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Abstract
Objective: Rheumatoid arthritis, a condition of unknown etiology, has been associated with considerable costs to

society. The purpose of this study is to determine whether selected reproductive history characteristics are associated
with postmenopausal rheumatoid arthritis diagnosis.

Methods: Secondary analyses were performed using cross-sectional data from the Third National Health and
Nutrition Examination Survey. Of 1,892 eligible participants, 182 fulfilled the criteria for postmenopausal rheu-
matoid arthritis, based on self-report and the 1987 American College of Rheumatology criteria. Logistic regression
models were constructed, and odds ratios (ORs) with their 95% CIs were calculated for selected reproductive history
characteristics as predictors of postmenopausal rheumatoid arthritis, after adjustment for potential confounders.

Results: Multivariate logistic models suggested that age at menopause was the only reproductive characteristic
that was significantly associated with the outcome of interest (OR, 0.96; 95% CI, 0.93-0.99). Compared with women
experiencing menopause at 50 years of age or later, those who experienced menopause before 40 years of age (OR,
2.53; 95% CI, 1.41-4.53) had increased odds of postmenopausal rheumatoid arthritis.

Conclusions: Women who experience menopause before 40 years of age seem to be at increased risk for post-
menopausal rheumatoid arthritis. Conversely, age at menarche and pregnancy history may not predict rheumatoid
arthritis after menopause. Further research is needed to confirm and elucidate these epidemiological findings.
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R
heumatoid arthritis (RA), a long-term condition of
unknown etiology, has been associated with consid-
erable costs to society.1<4 If not detected and managed

early, RA can result in irreversible, painful, and disabling joint
damage.3 RA is often diagnosed using predefined criteria that
necessitate clinical, laboratory, and radiologic examinations.3

The prevalence of RA among adults is approximately 1%,
affecting women two to four times more often than men.1<3

Although RA risk increases with age, it can manifest at any
stage of life, including childhood, adolescence, and adulthood.
To date, a limited number of RA risk or protective factors
have been identified, with genetic predisposition to autoim-
mune response (eg, HLA-DR4 gene) and repeated environ-
mental exposures (eg, tobacco smoke) playing a major role.3

Heritability of RA is well-established because the lifetime risk

of RA and related autoimmune diseases (namely, systemic lupus
erythematosus, ankylosing spondylitis, scleroderma, Sjögren’s
syndrome, and hypothyroidism) increases 1.5 to 3 times in chil-
dren of women diagnosed with RA.5 Despite RA’s inflamma-
tory pathophysiology, no infectious agents have been clearly
established as etiologic factors.3 Thus, further research is needed
to elucidate potential targets for RA prevention.

Sex differences in RA prevalence have long led to the
suspicion that reproductive factors may alter RA risk in
women.6 Since 1958, women diagnosed with RA have been
found to have fewer children compared with their healthy
counterparts, although the underlying cause of this disparity
(Binfertility[ or Bpersonal choice[) remains unclear.5 Current
evidence linking parity to RA risk remains inconclusive; some
studies suggest that nulliparity is either protective against or a
risk factor for RA, whereas other studies have failed to iden-
tify a significant relationship.6 In addition, parity was found to
reduce RA risk in case-control studies, but not in cohort
studies.5 Similarly, studies of breast-feeding, oral contracep-
tive use, age at menarche, age at first birth, age at menopause,
and other reproductive characteristics have yielded inconsis-
tent results.1

RA signs and symptoms may be ameliorated in the context
of pregnancy and tend to flare up in postpartum, perimeno-
pause, and early postmenopause,1,2,6,7 implicating excessive
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or normal levels of female hormones (estrogen and progester-
one) as protective factors against RA development.1,7 To our
knowledge, few studies have comprehensively analyzed repro-
ductive history in relation to RA development in women,1,2,5,7<18

and none of these studies have analyzed data from a nation-
ally representative sample. The present study evaluates repro-
ductive history and its association with RA diagnosed after
menopause among women 60 years or older who participated
in the Third National Health and Nutrition Examination Sur-
vey (NHANES III).

METHODS

Design and participants
A cross-sectional study was conducted using existing data

sets from NHANES III. Since the 1960s, National Health and
Nutrition Examination Surveys have been periodically con-
ducted by the National Center for Health Statistics of the
Centers for Disease Control and Prevention. NHANES III
(1988-1994), the seventh in a series of these surveys based on
a complex multistage probability sample design, was designed
to provide national estimates of the health and nutritional
status of the 50 US states’ civilian noninstitutionalized popu-
lation 2 months or older. Details of the survey design and
questionnaires are published elsewhere.19 Briefly, a four-stage
sample design was applied using primary sampling units
(PSUs) composed mostly of single counties, followed by area
segments within PSUs, households within area segments, and
persons within households. Eighty-nine survey locations were
randomly divided into two phases, with phase I consisting of
44 locations and with phase II consisting of 45 locations.
PSUs of phase I were allocated to the first 3-year survey
period (1988-1991), and PSUs of phase II were allocated to
the second 3-year period (1991-1994). Accordingly, unbiased
national estimates of health and nutrition characteristics can
be independently produced for phase I, phase II, or total
NHANES III, with the latter being the preferred option.
Sources of data included interviews, physical examinations,
and laboratory tests. The NHANES III protocol is compliant
with the ethical rules for human experimentation stated in
the Declaration of Helsinki, including the approval of an in-
stitutional review board and informed consent forms.

A total of 31,199 participants who had completed an adult
interview, physical examinations, or laboratory testing were
identified from phases I and II of NHANES III. Participants
who satisfied the exclusion criteriaVmale sex (n = 15,900),
younger than 60 years (n = 26,774), unknown arthritis status
(n = 15,786), or nonmenopause status (n = 28,985)Vwere
excluded from the study, leaving 1,892 eligible women.

Measures
Postmenopausal RA

The NHANES III database is composed of an Barthritis[
component, namely, physician’s examination of joints, cer-
tain serological tests, and self-reported data from the Adult
Health Questionnaire, which was designed to identify individ-
uals 60 years or older who are suffering from either RA or oste-

oarthritis. In this study, postmenopausal RA diagnosis (Byes[
or Bno[) was defined using a modified version of the 1987
American College of Rheumatology (ACR) criteria,20 along
with self-reported RA history and age at menopause. In the
absence of radiologic data, NHANES III participants who met
three or more of six ACR criteria were identified as having
RA, whereas those who met two or fewer ACR criteria were
identified as not having RA.21 ACR criteria included the fol-
lowing: presence of morning stiffness for at least 1 hour for
at least 6 weeks; presence of arthritis in three or more joint
areas; presence of arthritis in the joints of the hand; presence
of symmetric arthritis; presence of rheumatoid nodules; and
positive rheumatoid factor.20,21 Among participants who met
ACR criteria for RA, those who self-reported RA diagnosis by
a health professional before menopause were not considered
postmenopausal RA cases. Finally, participants who did not
meet ACR criteria for RA but were diagnosed with RA after
menopause were also considered postmenopausal RA cases.

Reproductive history
NHANES III comprises a Breproductive health[ compo-

nent, specifically the Mobile Examination Center Adult
Questionnaire (women 17 y or older) or the home examination
(women 20 y or older). For the current analyses, reproductive
history was defined using the following indicators: age at
menarche (continuous; G13, Q13 y), age at menopause (con-
tinuous; G40, 40-49, Q50 y), ever pregnant (Byes[ or Bno[),
number of pregnancies (continuous; 0, 1-2, 3-5, Q6), number
of live births (continuous; 0, 1-2, 3-5, Q6), age at first live birth
(continuous; G20, 20-24, 25-29, 30-34, Q35 y), age at last live
birth (continuous; G20, 20-24, 25-29, 30-34, Q35 y), hyster-
ectomy (Byes[ or Bno[) and oophorectomy (Byes[ or Bno[),
oral contraceptives (Bever[ or Bnever[), and hormone therapy
(Bever[ or Bnever[).

Covariates
The hypothesized relationships between reproductive his-

tory and RA diagnosis were evaluated before and after ad-
justment for potential confounding factors, including age
(continuous; G65, 65-69, 70-79, Q80 y), education (less
than high school, high school, more than high school), race/
ethnicity (non-Hispanic white, non-Hispanic black, Mexican
American, other), area of residence (metropolitan, other),
poverty-to-income ratio (G100%, 100% to G200%, Q200%),
marital status (married/cohabiting, not married), and smoking
status (current smoker, ex-smoker, never smoker). Sample
size limitations and the complex survey design precluded the
consideration of body mass index as a potential confounder
for the hypothesized relationships.

Statistical analysis
Statistical analyses were performed using STATA version

12 (STATA Corp. College Station, TX). Whereas frequencies
(%) were computed for categorical variables, means (SEM)
were computed for continuous variables. Bivariate associa-
tions were examined using Pearson’s W2 test. Crude odds ra-
tios (ORs), adjusted ORs, and 95% CIs for hypothesized

Menopause, Vol. 20, No. 9, 2013 931

RHEUMATOID ARTHRITIS AND REPRODUCTIVE HISTORY

Copyright © 2013 The North American Menopause Society. Unauthorized reproduction of this article is prohibited.



relationships were calculated using the Bsvylogit[ command.
Several aspects of the National Health and Nutrition Exami-
nation Survey design were taken into account in data analysis,
including sampling weights and the complex survey design.
Three full-sample weights and four subsample weights are
available in NHANES III. We applied the Mobile Examina-
tion Center examination weights on the current analyses.
Sampling weights were used to produce correct population esti-
mates of prevalence rates, means, and other statistics, account-
ing for differential probabilities of selection and adjusting for
noncoverage, nonresponse, and oversampling of young chil-
dren, older persons, black persons, and Mexican Americans.
Furthermore, strata and PSU pairings were used to estimate
variances and to test for statistical significance. Two-sided sta-
tistical tests were performed at an > level of 0.05.

RESULTS

The study sample consisted of 1,892 women with a mean
age of 70.6 years (95% CI, 69.9-71.4). Nearly 28% had more
than high school education, 86% were non-Hispanic white,
56% resided in nonmetropolitan areas, and 60% were at least
200% above the income-to-poverty ratio. Furthermore, 50%
of these women were married or cohabiting, and 57% were
never smokers. Two hundred fifty-eight women reported that
they had been diagnosed with RA by a healthcare profes-
sional; of those, 76 were diagnosed before the onset of men-
opause, and the remaining 182 were diagnosed after menopause.
Overall, the mean age at menopause and the mean age at self-
reported RA diagnosis were 46.7 years (95% CI, 46.1-47.2)
and 65.5 years (95% CI, 64.7-66.5), respectively. Although
36 women satisfied three or more of the 1987 ACR criteria
for RA at the time of NHANES III, the case definition re-
sulted in 182 postmenopausal RA women (Table 1).

Postmenopausal RA prevalence was estimated to be 7.9%,
varying by selected sociodemographic and lifestyle charac-
teristics. Specifically, women who had at least high school
education seem to be protected against postmenopausal RA.
Furthermore, non-Mexican blacks were two to three times
more likely to be diagnosed with RA after menopause than
non-Mexican whites. Although the prevalence of postmen-
opausal RA was negatively associated with a poverty-
to-income ratio of at least 200% and with being married, these
relationships were of borderline statistical significance. Dif-
ferences in postmenopausal RA prevalence by age, area of
residence, and smoking status were not statistically significant
(Table 2).

Table 3 displays the bivariate and multivariate relationships
of reproductive history characteristics with postmenopausal
RA diagnosis. Bivariate analyses suggested that age at men-
arche and age at last live birth were not significantly associ-
ated with prevalent postmenopausal RA. By contrast, age at
menopause and age at first live birth were inversely associated
with postmenopausal RA, whereas number of pregnancies and
number of live births were directly associated with postmen-
opausal RA. Furthermore, ever use of oral contraception or
hormone therapy was not significantly related to postmeno-
pausal RA. Finally, women who reported having undergone
hysterectomy or oophorectomy did not have a significantly
different postmenopausal RA prevalence compared with those
who did not. Multivariate logistic models of reproductive
history characteristics as predictors of postmenopausal RA
were constructed. Age at menopause was the only reproduc-
tive characteristic associated with reduced odds of postmen-
opausal RA (OR, 0.96; 95% CI, 0.93-0.99) after controlling
for age, education, race/ethnicity, area of residence, poverty-
to-income ratio, marital status, and smoking status. Compared
with women experiencing menopause at 50 years of age or
later, those who experienced menopause before 40 years of
age (OR, 2.53; 95% CI, 1.41-4.53) had increased odds of
postmenopausal RA. Similar results were obtained after fur-
ther adjustment for use of hormone therapy. The remaining
reproductive history characteristics were not significantly as-
sociated with the outcome of interest after adjustment for
confounders.

DISCUSSION

The present study evaluated whether selected reproductive
history characteristics of older women could potentially be
related to RA development after menopause. Using a nation-
ally representative sample of NHANES III participants, we
identified age at menopause among women 60 years or older
to be the sole protective factor against postmenopausal RA,
after adjustment for confounders. Specifically, the prevalence
of postmenopausal RA was significantly higher among women
whose age at menopause was less than 40 years compared with
those who had their menopause at 50 years or later. We could
not find a statistically significant relationship between post-
menopausal RA and the remaining characteristics, namely,
age at menarche, ever pregnant, number of pregnancies, number

TABLE 1. Postmenopausal rheumatoid arthritis case definition
(N = 1,892)

Self-reported diagnosis
No arthritis 1,289
Osteoarthritis 345
Rheumatoid arthritis 258
Before menopause 76
After menopause 182

1987 American College of Rheumatology criteria
Criterion 1a 96
Criterion 2b 25
Criterion 3c 49
Criterion 4d 1,863
Criterion 5e 5
Criterion 6f 135
e2 criteria 1,708
Q3 criteria 36
Postmenopausal rheumatoid arthritis
Yes 182
No 1,710

aMorning stiffness for at least 1 hour for at least 6 weeks.
bArthritis in three or more joint areas.
cArthritis in the joints of the hand.
dSymmetric arthritis.
eRheumatoid nodules.
fPositive rheumatoid factor.
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of live births, age at first live birth, age at last live birth, hys-
terectomy status, oophorectomy status, and ever use of oral
contraceptives or hormone therapy.

The results of this investigation should be interpreted with
caution and in light of several limitations. First, we conducted
secondary analyses using an existing data set, which limited
our ability to devise items that would specifically address our
research questions. Although the reproductive history ques-
tionnaire of NHANES III was sufficiently detailed to glean the
information needed for the exposures of interest, we could not
assess breast-feeding and irregular menstrual periods, which
were previously found to be important determinants of RA.1,8

Second, a cross-sectional design was adopted, precluding the
establishment of cause-and-effect relationships. Third, the
prevalence of RA was relatively low, thus reducing the power
to detect the associations of various predictors, including
cigarette smoking, with RA diagnosis. Fourth, unlike registry-
based studies, RA case definition, more aptly named Binflam-
matory arthritis,[22 was largely based on self-reported data
that were not independently verified by healthcare profession-
als. Although rheumatoid factor can be positive at low titers,
anticitrullinated protein antibodies would have enhanced the
specificity of the case definition. Furthermore, NHANES III
data limited our ability to clinically distinguish and exclude
women with calcium pyrophosphate deposition, polymyalgia
rheumatica, or gout. Finally, RA diagnosis could only be veri-

fied among women 60 years or older, reducing the generaliz-
ability of study findings.

Despite existing evidence for a sex differential in RA
prevalence, a limited number of studies have tackled the pu-
tative association of reproductive factors with RA develop-
ment.1,2,8<11,15<17,23<27 Several biological mechanisms have
also been proposed to explain why pregnancy may have a
protective effect against future development of RA.6 First,
RA symptoms may be alleviated through microchimerism,
whereby fetal DNA can circulate in maternal blood for de-
cades after birth, resulting in broader self-recognition by the
immune system. This beneficial effect of microchimerism is
expected to wane with time since last pregnancy.6 Second,
maternal-fetal disparity in human leukocyte antigen class II
antigens may be important for reducing RA symptoms dur-
ing pregnancy.6 Third, pregnancy can delay the onset of RA
symptoms with better prognosis. In fact, pregnancy is ac-
companied by complex variations in hormone levels, cytokine
profiles, and immune cell function.7 Estrogen, progesterone,
and cortisol levels increase during the course of a pregnancy,
favoring cytokine profiles and CD4+ regulatory T-cells that
counter cell-mediated autoimmunity, all of which substan-
tially decline in the postpartum period.7 Fourth, nulliparous
women may be at increased risk for inflammation of multiple
joints, potentially because of hormonal imbalances resulting
from infertility, a heterogeneous condition affecting 10% of

TABLE 2. Prevalence of postmenopausal rheumatoid arthritis by sociodemographic and lifestyle characteristics: Third National Health and
Nutrition Examination Survey (N = 1,892)

Prevalence (%)a Weighted COR (95% CI) Pb

Age, mean (SEM), y 70.6 (0.4) 1.01 (0.9-1.04) 0.35
Age, n (%)
G65 y 418 (26.1) 8.0 Ref
65-69 y 386 (23.7) 5.8 0.71 (0.31-1.63) 0.41
70-74 y 398 (20.9) 8.8 1.11 (0.53-2.32) 0.79
75-79 y 273 (14.3) 8.8 1.13 (0.62-2.07) 0.68
Q80 y 417 (14.9) 8.8 1.11 (0.51-2.42) 0.79

Education, n (%)
Less than high school 954 (35.9) 10.8 Ref
High school 524 (36.4) 6.4 0.56 (0.34-0.92) 0.023
More than high school 414 (27.7) 6.1 0.54 (0.29-0.98) 0.043

Race/ethnicity, n (%)
Non-Mexican white 1,198 (86.4) 7.2 Ref
Non-Mexican black 297 (6.5) 15.6 2.37 (1.50-3.74) G0.0001
Mexican American 326 (1.9) 10.4 1.48 (0.87-2.55) 0.15
Other 71 (5.2) 8.7 1.22 (0.49-3.06) 0.66

Area of residence, n (%)
Metropolitan 801 (44.4) 7.9 Ref
Other 1,091 (55.7) 7.9 1.01 (0.64-1.59) 0.97

Poverty-to-income ratio, n (%)
G100 342 (11.2) 10.3 Ref
100 to G200 555 (28.7) 10.6 1.03 (0.59-1.80) 0.92
Q200 771 (60.1) 6.3 0.59 (0.32-1.07) 0.082

Marital status, n (%)
Married/cohabiting 819 (49.6) 6.5 Ref
Not married 1,069 (50.4) 9.3 1.48 (0.96-2.27) 0.077

Smoking status, n (%)
Current smoker 235 (14.7) 8.3 0.99 (0.42-2.33) 0.98
Ex-smoker 453 (28.5) 6.8 0.79 (0.46-1.36) 0.39
Never smoker 1,204 (56.9) 8.4 Ref

COR, crude odds ratio; Ref, referent.
aWeighted means, standard errors, and proportions.
bP values for H0 (COR = 1) versus HA (COR m 1).

Menopause, Vol. 20, No. 9, 2013 933

RHEUMATOID ARTHRITIS AND REPRODUCTIVE HISTORY

Copyright © 2013 The North American Menopause Society. Unauthorized reproduction of this article is prohibited.



the general population and 25% of women diagnosed with
RA.5,6 TH1/TH2 imbalance, with TH1 predominance over
TH2, can potentially explain the excessive inflammation
observed in RA-diagnosed women, as well as the beneficial
effects of preexisting atopy and pregnancy on RA signs
and symptoms.18 Whereas a low TH1/TH2 ratio promotes
successful pregnancy, a high TH1/TH2 ratio (a characteristic
of RA-diagnosed women) has the potential to reduce fertility
and fecundity and to increase the likelihood of spontaneous
abortion.18

Parity has been the most widely examined reproductive
characteristic in relation to RA development. The weight of
evidence in recent studies seems to be divided between neg-
ative7,11 and null associations.8,10 For instance, in a case-
control study involving high-risk North American Natives,
Peschken et al7 compared RA-affected women (n = 168) with
their nonaffected relatives (n = 400) on reproductive history
and found that women who had six or more births had a re-
duced likelihood of developing RA compared with women
who had one to two births (OR, 0.43; 95% CI, 0.21-0.87).

TABLE 3. Prevalence of postmenopausal rheumatoid arthritis by reproductive history characteristics: Third National Health and Nutrition
Examination Survey (N = 1,892)

Prevalence (%)a Weighted COR (95% CI) Pb Weighted AOR (95% CI)c

Age at menarche, mean (SEM), y 13.0 (0.06) 1.01 (0.89-1.15) 0.87 0.99 (0.86-1.14)
Age at menarche, n (%)
G13 y 602 (39.7) 7.4 Ref Ref
Q13 y 1,060 (60.3) 7.5 1.03 (0.68-1.55) 0.90 0.91 (0.57-1.47)

Age at menopause, mean (SEM), y 46.7 (0.3) 0.96 (0.93-0.98) 0.003 0.96 (0.93-0.99)
Age at menopause, n (%)
G40 y 289 (14.7) 14.7 2.53 (1.49-4.30) 0.001 2.53 (1.41-4.53)
40-49 y 831 (43.6) 7.1 1.13 (0.39-1.83) 0.62 1.11 (0.69-1.77)
Q50 y 772 (41.6) 6.4 Ref Ref

Ever pregnant, n (%)
Yes 1,533 (88.5) 8.0 Ref Ref
No 210 (11.5) 7.2 0.89 (0.48-1.69) 0.73 0.79 (0.38-1.70)

Number of pregnancies, mean (SEM) 3.3 (0.1) 1.06 (1.00-1.13) 0.04 1.05 (0.98-1.13)
Number of pregnancies, n (%)
0 210 (11.5) 7.2 Ref Ref
1-2 501 (31.7) 7.5 1.04 (0.51-2.13) 0.91 1.21 (0.52-2.84)
3-5 645 (41.6) 6.9 0.96 (0.47-1.95) 0.90 1.15 (0.51-2.62)
Q6 386 (15.3) 11.9 1.73 (0.86-3.46) 0.12 1.68 (0.75-3.74)

Number of live births, mean (SEM) 2.7 (0.07) 1.09 (1.01-1.17) 0.024 1.07 (0.98-1.16)
Number of live births, n (%)
0 269 (14.5) 7.9 Ref Ref
1-2 601 (39.4) 6.7 0.84 (0.45-1.54) 0.56 0.97 (0.48-1.96)
3-5 584 (36.0) 7.8 0.99 (0.51-1.89) 0.97 1.10 (0.53-2.29)
Q6 288 (10.1) 13.4 1.81 (0.97-3.36) 0.061 1.68 (0.83-3.39)

Age at first live birth, mean (SEM), y 23.5 (0.2) 0.95 (0.89-0.99) 0.027 0.96 (0.90-1.02)
Age at first live birth, n (%)
G20 y 836 (32.4) 8.6 Ref Ref
20-24 y 585 (37.9) 9.9 1.17 (0.73-1.90) 0.50 1.47 (0.89-2.41)
25-29 y 304 (21.4) 5.0 0.57 (0.25-1.29) 0.17 0.83 (0.32-2.12)
30-34 y 102 (5.4) 4.0 0.45 (0.12-1.61) 0.21 0.41 (0.09-1.88)
Q35 y 53 (2.8) 6.9 0.79 (0.23-2.68) 0.69 0.99 (0.30-3.29)

Age at last live birth, mean (SEM), y 30.9 (0.2) 0.99 (0.95-1.03) 0.64 0.98 (0.94-1.02)
Age at last live birth
G20 y 489 (18.1) 9.3 Ref Ref
20-24 y 196 (12.9) 10.1 1.09 (0.54-2.24) 0.79 1.21 (0.52-2.79)
25-29 y 290 (21.2) 5.6 0.58 (0.26-1.33) 0.19 0.65 (0.28-1.53)
30-34 y 307 (20.3) 8.2 0.88 (0.44-1.74) 0.70 1.13 (0.52-2.46)
Q35 y 532 (27.6) 6.9 0.73 (0.37-1.45) 0.36 0.76 (0.38-1.53)

Hysterectomy, n (%)
Yes 695 (38.5) 9.4 Ref Ref
No 1,173 (61.5) 6.8 0.69 (0.44-1.11) 0.13 0.65 (0.39-1.10)

Oophorectomy, n (%)
Yes 468 (27.6) 9.2 Ref Ref
No 1,334 (72.5) 7.4 0.77 (0.48-1.29) 0.34 0.79 (0.48-1.32)

Oral contraceptives, n (%)
Yes 175 (9.3) 6.1 0.73 (0.31-1.72) 0.46 0.83 (0.29-2.42)
No 1,714 (90.7) 8.1 Ref Ref

Hormone therapy, n (%)
Yes 584 (33.8) 8.3 1.14 (0.74-1.76) 1.46 (0.85-2.49)
No 1,142 (66.2) 7.3 Ref Ref

COR, crude odds ratio; AOR, adjusted odds ratio; Ref, referent.
aWeighted means, standard errors, and proportions.
bP values for H0 (COR = 1) versus HA (COR m 1).
cEach model corresponding to one reproductive history characteristic was adjusted for a priori confounding variables, including age (years), education, race/
ethnicity, area of residence, poverty-to-income ratio, marital status, and smoking status.
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Similarly, Jorgensen et al11 conducted a large cohort study
of 4.4 million people from the Danish National Register to
evaluate the effects of live birth, pregnancy loss, and com-
plication on the subsequent risk of RA hospitalizations in both
men (n = 3,041) and women (n = 7,071). Poisson regression
analyses suggested that nulliparity was not associated with
RA risk; however, compared with women with one child,
those who had two (relative risk, 0.84; 95% CI, 0.78-0.90) or
three (relative risk, 0.83; 95% CI, 0.77-0.91) children were at
lower risk for RA. Although breast-feeding was a key pro-
tective factor, parity was not related to mention of RA in death
certificates in a cohort study of 63,090 women followed up
from 1961 to 1989.8 By the same token, a cohort study of
121,700 female nurses aged 30 to 55 years found no signifi-
cant relationship between parity and RA risk.10

Reproductive characteristics besides parity were scarcely
evaluated, and these include age at menarche,1,8,10 age at first
live birth,1,2 age at last live birth,1,2 and age at meno-
pause,2,8,10,17 as well as breast-feeding,1,8 irregular menstrual
periods,1 pregnancy complications, and loss.11 The current
study revealed that age at menopause was the only significant
risk factor for RA development in the postmenopausal period
among women 60 years or older. Previous studies found
nonsignificant8,10 or inverse2,17 relationships between later
age at menopause and RA development in a more heteroge-
neous population. Recently, Pikwer et al13 conducted a nested
case-control study based on 18,326 women who participated
in a community-based health survey between 1991 and 1996
involving self-administered questionnaires, linkage to Swedish
RA registers (using 1987 ACR criteria), and 1:4 case-to-control
matching. Consistent with our study findings, early age at men-
opause (e45 y) was associated with subsequent development
of RA (OR, 1.92; 95% CI, 1.02-3.64) after adjusting for key
confounders.

CONCLUSIONS

Women who experience menopause at 40 years of age or
earlier seem to be at risk for postmenopausal RA. Thus, the
group at high risk for RA development after menopause
consists of women who reach menopause prematurely, in-
cluding women with premature ovarian failure. This finding is
consistent with some, but not all, previous investigations. By
contrast, age at menarche and pregnancy history do not predict
RA after menopause. Further research is needed to confirm
and elucidate epidemiological findings.
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