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Abstract

Objectives: We investigated the impact and timing of smoking cessation on developing 

rheumatoid arthritis (RA) and serologic phenotypes.

Methods: We investigated smoking cessation and RA risk in the Nurses’ Health Study (NHS, 

1976–2014) and the NHSII (1989–2015). Smoking exposures and covariates were obtained by 

biennial questionnaires. Self-reported RA was confirmed by medical record review for ACR/

EULAR criteria. Cox regression estimated HRs and 95%CIs for RA serologic phenotypes (all, 

seropositive, seronegative) by smoking status, intensity, pack-years, and years since cessation.

Results: Among 230,732 women, we identified 1,528 incident RA cases (63.4% seropositive) 

during 6,037,151 person-years of follow-up. Compared to never smoking, current smoking 

increased risk for all RA (multivariable HR 1.47, 95%CI 1.27–1.72) and seropositive RA (HR 

1.67, 95%CI 1.38–2.01), but not seronegative RA (HR 1.20, 95%CI 0.93–1.55). Increasing 

smoking pack-years was associated with increased trend of risk for all RA (p<0.0001) and 

seropositive RA (p<0.0001). With increasing duration of smoking cessation, a decreased trend was 

observed in risk for all RA (p=0.009) and seropositive RA (p=0.002). Compared to recent quitters 

(<5 years), those who quit ≥30 years ago had HR of 0.63 (95%CI 0.44–0.90) for seropositive RA. 

However, a modestly elevated RA risk was still detectable 30 years after quitting smoking (all RA: 

HR 1.25, 95%CI 1.02–1.53; seropositive RA: HR 1.30, 95%CI 1.01–1.68; reference: never 

smoking).
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Conclusions: These results confirm smoking as a strong risk factor for seropositive RA and 

demonstrate for the first time that a behavior change of sustained smoking cessation could delay or 

even prevent seropositive RA.
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INTRODUCTION

Although the etiology of rheumatoid arthritis (RA) remains obscure, previous studies 

implicate smoking as an important and potentially modifiable risk factor in the development 

of RA(1–6). Previous epidemiologic studies have identified cigarette smoking as one of the 

most important lifestyle risk factors for the development of RA, particularly for seropositive 

RA, defined as presence of rheumatoid factor (RF) or anti-cyclic citrullinated peptide (anti-

CCP)(5, 7). Smoking may affect seropositive RA risk by inducing local tissue inflammation, 

promoting citrullination, and forming neoepitopes resulting in autoimmunity(8). Smoking 

also induces immune cells to secrete pro-inflammatory cytokines resulting in a systemic 

inflammatory state(8–10). While smoking cessation may decrease the level of systemic 

inflammation, other components of the immune system may be permanently altered after 

autoimmunity is established once a threshold of smoking is reached(11). While there is 

strong evidence that ever smokers (current or past) have a higher risk for seropositive RA 

than never smokers, it is unclear whether smoking cessation actually reduces the risk for past 

smokers, perhaps to the level of a never smoker after long-term cessation.

Previous studies have investigated the association between smoking status, intensity, 

duration, and pack-years with RA risk(2, 3, 5, 7, 12–14). However, only a few studies have 

investigated whether smoking cessation might reduce RA risk(5, 15–17). A previous 

investigation in the Nurses’ Health Study (NHS) suggested that the RA risk for past smokers 

was similar to the risk of never smokers by 20 years after smoking cessation(5). However, a 

true elevation of RA risk after long-term sustained smoking cessation may have been 

difficult to detect given sample size and follow-up limitations. Another study in Sweden 

suggested a reduced risk for RA with increased duration of smoking cessation, but these 

results were not statistically significant(15).

To investigate the association between smoking cessation and RA risk, repeated measures of 

smoking in a large sample size with lengthy follow-up prior to RA diagnosis are required. 

Therefore, we used two longitudinal cohorts of female nurses, the NHS and the NHSII, to 

investigate smoking cessation and RA risk using up to 38 years of prospective follow-up. 

The aims of this study were to investigate the association between smoking cessation and the 

risk of RA overall, and by serologic phenotype. We also aimed to determine when and to 

what extent smoking cessation may reduce the elevated risk of developing RA overall, and 

by serologic phenotype. We hypothesized that smoking cessation would reduce seropositive 

RA risk, but that residual RA risk would remain elevated compared to never smokers for 

many years since smoking cessation.
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METHODS

Study population

The NHS and NHSII are prospective cohort studies of US female registered nurses. 

Participants completed baseline and biennial questionnaires regarding lifestyle, health 

behaviors, medications, and diseases. The NHS began in 1976 and enrolled 121,700 nurses 

aged 30–55 years; the NHSII was established in 1989 and enrolled 116,430 nurses aged 25–

42 years. Both cohorts have >90% follow-up response rates and only 5% of person-time has 

been lost to follow-up(18).

For this analysis, we excluded participants that reported RA and other connective tissue 

diseases (CTD) at baseline, were missing baseline smoking information, or only answered 

the baseline questionnaire. After exclusions, 117,182 NHS participants followed 1976–2014 

and 113,550 NHSII participants followed 1989–2015 were analyzed. All participants 

provided informed consent and this study was approved by the Partners HealthCare 

institutional review board.

Smoking exposures

On the baseline questionnaire, women reported smoking status (never/past/ current) and age 

at which they began to smoke. Current smokers were asked the number of cigarettes 

typically smoked per day, and past smokers provided the age at which they stopped smoking 

and the number of cigarettes smoked per day before quitting. On subsequent questionnaires, 

women reported smoking status and intensity (1–14, 15–24, ≥25 cigarettes/day). Smoking 

pack-years were derived by multiplying packs of cigarettes smoked per day (20 cigarettes 

per pack) with number of years smoked. Since smokers often stop and restart smoking, all 

smoking exposure variables were time-updated.

Identification of incident RA

RA cases were identified by a two-stage procedure. Participants who self-reported a new 

diagnosis of RA were contacted by mailing the CTD Screening Questionnaire (CSQ)(19). 

Medical records of participants with positive CSQ were requested and reviewed 

independently by two rheumatologists to identify RA cases meeting the 1987 American 

College of Rheumatology (ACR) or 2010 ACR/European League Against Rheumatism RA 

classification criteria(20). In addition to components of these classification criteria, dates of 

symptom onset/diagnosis and clinical laboratory results of RF and anti-CCP were collected. 

Cases therefore had confirmed incident RA with documented serologic phenotype from 

medical records. For women who were diagnosed with RA prior to the clinical use of anti-

CCP in the early 2000s, serologic phenotype was determined by RF from medical record 

review. A subset of cases with blood banked prior to or after the date of RA onset had anti-

CCP tested for research purposes, so we re-classified a few women as seropositive (n=23). 

Thus, participants were classified as seropositive if RF or anti-CCP were positive and 

seronegative if both RF and anti-CCP (if available) were negative.
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Covariates

We selected covariates as potential confounders associated with cigarette smoking and RA 

based on previous studies(2, 7, 12). Time-updated sociodemographic covariates included 

age, race, and household income (categorized by quartile of US Census tract-based median 

household income at zip code level). Potential time-updated reproductive confounders were 

oral contraceptive use (categorized as ever or never users), parity/total breastfeeding 

duration, menopausal status, and postmenopausal hormone (PMH) use. We used a combined 

“parity/total breastfeeding duration” variable categorized as: nulliparous, parous/0-<1 

month, parous/1–11 months, or parous/≥12 months, and a combined variable for menopausal 

status and PMH use: premenopausal, postmenopausal/never, or postmenopausal/ever. We 

defined time-updated sedentary physical activity as <3 MET-hours/week(21) and 

categorized time-updated Body mass index (BMI) as: <25.0, 25.0 to <30.0, or ≥30.0 kg/m2. 

Alcohol consumption (also time-updated) was assessed by a semi-quantitative food 

frequency questionnaire(22). We calculated cumulative average alcohol as a long-term 

measure of intake and categorized as none to <5, 5 to <10 and ≥10 grams/day. Missing data 

on physical activity, BMI, and alcohol were carried forward one cycle and then a missing 

indicator variable was created for data missing beyond one cycle.

Statistical analysis

We pooled data from the NHS and NHSII into a single analysis for statistical efficiency 

given exposures with many categories, planned subgroup analyses, and analyses for RA 

serologic phenotypes. We reported age-adjusted descriptive statistics for covariates across 

smoking status categories (never/past/current) for the NHS in 1988 and the NHSII in 1989 

since these were the first cycles at similar calendar periods.

Person-years of follow-up for each woman accrued from the date of return of the baseline 

questionnaire to the date of censoring, whichever came first: RA diagnosis, reported other 

CTD not confirmed as RA, date of death, or end of follow-up for this analysis (June 1, 2014 

for the NHS and June 1, 2015 for the NHSII). If participants were missing smoking data 

during a questionnaire cycle, we did not include these person-years in the analysis.

We used Cox proportional hazards models to test for the association between time-updated 

smoking intensity by status, pack-years, and smoking cessation for RA risk. We analyzed 

smoking status as never (reference), past, current as well as a 5-level smoking intensity 

variable of never (reference), past, current 1–14, current 15–24, and current ≥25 cigarettes/

day. Pack-years of smoking were categorized as never (reference), >0–10, >10–20, >20–30, 

>30–40, or >40 pack-years. Grouped by smoking status and years since quitting, smoking 

cessation was analyzed as never (reference), past, in ordinal categories of years since 

cessation (≥30, 20-<30, 10-<20, 5-<10, or 0-<5 years ago), and current. Base models were 

adjusted for age, cohort, and questionnaire cycle (each cohort pooled by similar calendar 

times; e.g., the 1988 cycle in the NHS was pooled with the 1989 cycle in the NHSII). After 

examining the associations of each possible covariate with smoking status and the all RA 

outcome separately, the multivariable model was additionally adjusted for oral contraceptive 

use, parity/breastfeeding, menopausal status/PMH use, BMI, sedentary physical activity, 

median household income, and alcohol intake. We performed similar analyses for RA 
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serologic phenotypes. We also analyzed additional subgroups among ever (reference: current 

smoking) and past smokers (reference: 0 to <5 years since quitting) to further investigate 

smoking cessation and RA risk.

We used restricted cubic splines with three knots to visualize risk for RA serologic 

phenotypes by pack-years (among the entire study sample; reference=never (0) pack-years) 

and years since quitting smoking (among only past smokers; reference≤2 years since 

cessation) adjusted for covariates(23). Tests for non-linearity used the likelihood ratio test, 

comparing the model with only the linear term to the model with the linear and the cubic 

spline terms. Using higher numbers of knots in the cubic spline curves had similar results.

We tested the proportional hazards assumption by including interaction terms between 

smoking exposures and follow-up time, using likelihood ratio tests to compare nested 

models with and without interaction terms. The proportional hazards assumption was met in 

all analyses. Two-sided p<0.05 was considered statistically significant in all analyses. All 

analyses were performed using SAS v.9.4.

RESULTS

Characteristics of participants

Among 117,182 women in the NHS (1976–2014) and 113,550 women in the NHSII (1989–

2015), we identified a total of 1,528 incident RA cases (1,002 in the NHS, 526 in the 

NHSII). There were 969 (63.4%) seropositive RA cases and 559 (36.6%) seronegative RA 

cases during 6,037,151 person-years of follow-up. Table 1 displays age-adjusted 

characteristics of the NHS and the NHSII study participants categorized by smoking status 

and at a similar calendar time (1988 and 1989, respectively). Women in the NHS were older 

in 1988 (mean age 54.3 [SD 7.2] years) compared to women in the NHSII in 1989 (mean 

age 34.4 [SD 4.7] years). There were more smokers in the NHS (18.8% current smokers, and 

35.8% past smokers) than in the NHSII (13.4% current smokers and 21.3% past smokers). 

Within both cohorts, sedentary physical activity and alcohol consumption were higher 

among smokers than non-smokers, particularly for current smokers.

Smoking status/intensity and RA risk

Compared with women who never smoked, the multivariable-adjusted hazard ratio (HR) for 

developing RA was 1.36 (95%CI 1.22–1.53) among past smokers and 1.46 (95%CI 1.26–

1.70) among current smokers (Supplemental Table 1), adjusted for age, questionnaire period, 

cohort, oral contraceptive use, parity/breastfeeding, menopausal status/PMH use, BMI, 

sedentary physical activity, median household income, and alcohol intake. When we further 

examined the intensity of smoking, current smokers who smoked ≥25 cigarettes per day had 

a 92% increased risk for seropositive RA compared to never smokers (multivariable HR 

1.92, 95%CI 1.39–2.66) (Table 2). There was no significant association of smoking intensity 

with seronegative RA.
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Pack-years and RA risk

To further investigate the association between smoking and RA risk, we investigated the 

relationship between pack-years of smoking and RA risk using restricted cubic splines 

models (Figure 1). Compared to women who never smoked (0 pack-years), there was a 

statistically significant increasing trend for developing RA with increasing number of pack-

years smoked up to 35 pack-years with the HR plateauing at about HR of 1.8 for all RA 

(p<0.0001) and HR of 2.3 for seropositive RA (p<0.0001).

Supplemental Table 2 presents categories of pack-years and RA risk. Compared to never 

smokers, there was no risk for any RA serologic phenotype for >0 to 10 pack-years. 

However, those who smoked 10 to 20 pack-years had significantly increased risk for all RA 

(HR 1.38, 95%CI 1.17–1.64) and seropositive RA (HR 1.54, 95%CI 1.25–1.89), but not for 

seronegative RA. Those who smoked >40 pack-years had nearly two-fold risk of developing 

all RA (HR 1.83, 95%CI 1.52–2.20) and seropositive RA (HR 2.25, 95%CI 1.80–2.82), but 

not seronegative RA (HR 1.27, 95%CI 0.92–1.74).

Smoking cessation and RA risk

Table 3 shows the associations of smoking cessation with RA, comparing current and past 

smokers by years since quitting to the reference group of never smokers. Compared to never 

smokers, past smokers that quit 0 to <5 years ago had a significantly increased risk for all 

RA (HR 1.57, 95%CI 1.26–1.95) and seropositive RA (HR 1.99, 95%CI 1.54–2.58), but not 

for seronegative RA (HR 0.98, 95%CI 0.65–1.49). This point of estimate of increased risk of 

developing RA started to fall among past smokers who quit 10 to <20 years ago (HR 1.37, 

95%CI 1.15–1.64) for all RA and who quit 5 to <10 years ago (HR 1.79, 95%CI 1.36–2.37) 

for seropositive RA. However, modestly increased RA risk was still detectable even 30 years 

after quitting smoking for both all RA (HR 1.25, 95% 1.02–1.53) and seropositive RA (HR 

1.30, 95%CI 1.01–1.68).

Among the subset of past smokers, Figure 2 shows the restricted cubic spline curves for the 

association between RA and years since smoking cessation (reference: 0–2 years since 

quitting). There was a trend showing a statistically significant decreasing risk for developing 

RA with increasing years since smoking cessation for both all RA (p=0.009) and 

seropositive RA (p=0.002), but not for seronegative RA (p=0.78).

Table 4 presents categories of years since smoking cessation and RA risk. Women that quit 

smoking ≥30 years ago had a suggestive reduced risk (HR 0.78, 95%CI 0.58–1.05) for all 

RA compared to those that quit 0-<5 years ago. The risk for seropositive RA was 

significantly reduced by 37% (HR 0.63, 95%CI 0.44–0.90) for women that quit smoking 

≥30 years ago compared to those that quit 0-<5 years. There was no association of any 

category of time since smoking cessation and seronegative RA risk.

DISCUSSION

In this large prospective study of women, we observed that sustained smoking cessation 

reduced seropositive RA risk compared to recent quitters, suggesting that this behavior 

change can delay or even prevent the onset of seropositive RA. Seropositive RA risk was 
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reduced by 37% for those who sustained smoking cessation for ≥30 years compared to those 

who recently quit smoking. Further, we showed an increased risk for RA, particularly for the 

seropositive phenotype, for past and current smokers, particularly for current smokers with 

high intensity or those with many pack-years and a strong dose-response, confirming prior 

studies (4, 7, 24–26). We didn’t find an association for smoking with seronegative RA risk 

despite large sample size and lengthy follow-up, suggesting that seropositive and 

seronegative RA may be distinct phenotypes with distinct risk factors.

Many previous studies have investigated smoking status and RA risk. In a large meta-

analysis that included 11 studies(7), 13,885 RA cases among a total of 593,576 individuals, 

current smokers had an odds ratio (OR) of 1.64 for seropositive RA compared to never 

smokers. Recent results from the French E3N cohort study prospectively followed 71,248 

women since 1990 and found that past smokers (HR 1.32, 95%CI 1.06–1.64) and current 

smokers (HR 1.57, 95%CI 1.13–2.19) had increased RA risk compared to never smokers(1). 

Our group previously investigated smoking only in the NHS using follow-up from 1976 to 

2002 and demonstrated that current smokers had HR of 1.46 (95%CI 1.20–1.79) for all RA 

and HR of 1.58 (95%CI 1.21–2.06) for seropositive RA compared to never smokers(5). Our 

study findings are consistent with and extend these prior findings. We confirmed a strong 

association between smoking status and seropositive RA risk, but no clear association with 

seronegative RA.

Stolt et al investigated smoking intensity and RA risk and reported a OR of 2.4 (95%CI 1.5–

3.7) for RA among current smokers who smoked ≥20 cigarettes per day compared to never 

smokers(16). A recent meta-analysis of 3 cohort and 7 case-control studies demonstrated a 

dose-response relationship between smoking pack-years and risk of RA, showing a 

statistically significant increased risk for developing RA with increasing pack-years up to 20 

years, when the HR plateaued at about 2.0 compared to never smokers(2). We observed a 

similar relationship between smoking pack-years and risk for all RA and extended those 

findings by also investigating seropositive RA with the HR plateauing at about 2.3 after 

about 30 pack-years compared to never smoking.

Since smoking status, intensity, and pack-years are all associated with RA risk, particularly 

seropositive RA, this implies that a behavior change of smoking cessation might reduce RA 

risk. Some previous studies have also investigated smoking cessation and RA risk. The 

Swedish Mammography Cohort study(15) followed 34,101 women from 1997 to 2010 with 

a baseline questionnaire on smoking behaviors, and identified 219 incident RA cases. Past 

smokers who quit smoking ≥15 years had increased RA risk (HR 1.99, 95%CI 1.23–3.20) 

compared to never smokers, suggesting that residual elevated RA risk remained even after 

sustained cessation. When only analyzing past smokers, there was a suggestion that RA risk 

was reduced with increasing time since cessation compared to recent quitters. However, 

findings in that study were limited due to low number of events and only a single baseline 

assessment of smoking. In the Swedish Epidemiological Investigations of RA (EIRA) 

analyzing 679 cases 847 controls(16), past smokers who quit smoking ≥20 years had similar 

RA risk (OR 1.0, 95%CI 0.5–1.9) compared to never smokers. However, this case-control 

study may have been limited by recall bias and there were few cases in the sustained 

smoking cessation group so there may have been limited power to detect a true difference.
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Similarly, the previous study only analyzing the NHS suggested that past smokers who quit 

smoking ≥20 years had similar RA risk (HR 1.14, 95%CI 0.88–1.48) compared to never 

smoking (5). In our current study, while RA risk decreased with time since cessation, a 

modestly elevated RA risk was detectable 30 years after quitting smoking (all RA: HR 1.25, 

95%CI 1.02–1.53; seropositive RA: HR 1.30, 95%CI 1.01–1.68; reference: never smoking). 

By extending follow-up in the NHS and adding the NHSII cohort, our current study is better 

powered to detect a modest statistical difference among women with long-term sustained 

cessation. Therefore, our study extends previous findings and provides evidence that women 

who smoke may have modestly elevated RA risk for decades. This suggests that secular 

trends in smoking cessation may be followed by a decrease in RA incidence in future 

decades. While smoking cessation may not decrease RA risk to the level of a never smoker, 

our findings provide evidence that a behavior change of smoking cessation may delay or 

even prevent the onset of seropositive RA. These results could provide rationale for a 

smoking intervention trial among active smokers to prevent the formation of RA-related 

autoantibodies or to prevent the progression to RA among those at elevated risk for 

seropositive RA.

We observed that the risk of RA among recent quitters (0-<5 years since smoking cessation) 

was higher than current smokers, perhaps due to many of the recent quitters being heavy 

smokers (>40 pack-years). These recent quitters may be more likely to start smoking again 

so may not have actually had sustained smoking cessation and may be similar to current 

smokers. Moreover, recent quitters may have been decided to quit smoking due to early 

symptoms of RA or other serious health conditions. The population attributable risk for RA 

from smoking is 14%(27) and may contribute up to 35% of ACPA+ RA risk(28). Smoking 

may interact with shared epitope genes to increase seropositive RA risk(4, 29, 30).

Although the biologic mechanisms linking smoking with increased risk for developing RA 

are still not clear, components in cigarette smoke, such as nicotine, hydrocarbons, and 

carbon monoxide, are known to have aberrant effects on the immune system(9, 31). 

Smoking causes impaired T-cell function(32, 33) and humoral immunity(34, 35) and raises 

systemic levels of inflammatory markers such as interleukin-6 and C-reactive protein(36, 

37). Smoking has also been shown to increase levels of citrullinated proteins and expression 

of peptidyl arginine deiminase 2 in pulmonary alveoli(38). Evidence has accumulated 

showing that, in the presence of the HLA shared epitope genes, cigarette smoking may 

trigger immune responses against citrullinated proteins(11, 30, 39). The observed 

associations between smoking status/intensity as well as the dose-response between pack-

years of smoking with RA risk in our study are compatible with this triggering mechanism. 

Moreover, the detectable elevated RA risk 30 years after smoking cessation suggests that, in 

some individuals, the immune system may be permanently altered perhaps with resultant 

autoimmunity established once a threshold of smoking is reached and progression to RA 

occurring many years later.

A major strength of our study is using two large cohorts to prospectively identify incident 

RA cases with up to 38 years during over 6 million person-years of follow-up. We had 

detailed data on smoking exposures including status, intensity, cumulative pack-years, and 

years since smoking cessation as well as information on important potential confounders 
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such as alcohol intake and reproductive factors updated prospectively every 2 years, 

allowing for time-updated analyses. Further, women who self-reported CTD including 

unconfirmed RA were censored at time of self-report to ensure that the analyzed sample was 

free of RA or other CTD. We identified cases by medical record review to ensure that all 

fulfilled accepted criteria and were truly incident while allowing for subphenotyping based 

on serologic phenotype.

However, our study does have some limitations. Our study population, consisting of mostly 

healthy, well-educated, white US women working in nursing professions at baseline, may 

not be representative of the general population. The detailed smoking data was by self-report 

so may have the potential for recall bias. However, self-report of smoking has been reported 

to be valid and these repeated measures were collected prospectively prior to RA onset so a 

differential bias between cases and non-cases is unlikely(40). As smoking was only assessed 

every 2 years, we might not have captured the intervening smoking behavior changes. In 

addition, there may be potential for misclassification by RA serologic phenotype. The 

serologic phenotype of our incident RA cases was determined by the combination of RF and 

anti-CCP tests obtained through routine clinical care. Many cases were diagnosed prior to 

the early 2000s when anti-CCP testing began to be used widely in the US. Thus, for earlier 

RA cases medical records only contained data on RF. It is therefore possible that some RA 

cases diagnosed before the early 2000s who were RF-negative may have actually been anti-

CCP-positive but classified as seronegative in our study. Since RF and CCP are correlated, 

we expect that the misclassification of seropositivity of RA cases is relatively uncommon. 

We previously found that only about 2% of our seronegative RA cases were initially 

misclassified based on negative RF but positive anti-CCP assays among a subset who 

provided blood samples in 1989 and had this tested for research purposes(41).

In conclusion, we found that past smokers had significantly reduced risk for seropositive RA 

by time since sustained smoking cessation, providing evidence that this behavior change 

may decrease or even prevent the onset of RA. We detected a slightly elevated risk for 

seropositive RA even 30 years after smoking cessation compared to never smokers 

suggesting that a minority may have permanent immune alterations even after smoking 

cessation. We found no association of smoking with seronegative RA, suggesting a different 

pathogenesis than seropositive RA. Our study findings provide evidence that a behavior 

change of sustained smoking cessation may reduce seropositive RA risk.
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Significance & Innovations

• We used data from two large prospective cohorts with up to 38 years during 

over 6 million person-years of follow-up, consisting of detailed assessment of 

smoking behavior change and 1,528 incident RA cases confirmed by medical 

record review.

• Compared to never smokers, a slightly elevated risk for seropositive RA was 

still detectable for past smokers even 30 years after smoking cessation.

• Among past smokers, the risk for seropositive RA was significantly reduced 

by 37% (HR 0.63, 95%CI 0.44–0.90) for women that quit smoking ≥30 years 

compared to women that quit smoking for 0 to <5 years.

• Our findings demonstrate that a behavior change of sustained smoking 

cessation may reduce seropositive RA risk.
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Figure 1. 
Among all women (reference: 0 pack-years), restricted cubic spline curves showing hazard 

ratios and 95% confidence bounds for rheumatoid arthritis serologic phenotypes by smoking 

pack-years. P values are for trend. Curves are adjusted for the covariates listed in Table 2. 

See Supplemental Table 2 for analysis by categories of smoking pack-years.
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Figure 2. 
Among the subset of past smokers (reference: 0–2 years since quitting), restricted cubic 

spline curves showing hazard ratios and 95% confidence bounds for rheumatoid arthritis 

serologic phenotypes by years since smoking cessation. P values are for trend. Curves are 

adjusted for the covariates listed in Table 2.
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