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ABSTRACT

Purpose: Accurate classification of menopausal status is important to epidemiological research
evaluating the role of reproductive hormones in disease processes. Algorithms relying on re-
peat hormone assays are unfeasible in large epidemiological studies. This paper summarizes
the development of the Women’s Ischemia Syndrome Evaluation (WISE) Hormonal meno-
pausal status algorithm for determining premenopausal, perimenopausal, and postmenopau-
sal status using menstrual and reproductive history and reproductive hormone levels obtained
at a single clinic visit.

Methods: The authors compared the accuracy of this algorithm with two currently used self-
report algorithms: Menstrual, based only on months since last menstrual period, and Histor-
ical, which adds age and surgical history.

Results: The study population consisted of 515 women (329 clearly postmenopausal) en-
rolled in the WISE study who were undergoing coronary angiography for suspected ischemia.
A subgroup of 186, not clearly postmenopausal, was classified by these three algorithms. Re-
sults were evaluated against individualized expert consensus classification. The Menstrual
and Historical classifications differed significantly (p � 0.0001) from expert consensus, with
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INTRODUCTION

ACCURATE DETERMINATION OF MENOPAUSAL status
is important to epidemiological research eval-

uating the role of reproductive hormones in vari-
ous disease processes. Declining ovarian estrogen
secretion during perimenopause and menopause
has been implicated in bone loss and susceptibil-
ity to fractures,1,2 decline in cognitive function,3,4

reduced physical functioning,5 changes in body
mass and fat distribution,6,7 glucose intolerance
and diabetes,8,9 the development of cardiovascu-
lar risk factors,10–14 carotid atherosclerosis,12,15

cardiac syndrome X,16,17 and coronary disease.18

The relatively low frequency of ischemic heart dis-
ease deaths prior to the menopause has suggested
a protective effect from ovarian function in 
women,19 a concept indirectly supported by ani-
mal research studies,20–22 observational epidemio-
logical studies of women who undergo premature
natural or surgical menopause,23–25 and recent
Women’s Ischemia Syndrome Evaluation (WISE)
findings linking estrogen deficiency and coronary
artery disease (CAD) in premenopausal women.26

The role of menopausal status per se, as opposed
to aging, in these disease processes remains a mat-
ter of debate, as such relationships are not uni-
formly found.27,28

Menopause is the cessation of ovarian steroid
hormone secretion as a result of the depletion of
oocytes and surrounding follicular apparatus.
This is a gradual process characterized by men-
strual cycle and endocrine changes. The begin-
ning of menopause in women without a hys-
terectomy is defined as the final menstrual period
that is confirmed retrospectively after 12 months
of amenorrhea,29,30 although some women report
intermittent vaginal bleeding after that interval.31

Although varying widely, the median age at nat-
ural menopause is around 51 years,32 but it can
occur normally as early as age 40. Perimenopause
has been variously defined either as beginning
with the first break in menstrual cycle regular-
ity33–35 or as amenorrhea of 3–11 months36 that

occurs at a median of 47.5 years32 and lasts up to
1 year after the final menstrual period.36,37

Prior investigations of a link between meno-
pausal status and health status in large popula-
tions have been limited by methodology. Mea-
sures relying on timing of the last menstrual
period, menstrual regularity, and menopausal
symptoms35,36 necessarily exclude women with
premenopausal hysterectomies without bilateral
oophorectomies38 and may be inaccurate for ir-
regularly cycling women. Other studies using
such measures have erroneously classified young
women with hysterectomies but intact ovaries as
having “surgical menopause.”39,40 In order to in-
clude women with hysterectomies in their study
samples, some investigators have classified wo-
men with a hysterectomy but at least one ovary
as premenopausal if they were younger than 55
years,15 an age where 95% of women are post-
menopausal.41 Conversely, classification systems
relying exclusively on hormone levels,41–43 may
be subject to poor reliability44 and large swings
in hormone levels during the perimenopause.33

What is needed is a classification method that is
not only accurate but also inclusive and practical
for use in large populations.

The recently convened Stages of Reproductive
Aging Workshop (STRAW) has identified seven
stages of normal reproductive aging in women.29

Placement of a woman in any one of these stages
relies primarily on regularity of menstrual cycles
and follicle-stimulating hormone (FSH) levels
while considering chronological age and con-
comitant estradiol (E2) levels. For maximum ac-
curacy, the conference panel recommended that
women keep prospective menstrual calendars, to
return on certain days of their cycle for repeat
serum or urine sampling if hormone levels are
questionable, and to undergo ultrasonography or
other imaging of the uterus. Clearly, such inten-
sive patient contact is not feasible in most large
epidemiological and clinical investigations. More-
over, the STRAW committee stated that this stag-
ing system could not be accurately applied under
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32%–26% discordant classifications, respectively. For the WISE Hormonal classification, dis-
cordance was 4%.

Conclusions: The authors conclude that inaccurate classifications of menopausal status oc-
cur frequently in self-report algorithms. Use of the relatively simple WISE algorithm can im-
prove the accuracy of menopausal status classification for epidemiological research.



the following conditions: cigarette smoking, ex-
tremes of body weight (body mass index
[BMI]�18 or �30 kg/m2), heavy exercise, chronic
menstrual cycle irregularity, prior hysterectomy,
abnormal uterine anatomy (e.g., fibroids), or ab-
normal ovarian anatomy (e.g., endometrioma).
This effectively excludes as many as half of all wo-
men and, therefore, is of limited usefulness in pop-
ulations undergoing various disease processes.

The WISE is National Heart, Lung and Blood
Institute (NHLBI)-sponsored, four-center study
designed to improve the diagnostic reliability of
cardiovascular testing in the evaluation of is-
chemic heart disease in women.45 One of the ma-
jor objectives of the WISE is to evaluate the in-
fluence of cyclical hormones, menopausal status,
and blood reproductive hormone levels on car-
diovascular physiology, symptoms, and diagnos-
tic testing results. The WISE investigators have
developed an algorithm for classifying meno-
pausal status that combines menstrual and re-
productive history with serum hormone assays.
This algorithm is best suited for larger investiga-
tive studies that afford only one patient contact
and permits reasonably accurate determination of
premenopausal, perimenopausal, and postmeno-
pausal status, including women with hysterec-
tomies.

MATERIALS AND METHODS

Study population

We examined 515 women, aged 21–86 years,
undergoing a clinically ordered angiogram for
suspected myocardial ischemia. Because of the
FSH-suppressive action of oral contraceptive
(OC) use, women currently on OC were not in-
cluded in these determinations. Similarly, be-
cause blood hormonal effects vary by hormone
therapy (HT) preparation46,47 we excluded wo-
men currently on HT. Baseline evaluation for all
women included clinical measures; demographic,
medical, and reproductive histories; psychologi-
cal and anginal symptom evaluations; blood
drawn for WISE core laboratory hormone and
lipid assays; and core laboratory quantitative as-
sessment of coronary angiograms.45

Reproductive status questionnaire

The WISE reproductive status questionnaire
includes a history of menarche, date of last men-

strual period, current and prior menstrual cycling
patterns, reproductive events (pregnancy, hys-
terectomy, oophorectomy), menopausal symp-
toms (e.g., hot flashes, night sweats), and history
of OC and HT use. As the questionnaires were
personally administered by trained study coor-
dinators, the subjects were able to ask questions
while responding to specific items, and coordi-
nators were able to clarify responses. This infor-
mation was collected at baseline, prior to the
work of the WISE hormone committee. Neither
the patients nor the study coordinators were
aware how this information would be used in
classifying menopausal status.

Reproductive hormone analysis

Blood for reproductive hormone determina-
tions was drawn following an overnight fast
within 1 week of WISE baseline evaluation. All
blood draws were performed when the patient
was available, without consideration of her men-
strual cycle. Validated steroid and protein assay
methods were used by the WISE hormone core
laboratory to determine levels of total E2, bio-
available estradiol (bioE2), estrone (E1), pro-ges-
terone (PO), FSH, and luteinizing hormone
(LH).48 For FSH, the Diagnostics Products Corpo-
ration (Los Angeles, CA) coat-a-count kits were
used. The assay was calibrated against the WHO
Second International Reference Preparation of Pi-
tuitary FSH (ICSH) human for bioassay (coded
78/549). Specimens were assayed in batches of
150–350, and each determination was measured in
duplicate. The core laboratory is experienced in
performing reproductive hormone level determi-
nations for NIH-sponsored studies, such as the
Postmenopausal Estrogen and Progesterone Inter-
vention (PEPI) study.49 Previous work from this
laboratory has demonstrated the sensitivity and
the between-assay coefficients of variation (CV),
respectively, to be 15% and 16% for E2, 8% and
12% for E1, and 3.7% and 4.2% for bioE2.28

Expert consensus individualized 
menopausal determination

The WISE menopausal status algorithm was
developed by the WISE hormone committee,
which included two reproductive endocrinolo-
gists (G.D.B., S.L.B.), two clinical cardiologists
(C.N.B.M., V.B.), a statistician (B.D.J.), and a nurse
(T.K.H.). Each member of the hormone commit-
tee examined the complete data available for each
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patient, including the patient’s age, BMI, smok-
ing, whether she had a hysterectomy with or
without bilateral or unilateral oophorectomy,
whether the cycles (if present) were regular or ir-
regular, months or days since last menstrual pe-
riod, and levels of serum FSH, LH, E2, E1, and
PO. Each member then classified the patient into
premenopausal (follicular, luteal, or midcycle, if
possible), postmenopausal, perimenopausal, or
unclear, including a group of women we even-
tually classified as having hypothalamic hypo-
estrogenemia or hypothalamic amenorrhea or
both. Following these preliminary classifications,
the committee as a group reviewed and adjudi-
cated menopausal status for each of 186 individ-
ual women who could not definitely be classified
as postmenopausal.

For example, woman 1 is a 52-year-old African
American woman without a hysterectomy, with
three pregnancies, BMI 30.2, who reports a his-
tory of menopausal symptoms but no HT. Her
last menstrual period occurred 8 months ago. She
has smoked for over 20 years. Her medical his-
tory includes diabetes, congestive heart failure,
and balloon angioplasty. Hormone levels are
E2 � 33, E1 � 67, FSH � 31.7, LH � 29.4, PO �

0.26. The Menstrual algorithm classified her as
perimenopausal, the Historical algorithm as pre-
menopausal, and the Hormonal algorithm as
postmenopausal. The hormone committee de-
cided that her final menstrual period had oc-
curred and adjudicated her to be postmeno-
pausal.

Woman 2 is a 48-year-old white woman who
had a hysterectomy at age 28, with both ovaries
left intact. She has been pregnant four times. Her
BMI is 29.8, and she reports current menopausal
symptoms and a brief use of HT at age 44. She
has been a smoker since age 15. Her medical his-
tory includes balloon angioplasty, cancer, and
depression. Her hormone levels are E2 � 30, E1 �

82, FSH � 28, LH � 4.1, PO � 0.39. The Men-
strual algorithm classified her as postmenopau-
sal, the Historical algorithm as premenopausal,
and the Hormonal algorithm as perimenopausal.
The hormone committee adjudicated her to be
(late) perimenopausal.

In a few cases, historical and hormone vari-
ables could not be reconciled, and the study co-
ordinators were requested to clarify HT use (n �

4) or verify the self-reported surgical information
(n � 8). After the hormone committee reached
consensus, the algorithm was established by
looking at the most important variables that

would allow one to arrive at the same conclusion
as the experts. Results from the expert consensus
classifications represent the reference standard
against which the three following algorithms
were evaluated. Each algorithm represents incre-
mental information used for classifying women.

Algorithms

Menstrual menopausal status algorithm. For com-
parison, we classified all women according to the
frequently used Menstrual algorithm of meno-
pausal status determination, a classification 
system used, with several variations, in many
large-scale epidemiological investigations of wo-
men.12,14,50,51,52 All women were asked to provide
the date of their last menstrual period. Women
who were amenorrheic in the preceding 12
months were classified as postmenopausal, those
amenorrheic in the preceding 3–12 months were
classified as perimenopausal, and all other wo-
men were classified as premenopausal (Fig. 1).

Historical menopausal status algorithm. This al-
gorithm considered additional questionnaire in-
formation to the Menstrual algorithm, such as age
and surgical history. Thus, if a woman had a hys-
terectomy, at least one intact ovary, and was �55
years of age, she was classified as premenopau-
sal (Fig. 2). Because of the inclusion of women
with hysterectomies, with no confirmatory men-
strual cycling information, no attempt was made
to use this algorithm to classify perimenopausal
status.53

WISE Hormonal menopausal status algorithm. The
WISE Hormonal algorithm was developed ancil-
lary to the ongoing individualized hormone com-
mittee classifications. This was an iterative
process that involved simplifying the classifica-
tion process into a decision tree, testing the re-
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FIG. 1. Single time self-report Menstrual algorithm.
PRE, premenopausal; PERI, perimenopausal; POST, post-
menopausal.



sulting algorithm against the committee’s classi-
fications, rediscussing women with divergent
committee and algorithm classifications, and re-
formulating the algorithm. Through this iteration
procedure, we developed consistent classifica-
tions and rules. The flow diagram depicted in Fig-
ure 3 summarizes the rules and decisions gener-
ated through this process.

The first step of the algorithm divides women
into five categories according to their current
menstrual status: (1) definitely postmenopausal,
(2) regular cycling, (3) irregular cycling, (4) no
menstrual period in the past 12 months without
hysterectomy, and (5) no menstrual period in the
past 12 months with hysterectomy. Definitely
postmenopausal women were those who either
had had a bilateral salpingo-oophorectomy (BSO)
or were aged �55 years and amenorrheic. Wo-
men reporting regular menstrual periods during
the preceding 12 months (Fig. 3A) were assumed
to be premenopausal, and reproductive hormone
levels were used to corroborate this assumption.
Women reporting irregular menstrual periods
during the preceding 12 months were equally
likely to be premenopausal or perimenopausal
and required additional reproductive informa-
tion, such as hormone levels, age, and last men-
strual period, in order to be classified. Among
women without a menstrual period during the
preceding 12 months (Fig. 3B), those without a
hysterectomy had a high probability of being
postmenopausal. If they did not fit the post-

menopausal hormone profile (E2�50, FSH�20),
their cases were more closely examined for other
possible reasons for their amenorrhea (e.g., hy-
pothalamic amenorrhea26). Women with a hys-
terectomy lacked the menstrual confirmation of
their menopausal status. For these women, the
combination of age and reproductive hormone
levels was used for classification.

Verification

Although true verification requires testing the
algorithm in other populations, we used two
methods to verify or further describe our classi-
fications. One was to compare basic classification
variables among the following subgroups of wo-
men aged �55 years: those with self-reported (1)
regular cycles, (2) irregular cycles, (3) no men-
strual periods and no hysterectomy, (4) BSO, and
(5) amenorrheic women without hysterectomy or
BSO. The second method relied on follow-up in-
formation to determine menstrual status and reg-
ularity for women classified as premenopausal,
perimenopausal, and postmenopausal by the
WISE Hormone algorithm at 6 weeks and 1 year
of follow-up. The 6-week follow-up, limited to a
maximum interval of 3 months, provided an in-
dication of test-retest reproducibility of self-re-
ported menstrual history. The 1-year follow-up
(range 10–25 months) determined whether wo-
men without hysterectomies who were classified
as premenopausal or perimenopausal continued
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FIG. 2. WISE Historical algorithm. PRE, premenopausal; PERI, perimenopausal; POST, postmenopausal; BSO, bi-
lateral salpingo-oophorectomy.



to have menstrual periods and whether those
classified as postmenopausal did not resume
menstruating.

Statistical analysis

Classifications via the three algorithms were
compared with the individualized expert con-
sensus menopausal determination. For each al-
gorithm, the number correct for each status is the
number of women correctly identified by the al-
gorithm to have that status. Sensitivity, speci-
ficity, predictive value, and overall predictive ac-
curacy were derived for each classification within
each algorithm. These proportions were then
compared across the three algorithms using chi-
square analysis. The classifications were com-
pared with the expert consensus adjudications by
the kappa measure of agreement. Kappas were
computed by comparing classification into a
specified menopausal status group vs. all others.
For example, classification as premenopausal was
compared against classification as perimeno-
pausal or postmenopausal. According to stan-
dard convention, a kappa�0.75 was considered
very good agreement.54

RESULTS

The demographic and menopausal characteri-
zation of the overall study participants is shown
in Table 1. The WISE population age ranged from
21 to 86 years, and 41% had CAD, defined as
�50% stenosis in �1 coronary artery. Overall,
19% of the women had BSO, and 43% were �55
years of age and amenorrheic for a year or more
without BSO. These women (n � 321) were auto-
matically classified as postmenopausal. This sta-
tus was verified by their hormone profiles in vir-
tually every case. In the few (n � 7) discrepant
cases, we requested their medical and surgical
charts and found in all cases that the woman had
not correctly reported her surgical history (e.g.,
hysterectomy with at least one ovary left intact).
Of the remaining 194 women, 4% had informa-
tion missing on at least one relevant reproductive
variable (current HT use, BSO, hysterectomy,
menstrual history). No woman aged �55 years
reported a menstrual period within the prior 12
months.

Among the 186 women who were not auto-
matically classified as postmenopausal, were not

on HT or OC, and had complete data required for
the WISE Hormonal algorithm (Table 1), ages
ranged from 21 to �55 years, and 28% were non-
white minorities (primarily African American).
Most (69%) of the women had at least two car-
diac risk factors, half (50%) were obese, a third
(30%) were current smokers, and 27% had CAD;
24% of these women had had a hysterectomy
without BSO. Notably, 88% of these women had
underlying conditions that would render the
STRAW staging system inapplicable. By WISE ex-
pert consensus hormone committee determina-
tions, 66% were premenopausal, 17% were peri-
menopausal, and 17% were postmenopausal.

Comparison of menopausal status determination
by three algorithms

Comparative frequencies of menopausal status
classifications by the three algorithms are shown
in Table 2. Because of the inherently low agree-
ment for women with hysterectomy (kappa�

0.10), Table 2 is presented only for those women
(n � 141) without hysterectomy. One major dif-
ference among these three tools was the ability to
classify women as perimenopausal. The criterion
of “months since last period � 3–12,” used in the
menstrual algorithm, identified only 3 women
(2%) as perimenopausal, compared with the
WISE Hormonal algorithm, which classified 23
women (16%) as perimenopausal. For reasons
cited previously, perimenopausal status was not
determined by the Historical algorithm. For wo-
men without hysterectomy, both the Menstrual
and Historical algorithms overclassified women
as premenopausal (kappa � 0.50–0.60), whereas
the agreement for postmenopausal status was
very good (kappa � 0.86).

The major benefit of the WISE Hormonal algo-
rithm lay in its ability to identify perimenopausal
women, with a kappa � 0.90. When combining
the women with and without hysterectomy (data
not shown), the highest kappa measure of agree-
ment was 0.49 (postmenopausal) for the Men-
strual algorithm and 0.62 (postmenopausal) for
the Historical algorithm, indicating that agree-
ment with the expert consensus adjudications
was good. For the Hormonal algorithm, the
kappa statistics exceeded 0.90 for all menopausal
statuses. The specific shifts are illustrated in Fig-
ure 4. A woman classified as premenopausal by
the Menstrual algorithm continued to be pre-
menopausal by the Historical algorithm. Women
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classified as postmenopausal by the Menstrual al-
gorithm were more likely to be reassigned to pre-
menopausal by the Historical algorithm. About
75% of the classifications by the Historical algo-
rithm retained their status when reclassified by
the WISE Hormone algorithm.

Comparison of algorithms with expert consensus
individual menopausal classification

Sensitivities, specificities, and predictive val-
ues for each algorithm are shown in Table 3. The
Menstrual algorithm performed relatively well
with the premenopausal classification, the most
common classification in this population, but was
notably inaccurate in classifying women as peri-
menopausal, with a sensitivity of 6%. The post-
menopausal classification had a sensitivity of 94%
and predictive value of 45%, indicating that al-
though at least 9 of 10 truly postmenopausal wo-

men were correctly identified, a postmenopausal
classification was accurate in less than half of the
women, producing a high percentage of false
negatives. The Historical algorithm did not per-
form much better for either the premenopausal
or postmenopausal women but had a slightly bet-
ter overall predictive accuracy than the Menstrual
algorithm (74% vs. 68%). The WISE Hormonal al-
gorithm was able to correctly classify 96% of all
women. Of the remaining 4% (8 women), 4 were
misclassified and 4 fell into the hand-code cate-
gory of the algorithm. The following is a sum-
mary of these misclassifications (or lack of agree-
ment between expert adjudication and Hormonal
algorithm):

Woman 1. Age 45, no hysterectomy, irregular
cycles (the last was 10 days ago), not a smoker,
BMI 41.2, classified by all three algorithms as pre-
menopausal. E2 � 28, E1 � 58, FSH � 7.6, LH �
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FIG. 3. (A) WISE Hormone algorithm for women who are not currently on HT or OCs. Women with menstrual pe-
riod � 12 months. PRE, premenopausal; PERI, perimenopausal; POST, postmenopausal; E2, estradiol; FSH, follicle-
stimulating hormone; LMP, time since last menstrual period. Numerator, number of women assigned to status by
WISE Hormone algorithm; denominator, number of women assigned to status by expert consensus adjudication.
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4.4, PO � 1.03. The hormone committee classi-
fied her as perimenopausal. The combined age,
history of irregular cycles, and hormone profile
suggested oligoovulation or an inadequate luteal
phase, which can occur during the peri-
menopause.

Woman 2. Age 31, no hysterectomy, irregular
cycles, not a smoker, BMI 21.5, classified by Men-
strual and Historical algorithms as premeno-
pausal and by Hormonal algorithm as peri-
menopausal. E2 � 390, E1 � 264, FSH � 1.6,
LH � 22.2, PO � 3.77. The hormone committee

adjudicated that the hormone profile was more
consistent with premenopausal and follicular
(ovulating).

Woman 3. Age 53, hysterectomy with ovaries
intact, not a smoker, BMI 32.3, classified by the
Menstrual algorithm as postmenopausal, by His-
torical algorithm as premenopausal, and by Hor-
moneal algorithm as perimenopausal. E2 � 4.0,
E1 � 20, FSH � 28, LH � 54.1, PO � 0.16. The
hormone committee adjudicated that the hor-
mone profile was more consistent with post-
menopausal status.
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FIG. 3. (B) WISE Hormone algorithm for women who are not currently on HT or OCs. Women with no menstrual
period � 12 months. Three of the women were either premenopausal or perimenopausal. Their amenorrhea was due
to other physical causes (e.g., hypothalamic amenorrhea). PRE, premenopausal; PERI, perimeno-pausal; POST, post-
menopausal; E2, estradiol; FSH, follicle-stimulating hormone; LMP, time since last menstrual period; BSO, bilateral
salpingo-oophorectomy. Numerator, number of women assigned to status by WISE Hormone algorithm; denomina-
tor, number of women assigned to status by expert consensus adjudication.
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Woman 4. Age 52, no hysterectomy, last men-
strual period 5 months ago, smoker for 20 years,
BMI 30.9, classified by Menstrual and Hormonal
algorithms as perimenopausal and by Historical
algorithm as premenopausal. E2 � 36, E1 � 79,
FSH � 32.2, LH � 29.7, PO � 0.22. The hormone
committee adjudicated that the hormone profile
was more consistent with postmenopausal sta-
tus and that the woman had experienced her fi-
nal menstrual period.

Although they could not be automatically
coded by the algorithm, an additional 8 women
with missing reproductive historical information
but complete hormone profiles were hand-coded.
By evaluating reproductive hormone levels, the
WISE expert consensus hormone committee was
able to resolve all but 1 of these cases and assign
them to a menopausal status group.

Verification

Table 4 gives the median age, reproductive hor-
mone levels, time since last period, and expert
consensus hormone committee menopausal sta-
tus classifications of women with (1) self-reported
regular cycles, or (2) irregular cycles, (3) amen-

orrheic, aged �55, without reproductive surgery,
(4) BSO, and (5) amenorrheic, aged �55, without
reproductive surgery. Groups 3 and 4 were very
similar on all characteristics, except for a small
difference in FSH. Only 1 woman with BSO had
an FSH �20, and her surgical status was un-
available for verification. Of the women in group
5, 12 (5%) had an FSH �20, suggesting possible
residual ovarian function beyond the natural ces-
sation of menses. Although there was a trend in-
dicating decreasing ovarian function for women
with irregular cycles, both regulary and irregu-
larly cycling women displayed wide variation in
their reproductive hormone levels, confirming
the assertion that cycling history or hormone lev-
els, by themselves, are not sufficient for meno-
pausal status classification.

Six-week and 1-year follow-up information
was available for 69% and 77% of the women, re-
spectively (Table 5). The 6-week data showed
high test-retest reproducibility of self-reported
menstrual cycling. Among premenopausal wo-
men, 98% of those reporting regular cycles at
baseline continued to report regular cycles within
3 months follow-up, and 86% of those reporting
irregular cycles at baseline continued to report ir-
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TABLE 1. DEMOGRAPHIC, CLINICAL, AND REPRODUCTIVE VARIABLES OF OVERALL POPULATION AND STUDY POPULATION

Women
classified by

Overall population algorithms
Variable n � 515 n � 186

Age in years (range) 58 (21–86) 45 (21–�55)
Race (% minority) 21 28
�2 cardiac risk factors,a % 78 69
Obesity (BMI �30),b % 42 50
Current smoker, % 21 30
CAD (�50% stenosis in �1 coronary artery), % 41 27
Reproductive history

BSO 97 (19%) 0 
No menses within 12 months and age �55 years (no BSO) 224 (43%) 0 

All others 194 (38%) —
Missing informationc 8 (4%) —
To be adjudicated by algorithm 186 (96%) 186

Hysterectomy — 45 (24%)
Chronic menstrual irregularity — 32 (17%)
Menstrual period(s) within last 12 months:

Regular (%) — 80 (43)%
Irregular (%) — 39 (21)%
None (%) — 67 (36)%

aRisk factors include history of hypertension, dyslipidemia, diabetes mellitus, family history of CAD, current 
smoking.

bBMI, body mass index, calculated as (kg/m2); CAD, coronary artery disease; BSO, bilateral salpingo-oophorec-
tomy; SD, standard deviation.

cMissing information on HT use, current cycling, BSO, or hysterectomy.



regular cycles. Test-retest reproducibility was at
100% among perimenopausal and postmenopau-
sal women. At 1-year follow-up, of the 57 pre-
menopausal women with originally regular cy-
cles, 10 (18%) became irregular and 2 (3%)
reported no menstrual period within 1 year (an
additional 2 women had hysterectomies). Of the
14 premenopausal women with originally irreg-
ular cycles, 4 (28%) claimed to resume regular cy-
cling, and 2 (14%) reported no menstrual period
within 1 year. Among the 20 total perimeno-
pausal women, 13 (65%) had irregular cycles at
1-year follow-up, and 5 (25%) reported no men-

strual period within 1 year. None of the 14 post-
menopausal women with 1 year of follow-up re-
sumed cycling. Our available prospective data
thus demonstrate good test-retest reproducibility
and overall consistency with menopausal status
classification.

DISCUSSION

These results demonstrate that a relatively sim-
ple hormone algorithm that includes a one-time
measurement of reproductive blood hormone
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0.57 0.04 0.86

0.50

d

0.86

0.93 0.90 0.94

TABLE 2. CROSS-CLASSIFICATION OF “MENSTRUAL,” “HISTORICAL,” AND “HORMONAL” ALGORITHM RESULTS VS. EXPERT

CONSENSUS: DATA FOR WOMEN WITHOUT HYSTERECTOMY ONLY (n � 141)

Expert consensus Expert consensus Expert consensus

PREa Not PRE PERI Not PERI POST Not POST
n � 97 n � 44 n � 23 n � 118 n � 21 n � 120

Algorithm (�)b (�) (�) (�) (�) (�)

Menstrual
(�) 95 (98%) 21 (48%) 1 (4%) 2 (2%) 19 (90%) 3 (2%)00
(�) 2 (2%) 23 (52%) 22 (96%) 116 (98%) 2 (10%) 117 (98%)0

Kappac

Historical
(�) 95 (98%) 24 (55%) 19 (90%) 3 (2%)00
(�) 2 (2%) 20 (45%) 2 (10%) 117 (98%)0

Kappa
Hormonal

(�) 94 (97%) 1 (2%) 21 (91%) 2 (2%) 19 (90%) 0 (0%)00
(�) 3 (3%) 43 (98%) 2 (9%) 116 (98%) 2 (10%) 120 (100%)

Kappa

aPRE, premenopausal; PERI, perimenopausal; POST, postmenopausal.
b(�), Classification (e.g., premenopausal) positive; (�), classification (e.g., premenopausal) negative.
cKappa measure of agreement with expert consensus adjudications: 0.40–0.75, good agreement; 0.76–0.90, very

good agreement; �0.90, excellent agreement.
dPerimenopausal status could not be ascertained by the WISE Historical algorithm.

FIG. 4. Classification by algorithm. PRE, premenopausal; PERI, perimenopausal; POST, postmenopausal; Indet, in-
determinate.



levels is practical and substantially enhances
menopausal status classification compared with
self-report algorithms. Application of the WISE
Hormonal algorithm should be most useful in in-
vestigations in which repeated blood or urine
measures, timed on specific days of the menstrual
cycle, are not feasible. Most WISE women made
only one clinic visit for completing in-person
baseline questionnaires, diagnostic tests for isch-
emia, clinical measures, and a fasting blood draw,
and our relatively simplified Hormonal algo-

rithm produced a 96% accuracy overall compared
with expert consensus individualized menopause
determination. Although our one-time measure
of blood hormones per woman necessarily pro-
vides only a snapshot measure of her true meno-
pausal status, the WISE Hormonal algorithm is a
probabilistic estimate that appears to be reason-
ably accurate and practical to use. Although the
WISE data include fasting blood samples, it is
likely that blood sampling could occur at any
time for this purpose. Blood hormone levels are
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TABLE 3. SENSITIVITY, PREDICTIVE VALUE, AND PREDICTIVE ACCURACY (%) OF ALGORITHMS FOR VARIOUS

CLASSIFICATIONS. ALL WOMEN CLASSIFIED BY ALGORITHMS (n � 186)

Simple WISE WISE
Menstrual Historical Hormonal
algorithm algorithm algorithm

Premenopausal
Sensitivity 77** 97 97
Specificity 67** 32** 97
Predictive value 82** 73** 98

Perimenopausal
Sensitivity 6** 88
Specificity 99 97
Predictive value 67 88

Postmenopausal
Sensitivity 94 59** 85*
Specificity 76** 97 99
Predictive value 45** 79** 97

Predictive accuracy 68** 74** 96

aPerimenopausal status could not be ascertained by the WISE Historical algorithm.
Difference from perfect agreement with expert consensus: *p � 0.01; **p � 0.0001.

TABLE 4. AGE AND BLOOD REPRODUCTIVE HORMONE LEVEL DISTRIBUTION

ACROSS SELECTED GROUPS OF WOMEN, BY MENSTRUAL HISTORY

No cycles, No BSO or
no hysterectomy, hysterectomy, no

Regular cycles Irregular cycles age �55b BSO, age �55 cycles, age �55
n � 80 n � 39 n � 19 n � 30 n � 224

Age, years 44 (21–54)a 48 (31–55) 51 (43–54) 50 (40–54) 68 (55–85)
FSHc (mIU/ml) 4.8 (1.0–69.2) 5.6 (0.5–97.0) 47.3 (15.5–106.0) 52.2 (4.6–111.2) 48.5 (1.0–136.2)
LH (mIU/ml) 3.2 (0.2–22.2) 5.0 (0.2–35.5) 20.2 (7.3–39.0) 23.5 (9.8–55.1) 15.5 (0.2–64.8)
E2 (pg/ml) 68 (2–292) 36 (7–390) 13 (3–34) 11 (4–30) 11 (1–65)
E1 (pg/ml) 82 (29–344) 59 (12–274) 40 (14–70) 42 (3–96) 38 (4–244)
Bioavailable E2 (pg/ml) 43 (1–160) 23 (3–158) 7 (2–16) 7 (1–23) 7 (1–42)
Progesterone (ng/ml) 0.54 (0.06–15.89) 0.36 (0.10–11.68) 0.24 (0.09–0.73) 0.25 (0.06–0.59) 0.21 (0.08–1.11)
Time since LMP 12 days 24 days 71 months 182 months 274 months

(0–64) (0–249) (20–235) (17–458) (23–609)
Premenopausald 95% 49% 0% 0% 0%
Perimenopausald 5% 46% 0% 0% 0%
Postmenopausald 0% 5% 100% 100% 100%

aMedian (range).
bExcludes 3 women who were amenorrheic due to hypothalamic hypoestrogenemia.
cFSH, follicle-stimulating hormone; LH, luteinizing hormone; E2, estradiol; E1, estrone; LMP, last menstrual period.
dMenopausal status as determined by WISE hormone committee.



stable in storage, and their determination is rela-
tively economical when performed in batches for
research purposes. Moreover, for practical pur-
poses, blood hormone assays do not need to be
performed for women who are clearly post-
menopausal by other indicators (i.e., BSO, amen-
orrhea, and age �55 years in women without 
hysterectomy or age �60 in women with hys-
terectomy).

Menstrual and Historical algorithms are com-
monly used to classify women in large epidemi-
ological studies. However, menstrual regularity
and cycle length are not sufficient criteria for
menopausal status determination. Self-reported
regularity of menstruation is highly subjective55

and subject to inaccurate recall56 and cultural di-
versity.57–58 According to recent work,30 cycle
lengths of 21–35 days are normal as long as devi-
ations up to 14–56 days occur no more often than
1 of every 20 cycles. The onset of changes in flow
during perimenopause is gradual and uneven,35,52

and cycle length increases dramatically only just
prior to the final menstrual period.30,31 Because
the final menstrual period can only be verified ret-
rospectively (i.e., after 12 months of amenorrhea),
it is possible that some women with � 12 months
since their last cycle may have already experi-
enced their final menstrual period.59 The WISE al-
gorithm considers this possibility highly probable
if a woman is over the age of 50 and has an FSH
level �30 mIU/ml. However, increased cycle
length per se does not necessarily indicate that a
woman has become perimenopausal. Other fac-
tors, such as hypoestrogenemia of hypothalamic
origin, may be associa-ted with amenorrhea and

irregular cycling.20,22,26 Thus, cycle length was
used to classify women only under exceptional
circumstances.

Reproductive hormones alone are similarly not
considered diagnostic of a woman’s menopausal
status.60–63 Although FSH elevation is generally
considered the first sign of reproductive aging,
beginning in the late reproductive stage and oc-
curring even in women aged �40 with regular
cycles,64,65 its diagnostic utility depends on the si-
multaneous levels of other reproductive hor-
mones and age. FSH levels are highly variable
across cycles29 and are influenced by other fac-
tors, such as smoking and body weight.66 A large
study of women found that only 73% of women
with FSH levels �20 mIU/ml were postmeno-
pausal,67 further confirming that FSH is only par-
tially diagnostic. The predominant determinant
of FSH is the E2 level, which in turn responds to
the death and growth of follicles, which are
highly variable in perimenopause because of age-
related decline in oocyte count.56 Thus, E2 levels
in the perimenopause are characterized by drops
and dramatic rises to levels that may greatly ex-
ceed those found in premenopausal women.41,68

These increases are not consistent over cycles and
across women.69

Several attempts have been made to develop a
classification instrument based on symptoms70

that occur frequently during the menopausal
transition and are linked to hormone changes.71

However, population studies have not consis-
tently demonstrated a relationship between
symptoms and menopause and show ethnic/
racial differences.72,73 Beginning during pre-
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TABLE 5. MENSTRUAL CYCLING AT 6 WEEKS AND 1 YEAR FOLLOW-UP IN WOMEN WITHOUT HYSTERECTOMY

Baseline No period No period
cycling Regular Irregular for Regular Irregular for
history nb cycles cycles 12 months nc cycles cycles 12 months

Premenopausal
Regular cycles 52 98% 2% 0 57 79% 18% 3%
Irregular cycles 14 14% 86% 0 14 28% 57% 14%

Perimenopausal
Regular cycles 4 100% 0 0 4 0 100% 0
Irregular cycles 15 0 100% 0 16 12% 56% 31%

Postmenopausal
No cycles 12 0 0 100% 16 0 0 100%

a2-year follow-up was used when 1 year was not available.
bNumber of women in each category with 6-week follow-up.
cNumber of women in each category with 1-year follow-up.

At 1-year follow-upa

(10–25 months)
At 6-week follow-up
(3 weeks–3 months)



menopause, symptoms persist through peri-
menopause and tend to be most frequent in post-
menopausal women.74,75 Analysis of WISE data
(not shown) has similarly found menopausal
symptoms to be a poor indicator of menopausal
status.

Our findings demonstrate that by combining
menstrual and historical with reproductive hor-
mone information, the WISE Hormonal algo-
rithm provides greater accuracy than currently
used self-report methods for classifying meno-
pausal status. Among the 186 women not clearly
postmenopausal, the Menstrual and Historical al-
gorithms were inaccurate compared with the ex-
pert consensus individualized menopausal status
classifications by 32% and 26%, respectively,
compared with 4% for the WISE Hormonal sta-
tus determination. These results suggest that the
various algorithms currently being used in re-
search produce highly divergent classifications
and that misclassifications may affect study out-
comes. Other algorithms, such as the STRAW
staging system, may not be applicable to women
in various disease cohorts; 88% of the WISE wo-
men had one or more abnormalities that would
render the staging system inaccurate as defined
by the STRAW investigators.29

The WISE Hormonal algorithm is an iterative
and simplified version of the processes used by
the WISE expert consensus hormone committee
in adjudicating individual women. As such, it is
a probabilistic classification and not a diagnosis.
The hormone committee took into consideration
the full complexity of individual variation, in-
cluding reproductive and cycling history, cycle
day of blood sampling, simultaneous hormone
values, age, BMI, smoking, self-reported stress,
prior history of severe and chronic illness, and
medication usage. Although expert consensus is
not easily accommodated into an algorithm, the
WISE Hormonal algorithm achieved an overall
predictive accuracy of 96%.

Limitations

Endocrine systems, such as the reproductive
hormone axis in women, are necessarily dynamic,
characterized by fluctuations in blood hormones
within as well as across cycles. Serum hormone
levels are further affected by such factors as obe-
sity and smoking. Our single measure of circu-
lating hormones may, therefore, lead to some in-

accurate classifications of menopausal status.
However, the current WISE Hormonal algorithm
provides the best possible probabilistic determi-
nation, given the available data, in a relatively
simplified algorithm that is practical for epi-
demiological investigation. Prior WISE reports
have documented relationships between our
measure of menopausal status and biological
variables of significance, such as WISE-deter-
mined arterial function,76 suggesting that these
snapshot reproductive measures have validity in
cardiovascular research in women. Naturally, the
more information available, the better the classi-
fication. Therefore, the WISE Hormonal algo-
rithm is not recommended for use in clinical prac-
tice, where more rigorous measures can be
obtained. At present, the algorithm is also not
suitable for distinguishing between intermediate
stages, such as early perimenopause vs. late per-
imenopause. This level of distinction would re-
quire more detailed data collection, which is not
available in most large-scale epidemiological in-
vestigations. The WISE Hormonal algorithm is
currently not applicable for women taking hor-
mones, such as OC and HT use. Evidence has
shown that hormone levels of women on HT (in-
cluding phytoestrogens and natural proges-
terones) are highly variable and differentially af-
fected by various exogenous hormone prep-
arations, doses, and methods of administration
(e.g., patch, cyclic vs. continuous).46,47 This infor-
mation was not collected in WISE.

Although the WISE hormone committee in-
cludes two reproductive endocrinologists, classi-
fications from this panel may not constitute the
best reference standard for evaluating the accu-
racy of the algorithms. These classifications re-
main subjective and difficult to verify. The ac-
cepted gold standard for determining a woman’s
menopausal status includes the use of menstrual
calendars and repeated blood or urine sampling
standardized by cycle day. Moreover, because the
Hormonal algorithm was developed in conjunc-
tion with the expert consensus classifications,
there is the possibility of cross-contamination,
such that the algorithm classifications may have
influenced the hormone committee classifica-
tions. Thus, the high correlations between the
Hormonal algorithm and expert consensus clas-
sifications are not surprising and merely serve to
demonstrate that a relatively simple algorithm,
suitable for computerized classification, can du-
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plicate the individualized classification work of
experts. The possibility exists that the predictive
accuracy of the algorithm may be an overestimate
of the algorithm’s true predictive value when
used in other settings and populations. It is, there-
fore, important that the WISE algorithms be ver-
ified in other populations of women participat-
ing in studies that are able to implement these
more rigorous methods. To address these limita-
tions, the WISE algorithm is currently being val-
idated in the Study of Women’s Health Across
the Nation (SWAN) study.77

CONCLUSIONS

The current study findings have potentially
widespread implications for epidemiological and
clinical research in women. Whereas reproduc-
tive research investigators are knowledgeable
about the inaccuracies of self-reported menopau-
sal status determination, this message is under-
appreciated by the general research community.
Single item self-reported menopausal status can
be inaccurate, yet it has been and continues to 
be commonly used in health research in wo-
men.25,35,36 Adding reproductive questions and
hormone levels, such as the WISE Hormonal al-
gorithm, can achieve greater accuracy of these
classifications and increase the range of women
included in research, for example, women with
hysterectomies or those who have undergone
early natural menopause. One-time blood hor-
mone assays are not expensive and should be
done in studies in which menopausal status is of
interest. Given the broad role menopausal status
and hormones appear to play in health and dis-
ease in all women, accurate menopausal status
determination is an important foundation for any
health research endeavor.
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