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ABSTRACT
Objective This study aimed to examine rheumatoid 
arthritis (RA) risk associated with hormonal and 
reproductive factors in women from the large cohort of the 
UK Biobank.
Methods Data on hormonal and reproductive factors in 
women were collected from a prospective cohort of 223 
526 UK Biobank participants. The potential relationship 
between reproductive factors and RA risk was assessed 
using restricted cubic spline. Hazard ratios (HR) were 
estimated using Cox proportional hazard regressions.
Results During a median follow- up of 12.39 years, 3313 
women with RA were identified. Age at menarche >14 
years was associated with a greater RA risk (HR 1.13, 
95% CI 1.02 to 1.26) compared with menarche at 13. The 
multiple adjusted HR for RA in women with menopause at 
<45 years was 1.46. Reproductive years <33 increased 
the risk of RA (HR 1.39, 95% CI 1.21 to 1.59). Compared 
with those with 2 children, women with ≥4 children were 
associated with a higher risk of RA (HR 1.18, 95% CI 
1.04 to 1.34). Women who had a hysterectomy (HR 1.40, 
95% CI 1.25 to 1.56) or oophorectomy (HR 1.21, 95% CI 
1.08 to 1.35) had a higher risk of RA than those without a 
hysterectomy or oophorectomy. Both hormone replacement 
therapy (HRT) use (HR 1.46, 95% CI 1.35 to 1.57) and HRT 
duration (HR 1.02, 95% CI 1.01 to 1.03) were associated 
with a higher risk of RA.
Conclusions Some hormonal and reproductive factors 
were associated with a higher risk of RA. Hormonal 
and reproductive factors should be considered in risk 
assessment and formulating management plans in female 
patients with RA.

INTRODUCTION
Rheumatoid arthritis (RA), one of the most 
prevalent autoimmune rheumatic diseases, 
is a complicated multifactorial illness that 
can lead to joint inflammation and, in severe 
cases, irreversible joint damage and disa-
bility.1 Factors related to socioeconomic 
status, genetics, environmental exposures, 

and treatment have been linked to the onset 
and severity of the disease.2 RA can be severe 
enough to cause disability, and if untreated or 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Rheumatoid arthritis (RA), one of the most common 
autoimmune rheumatic diseases, can lead to irre-
versible joint damage and disability.

 ⇒ The prevalence of RA differs based on sex, with the 
occurrence frequency in women being 4–5 times 
higher than that in men under the age of 50 years, 
and twice that in men between the ages of 60 and 
70. Furthermore, the disease progression and disease 
activities are adverse in women compared with men.

 ⇒ The available epidemiological data on the role of 
hormonal and reproductive factors in the pathogen-
esis of RA are inconsistent and uncertain.

WHAT THIS STUDY ADDS
 ⇒ There was a non- linear relationship between age 
of menarche, age of menopause and reproductive 
years and the risk of RA.

 ⇒ Age at menarche >14 years, ≥4 children, early 
menopause, reproductive years <33, hysterectomy 
and oophorectomy, and the use of the exogenous 
hormone hormone replacement therapy were ob-
served to be associated with a higher risk of RA.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ In this study, we observed several hormonal and 
reproductive factors were associated with the risk 
of RA. When diagnosing and managing women with 
RA, hormonal and reproductive aspects should be 
carefully evaluated. In particular, women in later 
menarche or early menopause require additional 
attention. The findings of this study are significant 
and form a basis on which novel and target specific 
intervention measures to curb the risk of RA in wom-
en may be developed. Furthermore, future studies 
should investigate the involvement of female hor-
mones in the pathophysiology of RA.
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poorly managed, it can have a far- reaching impact on a 
patient’s health.

There have been concerted efforts, by different scien-
tists and stakeholders, to come up with knowledge and 
remedies appertaining to distinct variables of RA. Some 
studies have demonstrated that the prevalence of RA 
differs based on sex, with the occurrence frequency in 
women being 4–5 times higher than that of men under 
the age of 50 years, and twice that in men between the 
ages of 60 and 70.3 4 Furthermore, the disease progres-
sion and activities are adverse in women compared with 
men.5 Several studies have suggested the role of female 
hormonal and reproductive factors in the develop-
ment of RA and the sex- based differences of the disease 
outcome.3 6 Female hormonal factors are basically repro-
ductive traits associated with alterations in women’s life-
time levels of sex hormones, primarily progesterone and 
estrogens.

Female reproductive features, such as puberty, preg-
nancy, childbirth, menopause, breastfeeding, and exoge-
nous exposure to hormone levels (hormone replacement 
therapy (HRT) or oral contraceptives) may influence 
the hormonal environment. For example, Jethwa et al 
reported reduced RA disease activity in pregnancy and 
a flare in the postpartum period, while Bengtsson et al 
reported peak incidence of the disease at menopause.7 8 
These observations suggest that a decrease in the levels 
of female sex hormones, such as estrogens and proges-
terone, increase the risk of RA throughout menopause 
and after childbirth, but an increase in levels during preg-
nancy and breastfeeding are protective. Elsewhere, age at 
menarche and menopause, parity, breastfeeding,9–14 and 
exposure to oral contraceptives and HRT15 16 have been 
observed to have conflicting effects on the risk of RA.

While there is a wealth of literature linking hormonal 
and reproductive factors to an increased risk of RA, 
female- specific hormonal and reproductive factors and 
the gender differences in RA present a burgeoning 
research path that, to our understanding, has not been 
entirely explored. Thus, the present study examined the 
reproductive factors and exogenous hormone use in rela-
tion to the risk of RA in women from the large cohort of 
the UK Biobank.

METHODS
Study design, data sources and population
The UK Biobank is a prospective population- based cohort 
that recruited over 500 000 women and men (aged 40 to 
69 years) between 2006 and 2010. It is a large biomed-
ical database and high- quality research resource.17 The 
UK Biobank established 22 assessment centres across 
the UK (England, Scotland, and Wales) with support 
from the Wellcome Trust and the UK government. The 
UK Biobank has been approved by the Northwest Multi-
center Research Ethics Committee. During the assess-
ment, participants completed a touchscreen question-
naire, face- to- face interviews, physical measures, and 

provided biological samples, as detailed elsewhere.17 18 
This study was conducted under project number 80 827. 
In our study, we selected all female subjects and excluded 
subjects based on the following exclusion criteria: 
subjects who had reported RA at baseline, covariates, and 
the absence of major hormonal and reproductive factors.

Biomarker values in serum and packed red blood cell 
samples were assessed at baseline for all UK Biobank 
participants. For the current study, if participants had 
data for a residual biomarker, very low levels of rheuma-
toid factor (RF) that were recorded as ‘missing’ in the 
original data were recoded conservatively as the square 
root of the minimal reported detectable value. With 
a threshold of 20 IU/mL, a new binary variable was 
constructed to divide RF levels into positive and negative 
groups (988646AR ( beckmancoulter. com)).19

Measurement of hormonal and reproductive factors
Hormonal and reproductive factors were selected as 
exposure variables and the data provided at the partic-
ipants’ self- assessment. The hormonal and reproduc-
tive factors studied in the present study include: age at 
menarche, pregnancy history, number of live children, 
menopause, age at menopause, reproductive years, 
history of hysterectomy, history of oophorectomy, contra-
ceptive pill, duration of oral contraceptive pill use, HRT, 
and duration of HRT use (the field identifiers for all vari-
ables are listed in online supplemental table 1). For the 
purpose of this study, early menarche was defined as the 
first period occurring before the age of 12 years. Early 
menopause is the absence of menstrual periods perma-
nently before the age of 45 years.20 21 Pregnancy history, 
reproductive years, duration of contraceptive pill use 
and duration of HRT use were defined according to the 
relative variables given in the UK Biobank. Pregnancy 
was determined by the number of children and whether 
there was a history of spontaneous abortion, stillbirth or 
termination of pregnancy. Reproductive years were taken 
as the time interval between the age at menarche and 
the age at menopause. The difference between the age of 
last use and the age of first use was used to determine the 
duration of oral contraceptive pills and HRT use.

Outcomes identification
The primary endpoint of this study was incident of RA. 
Subjects were determined to have RA by linking National 
Health Service (NHS) hospital admission records to the 
International Classification of Diseases, 10th revision 
(ICD- 10) codes M05, M06 and M08 for RA. Each partici-
pant’s follow- up person- time was calculated from the date 
of initial assessment to the date of death, the first date of 
outcome diagnosis, the date of loss to follow- up, or the 
end of follow- up, whichever occurred first.

Covariate measures
The information obtained at the initial assessment visit 
was chosen as potential confounders of the association 
between hormonal and reproductive factors and risk of 

https://dx.doi.org/10.1136/rmdopen-2023-003338
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RA.22 23 Generally, the factors included: age at baseline, 
Townsend deprivation index, ethnicity, smoking status, 
alcohol drinker status, body mass index (BMI), total 
physical activity, vitamin D supplement, fracture history, 
diabetes, systolic blood pressure, and diastolic blood pres-
sure. Information on ethnicity (white or other), smoking 
and alcohol drinker status (never, former, and current), 
vitamin D supplement (yes or no), history of fracture in 
the past 5 years (yes or no), and diabetes (yes or no) was 
collected from self- report questionnaires. The Townsend 
deprivation index was designed to measure the extent of 
socioeconomic deprivation. Higher values of this index 
indicated higher levels of socioeconomic deprivation.24 
The total physical activity was divided into three mutu-
ally exclusive groups: low (<600 metabolic equivalents 
(MET)- min/week), moderate (600 to <3000 MET- min/
week), and high (≥ 3000 MET- min/week).25 Its meas-
urement was based on the revised International Physical 
Activity Questionnaire and included frequency and dura-
tion of walking on a typical day/week during the past 4 
weeks (Field 864 and 874), moderate activity (Field 884 
and 894) and vigorous activity (Field 904 and 914).26 The 
BMI was calculated by dividing the individual’s weight 
(kg), measured using the Paradigm BC- 418 MA body 
composition analyser, by the square of the individual’s 
standing height (m). Blood pressure was measured at 
the baseline of the study using an Omron HEM- 7015IT 
digital blood pressure monitor, as the average of the two 
measurements.

Statistical analysis
The variables used in this study were grouped based on 
the presence or absence of RA incidents. If the distri-
bution of the variables conformed to a normal distribu-
tion, then the t- test was used; otherwise, the Wilcoxon 
rank- sum test was used. The χ2 test was used to compare 
categorical variables that were expressed as percentages 
(%). The earlier mentioned covariates were applied to fit 
two models. Model 1 was adjusted for age only, whereas 
model 2 was adjusted for age, ethnicity, Townsend depri-
vation index, smoking status, alcohol drinker status, BMI, 
vitamin D supplement, fracture history, diabetes, systolic 
blood pressure, and diastolic blood pressure. A dose- 
response relationship model fitted with a restricted cubic 
spline was used to determine the non- linear relationship 
between hormonal and reproductive factors and the 
probability of RA incidence in women. Univariate and 
multivariate Cox proportional hazard regression models 
were fitted to estimate hazard ratios (HR) and 95% confi-
dence intervals (95% CI) for the hormonal and repro-
ductive factors on RA outcomes, with change points as a 
reference. Furthermore, combination models for a series 
of hormonal and reproductive factors were constructed, 
adjusting for age at menarche, pregnancy or not, meno-
pause or not, hysterectomy and/or oophorectomy, use of 
oral contraceptive pills and HRT, on the basis of model 2.

To evaluate the robustness of our findings, we performed 
a series of sensitivity analyses. First, participants who had 

the target outcome within 2 years of enrolment were 
removed and followed up. Second, participants who 
had undergone hysterectomy or oophorectomy were 
removed. Third, incomplete covariates in the data were 
re- filled for analysis using Multivariate Imputation by 
Chained Equations.

To examine the effect modifications by these charac-
teristics, predefined subgroup analyses were conducted 
based on age group (≤60 and >60 years, grouped to 
produce approximately the same number of events in 
each group), social deprivation (determined using the 
Townsend deprivation index at or below vs above the 
national average (−1.42)), and BMI (≤25 kg/m2 and >25 
kg/m2). The p value was obtained by fitting the interac-
tion term between the predetermined subgroup and the 
exposure of interest.

All of the above analyses were performed using R 4.1.0 
software, and p values <0.05 were considered statistically 
significant.

RESULTS
Figure 1 is a flow diagram showing the recruitment 
process of the participants. A total of 223 526 partic-
ipants contributing 2 706 724 person- years at risk were 
included in the primary analysis. Of the total number of 
participants, 3313 (1.5%) individuals were first- ever diag-
nosed with RA during a median follow- up of 12.39 years. 
The baseline characteristics of the participants, based on 
whether RA occurred, are summarised in table 1. At the 
study baseline, the mean age of women and the mean age 
at menarche were 56 and 13 years, respectively. Approx-
imately 85% of the participants reported having been 

Figure 1 Flow diagram showing the recruitment process of 
participants. RA, rheumatoid arthritis.
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Table 1 Baseline characteristics of study participants in the UK Biobank

Characteristics
Total participants
(n=223 526)

No incident RA 
(n=220 213)

Incident RA 
(n=3313) P value

Age at baseline, years (mean±SD) 56.2±8.02 56.2±8.02 59.3±7.20 <0.001

Townsend deprivation index (mean±SD) -1.41±2.98 -1.42±2.98 -0.94±3.15 <0.001

Ethnicity, n (%) <0.001

  White 211 513 (94.6) 208 425 (94.6) 3088 (93.2)

  Other 12 013 (5.4) 11 788 (5.4) 225 (6.8)

Smoking status, n (%)

  Never smoker 134 016 (60.0) 132 305 (60.0) 1711 (51.7) <0.001

  Former smoker 70 741 (31.6) 69 514 (31.6) 1227 (37.0)

  Current smoker 18 769 (8.4) 18 394 (8.4) 375 (11.3)

Alcohol drinker status, n (%) <0.001

  Never drinker 12 197 (5.5) 11 901 (5.4) 292 (8.8)

  Former drinker 7557 (3.4) 7348 (3.3) 209 (6.3)

  Current drinker 203 776 (91.1) 200 964 (91.3) 2812 (84.9)

BMI, kg/m2 (mean±SD) 26.9±5.01 26.8±4.99 28.4±5.70 <0.001

Physical activity, MET- min/week, n (%) <0.001

  Low (<600) 44 581 (19.9) 43 794 (19.9) 787 (23.8)

  Moderate (≥600, <3000) 116 859 (52.3) 115 272 (52.3) 1587 (47.9)

  High (≥3000) 62 086 (27.8) 61 147 (27.8) 939 (28.3)

Vitamin D supplement, n (%) 0.036

  No 175 222 (78.4) 172 575 (78.4) 2647 (79.9)

  Yes 48 304 (21.6) 47 638 (21.6) 666 (20.1)

Fracture history, n (%) <0.001

  No 200 847 (89.9) 197 979 (89.9) 2868 (86.6)

  Yes 22 679 (10.1) 22 234 (10.1) 445 (13.4)

Diabetes, n (%) <0.001

  No 215 709 (96.5) 212 614 (96.5) 3095 (93.4)

  Yes 7817 (3.5) 7659 (3.5) 218 (6.6)

Blood pressure

  SBP, mm Hg (mean±SD) 137.0±20.25 137.0±20.25 140.0±19.85 <0.001

  DBP, mm Hg (mean±SD) 80.0±10.54 80.0±10.54 81.0±10.42 0.006

Rheumatoid factor status, n (%) <0.001

  RF- negative 202 037 (90.4) 199 580 (90.6) 2457 (74.2)

  RF- positive
Missing

7060 (3.2)
14 429 (6.4)

6589 (3.0)
14 044 (6.4)

471 (14.2)
385 (11.6)

Age at menarche, years (mean±SD) 123.0±1.62 13.0±1.61 13.0±1.74 0.823

Ever been pregnant, n (%) <0.001

  No 33 204 (14.8) 32 787 (14.9) 417 (12.6)

  Yes 189 479 (84.8) 186 592 (84.7) 2887 (87.1)

  Missing 843 (0.4) 834 (0.4) 9 (0.3)

Number of children, n (%) <0.001

  None 42 427 (19.0) 41 894 (19.0) 533 (16.1)

  1 29 814 (13.3) 29 353 (13.3) 461 (13.9)

  2 98 159 (43.9) 96 762 (43.9) 1397 (42.2)

  3 39 249 (17.6) 38 635 (17.6) 614 (18.5)

Continued
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pregnant at least once, and 43.9% reported having two 
children. For menopause, 72% of the women were post- 
menopausal; the mean age at menopause and reproduc-
tive years was 50 and 37 years, respectively. Meanwhile, a 
small number of women reported a history of hysterec-
tomy (7%) and oophorectomy (8%), while 81.5% and 
37.5% reported using oral contraceptive pills and HRT 
for a mean duration of 10 and 6 years, respectively.

Age at menarche
The association between age at menarche and RA was 
U- shaped (table 2, figure 2A). Using women who had 
their menarche at 13 years as a reference, both early 
menarche (HR 1.19, 95% CI 1.07 to 1.32, p<0.001) and 
age at menarche >14 (HR 1.17, 95% CI 1.05 to 1.30, 
p=0.004) were associated with the occurrence of RA. 
However, the effect of early menarche on RA was weak-
ened (HR 1.09, 95% CI 0.98 to 1.21, p=0.109), and age 

at menarche >14 still increased the risk of RA (HR 1.13, 
95% CI 1.02 to 1.26, p=0.025), after adjusting for poten-
tial confounding factors.

Pregnant and number of children
The risk of RA between women who had ever been preg-
nant and those who had never been pregnant was not 
statistically significant (HR 1.04, 95% CI 0.94 to 1.16, 
p=0.412) (table 2). However, the association between 
the number of children and RA was roughly U- shaped 
compared with women with two children (figure 3). 
Those who had four or more children were associated 
with a higher risk of RA (HR 1.18, 95% CI 1.04 to 1.34, 
p=0.010) (table 2).

Menopause-related factors
An older age at menopause and longer reproductive 
years were found to be L- shaped associated with RA risk 

Characteristics
Total participants
(n=223 526)

No incident RA 
(n=220 213)

Incident RA 
(n=3313) P value

  ≥4 13 732 (6.1) 13 426 (6.1) 306 (9.2)

  Missing 145 (0.1) 143 (0.1) 2 (0.1)

Menopause, n (%) <0.001

  No 62 312 (27.9) 61 831 (28.1) 481 (14.5)

  Yes 160 991 (72.0) 158 164 (71.8) 2827 (85.3)

  Missing 223 (0.1) 218 (0.1) 5 (0.2)

Age at menopause, years (mean±SD) 50.0±5.08 50.0±5.07 50.0±5.95 <0.001

Reproductive years, years (mean±SD) 37.0±5.32 37.0±5.30 36.0±6.09 <0.001

History of hysterectomy, n (%) <0.001

  No 182 785 (81.8) 180 447 (81.9) 2338 (70.5)

  Yes 15 896 (7.1) 15 500 (7.1) 396 (12.0)

  Missing 24 845 (11.1) 24 266 (11.0) 579 (17.5)

History of oophorectomy, n (%) <0.001

  No 203 279 (90.9) 200 418 (91.0) 2861 (86.4)

  Yes 17 368 (7.8) 17 003 (7.7) 365 (11.0)

  Missing 2879 (1.3) 2792 (1.3) 87 (2.6)

Ever used oral contraceptive pills, n (%) <0.001

  No 40 867 (18.3) 40 100 (18.2) 767 (23.2)

  Yes 182 152 (81.5) 179 616 (81.6) 2536 (76.5)

  Missing 507 (0.2) 497 (0.2) 10 (0.3)

Duration of oral contraceptive pill use, years 
(mean±SD)

10.4±7.68 10.4±7.68 9.8±7.65 <0.001

Ever used HRT, n (%) <0.001

  No 139 012 (62.2) 137 479 (62.4) 1533 (46.3)

  Yes 83 911 (37.5) 82 145 (37.3) 1766 (53.3)

  Missing 603 (0.3) 589 (0.3) 14 (0.4)

Duration of HRT use, years (mean±SD) 6.3±5.28 6.3±5.26 7.1±5.88 <0.001

BMI, body mass index; DBP, diastolic blood pressure; HRT, hormone replacement therapy; MET, metabolic equivalents; RA, rheumatoid 
arthritis; RF, rheumatoid factor; SBP, systolic blood pressure.

Table 1 Continued
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Table 2 Associations between hormonal and reproductive factors and the risk of rheumatoid arthritis

Characteristics

Total 
population
(n=223 526)

Number 
incident cases
(n=3313)

Model 1 Model 2

HR (95% CI) P value HR (95% CI) P value

Age at menarche, years

  <12 43 140 720 1.19 (1.07 to 1.32) <0.001 1.09 (0.98 to 1.21) 0.109

  12 41 288 563 0.98 (0.88 to 1.10) 0.755 0.96 (0.86 to 1.07) 0.434

  13 53 582 735 Reference Reference

  14 43 078 613 1.01 (0.91 to 1.12) 0.873 1.00 (0.90 to 1.12) 0.941

  >14 36 431 595 1.17 (1.05 to 1.30) 0.004 1.13 (1.02 to 1.26) 0.025

Ever been pregnant

  No 33 204 417 Reference Reference

  Yes 189 479 2887 1.06 (0.96 to 1.18) 0.261 1.04 (0.94 to 1.16) 0.412

Number of children

  None 42 427 533 1.04 (0.94 to 1.14) 0.507 0.99 (0.89 to 1.10) 0.840

  1 29 814 461 1.19 (1.07 to 1.32) <0.001 1.10 (0.99 to 1.23) 0.066

  2 98 159 1397 Reference Reference

  3 39 249 614 1.06 (0.96 to 1.17) 0.224 1.00 (0.91 to 1.10) 0.969

  ≥4 13 732 306 1.46 (1.29 to 1.66) <0.001 1.18 (1.04 to 1.34) 0.010

  Each child 223 381 3311 1.05 (1.02 to 1.08) <0.001 1.02 (0.99 to 1.05) 0.186

Menopause

  No 62 312 481 Reference Reference

  Yes 160 991 2827 1.24 (1.08 to 1.41) 0.002 1.19 (1.05 to 1.36) 0.008

Age at menopause, years

  <45 16 359 384 1.62 (1.42 to 1.86) <0.001 1.46 (1.27 to 1.67) <0.001

  45–49 30 401 491 1.13 (0.99 to 1.28) 0.065 1.08 (0.95 to 1.22) 0.266

  50–51 29 574 442 Reference Reference

  52–54 31 441 445 0.93 (0.82 to 1.06) 0.287 0.94 (0.82 to 1.07) 0.363

  >54 19 402 321 1.00 (0.86 to 1.15) 0.983 0.99 (0.86 to 1.14) 0.876

Reproductive years

  <33 22 078 495 1.53 (1.33 to 1.75) <0.001 1.39 (1.21 to 1.59) <0.001

  33–35 18 962 297 1.08 (0.92 to 1.26) 0.354 1.03 (0.88 to 1.20) 0.696

  36–37 21 136 310 0.98 (0.84 to 1.14) 0.818 0.98 (0.84 to 1.14) 0.769

  38–39 23 513 355 Reference Reference

  40–42 25 320 372 0.94 (0.82 to 1.09) 0.444 0.95 (0.82 to 1.10) 0.472

  >42 13 638 221 0.98 (0.83 to 1.16) 0.802 0.95 (0.81 to 1.13) 0.586

History of hysterectomy

  No 182 785 2338 Reference Reference

  Yes 15 896 396 1.51 (1.35 to 1.68) <0.001 1.40 (1.25 to 1.56) <0.001

History of oophorectomy

  No 203 279 2861 Reference Reference

  Yes 17 368 365 1.28 (1.15 to 1.43) <0.001 1.21 (1.08 to 1.35) <0.001

Ever used oral contraceptive pills

  No 40 867 767 Reference Reference

  Yes 182 152 2536 0.93 (0.86 to 1.02) 0.106 0.99 (0.91 to 1.07) 0.770

Duration of oral 
contraceptive pill use, per 
year

159 658 2195 1.00 (0.99 to 1.01) 0.708 1.00 (1.00 to 1.01) 0.793

Continued
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(table 2, figure 2B,C). Postmenopausal women showed a 
greater risk of RA (HR 1.19, 95% CI 1.05 to 1.36, p=0.008). 
The multiple- adjusted HR for RA in women who had 
menopause before the age of 45 years was 1.46 (95% CI 
1.27 to 1.67, p<0.001) compared with women who had 
menopause at age 50–51 years. Furthermore, reproduc-
tive years were connected to the ages of menarche and 
menopause. Later menarche and early menopause were 
both risk factors for RA, while reproductive years <33 was 
associated with an increased risk of RA (HR 1.39, 95% 
CI 1.21 to 1.59, p<0.001). The multiple- adjusted HR for 
RA in women reporting a history of hysterectomy or 
oophorectomy were, respectively, 1.40 (95% CI 1.25 to 
1.56, p<0.001) and 1.21 (95% CI 1.08 to 1.35, p<0.001) 
compared with women who had never had a hysterec-
tomy or oophorectomy (table 2).

Exogenous hormone use
Results of the exogenous hormone use showed that there 
was no clear evidence that the use of oral contraceptive 
pills (HR 0.99, 95% CI 0.91 to 1.07, p=0.770) and the 
duration of use (HR 1.00, 95% CI 1.00 to 1.01, p=0.793) 
were associated with the risk of developing RA (table 2). 

On the other hand, it was revealed that HRT duration 
was associated with a higher risk of RA per year (HR 
1.02, 95% CI 1.01 to 1.03, p<0.001). The adjusted HR 
for women who had used HRT was 1.46 (95% CI 1.35 
to 1.57, p<0.001) compared to that of women who had 
never used HRT.

Sensitivity analysis
In the combination model, a total of 190 574 women 
developed 2622 cases of RA. Hormonal and reproductive 
factors were not significantly different in the composite 
model compared with models that included these factors 
alone, with only ovariectomy reporting an opposite result 
(online supplemental table 2).

Similar results were observed after removing partici-
pants who had a target outcome within 2 years of enrol-
ment (online supplemental table 3). After women who 
had undergone hysterectomy or oophorectomy were 
excluded from the analysis, the associations between RA 
risk and age at menarche, number of children, reproduc-
tive years, HRT, and HRT duration were similar to the 
primary findings (online supplemental table 4). After 
filling in the missing data for the covariates, the results 

Characteristics

Total 
population
(n=223 526)

Number 
incident cases
(n=3313)

Model 1 Model 2

HR (95% CI) P value HR (95% CI) P value

Ever used HRT

  No 139 012 1533 Reference Reference

  Yes 83 911 1766 1.46 (1.35 to 1.57) <0.001 1.46 (1.35 to 1.57) <0.001

Duration of HRT use, per 
year

61 660 1255 1.02 (1.01 to 1.03) <0.001 1.02 (1.01 to 1.03) <0.001

Model 1: adjusted for age.
Model 2: adjusted for age, Townsend deprivation index, ethnicity, smoking status, alcohol drinker status, body mass index, physical activity, 
vitamin D supplement, fracture history, diabetes, systolic blood pressure, and diastolic blood pressure.
HRT, hormone replacement therapy.

Table 2 Continued

Figure 2 Multiple adjusted restricted cubic splines showing hazard ratios (HR) for the risk of rheumatoid arthritis (RA) 
associated with reproductive factors. The HR for RA with the corresponding 95% CI as a function of reproductive factors 
from Cox proportional hazard regression models are adjusted for age, Townsend deprivation index, ethnicity, smoking status, 
alcohol drinker status, body mass index, physical activity, vitamin D supplement, fracture history, diabetes, systolic blood 
pressure, and diastolic blood pressure. (A) Restricted cubic spline plot with multiple adjusted HR (95% CI) for RA associated 
with age at menarche. (B) Restricted cubic spline plot with multiple adjusted HR (95% CI) for RA associated with age at first 
birth. (C) Restricted cubic spline plot with multiple adjusted HR (95% CI) for RA associated with reproductive years.

https://dx.doi.org/10.1136/rmdopen-2023-003338
https://dx.doi.org/10.1136/rmdopen-2023-003338
https://dx.doi.org/10.1136/rmdopen-2023-003338
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of the multiple adjustment were consistent with the main 
results of the analyses described above (online supple-
mental table 5).

Subgroup analysis
The association between early menarche, early meno-
pause, history of hysterectomy or oophorectomy, use of 
oral contraceptive pills and HRT, and RA showed little 
heterogeneity in the subgroup. However, pregnancy 
and the number of children were heterogeneous in 
subgroups of those aged ≤60 years, those with a high 
Townsend deprivation index, and overweight or obese 
people. These were associated with a high risk of devel-
oping RA (online supplemental table 6).

DISCUSSION
The high incidence of RA in women has been linked 
to reproductive hormones involved in the disease 
mechanism.27 This has prompted researchers to focus 
on the reproductive events that are closely related to 
estrogenic changes. In the present study, we exam-
ined the risk of RA cases associated with hormonal 
and reproductive factors in women. We relied on data 
from a prospective cohort study in the UK Biobank. 
The findings of this large population- based cohort 
study showed that age at menarche >14 years, ≥4 chil-
dren, menopause, early menopause, reproductive 
years <33, history of hysterectomy or oophorectomy, 
and HRT use all increased the risk of RA to differing 
degrees.

As opposed to the current study, that showed no 
significant association between pregnancy and RA 
risks, previous epidemiological investigations found 

that multiple pregnancies increased the risk of devel-
oping RA in women of childbearing age.10 12 Preg-
nancy induces significant changes in endogenous 
oestrogen levels,28 and oestrogen can be neuropro-
tective or neurotoxic, depending on the concen-
tration of oestrogen.29 Additionally, there are 
physiological changes in muscles and joints, changes 
in hormonal state, and a normal increase in weight 
during pregnancy.30 The results of the subgroup anal-
ysis indicated that the association between RA and 
pregnancy was not altered by overweight and obesity 
in the BMI. These results contradict previous studies 
that reported a high prevalence of RA in the over-
weight or obese population31 and pointed to the 
complexity of the relationship between pregnancy 
and RA. Briefly explained, motherhood comes with 
an increased workload at home. Having children over 
time32 may influence the complexity of the relation-
ship between pregnancy and RA. As a result, having 
more than four children considerably increases the 
likelihood of developing RA in overweight and obese 
women, adding to their physical burden. Another 
plausible explanation may be related to the additional 
expenses and responsibilities. The high number of 
children may lead to financial hardship, which may 
have a more detrimental effect on mothers of lower 
socioeconomic status.33 34

Age at menarche >14 years, menopause, early 
menopause, and reproductive years <33 were all asso-
ciated with a higher risk of RA incident. Results of 
two case- control studies suggest that early menarche 
is a protective factor for RA.16 35 Another cohort 
analysis based on the Nurses' Health Study showed 
that age at menarche ≤10 years was associated with 
an increased risk of RA.36 We discovered a possible 
U- shaped association between menarche age and 
the risk of RA. To some extent, both early menarche 
and age at menarche >14 years increased the risk of 
RA. In contrast, age at menarche >14 years increased 
the risk of RA incidence more than early menarche. 
Perhaps there is heterogeneity in the results of these 
studies because of the different definitions of early 
menarche. Both the age at menopause and reproduc-
tive years were negatively log- linearly associated with 
the risk of RA, and some stability was verified in sensi-
tivity analyses and subgroup analyses. Other studies 
on the effects of menopause on the risk of RA have 
produced generally consistent results.7 22 35 37 38 It has 
been revealed that menopause is associated with a 
rapid decline in circulating estrogens.39 Oestrogen 
is a complex immune system regulator that inhibits 
helper T cell 1 (TH1) and TH17 cells through 
oestrogen receptor-α, and has pro- inflammatory 
effects on B cells and anti- inflammatory effects on 
T cells.40 41 Additionally, oestrogen seems to support 
regulatory T cells and TH2 cell- associated cytokine 
production, such as interleukin 6 (IL- 6), IL- 1β, and 
tumour necrosis factor α. However, low endogenous 

Figure 3 Adjusted hazard ratios for rheumatoid arthritis 
associated with the number of children. Model 1: adjusted 
for age. Model 2: adjusted for age, Townsend deprivation 
index, ethnicity, smoking status, alcohol drinker status, body 
mass index, physical activity, vitamin D supplement, fracture 
history, diabetes, systolic blood pressure, and diastolic blood 
pressure.

https://dx.doi.org/10.1136/rmdopen-2023-003338
https://dx.doi.org/10.1136/rmdopen-2023-003338
https://dx.doi.org/10.1136/rmdopen-2023-003338
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oestrogen concentrations may increase the risk of 
developing autoimmune rheumatic diseases mainly 
driven by T cells. Decreased oestrogen levels after 
menopause lead to chronic activation of the immune 
system, altering cytokines and immune cell profiles, 
directly or indirectly affecting the phenotype of 
fibroblast- like synoviocytes, osteoblasts or osteoclasts, 
and thereby damaging the skeletal system.3

Surgically- induced menopause (hysterectomy and 
oophorectomy) is an artificially premature cessation 
of endogenous hormone production and alteration of 
oestrogen levels.42 The current analysis supports the 
conclusion that both hysterectomy and oophorectomy 
increase the risk of RA. Exogenous hormone exposure 
includes oral contraceptives and HRT use. The current 
study found no risk effect of oral contraceptives on RA. 
This is consistent with a meta- analysis on cohort studies 
that reported no dose- response association between the 
length of oral contraceptive use and the risk of RA.43 
However, previous studies have demonstrated that early 
oral contraceptive exposure significantly reduced the 
risk of developing RA.15 44 While our findings support 
HRT as a risk factor for RA, other studies have found that 
HRT has little effect on RA development.45 46 Paradox-
ically, HRT is the predominant treatment for the relief 
of menopausal symptoms.47 Therefore, the use of HRT 
may modify the circulating levels of other endogenous 
hormones, which may adversely affect joint health.

This study has several strengths. We used a well- 
characterised, large population- based cohort with 
an adequate sample size. More comprehensive infor-
mation on hormonal and reproductive factors was 
collected prospectively, minimising bias associated 
with retrospective study design. The linkage with 
NHS hospital admission data provides strong valida-
tion of RA cases. We analysed as many hormonal and 
reproductive factors as possible, and also explored 
the non- linear relationship between reproductive 
factors and RA to provide more complete evidence 
on the factors affecting RA from a reproductive 
perspective. However, certain limitations remain. 
First, the UK Biobank population is a cohort predom-
inantly comprising relatively healthy and affluent 
people of white ethnic background, so it is unlikely 
to produce reliable estimates of either the prevalence 
of female reproductive factors or the risk of RA in 
the UK population at large. Second, the acquirement 
of some demographic and clinical information was 
based on individuals who self- reported, which might 
be subject to possible measurement error. Third, 
residual effects from other unadjusted confounders 
might still exist despite adjusting as much as possible 
for strongly influential confounders. Fourth, because 
using the date of the initial assessment as the start 
of follow- up may be affected by left- truncated bias,48 
conclusions need to be drawn with caution. Further-
more, the UK Biobank database did not provide the 
RF levels during the diagnostic process, thus we could 

not analyse the associations of hormonal and repro-
ductive factors with RF.

In conclusion, this large prospective study among 223 
526 women in the UK Biobank indicates that several 
hormonal and reproductive factors were associated with 
the risk of RA. When diagnosing and managing women 
with RA, hormonal and reproductive aspects should 
be carefully evaluated. In particular, women in later 
menarche or early menopause require additional atten-
tion. The findings of this study are significant and form 
a basis on which novel and target- specific intervention 
measures to curb the risk of RA in women may be devel-
oped. Furthermore, future studies should investigate the 
involvement of female hormones in the pathophysiology 
of RA.
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