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Reference ranges for estradiol,
progesterone, luteinizing hormone and
follicle-stimulating hormone during the

menstrual cycle

Mikael Haggstrom®**

Abstract

This is a description for a series of diagrams showing the reference ranges for the blood content of the hormones
estradiol (the main estrogen), progesterone, follicle-stimulating hormone and luteinizing hormone during the
menstrual cycle, as established on a reference group in Switzerland using the Abbott ARCHITECT analyzer.

Interpretation

The time scale starts with the beginning (or "onset") of
(last) menstrual period (LMP), given as day number. Day
number 1 corresponds to 0 to 0.99 days from the begin-
ning of the LMP, and Day number 2 corresponds to 1.00
to 1.99 days from the beginning of the LMP and so forth.
The time scale ends at whatever is the actual next men-
struation, which marks the beginning of the next cycle,
which is equivalent to starting all over again from the
beginning of the time scale.

e Inter-cycle (also called within-woman or in-
trawoman) variability for ovulation and next men-
struation are the 95% prediction intervals for the
timing of these events in any single woman, assum-
ing an inter-cycle average duration that is equal to
population average.
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¢ Inter-woman variability for ovulation and next
menstruation are the 95% prediction intervals for
the timing of these events in the overall population.

Hormone levels represent usual ones, not necessarily
related to what is healthy. Hormone ranges vary be-
tween cases at the same biological stage of the men-
strual cycle. Furthermore, the actual timing (usually
given in day numbers from menstruation) of that bio-
logical stage varies, both between cycles of any single
woman (inter-cycle) and between women (inter-
woman). Therefore, the appropriate ranges to use de-
pend on how certain the actual biological stage can be
estimated at any time.

¢ The levels denoted Average refer to the (arithmetic)
means for hormone levels.

e The ranges denoted By biological stage are the 90%
prediction intervals for hormone levels for women at
the same biological stage. These reference ranges
may be used in closely monitored menstrual cycles in
regard to other markers of its biological progression,
with the time scale being compressed or stretched to
how much faster or slower, respectively, the cycle
progresses compared to an average cycle. In the luteal
phase, a known time of ovulation is sufficient to use
these ranges.

e The ranges denoted Inter-cycle variability (also
called within-woman or intrawoman variability) are


https://en.wikipedia.org/wiki/Reference_ranges_for_blood_tests
https://en.wikipedia.org/wiki/hormone
https://en.wikipedia.org/wiki/estradiol
https://en.wikipedia.org/wiki/progesterone
https://en.wikipedia.org/wiki/follicle-stimulating_hormone
https://en.wikipedia.org/wiki/luteinizing_hormone
https://en.wikipedia.org/wiki/menstrual_cycle
https://en.wikipedia.org/wiki/Menstruation#Relation_to_menstrual_cycle_and_pregnancy
https://en.wikipedia.org/wiki/Menstruation#Relation_to_menstrual_cycle_and_pregnancy
https://en.wikipedia.org/wiki/prediction_interval
https://en.wikipedia.org/wiki/arithmetic_mean
https://en.wikipedia.org/wiki/arithmetic_mean
https://en.wikipedia.org/wiki/luteal_phase
https://en.wikipedia.org/wiki/luteal_phase
https://en.wikipedia.org/wiki/ORCID
http://orcid.org/0000-0002-2732-7631
https://en.wikiversity.org/wiki/Special:EmailUser/Mikael_H%C3%A4ggstr%C3%B6m
https://en.wikipedia.org/wiki/Estrogen
https://en.wikipedia.org/wiki/Estradiol
https://en.wikipedia.org/wiki/Menstrual%C2%A0cycle
https://en.wikipedia.org/wiki/Ovulation
https://en.wikipedia.org/wiki/Reference%C2%A0ranges%C2%A0for%C2%A0blood%C2%A0tests
https://en.wikipedia.org/wiki/Reference%C2%A0ranges%C2%A0for%C2%A0blood%C2%A0tests
https://en.wikipedia.org/wiki/Progesterone
https://en.wikipedia.org/wiki/Follicle-stimulating%C2%A0hormone
https://en.wikipedia.org/wiki/Luteinizing%C2%A0hormone
https://en.wikipedia.org/wiki/Luteinizing%C2%A0hormone

a @ Wikilournal of Medicine, 2014,1(1) .-
doi: 10.15347/wjm/2014.001 .54 =

Figure Article V&I~

pmol/l. Estradiol Ovulation:
nier- e 2
<— Average
/mL
1600 ESO ] By biological stage
Inter-cycle variability
1400 _— Inter-woman variability
1200 B B I A -
300—] next cycle
bili
1000 T

800

600

400

200

-
0!'1 234 5 6 7 8 9101112 1314 1516 17 18 19 20" 21 4 25 36'37'38 ~
Beginning of menstruation Day of menstrual cycle
Figure 2 | Estradiol during menstrual cycle
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Figure 2 | Progesterone during the menstrual cycle

the up to 95% prediction intervals for any single
woman, assuming an inter-cycle average duration
that is equal to population average. These ranges are
more appropriate to use in non-monitored cycles with
only the beginning of menstruation known, but where
the woman accurately knowing her average cycle
lengths and time of ovulation, and that they are
somewhat averagely regular, with the time scale be-
ing compressed or stretched to how much a woman's
average cycle length is shorter or longer, respectively,
than the average of the population.

¢ The ranges denoted Inter-woman variability are the
up to 95% prediction intervals for hormone levels in
the overall population. These ranges are more appro-
priate in non-monitored cycles, where the average cy-
cle lengths and time of ovulation are unknown, but
only the beginning of menstruation is given.
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Figure 4 | Follice-stimulating hormone (FSH) during the menstrual cycle
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Figure 4 | Luteinizing hormone (LH) during the menstrual cycle

Derivation

Average hormone values

The average hormone levels are taken from Stricker
2006,™ with some regression to a smoother curve be-
tween values of a rather zigzag pattern. The confidence
intervals for the average values are not given in this
study, however. The data from Stricker 2006 uses the
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LH peak as the reference point, which in the following
sections will be adjusted to the more commonly used
reference point of the beginning (or "onset") of (last)
menstrual period.

Average time of ovulation

The time of ovulation is an average between that ex-
pected from the LH peak and that expected from the
estradiol peak, with intervals taken from Pauerstein
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1978. "The mean interval from the estrogen peak to ov-
ulation was 34 hours, the interval from the estrogen
peak to the LH peak was 24 hours, and that from the LH
peak to ovulation was 9 hours." I The estradiol peak, in
turn, is estimated from computer-generated regression
between the two average estradiol measurements of
highest value. As a result, average time of ovulation is
calculated to be almost exactly between 0 and 1 day
from LH peak as given in Stricker 2006.14

Beginning of menstrual cycle

The beginning of menstruation, which is taken as the
limit between one cycle and the next, is subsequently
taken as 14.6 days prior to average time of ovulation,
according to Geirsson 1991.B! Resultantly, the begin-
ning of menstruation occurs almost exactly at the point
minus 14 days from LH peak in Stricker 2006.
Ovulation variability

The 95% inter-cycle prediction interval of the ovulation
of 9.4 to 19.6 days after menstruation is derived from a
standard deviation in this interval of 2.6, as given in
Fehring 2006 (using the term “intrawoman") for the
follicular phase, which in this study marks the interval
between menstruation and ovulation. It cites: “the
mean intracycle length difference of the follicular phase
(5.8 days, SD = 2.6)".

The 95% inter-woman variability is provided by
Geirsson 1991, giving 8.2 to 20.5 days after beginning
of menstruation.

The confidence intervals for the time of ovulation are
not given.

Cycle length

The average duration of a menstrual cycle is measured
to be 29.1 days®™ (not 28 as commonly given). The same
study that gives the average of 29.1 also states that the
value could intentionally be decreased to appear to be
around 28 by excluding individuals above or below cer-
tain cycle lengths, but as such exclusion limits are
largely arbitrary, this diagram uses the value of the en-
tire study population.

Average hormone levels at extremities

In Stricker 2006, readings are only up to 28.0 days af-
ter LMP. However, the value of 0 days after LMP can be
regarded as equivalent to the value 29.1 days after
LMP, assuming that a menstrual cycle begins as it ends.
Furthermore, its first reading (- 15 days from LH peak),
is actually - 1 day from the standard start of the men-
strual cycle (LMP), and is therefore moved to the other

4 of 5 | WikiJournal of Medicine

WikiJournal of Medicine, 2014, 1 (1) (l\

doi: 10.15347/wjm/2014.001 ’1:
Figure Article

side of the diagram, that is, to 28.1 days after LMP. In
between, lines are adjusted to an approximate average
of that expected from the ones coming from the upper
and lower extreme, with additional change in curve an-
gles as far back as 26.0 days after LMP and forward as
far as 1.0 days after LMP.

Cycle length variability

The 95% inter-cycle prediction interval for the subse-
quent ovulation of 23.6 to 34.6 days after last menstru-
ation is derived from an equivalent standard deviation
of 2.8, as given in Liu 2004 (using the term "within-
woman"). The 95% inter-woman prediction interval of
22.3t035.9 days after last menstruation is derived from
a standard deviation of 3.5, from the same study.! It
cites:

"the between-woman standard deviation was 3.45 days and the
within-woman standard deviation was 2.84 days for mean cycle
length, based on 943 cycles."

Hormone ranges by biological stage

Hormone ranges by biological stage are taken directly
from data in Stricker 2006, with adjustment at ex-
tremities as with average hormone levels.

The lower limit was given as the 5th percentile, and the
upper as the 95th percentile, resulting in a 90% predic-
tion interval.

The Stricker study synchronizes days with the LH peak,
but this, in turn, is approximated to have reliably con-
stant time intervals both to other hormone levels as
well biologic processes around ovulation, so relation be-
tween biological stage and hormone levels is approxi-
mated to be reliably constant as well. As a consequence
of this approximation, these ranges may be less accu-
rate in representing levels at biological stage at the ex-
tremities, that is, far from the time of ovulation.

Besides from such uncertainty, the resultant ranges in
the follicular phase correspond to the case of an exact
prediction of the ovulation, as the follicular phase
ranges are given in retrospect.

In the luteal phase (after ovulation, until beginning of
next menstruation), the given ranges represent the
case where only ovulation is known, as was essentially
the case in the source study.[! However, the difference
from actual ranges by biological progression is rela-
tively minor, since the inter-cycle and inter-woman var-
iabilities are substantially smaller in the luteal phase
than in the follicular phase:
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e The inter-cycle variability in the luteal phase roughly
corresponds to the difference of the total cycle inter-
cycle variability (standard deviation 2.8, given by Liu
20041 and the follicular phase inter-cycle variability
(standard deviation of 2.6, as given in Fehring 2006}
resulting in a standard deviation of 0.2 days.

e Similarly, the inter-woman variability in the luteal
phase roughly corresponds to the total cycle inter-
woman variability (standard deviation 3.5, given by
Liu 200411 and the follicular phase inter-woman vari-
ability (standard deviation of 3.1, as estimated from a
95% prediction interval of 8.2 to 20.5 given in Geirsson
1991B)) resulting in a standard deviation of 0.4 days.

Inter-cycle and inter-woman ranges

Inter-cycle and inter-woman ranges are approximated
by horizontal widening of the ranges by biological stage
with the inter-cycle and inter-woman variability in tim-
ing, respectively. These horizontal variabilities, in turn,
are approximated to increase linearly from beginning of
the cycle to ovulation, and again linearly from ovulation
to the next menstruation. Subsequently, as the source
studies did not directly measure the 95% prediction in-
tervals of hormone values from the time of last men-
struation, the approximation used for these diagrams
expand beyond such a direct measurement. An ex-
treme example of this a hormone value at the upper
limit of the 95% prediction interval by biological stage,
occurring at the earliest limit in the 95% prediction in-
terval of time of ovulation, which when taking both var-
iables together would occur on the 99.75% prediction
interval, because surpassing that limit would require
being at the extremes of both hormonal levels by the
same biological stage and the timing of that stage. In
fact, in locations where the prediction intervals by bio-
logical stage form clear peaks, the addition of equiva-
lent variability in timing would likely yield a numerically
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lower maximal timing because of spread-out. A likely
adverse effect of this would be a apparently narrower
reference interval by biological stage for women who
actually have very averagely timed cycles, an effect
which favors actually rather having a wider prediction
interval than 95% when adding variability in timing,
such as is the case in this diagram.

This approximation also assumes that there is no corre-
lation between cases of far-from-average levels in hor-
mones at a specific biological stage and cases with far-
from-average timing of that biological stage. Such a
correlation would narrow down the inter-cycle and in-
ter-woman ranges.
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