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Abstract

Objective—To study the impact of parity history on the risk of ACPA- (antibodies to

citrullinated peptides antigens) positive/-negative rheumatoid arthritis (RA), in different age-

groups.

Method—Data from a population-based case-control study of female incident RA cases were

analysed (2035 cases, 2911 controls, aged 18-70). Parity history was assessed through

questionnaire. Parous women were compared with nulliparous, by calculating odds ratios (OR)

with 95% confidence interval (CI).

Results—Parity was associated with an increased risk of ACPA-negative RA in the age-group

18-44 (OR=2.1, 95% CI 1.4-3.2), but not in the age-group 45-70 (OR=0.9, 95% CI 0.7-1.3).

Among young women, an increased risk of ACPA-negative RA was found in those with delivery

during the year of symptom onset (OR=2.6, 95% CI 1.4-4.8) and at young age at first birth (<23)

(OR=2.5, 95% CI 1.5-4.1).Parity and the postpartum period were not associated with ACPA-

positive RA, but older age at first birth was weakly associated with a decreased risk.
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Conclusions—The increased risk of ACPA-negative RA in parous women of reproductive age

seemed to be conferred to an increased postpartum risk and to young age at first birth. Further

research is needed to explore the biological mechanisms behind our findings.
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INTRODUCTION

The gender difference in rheumatoid arthritis (RA) incidence is higher at reproductive ages

[1-2], which might reflect a possible etiological role of hormonal factors at younger but not

at older ages. A reduction in RA incidence during pregnancy, but an increase after delivery,

has been described suggesting an involvement of reproductive factors in the etiology. The

increased risk has been observed during the first three months up to two years postpartum

[3-6], whereas parous women in the long run seem to have no increased [7-10], or even

reduced risk of RA [11-13]. For other reproductive factors, such as number of children

[7-9,11,13] and age at first birth [7-9,11,12], reported results are inconclusive. Notably,

previous studies have been conducted without studying the two subsets of RA, characterized

by the presence/absence of antibodies to citrullinated peptides (ACPA), separately.

Against this background, we aimed at studying the impact of parity history, age at first birth

and the postpartum period on the risk of ACPA-positive and ACPA-negative RA, by using

data from a large population-based case-control study including incident cases in Sweden.

METHOD

Study design

This study is based on the Swedish Epidemiological Investigation of RA (EIRA)comprising

women aged 18-70 living in defined geographical parts of Sweden, between 1996 and 2009.

The general design of EIRA has been described in detail elsewhere [14]. Briefly, incident

cases of RA were included and diagnosed by rheumatologists according to the American

College of Rheumatology 1987 criteria for RA [15]. Controls were randomly selected from

the national population register and matched to the cases by age, gender and residential area.

Data collection

Cases and controls answered an extensive questionnaire, in order to collect information

about life-style/environmental exposures, including parity, number of delivered children and

year(s) when the children were born. A second version of the questionnaire was used from

2006, adding information on breastfeeding. In total, 2171 cases and 3635 controls were

identified of which 2063 cases (95%) and 2911 controls (80%) answered the questionnaire.

Blood samples were taken from participating cases.
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Antibody assays

The blood samples were assayed for ACPA-status using the Inmunoscan-RA Mark2 ELISA

test (Euro-Diagnostica, Malmo, Sweden) [16]. The cut-off was set to 25 U/ml for ACPA-

positive RA. Twenty-eight cases lacked information on ACPA-status.

Exposures

For each case, the year when the first symptoms of RA occurred was defined as the index-

year and the same index-year was used for the corresponding control. Since we only had

information on which year the participants had given birth, parous women were defined as

those who had biological offspring before or during the index-year. Women who had not

given birth before or during index-year were considered as nulliparous. The postpartum

period was defined as 0 (during index year), 1 year and 2 years between the most recently

delivered child and the index year. Age at first birth for women aged 18-44 was categorized

according to the quartiles among the controls (≤22, 23-26, 27-30 and ≥31 years).The number

of children was categorized as 1, 2, 3 and ≥4.

All participants gave written informed consent and ethical approval was obtained from

relevant ethical committees.

Statistical analysis

Odds ratios (OR) with 95% confidence intervals (CI) were calculated for ACPA-positive

and ACPA-negative RA, associated with parity overall, number of children, age at first birth

and postpartum period by means of logistic regression. Nulliparous women were used as

reference group.

We adjusted for the matching variables (age and residential area). Additional adjustments

for smoking (pack-years), body mass index (BMI <25/≥25), use of oral contraceptives (ever/

never), breastfeeding (<24/≥24 months in total)and formal education (university degree

yes/no) did not substantially change the ORs and were therefore not retained in the final

analyses.

All analyses were carried out using the Statistical Analysis System (SAS) Version 9.2.

RESULTS

In total, 2035 cases and 2911 controls were included in the analyses, of which 603 cases and

906 controls were in the age of 18-44 years. In all, 64% of the cases were ACPA-positive

and the mean time period between symptom onset and diagnosis was 10 months for both

ACPA-positive and ACPA-negative RA (Supplementary Table 1).

Parity and risk of ACPA-positive, ACPA-negative RA

Parous women had an increased risk of developing ACPA-negative RA compared with

nulliparous women in the young age-group (18-44) (OR= 2.1, 95% CI 1.4-3.2), but not in

the old age-group (45-70) (OR= 0.9, 95% CI 0.7-1.3). There was no association between

parity and the risk of developing ACPA-positive RA in any age-group (Table 1) nor did we
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find any differences according to the number of children and the risk of ACPA-positive and

ACPA-negative RA (Supplementary Table 2).

Postpartum period and risk of ACPA-positive, ACPA-negative RA

An increased risk of ACPA-negative RA was found in women, aged 18-44, who had their

last child the same year as index year (OR=2.6, 95% CI 1.4-4.8). The odds ratio was lower

among those with deliveries within one year before the index year (OR=1.8, 95% CI

0.9-3.6) and reached the null value within two years before disease onset (Table 2). After

adjustments for age at first birth the estimates decreased.

Age at first birth and risk of ACPA-positive, ACPA-negative RA

Among women aged 18-44, the OR of ACPA-negative RA was 2.5 (95% CI 1.5-4.1) in

those who had their first child before 23 years of age. The OR decreased by increasing age

at first birth. A moderate decreased risk of ACPA-positive RA was found among women

who had their first child after 30 years of age (OR=0.7, 95% CI 0.4-1.0) (Table 3).

Adjustment for postpartum period increased the estimates for ACPA-negative RA, and

decreased the estimates for ACPA-positive RA.

DISCUSSION

Our data demonstrate an increased risk of ACPA-negative RA in parous women of

reproductive age (18-44), but not at older ages (45-70). The increased risk was attributable

to an elevated risk during the postpartum period, and to a young age at first birth. Parity and

the postpartum period were not associated with risk of ACPA-positive RA, but older age at

first birth seemed to be associated with a decreased risk of this subgroup.

Our study has the advantage of being a large, population-based case-control study including

incident cases. This, in combination with a high participation proportion among both cases

and controls, reduced the risk of selection bias. However, some methodological

considerations should be mentioned. In the postpartum analysis, misclassification of the

postpartum period during index year might have occurred since we only had information on

year(s) of delivery. This misclassification is probably non-differential (generally leading to a

dilution of the results), which is supported by the different results for ACPA-negative and

ACPA-positive RA.

The overall picture from previous literature is that parity might imply an increased risk of

RA close to delivery [3-6] (with one exception showing no association [11]), but that this

risk is attenuated after some years [7-13]. Our results extend these findings, by

demonstrating that the increased postpartum risk was only found in ACPA-negative RA. For

other reproductive factors, such as age at first birth [7-9,11,12] and number of children

[7-9,11,13], previous results are inconclusive. The disparate findings might be explained by

methodological issues (prevalent cases [13], inclusion of non-population-based controls

[12-13]) or relatively few cases [9-13]. Notably, no previous study has investigated parity

history separately for ACPA-positive and ACPA-negative RA. The finding of a decreased

risk of developing ACPA-negative RA with increasing age remained even after adjustments
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by smoking, BMI, use of oral contraceptives, breastfeeding and formal education. The

different result observed in ACPA-positive RA remains to be elucidated.

Emerging evidences demonstrate that environmental risk factors (e.g. smoking), and genetic

risk factors (e.g. HLA-DRB1shared epitope (SE) alleles) act differently in the development

of ACPA-positive and ACPA-negative RA [17]. Our findings of different impact of parity

history on these two subgroups thus add further evidence to the notion that RA comprises

two different disease entities with different etiology.

The immunologic adaptation during pregnancy with high concentrations of different

circulating hormones (e.g. cortisol, oestrogen), might explain the lower RA incidence during

pregnancy [18]. After delivery the drastic fall in hormonal levels in combination with

increased prolactin levels during breast-feeding might be a potential explanation to the

increased postpartum risk [19]. Why these potential mechanisms act differently in the two

subgroups of RA remains to be elucidated.

In summary, we found an increased risk of ACPA-negative rheumatoid arthritis in parous

women of reproductive age. The increased risk was mainly due to an increased risk in the

postpartum period and young age at first birth. Further research is needed in order to explore

the biological mechanisms behind our findings but the effect of hormonal/reproductive

factors such as the postpartum period might partly explain this notoriously higher incidence

of RA in women.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Table 2

Relative risk of developing ACPA-positive, ACPA-negative RA according to postpartum period for last

delivered child in women aged 18-44. EIRA, Sweden, 1996-2006.

ACPA status Years between last delivered child and index year Cases/Controls ORa 95% CI ORb 95% CI

ACPA-negative Nulliparous 65/360 1.0 1.0

0 23/59 2.6 (1.4-4.8) 2.1 (0.9-4.8)

1 year 14/57 1.8 (0.9-3.6) 1.4 (0.6-3.6)

2 years 6/49 1.0 (0.4-2.5) 0.8 (0.2-2.3)

P for trend† - 0.0093 0.1336

ACPA-positive Nulliparous 165/360 1.0 1.0

0 29/59 1.1 (0.7-1.8) 0.8 (0.4-1.6)

1 year 27/57 1.1 (0.6-1.8) 0.8 (0.4-1.5)

2 years 20/49 0.9 (0.5-1.5) 0.6 (0.3-1.3)

P for trend† - 0.9136 0.6316

ACPA= antibodies to citrullinated peptides antigens, RA= rheumatoid arthritis, OR= odds ratio.

a
Adjusted by matching variables (age and residential area).

b
Adjusted by age, residential area and age at first birth.

†
Wald chi-square test for trend.
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Table 3

Relative risk of developing ACPA-positive, ACPA-negative RA according to age at first birth in women aged

18-44. EIRA, Sweden, 1996-2006.

ACPA status Age at first birth Cases/Controls ORa 95% CI Adjusted ORb 95% CI

ACPA-negative Nulliparous 65/360 1.0 1.0

≤22 years 39/116 2.5 (1.5-4.1) 2.7 (1.6-4.8)

23-26 years 39/144 2.1 (1.3-3.5) 2.4 (1.3-4.4)

27-30 years 36/156 1.8 (1.1-3.1) 2.2 (1.1-4.2)

≥ 31 years 22/130 1.5 (0.8-2.8) 1.8 (0.8-4.0)

P for trend† - 0.0047 0.0058

ACPA-positive Nulliparous 165/360 1.0 1.0

≤22 years 57/116 1.0 (0.7-1.5) 0.9 (0.6-1.5)

23-26 years 68/144 1.0 (0.7-1.4) 0.9 (0.6-1.3)

27-30 years 67/156 0.9 (0.6-1.3) 0.8 (0.5-1.2)

≥ 31 years 45/130 0.7 (0.4-1.0) 0.5 (0.3-1.0)

P for trend† - 0.3305 0.2339

ACPA= antibodies to citrullinated peptides antigens, RA= rheumatoid arthritis, OR= odds ratio.

a
Adjusted by matching variables (age and residential area).

b
Adjusted by age, residential area and years between last delivered child and the index-year.

†
Wald chi-square test for trend.
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