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Abstract

Objective—We investigated whether rheumatoid arthritis (RA) diagnosis influences smoking 

behavior changes and whether these changes were associated with mortality.

Methods—We identified an incident RA cohort in the Nurses’ Health Study (NHS, 1976–2012). 

Behavioral data were collected through biennial questionnaires. We created a comparison cohort, 

matching RA cases to women without RA by age and calendar year at the index date of RA 

diagnosis. To investigate smoking behavior changes in the early RA period, sustained cessation 

was defined as permanently quitting within four years of RA/index date. We used Cox regression 

to obtain HRs for mortality, comparing sustained smoking cessation to continued smoking.
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Results—Among 121,701 women in the NHS, we identified 938 with incident RA matched to 

8,951 non-RA comparators. Among current smokers, 40.0% with RA permanently quit smoking in 

the early RA period compared to 36.1% of comparators (OR for sustained cessation 1.18, 95%CI 

0.88–1.58). There were 313 (33.4%) deaths in the RA cohort and 2,042 (22.8%) among 

comparators. Compared to continued smoking, sustained cessation was associated with similarly 

decreased mortality in both the RA (HR 0.58, 95%CI 0.33–1.01) and comparison (HR 0.47, 

95%CI 0.39–0.58) cohorts. Women with RA had higher mortality for >5 post-RA pack-years (HR 

3.67, 95%CI 2.80–4.81) than comparators with >5 post-index pack-years (HR 1.88, 95%CI 1.62–

2.17; pinteraction<0.001, reference: ever smoker non-RA women with 0 post-index pack-years).

Conclusion—Sustained smoking cessation within four years of RA diagnosis reduced mortality 

risk, with a similar effect observed among non-RA comparators. Smoking >5 pack-years after RA 

diagnosis significantly increased mortality beyond the risk of non-RA comparators.
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Smoking remains a major public health problem, responsible for 480,000 premature deaths 

and $289 billion in losses from health care expenditures and decreased productivity per year 

in the U.S.(1). While smoking rates have declined in the past few decades, 16.8% of 

Americans currently smoked in 2014(1). Diagnosis of a smoking-related chronic disease, 

such as cancer, chronic obstructive pulmonary disease, diabetes mellitus, and coronary heart 

disease, may lead to sustained smoking cessation and reduce subsequent mortality risk by 

20–50%(2–4). However, the effect of a new diagnosis of rheumatoid arthritis (RA) on 

smoking behavior changes, and whether these changes affect subsequent mortality, have not 

been investigated.

Cigarette smoking is recognized as an important risk factor for RA development and is 

associated with increased risk of comorbidities that are leading causes of death in RA, 

including cardiovascular and respiratory diseases(5–10). Smoking cessation at any time after 

RA diagnosis was associated with decreased mortality risk in a recent large study in the 

U.K.(11). However, comparators without RA were unavailable and the timing of smoking 

cessation in relation to RA diagnosis was not investigated. Therefore, it remains unclear 

whether smoking contributes to mortality differently for patients with RA than those without 

RA or whether being diagnosed with RA affects smoking behavior changes.

To address this, we aimed to quantify the influence of the early period around RA diagnosis 

upon sustained smoking cessation, compared to those without RA, while controlling for 

factors such as secular trends and age at diagnosis. We then aimed to determine whether 

smoking behavior changes around the time of diagnosis and smoking intensity after 

diagnosis were associated with subsequent mortality risk. We compared women who 

developed incident RA and those who did not in the Nurses’ Health Study (NHS), where 

repeated measures of smoking have been collected throughout 36 years of prospective 

follow-up, allowing for detailed analyses on smoking behaviors before and after RA 

diagnosis.
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SUBJECTS AND METHODS

Study population

The NHS enrolled 121,701 female registered nurses in the U.S., aged 30–55 years at 

baseline in 1976. Women in the NHS completed questionnaires at baseline and every two 

years, providing data on behaviors, sociodemographics, diet quality, medications, and 

diseases. Follow-up in the NHS has been high, with >90% returning questionnaires each 

cycle. All aspects of this study were approved by the Partners HealthCare Institutional 

Review Board.

Incident RA cohort

We excluded participants who reported prevalent RA or other connective tissue diseases 

(CTD) prior to the NHS baseline in 1976. Women who self-reported a physician diagnosis 

of RA or other CTD after the initial questionnaire were mailed a screening 

questionnaire(12). For those who screened positive, medical records were obtained and 

reviewed independently by two rheumatologists to confirm RA meeting the 1987 American 

College of Rheumatology classification criteria(13). Details on RA characteristics at 

diagnosis, including date of diagnosis, serologic status, radiographic changes/erosions, and 

nodules, were obtained from medical record review. Seropositivity was defined as positive 

rheumatoid factor (RF) or cyclic citrullinated peptide (CCP) antibodies ordered through 

routine medical care with the upper limit of normal varying by each clinical site and assay 

used.

Matched non-RA comparison cohort

We matched each RA case with up to ten non-RA comparators based on age and calendar 

year in order to investigate smoking and mortality, controlling for secular trends. We 

matched on age and calendar year due to the emerging data occurring during follow-up on 

the hazardous health effects of smoking and the known effects of age on mortality. We did 

not match on other lifestyle or clinical variables to maximize sample size and maintain 

otherwise expected differences between the RA and comparison cohorts that could be 

adjusted for using multivariable regression. We defined the index date for matching as the 

date of RA diagnosis. Participants in the NHS were eligible to be a comparator if they had 

never reported RA or other CTD prior to or on the index date. Since some women developed 

RA late in the NHS follow-up, exactly ten comparators with complete exposure data were 

not available for every RA case.

Ascertainment of smoking status and cumulative smoking intensity

Information on smoking behaviors was self-reported on the mailed questionnaires 

administered every two years since 1976 and previously validated as accurate (14, 15). On 

the initial NHS questionnaire, participants reported whether they were current smokers or 

had ever smoked in the past and the age at which they began to smoke. Current smokers 

reported the number of cigarettes smoked per day, and past smokers reported the age at 

which they stopped smoking and number of cigarettes smoked per day before quitting. On 

each subsequent questionnaire, participants reported whether they were never, current, or 
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past smokers as well as the number of cigarettes smoked per day. We calculated pack-years 

(years of smoking multiplied by packs of cigarettes per day) for past and current smokers. 

Since women were surveyed repeatedly during the NHS follow-up, we were able to 

prospectively update time-varying smoking status as well as the timing and accrual of pack-

years. We also classified smoking pack-years that occurred before/after the index date as 

pre-RA, post-RA, pre-index, and post-index pack-years, for women with RA and non-RA 

comparators.

Definitions of smoking behavior changes around RA/index date

To identify smoking behavior changes occurring around the index date of RA diagnosis, we 

defined a peri-RA period for smoking cessation that included two NHS questionnaire cycles 

(2–4 years) prior to the date of RA diagnosis to capture early symptoms of RA prior to 

clinical diagnosis and two questionnaire cycles (2–4 years) after the date of RA diagnosis to 

capture the early RA period (Figure 1). We defined an analogous peri-index period for 

comparators.

We defined sustained smoking cessation (“current – quit”) as a current smoker that 

permanently quit smoking during the peri-RA/index period. Those who continued smoking 

(“current – continue”) were current smokers throughout the peri-RA/index period and 

afterward. “Past – past” smokers were those who had already quit smoking before the peri-

RA/index period and never smoked again during in follow-up. “Never – never” smokers 

maintained their never smoking status before, during, and after the peri-RA/index period. 

“Variable smoking” was defined as all other smoking behavior patterns: current smokers at 

RA diagnosis/index date then quit >4 years after RA diagnosis/index date, quit at RA 

diagnosis/index date then later started smoking again, or quit/relapsed smoking; past 

smokers at RA diagnosis who later started smoking again; and never smokers at RA 

diagnosis/index date who later started smoking. RA cases and comparators were required to 

have smoking behavior status assessed at the beginning of the peri-RA/index period to be 

included in the analysis.

Identification of deaths

Deaths were identified by systematic searches of the National Death Index and state vital 

records, as previously described(16). The NHS searches for participants who do not respond 

to biennial questionnaires or other contact attempts. This search is supplemented by postal 

authority and family reports. These methods ascertain >98% of deaths in the NHS(17). 

Women who died during the smoking cessation period were not included in the analysis 

since they may have had pre-existing serious comorbidities and did not have the opportunity 

to quit smoking. Complete death data were available until 2012, so this served as the end of 

the study period.

Covariates

We considered covariates as confounders based on their association with both RA risk and 

mortality based on prior literature. Covariates were included at the start earliest year of the 

peri-RA/index period. Physical activity was measured starting in 1980 with a validated 

survey and converted into continuous weekly hours of moderate/vigorous activity (18). Body 
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mass index (BMI) was categorized according to the World Health Organization as 

underweight, normal, overweight, or obese(19). Dietary factors were assessed using semi-

quantitative food frequency questionnaires in 1980, 1984, 1986, and every four years until 

2010(20). Participants were classified into tertiles of the Alternative Healthy Eating Index by 

methods previously described(21). For comorbidities at baseline, we used the previously 

validated Multimorbidity Weighted Index (MWI) that was derived using the NHS and 

related cohorts and is composed of 74 distinct prevalent and serious conditions (such as 

cancer, diabetes, and cardiovascular disease) by self-report, with each condition weighted by 

the effect on physical health-related quality of life(22). We modified the MWI for this 

analysis to include a total of 64 conditions, excluding conditions affecting only men, 

premenopausal conditions that were never assessed in the NHS, and RA or other CTD since 

RA was an exposure of interest. RA severity factors were seropositivity (defined as positive 

RF or CCP through review of medical records from routine care) as well as radiographic 

changes/erosions and nodules collected from medical records around RA diagnosis. Data on 

medications were not available, but participants were not yet diagnosed with RA at the 

baseline period two years prior to index date.

Statistical analysis

We reported descriptive statistics according to the five smoking behaviors during the peri-

RA/index period (current – continue, current – quit, variable smoking, past – past, never – 

never) separately for the RA and comparison cohorts. Among all current smokers at the 

index date, we performed multivariable logistic regression to obtain odds ratios (OR) and 

95% confidence intervals (CI) for sustained smoking cessation for those with RA compared 

to women without RA. The multivariable analysis was adjusted for age, calendar year, BMI, 

physical activity, diet quality, income, and MWI.

We investigated the effect of smoking behavior changes on mortality. We initially performed 

these analyses separately in the RA and comparison cohorts. Our primary interest was to 

compare mortality risk in the extreme smoking behaviors in current smokers prior to RA 

diagnosis: sustained smoking cessation occurring in the early RA period vs. continued 

smoking throughout follow-up. We hypothesized that sustained smoking cessation during 

the early RA period would have an inverse association (hazard ratio <1) with mortality 

compared to continued smoking. Person-years accrued from the end of the period for 

smoking cessation (Figure 1) to the end of follow-up, date of death, or date of censor from 

loss to follow-up, whichever came first. We used Cox regression models to obtain hazard 

ratios (HR) and 95%CIs for the association between smoking behavior changes and 

mortality, adjusting for age and questionnaire period. Since current smokers tend to have 

lower BMI, a separate model was performed additionally adjusting for BMI category and 

age. The final multivariable models adjusted for age, questionnaire period, BMI category, 

physical activity (hours/week), Alternative Healthy Eating Index tertiles, U.S. census-tract 

income, and MWI at baseline. We adjusted for RA severity factors at diagnosis (serostatus, 

radiographic changes/erosions, and nodules each as binary variables), only for analyses 

restricted to the RA cohort since these variables were not present in the comparison cohort. 

We did not adjust for time-varying covariates after baseline since these factors are likely 

mediate, rather than confound, the association of smoking behavior changes with mortality 
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so it would be inappropriate to include them in multivariable analyses. We did not include 

smoking intensity (pre-RA/index pack-years) in this model since this focused on smoking 

status changes rather than smoking intensity.

To examine whether smoking had a differential effect among RA patients compared to 

comparators on mortality risk, we combined both cohorts into a single analysis using an 

indicator variable and investigated whether there was a multiplicative interaction between 

smoking behaviors and RA/comparator status for mortality using an interaction term 

between these variables.

We investigated whether post-RA/index pack-years were associated with mortality. We 

calculated pack-years after index date. The exposure in this analysis was time-varying such 

that women were categorized as having 0 (reference), >0 to 5, or >5 post-RA/index pack-

years throughout follow-up. We chose 5 pack-years as a cutpoint after examining cubic 

spline curves for continuous post-RA pack-years and mortality rates in the RA cohort, which 

was our primary cohort of interest. Since the sample size was limited and many women that 

were diagnosed with RA were advanced in age, we were unable to examine higher post-RA 

pack-years cutpoints. We hypothesized that post-RA pack-years would have a positive 

association (HR >1) with mortality compared to no smoking after RA diagnosis. We 

performed similar multivariable models as already detailed, adjusting for pre-RA/index 

pack-years (categorized as never, >0–10, >10–20, >20 pack-years).

We investigated whether there was effect modification for post-RA/index pack-years by RA/

comparator status for mortality risk. We combined both cohorts into a single cohort using an 

indicator variable for RA/comparator status at the index date. We performed this analysis 

only among ever smokers since never smokers were unlikely to start smoking after index 

date. We tested for an interaction by adding a multiplicative interaction term for post-RA/

index pack-years and RA/comparator status. We also tested for additive interactions, 

reporting the attributable proportions (AP) due to interaction and 95%CIs. Since testing for 

additive interaction requires two binary comparisons, we investigated two separate additive 

interactions: 1) RA/comparator status and 0 vs. >0 to 5 post-RA/index pack-years and 2) 

RA/comparator status and 0 vs. > 5 post-RA/index pack-years.

Lastly, since smoking may be causally related to mortality, we investigated the population 

attributable risk (PAR) for mortality of smoking after RA/index date. PARs and 95%CIs 

were calculated according to methods previously described(23). We considered any smoking 

after RA or index date and analyzed RA and comparators separately in these analyses.

We tested for the proportional hazards assumption by comparing nested models with and 

without interaction terms with follow-up time using likelihood ratio tests. The proportional 

hazards assumption was met in all analyses. For all analyses, two-sided p<0.05 was 

considered statistically significant. Analyses were performed using SASv9.3.

RESULTS

Among 121,701 women in the NHS, we identified 938 incident RA cases and 8,951 

matched non-RA comparators. The characteristics of both the RA and comparator cohorts at 
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the beginning of the peri-RA/index period are presented in Table 1, stratified by smoking 

behaviors as defined in Figure 1. There were fewer never smokers in the RA cohort (33.9%) 

than in the comparison cohort (43.4%). Current smokers who continued smoking throughout 

follow-up were younger than past or never smokers in both cohorts. Those who continued 

smoking had lower BMI compared to current smokers who quit permanently in the peri-RA 

or peri-index period. Current smokers who continued smoking had the least healthy diets in 

both cohorts as measured by the Alternative Healthy Eating Index.

RA diagnosis and smoking cessation

Among 225 current smokers at the beginning of the peri-RA/index period, 90 (40.0%) quit 

smoking permanently in the peri-RA window (Table 2). In the comparison cohort, 36.1% 

quit smoking in the analogous peri-index window. Among current smokers, those with RA 

had an OR for sustained smoking cessation of 1.21 (95%CI 0.91–1.61) compared to 

comparators, adjusted for age and calendar year. There was no statistical association of RA 

with sustained smoking cessation compared to comparator status when additionally 

adjusting for BMI, physical activity, diet quality, income, and MWI (OR 1.18, 95%CI 0.88–

1.58).

Smoking behavior changes around RA/index date and mortality risk

There were 313 deaths (33.4%) during 16,318 person-years after the peri-RA window in the 

RA cohort and 2,042 (22.8%) during 161,881 person-years after the peri-index window in 

the comparison cohort. The absolute mortality rate of the RA cohort (1,286 to 3,670 deaths/

100,000 person-years) was consistently higher than in the comparison cohort (1,024 to 2,599 

deaths/100,000 person-years). Compared to those who continued smoking, sustained 

cessation in the peri-RA period was inversely associated with mortality in the age- and 

period-adjusted model (HR 0.52, 95%CI 0.30–0.89, Table 3). This association remained 

statistically significant after adjusting for BMI categories (HR 0.53, 95%CI 0.31–0.91) and 

had a trend toward statistical significance when additionally adding income, physical 

activity, diet quality, and MWI(HR 0.58, 95%CI 0.33–1.01). Results were similar when 

additionally adjusting for RA severity factors at diagnosis (HR 0.60, 95%CI 0.34–1.05). In 

the comparison cohort, there was a similar protective effect of sustained smoking cessation 

around the index date for mortality that was statistically significant (multivariable HR 0.47, 

95%CI 0.39–0.58) compared to continued smoking. Never smokers had decreased mortality 

risk in both the RA (multivariable HR 0.21, 95%CI 0.13–0.36) and comparison 

(multivariable HR 0.24, 95%CI 0.21–0.29) cohorts compared to those who continued 

smoking. When combining both cohorts into a single analysis, there was no interaction 

between smoking behaviors and RA/comparator status for mortality risk (p=0.20).

Cumulative smoking after RA/index date and mortality risk

Among the subset of those who ever smoked (n=597 in the RA cohort; n=4,914 in the 

comparison cohort), we examined whether cumulative smoking after index date was 

associated with mortality. Compared to those without post-RA pack-years, women with >5 

pack-years after RA had a three-fold increased mortality in age- and period-adjusted models 

(HR 2.97, 95%CI 2.12–4.15, Table 4). This association was slightly attenuated when 

adjusting for pre-RA pack-years (HR 2.60, 95%CI 1.81–3.74), BMI (HR 2.63, 95%CI 1.81–
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3.80), and income, physical activity, diet quality, and MWI (HR 2.43, 95%CI 1.64–3.58). 

Results were similar when additionally adjusting for RA severity factors at diagnosis (HR 

2.50, 95%CI 1.69–3.70). Smoking >0 to 5 pack-years after RA diagnosis had a trend 

towards a modest association with mortality that was not statistically significant after 

multivariable adjustment (HR 1.33, 95% 1.13–1.57), compared to ever smokers who did not 

smoke after RA diagnosis.

In the comparison cohort, there was also a statistically significantly increased risk for 

mortality for those that smoked >5 pack-years compared to no smoking after index date. 

However, this effect was less pronounced than in the RA cohort (HR 1.93, 95%CI 1.66–

2.24). The cohorts also differed in absolute mortality risk among ever smokers. In the RA 

cohort, those with >5 post-RA pack-years had a mortality rate of 3,724 compared to 1,947 

per 100,000 person-years in ever smokers without post-RA pack-years. The comparison 

cohort had lower mortality rates among ever smokers: 2,186 with >5 post-index pack-years 

and 1,282 with no post-index pack-years (both per 100,000 person-years). Comparators with 

light smoking after index date had a modest but statistically significantly increased mortality 

risk compared to ever smokers with no smoking after index date (multivariable HR 1.27, 

95%CI 1.08–1.50).

We found a significant additive interaction for >5 post-RA and >5 post-index pack-years 

with RA/comparator status, with AP for mortality of 0.37 (95%CI 0.19–0.56, p=0.0001; 

reference: 0 post-index pack-years, Figure 2). Therefore, smoking >5 pack-years after RA 

diagnosis conferred 37% additional mortality risk beyond the independent effects of having 

RA and smoking >5 pack-years after index date. There was no multiplicative interaction 

between post-RA/index pack-years and RA/comparator status on mortality risk (p=0.24).

Population attributable risk for mortality of post-RA/index smoking

In the RA cohort, the PAR for mortality from smoking after RA diagnosis among ever 

smokers was 18% (95%CI 7–28%). Therefore, assuming smoking was causally related to 

death, 18% of deaths in RA could be prevented by sustained smoking cessation. In the 

comparison cohort, the PAR for mortality from smoking after index date was lower at 14% 

(95%CI 10–19%) among ever smokers, also suggesting that smoking after RA diagnosis 

contributes more to mortality for RA patients than those without RA.

DISCUSSION

We found that sustained smoking cessation within 4 years of RA diagnosis decreased the 

risk of subsequent mortality by 42% compared to continued smoking. There was a similar 

protective effect of smoking cessation on mortality risk among a similar population of non-

RA comparators while controlling for secular changes in smoking according to calendar 

time. Smoking more than 5 pack-years after diagnosis of RA increased the risk of mortality 

by nearly three-fold and that this effect was higher than the comparator cohort. While 

quitting smoking similarly reduced mortality risk in RA and matched non-RA comparators, 

the risk of death appeared higher for patients with RA once a threshold of 5 pack-years after 

diagnosis was reached. These findings underscore the importance of emphasizing smoking 

cessation to decrease mortality risk among patients with RA.
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We also performed these investigations in a similar cohort without RA and many potential 

confounders were available for adjustment. Therefore, we were able study the specific effect 

of RA diagnosis on smoking behaviors and subsequent mortality. While the multivariable 

results for mortality risk comparing sustained cessation to continued smoking were 

borderline statistically significant in the RA cohort (HR 0.58, 95%CI 0.33–1.01), the 

analogous analyses were highly significant in the comparator cohort, with a similar effect 

size estimate (HR 0.47, 95%CI 0.39–0.58). We therefore suspect with sufficient power we 

would be able to detect this effect in the RA cohort as well. Women with RA had higher 

absolute mortality rates than matched non-RA comparators, as previously shown(8, 9, 24–

26). A large study performed in the U.K. among only RA patients showed that current 

smokers had two-fold increased mortality risk compare to never smokers(11). This study 

also demonstrated that smoking cessation was associated with decreased mortality risk; for 

each year of smoking cessation, the hazard ratio for death decreased by 10–15%(11). Our 

study differs by defining a peri-RA diagnosis period for smoking cessation and by using 

non-RA comparators to evaluate whether smoking behaviors and mortality risk are different 

among patients with RA compared to a similar population without RA.

We report that cumulative smoking after RA diagnosis increased mortality risk beyond the 

effect observed in matched comparators. Women with RA who smoked >5 pack-years after 

diagnosis had nearly three-fold increased risk of mortality, compared to ever smokers 

without post-RA smoking. Comparators had a statistically significant increase as well, but 

less pronounced than the RA cohort. These findings were robust to adjustment for potential 

confounders including pre-RA/index pack-years, BMI, physical activity, diet quality, 

multimorbidities, and RA severity factors. When combining both cohorts into a single 

analysis, we found a significant additive interaction, such that there was a 37% excess risk 

for mortality for having RA and smoking >5 pack-years. We found that smoking cessation 

may prevent a large proportion of deaths, particularly among those with RA.

Smoking influences transitions between preclinical phases in the development of RA(27–

29). Smoking may contribute to RA pathogenesis by interacting with the HLA-DRB1 shared 

epitope to increase RA risk, perhaps through the formation of citrullinated neo-antigens 

resulting in loss of tolerance, autoimmunity, and systemic inflammation eventually resulting 

in polyarthritis(30–33). Smoking cessation may decrease RA risk, though it may take up to 

20 years for the risk of a former smoker to return to the level of a never smoker(14, 34).

Smoking is associated with worse RA severity and outcomes, including the development of 

erosions and nodules, higher disease activity, and extra-articular manifestations such as 

interstitial lung disease(35–37). These factors are associated with an increased risk of 

mortality among patients with RA, perhaps explaining the differential effect for RA on 

mortality compared to the general population(38, 39). Since we did not observe this 

increased risk until after five post-RA pack-years accumulated, there may be a cumulative 

effect of smoking on mortality after this threshold, perhaps mediated through these RA-

specific manifestations, increased burden of comorbidities, and decreased physical activity. 

While there was no statistical association of >0 to 5 post-RA smoking with mortality (HR 

1.33, 95%CI 0.91–1.95), the analogous analyses in the comparison cohort did show a 

modest association of >0 to 5 post-index smoking with mortality (HR 1.33, 95%CI 1.13–
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1.57). Thus, we suspect that the lack of statistical association in the RA cohort was due to 

being underpowered and that there is likely an increased risk for mortality even among 

smokers with >0 to 5 pack-years after RA diagnosis. Recent data associated increased levels 

of circulating cytokines with mortality risk in a group of mostly male patients with RA and 

who were heavy smokers; thus, smoking likely contributes to mortality risk in RA regardless 

of sex(40). Since we adjusted for pre-RA/index pack-years, smoking prior to RA diagnosis 

is less likely to explain these findings though residual confounding from pre-RA/index 

smoking may remain.

We defined behavior changes occurring around RA diagnosis while also analyzing these 

changes in non-RA comparators to control for secular trends. This method has the advantage 

of attributing smoking behavior change to the early RA period in order to better understand 

the effects of RA and smoking on mortality. Previous studies were unable to determine the 

effect of RA diagnosis on sustained smoking cessation without a non-RA comparison group 

and repeated measures of smoking. While women diagnosed with RA had slightly increased 

rates of sustained smoking cessation than comparators, this difference was not statistically 

significant. Strengths of the study include the inclusion of a comparator cohort, the focus on 

the peri-RA period for smoking behavior change, and the prospective assessment of smoking 

with higher accuracy than indirect methods such as billing codes, pharmacologic smoking 

cessation aids, or using data obtained from medical records. Since we assessed behaviors 

regularly throughout follow-up, our study was able to detect women with sustained smoking 

cessation around RA diagnosis. Further, we were able to adjust for important confounders 

important for RA and mortality risk, including pre-RA smoking intensity and 

multimorbidities such as cardiovascular disease and cancer.

The NHS includes mostly white U.S. women aged 30–55 years who were healthy, educated, 

and working at the inception of the study in 1976. While smoking rates were higher during 

many of the years of this study, we were able to control for these secular trends using 

matched comparators. These women may have been more willing to quit smoking since they 

were health professionals. It is possible that the decreasing prevalence of smoking may make 

these results less applicable to current smoking trends(1). However, the large sample size 

and high smoking prevalence in the early years of the NHS allowed for well-powered 

analyses of smoking behavior changes occurring during follow-up. While we were able to 

adjust for pre-RA/index pack-years, it is possible that those with longer smoke-free intervals 

prior to index date may have lower mortality even with similar pre-RA/index pack-years. 

While detailed data were available for many covariates, RA-specific data on disease activity 

and treatment were unavailable. RA severity factors at diagnosis were available and our 

findings were similar after adjustment for serostatus, radiographic changes/erosions, and 

nodules, although residual confounding is possible. We chose the smoking cessation period 

to capture the entire early RA period, composed of early symptoms before diagnosis and the 

first few years after diagnosis, but another definition may have yielded different estimates. 

While our aim was to investigate the extremes of sustained smoking vs. sustained cessation, 

it is unclear whether patients that quit smoking in the early RA period will have sustained 

cessation. RA-specific smoking cessation programs may be needed to further encourage 

those diagnosed with RA to quit smoking beyond the motivating effect of the RA diagnosis 

alone(41).
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In conclusion, sustained smoking cessation was associated with lower mortality risk 

compared to continued smoking. We found that smoking >5 pack-years after RA diagnosis 

increased mortality risk beyond the effect observed in non-RA comparators. These findings 

suggest that smoking may be an important contributor to the excess mortality observed for 

RA. Interventions for smoking cessation at RA diagnosis may substantially decrease the 

mortality burden of RA.
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SIGNIFICANCE & INNOVATIONS

• We used data from the Nurses’ Health Study consisting of detailed assessment 

of smoking during lengthy follow-up to determine smoking behavior changes 

in the early rheumatoid arthritis (RA) period while also forming a comparator 

cohort without RA.

• Among current smokers, only 40.0% of women diagnosed with RA 

permanently quit smoking in the early RA period, compared to 36.1% of 

women without RA that permanently quit smoking in a similar matched 

period.

• Compared to sustained smoking, women who permanently quit smoking in 

the early RA period had 42–53% reduced mortality. Smoking >5 pack-years 

after RA diagnosis significantly increased mortality beyond the risk of non-

RA comparators. For patients with RA, smoking after diagnosis attributed to 

18% of total mortality.

These results demonstrate the mortality burden from smoking for RA patients, beyond 

the effect observed in the general population.
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Figure 1. 
Schematic illustrating definitions of smoking behaviors according to the period for smoking 

cessation around rheumatoid arthritis diagnosis or matched index date. Wedges indicate 

questionnaire cycles during follow-up in the Nurses’ Health Study. C, current smoker at 

questionnaire; N, never smoker at questionnaire; P, past smoker at questionnaire; RA, 

rheumatoid arthritis.
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Figure 2. 
Among ever smokers, multivariable adjusted hazard ratios for total mortality according to 

cumulative smoking pack-years after RA diagnosis/index date for RA cases and comparators 

combined into a single analysis (n=5,511).
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