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Abstract

Purpose The purpose of this study was to

explore the relation between age at menarche,

parity, and oral contraceptive (OC) use,

and primary open-angle glaucoma (POAG).

Methods We followed 79 440 women in the

Nurses’ Health Study prospectively from 1980

to 2006 and identified 813 cases of incident

POAG. Eligible participants were Z40 years

old, free of POAG at baseline, had information

on reproductive history, and reported

receiving eye examinations during follow-up.

Relevant exposure data and POAG risk factors

were updated using biennial questionnaires.

We used proportional hazards models to

calculate multivariable rate ratios (MVRRs)

of POAG and 95% confidence intervals (CI).

Results In multivariable analysis, there were

no significant linear trends between age at

menarche (P for trend¼ 0.65) or reproductive

duration defined as time between age at

menarche and menopause (P for trend¼ 0.30)

and POAG. Although ever using OCs was not

associated with POAG risk (MVRR¼ 1.14;

95% CI, 0.98, 1.34), Z5 years of OC use was

associated with a modest 25% increased risk of

POAG (MVRR¼ 1.25; 95% CI, 1.02, 1.53; P for

linear trend¼ 0.04). Furthermore, among past

OC users, a shorter time since stopping OC

use was also associated with an increased risk

of POAG (P for linear trend¼ 0.02). Parity was

not associated with POAG risk.

Conclusion The Z5 years of OC use was

associated with a modestly increased risk of

POAG. These data add further support for a

role of circulating estrogen in the pathogenesis

of POAG.
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Introduction

There is emerging evidence that estrogen

metabolism has an important role in the

pathogenesis of primary open-angle

glaucoma (POAG). Among women Z65 years,

early age of menopause (r45 years)1 was

associated with an increased risk of POAG,

whereas later age of onset of menopause

(Z54 years)2 was associated with a decreased

risk of POAG. Several studies indicate that

postmenopausal hormone (PMH) use is

associated with modest reductions in

intraocular pressure (IOP).3–8 Current

use of combined estrogen and progestin

replacement therapy was associated with

a reduced risk of high-tension POAG2

(where the IOP was Z22 mm Hg at diagnosis)

and interacted with common endothelial nitric

oxide synthase polymorphisms in modifying

the risk of high-tension POAG.9

Given the associations between factors related

to menopause and POAG, it is also important

to assess any links between reproductive factors

before menopause and this neurodegenerative

disease. Retinal ganglion cells express estrogen

receptors,10 and estrogen has beneficial effects

in animal models of neurodegenerative

disorders,11,12 including glaucoma.13,14 During

pregnancy, when circulating estrogen levels

are high, healthy women experience decreased

IOP15–18 despite a concomitant increase in

central corneal thickness.19 Cumulative

endogenous and exogenous estrogen exposures

during the reproductive years can vary

depending on the age at menarche, duration

of the reproductive period (time from menarche

to menopause), parity and oral contraceptive

(OC) use.

We assessed age at menarche, reproductive

duration, parity and OC use in relation to

incident POAG among 79 440 women in the

Nurses’ Health Study (NHS) who were

followed for 25þ years. To the best of our
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knowledge, this is the first prospective cohort study of

reproductive factors and the risk of POAG.

Materials and methods

Population for current study

NHS was launched in 1976 when 121 700 United States

female registered nurses aged 30–55 years completed

a baseline questionnaire about lifestyle habits,

reproductive attributes, and medical history. Follow-up

biennial questionnaires were used to update this data

and report newly diagnosed medical conditions

including glaucoma.

For this study, the follow-up was from 1980 to 2006.

Eligible participants contributed to the study if they

reached age 40 years (as glaucoma risk increases after age

40 years) and if they reported having had an eye exam in

the period at risk (to minimize possible detection bias).

Eligible participants contributed person-time in 2-year

units from the return date of the first biennial

questionnaire until the occurrence of a report of

glaucoma, cancer (because cancer diagnoses can greatly

impact lifestyle choices), death, or loss to follow-up, or

until 2006, whichever came first. For each 2-year period

at risk, participants’ person-time was categorized based

on the responses from the most recent questionnaire.

Of the 121 700 women in the NHS, participants were

excluded for the following reasons as of 1980: (1) 29 233

failed to respond or provide adequate information on

a 1980 semiquantitative food frequency questionnaire

(FFQ; selected dietary exposures such as alcohol

consumption and caffeine intake that might alter IOP and

POAG risk were included as covariates in our models20,21

and the first dietary assessments occurred in 1980),

(2) 3624 with prevalent cancers excluding non-melanoma

skin cancer, (3) 833 with a prevalent diagnosis of

glaucoma or glaucoma suspect, (4) 737 lost to follow-up

immediately after baseline, (5) 5972 who never reported

an eye examination during follow-up; these exclusions

left 81 301 women. For the first 2-year cycle at risk

(1980–1982), 44 904 women were eligible to contribute

person-time after we excluded 36 397 temporarily

ineligible women (17 208 who were o40 years old and

19 189 who did not report receiving an eye exam when

first asked; see below); at later periods, if these 36 397

temporarily ineligible women reached 40 years of age

and reported receiving eye exams, they became eligible

to contribute person-time. Hence, by 2006, a total of

79 440 women contributed person-time. Follow-up rates

were high (495% of the total possible person-time).

At each 2-year follow-up cycle, only women who

indicated they received an eye exam in the previous

2 years were eligible to contribute person-time to the

study. For example, if a participant specified she had

an eye exam only in 2000 and 2002, then she contributed

person-time only during 1998–2000 and 2000–2002.

Because we first inquired about eye exams in 1990,

eye exam eligibility was determined this way from

1988 onwards. For the initial periods of 1980–1988,

eye exam eligibility was based on responses to the

1990 question.

Assessment of reproductive factors

Age at menarche and age at menopause Starting in 1976, we

recorded the ages when menstrual periods began and

when they ceased permanently. Additional questions

were asked of menopausal women, including type of

menopause (natural, surgical, or radiation) and, if

surgical menopause, the number of ovaries removed.

Menopausal status was updated biennially.

Parity Parity, defined as pregnancy lasting at least 6

months, was assessed in 1976 and biennially updated

through 1984 and then again in 1996.

OC use Current and past OC use was asked in 1976 and

updated biennially until 1984, at which point no women

reported current use. After 1984, OC use was defined as

ever/never. Further, women were asked to report the

time periods for which they used OCs and the reasons

for stopping.

PMH use A question on PMH use was asked biennially

beginning in 1976. Specifically, in 1976, women were

asked if following the cessation of menstruation, they

took female hormones and if so, for how long. Beginning

in 1984, women were asked about specific types of

PMH use allowing classification of estrogen only,

progestin only or combination hormone use.

The information on reproductive and menopausal

factors provided by our participants has been found to be

highly accurate. A validation study in a related cohort

(NHS II) comparing questionnaire reports of OC use to

use reported during a telephone interview reported a

99% agreement for ever use of OCs and a high correlation

for duration of use (r¼ 0.94).22 Furthermore, among

women reporting surgical menopause on the 1976

questionnaire, 95% accurately reported their age at

menopause to within 1 year on the 1980 questionnaire.23

Also, we obtained medical records from a random

sample of women reporting surgical menopause in the

1982 questionnaire; medical record review indicated that

in 99% of cases, there was complete agreement between

the self-report and the details of the type of surgery

performed. Finally, we have measured circulating

estradiol levels in women who reported natural or
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surgical menopause and found levels that were

consistent with the menopausal status derived from

questionnaire data.24–26

Case ascertainment

We used the same case definition and methodology to

identify participants with POAG used in a study of

female reproductive aging and POAG.2 Briefly, we asked

participants if they received a diagnosis of glaucoma

beginning in 1990. We subsequently retrieved medical

information from diagnosing clinicians and reviewed

them for evidence of open-angles, absence of secondary

causes of elevated IOP and reproducible visual field loss

consistent with nerve fiber layer insult on at least two

reliable tests. Our previous studies have revealed

associations with established POAG risk factors such as

age, African heritage, and family history, demonstrating

construct validity of our case definition.20 To confirm

participants self-reporting POAG, all the medical

information of the self-reported cases underwent two

independent reviews by a glaucoma specialist (LRP)

masked to information on participants’ reproductive

status and OC use.

During follow-up, 6609 women reported a glaucoma

diagnosis. These were confirmed by eye doctors in 67%

as follows: POAG with VF loss (26%), only elevated IOP

or optic disk cupping (22%) and other types of glaucoma

or glaucoma suspects (19%). The remaining 33% of

self-reports could not be confirmed as the participants

themselves (5%) or their eye doctors (4%) could not be

contacted, participants did not give permission to review

their records (11%), participants indicated that the initial

report was in error (11%) or participants’ eye doctors

disconfirmed the diagnosis of POAG (2%). Of the 1679

women confirmed to have POAG with VF loss by their

doctors, 813 met the case definition criteria. Participants

who self-reported glaucoma but were either

disconfirmed or could not be confirmed as POAG

cases were censored from contributing person-time

as of the time of their self-reported date of glaucoma

diagnosis.

Statistical analysis

The study population differed for each attribute of

reproductive health depending on the availability of the

exposures of interest. For example, for the reproductive

duration, defined as the time between age at menarche to

age at menopause, the analysis was restricted to women

with natural menopause. We calculated incidence rates of

POAG by dividing the incident cases by person-years

according to exposure groups. For all analyses, we first

calculated Mantel–Haenszel age-adjusted rate ratios and

their 95% confidence intervals (CIs). We then calculated

multivariable relative risks (MVRRs) and 95% CIs by

simultaneously controlling for potential glaucoma risk

factors (see below) in Cox proportional hazards analyses

stratified by age in months and the specific 2-year

period at risk.27

In multivariable analyses, we included the following

covariates: family history of glaucoma defined as a

self-report of glaucoma in a sibling, parent or child,

African ancestry (yes/no), body mass index (o22,

22–23, 24–25, 26–27, 28–29, 30–34, 35þ kg/m2), alcohol

consumption (indicators of quintiles), caffeine intake

(indicators of quintiles), smoking (current, past, never),

physical activity (quartiles of activity in MET h/week),

hypertension (yes/no), diabetes (yes/no), and PMH

use (current, past, never). Other reproductive covariates

included were age at menarche (o12, 12, 13, 14þ years),

OC use (never, o2, 2–4, 5þ years used), parity

(nulliparous, 1–2 children, 3 children, 4þ children),

age at menopause (r44, 45–50, 50–54, 54þ years)

depending on the female reproductive factor of

interest. Information on covariates were updated

through the most recent biennial questionnaire before

the 2-year risk period, whereas caffeine and alcohol

consumption were assessed with repeated validated

FFQs.28

In secondary analyses, we studied the relation between

reproductive factors and POAG characterized by

untreated IOP 421 mm Hg at or before the detection

of visual field loss. If reproductive factors or OC use

affect IOP, it is plausible that associations may be

different in relation to the risk of POAG characterized

with elevated or non-elevated IOP. In addition, because

POAG is a strongly age-related disease, we stratified

our population into those o65 and Z65 years of age

to assess the relation between reproductive factors and

POAG.

The Human Research Committees of the Partners

Healthcare System approved this study. We certify that

all applicable institutional and governmental regulations

concerning the ethical use of human volunteers were

followed during this research.

Results

From 1980 to 2006, we accrued nearly 1.3 million years of

person-time and 813 POAG cases. We evaluated the

various risk factors for POAG by the reproductive factors

of interest. Women with later age at menarche were

less likely to have hypertension and diabetes mellitus.

Women with varying lengths of reproductive duration

did not differ in the distribution of the POAG risk factors,

except for current smoking status (Table 1). OC users

tended to be PMH users, whereas nulliparous women
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tended to use OCs less frequently. We accounted for

all these differences by adjusting for them in

multivariable analyses.

We evaluated the association with age at menarche and

the duration of reproductive years in relation to POAG.

In multivariable analysis, there was no significant

association between increasing age at menarche (P for

linear trend¼ 0.65) or increasing reproductive duration

(P for linear trend¼ 0.30) and risk of POAG (Table 2).

The null associations were consistently observed in

both the strata of younger (o65 years old) and older (Z65

years old) participants for age at menarche. In secondary

analysis, age at menarche 413 years was associated with

an increased risk of normal tension POAG (MVRR¼ 1.47;

95% CI, 1.01, 2.13) compared with having age at menarche

o12 years (P for the difference in association with

high-tension POAG vs normal-tension POAG¼ 0.02).

We did not observe associations of reproductive duration

in relation to POAG overall or in relation to either of

the subtypes of POAG defined by IOP level; associations

also did not differ significantly by age.

Because OC use is common during the reproductive

years, we were interested in the relation between OC use

and POAG. We did not find significant associations

between ever having used OCs and the risk of POAG or

the subtypes of POAG (Table 3). However, we did find an

adverse relation between longer duration of OC use and

POAG. In a model that controlled for age at menarche,

age at menopause, parity, and PMH use, there was a 25%

increased risk of POAG associated with 5 or more years

of OC use (MVRR¼ 1.25; 95% CI, 1.02, 1.53; P for linear

trend¼ 0.04). Although the formal test for interaction

with age was not significant (P-interaction¼ 0.73), this

positive association was more evident among those who

were age o65 years: the MVRR for ever use was 1.32

(95% CI, 1.04, 1.68) and the MVRR for 5þ years of use

was 1.47 (95% CI, 1.09, 1.98; P for linear trend¼ 0.01). OC

use status or duration of use showed consistent weak

adverse associations in relation to the risk of both

high-tension and normal-tension POAG. In secondary

analyses to evaluate whether detection bias may explain

the association between long duration of OC use, which

may be related to more eye exams, we repeated the

multivariable analyses with additional adjustment for

number of eye exams, and we observed almost identical

results as the main results indicating that potential

differences in eye exam frequency by duration was not

explaining this association (MVRR with 5þ years of

OC use¼ 1.25; 95% CI, 1.02, 1.53; P for trend¼ 0.04).

In addition, among past OC users, there was an inverse

trend between time since stopping OC use and risk of

POAG (P for linear trend¼ 0.02; Table 3). Because there

were no current OC users who developed POAG, the

never users were considered the reference group in

this analysis. Compared with never users, women who

stopped using OCs Z25 years as of the latest 2-year

period at risk did not have an increased risk of POAG

(MVRR¼ 1.13; 95% CI, 0.91, 1.40), but women who

discontinued OC use o10 years had a 39% increased

risk of POAG (MVRR¼ 1.39; 95% CI, 1.01, 1.91).

Table 1 Age and age-adjusted characteristics by age at menarche, reproductive duration,a oral contraceptive (OC) use, and parity in
the Nurses’ Health Study over the entire follow-up period

Age at menarche Reproductive duration OC use Parity

o12
years

12
years

13
years

413
years

o36
years

36–38
years

39–40
years

41þ
years

Never
user

Ever
user

Nulli-
parous

Parous

African–American (%) 1.3 1.2 1.1 1.3 1.0 1.0 1.0 0.9 1.3 1.2 1.6 1.2
Family history of glaucoma (%) 13.1 13.2 12.4 12.3 12.2 12.0 12.2 12.5 12.3 13.3 12.8 12.8
Hypertension (%) 39.2 35.8 33.7 31.9 37.5 37.6 38.6 41.2 33.3 37.0 34.7 35.1
Diabetes mellitus (%) 7.2 5.9 5.1 4.8 5.8 5.5 6.6 7.1 5.4 6.0 5.9 5.7
Current cigarette smoking (%) 15.5 14.9 15.1 16.1 19.2 15.4 12.9 9.0 15.9 14.7 17.2 15.2
Being in the top 25% of exercise (%) 24.5 24.0 24.7 25.6 25.4 25.7 26.6 26.2 24.0 25.5 25.9 24.6
Ever use of oral contraceptives (%) 50.3 50.1 50.7 49.0 42.7 42.9 42.8 43.8 0 100 36.8 50.9
Current use of postmenopausal
hormones (%)

30.0 29.7 30.0 29.2 27.2 28.4 27.8 27.8 24.3 35.7 32.9 29.6

Being parous (%) 92.7 93.2 93.6 94.0 91.3 92.8 93.9 92.8 91.7 95.1 0 100

Mean alcohol intake (g/day)b 5.6 6.0 6.3 6.4 6.5 6.6 6.4 5.6 5.7 6.5 7.5 6.0
Mean caffeine intake (mg/day)b 324.4 322.6 321.0 319.5 331.9 318.0 308.8 292.5 329.9 314.9 318.3 322.1
Mean age at menarche (years) 10.7 12.0 13.0 14.6 13.2 12.7 12.2 11.5 12.5 12.5 12.4 12.5
Mean age at menopause (years) 55.6 56.6 56.8 56.6 45.7 49.7 51.6 52.9 56.1 56.9 53.7 56.6
Mean number of eye exams reported 5.9 5.9 5.9 5.6 5.9 6.0 6.1 6.2 5.3 6.3 5.6 5.9

aDefined as the time interval from age at menarche to age at menopause among the subset of women with natural menopause.
bCumulatively averaged intake.
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Because pregnancy is associated with significant

hormonal alterations, we explored the association

between parity and POAG. We did not find significant

associations between parity and risk of POAG in primary

or secondary analysis (Table 4). Finally, accounting

for breastfeeding did not materially alter the results

(data not shown).

Discussion

Overall, in this large prospective study of 79 440 women

followed over 25þ years, we found no significant

associations between age at menarche, reproductive

duration, parity, and POAG. We did find a modest but

significantly adverse association between 5þ years of

OC use and POAG. We also found that a shorter time,

as stopping OC among past users was also significantly

associated with increased risk of POAG. Given the

modest nature of our findings and that few studies have

examined the association with OC use and POAG, these

findings certainly require further scrutiny.

In the Blue Mountain Eye Study, later age at menarche

was associated with an increased risk of open angle

glaucoma.29 Although we did not find an association

between age at menarche and POAG overall, in secondary

analysis, age of menarche 413 years was associated with a

47% increased risk of the normal tension variant of POAG,

defined as IOP o22 mm Hg at diagnosis. Previously we

showed an inverse relation between body mass index

(BMI) and the normal-tension variant of POAG in

women,30 a finding that might also be explained by higher

circulating estrogen levels in women with higher BMI.31–35

Previous work linking age at menopause with POAG,1,2

also supports the concept that circulating estrogen

contributes to the glaucomatous process. We did not find

an association between reproductive duration (age at

menopause–age at menarche) and POAG. This finding

is also consistent with results from other studies.29,36

Table 2 RRs of POAG (95% confidence intervals) by categories of age at menarche and reproductive duration

Age at menarche (years)a

o12 12 13 413 P-trendb P-trendc

All POAG Cases 172 205 241 190

Person-years 288 270 344 678 400 956 254 296
All Age-adjusted RR 1.0 (reference) 0.97 (0.79, 1.19) 0.97 (0.79, 1.17) 1.11 (0.90, 1.37)
All MVRRd 1.0 (reference) 0.92 (0.75, 1.13) 0.94 (0.77, 1.15) 1.06 (0.86, 1.31) 0.54 0.65
o65 years MVRRd 1.0 (reference) 0.83 (0.61, 1.14) 0.86 (0.64, 1.17) 1.00 (0.71, 1.38) 0.98 0.99
65þ years MVRRd 1.0 (reference) 1.02 (0.76, 1.37) 1.02 (0.77, 1.36) 1.19 (0.88, 1.60) 0.27 0.37

High-tension POAG MVRRd 1.0 (reference) 0.78 (0.60, 1.00) 0.87 (0.69, 1.11) 0.91 (0.70, 1.18) 0.72 0.45
Normal-tension POAG MVRRd 1.0 (reference) 1.30 (0.91, 1.87) 1.11 (0.77, 1.60) 1.47 (1.01, 2.13) 0.12 0.06

Reproductive duration: time between age at menarche and age at menopause (years)e

o36 36–38 39–40 41þ P-trendb P-trendc

All POAG Cases 115 146 106 100

Person-years 159 521 189 380 121 454 117 167
All Age-adjusted RR 0.94 (0.72, 1.24) 0.93 (0.73, 1.20) 1.0 (reference) 0.95 (0.72, 1.25)
All MVRRf 0.93 (0.71, 1.22) 0.94 (0.73, 1.21) 1.0 (reference) 0.96 (0.73, 1.27) 0.72 0.30
o65 years MVRRf 1.04 (0.66, 1.64) 0.67 (0.42, 1.07) 1.0 (reference) 1.15 (0.72, 1.81) 0.57 0.05
65þ years MVRRf 0.86 (0.60, 1.22) 1.09 (0.79, 1.49) 1.0 (reference) 0.81 (0.56, 1.17) 0.83 0.83

High-tension POAG MVRRf 0.84 (0.59, 1.19) 0.88 (0.64, 1.21) 1.0 (reference) 1.02 (0.73, 1.44) 0.21 0.17
Normal-tension POAG MVRRf 1.08 (0.70, 1.67) 1.03 (0.68, 1.55) 1.0 (reference) 0.85 (0.53, 1.38) 0.34 0.99

Abbreviations: MVRR, multivariable rate ratio; POAG, primary open-angle glaucoma; RRs, relative risks.
aCases with missing values on age at menarche (n¼ 5) were excluded in the analysis.
bP-trend based on the median of each category.
cP-trend based on linear variable (years).
dMVRR¼multivariable RR adjusting for the following: age (months), time-interval at risk, family history of glaucoma (yes, no, missing), African ancestry

(yes, no), hypertension (yes, no), diabetes (yes, no), smoking status (current, past, never), cumulatively averaged alcohol intake (quintiles), cumulatively

averaged caffeine intake (quintiles), body mass index (o22, 22–23, 24–25, 26–27, 28–29, 30–34, 35þ kg/m2), physical activity (quartiles), postmenopausal

hormone use (current, past, never), oral contraceptive use (never, o2, 2–4, 5þ years used), parity (nulliparous, 1–2 children, 3 children, 4þ children),

and age at menopause (20–44, 45–50, 50–54, 54þ years).
eOnly those with natural menopause and non-missing values for reproductive duration were included in the analysis (n¼ 467 cases total).
fSame covariates as the MVRR above in footnote d, except the age at menopause variable was excluded.
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We found a null association between parity and

POAG in a model that accounts for OC use, age at

menarche and age at menopause. In contrast, the Blue

Mountain Eye Study found an adverse association

between parity and POAG.29 The null association in

our study may be due to the control for OC use duration,

as it was correlated with parity and was independently

associated with POAG. Alternatively, it is possible that

there are unknown biological factors that offset any

protective effect of lower IOP that is encountered

during pregnancy.

Although the associations between OC use and POAG

reported here might be because of chance, it is reasonable

to entertain possible biological hypotheses. OCs work by

maintaining steady levels of estrogen and progesterone

that inhibit follicle-stimulating hormone (FSH) and

luteinizing hormone (LH) production from the pituitary

gland. The failure of FSH and LH production prevents

ovulation and the secondary surges of estrogen and

progesterone that would normally maintain robust

uterine vascular and stromal support in anticipation of

follicular implantation.37 OC use results in a thin

endometrial lining depleted of a blood supply. Although

OC use may actually result in decreased IOP,38 the

resulting disruption of the physiological fluctuation of

sex steroids may predispose to glaucomatous optic

neuropathy just as OCs may predispose to ischemic

stroke (although there is not complete consensus on this

matter)39–41 and retinal venous occlusive disease.42

Previous studies that evaluated the relation between ever

use of OC agents (as opposed to duration of use) and

POAG did not find any significant associations, a finding

that is consistent with results we report here.29,42,43 To the

best of our knowledge, no previous group has assessed

the relation between duration of OC use or time

since discontinuing OC use and the risk of POAG.

A significant strength of this study is that data on

female reproductive factors was collected prospectively

Table 3 RRs of POAG (95% confidence intervals) by categories of oral contraceptive use

All POAG Cases Oral contraceptive usea

Status Duration of use among ever users

Never Ever o2 years 2–4 years 5þ years P-trendb P-trendc

457 333 123 75 135

Person-years 648 238 619 356 236 743 168 418 214 196

All Age-adjusted RR 1.0 (reference) 1.16 (1.00, 1.35) 1.12 (0.91, 1.38) 1.05 (0.81, 1.36) 1.28 (1.04, 1.56)

All MVRRd 1.0 (reference) 1.14 (0.98, 1.34) 1.10 (0.89, 1.36) 1.04 (0.81, 1.35) 1.25 (1.02, 1.53) 0.05 0.04

o65 years MVRRd 1.0 (reference) 1.32 (1.04, 1.68) 1.26 (0.93, 1.71) 1.20 (0.83, 1.72) 1.47 (1.09, 1.98) 0.02 0.01

65þ years MVRRd 1.0 (reference) 1.08 (0.86, 1.35) 1.03 (0.75, 1.42) 0.95 (0.63, 1.44) 1.19 (0.88, 1.62) 0.36 0.40

High-tension POAG MVRRd 1.0 (reference) 1.14 (0.94, 1.38) 1.04 (0.80, 1.35) 1.09 (0.80, 1.50) 1.26 (0.98, 1.62) 0.07 0.10

Normal-tension POAG MVRRd 1.0 (reference) 1.16 (0.89, 1.51) 1.22 (0.86, 1.72) 0.95 (0.61, 1.49) 1.23 (0.87, 1.74) 0.38 0.22

All POAG Cases Time since quitting oral contraceptive usee

Never use Z25 years 20–24 years 15–19 years o10 years P-trendb,d P-trendc,f

457 138 72 63 54

Person-years 648 238 191 322 119 924 127 810 162 004

All Age-adjusted RR 1.0 (reference) 1.12 (0.91, 1.39) 1.08 (0.83, 1.40) 1.23 (0.93, 1.63) 1.46 (1.06, 2.01)

All MVRRd 1.0 (reference) 1.13 (0.91, 1.40) 1.06 (0.82, 1.38) 1.20 (0.91, 1.59) 1.39 (1.01, 1.91) 0.18 0.02

o65 years MVRRd 1.0 (reference) 1.12 (0.77, 1.61) 1.26 (0.88, 1.81) 1.52 (1.05, 2.21) 1.69 (1.07, 2.68) 0.18 0.06

65þ years MVRRd 1.0 (reference) 1.18 (0.90, 1.54) 0.96 (0.63, 1.46) 1.15 (0.67, 1.96) 0.37 (0.05, 2.69) 0.77 0.26

High-tension POAG MVRRd 1.0 (reference) 1.11 (0.84, 1.48) 1.12 (0.81, 1.54) 1.18 (0.84, 1.64) 1.27 (0.88, 1.83) 0.38 0.06

Normal-tension POAG MVRRd 1.0 (reference) 1.14 (0.82, 1.59) 0.96 (0.61, 1.52) 1.26 (0.75, 2.11) 1.88 (0.98, 3.60) 0.32 0.16

Abbreviations: MVRR, multivariable rate ratio; POAG, primary open-angle glaucoma; RRs, relative risks.
aCases with missing data on oral contraceptive use are not included in the analysis.
bP-trend based on the median of each category.
cP-trend based on linear variable (years).
dMVRR¼multivariable RR adjusting for the following: age (months), time-interval at risk, family history of glaucoma (yes, no, missing), African ancestry

(yes, no), hypertension (yes, no), diabetes (yes, no), smoking status (current, past, never), cumulatively averaged alcohol intake (quintiles), cumulatively

averaged caffeine intake (quintiles), body mass index (o22, 22–23, 24–25, 26–27, 28–29, 30–34, 35þ kg/m2), physical activity (quartiles), postmenopausal

hormone use (current, past, never), age at menopause (20–44, 45–50, 50–54, 54þ years), age at menarche (o12, 12, 13, 14þ years), and parity

(nulliparous, 1–2 children, 3 children, 4þ children).
eCases with missing data on time since stopping oral contraceptive use are excluded from analysis.
fTests for trend conducted only among past users of oral contraceptives.
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on a large cohort (for cases, this means exposure was

assessed previous to development of POAG) during

the early 1980s when many of the participants in the

cohort were in their reproductive years. This minimizes

misclassification of exposures as well as recall bias. Many

of the reproductive exposures including OC use have

been previously validated. Finally, we were able to

simultaneously control for attributes of reproductive

aging in our various analyses. A significant weakness of

this study is that we are not able to provide detailed

assessment of the type of OCs used by participants

(progesterone only vs combination estrogen–

progesterone pill or dose of OC used). Furthermore,

because our population was geographically dispersed,

detailed eye exams on all participants were not feasible,

and this could have lead to underdetection of POAG.

Nonetheless, this is not likely to have biased the

multivariable-adjusted relative rates, as systemic

differential ascertainment of cases in the various

categories of female reproductive factors is highly

unlikely, and our case definition was highly specific.44

Although the associations between OC use and

POAG and between later age at menarche and the

normal-tension subtype of POAG are modest in nature,

they can be added to the constellation of findings that

support a role of circulating estrogen in the pathogenesis

of POAG. We plan further studies of interactions

between female reproductive attributes and common

genetic variants in POAG with the hope of discovering

more robust evidence for the role estrogen metabolism

plays in the glaucomatous process.
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Table 4 RRs of POAG (95% confidence intervals) by categories of parity

Paritya

Nulliparous 1–2 Children 3 Children 4þ Children P-trendb P-trendc

All POAG Cases 37 254 235 280

Person-years 69 918 448 136 362 274 400 590
All Age-adjusted RR 0.84 (0.59, 1.18) 1.0 (reference) 1.08 (0.90, 1.29) 1.00 (0.84, 1.19)
All MVRRd 0.85 (0.60, 1.21) 1.0 (reference) 1.08 (0.90, 1.29) 1.00 (0.84, 1.19) 0.50 0.83
o65 years MVRRd 0.83 (0.47, 1.46) 1.0 (reference) 0.99 (0.75, 1.30) 0.99 (0.75, 1.31) 0.71 0.89
65þ years MVRRd 0.99 (0.62, 1.56) 1.0 (reference) 1.20 (0.93, 1.55) 1.05 (0.82, 1.35) 0.61 0.78

High-tension POAG MVRRd 0.67 (0.42, 1.07) 1.0 (reference) 1.00 (0.80, 1.26) 1.03 (0.83, 1.28) 0.16 0.95
Normal-tension POAG MVRRd 1.23 (0.72, 2.07) 1.0 (reference) 1.22 (0.90, 1.65) 0.93 (0.68, 1.26) 0.43 0.66

Abbreviations: MVRR, multivariable rate ratio; POAG, primary open-angle glaucoma; RRs, relative risks.
aCases with missing data on parity are not included in the analysis.
bP-trend based on the median of each category.
cP-trend based on linear variable (years).
dMVRR¼multivariable RR adjusting for the following: age (months), time-interval at risk, family history of glaucoma (yes, no, missing), African ancestry

(yes, no), hypertension (yes, no), diabetes (yes, no), smoking status (current, past, never), cumulatively averaged alcohol intake (quintiles), cumulatively

averaged caffeine intake (quintiles), body mass index (o 22, 22–23, 24–25, 26–27, 28–29, 30–34, 35þ kg/m2), physical activity (quartiles), postmenopausal

hormone use (current, past, never), age at menopause (20–44, 45–50, 50–54, 54þ years), age at menarche (o12, 12, 13, 14þ years), and oral contraceptive

use (never, o2 , 2–4, 5þ years used).

Summary

What was known before

K Age at menarche and primary open-angle glaucoma
(POAG): later age of menarche was associated with an
increased risk of POAG. Oral contraceptive (OC) use
and POAG: ever-using OCs was not associated with the
risk of POAG.

What this study adds

K Age at menarche and POAG: later age of menarche was
associated with an increased risk of the normal-tension
variant POAG (IOP o22 mm Hg at diagnosis). OC use
and POAG: the Z5 years of OC use was associated with a
modestly increased risk of POAG. Also there was inverse
association between time since stopping OC use and
POAG among past OC users. These data add further
support for a role of circulating estrogen in the
pathogenesis of POAG. In this work, data on female
reproductive health was collected before the diagnosis
of POAG, reducing recall bias.
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