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Abstract
Objectives. To examine the associations of female reproductive and hormonal factors with
incidence of total knee arthroplasty (TK&) osteoarthritis, and whether the associaion

differ accordingto overweight/obesity status.

Design: This study included 22,289 women in the Melbourne Collaborative Cohort Study.
Data on‘age at menarche, pregnancy, parity, years of menstroagilocontraceptive pill

(OCP, mengpausal status and hormone replacement the#&h) (vere collectedn

1990-1994. mcidence offKA during 2001-2013 was determined by linking cohort records to
the National Joint Replacement Regis#il.analyses were adjusted for agBeMI at midlife,
change in BMI €arly rgoroductive age to midlife), country of birgbhysical activity,

smoking, and education.

Results: Over12.7 years, 1,208KAs for osteoarthritis were idefied. Ever pregnacy was
associated with.increas@dA risk (HR=1.32, 95%I 1.06-1.63)Paritywas msitively
associad-with KA risk (p for trend=0.003)OCPusers had increasddkA risk than
non-users(OCR5 yearsHR=1.25, 95%CI 1.08-1.4%)CP>5 years, HR=1.17, 95%ClI
1.00-1.37)One year increase menstruatiorwas associated witt% decrease@KA risk
(HR=0.99;95%CI 0.97-0.99).hEse associations remained significamii in normal weight
womenat early“reproductive @gCurrent HRT users had increasé€A risk than nondsers
(HR=1.33, 95%CI 1.11-1.60)heé associatiowassignificantonly in non-doesewomenat

midlife.

Conclusions: Reproductive and hormonal factors were associated withdsgieearthritis
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risk. Theseassociations remained significantnormal weightvomenat early reproductive
age and nombesevomenat midlife. Further workis needed to understand the complex

effect of these factorsn kneeosteoarthritis

Key words: knee osteoarthritis, tot&hee arthroplasty, reproductive factarsl

contraceptive use, hormone replacement therapy

Knee osteoarthritis (OA) is a prevalent disabling disease with multifactorial aetiology
including age, obesity, physical activity, malalignment, gedetic$l). Women have a
higherprevalence and incidence of knee OA than men aftexgheoffifty yearg2),
suggestingrolefor hormonal factors in the pathogenesis of OA. A number of studies have
examinedhe. association between reproductivel hormonalactorsand knee OAbut the
resultsareinconclisive Increasing parithas been reporteas a risk factor for radiographic
knee OAand total knee arthroplasty (TKA) for @3, 4),whereasotherstudiesind no
association between parity and radiograimeeOA or TKA due to OA(5, 6). A large
prospective.cohort study reportedreased risk of TKA associated with low age at
menarchél), contradicted by another large scale cobtuty showing no associati¢®). No
associationsshave been reported betwkeruse obral contraceptive pillQCP and knee
cartilage voluméb), radiographic knee OA(Or TKA(4, 6).While hormone replacement
therapy RT) has been shown to beprotectivefactor forknee cartilagé) and
radiographic.knee OA(9, 10), other studies have founalssociatiorof HRT with knee pain
due to OA(11), knee cartilage(18), TKA (6, 13). One study showed increased riskiA

in relation to HRT4). These discrepant findings may be attributable to the differences across
studies in terms dheevaluation criteridor OA (symptomati¢cradiographi¢cor TKA),

classification oexposures, study populations, and study designs.

A number ofreproductive factorsuch asnenarche, parity, menopaussge of OCRand

HRT, are-associated with obegityt), a major risk factor for knee OA. For example, women
gain weight'and central body fat at the menopausal transition(15), iT lusnportant to
examine whether thassociatioa between reproductive and hormofaatorsand kneeDA
aremodified and/or confounded by obesity obesity mainfluence the hormonal status of

an individual(26)This is of significant clinical and public health importance, givemghg

no curefor knee OA andve are faced witkthe global trend of increasing prevalence of knee
OA and obesity. Established cohorts, such as the Melbourne Collaborative Cohort Study
(MCCS), provide unprecedented opportunity to examine new hypothesis such sex steroid
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hormones, metabolic syndrome, indexding finger length ratio, body weight trajectories,
gene mutations, physical activity, ethnicity, body adiposity in OA pathogenesis, because of
the communitybased recruitment of participants which was completely indejpe rd
musculoskeletal disease, the long follow-up and the richness of prospectivatyecblle
datg17).Weaimedto determing(i) whether reproductive factors (agemenarche,

pregnancy, paritydurationof menstuation in yearsand OCRuse increase the risk of TKA

for OA, and whether the associations diff&cording to overweight status duriearly
reproductive years (181 years)and(ii) whether menopause artRT useincrease the risk

of TKA for OA,and wheter the associations differ accordingotzesity status during midlife
using the MCCS data.

Participantsand M ethods

Study participants

The MCCS is a prospective cohort study of 41,514 participants (24,469 wagezh?775
years(99.3% were aged 40-6@ars), recruited via the electoral roll, advertisements and
community.anneuncements in local media in 1990-1994(18). Southern European migrants to
Australia were deliberately oversampled to extend the range ayldesposures and to
increase genetic variation. The purpose of this stualsto investigate prospectively the role
of diet and other lifestyle factors in causing common chronic digd&3€eBhe study protocol
was approved by the Cancer Council Victoria Human Research Ethics Com@ifttae.
recruited participanist.8%wereexcluded because thajied or left Australia prior to
January 1, 2001; at the MCCS 2nd follow-up had repatedmary joint replacement prior
to January 1, 2001; or had the first recorded procedure beawjséon joint replacement as
recorded in the Australian Orthopaedic Association National Joint Replacement Registry
(AOA NJRR).The current study examined data for 22,289 women.

Assessment of'saci o-demographic, comorbidity and anthropometric data

At baselinepsockalemographic factors including date of birth, country of birth, smoking,
physical aetivity during leisure time, educatierel, physician diagnosed hypertension and
diabetesverecellectedby faceto-face interviews. Height and weight were measured
according to written protocols based on standard procedures. Body mas®8iNdiewés
calculatedSince the mean age of participants at baseline was 54.6 (S.D. 8.6) years, weight

and BMI at study entry were termed as weight and BMI at midlife. Participants were asked
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their weight between 18 and 21 yegearly reproductive ageJhesedata werepreviously
published(19, 20). Change in B¥bm earlyreproductive ag& midlife was calculated.

Assessment of reproductive and hormonal factors

At baselineymfoermationwas collected on age at menarcéeer being pregnant, number of
live births (parity) menopausal statusge at menopausand having had hysterectomy or
ovariectomy Each'woman was asked if she had ever taken HRIC#& and if so, for how
long and whether they were using currently or a past ¥Msarsof menstruation was
calculated for women who experienced a natural menojudeducting the agat
menarchefromthe age menopause.

I ncidence of total knee arthroplasty for osteoarthritis

The AOA NJRReollects information on prostheses, patient demographics, type and reason
for arthroplasty Data are collected from both public and private hospitals and validated using
a sequential muHievel matching process against State and Territory Health Department unit
record datawRellowing the validation process and retrieval of unreportedsetitte Registry
collects an.almost compkeset of data relating to arthroplasties (>99%) in Aus{lia

This study examined the first knee arthroplasty with a contemporaneous diagnosisasf OA
recorded in the’AOA NJRR. If one person had multiple arthroplasties, such as bilateral knee
arthrophsties, or both knee and hip arthroplasties, the first recorded procedure was
considered the event. Matching of MCCS participants using first name, surname, date of
birth, and sex, to the AOA NJRR in order to identify those who had an arthroplasty
performed between 1 January 2001 and 31 December 2013 was using the Freely Extensible
Biomedical Record Linkage (Febrl) systefme linkage study was approved by the Human
Research Ethics Committee of @an Council Victoria and Monash UniversiKmeeOA

was defined.as.the first recorded primary total joint arthroplasty béikghafor OA.

Statistical analysis

Cox proportional hazards regressiondels were uset estimate the hazard rati@$R) for

TKA associateavith eachindividual reproductive and hormorfaktorwith age as the time
scale BMI at midlife, change in BMI from early reproductive age to midlife, country of birth,
physical activity, smoking, and educatiereincluded in all models. Adtional adjustment
was done for comorbidities [hypertension (yes/no), diabetes (yes/no)]. Follow-TigAor

(i.e. calculation of person-time) began at January 1, 2001, and ended at datd K#¥ifet
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OA or date of censoring. Subjeetere censored atther the date of firStIKA performed for
indications other than OQAhe date of death, the date left Australiagrd of follow-up (i.e.
December 31, 2013vhichever came first. Association betwdd¢RT use, duration of HRT
use, age at menopaugearsof menstruatiorandTKA wasanalysednly in women who
experienced naturahenopause at baseline and did not undergo an ovariectorayamine
whether the relationship between reproductive facto@Pand risk of TKA for OAwas
modified byoverweight stats) stratified analysisvas performedbased on overweight status
atearly reproductive ag@ 8-21 years)Similarly stratified analysigias performedbased on
obesity status at midlifeo examire the association between ager@nopausejears of
menstruatn, HRT andrisk of TKA. All these analyses were repeated on the subgroup of
women who attended follow-up during 2004-7 (n=15,828) to examine whether the results

changed after adjusting for change in BMI at midlife to 2004-7 follow-up.

Testsbased on Sclemfeld residuals and graphical methods using Kablarer curves
showed na.evidence that proportional hazard assumptions were vidlihtedtistical

analyses were.performed using Stata 13.0 SE (StataCorp LP., College Station, JX, USA

Results

Over an average of 12(3D 2.9) years of follow-up, we identified 1,20&menwith
incidentTKA for OA. Descriptive statistics of the participattaracteristicare shown in
Table 1 Womenwho received a TKA were older, hgdeater BMIat midlifeand lower
levels of educationyere more likely to beverweight/obese duringarly reproductive life
and obese at midlife, and to be born in Australia/Mealandand lesdikely to smoke than
those who had no joint replacement. Those haaihgA were more likely to ave been
pregnant, have highearity,andto bepostmenopausal and curréfRT userscompared

with those’who_ had no joint replacement.

Table 2 shewseproductive and hormonal factors accordinguerweight statuduringearly
reproductive’yeargnd maopausal status and HRT related factarsording to obesity
status at midlifeWWomenwho were overweight/obese early reproductive age hadearlier
onset of menarche astiorterduration ofOCPusecomparedvith the normal weight
women.Women who werebese at midlife wermore likely to be postmenopausalss
likely to be current HRT userand had shorter duration of HRi$ecomparedwvith

non-obesavomen.
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The associationsatween reproductive and hormoffettorsand riskof TKA are presented
in Table 3 After adjustmenteverbeing pregnanwas associated with increasesk of TKA
(HR 1.32, 95% confidence interval (Cl) 1.06-1.6@)ere was a positive linear association
betweenparityand the risk of TKA. Using nulliparous worasithe reference, the adjusted
HRs were1.10 05% CI 0.831.47), 1.18 (95% CI 0.95-1.36L.25 @5% CI 1.011.55) 1.35
(95% CI 109-1.68) for parity 1, 2, 3, and, respectivelyp for trend 0.003Women taking
OCPhad an increased risk ®KA comparedvith non-users(neve OCP: referenceg)CP<5
years:HR 1.25,95%Cl| 1.08-1.45;0CP>5 years: HR 1.17, 95% CI 1.00-1.37Y.earsof
menstruatiomwas negatively associated with TKA rigkR 0.99, 95% CI1 0.97-0.99).1A
these assagtiations remairggnificantin women with normal weighdt early reproductive
age, but nosignificantin women who were overweight/obesdgspitethe lower rate of
TKA in normal weight grougomparedvith the overweight/obese grop.2%versus7.1%).
No association was observed between age at meramdhiEKA.

Current HRT.usis had increased risk of TKA compared with nasers(HR 1.33, 95% CI
1.11-1.60)There was a linear association between increasing duration of HRT use and
increasedisk of TKA (never HRTuse,referenceHRT<1 year HR 1.12, 95% CI 0.91-1.39;
HRT>1 year, HR1.30, 95% CI 0.99-1.72, p for trend 0.08l). the associations remained
significant in women who were nabese at midlifeThere was marginally significant
association betwedART use and increased risk of TKA in the obesrig (HR 1.38, 95%
Cl1 0.99-1.92)There was a trend for a positili@ear association between duration of HRT
use and risk of TKAn non-obesevomen(p for trend 0.06). e rate of TKA was lower in
the midlife normal/overweighvomen comparedith the obes women(4.0% in
normal/overweight versus 10.4%adbese)No associatiomvas observed betweage at
menopause.anbKA . Additional adjustment for comorbidis did not change theesults
(data not shown).ikewise, the result of the subgroup analysis with additional adjustment for
change in BMi=at midlife to 2004-follow-up, were of similar direction and magnitude of

those of total population as presented in Table 3 (Supplementary Table 1).

Discussion
Ever being pregnant, increasing parity, takin@P, currentHRT use and longer duration of
HRT usewereassociated with increased riskTKA for OA, while prolonged/earsof

menstruation was associated widducedisk. In subgroupanalyses, lathe associations
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betweernreproductive factors and TKA remained significembhormal weight but not for
overweight/obese women at early reproductive y&inmsilarly, current HRTusewas
associated with increased risk of TK\non-obese but nat obesevomenat midlife. No

association was observbdtween age at menarobieage aimenopause antkKA.

Consistent with two previous stud{8s4),we foundthatpregnaigy and parity increased the
risk of TKA. Thismaybedue to weight gain during pregnancy and postpartum weight
retentior§3y4)which is commo(22). We foundnormal weight women gained more weight
from early reproductive age to midlife compared with the overweight/obese women.
However theassociatiorof pregnancy angarity with TKA was independent &Ml at
midlife and’changé& BMI from early reproductive life to midlife. laubgroup analysis
based on overweight status at early reproductive age (obesity is not commongs)this a
increasedisk of TKA in relationto pregnancy and parity was seen in normal weigimen
but notthoseoverweight/obesdespitea higher incidence of KA in the overweight/obese
women Thesefindings suggedhatthe relationship betwegsregnancy, parity antKA for
OA is complexand may not simply be mediated througtreasedveight gainassociated

with pregnancy.and parity.

While neitherage at menarcheor age at menopause wassociated with TKA risk
increasingyearsof menstruation was associated with decreasédbf TKA for OA. This
remained significant in womesf normal weight irearly reproductive life, but not those
overweight/obese. There is nlear association between age at menarche and age at
menopauseyith studiesreportingdirect associatiorinverse associatioy no

associatio(23). Yearsof menstruation is a marker of prolonged reproductive life and active
ovarian functio(23). Hormonal depletion at the end of active reproductive pésiticked to
tissue damage.and organ dysfunction(24),inackasg therisk of severaddisease®5-27).

The resultsTof'our study suggest a protective effect of prolonged reproductive life on
decrease@KAwrisk.

Use of OCPincreased the risk of TKA for O womenof normal weight at early

reproductive age, and current HRT use increased the risk of TKA for @Arrenwho
werenon-desein midlife. The relationship between reproductive hormone supplementation
and knee OA is complex. Although greater exposure to oestrogy promote osteoarthritic

changes by increasing cartilage danfa8g it is unclear whether hormone supplementations
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increasecirculating sex hormone to sufficielevels significarly to affect joint structureln
healthy women HRT user have more knee cartilage volume thanseo$8). Theeffect of
exogenous hormone®CP and HRYon joint healthcan be affected by many factors,
includingage astarting OCPthe time elapsefilom menopause tstarting HRTand the
duration'ofHRTuse. We found thaturrentHRT users started using HRT at alderage
than past users(53.9+7.0 yeaessts 50.3+7.5 yars p=0.01) As the average agef
menopause in develedcountriess 51 year$29), these datasuggesthatthepast HRT users
begarHRTsat menopaual transition whereas the current HRT users approximadghgars
aftermenopause. It may be that, analogousther diseas€30, 31),starting HRT later in the
menopause, is associated with increasddof kneeOA. Alternatively, the association
between HRTuseand TKA may be due to ndniological factorsvith womenon HRT
havingmore access to health servicagludingTKA. However, ve adjusted for
confounders fofKA andAustralians have universaover so cameadilyaccess TKA32,
33). Paradoxically exposure to OCP increasédf prolonged years of menstruation
decreasedhe risk of kne®A. Along with oestrogen, other sex hormones might pletea
in protectingswoemen from knee OA development and progression. Prolonged years of
menstruationncreases thexposurdo not onlyoestrogenbut also other endogenous sex
hormones. The use of OCP might unfavourably change the circulatory levels of endogenous
hormones thusfeect joint healthadversely Further work will be needed to clarify this and
the differences in OA outcomes based onQi@Ptype.

We observed significant assationsbetweerreproductive factorgakingOCPandthe risk

of TKA in normal weight but not overweight/obese womeeaaty reproductive ageand
betweercurrent HRT use and TKA normal/overweight but natbese women at midlife.
The underlyingnechaism might be explained by the association of reproductive factors
with obesity(34)inflammatior(35) and endothelial dysfunction(35, 36). Overweight/obese
womenhaveralready been exposed to increased mechanical loading and are suffering from
inflammatiensand endothelial dysfunction due to excessive fat mass, known rgsk fact
kneeOA. This may mask any additional association between reproductive factorgAand

If a person’is ebese, the exces$niet loading may be more likely to drive the OA
pathogenesis and progressidhese findings suggest that thrgluence of reproductive and
hormonalfactors on theisk of TKA due to OA is complewhich warrants ftther

investigation.
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Ourresults need to be considered within the stulilyigations. We defined OA based on
arthroplasty. Arthroplastior OA may be influenced by factors such as access to health care,
socioeconomic status, and patient preference, in addition to disease severity. This study was
carried out in Australia where there is universal health cover, so access to arthroplasty is
availablertorall"Nevertheless, arthropladtes reflect endtage joint diseas&Ve performed
analysiswith age as time scale and adjusteldBMI at midlife, change irBMI (early to

midlife), country of birth, education, physical activity, smoking and comorbidkA was
ascertainedrom the AOA NJRR. We did not have accurate arthroplasty data prior to 2001.
This may have,resulted in naliferential misclassification of KA. Participants were asked

at midlife (4069/years) to recall their weight at age2Byearswhich mayintroduce bias

by under repartingveightespecially by overweight and obese women(Bibwever, we
observed higher incidence of TKA in overweight/obese women at early reproductive age. |
this study we examined weight at midlife (1990-ds&line) and KA between 2001-13n

the subgroup of women (n=15,828ixh weightmeasuredt the 2004-7 follow-uphtre was
strong correlation between weight measured at 1990-4 and 2004-7 (r=0.90), supporting the
notion that.weight trajectories tend gmain stable in healthy adult won(@8). We repeated

all the analysem this subgroufadjusting for change in BVit midlife to 2@4-7 follow-up

and foundresultswith similar direction and magnitude to those of the total population.
However we_ eould not adjugor weight historyof entire life since weight was not measured
repeatedly througholife including weight at the time gregnancy.The selfreported
reproductive and hormondhta were collected at baselwben included women were
middle-aged Any misclassification is most likelp be non-differential and would have
underestimated the associatioRgproductive historgnd OCPusewould not changebut

HRT useandits duration mighthavechanged during the follow-up. As duration of HRT use
wasassoclated with increased TKA risk, not updating the duration of HRT maydmeed

in an underestimation of the associatidithough we do not have data on types of OCP, the
combined 'OCPs the most commonly used at that time iQ3@mainspossible that residual

confounding=eontributed to the association between hornfiacialrsand riskof TKA.

Ever being pregnant, increasing parity, OCP asaent HRTuse, and increasing duration of
HRT useare risk factors fof KA due toOA, while prolongedyears ofmenstruatiordecrease
the risk These findings add to the ongoing literature regarding the complex relationship of
reproductive and hormonal factors and knee OA risk. Given the huge burden @ik

associated TKA in women worldwide, further stucaes needetb understand the complex
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associatiorbetweerreproductive factors and ka®Arisk, and the role of obesity in this
relationship.
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Table 1. Baseline characteristics of study participants

Total knee No joint p
replacement replacement
n=1208 n=21081

Age, years 57.6 (7.3) 54.4 (8.6) <0.001
Body mass indéat.midlife, kg/nt 29.7 (5.3) 26.5(4.8) <0.001
Overweightbbese atearly reproductive 191 (15.8) 2,483 (11.8) <0.001
life, n (%)

Obesity at midlife, n (%) 501 (41.5) 4,335 (20.6) <0.001

This article is protected by copyright. All rights reserved



Country of birth, n (%)

Australia/United Kingdom

Italy/Greece
Educationn (%)

Primaryand'some secondary
Completedsecondary &degree/diploma

Vigorous physical activity, n (%)

None

1-2 times/week

>=3 times/week
Smoking, n (%)

Non-smoker

Ex-smoker

Current smoker
Diabetes, n (%)
Hypertension,.n(%)
Age at menarche, years
Ever pregnanty (%)
Parity,n (%)

0

1

2

v w

4

Duration of oral contraceptive use, n (%)

0 (neverusg

Any use <5wears

>5 years
Postmenopauseif, (%)

Age at menopausg.years

Years of menstruatidn years(n=12,332)
Hormone therapyin (%) (n=12,300)

Never

979 (81.0)
229 (19.0)

821 (68.5)
378 (31.5)

968 (80.1)
153 (12.7)
87 (7.2)

886 (73.3)
261 (21.6)
61 (5.1)
31 (2.6)
380 (31.5)
13.0 (1.7)
1110 (91.9)

126 (10.5)
85 (7.1)
337 (27.9)
335 (27.8)
323 (26.8)

526 (44.0)
357 (30.4)
291 (24.8)
848 (76.9)
49.3 (5.0)
36.3 (5.5)

600(71.2)

16179 (76.8)
4902 (23.2)

13029 (62.4)
7866 (37.6)

16942 (80.4)
2513 (11.9)
1622 (7.7)

14549 (69.0)
4594 (21.8)
1935 (9.2)
638 (3.0)
4506 (21.4)
13.1 (1.6)
18729 (88.9)

3002 (14.2)
1815 (8.6)
6948 (33.0)
5411 (25.7)
3892 (18.5)

8,516 (41.5)
5,921 (28.8)
6,092 (29.7)
11484 (58.3)
49.3 (4.9)
36.1 (5.1)

8,280(72.3)
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<0.001

<0.001

0.03

<0.001

0.002
<0.001
0.004
<0.001
<0.001

0.002

<0.001
0.18
0.04

<0.001



Past 85(10.1) 1,293 (11.3)

Current 158 (18.7) 1,884 (16.4)
Duration of hormone therapy n (%) 0.001
(n=11,238)

0 (neverusq 600(78.3) 8,280 (79.1)

Any use <1 year 108 (14.1) 1,513 (14.5)

>1 year 58 (7.6) 679 (6.5)
Ovariectomygn (%) 149 (44.2) 1938 (44.2) 0.94

Values are reported as mg@b), or number (%)
T only those having natural menopa(sel2,332)

¥ only those having natural menopause and HRT data not missing
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Table 2: Reproductive and hormonal factorsat age 18-21 year s and at midlife according

to overweight or obesity status

Early reproductive age (18 - 21years)

Normal weight Overweight/obese p

n =19,615 n=2674
Age at menarche, years 13.1 (1.6) 12.9 (1.8) <0.001
Everpregnantn (%) 17,494 (89.2) 2,345 (87.8) 0.03
Parity,n (%) 0.47
0 2,722 (13.9) 406 (15.2)
1 1,672 (8.5) 228 (8.6)
2 6,427 (32.8) 858 (32.1)
3 5,067 (25.8) 679 (25.5)
>4 3,718 (19.0) 497 (18.6)
Duration of oral_contraceptive us <0.001
n (%)
0 use 7,576 (39.7) 1,466 (56.1)
Any use to'<5'years 5,653 (29.6) 625 (23.9)
>5 years 5,859 (30.7) 524 (20.0)
Years of menstruatidn years 34.2 (6.3) 34.8 (6.1) 0.05
(n=12,332)
Postmenopausal women (n=12,332)
Normaland Obese
overweight n= 3,066
n= 9,266
Age at menopaugdeyears 49.3 (4.9) 49.2 (5.0) 0.04
Years of menstruationt, years 35.1 (5.7) 35.4 (5.6) 0.07
Hormone theragy, n (%) <0.001
(n=12,300)
Never 6,406 (69.3) 2,474 (80.9)
Past 1,111 (12.0) 267 (8.7)
Current 1,725 (18.7) 317 (10.4)
Duration of hormone theragy n <0.001

(%) (n=11238)
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O use 6,406 (76.5) 2,474(86.4)
Any use to <1 year 1,344(16.1) 277 (9.7)
>1 year 624 (7.5) 113 (4.0)

Values are reported as mg&D), or number (%)
T only these*having natural menopa(sel2,332)
T only those having natural menopause and HRT data not missing
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Table 3. Associations between reproductive and hormonal factorsand risk of total knee arthroplasty for osteoarthritis*

Hazard ratio P value Hazard ratio P value Hazard ratio P value
(95% ClI) (95% ClI) (95% ClI)
Early reproductive age (18 - 21years)
All population Normal weight Overweight/obese
n= 22,289 n= 19,615 n= 2,674
Age at menarche, years 1.00 (0.97,1.04) 0.91 1.02 (0.98,1.06) 0.34 0.91 (0.82,1.00) 0.06
Ever pregnant (Yes vs. No) 1.32 (1.06, 1.63) 0.01 1.40(1.10,1.78) 0.01 0.93(0.57,1.53) 0.78
Parity categories
0 1.00 1.00 1.00
1 1.10(0.83,1.47) 0.50 1.04 (0.76, 1.42) 0.80 1.43(0.71,2.87) 0.32
2 1.18 (0.95,1.46) 0.14 1.18(0.93,1.49) 0.17 1.12 (0.64,1.96) 0.69
3 1.25(1.01, 1.55) 0.04 1.24 (0.98, 1.57) 0.07 1.26 (0.73,2.20) 0.41
>4 1.35(1.09,1.68) 0.01 1.38 (1.09,1.74) 0.01 1.07 (0.61,1.90) 0.81
P for rend 0.003 0.002 0.91
Duration of @al contraceptiveise, categories
O use 1.00 1.00 1.00
Any use to.<5 years 1.25(1.08,1.45) 0.002 1.37(1.17,1.60) <0.001 0.72(0.47,1.11) 0.13
>5 years 1.17 (1.00, 1.37)  0.05 1.25(1.05,1.48) 0.01 0.85(0.54,1.33) 0.49
Years ofmenstruation year@=12,332) 0.99 (0.97,0.99) 0.01 0.98 (0.97,1.00) 0.01 0.99 (0.96,1.02) 0.61

At midlife (Postmenopausal women)
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All population Normal/over weight Obese
n=12,332 n= 9,266 n= 3,066

Age at menoepause, yedrs=12,332) 0.99 (0.97,1.01) 0.42 1.00 (0.97,1.03) 0.99 0.98 (0.95,1.01) 0.18
Years ofmenstruation (n=12,332) 0.99 (0.97,0.99) 0.01 0.98 (0.97-0.99) 0.03 0.99 (0.97-1.00) 0.10
Hormone therapy (n=12,300)

Never 1.00 1.00 1.00

Past 0.99 (0.79,1.25) 0.94 0.86 (0.64,1.17) 0.34 1.20(0.84,1.73) 0.31

Current 1.37 (1.14,1.64) 0.001 1.39(1.12,1.74) 0.003 1.38(0.99,1.92) 0.054
Duration of hormone therapy (n=11,238)
O use 1.00 1.00 1.00
Any use to <1 year 1.12 (0.91,1.39) 0.27 1.05(0.80,1.36) 0.73 1.29(0.91,1.84) 0.15
>1 year 1.30(0.99, 1.72) 0.06 1.36 (0.99, 1.89) 0.06 1.21(0.71,2.05) 0.49
P for trend 0.03 0.06 0.19

*adjusted for body mass index at midlife, change in body mass index (early to midlife), colubirgh, education levels,igorous physical

activity, and smoking status
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