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ABSTRACT. Objective. To examine reproductive history and rheumatoid arthritis (RA) risk in a highly predis-

posed population of North American Natives (NAN) with unique fertility characteristics.

Methods. The effect of pregnancy on the risk of RA was examined by comparing women enrolled
in 2 studies: a study of RA in NAN patients and their unaffected relatives; and NAN patients with
RA and unrelated healthy NAN controls enrolled in a study of autoimmunity. All participants
completed questionnaires detailing their reproductive history.

Results. Patients with RA (n = 168) and controls (n = 400) were similar overall in age, education,
shared epitope frequency, number of pregnancies, age at first pregnancy, smoking, and breastfeeding
history. In multivariate analysis, for women who had = 6 births the OR for developing RA was 0.43
(95% CI 0.21-0.87) compared with women who had 1-2 births (p = 0.046); for women who gave
birth for the first time after age 20 the OR for developing RA was 0.33 (95% CI1 0.16-0.66) compared
with women whose first birth occurred at age < 17 (p = 0.001). The highest risk of developing RA
was in the first postpartum year (OR 3.8; 95% CI 1.45-9.93) compared with subsequent years
(p =0.004).

Conclusion. In this unique population, greater parity significantly reduced the odds of RA; an early
age at first birth increased the odds, and the postpartum period was confirmed as high risk for RA
onset. The protective effect of repeated exposure to the ameliorating hormonal and immunological
changes of pregnancy may counterbalance the effect of early exposure to the postpartum reversal of
these changes. (First Release Oct 15 2012; J Rheumatol 2012;39:2253-60; doi: 10.3899/jrheum.120269)
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The amelioration of rheumatoid arthritis (RA) symptoms
during pregnancy and the tendency for symptoms to flare in
the postpartum period have led to the suspicion that
pregnancy and childbirth may influence the risk of
developing RA. However, previous studies that have
evaluated the correlation between RA risk and pregnancy
history have shown conflicting results. Parity was found to
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reduce the risk of RA in a case-control study by Spector, et
al, comparing women with RA to women with osteoarthritis
(OA) and randomly selected controls'. Another case-control
study, comparing 135 patients with RA to 378 controls with
OA or soft tissue disorders also found a reduced risk of RA
of 0.49 (95% CI 0.27-0.91) for parous women compared
with nulliparous women?. However, a large Finnish study of
> 15,000 women, using a population register, did not find
any association between parity and subsequent risk of
developing RA3. Similarly, Karlson, ef al studied female
reproductive and hormonal risk factors for RA in 121,700
women enrolled in the Nurses’ Health Study, and did not
find an association between parity and increased risk of RA
in this cohort*.

North American Natives (NAN) from several tribal
groups, including those from Central Canada’, have been
found to have among the highest prevalence rates of RA in
the world®, with a young age at onset®’. We have previously
shown that the NAN population from central Canada has a
prevalence of RA of 2-3%° as well as a high background
frequency of the shared epitope alleles, with 75% of the
entire population having at least 1 copy®. In addition to
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prevalent genetic risk factors, cigarette smoking, the most
consistently documented environmental risk factor for RA,
is also very prevalent in this population at 59%, nearly 3
times the rate of the general Canadian population®-1°,
Fertility statistics differ significantly between NAN women
and the general Canadian population: The birth rate for
Canadian women has been relatively low for several
decades, and was reported at 1.5 births/woman in 2002.
Although the birth rate has declined sharply for NAN
women, it remains almost twice as high at 2.9/woman in
2000'!. Age at first birth also differs: 22% of all births to
NAN women occurred between the ages of 15 and 19 years,
compared with 5.6% of all babies born in Canada in 1997 to
mothers in this age group. Similarly, in the 20- to
24-year-old age group, the proportions were 32.3% and
18.2%, respectively!!. We therefore decided to explore the
relationship between parity and childbirth and the risk of
RA in this highly predisposed population with unique
fertility characteristics. We analyzed pregnancy history and
RA risk using detailed data from NAN participants in 2
separate studies: the first is a study of risk factors for
development of RA, comparing patients with RA and their
unaffected relatives; the second is a study of autoimmunity
in NAN, comparing RA and inflammatory bowel disease
(IBD).

MATERIALS AND METHODS
Female participants in 2 separate studies were included in this analysis.

Study 1 was Early Detection of Rheumatoid Arthritis in First Nations
(Canadian Institutes of Health Research MOP7770). Patients with RA were
recruited from a Cree and Ojibway NAN population in central Canada.
Patients visiting rheumatology clinics in urban (Winnipeg, Saskatoon) and
rural (Norway House, St. Theresa’s Point) locations were enrolled and
approached to bring along unaffected relatives who were willing to parti-
cipate. All study subjects were over 18 years of age. The unaffected
population consisted mainly of first-degree relatives (76%) and was
composed of siblings and offspring, with the remainder being
second-degree relatives (cousins, nieces, nephews).

Study 2 was the Arthritis and Inflammatory Bowel Disease (AIBD) in
First Nations (Canadian Institutes of Health Research IIN 84040). NAN
patients with RA and healthy unrelated NAN controls without a personal or
family history of chronic immune diseases were enrolled in a cohort study
aimed to determine differences between First Nations and whites with IBD
or RA. The AIBD study also included a white comparison group, but only
the NAN patients with RA and controls were included for analysis in our
study. The patients with RA were enrolled from patients attending rheuma-
tology clinics in Winnipeg, and the healthy controls were enrolled through
community advertisements. All participants in both studies were required to
have at least 3 of 4 grandparents of First Nations ethnicity (99% had 4 NAN
grandparents).

All participants in both studies completed identical questionnaires
detailing reproductive history, including questions on age at first
pregnancy, dates of each pregnancy, outcome of each pregnancy, and
breastfeeding history. Questions on hormonal contraception were also
included. All patients met the American College of Rheumatology classifi-
cation criteria for RA!2 and the diagnosis was confirmed by a rheumato-
logist. Patients with RA onset before menarche were excluded from
analyses. All controls filled out a questionnaire and were examined by a
rheumatologist to check for the absence of inflammatory arthritis or other
autoimmune disease. Questionnaires also included educational attainment

and detailed smoking history. Smokers for this analysis were defined as
current smokers versus nonsmokers. All participants gave written consent,
and the Biomedical Research Ethics Boards of the University of Manitoba
and the Band Councils of each rural community approved both protocols.
Research Ethics Board no. H2005:093.

Determination of risk period for RA for cases and controls. In most
previous studies examining reproductive factors and the risk of RA, inves-
tigators have enrolled patients with RA who were at or near the onset of
their disease, and have chosen age-matched controls using a variety of
methods!3:14:15-16.17_Qur patients with RA already had established disease,
and on average were about 10 years older than the controls. We therefore
used the date of study enrollment as the assigned “dummy date of RA
onset” for controls, to compare to the date of RA onset for patients. This
then resulted in similar age at RA onset and age at study enrollment for
cases and controls (Table 1).

Risk factors evaluated. Risk factors evaluated included age at menarche,
age at first birth, total number of pregnancies (parity), and the time elapsed
between the last pregnancy and the onset of RA. For patients with RA, only
pregnancies occurring before the onset of RA were included in the
analyses, and for all participants, only pregnancies ending in live births or
stillbirths were included. Oral contraceptive use and breastfeeding history
were also evaluated, and the number of copies of the shared epitope was
evaluated, along with age, educational attainment, and smoking status.

HLA genotyping of RA cases and controls. DNA was extracted from whole
blood, and HLA-DRB1 typing was performed as described®.

Statistical analysis. As there were no differences between the RA cases
from the 2 studies and the related and unrelated controls with respect to age,
smoking status, education, or parity characteristics (data not shown), only
2-group comparisons (RA cases vs controls) were performed. Age, age at
first birth, and parity were categorized according to the distribution of the
variables for the entire cohort. Age at menarche was compared using the
t-test for comparison of means. The distribution of shared epitope alleles
according to the number of copies was compared across parity status
between RA cases and controls using the chi-square test for trend.
Similarly, nulliparity, oral contraceptive use (ever or never), number of
births, age at first birth, and time elapsed since last pregnancy were
compared between cases and controls using the chi-squared test for trend.
In analyzing the breastfeeding data, it was found that almost 70% of both
cases and controls had breastfed either not at all or for < 3 months (data not
shown); therefore this variable was not included in subsequent analyses.
Because the proportion of cases (at the onset of RA) and controls who were
nulliparous was small, we chose to focus on parous women for the multi-
variate analysis of associations between parity characteristics and the risk
of RA. Logistic regression models were used to estimate the association
between disease status and number of children, age at the time of first birth,
and time that had elapsed since the last birth, with adjustment for age,
education, and smoking status. Analyses were performed using SPSS
software, version 18 (IBM).

RESULTS

Atotal of 168 NAN patients with RA and 400 NAN controls
were included in our study. One hundred forty-one patients
with RA and 197 of their relatives (control group 1) were
participants in Study 1 of risk factors for RA. Twenty-seven
NAN patients with RA were participants in Study 2, along
with 203 unrelated healthy NAN controls (control group 2).
There were no differences between control groups 1 and 2
with respect to age, smoking status, education, or parity
characteristics, and thus the 2 groups were combined. The
baseline characteristics of the patients and controls are
presented in Table 1. After adjustment of the age of patients
with RA to age at RA onset, there were no differences in age
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Table 1. Baseline characteristics of North American Native patients with rheumatoid arthritis (RA) and controls.

Study Participants Patients with RA Controls Totals P

Early Detection of RA study 141 197 338

Arthritis and IBD in First Nations study 27 203 230

Total 168 400 568

RA disease duration, mean + SD, yrs 12+93

Age at RA onset, mean + SD, yrs 37+12

RF positive (%) 149/168 (89)

Receiving DMARD (%) 156/168 (93)

Age at study baseline, mean + SD, yrs 46 £ 12 36+ 1 <0.001

Age adjusted to age at RA onset, mean = SD, yrs 37 + 12 36+ 12 NS

Age category, yrs, % (n)*
15-24 16 (27) 22 (88) NS
25-34 26 (44) 29 (115) —
35-44 27 (46) 25 (101) —
> 45 30 (51) 24 (96) —

High school completion, % (n) 37 (62) 35 (140) NS

Smoker, % (n) 81 (136) 77 (308) NS

* Age adjusted to age at RA onset for patients with RA. IBD: inflammatory bowel disease; RF: rheumatoid
factor; DMARD: disease-modifying antirheumatic drug.

There were also no associations between parity and number
of shared epitope copies (data not shown).

between cases and controls (37 + 12 yrs vs 36 £ 12 yrs, p =
ns). Educational level attained, measured as high school
completion, was similarly low in both groups (37% for cases
vs 35% for controls; p = ns), and smoking rates were
similarly high (81% for cases vs 75% for controls; p = ns).

Reproductive characteristics. The mean age at menarche
was slightly younger in RA cases compared to controls, at
12.7 years versus 13.3 years; p = 0.002 (Table 2). Our data

Shared epitope. There were no differences in the proportion
of RA cases and controls having 0, 1, or 2 copies of the
shared epitope: 25% of all study participants had 2 copies of
the shared epitope, 48% had 1 copy, and 27% had none.

on oral contraceptive use overall, and in particular with
reference to the onset of RA for cases, were incomplete. As
there were no differences between cases and controls in
“ever” use of oral contraceptives, this variable was not

Table 2. Reproductive characteristics of North American Native patients with rheumatoid arthritis (RA) and

controls.

Characteristics Cases, n = 168 Controls, n = 400 p
Age at menarche, yrs + SD 133+1.6 127+15 <0.002
Nulliparous*, % (n) 12 (20) 14 (56) NS
Oral contraceptive use (ever) 51% (71) 38% (131) NS

Characteristics of parous women Cases (148) Controls (344)

Age at first birth, yrs, % (n) 0.060
<17 34 (51) 35 (120)
17-18 22 (33) 13 (45)
19-20 22 (33) 25 (87)
> 20 21 (31) 27 (92)
* No. pregnancies, % (n) 0.773
1-2 32 (47) 29 (99)
3 14 (21) 17 (58)
4-5 29 (43) 31 (105)
=6 25 (37) 24 (82)
Time elapsed since last pregnancy**, yrs, % (n) <0.002
<1 15 (22) 7 (24)
1-5 17 (25) 34 (117)
6-15 20 (30) 16 (54)
> 15 48 (71) 43 (149)

* Parity adjusted to parity at onset of RA for cases. ** Calculated as the time elapsed between the last pregnancy
and RA onset for RA cases and time elapsed between the last pregnancy and study enrollment for controls.
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included in multivariate analyses. Only a small proportion
of cases (at the onset of RA) at 12% and controls at 14%
were nulliparous; therefore we chose to focus on parous
women, and examined associations between age at first
birth, the number of pregnancies, the timing from last
pregnancy to RA onset, and the risk of RA.

There was a trend for a younger age at first birth in cases
compared to controls, with 56% of cases giving birth at or
before age 18 compared to 48% of controls (p = 0.06). There
were no differences in the proportion of cases or controls
having 1-2 pregnancies (32% vs 29%); 3 pregnancies (14%
vs 17%); 4-5 pregnancies (29% vs 31%); or 6 or more
pregnancies (25% vs 24%).

Figure 1 shows the distribution of years from last
pregnancy to the onset of RA, and illustrates the increased
frequency of RA onset in the first year compared to later
years. When compared to the control group, there were
significant differences in time elapsed since last pregnancy.
This was calculated as the time elapsed between the last
pregnancy before onset of RA for RA cases and time elapsed

between the last pregnancy and study enrollment (dummy
RA onset variable) for controls. Fifteen percent of cases
developed RA within 1 year of a pregnancy, compared to
7% of controls; for 17% of cases and 34% of controls, 1-5
years elapsed between last pregnancy and RA onset or study
enrollment; 5—15 years elapsed for 20% and 16% of cases
and controls respectively, and for 48% of cases and 43% of
controls, more than 15 years elapsed between last pregnancy
and RA onset or study enrollment; p < 0.002 (Table 2).

In multivariate logistic regression analysis (Figure 2),
only those women who had had at least 1 full term
pregnancy before RA onset for cases (n = 148) or study
enrollment for controls (n = 344) were included. Age,
smoking status, education, age at menarche, age at first
birth, number of births, and time elapsed since last
pregnancy were included in the analysis. A later age at
menarche slightly increased the OR of developing RA (B
0.270,0R 1.3;95% CI 1.1-1.5). Women who had 6 or more
births had an OR of less than half for developing RA
compared with women who had 1-2 births (OR 0.43; 95%
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Figure 2. Adjusted OR for developing rheumatoid arthritis by parity characteristics in parous women.
OR adjusted for age, smoking status, education, and age at menarche. A. Age at first birth. B. Number

of births. C. Time elapsed since last birth.

CI10.21-0.87, overall p for trend 0.046; Figure 2A). Women
who gave birth for the first time after age 20 had reduced
odds of developing RA compared with women whose first
birth occurred at age 17 or younger (OR 0.33; 95% CI

0.16-0.66, overall p for trend 0.001; Figure 2B). Finally, the
odds of developing RA in the first postpartum year were
almost 4 times as high compared with subsequent years (OR
3.8; 95% CI 1.45-9.93, overall p for trend 0.004; Figure
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2C), all after adjustment for age, age at first birth, menarche,
and number of births.

DISCUSSION

In this unique population of women with a high prevalence
of RA, high fertility rates, and an increased prevalence of
several known risk factors for RA, we have shown that
reproductive characteristics have a significant effect on the
risk of developing RA. The risk of RA onset in the
post-partum period, or postpartum flare of preexisting RA,
has been well described!>. It has long been our clinical
observation that the onset of RA in the postpartum period is
particularly frequent in this population, perhaps because of
the younger age of onset of RA in these NAN women>.
This observation was confirmed, with an almost 4-fold risk
of RA in the first postpartum year compared with subse-
quent years. No linear difference was seen in time periods
beyond the first year. In a Swedish study, it was found that
the postpartum period increases the risk of anticitrullinated
protein antibodies (ACPA)-negative RA, but no association
with ACPA-positive RA was found'3. Because the
majority (> 80%) of our NAN patients with RA were
ACPA—positiveg, a differential risk would be difficult to
demonstrate in this population. Our results also differed
from a study of US white women, where RA risk progres-
sively increased with increasing time since last birth!7. A
possible protective effect of fetal microchimerism was
proposed. Clearly, these 2 study populations are not com-
parable. However, the high frequency of the shared epitope
in our population would indicate a lower frequency of those
HLA-DRB1 molecules that have been found to be
protective for RA!8. Assuming that fetal microchimerism
does play a role in the risk of RA, it may be that the
frequency of protective alleles in this homogenous NAN
population is too low to have an effect. The unique genetic,
environmental, and reproductive characteristics of this
population will also play a role. These 3 studies illustrate
that the interaction of risk factors is complex, and may not
be comparable from one population to another.

The higher risk of RA conferred by the shared epitope is
well known; also that 2 copies confer a greater risk than a
single copy. We were unable to demonstrate any association
between RA risk and the shared epitope, or any association
between parity and the shared epitope as described by other
investigators'”. This is presumably due to the high preva-
lence of this epitope in this population. Other NAN popula-
tions, also with a high prevalence of RA, have been found to
have a very high prevalence of the shared epitope in both
affected and unaffected people®!®.

As noted, NAN populations have consistently been
shown to develop RA about 10 years earlier than the average
onset reported for white populations®9-’. Average age at the
time of first pregnancy is also much earlier, at 19 years, than

the 28 years reported in the general Canadian population'!,

and the 25-29 years in other Western populations?’. One can
speculate that this early onset age is related to an early
accumulation of collective risk factors, one of which may be
early exposure to the postpartum hormonal environment. It
may be that an early age at first pregnancy and RA risk are
linked through some common factors leading to alterations
in the local microbiome, resulting in altered host innate or
adaptive immunity and leading to autoimmune conditions
such as RA21-22,

The significance of the later age of menarche adding to
the risk of RA is unknown. Other studies have shown
conflicting results, with some showing similar findings of a
later age at menarche contributing to the risk of RA?32* and
a recent large study finding the reverse, with an earlier age
at menarche increasing the risk of RA*. In our study, the age
of the patients with RA was somewhat older than controls;
this may represent a birth cohort effect, because in
North America overall the average age at menarche is
decreasing®-2%, possibly because of increasing body mass
index?’.

Greater parity was also clearly protective in this
population with a high fertility rate, while at the same time
an earlier age of first pregnancy increased the risk of RA,
possibly because of an earlier age of exposure to postpartum
hormonal and immunological changes. Changes in hormone
levels, cytokine profiles, and immune cell function during
pregnancy are complex. Serum progesterone and estrogen
levels increase by 3 to 8 times during pregnancy, while
plasma levels of cortisol also increase throughout
pregnancy. Levels of all 3 hormones begin to fall soon after
delivery. Studies suggest that the hormonal milieu induced
by pregnancy appears to favor a cytokine profile that is
antagonistic toward cell-mediated autoimmunity. CD4+
regulatory T cells (Tregs), essential to the maintenance of
immunologic tolerance and avoidance of autoimmunity, are
also key players during pregnancy and are known to
increase in pregnancy and decrease postpartum?®, Hormonal
and immunological changes during pregnancy favor
immune tolerance (to prevent maternal rejection of the
developing fetus) and are reversed rapidly in the postpartum
period. Therefore it does appear that the hormonal and
immunological changes associated with pregnancy and the
postpartum period represent competing risks.

There are limitations to our study. First, this is a unique
population, and therefore results may not be generalizable to
other populations. Second, risk factors of interest were
collected retrospectively. This likely affected the accuracy
of some variables, such as breastfeeding and hormonal
contraception history, which we were therefore unable to
include in the analysis. There is also the potential for
“volunteer bias” in the control population, with women less
likely to participate in the study in the immediate
postpartum period, when their time is at a premium. This
could create an artificial difference in the proportion of
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women enrolling in the study in the immediate postpartum
period. Finally, we chose to combine the 2 control groups
(related and unrelated healthy NAN individuals), because
they did not differ in terms of age, shared epitope, parity
characteristics, smoking, and educational attainment, and
these were the variables of interest for this analysis. It is
however possible that there are other differences between
these 2 groups. In fact, because the unrelated controls were
specifically excluded from participating if they had any
personal or family history of autoimmune disease, it can be
assumed that differences in environmental or non-shared
epitope genetic risks do exist. One can speculate that these
unknown differences between the control groups may have
affected our results, particularly if they interact with parity.
The population prevalence of known risk factors for RA in
this NAN population is extremely high, and each of these
risk factors has been described in other NAN populations as
well, such as the high frequency of the shared epitope in
both the affected and unaffected people®!® and the very high
rates of smoking (2-3 times the rate of the general Canadian
and American population)®-!0-2%-30 There appears to be an
important interaction between these 2 risk factors, as recent
studies suggest a gene-environment interaction between
smoking and shared epitope genes, with smoking acting as
a trigger for RA-specific immune reactions to citrullinated
proteins3!32, Periodontal disease is also prevalent in this
NAN group®? as well as in many other North American
indigenous groups3*3>, and may serve a similar role in
promoting citrullination of autoantigens in genetically
predisposed individuals36-37-38. Obesity is also emerging as
a risk factor for RA3%, and as for the other factors listed, is
very prevalent in NAN populations***!. Additional genetic,
biomarker, and environmental risk factors are currently
being explored.

Given this concentration of known risk factors, it is
perhaps surprising that the prevalence of RA is not even
higher than the 2-3% reported in this population. Along
with further exploration of risk factors, it is equally
important to establish protective factors in this population,
with parity appearing to be one such factor. As reported,
additional genetic factors decrease RA risk, including the
protective effect of the MMEL1-TNFRSF14 minor allele*?
and (within multicase families) an interleukin 10 promoter
genotype*3. A better understanding of factors protective of
RA is warranted to understand and reduce the burden of
disease in this population.
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