Fertil-
ity Regulation. Most said that they would choose to use the
symptoms because of the time involved in performing the
Monitor assays but the study had given them a better under-
standing of their fertility and a greater confidence in their
symptoms. Thus, the important use of the Monitor in Nat-
ural Fertility Regulation is as a research tool in checking
and improving present methods and in developing new tech-
niques. Its main general use is as a more convenient and less
costly alternative to current laboratory assays using blood
or urine.
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