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e This'is the first study to examimeospectivelythe associations between levels of and
change iroestradiolandfollicle-stimulating hormoneHSH) duringthe menopausal
transition and incident diabetes in a cohort of women.

e Thestudy shows that, independent of age and other important risk factors of diabetes,
women with lowelipre-menopais oestradiolevels and a slower rate of FSH change
during the early menopause transition hdwigher risk of developing diabetes.

e Giventthat obesity plays an important role in diabetes risk as well as in the levels and
changes.imestradioland FSH over the menopausal transition, weight control in earlier

mid-life is important to prevent future diabetes development.

Aim Toinyvestigate the association between changeestradiol antbllicle-stimulating

hormone levels during the menopausal transition and incident diabetes.

MethodsWefollowed 1407 pre-menopausal women, aged 42-52 years at baseline, who
experiencedatural menopause, from baseline to the dnual follow-upvisit in the Study of
Women’s Health Across the Nati¢g§WAN). Diabetes was defined based on fasting glucose
level, medication usandselfreport of physician diagnosis. Cox proportiohakardgegression

was used to evaluate the associations of incident diabetes with three components of the rate of
change in hormonetheintercept premenopaual levels) and two pieewise slopes

representing change during the early and late transiéspectively
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ResultsDuring 15 years of follow-up, 132 women developed diabetes. After adjusting for
potential confounders, a higher oestradiol intercept, but not its rate of change, waleorder
significantlyassociated with lower risk of diabe{eszard ratidor an interquartile range
increasg75.2 pmol/L) 0.53, 95% CI 0.27-1.06Jor follicle-stimulating hormonea greater rate
of increasan.the early transition, but not the intercept or late transition sigagficantly
associated,with lower risk of diabe{ésizard ratidor aninterquartile rangéecreasg5.9

IU/L/yean).0.31, 95% Cl 0.160.94].

ConclusionsLower pre-menopaws oestradiolevels and a slower rate fafllicle-stimulating
hormone change during the early transition were associated with higher risk of deyelopi
diabetesGiven that obesity plays an important role in diabetes riskrathe: levels andchanges
in oestradielandfollicle-stimulating hormon@ver the menopausal tratisn, weight control in
earlier midlife-is important to prevent future diabetes development.

Endogenous oestrogemay reduce the risk of developing diabetes in pre-men@paus
womenby-lowering body fat and promoting insulin sensitivity [@judies of oral contraceptives
and menopausal hormone therapy support the notiongktitbges play a preventive role in
diabetes risf2—4]. As women transition through the menopausstradiollevels drop
considerablySome crossectionaktudies have shown thaestradiolevels are higher ipost-
meropausal women with diabetes [5—7], but others repoassociatior8,9]. Only a few
prospective studies have examined the association between oestnadiotident diabetes. Two
studiesin pestmeropausal women (the Women’s Health Study [10] and the Multi-Ethnic Study
of Atherosclerosi§l1]) reported a significant association between higher levelssifadioland
higherriskof diabetes, whereas the Rancho Bernardo Study found signaificant positive
association betweeasestradiol(both total and bioavailablevel9 and incident diabetas older
women(aged 55—-89 years) [12]; howevereaentreport fromthe Diabetes Prevention Program
failed tofindan association between oestra@iot incident diabetas eitherpre-or post
menopausal womei3].

Prospective studies to date have been limitgdssessing only hormofevelsmeasured

at baseline. Women’s hormone levels, especially oestrangbfolliclestimulating hormone
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(FSH), change dramatically during the menopatraakition.Oestradiolevels remairstable
until ~ 2 years before the final menstrual period, then decpiely until ~2 years after thénal
menstrual periodand then stabilizence againFSH gradually increasé®ginning ~#ears
before the final menstrual periashdthenaccelerates from 2 years before final menstrual
perioduntil 1.year after thénal menstrual periofiL4]. To date, however, no study has
examined how.hange in sex steroid hormerelsduringthe menopausal transition influences
diabetes riskn'mid-life. The Study of Women'’s Heal#hcross the Nation (SWANR multisite,
multi-ethniclongitudind study of the natural history tiie menopausal transitiamcludes
annual orbiannudormone measurements oeet5-yearperiod as well as longitinal followup
for incident:diabetesIhese datallow us to address the aforementioned limitation.

In the present study,eninvestigatedhe association betweehange irserumsex steroid
hormone levelsidurinthe menopausal transitiancluding the late transitigrihe stage during
which the most dramatic changes in the endogenous endocrine environmerdamtaocjdent
diabetesWe focused owestradioland FSH because our previous stutheéSWAN have shown
that testosteronelehydroepiandrosterone and sex hormone-binding globulielatevely stable

over the menopausal transitistageg15,16].

oS
Study population

In the preseminalysiswe useddata from SWANdetails of which have been reported elsewhere
[17]. Between 1996 and 1997, 3302 women were enroltedhelongitudinal cohorait seven
study sitegBoston, MA; Chicago, IL; Detroit, MI; Los Angeles, CA; Newark, NJ; Oakland, CA
and Pittsburgh, PAEach site recruited representative samples of at least 450 women: white
women and women from one specified minority group (black in Boston, Chicago, Detroit, and
Pittsburghy=Chinese in Oakland; Japanese in Los Angeles; Hispanic imk)leiatagibility

criteria included: age 452 years; having an intact uterbgying at leasbne menstrual period

and not taking hormone medications (e.g. birth control p#strogen or progesterone
preparations)iin the 3 months before the baseline survey; and haviidgséffed with the

site’s designated race/ethnic groujpstitutionalreview board approval was obtained at each

study site, and all participants provided signed informed consent at each study visit.
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Menopausal statusnd date of th&nal menstrual periosveredetermined fronguestions
about menstrual bleeding on the annual visit questionn&ifesien whaeported bleeding in
the 3 months before an annual visit with no decrease in the predictability of nretisegear
before thevisit were categorized gge-menopaual. Womenwho reporédno menses forl2
monthswereglassified as pognenopausallhefinal menstrual periodias defined as the first
day of the bleeding period whietasfollowed by at least 12 months of amenoe&fi8,19].

Among the 3302 participants BWAN, 1555 had an observed natuiiabl menstrual
periodnotmasled by hormone use between the enrolment visit and théolldw-up visit
(2009-2010) and thus were potentialhgible for this analysisWe excluded womewho were
ascertained tbave diabetsat baseliner(=87); developed diabetes in the egolgrirmenopause
(n=23) before marked changes in hormone leweése pregnanduring the follow-upi=2); or
weremissing information oomestradiolnd FSH 1(=1). We furtherexcluded th&85 womenwho
werefound to be irlate perimenopausédefined as a seleport of >3 but <12 months of
amenorrhea)at baselineThus,the final eligibleanalytial sampleincluded 140%vomen

Outcomeascertainment

Serum glucose levels were measuagdll clinic visits except visits 9 and LBing a hexokinase
coupled reaction (Boehringer Mannheim Diagnostics, Indianapoli$)84). Diabetes was
ascertaned at each visit if a participant met at least one of the folloWia fasting serum

glucose leveb7 mmol/L; (2) current use of insulin or oral hypoghgenic medicationand @)
selfreport ofphysician diagnosisf diabetesAlmost all of the diabetes cases in this life stage can

be assumed:to'beype 2diabetes

Sexhormone assessment

In SWAN, oestradiolnd FSHwere assayed from serum samples obtained atfelbmiv-up
visit. The gestradiolassaywas conducted in duplicate using the automated Ciba Corning
DiagnosticssACS:180 analyzer (Bayer Diagnostics Corp., Norwood,W&®). The average
inter- and intraassay coefficients afestradiolariationwere10.6% and 6.4%, respectively,
over theoestradiolassay range, and thmwver limit of detection wa8.67 pmol/L. A singld-SH

assay was conducted usiagwo-site chemiluminometric immunoassay. Iatend intraassay
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coefficients of FSH variation were 1200and 6.0%, respectively, and tbever limit of
detectionwas1.11U/L.

Other covariates

Sociodemographic factors including age, race/ethnicity and edualdtteinmen{less than

high school, high school, some college, college or postgraduate) were obtained at the SWAN
baseline examination. Saekported smoking status (never, former, current) was collected at each
examination:"Height and weight were measured in women without shoes and in lighgclothi
using a stadiometer and calibrated sdaMI was calculated as weight in kilograms divided by
height in meters square@besity was defined as BNH30 kg/m?.

Statistical methods

Variable distributions were examined for normality, the presence oplamsible outliers and
changing variability over timeA two-stage approach was used to evaluate the associations
changes inthermonesdstradioknd FSH)with incidentdiabetesin gagel, among the 1407
womenin the analytial sample, all of whom haah observable natural final menstrpatiod,

13 122 hermone observationgrecollected over th&2-yearfollow-up period (mean of 9.3
observations/woman) for data analyses. To describe the trajectories of meamsenone

levels over time in relation to thiene before and after thignal menstrual perioda multiplestep
process was used to organize these data into trajectories of mean hormone levels and rates of
change profiles,in relation to thi@al menstrual periof0,21] Piecewise linear mixed effect
modeling wasused to estimate segmented rate of cham@¢@smonedor three time periods
based onprevious modiag of the hormone trajectori¢20,21], > 2 years before ttimal

menstrual period from 2yearsbeforeto 2years after théinal menstrual periodand > 2years

after thefinal menstrual periodThe rate of changes in hormones corresponditigetéirst two

time periodscharacteriesthe hormonal changes occurring in pearlytransitionstage, and the
latetransitionto early postmenopausal stag&hus we captured the effect of longitudinal change
in hormonetlevels using trajectory models for each horntwateconstitutd their interceptand

two piecewise slopesThesesubjectspecific annualized slopes were used as independent

variables in thenex stage of analysis
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In sage2, Cox proportional hazards regression anaklysisused to model the
associatiorof therate of change hormone levelsvith the development of diabetd2erson
years were computed from baseline to the date of the visit at which incident diabetes was
ascertained, loss to follewp or the date of the {%isit, whichever came first. Each hormone
variable has.three componerttgeintercept which indicatedaselindevels and two piecavise
coefficients fortimewhich repesent the rate of chandering the early and late transitions,
respectivelyThese three components were fit as continuous variabtethe survival models.
Hazard ratio®nd 95% Cldor the incident diabetes were calculaté&btential confounding
factors considered includeaseline agehaseline BM] baselinesmoking statugace/ethnicity
educatiorandstudy sie. Model goodness of fitwere assessed usiAgaike information criteria
(AIC). In the final model, study sitgas not included because it is collinear wahe/ethnicity
and the results'with and without study site remain unchanged.

We alsoevaluated whether the effect of hormones on diabetes risk diiecedding to
baselineobesitystatusby including interaction terms between each component of the rate of
change andwbesitis the analytial design evaluated the effect of rate of change in sex
hormone levels beginning from the baseline exation we were able to evaluate effect
modification by baseline obesity status but not by weight gain during the menopausal transition.
Analyses.were implemented $as version 9.3SAS Institute, Cary, NQUSA). A two-sidedP
value<0.05 wagaken to indicate statistical signficance

The mear(sb) ageof the participantat baseline was 46.4 (2.7) years (Table 1). On
average, women experiencte final menstrual periodt 51.8 (2.7) years of age. During a
median ofi1 years of follow-up, 132 of 1407 women developed diabatige pei-menopause
or post-menoepause (9.4%; incidermée9 per 1000 persoyear9. Baseline age and agefetal
menstrualperiotvere not different between women who did and did not develop diabetes
howeverwomenwho developed diabetes during follow-up had lower basekséradiolevels
than those whe,did not (mediaestradioll60.4 vs 213.6 pmol/lmedian FSHL6.2 vs. 16.5
IU/L). Women with incident diabetes westssomore likely to be black or Hispaniearly peri

menopaual, obese and current sn@kat baseline than those without incident diabetes.
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In age-adjusted models (Table 2, Model 1),egbémated oestradiahtercept (i.e.
baseline- premenopaual — oestradiglwas significantlyandinversely associated with incident
diabetes, but theate ofchange iroestradiolevelsduring theearly and latenenopausal
transitionwerenot associated with the risk of diabetes. Adjustment for Bttéinuated the
associations«(ITable 2, Model 2). In the fully adjusted model withElgé, smoking status,
education ‘andace/ethnicityeachinterquartile rangéncreasgcomparing the 25percentile

with the*78"percentile)in the oestradiointercept {5.2 pmol/l) wasborderline significantly

associated with lower rishf incident diabete (hazard ratio 0.53, 95% CI 0.2.06 P = 0.07).

For FSH,a greaterate ofincrease> 2 years beforéhefinal menstrual perioearly transition)
was significantlyassociated withower risk ofincident diabetesbut the laseling(pre-
menopaual).ESHlevel or the rate of change in FSH between 2 years before and 2 yeatftseafter
final menstrualperiodate transitioh were not associated withcidentdiabetesThe fully
adjustechazard ratiomf diabetes for amterquartile rang@encreasg5.9 1U/L/yea) in early
transitionFSHrate of changaas 031 (95% CI 0.10-0.94° = 0.04).We also compared the
goodness-of-fits between the model with only covariates included in Model 3 (AIC=1869.73)
and the.model.with covariates and each hormone (AIC=1693.77 for oestradiol; AIC=1683.01
FSH). Both oestradiol and FSH significantly improved the model goodnefiis(E%0.0001).
Infa'model that included both oestradiol and FSHa#s®ciations remained unchanged
(data not shown)Ve also evaluated potential effect modification by baselbesitystatusbut

the associations were similandependety of baselineobesity status (data not shown).

Ji1

Thistissthe first study tprospectivelyexamine the associations betwésrels of and
change imestradiolind FSHover the menopausal transition and incident diabetes in a cohort of
women. We observed that independent of age, women witkrregldogenous oestradielvels
at baseline (i.e«7 years befdahefinal menstruaperiod)in the pre-menopause and early peri-
menopause haallower risk of developing diabetes in mid-life as they transitioned through the
menopause. The rate of change#stradiolduring the menopausal transition did not appear to
be associated wittliabetes risk. By contrast,steeper increase in F$tdm ~7 to 2years before

thefinal menstrual periodi.e. during theearly menopaws transitior) was associated with a
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lower risk of developing diabeteNeitherbaselined=SH levelshor change in FShh the later
menopausal transition were associatéth incidentdiabetesThese findings suggest thae-
menopaual levels of oestradiatather than the rate of change during the menoptmasaition
andthe rate of ESH change theearly stage of the menopausal transition rather pinen
menopauasl levels or the rate of change in late perimenopauwseassociated with diabetes risk
during midiife.

Theobservedissociation betwegiremenopaual oestradiolevelsand incidentliabetes
may bepartiallyexplained by different patterns oéstradioby the presence of obesity.
Randolphet al. [14] reported thabbese women compared with nobese women had lowpre-
menopauakoestradiolevels but highepostmeropausabestradiolevels in SWAN(Fig. 1).
Obesity has direct inhibitory effect othe ovariaroestradiolproduction inpre-menopats
women[22,23]. ‘Adipase tissue is an importardigce of oestrogens by aromatizatain
androgens after menopause [24,25]. Such body fat distribution cresgedl as increased
proinflammatory cytokines during the menopausal transition have been associhtglliease
homeostasif26;27]. Slower oestradiol change in obese women during the menopausal transition
may in part battributableto this production of estrogens in adipse tissug¢l4] andmay offset
the oestradiogffect on diabetes riskhis may be why we found a significant association of
diabetes.risk witlpre-menopaws oestradiolevels but not the rate oestradiolchange during
the menopausal transitioDespite gpostimeropausal shift obestrogen production from the
ovary to adipse tissueas endogenouzestradiolevels substantialldecline through the
menopausal‘transitionpesityrelated insulin resistance may play a larger role in diabetes risk.

Ourfinding of no association between the rates of changesimadiolduring early and
late transition and diabetes ridkes not necessarily mean that oestratasl no impact on
diabetes risk ipostmeropausal women because previous stuidiggstmeropausal women
observed that higherestradiolevels were associated with increased risk of diabetes even after
adjusting for.an indicator of adiposity (eBMI) [10,11].In a nested caseontrol study of 359
incident diabetes cases and 359 ageee, duration of follow-up- and fastingtatusmatched
controk ameng, postneropausal women in the Women'’s Health Study, Gang. [10]
observed adjusted relative risks of diabet@mparing the highestith thelowest quintile of
12.6 (95% CI 2.8-56.3) for total oestradiol and 13.1 (95% CI 4.2—-40.8) for free oestradiol [10].
In a prospective cohort study with 16diabetedree postimeropausal women in the Multi-
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Ethnic Study of Atherosclerosis, the highest quartile of oestradibhn adjustekdazard ratiaf
1.92 (95% CI 1.10-3.35) compared with the lowest quartile A t¢latively small study with
233 women aged 55-85 years in the Rancho Bernardo Study reported that women in the top
guartile of totalbestradioland bioavailabl@estradiol compared with the bottom three quartiles
had odds raties of incident diabetes of 1.3 (95% CI 0.4-4.6) and 1.9 (95% CI 0.7-5.3),
respectivelyf12].

Obesityrelated patterns otlative change ikrSH during the menopausal transitioray
also explaintteobservedssociation between FSihangeand incident diabetePre
menopaual FSH levelglo not seem to differ between obese and non-obese women but obese
women havevmarkedlyslowerrateof FSHincreaseduring the late transition andvelower
FSHlevelstafter menopaugkig. 1) [14,23]. In the present study, risk of developing diabetes
was associated with the rate of FSH change during the early transition, HQutingtthe late
transition. This finding suggests thathaugh the obesitfSH trajectory association indicates
the period froniate transition to early peshenopause is a critical window of obesigfated
differencedmiFSH levels, diabetes risk may begin earlier. Underlying biological mechanisms are
unclear asales‘of FSH in glucose metabolism and diabetes risk are poorly understood.
Epidemiolegi@l evidence is also scant. A recent stednducted in East China in 1610 post-
meropausal®'women not using hormone therapy (age@8%$ears) reported that FSH was
significantly inversely associated with fasting glucoseldbd . [28]. Women in the lowest
guartile of ESH compared with the highest quartile hitdedold greater odds of diabetes (95%
Cl 1.10-8.3%)in the fully adjusted model, includmgasures of adiposity and insulin resistance
and oestradiol{28]t is difficult to compare our findings directlyith those of the previous
studiesonFSH andestradioland diabetes becauseneoofthese studies examinede-
menopaual oestradioand FSH levels or changesaastradioland FSH during the menopausal
transition. Eurther longitudinal studies need to be conducted to replicate our findings.

Although cigarette smoking may also plagoée in diabetesisk, the observed
associationsrappeto be independent of cigarette smoking. Cigarette smoking can influence
ovarian funetien and reduce endogenous oestrogen prodbgtaxcelerating regressi of
follicles in the ovary and blocking aromatase [29]; however, Ranabkih[14] found no
differenceby smoking status trajectories of oestradiol and FSH across the menopausal
transition in SWAN The association gire-menopaus oestradiol level or change K8H during
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the early menopausal transition with incident diabetes remained uncledtegedjustment for
cigarette smoking. Ithe presenanalysis cigarette smoking was significantly associated with
incident diabetesas suggested in a recent matalsis [30].

The present studgid not observe significant effect modification by baseline obesity.
Given our research question, we were unable to test if weight gain during the mahopaus
transition (i.e. timevarying obesity statushodified the association between changes in
oestraddl orFSH and incident diabetes riskerefore, thgpresenfinding of noeffect
modification"bybaseline obesity does not necessarily imply that weight gain cheing t
menopausal transition denot confer susceptibility to sehormonerelated diabetessk. A
more sophistiecated modelich as anarginal structural modeinay be useful to better
understandithe'role of weight gain in the association between sex hormones and diabetes

The presenstudy has numerous strengths. Annualized measures of sex steroid hormones
for up to 15 years allow us to separate out the effect of baseline levate wéchange in
hormone levels during the menopausal transifR@peated measures of sex hormones account
for within-individual variations and thus minimizgotential exposure measurement error
attributabéto assinglecrosssectionaimeasurment The study design enabled us to identify an
importantwindow osusceptibility to diabetes risk retatto endogenous hormotevelsthat
may informrappropriate timing for clinical screening and interveniitve.ethnically diverse
population in the SWAN cohort increases the generalizability of our findligs paper also
hassomelimitations. Measurement of diabetes onset at visits 9Jhdas based only on
medicationsuse,and sakport. Thussome cases ascertained at Vi&tmayhave had an earlier
onsef however; this delay in ascertainment would only haffectedour results if cases were
misclassified as being in laperimenopase when they were in fact in eaggrimenopause.
As <15% of the participants were still prer earlyperi-menopausal at visit 9, such
misclassification would be minimdh stage Wwhere the hormone trajectory models were
estimated, we did not complefekstrict hormone data only befdree diabetes onset. This may
have biasdeur findings in stage 2 if diabetes influenced the rates of change in sex hormones
across the'menopausal transitibhe impactof this would be minimal, however, because only
1.7% of the hormone data were gatheaftdr the diabetes ons&Ve alsocannot exclude the

possibility of unmeasured or residual confounding.
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In conclusionjn the presenstudywe found that lowepre-menopatad oestradiolevels
and a slower rate of FSH increaieing the early transition were associated \aittigher risk
of developing diabetes as women transition through the menopause, indelyerfcmye and
obesity. Given that obesity and excess fat play an important role in natiabstes risk itself
but the changes in oestradiol and FSH over the menopausal transition, these findiigs provi
support for.therelevance of an importatrategyfor preventive interventionwveight control in
earlier midlife"is important to prevent future diabetes developniEmése results suggest the
importance of'monitoring for diabetes during the menopausal transition as Wedliagportance

of adopting healthdiets and increasing exercise during thissifege.
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I'Schematic trajectories of oestradiol and follicle stimulating hormone (FSH) around

the final menstrual period (FMP) by obesity status.

Baseline characteristics ®8#07 women in the Study of Women’s Health Across the

Nation with.an.ebserved natural final menstrual period and without diabetes atdasel

All Incident diabetes
No Yes

Number of women 1407 1275 132
Mean= sD agepyears 464+ 2.7 46.4+ 2.7 46.8+ 2.8
Meant sb ageat FMP,yeas 51.8+2.7 51.8+2.8 51.8+25
Menopausal statu&6

Premenopause 57.3 58.1 492

Early perimenopause 42.7 419 50.8
Race/ethnicity; %

White 43.6 45.0 29.6

Black 28.8 26.6 50.0

Hispanic 5.9 55 929

Chinese 10.3 11.0 3.8

Japanese 11.4 11.9 6.8
Education, %

< High school 6.7 5.8 154

High school 16.6 15.9 23.1

Some college 31.3 31.1 33.1

4-yea college 21.9 22.6 154
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>4-yearcollege 23.5 24.6 13.1
Site’, %
Detroit, Ml 16.4 14.9 30.3
Boston, MA 15.2 15.2 15.2
ChicagoslL 14.9 14.6 17.4
Oakland, CA 16.2 17.2 6.8
Los Angeles;. CA 16.8 17.5 9.9
Newark; NJ 8.8 8.6 10.6
Pittsburghs PA 11.8 12.0 9.9
Smoking status %
Never 59.8 60.5 53.0
Former 23.7 24.1 20.5
Current 16.4 154 26.5
Obesity % 28.5 25.3 59.1

Sexhormone median (Q1, Q3)

Oestradiof, pmol/L

211.4 (121.1, 322.2)

213.6 (124.4, 324.4)

160.4 (113.8, 274.9)

FSH, IU/L

16.5 (11.4, 27.6)

16.6(11.3, 27.6)

16.2 (11.6, 27.1)

"P<0.05,"P<0.01,7P<0.0001 based on cliquared test for categorical variables and Wilcoxon-gamk test for continuous

variables for comparing those with and without incident diabetes.
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Regression coefficienfsom Cox models andazardratiosfor incident dabetes foan interquartile rangacreasein

variables of the longitudinal change in hormone levels among Id@&men Study of Women’s Health Across the Nation

Model 1

Model 2

Model 3

B (sB)

HR (95% Cl)

B (s

HR (95% Cl)

B (sB)

HR (95% Cl)

Oestradiol

Intercept(premenopausal)

-0.0316 (0.0144)

0.52(0.29, 0.93)

-0.0218 (0.0160)

0.64(0.34, 1.22)

-0.0309 (0.0171)

0.53(0.27, 1.06)

Slope for.early transition

0.0377 (0.0659)

1.07(0.84, 1.37)

0.0178 (0.0699)

1.03(0.80, 1.34)

0.0539 (0.0764)

1.11(0.83, 1.47)

Slope forlateitransition

-0.0321 (0.0184)

0.61(0.35, 1.06)

-0.0196 (0.0213)

0.74(0.39, 1.41)

-0.0311 (0.0223)

0.62(0.32, 1.21)

FSH

Intercept.(premenopausal)

0.0054 (0.0139)

1.20(0.48, 3.00)

0.0117 (0.0141)

1.48(0.58,3.77)

0.0121 (0.0141)

1.51(0.59, 3.81)

Slope fof early transition

-0.2360 (0.0910)

0.25(0.09, 0.71%

-0.1787 (0.0904)

0.35(0.12, 0.99)

-0.1953 (0.0947)

0.31(0.10, 0.94)

Slope for late transition

0.0261 (0.0276)

1.33(0.74, 2.39)

0.0134(0.0265)

1.16(0.66, 2.03)

0.0257 (0.0288)

1.32(0.72, 2.44)

FSH, follicle-stimulating hormone; HR, hazard ratio.

Model 1:/adjusted for baseline age; Model 2: Model 1 + baseline BMI; Model 3: Modelcfethnicity, education and smoking status.
"Interquartile ranges for theestradiomodel: 75.2 pmol/L for the intercept; 7.0 pmol/L/year for the early transition sh6p&pmol/Liyear for the late transition slope. IQRs for
the FSH model: 33.7 IU/L for the intercept; 5.9 IU/L/year for the early tiansstope; 10.8 IU/L/year for the late transition slope.

'P<0.1,*P<0.05,"P<0.01.
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