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ABSTRACT 

Objectives: Data on the role of tobacco exposure in systemic sclerosis ȋSScȌ severity and progression are scarceǤ We aimed to assess the effects of smoking on the evolution of pulmonary and skin manifestations in the EUSTAR databaseǤ 
Methods: Adult SSc patients with data on smoking history and a ͳʹǦʹͶ months followǦup visit were includedǤ Associations of severity and progression of organ involvement with smoking history and the comprehensive smoking index ȋCS)Ȍ were assessed using multivariable regression analysesǤ  
Results: ͵ǡ͵ͳͻ patients were included ȋage ͷ yearsǢ ͺͷΨ femaleȌǡ Ψ were never smokersǢ ʹ͵Ψ exǦsmokers and ͳͳΨ were current smokersǤ Current smokers had a lower percentage of antiǦtopoisomerase autoantibodies than previous or never smokers ȋ͵ͳΨ vs. ͶͲΨ and ͶͷΨǡ respectivelyȌǤ Never smokers had a higher baseline forced expiratory volume in one secondȀforced vital capacity ȋFEVͳȀFVCȌ ratio than previous and current smokers ȋpδͲǤͲͲͳȌǤ The FEVͳȀFVC ratio declined faster in current smokers than in never smokers ȋpαͲǤͲͷȌ or exǦsmokers ȋpαͲǤͲͳȌǤ  
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The baseline modified Rodnan skin score ȋmRSSȌ and the mRSS decline were comparable across smoking groupsǤ  Although heavy smoking ȋmore than ʹͷ pack yearsȌ increased the odds of digital ulcers by almost ͷͲΨǡ there was no robust adverse association of smoking with digital ulcer developmentǤ 
Conclusion: The known adverse effect of smoking on bronchial airways and alveoli is also observed in SSc patientsǢ however robust adverse effects of smoking on the progression of SScǦspecific pulmonary or cutaneous manifestations were not observedǤ  Systemic sclerosis ȋSScȌ is a rareǡ multisystem autoimmune disorder ȏͳȐǤ (ypoxia and oxidative stress have been implicated in the pathophysiology of its generalized microangiopathy and fibrosis ȏͳȐǤ Although smoking does not appear to confer a risk for SSc development ȏʹȐǡ it has vasoconstrictive effects and increases free radical exposureǡ and together with other proinflammatory and immunomodulatory effects may exacerbate SSc manifestations ȏ͵ȐǤ Data on the role of tobacco exposure with regards to the severity of SSc organ manifestations and progression are however scarce and at times contradictory ȏͶȐǤ A Canadian cohort study of Ͳ patients for example reported an increased frequency of digital ulcers ȋDUȌ in smokers ȏͶȐǡ whereas a study of ͳʹ Australian patientsǡ found no association of smoking history with vascular characteristics ȏͷȐǤ Larger studies and robust data assessing the possible effect of smoking on SSc presentations and importantly SSc progression are lackingǤ We therefore assessed the association of tobacco exposure with the prevalence and evolution of SSc organ manifestationsǤ 
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PATIENTS AND METHODS This study is based on the multinationalǡ longitudinal European Scleroderma Trials and Research ȋEUSTARȌ database ȏȐǤ Each center obtained local ethical committee approvalǢ each patient provided written informed consentǤ Data collection started in ʹͲͲͶǤ The smoking moduleǡ howeverǡ was introduced to the database in ʹͲͳ͵Ǣ hence smoking data were only collected from that date onwardsǤ Data for this study were exported in May ʹͲͳǤ Patients were included if they were older than ͳͺ yearsǡ fulfilled the ͳͻͺͲ ACR or ʹͲͳ͵ ACRȀEULAR criteria for SScǡ and if the smoking status was knownǢ additionallyǡ patients were required to have a followǦup visit ͳʹǦʹͶ months after baselineǤ )nformation about the core data collected in EUSTAR can be found elsewhere ȏȐǤ The EUSTAR smoking module collects patientǦreported smoking status ȋneverȀpreviousȀcurrent smokerȌǡ the number of packǦyearsǡ and the smoking start and cessation datesǤ  The influence of smoking behavior was assessed on several disease parametersǣ forced expiratory volume in one secondȀforced vital capacity ratio ȋFEVͳȀFVCȌǡ FVCǡ single breath diffusing capacity for monoxide ȋDLCOȀsbȌǡ systolic pulmonary arterial pressure as estimated by echocardiography ȋPAPsysȌǡ modified Rodnan skin score ȋmRSSȌ and digital ulcers ȋDUȌǤ Further information about outcome measures as well as variables describing the study population can be found in Supplementary Table ͳǤ  Outcome progression was downscaled to Ǯrate of change per ͳʹ monthsǯ unless otherwise statedǤ 
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Statistical analysis FrequenciesȀpercentages or meansȀstandard deviations ȋSDȌ were calculatedǢ groups were compared using ȱʹǦtestsȀFisherǯs exact tests or tǦtestsȀANOVAǤ Multiple linear and logistic regression analyses were applied to adjust outcomeȀexposure associations with 
a priori defined potential confounding factors ȋageǡ sexǡ time since the onset of Raynaudǯs phenomenon ȏRPȐ and since the first nonǦRP manifestationǡ antibody statusǡ and skin involvementȌǤ As the SSc specific antibodies might be on the causal pathway between smoking and SSc organ involvement we additionally analyzed the data without adjustment for antibody statusǡ these results can be found in the supplementary ȋSupplementary Tables ʹǡ ͵ǡ ͶȌǤ Three smoking metrics were modelled separatelyǣ ȋModel ͳȌ neverȀpreviousȀcurrent smokingǡ ȋModel ʹȌ smoking intensity ȋpackǦyearsǢ never smokers α Ͳ packǦyearsǡ light smokers α ͲǦͳͲ packǦyearsǡ medium smokers α ͳͲǦʹͷ packǦyearsǡ heavy smokers α εʹͷ packǦyearsȌǡ and ȋModel ͵Ȍ comprehensive smoking index ȋCS)ȌǤ The CS) is an index incorporating smoking durationǡ time since cessation and smoking intensity into a single variable ȏǡͺȐǤ The CS) depends on two parameters which are estimated for each outcome separatelyǣ the halfǦlifeǡ iǤeǤ the rate at which the smokingǯs impact decays over timeǡ and the lagǦtimeǡ iǤeǤ the delay between smoking and its impactǤ  Never smokers carry a CS) of Ͳ and higher CS) values indicate more smokingǤ The CS) values are estimated separately for each outcome variable and hence the CS)s including their ranges are different for each outcome variableǤ The results from the CS) regression analyses should be interpreted in the following wayǣ The beta values represent the additive increase or decrease in the outcome variable per unit increase in the CS)Ǥ The odds ratio ȋORȌ values represent the increase in odds for the presence of the outcome 
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variable per unit CS) increaseǤ OR values larger than one indicate that increased smoking increases the likelihood of occurrence of the outcomeǤ Missing data were imputed using multiple imputation with chained equations ȏͻȐǤ The regression analyses shown in this paper are all based on imputed dataǢ the results based on a complete case analysis are represented in Supplementary Table Ǥ Analyses were performed with StataȀ)CͳͷǤͳ ȋStataCorpǡ USAȌǤ 
 

RESULTS  

Patient and smoking characteristics Of the ͳʹǡͻͳʹ adult SSc patients within EUSTARǡ ͳͻ ȋͶͺΨȌ patients had no smoking data availableǢ in ͵ͶͳͶ ȋʹΨȌ patients had no followǦup visit in the required time frameǤ Therefore ͵ǡ͵ͳͻ ȋʹΨȌ patients fulfilled the inclusion criteria ȋSupplementary Figure ͳȌǤ The included patients had clinically similar demographic and disease characteristics than the excluded patients ȋSupplementary Table ͷȌǤ On averageǡ a followǦup visit was recorded ͳǤͶ years ȋSD ͲǤ͵͵Ȍ after baselineǤ Patients were on average ͷ years old and ͺͷΨ were femaleǤ Demographic and disease characteristics are shown in Table ͳǤ Ψ of patients were never smokersǡ ʹ͵Ψ exǦsmokers and ͳͳΨ were current smokersǢ ͳ͵Ψ of the current smokers ȋͳǤͷΨ of patientsȌ stopped smoking during the observation time on average ͻ months after the baseline visitǤ The average exǦsmokers had smoked ͳͺ packǦyears ȋSD ʹͳȌ during a time of ͳͻ years ȋSD ͳʹȌ and ceased smoking ͳͷ years ȋSD ͳ͵Ȍ agoǤ ͶͻΨ of the exǦsmokers had ceased smoking before RP onset and ͷͺΨ had quit before the onset of the first nonǦRP manifestationǤ The average current smoker had smoked ʹ packǦyears ȋSD ͵ͲȌ during a time of ͵Ͳ years ȋSD ͳ͵ȌǤ  As patients with interstitial lung disease ȋ)LDȌ might be more likely to cease smoking than patients without )LD there might be a higher percentage of )LD patients in the 
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previous smoker group possibly leading to worse trajectories in lung function measuresǤ Thereforeǡ in addition to analyzing the entire study populationǡ we also analyzed the progression of lung function measures separately for patients with )LD on high resolution CT ȋ(RCTȌ and patients without )LD on (RCTǤ Among all patientsǡ ͶͻΨ had signs of )LD on (RCTǤ The smoking behavior patterns were similar in patients with )LD and in patients without )LDǢ ͺΨ of patients in both groups were never smokersǡ ʹ͵Ψ of patients with and ʹͲΨ of patients without )LD were previous smokersǡ and ͻΨ of patients with and ͳʹΨ of patients without )LD were current smokers ȋpαͲǤͲȌǤ  
FEV1/FVC ratio Never smokers had a significantly higher baseline FEVͳȀFVC ratio than previous and current smokers ȋTable ͳȌǤ These differences in baseline FEVͳȀFVC ratio were seen in all three smoking models ȋFigure ͳǢ Table ʹǢ Supplementary Table ȌǤ As can be seen in Table ʹǡ patients had a ʹǤ unit lower FEVͳȀFVC ratio per unit increase in the CS)Ǥ Medium and heavy smokers had lower baseline FEVͳȀFVC ratios than never smokers and light smokers ȋall pδͲǤͲͲͳǢ Supplementary Table ȌǤ )n univariable analysisǡ the FEVͳȀFVC ratio declined similarly across smoking groups ȋpαͲǤͲͷȌǢ in multivariable analysisǡ the FEVͳȀFVC ratio however declined faster in current smokers ȋFigure ͳȌǢ this result was also observed when stratifying the study population into )LD and nonǦ)LD patients ȋdata not shownȌǤ 
 

FVC  There was no significant difference in baseline FVC and in the FVC change between the three smoking groups ȋTable ͳȌǤ This lack of a robust effect of smoking on the baseline FVC and on the FVC change was also observed in all three multivariable models ȋFigure 
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ͳǢ Table ʹǢ Supplementary Table ȌǤ This lack was also observed when assessing the FVC changes separately for )LD and nonǦ)LD patients ȋdata not shownȌǤ  
 

DLCO/sb Smokers had lower baseline DLCOȀsb levels than never smokers ȋpδͲǤͲͲͳǢ Table ͳȌǢ smoking was associated with low baseline DLCOȀsb in all three models ȋFigure ͳǢ Table ʹǢ Supplementary Table ȌǤ The DLCOȀsb declined similarly across all three smoking behavior groups in univariable ȋTable ͳȌ and multivariable analysis ȋFigure ͳǢ Table ʹǢ Supplementary Table Ȍǡ these results were also true when looking at )LD and nonǦ)LD patients separately ȋdata not shownȌǤ 
 

PAPsys The average baseline PAPsys was slightly higher in never smokers than in current or exǦsmokers ȋTable ͳȌǤ These differences stayed apparent but to a lesser extent not only when assessing the smoking groups multivariablyǡ but also evaluating smoking intensity and the CS) ȋFigure ͳǢ Table ʹǢ Supplementary Table ȌǤ The PAPsys increased similarly in the groups in univariable ȋTable ͳȌ and multivariable analysis ȋFigure ͳǢ Table ʹǢ Supplementary Table ȌǤ 
 

Skin involvement No association was evident between the severity of skin fibrosis and the smoking history regardless of the smoking matrices used ȋTable ͳǢ Figure ͳǢ Table ʹǢ Supplementary Table ȌǤ SSc sine sclerodermaǡ howeverǡ was twice as prevalent in current as in exǦ or never smokers ȋTable ͳȌǤ 
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)n all smoking modelsǡ no clinically significant difference in mRSS evolution was observed ȋTable ͳǢ Figure ͳǢ Table ʹǢ Supplementary Table ȌǤ 
 

DU The prevalence of DUs was comparable in the smoking behavior groups ȋTable ͳȌǤ (oweverǡ heavy smokers had a greater likelihood of DUs than never smokers in multivariable analysis ȋORαͳǤǡ pαͲǤͲʹǢ Supplementary Table ȌǢ alsoǡ a higher CS) was associated with the presence of DUs at baseline ȋORαͳǤʹǡ pαͲǤͲͲʹǡ iǤeǤ for a one unit increase in CS)ǡ the odds of having DUs at baseline increases by a factor of ͳǤͳͻǢ Table ʹȌǤ )n the subǦgroup of DUǦnaïve patients at baselineǡ ͳͶΨ of never smokers developed new DUs in between the two visitsǡ compared to ͳΨ exǦsmokers and ͺΨ current smokers ȋpαͲǤͲͷȌǤ ExǦsmokers had comparable odds than never smokers to develop DU between the two visits ȋORαͳǤͳǡ pαͲǤȌǢ current smokers developed DUs less often than never smoking patients ȋORαͲǤͷǡ pαͲǤͲ͵ͳȌǤ The smoking intensity was not associated with incident DU during the observation period ȋSupplementary Table ȌǤ 
 

DISCUSSION Our study is by far the largest prospectively investigating the effect of smoking on SSc outcomesǤ Smoking was common in our patientsǡ however less than in AngloǦSaxon cohorts and also much lower than the European average of around ʹͺΨ ȏͶǡͷǡͳͲȐǤ The EUSTAR cohort replicated the known adverse effect of smoking on bronchial airways in terms of a decline in FEVͳȀFVC and DLCOǤ Given the absence of discernible adverse effects of smoking on PAPsys the effect of smoking on diffusion capacity may reflect emphysema rather than precapillary pulmonary vasculopathyǤ Adverse effects of smoking on pulmonary airway obstruction and diffusing capacity were also seen in two 
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cohorts of ͳ͵ SSc and ͳͻ smokers ȏͳͳǡͳʹȐǤ )n line with one of these cohorts ȏͳͳȐ but in contrast to the second study ȏͳʹȐ we found no association between lung compliance ȋFVCȌ and smoking statusǤ Our study also found no robust effect of smoking on DU prevalence and incidence when assessing the smoking behavior itself or assessing the smoking intensityǡ similar to two smaller studies ȏͳ͵ǡͳͶȐǤ We even found a negative association between tobacco exposure and incident DU during the followǦup in a subǦgroup of DU naïve patients ȋORαͲǤͷȌǤ This effect could not be explained by differences in immunosuppressive and vasoactive medication ȋdata not shownȌǤ (oweverǡ when we assessed smoking using the CS) we did find an association of smoking on DU prevalence similar to anotherǡ however quite smaller study also using the CS) ȏͶȐǤ This difference could partially arise due to a Ǯhealthy smoker effectǯǡ although this bias is partly been accounted for by the CS) ȏͳͷȐǤ Given these resultsǡ it is difficult to draw robust conclusions on the effect of smoking on DUsǤ )n our studyǡ smokers had a lower prevalence of SclǦͲ autoantibodies than previous and never smokersǤ This imbalance in autoantibody status is also in line with that found in another studyǡ in which SclǦͲ positive patients were more likely to be never smokers than ever smokers ȏʹȐ raising the possibility of a aethiopathological link between smoking and SclǦͲ positivityǤ The questionǡ howeverǡ is if this imbalance is partly due to a linkǡ maybe a causal oneǡ between smoking and autoantibody status or if this imbalance is partly explained by a Ǯhealthy smoker effectǯ especially as the prevalence of SclǦͲ positivity in previous smokers is more comparable to the never smokers than to current smokersǤ  
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Like all registryǦbased studies the EUSTAR cohort has limitationsǤ We had no means to verify the smoking information provided by the patientsǡ however we were able to demonstrate known adverse effects of smoking on airway obstruction suggesting that the information provided by the patients was not random and that our study was powered to detect meaningful changes in other parametersǤ  By requiring the study population to have a followǦup visit there is a possibility that we excluded sicker patientsǡ iǤeǤ that we introduced a selection bias for healthier patientsǤ (oweverǡ at baseline the patients that were excluded due to the absence of a followǦup visit within the required time frame were not majorly worse off than the included patients ȋSupplementary Table ͷȌ arguing against a major selection biasǤ )n summaryǡ our study demonstrates an adverse effect of smoking on pulmonary airwaysǡ but no effects on SScǦspecific pulmonary and cutaneous involvementǤ These data argue against a major role of tobacco associated free radicalsǡ vasoconstrictory and immunomodulatory effects in the pathogenesis of SSc vasculopathy and fibrosisǤ 
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Immunol ʹͲͳǢ͵ͳͺǣͳȂǤ ͶǤ (udson Mǡ Lo Eǡ Lu Yǡ (ercz Dǡ Baron Mǡ Steele RǤ Cigarette smoking in patients with systemic sclerosisǤ Arthritis Rheum ʹͲͳͳǢ͵ǣʹ͵ͲȂͺǤ ͷǤ (issaria Pǡ RobertsǦThomson PJǡ Lester Sǡ Ahern MJǡ Smith MDǡ Walker JGǤ Cigarette smoking in patients with systemic sclerosis reduces overall survivalǣ comment on the article by (udson et alǤ Arthritis Rheum ʹͲͳͳǢ͵ǣͳͷͺȂͻǤ Ǥ Walker UAǡ Tyndall Aǡ Czirják Lǡ Denton Cǡ FargeǦBancel Dǡ KowalǦBielecka Oǡ et alǤ Clinical risk assessment of organ manifestations in systemic sclerosisǣ a report from the 
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EULAR Scleroderma Trials And Research group databaseǤ Ann Rheum Dis ʹͲͲǢǣͷͶȂ͵Ǥ Ǥ Leffondre Kǡ Abrahamowicz Mǡ Xiao YǤ Modelling smoking history using a comprehensive smoking index᩿ǣ Application to lung cancerǤ Stat Med ʹͲͲǢʹͷǣͶͳ͵ʹȂͶͳͶǤ ͺǤ Dietrich Tǡ (offmann KǤ A Comprehensive )ndex for the Modeling of Smoking (istory in Periodontal ResearchǤ J Dent Res ʹͲͲͶǢͺ͵ǣͺͷͻȂͺ͵Ǥ ͻǤ Little RJAǤ MissingǦData Adjustments in Large SurveysǤ J Bus Econ Stat ͳͻͺͺǢǣʹͺǤ ͳͲǤ World (ealth OrganizationǤ Tobacco Ǧ Data and statisticsǤ ʹͲͳǤ Available atǣ httpǣȀȀwwwǤeuroǤwhoǤintȀenȀhealthǦtopicsȀdiseaseǦpreventionȀtobaccoȀdataǦandǦstatisticsǤ Accessed October ͵ͳǡ ʹͲͳǤ ͳͳǤ Steen VDǡ Owens GRǡ Fino GJǡ Rodnan GPǡ Medsger TAǤ Pulmonary involvement in systemic sclerosis ȋsclerodermaȌǤ Arthritis Rheum ͳͻͺͷǢʹͺǣͷͻȂǤ ͳʹǤ Greenwald G)ǡ Tashkin DPǡ Gong (ǡ Simmons Mǡ Duann Sǡ Furst DEǡ et alǤ Longitudinal changes in lung function and respiratory symptoms in progressive systemic sclerosisǤ Prospective studyǤ Am J Med ͳͻͺǢͺ͵ǣͺ͵ȂͻʹǤ ͳ͵Ǥ Alivernini Sǡ Santis M Deǡ Tolusso Bǡ Mannocci Aǡ Bosello SLǡ Peluso Gǡ et alǤ Skin ulcers in systemic sclerosisǣ Determinants of presence and predictive factors of healingǤ 
J Am Acad Dermatol ʹͲͲͻǢͲǣͶʹȂ͵ͷǤ ͳͶǤ Khimdas Sǡ (arding Sǡ Bonner Aǡ Zummer Bǡ Baron Mǡ Pope JǤ Associations with digital ulcers in a large cohort of systemic sclerosisǣ Results from the Canadian Scleroderma Research Group registryǤ Arthritis Care Res (Hoboken) ʹͲͳͳǢ͵ǣͳͶʹȂͳͶͻǤ ͳͷǤ Becklake MRǡ Lalloo UǤ The ǲhealthy smokerǳǣ a phenomenon of health selectionǫ 
Respiration ͳͻͻͲǢͷǣͳ͵ȂͶͶǤ 
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Table 1. Baseline demographic and disease characteristics as well as outcome measures by smoking statusǤ  ACAǡ anticentromere autoantibodiesǢ DLCOȀsbǡ single breath diffusing capacity for monoxideǢ ESRǡ erythrocyte sedimentation rateǢ FEVͳǡ forced expiratory volume in one secondǢ FVCǡ forced vital capacityǢ LVEFǡ left ventricular ejection fractionǢ mRSSǡ modified Rodnan skin scoreǢ NY(Aǡ New York heart associationǢ PAPsysǡ systolic  pulmonary artery pressure as estimated by echocardiographyǢ RNAPǦ)))ǡ antiǦRNA polymeraseǦ))) autoantibodiesǢ RPǡ Raynaudǯs phenomenonǢ SclǦͲǡ antiǦtopoisomerase autoantibodiesǤ  ȗbased on the followǦup visitǡ not the ͳʹ months projectionǤ ȗȗThe changes in outcomes are given downscaled to ǲper ͳʹ monthǳǤ ͓Number of patients with available information for each variableǤ 
Characteristics of the study 

population 

n# Never 

smokers 

Ex-

smokers 

Current 

smokers 

p-value 

Ψ or  mean ȋSDȌ Ψ or  mean ȋSDȌ Ψ or  mean ȋSDȌ N   ʹʹͲͷ ͷʹ ͵ʹ  AgeǢ years ͵͵ͳͻ ͷǤͷ ȋͳͶǤͳȌ ͷǤʹ ȋͳʹǤͳȌ ͷʹǤͷ ȋͳͳǤʹȌ δͲǤͲͲͳ Male sex ͵͵ͳͻ ͺ ʹ ʹͻ δͲǤͲͲͳ 
Disease characteristics        Time since RP onsetǢ years  ͵ʹͺ ͳͶǤͻ ȋͳͳǤȌ ͳ͵ǤͶ ȋͳͳǤ͵Ȍ ͳ͵Ǥ͵ ȋͳͳǤͺȌ ͲǤͲͲͳ Time since first nonǦRP manifestationǢ years ʹͻͺͺ ͳͳǤ ȋͺǤͺȌ ͳͲǤͷ ȋͺǤȌ ͺǤͻ ȋǤͺȌ δͲǤͲͲͳ 
Skin involvement 

Sine ͵ͳͲ  ͺ ͳͷ δͲǤͲͲͳ Limited Ͷ ʹ ͷͺ Diffuse ʹͻ ͵Ͳ ʹ 
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mRSS ʹͻͶͻ Ǥ ȋǤͶȌ Ǥͺ ȋǤͻȌ Ǥͻ ȋǤ͵Ȍ ͲǤͳͶ FollowǦup mRSSȗ ʹͺ͵ͻ ǤͶ ȋǤʹȌ Ǥʹ ȋǤͳȌ Ǥͻ ȋǤͻȌ ͲǤͶͲ Change in mRSSȗȗ ʹͺͶ ǦͲǤ͵ ȋ͵ǤͶȌ ǦͲǤ ȋͶǤͲȌ ǦͲǤʹ ȋ͵Ǥ͵Ȍ ͲǤͳʹ Esophageal symptoms ͵ʹͷ Ͳ  ͷͺ ͲǤͲͳͲ Stomach symptoms ͵ʹͶͳ ʹ͵ ʹ͵ ʹͳ ͲǤͺ )ntestinal symptoms ͵ʹͷͲ ʹ ͵Ͳ ʹͻ ͲǤʹͶ 
DyspneaǢ NY(A functional class 

) ͵ͳͳͶ ͷ ͷͶ ͵ 
ͲǤͲͲͳ )) ͵͵ ͵Ͷ ͵ͳ ))) ͻ ͳͲ ͷ )V ͳ ʹ ͳ Digital ulcersǡ current ͵ͳʹͷ ͳͶ ͳͶ ͳ ͲǤ Digital ulcersǡ ever ͵ͳʹͷ Ͷ Ͷͺ Ͷͷ ͲǤͷ LVEFǢ Ψ ʹͶͶͺ ʹǤ͵ ȋǤͳȌ ͳǤ ȋǤ͵Ȍ ͵ǤͲ ȋͷǤͺȌ ͲǤͲͳͷ FEVͳȀFVC ratio ʹʹͷ ͻǤͷ ȋͳ͵ǤͷȌ ͻͷǤͶ ȋͳͷǤʹȌ ͻʹǤͺ ȋͳͷǤͲȌ δͲǤͲͲͳ FollowǦup FEVͳȀFVC ratioȗ ͳͻͺͺ ͻǤͳ ȋͳʹǤͲȌ ͻͷǤͶ ȋͳͶǤͷȌ ͻͲǤͷ ȋͳʹǤȌ δͲǤͲͲͳ Change in FEVͳȀFVC ratioȗȗ ͳͷ ǦͲǤ͵ ȋͳͲǤͳȌ ͲǤͶ ȋͻǤͶȌ ǦͳǤ ȋǤȌ ͲǤͲͷ FVCǢ Ψ of predicted ʹʹͲ ͻǤͳ  ȋʹʹǤͲȌ ͻǤ ȋʹͳǤ͵Ȍ ͻͺǤ͵ ȋͳͻǤȌ ͲǤʹͷ FollowǦup FVCȗǢ Ψ of predicted ʹͶ͵ͷ ͻͷǤͷ ȋʹʹǤͺȌ ͻǤ͵ ȋʹʹǤͷȌ ͻͻǤ͵ ȋͳͺǤͺȌ ͲǤͲ͵ 

Change in FVCȗȗǢ Ψ of predicted ʹͳ ǦͲǤ ȋͺǤͷȌ ǦͲǤͶ ȋǤȌ ͲǤͳ ȋͻǤͶȌ ͲǤͶͷ 
DLCOȀsbǢ Ψ of predicted  ʹͷͺ͵ ͻǤͺ ȋͳͻǤȌ ǤͶ ȋʹͲǤͶȌ Ǥͳ ȋͳǤͺȌ δͲǤͲͲͳ FollowǦup DLCOȀsbȗǢ Ψ of predicted ʹʹͷ͵ Ǥͷ ȋʹͲǤͲȌ ͷǤ ȋʹͲǤͲȌ ͶǤͶ ȋͳͺǤͳȌ ͲǤͲʹͳ 
Change in DLCOȀsbȗȗǢ Ψ of predicted ͳͻ ǦʹǤͲ ȋͻǤͳȌ ǦͳǤ ȋͻǤʹȌ ǦʹǤͲ ȋǤͺȌ ͲǤͺ 
PAPsysǢ mm(g ʹ͵ͳ ʹͺǤͺ ȋͳǤͻȌ ʹǤͲ ȋͳǤͲȌ ʹͶǤ͵ ȋͳʹǤͷȌ δͲǤͲͲͳ 
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FollowǦup PAPsysȗǢ mm(g ʹͲͷͷ ʹͻǤʹ ȋͳ͵ǤȌ ʹͺǤͷ ȋͳͶǤͳȌ ʹͶǤ ȋͳͳǤȌ δͲǤͲͲͳ Change in PAPsysȗȗǢ mm(g ͳͲ ͲǤ ȋͳͲǤͷȌ ͳǤ ȋͺǤͷȌ ͲǤʹ ȋͺǤͳȌ ͲǤͳͺ 
Laboratory parameters      ACA positive ʹͷͲͺ Ͷ Ͷ ͳ δͲǤͲͲͳ SclǦͲ positive Ͷͷ ͶͲ ͵ͳ RNAPǦ))) positive ͵   ESRǢ mmȀhr ʹͻͷ ʹʹǤͺ ȋͳͺǤͶȌ ͳͺǤͻ ȋͳǤȌ ͳͺǤͲ ȋͳͶǤͷȌ δͲǤͲͲͳ                  
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Table 2. Regression analysis comparing outcomes at baseline and progression of outcomes according to the comprehensive smoking index ȋCS)Ȍ adjusted for ageǡ sexǡ time since the onset of Raynaudǯs phenomenonǡ time since the first nonǦRaynaudǯs phenomenon manifestationǡ antibody status and extent of skin involvementǤ The first column illustrates the mean and the range of each outcomeǯs CS) based on the imputed datasetǤ (igher CS)s indicate more smokingǢ never smokers carry a CS) of ͲǤ  The beta values represent the additive increase or decrease in the outcome variable per unit increase in the CS)Ǥ The OR values represent the increase in odds for the presence of the outcome variable per unit CS) increaseǤ OR values larger than one indicate that increased smoking increased the likelihood of occurrence of the outcomeǤ  The followǦup part of the table assesses the projected change per ͳʹ months of the outcomesǤ C)ǡ confidence intervalǢ DLCOȀsbǡ single breath diffusing capacity for monoxideǢ DUǡ digital ulcersǢ FEVͳǡ forced expiratory volume in one secondǢ FVCǡ forced vital capacityǢ mRSSǡ modified Rodnan skin scoreǢ ORǡ odds ratiosǢ PAPsysǡ systolic pulmonary artery pressure as estimated by echocardiographyǤ 
Outcomes  Mean CSI 

(range) 

CSI Ⱦ or OR ͻͷΨC) pǦvalue 
Baseline     FEVͳȀFVC ͲǤͶͷ ȋͲǦͶǤͲͻȌ Ⱦα ǦʹǤͳ Ǧ͵ǤͶ to ǦͳǤͻ δͲǤͲͲͳ FVC ͲǤ͵Ͷ ȋͲǦͷǤͳʹȌ Ⱦα ͲǤͶͳ ǦͲǤ͵ͻ to ͳǤʹʹ ͲǤ͵ʹ DLCOȀsb ͲǤʹ ȋͲǦʹǤͻͶȌ Ⱦα ǦͶǤ͵ͺ ǦͷǤͺͻ to ǦʹǤͺͺ δͲǤͲͲͳ PAPsys ͲǤʹ͵ ȋͲǦʹǤͳȌ Ⱦα ǦʹǤͲͺ Ǧ͵Ǥͷ to ǦͲǤͷͺ ͲǤͲͲ mRSS ͲǤͶͲ ȋͲǦǤͲͷȌ Ⱦα ͲǤʹͲ ǦͲǤͲ͵ to ͲǤͶ͵ ͲǤͲͺͺ 
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DU current  ͲǤ͵ͷ ȋͲǦǤͻͶȌ ORα ͳǤͳͻ ͳǤͲ to ͳǤ͵ʹ ͲǤͲͲʹ 
Follow-up     FEVͳȀFVC ͲǤ͵͵ ȋͲǦǤͻȌ Ⱦα ǦͲǤͶͷ ǦͲǤͻ͵ to ͲǤͲʹ ͲǤͲͷͻ FVC ͲǤͶ ȋͲǦǤ͵Ȍ Ⱦα ͲǤ͵ʹ ǦͲǤͲͳ to ͲǤ ͲǤͲͷͻ DLCOȀSB ͲǤͶ͵ ȋͲǦͶǤͲʹȌ Ⱦα ͲǤ͵ ǦͲǤͳ to ͲǤͻͲ ͲǤͳ PAPsys ͲǤ͵ͷ ȋͲǦǤͳͻȌ Ⱦα ǦͲǤʹͳ ǦͲǤ to ͲǤ͵Ͷ ͲǤͶͷ mRSS ͲǤͶ͵ ȋͲǦǤ͵Ȍ Ⱦα ǦͲǤͳ ǦͲǤʹͻ to ǦͲǤͲʹ ͲǤͲʹͳ DU new btw visits  ͲǤ͵Ͳ ȋͲǦͺǤ͵Ȍ ORα ͲǤͺ͵ ͲǤͺ to ͳǤͲͲ ͲǤͲͷ 
 

Figure 1.  Regression analysis comparing outcomes by smoking status adjusted for ageǡ sexǡ time since the onset of Raynaudǯs phenomenonǡ time since the first nonǦRaynaudǯs phenomenon manifestationǡ antibody status and extent of skin involvementǤ  Panel A shows the multiple adjusted baseline levels of the outcome measures and corresponding ͻͷΨ confidence intervals and panel B shows the multiple adjusted change rates in the outcome measures between baseline and the projected ͳʹ months followǦupǤ Light grey represents never smokersǡ medium grey represents exǦsmokers and dark grey represents current smokersǤ DLCOȀsbǡ single breath diffusing capacity for monoxide ȋΨ of predictedȌǢ FEVͳǡ forced expiratory volume in one secondǢ FVCǡ forced vital capacity ȋΨ of predictedȌǢ mRSSǡ modified Rodnan skin scoreǢ PAPsysǡ systolic pulmonary artery pressure as estimated by echocardiography ȋmm(gȌǤ     



A
c

c
e

p
te

d
 A

r
ti

c
le

This article is protected by copyright. All rights reserved. 

 

 


