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Abstract

Objective—To estimate the extent that smoking history is associated with symptoms and disease 

progression among individuals with radiographically confirmed knee OA.

Method—Both cross-sectional (baseline) and longitudinal studies employed data from the 

Osteoarthritis Initiative (n= 2,250 participants). Smoking history was assessed at baseline with 

44% current or former smokers. The Western Ontario and McMaster Universities Arthritis Index 

(WOMAC) was used to measure knee pain, stiffness, and physical function. Disease progression 

was measured using joint space width (JSW). We used adjusted multivariable linear models to 

examine the relationship between smoking status and exposure in pack years (PY) with symptoms 

and JSW at baseline. Changes in symptoms and JSW over time were further assessed.
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Results—In cross-sectional analyses, compared to never-smokers high PY (≥15 PY) was 

associated with slightly greater pain (beta 0.36, 95% CI: 0.01–0.71) and stiffness (beta 0.20, 95% 

CI: 0.03–0.37); and low PY (<15 PY) was associated with better JSW (beta 0.15, 95% CI: 0.02–

0.28). Current smoking was associated with greater pain (beta 0.59, 95% CI: 0.04–1.15) compared 

to never-smokers. These associations were not confirmed in the longitudinal study. 

Longitudinally, no associations were found between high or low PY or baseline smoking status 

with changes in symptoms (at 72 months) or JSW (at 48 months).

Conclusion—Cross-sectional findings are likely due residual confounding. The more robust 

longitudinal analysis found no associations between smoking status and symptoms or JSW. Long-

term smoking provides no benefits to knee OA patients while exposing them to other well-

documented serious health risks.
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INTRODUCTION

Osteoarthritis (OA) of the hip and knee is a leading cause of disability in the world1. 

Radiographic knee OA (Kellgren-Lawrence (K-L) grade ≥2) affects 37% of Americans 

adults2. Although approximately 9% of older adults are current smokers, this generation had 

the highest smoking rates in history in the 1960s when 54% of adult males reported current 

smoking and an additional 24% reported former smoking3. Smoking has been established as 

a risk factor for rheumatoid arthritis4, however the relationship between OA and smoking is 

controversial5.

There are at least 5 plausible mechanisms through which smoking may negatively affect 

knee OA: 1) effects of smoking on cartilage loss6,7; 2) interaction between smoking and OA 

genetic predisposition8; 3) smoking’s effects on inflammation9,10; 4) an association between 

smoking and both insulin resistance and higher Body Mass Index (BMI)11; and 5) a 

relationship between smoking and metabolic syndrome12–14. Recent studies have uncovered 

a relationship between metabolic syndrome and risk and progression of knee OA15,16 and 

when people quit smoking, risk for metabolic syndrome is reduced13. Given that smoking 

produces a chronic inflammatory state9,10 and OA is a disease where inflammatory 

mediators play a key role17 one might posit that smoking would have an overall negative 

effect on OA symptoms and disease progression.

The current study builds on previous research in several ways. We used data from the 

Osteoarthritis Initiative (OAI), a multi-site study which recruited a large number of persons 

with radiographically confirmed knee OA and evaluated participants using validated patient 

reported outcomes and measures of disease progression. Smoking history was collected at 

baseline, and symptoms and disease progression was followed for several years. Given this 

rich data source, our goal was to determine whether smoking was associated with more 

severe symptoms or disease progression among people with radiographically confirmed 

knee OA. We employed both cross-sectional and longitudinal study designs. Although we 

believe the more rigorous design is longitudinal, we also provide cross-sectional data from 
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the same cohort to help put findings into context within the broader literature on smoking 

and OA.

METHOD

This study was approved by the Institutional Review Boards of the University of 

Massachusetts Medical School and the Memorial Hospital of Rhode Island.

Study sample

Publicly available OAI data was used. OAI is a prospective natural history study of both 

men and women aimed at investigating the development and progression of knee OA. From 

2004–2006, baseline data was collected from people 45 to 79 years of age and followed 

them annually to assess the development or progression of knee OA. Using four study sites 

(i.e., Baltimore, MD; Columbus, OH; Pittsburgh, PA; and Pawtucket, RI), 4,796 patients 

with established knee OA or at high risk for developing knee OA were enrolled. For detailed 

information about the OAI protocol, please see the OAI protocol for the cohort study18. Our 

study sample included participants with radiographic confirmed OA in at least one knee 

(defined as a K-L grade ≥2) at the time of enrollment (n=2,539). Participants without an OA 

diagnosis (e.g., those “at risk” in the OAI sample) were excluded (n= 2,257). For the cross-

sectional study, participants with missing smoking status or smoking history data (n=134) or 

outcome measures (n=155) at baseline were excluded. For the sample used to evaluate 

changes in symptoms (baseline to 72 months) and structural progression (baseline to 48 

months), participants with missing outcome measures (n=432 for changes in symptoms and 

n=745 for changes in JSW) were excluded, as were participants with missing smoking status 

or smoking history data (n=134). Participants with K-L grade 4 in both knees at baseline 

(n=62) were further excluded from the JSW sample to allow for assessment of structural 

change over time. The final analytic sample included 2,250 participants for the cross-

sectional design and for longitudinal analysis, 1,973 participants to evaluate changes in 

symptoms over 72 months, and 1,598 participants to evaluate structural progression (JSW) 

over 48 months.

Smoking status and smoking history defined

Smoking history was part of a self-administered questionnaire provided to study eligible 

participants at the conclusion of their initial screening clinic visit. Study staff reviewed 

completed self-administered questionnaires with each participant at their enrollment visit 

and any missing responses were obtained. Never-smokers were those who responded “no” to 

the question “Have you smoked at least 100 cigarettes (5 packs) in your entire life?” 

(n=1,251) For those responding “yes” smoking history was collected (n=999). Age of 

initiation of fairly regular smoking, average number of cigarettes smoked per day, and 

current smoking status were also obtained. Those who were no longer smoking (n=859) 

reported the age at which they quit. Current smokers (n=140) reported the number of 

cigarettes they typically smoke each day. For those who reported having ever smoked fairly 

regularly, pack years (PY) were calculated by dividing the number of cigarettes smoked per 

day by 20 (the number of cigarettes in a pack) and multiplying by the number of years 

smoked. For this study, smoking exposure among current and former smokers was 
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categorized as low (<15 PY) or high (≥15 PY). This cut point was derived from our data 

given the distribution within our sample. Several other studies of smoking effects have used 

this cut point19–22.

Outcome definitions

We evaluated two conceptually distinct outcomes: symptoms and structural disease status. 

Symptoms included pain, stiffness, and physical function. The OAI used the Western 

Ontario and McMaster Universities Arthritis Index (WOMAC) scale to evaluate knee-

specific symptoms23 with assessments collected at annual visits. Higher WOMAC scores are 

suggestive of more severe symptoms (Pain: range 0 to 20; Stiffness: range 0 to 8; Physical 

function: range 0 to 68). We used WOMAC information from the knee having worse pain at 

baseline. For structural status, we used joint space width (JSW) as the primary outcome. If 

both knees had radiographic OA, the index knee was identified as the with the narrower 

joint space width in the medial tibiofemoral joint at baseline. Bilateral standing knee X-rays 

were collected annually using posterior anterior projection. Knees were flexed to 20–30 

degrees, with feet rotated to 10 degrees18. Using serial knee x-rays, a customized software 

tool automatically delineated the margin of the femoral condyle and the tibial plateau and 

provided longitudinal measurements of JSW across different locations within the knee24. 

The distance from tibial plateau to tibial rim closest to femoral condyle was measured to 

indicate knee positioning25. The JSW measure at x=0.25 (in the medial compartment) was 

used because it was demonstrated to have best responsiveness to changes26.

In OAI, a quantitative approach on plain radiographs was used to provide a precise measure 

of joint space width (JSW) in millimeters between the adjacent bones of the knee27. 

Multiple JSWs were measured at fixed locations along the joint in medial compartment, 

denoted as JSW(x), at 0.025 intervals for x = 0.15 – 0.30. The reproducibility of this 

technique and the responsiveness to change have been documented elsewhere26,27, including 

one study using OAI data which demonstrated a responsiveness that compared favorably to 

magnetic resonance imaging (MRI)26.

JSW measures were considered missing if the distance between plateau and rim was > 

6.5mm (n=114 out of the 2364 participants in the baseline sample). Minimally important 

clinical differences for WOMAC Pain range from 1.2 to 4.6, for WOMAC Stiffness range 

from 0.5 to 1.5, for WOMAC Physical Function range from 4.1 to 9.9, and for JSW 

important clinical differences range from 0.12 to 0.84 mm28–30.

Covariates

Potential covariates included age, gender, education, income, race, BMI, symptom-related 

multi-joint OA, KL-grade, alcohol drinking behavior, and SF-12 physical and mental 

component scores. OAI administered comprehensive measurements of participants’ clinical 

characteristics, including knee alignment, symptom-related multi-joint OA, K-L grade, and 

history of having a knee injury or surgery. Knee malalignment was measured with 

goniometer. Varus or valgus deformity was recorded if malalignment was found. We 

considered symptom-related multi-joint OA present if participants had OA symptoms in at 

least two joints other than knee. Information was collected on prior knee injuries that limited 
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ability to walk for at least two days, and history of knee surgery including arthroscopy, 

ligament repair or meniscectomy. At-risk alcohol use was defined for female participants as 

more than 4 drinks on any single day or more than 7 drinks per week and male participants 

as more than 5 drinks on any single day or 14 drinks per week31.

The 12-item Short-Form Health Survey (SF-12) was employed to assess general health 

status32. A Physical and Mental Component Summary score was calculated ranging from 0 

to 100, with higher scores indicating better health status. The SF-12 Scores were missing in 

11 participants. BMI is a risk factor for OA due to its potential local biomechanical effect 

and systemic metabolic effect33. BMI was calculated using measurements of height and 

weight [weight (kg)/height (m)2]. Participants were then categorized in the following 

manner: normal weight (BMI 18.5–24.9 kg/m2); overweight (BMI 25.0–29.9 kg/m2); and 

obese (BMI ≥ 30 kg/m2)34.

Statistical analyses

A cross-sectional analysis was employed to examine associations between characteristics of 

smoking history and knee osteoarthritis within this population at a particular point in time 

(baseline) which helped generate hypotheses. We then conducted longitudinal analyses to 

determine whether a temporal relationship exists between smoking history and outcomes of 

interest (changes in symptoms and joint space width) following the natural development of 

this condition (radiographically confirmed knee OA) over time.

Before conducting the model-building exercise, descriptive characteristics of all variables at 

the baseline visit including the exposure (current smoking status), outcomes (WOMAC 

subscales and JSW), and the sociodemographic and clinical characteristics described above 

were calculated according to smoking exposure data (e.g., high PY, low PY, and never-

smokers). The baseline WOMAC subscales (pain, stiffness, and function) and JSW were 

used as outcomes to examine the cross-sectional associations between smoking history/

status and symptoms/structure of the knee at baseline. The outcomes for changes in 

symptoms and disease progression were calculated using differences from baseline to 72 

months for each of the WOMAC subscales and differences from baseline to 48 months for 

JSW.

Since we had 4 outcome variables (e.g. pain, stiffness, physical function, JSW) and two 

operational definitions of exposure to smoking (e.g. number of pack years (PY) and current 

smoking status), we developed 8 models for both cross-sectional and longitudinal designs to 

examine the relationship between smoking status and OA symptoms of the knee and disease 

progression. The beta coefficients and corresponding 95% confidence intervals (CIs) were 

derived corresponding to smoking status (e.g. high/low PY and current/past smoker) 

compared to never-smokers. Positive and negative beta coefficients corresponded to higher 

and lower WOMAC subscale scores in pain, stiffness, and physical function. For JSW, 

positive and negative beta coefficients indicated better and worse JSW. Multivariable linear 

models were used to estimate the relationship between smoking status on the symptoms (or 

changes in symptoms) and structural status of the knee (or disease progression) in both 

designs. Biological factors such as age and sex were forced into the model. A change-in-

estimate approach was used for model building where potential confounders whose 
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inclusion changed the smoking coefficients by at least 10% were retained in the adjusted 

model. Furthermore, BMI was also examined as a potential mediator in the relationship 

between smoking and outcome variables. Multicollinearity was evaluated and ruled out in 

all models. We originally thought that BMI may be a mediator and that adjustment for it 

may introduce collider-stratification bias35. BMI did not satisfy statistical requirements for 

being considered a mediator in this analysis.

RESULTS

Overall the sample was approximately 60% women and 78% non-Hispanic White (Table 1). 

The majority were college graduates, and more than half earned more than $50,000 

annually. About half of the sample had symptom-related multi-joint OA, and about half had 

a history of knee injury. (Table 2). The average age of smoking initiation was 18.6 years. 

For former smokers, average time since quitting was 24.1 years. Those with a history of 

high PY had quit more recently than low PY subjects and were more likely to be male, have 

less education, lower income, engage in at-risk alcohol use, and were more likely to be 

obese.

In Tables 3 and 4 results of the baseline cross sectional analysis are presented. In table 3 we 

compared those with a history of high PY and low PY (current and former smokers) with 

never smokers. High PY participants reported slightly more pain (beta 0.36, 95% CI: 0.01 to 

0.71) and stiffness (beta 0.20, 95% CI: 0.03 to 0.37) compared to never-smokers. Worse 

physical function and JSW were not associated with high PY compared to never smokers. 

Low PY was not associated with more or less symptoms of the knee but was associated with 

better JSW (beta 0.15, 95% CI: 0.02–0.28) compared to never smokers. Table 4 examines 

current smokers and smokers who have quit compared to never smokers. Among adjusted 

results, participants with current smoking status were associated with higher pain measures 

compared to never-smokers (beta 0.59, 95% CI: 0.04 to 1.15). Crude results indicated 

greater stiffness and worse function among current smokers, but once adjusted for 

confounders these findings were not sustained. Notably, JSW measures were not 

significantly different in crude or adjusted calculations in either group.

Tables 5 and 6 present results of longitudinal analyses examining disease progression 

represented by WOMAC symptom changes from baseline to 72-month and JSW from 

baseline to 48 month follow-up assessments. Changes were not different between either high 

or low PY participants when compared to never smokers (Table 5). Likewise, no differences 

in long-term symptom or JSW changes were observed between either those who reported 

current smoking at baseline or those who reported having quit smoking at baseline compared 

to participants who never smoked. (Table 6) Mean changes in JSW were similar for low PY, 

high PY, current, former and never smokers (range = −0.54 to −0.5 mm). (Tables 5 & 6)

Discussion

We examined data from a population of people enrolled in the Osteoarthritis Initiative with 

radiographically confirmed knee OA. Longitudinally, no associations were found between 

high or low PY or baseline smoking status with changes in WOMAC symptoms (at 72 
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months) or JSW (at 48 months). Cross-sectionally at baseline, participants with a history of 

low PY smoking had better JSW than never-smokers but worse function. High PY 

participants had worse pain and stiffness and no difference in JSW when compared to never-

smokers. Current smokers had worse pain than never-smokers but those who had quit 

smoking did not. We consider the longitudinal analysis more robust than the cross-sectional, 

and we suspect that the small and conflicting findings from the cross-sectional study are due 

to residual confounding.

Several limitations must be considered. The OAI dataset has limitations. For example, 

although joint symptoms were measured at every follow-up visit, JSW was only measured 

for 48 months vs. joint symptoms (WOMAC) which were measured annually for a full 72 

months. Thus we had to use these different follow-up periods for our outcome measures. 

Further, this was an observational study and the data collected on smoking history was self-

reported. Although self-reported smoking history is considered reliable36 and participant 

questionnaires were double checked by OAI research staff, there is potential for erroneous 

responses as participant recall may be skewed. For the longitudinal analysis, we are using 

smoking history data collected at baseline as there was no 48 or 72 month data collected. 

While pack years have been found to be a reasonably valid method to estimate life-time 

smoking exposure37–38, there are no standard cut-points for higher versus lower exposure 

levels. Finally, although the OAI and its collaborators have collected longitudinal MRI 

assessments of cartilage morphology, we were unable to include MRI data in our analyses. 

OAI collected MRI data through several different vendors and projects and use of pooled 

data is advised against (see: https://oai.epi-ucsf.org/datarelease/docs/ImageAssessments/

ImageAssessmentDataOverview.pdf). Even when using the largest available MRI project, 

we did not have a sample size with sufficient power to detect changes over time.

Our understanding of smoking’s relationship to osteoarthritis remains in flux. While the 

2001 Surgeon General’s report on women and smoking concluded that “women who smoke 

have a modestly reduced risk for osteoarthritis of the knee39,” the most recent Surgeon 

General’s report on the health consequences of smoking (2014) did not mention 

osteoarthritis at all40. A recent review conducted by Felson and Zhang concluded that 

smokers are “modestly protected against developing radiographic OA in the knee35.”

There are physiological mechanisms that would indicate that smoking is likely to be 

associated with osteoarthritis including smoking’s effect on cartilage, and smoking-related 

generalized inflammation, insulin resistance, central adiposity and metabolic syndrome. 

Some studies have linked smoking to cartilage loss6,7. In a clinical trial of 42 surgical 

patients with pre-arthritic cartilage lesions, smoking was associated with worse cartilage 

outcomes due to inhibition of important mediators of cartilage metabolism, IGF-1 and 

bFGF41. Smokers are also at risk for reduced bone density42 and a 2013 study of 

radiographcially confirmed knee OA patients (K-L grade ≥2) found that longitudinal bone 

mineral density loss was associated with progressive knee cartilage loss43. Susceptibility to 

knee OA may be genetic44 and in one study an association was found between smoking and 

knee cartilage loss among those with a family history of knee OA while controls (smoking 

with no family history of knee OA) had no such association8.
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On the other hand, several studies have concluded that smoking is protective and may lead 

to improved OA symptoms. Two studies examining rates of total knee replacements found 

that smoking protects against end-stage knee OA45,46. Among healthy adults without current 

or prior knee disease, one study found a positive association between smoking history and 

both increased knee joint cartilage volume and lack of cartilage defects47. Some have 

hypothesized that since smoking is linked to sedentary behavior48 and lower bone density42, 

smokers exert less stress on weight-bearing joints thus reducing cartilage wear and tear49.

It is clear that the relationship between smoking and osteoarthritis is complex. It is possible 

that some chemical exposures due to smoking are detrimental in OA while others may be 

beneficial. Determining what aspect of smoking might be beneficial is difficult due to the 

sheer numbers of chemicals in cigarette smoke. Indeed, cigarettes have more than 600 

ingredients yielding over 69 known carcinogens and more than 7,000 chemicals when 

burned50. Because of the known health risks of smoking, clarity about any potential 

protective effects of smoking is important so smokers with OA do not find reason to 

continue smoking thereby putting other aspects of their health at risk. In our longitudinal 

analysis, we found no protective effects of smoking. Cross-sectionally we found a potential 

benefit in better JSW only among those with lower PY exposure. Although knee function is 

slightly worse at baseline, low PY smokers appear to have better JSW compared to never 

smokers. These findings are perplexing and we believe that their seemingly contradictory 

nature is most likely due to residual confounding. Our more robust longitudinal analysis 

found no differences in JSW changes over time among low PY smokers. High PY smokers 

have no difference in JSW at baseline and report greater pain and stiffness. Like low PY 

they have no differences in terms of symptom changes when compared to never smokers 

longitudinally. Overall, mean WOMAC scores changed for the entire sample but none of 

these changes were clinically significant. Mean JSW changes were clinically significant 

however the whole sample experienced worsening JSW. The rate of JSW change did not 

differ based on smoking status. (See Tables 5 & 6.) Thus we conclude that there is no 

evidence of a protective effect from smoking particularly for high PY smokers.

Generalizability

In the US older population (60+ years), radiographic knee OA is more prevalent among 

women (42%), those who identify as Black (52%), those with less than high school 

education (43%), and low income (43%)2. Our sample was also predominantly non-Hispanic 

white, more educated, and higher income. OAI is a multi-center observational study with 

participants drawn from 4 clinical sites (MD, OH, PA, and RI)18 and recruiting a 

representative national sample was not an objective. Thus the nature of our sample limits the 

overall generalizability of our findings.

In conclusion, higher self-reports of pain and stiffness among those with a longer lifetime 

exposure to smoking in cross-sectional analyses is curious, and even more curious is better 

JSW among low PY smokers. However the longitudinal analysis found no differences in 

symptom changes. We believe that the longitudinal analysis is more robust and that 

statistically significant yet very small differences found in the cross-sectional analysis carry 

less weight and could be the result of residual bias. One conclusion from our study seems 

Dubé et al. Page 8

Osteoarthritis Cartilage. Author manuscript; available in PMC 2017 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



clear – there is no convincing evidence of a beneficial effect of long-term smoking among 

knee OA patients. Other health risks associated with smoking and the dangers of longer-

term addiction make even short-term smoking ill advised.

Acknowledgments

The OAI is a public-private partnership comprised of five contracts (N01-AR-2-2258; N01-AR-2-2259; N01-
AR-2-2260; N01-AR-2-2261; N01-AR-2-2262) funded by the National Institutes of Health, a branch of the 
Department of Health and Human Services, and conducted by the OAI Study Investigators. Private funding partners 
include Merck Research Laboratories; Novartis Pharmaceuticals Corporation, GlaxoSmithKline; and Pfizer, Inc. 
Private sector funding for the OAI is managed by the Foundation for the National Institutes of Health. This 
manuscript was prepared using an OAI public use data set and does not necessarily reflect the opinions or views of 
the OAI investigators, the NIH, or the private funding partners.

ROLE OF FUNDING SOURCE

This study was funded by the National Institute of Arthritis and Musculoskeletal and Skin Disease (Project number 
268201000020C-1-0-1 entitled TAS::75 0888::TAS to Charles Eaton).

References

1. Cross M, Smith E, Hoy D, Nolte S, Ackerman I, Fransen M, et al. The global burden of hip and 
knee osteoarthritis: estimates from the Global Burden of Disease 2010 study. Ann Rheum Dis 
[Internet]. 2014; 73:1323–30. Available from: http://www.ncbi.nlm.nih.gov/pubmed/24553908. 

2. Dillon CF, Rasch EK, Gu Q, Hirsch R. Prevalence of knee osteoarthritis in the United States: 
arthritis data from the Third National Health and Nutrition Examination Survey 1991–94. J 
Rheumatol. 2006; 33(11):2271–9. [PubMed: 17013996] 

3. American Lung Association. Smoking and Older Adults [Internet]. About Smoking: Facts & 
Figures. 2010. Available from: http://www.lung.org/stop-smoking/about-smoking/facts-figures/
smoking-and-older-adults.html

4. Sugiyama D, Nishimura K, Tamaki K, Tsuji G, Nakazawa T, Morinobu a, et al. Impact of smoking 
as a risk factor for developing rheumatoid arthritis: a meta-analysis of observational studies. Ann 
Rheum Dis. 2010; 69:70–81. [PubMed: 19174392] 

5. Hui M, Doherty M, Zhang W. Does smoking protect against osteoarthritis? Meta-analysis of 
observational studies. Ann Rheum Dis [Internet]. 2011 Jul; 70(7):1231–7. [cited 2014 Apr 8]. 
Available from: http://www.ncbi.nlm.nih.gov/pubmed/21474488. 

6. Davies-Tuck ML, Wluka AE, Forbes A, Wang Y, English DR, Giles GG, et al. Smoking is 
associated with increased cartilage loss and persistence of bone marrow lesions over 2 years in 
community-based individuals. Rheumatology (Oxford) [Internet]. 2009 Oct; 48(10):1227–31. [cited 
2014 Apr 8]. Available from: http://www.ncbi.nlm.nih.gov/pubmed/19696062. 

7. Amin S, Niu J, Guermazi a, Grigoryan M, Hunter DJ, Clancy M, et al. Cigarette smoking and the 
risk for cartilage loss and knee pain in men with knee osteoarthritis. Ann Rheum Dis [Internet]. 
2007 Jan; 66(1):18–22. [cited 2014 Apr 8]. Available from: http://www.pubmedcentral.nih.gov/
articlerender.fcgi?artid=1798417&tool=pmcentrez&rendertype=abstract. 

8. Ding C, Cicuttini F, Blizzard L, Jones G. Smoking interacts with family history with regard to 
change in knee cartilage volume and cartilage defect development. Arthritis Rheum [Internet]. 2007 
May; 56(5):1521–8. [cited 2014 Apr 8]. Available from: http://www.ncbi.nlm.nih.gov/pubmed/
17469130. 

9. Bazzano, La; He, J.; Muntner, P.; Vupputuri, S.; Whelton, PK. Relationship between cigarette 
smoking and novel risk factors for cardiovascular disease in the United States. ACC Curr J Rev. 
2003; 12:28.

10. Bermudez, Ea; Rifai, N.; Buring, JE.; Manson, JE.; Ridker, PM. Relation between markers of 
systemic vascular inflammation and smoking in women. Am J Cardiol. 2002; 89(02):1117–9. 
[PubMed: 11988205] 

Dubé et al. Page 9

Osteoarthritis Cartilage. Author manuscript; available in PMC 2017 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.ncbi.nlm.nih.gov/pubmed/24553908
http://www.lung.org/stop-smoking/about-smoking/facts-figures/smoking-and-older-adults.html
http://www.lung.org/stop-smoking/about-smoking/facts-figures/smoking-and-older-adults.html
http://www.ncbi.nlm.nih.gov/pubmed/21474488
http://www.ncbi.nlm.nih.gov/pubmed/19696062
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=1798417&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=1798417&tool=pmcentrez&rendertype=abstract
http://www.ncbi.nlm.nih.gov/pubmed/17469130
http://www.ncbi.nlm.nih.gov/pubmed/17469130


11. Chiolero A, Faeh D, Paccaud F, Cornuz J. Consequences of smoking for body weight, body fat 
distribution, and insulin resistance. Am J Clin Nutr. 2008; 87:801–9. [PubMed: 18400700] 

12. Cena H, Tesone A, Niniano R, Cerveri I, Roggi C, Turconi G. Prevalence rate of Metabolic 
Syndrome in a group of light and heavy smokers. Diabetol Metab Syndr [Internet]. Diabetology & 
Metabolic Syndrome. 2013 Jan.5(1):28. [cited 2014 Apr 23]. Available from: http://
www.pubmedcentral.nih.gov/articlerender.fcgi?
artid=3673853&tool=pmcentrez&rendertype=abstract. [PubMed: 23721527] 

13. Ponciano-Rodriguez G, Paez-Martinez N, Villa-Romero A, Gutierrez-Grobe Y, Mendez-Sanchez 
N. Early Changes in the Components of the Metabolic Syndrome in a Group of Smokers After 
Tobacco Cessation. Metab Syndr Relat Disord [Internet]. 2014 Apr 1; 12(4):1–9. [cited 2014 Apr 
8]. Available from: http://www.ncbi.nlm.nih.gov/pubmed/24689988. 

14. Oh SW, Yoon YS, Lee ES, Kim WK, Park C, Lee S, et al. Association between cigarette smoking 
and metabolic syndrome. Diabetes Careare. 2005; 28(8):2064–6.

15. Hussain SM, Wang Y, Cicuttini FM, Simpson JA, Giles GG, Graves S, et al. Incidence of total 
knee and hip replacement for osteoarthritis in relation to the metabolic syndrome and its 
components: A prospective cohort study. Semin Arthritis Rheum. 2013; 43:429–36. [PubMed: 
24012045] 

16. Puenpatom RA, Victor TW. Increased prevalence of metabolic syndrome in individuals with 
osteoarthritis: an analysis of NHANES III data. Postgrad Med [Internet]. 2009 Nov; 121(6):9–20. 
Available from: http://www.ncbi.nlm.nih.gov/pubmed/19940413. 

17. Berenbaum F. Osteoarthritis as an inflammatory disease (osteoarthritis is not osteoarthrosis!). 
Osteoarthritis Cartilage [Internet]. 2013 Jan; 21(1):16–21. [cited 2014 Mar 27]. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/23194896. 

18. Nevit, M.; Felson, DT.; Lester, G. The Osteoarthritis Initiative: protocol for the cohort study 
[Internet]. [cited 2015 Mar 9]. Available from: http://oai.epi-ucsf.org/datarelease/docs/
StudyDesignProtocol.pdf

19. Topalovic M, Exadaktylos V, Decramer M, Berckmans D, Troosters T, Janssens W. Using 
dynamics of forced expiration to identify COPD where conventional criteria for the FEV1/FVC 
ratio do not match. Respirology. 2015; 20(6):925–31. [PubMed: 25880716] 

20. Fitzgerald N, Flanagan W, Evans W, Miller A. Eligibility for low-dose computerized tomography 
screening among asbestos. Scand J Work Env Heal. 2015; 41(4):407–12.

21. Dobrilovic N, Vadlamani L, Meyer M, Wright C. Chlamydia pneumoniae in atherosclerotic carotid 
artery plaques: high prevalence among heavy smokers. Am Surg. 2001; 67(6):589–93. [PubMed: 
11409810] 

22. Janjigian Y, McDonnell K, Kris M, Shen R, Sima C, Bach P, et al. Pack-years of cigarette smoking 
as a prognostic factor in patients with stage IIIB/IV nonsmall cell lung cancer. Cancer. 2010; 
116(3):670–5. [PubMed: 20029977] 

23. Roos EM, Klässbo M, Lohmander LS. WOMAC osteoarthritis index. Reliability, validity, and 
responsiveness in patients with arthroscopically assessed osteoarthritis. Western Ontario and 
MacMaster Universities. Scand J Rheumatol. 1999; 28:210–5. [PubMed: 10503556] 

24. Duryea J, Li J, Peterfy CG, Gordon C, Genant HK. Trainable rule-based algorithm for the 
measurement of joint space width in digital radiographic images of the knee. Med Phys. 2000; 
27:580–91. [PubMed: 10757609] 

25. University of California San Francisco OAI Coordinating Center. Central assessment of 
longitudinal knee x-rays for quantitative JSW. 2013. [Internet][cited 2015 Mar 9]. Available from: 
https://oai.epi-ucsf.org/datarelease/SASDocs/kXR_QJSW_Duryea_descrip.pdf

26. Duryea J, Neumann G, Niu J, Totterman S, Tamez J, Dabrowski C, et al. Comparison of 
radiographic joint space width with magnetic resonance imaging cartilage morphometry: Analysis 
of longitudinal data from the osteoarthritis initiative. Arthritis Care Res. 2010; 62:932–7.

27. Duryea J, Zaim S, Genant H. New radiographic-based surrogate outcome measures for 
osteoarthritis of the knee. Osteoarthr Cartil. 2003; 11(2):102–10. [PubMed: 12554126] 

28. Angst F, Aeschlimann a, Stucki G. Smallest detectable and minimal clinically important 
differences of rehabilitation intervention with their implications for required sample sizes using 

Dubé et al. Page 10

Osteoarthritis Cartilage. Author manuscript; available in PMC 2017 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3673853&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3673853&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3673853&tool=pmcentrez&rendertype=abstract
http://www.ncbi.nlm.nih.gov/pubmed/24689988
http://www.ncbi.nlm.nih.gov/pubmed/19940413
http://www.ncbi.nlm.nih.gov/pubmed/23194896
http://oai.epi-ucsf.org/datarelease/docs/StudyDesignProtocol.pdf
http://oai.epi-ucsf.org/datarelease/docs/StudyDesignProtocol.pdf
https://oai.epi-ucsf.org/datarelease/SASDocs/kXR_QJSW_Duryea_descrip.pdf


WOMAC and SF-36 quality of life measurement instruments in patients with osteoarthritis of the 
lower ex. Arthritis Rheum. 2001; 45:384–91. [PubMed: 11501727] 

29. Greco NJ, Anderson AF, Mann BJ, Cole BJ, Farr J, Nissen CW, et al. Responsiveness of the 
International Knee Documentation Committee Subjective Knee Form in comparison to the 
Western Ontario and McMaster Universities Osteoarthritis Index, modified Cincinnati Knee 
Rating System, and Short Form 36 in patients with focal art. Am J Sports Med. 2010; 38(5):891–
902. [PubMed: 20044494] 

30. Ornetti, P.; Brandt, K.; Hellio-Le Graverand, MP.; Hochberg, M.; Hunter, DJ.; Kloppenburg, M., 
et al. Osteoarthr Cartil [Internet]. Vol. 17. Elsevier Ltd; 2009. OARSI-OMERACT definition of 
relevant radiological progression in hip/knee osteoarthritis; p. 842-9.Available from: http://
dx.doi.org/10.1016/j.joca.2009.01.007

31. National Institute on Alcohol and Alcoholism. Drinking Levels Defined [Internet]. [cited 2015 Apr 
27]. Available from: http://www.niaaa.nih.gov/alcohol-health/overview-alcohol-consumption/
moderate-binge-drinking

32. Ware J, Kosinski M, Keller SD. A 12-Item Short-Form Health Survey: construction of scales and 
preliminary tests of reliability and validity. Med Care. 1996; 34:220–33. [PubMed: 8628042] 

33. Reijman M, Pols HAP, Bergink AP, Hazes JMW, Belo JN, Lievense AM, et al. Body mass index 
associated with onset and progression of osteoarthritis of the knee but not of the hip: the 
Rotterdam Study. Ann Rheum Dis. 2007; 66:158–62. [PubMed: 16837490] 

34. Jensen MD, Ryan DH, Apovian CM, Loria CM, Ard JD, Millen BE. 2013 AHA/ACC/TOS 
guideline for the management of overweight and obesity in adults: a report of the American 
College of Cardiology/American Heart Association Task Force on Practice Guidelines and The 
Obesity Society. Circulation. 2013; 129(25 Suppl 2):S102–38. [PubMed: 24222017] 

35. Felson DT, Zhang Y. Smoking and osteoarthritis: a review of the evidence and its implications. 
Osteoarthr Cartil [Internet]. 2015; 23:331–3. Available from: http://linkinghub.elsevier.com/
retrieve/pii/S1063458414013454. 

36. Soulakova JN, Hartman AM, Liu B, Willis GB, Augustine S. Reliability of adult self-reported 
smoking history: Data from the tobacco use supplement to the current population survey 2002–
2003 cohort. Nicotine Tob Res. 2012; 14(8):952–60. [PubMed: 22318688] 

37. Leffondré K, Abrahamowicz M, Siemiatycki J, Rachet B. Modeling smoking history: a comparison 
of different approaches. Am J Epidemiol. 2002; 156(9):813–23. [PubMed: 12396999] 

38. Bernaards C, Twisk J, Snel J, van Mechelen W, Kemper H. Is calculating pack-years 
retrospectively a valid method to estimate life-time tobacco smoking? A comparison between 
prospectively calculated pack-years and retrospectively calculated pack-years. Addiction. 2001; 
96:1653–62. [PubMed: 11784461] 

39. Centers for Disease Control and Prevention. Women and smoking: a report of the Surgeon General 
[Internet]. 2001. [cited 2015 Mar 3]. Available from: http://www.cdc.gov/tobacco/
data_statistics/sgr/2001/complete_report/

40. USDHHS Centers for Disease Control and Prevention Office on Smokiing and Health. The health 
consequences of smoking – 50 years of progress: a report of the Surgeon General [Internet]. 2014. 
[cited 2015 Mar 3]. Available from: http://www.surgeongeneral.gov/library/reports/50-years-of-
progress/

41. Schmal H, Niemeyer P, Südkamp NP, Gerlach U, Dovi-Akue D, Mehlhorn AT. Pain perception in 
knees with circumscribed cartilage lesions is associated with intra-articular IGF-1 expression. Am 
J Sports Med [Internet]. 2011 Sep; 39(9):1989–96. [cited 2014 Apr 21]. Available from: http://
www.ncbi.nlm.nih.gov/pubmed/21617253. 

42. Ward KD, Klesges RC. A meta-analysis of the effects of cigarette smoking on bone mineral 
density. Calcif Tissue Int. 2001; 68:259–70. [PubMed: 11683532] 

43. Lee JY, Harvey WF, Price LL, Paulus JK, Dawson-Hughes B, McAlindon TE. Relationship of 
bone mineral density to progression of knee osteoarthritis. Arthritis Rheum [Internet]. 2013 Jun; 
65(6):1541–6. [cited 2014 Apr 23]. Available from: http://www.ncbi.nlm.nih.gov/pubmed/
23494470. 

Dubé et al. Page 11

Osteoarthritis Cartilage. Author manuscript; available in PMC 2017 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://dx.doi.org/10.1016/j.joca.2009.01.007
http://dx.doi.org/10.1016/j.joca.2009.01.007
http://www.niaaa.nih.gov/alcohol-health/overview-alcohol-consumption/moderate-binge-drinking
http://www.niaaa.nih.gov/alcohol-health/overview-alcohol-consumption/moderate-binge-drinking
http://linkinghub.elsevier.com/retrieve/pii/S1063458414013454
http://linkinghub.elsevier.com/retrieve/pii/S1063458414013454
http://www.cdc.gov/tobacco/data_statistics/sgr/2001/complete_report/
http://www.cdc.gov/tobacco/data_statistics/sgr/2001/complete_report/
http://www.surgeongeneral.gov/library/reports/50-years-of-progress/
http://www.surgeongeneral.gov/library/reports/50-years-of-progress/
http://www.ncbi.nlm.nih.gov/pubmed/21617253
http://www.ncbi.nlm.nih.gov/pubmed/21617253
http://www.ncbi.nlm.nih.gov/pubmed/23494470
http://www.ncbi.nlm.nih.gov/pubmed/23494470


44. Kahn H, Aitken D, Chou L, McBride A, Ding C, Blizzard L, et al. A family history of knee joint 
replacement increases the progression of knee radiographic osteoarthritis and medial tibial 
cartilage volume loss over 10 years. Osteoarthr Cartil. 2015; 23:203–9. [PubMed: 25464166] 

45. Mnatzaganian G, Ryan P, Reid CM, Davidson DC, Hiller JE. Smoking and primary total hip or 
knee replacement due to osteoarthritis in 54,288 elderly men and women. BMC Musculoskelet 
Disord [Internet]. BMC Musculoskeletal Disorders. 2013 Jan.14(1):262. [cited 2014 Apr 8]. 
Available from: http://www.pubmedcentral.nih.gov/articlerender.fcgi?
artid=3844303&tool=pmcentrez&rendertype=abstract. [PubMed: 24006845] 

46. Leung, Y-Y.; Ang, L-W.; Thumboo, J.; Wang, R.; Yuan, J-M.; Koh, W-P. Osteoarthritis Cartilage 
[Internet]. Elsevier Ltd; 2014 Mar 27. Cigarette smoking and risk of total knee replacement for 
severe osteoarthritis among Chinese in Singapore - The Singapore Chinese Health Study. [cited 
2014 Apr 8]; Available from: http://www.ncbi.nlm.nih.gov/pubmed/24680935

47. Racunica TL, Szramka M, Wluka aE, Wang Y, English DR, Giles GG, et al. A positive association 
of smoking and articular knee joint cartilage in healthy people. Osteoarthritis Cartilage [Internet]. 
2007 May; 15(5):587–90. [cited 2014 Apr 23]. Available from: http://www.ncbi.nlm.nih.gov/
pubmed/17291790. 

48. Kaufman A, Augustson EM, Patrick H. Unraveling the Relationship between Smoking and 
Weight: The Role of Sedentary Behavior. J Obes [Internet]. 2012 Jan.2012:735465. [cited 2014 
Apr 18]. Available from: http://www.pubmedcentral.nih.gov/articlerender.fcgi?
artid=3180774&tool=pmcentrez&rendertype=abstract. 

49. Zhang Y, Hannan M, Chaisson C, McAlindon T, Evans S, Aliabadi P, et al. Bone mineral density 
and risk of incident and progressive radiographic knee osteoarthritis in women: The Framingham 
Study. J Rheumatol. 2000; 27(4):1032–7. [PubMed: 10782833] 

50. American Lung Association. What’s in a Cigarette [Internet]. [cited 2015 Mar 2]. Available from: 
http://www.lung.org/stop-smoking/about-smoking/facts-figures/whats-in-a-cigarette.html

Dubé et al. Page 12

Osteoarthritis Cartilage. Author manuscript; available in PMC 2017 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3844303&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3844303&tool=pmcentrez&rendertype=abstract
http://www.ncbi.nlm.nih.gov/pubmed/24680935
http://www.ncbi.nlm.nih.gov/pubmed/17291790
http://www.ncbi.nlm.nih.gov/pubmed/17291790
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3180774&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3180774&tool=pmcentrez&rendertype=abstract
http://www.lung.org/stop-smoking/about-smoking/facts-figures/whats-in-a-cigarette.html


A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Dubé et al. Page 13

Table 1

Sociodemographic factors among people with radiographically confirmed OA of the knee (n= 2,250)

Characteristics All (n=2,250) [high] pack years (n=538) [low] pack years (n=461) Never Smoked Cigarettes (n=1,251)

Percentage

Current smokers 6.2 21.2 5.6 0

Age (in years)

 <65 56.2 53.4 55.1 57.8

 65–74 33.0 34.9 34.9 31.4

 ≥75 10.8 11.7 10.0 10.7

Women 59.5 51.1 60.7 62.7

Ethnicity/Race

 Non-Hispanic White 77.5 78.6 76.1 77.5

 Non-Hispanic Black 19.7 19.7 21.5 19.0

 Other 2.8 1.7 2.4 3.5

Education

 High school or less 17.6 18.4 17.1 17.4

 Some college 25.1 33.2 22.6 22.5

 College graduate 20.3 21.8 21.5 19.3

 Graduate school 37.0 26.6 38.8 40.8

Income ($)

 <25,000 14.9 17.7 10.4 15.4

 25,000 – 50,000 28.5 30.5 30.6 26.9

 >50,000 56.6 51.9 59.0 57.8
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Table 2

Clinical factors among people with radiographically confirmed OA of the knee (n= 2,250)

Characteristics
All (n=2,250)

[high] pack years 
(n=538)

[low] pack years 
(n=461)

Never Smoked 
Cigarettes (n=1,251)

Percentage

KL grade

 2 53.6 51.9 55.3 53.6

 3 34.9 35.3 33.0 35.5

 4 (≥1 knee) 11.5 12.8 11.7 10.9

Family hx knee or hip joint replacement 21.3 20.6 20.2 21.9

Symptom-related multi-joint OA 52.1 56.7 52.1 50.2

At-risk alcohol use (f>7/wk; m>14/wk) 8.7 13.9 11.1 5.5

History of knee injury 49.2 49.0 51.0 48.7

History of knee surgery 29.8 30.1 30.4 29.4

Body Mass Index (kg/m2)

 <25 16.7 11.2 18.9 18.4

 25 – <30 39.2 36.6 42.8 39.0

 ≥30 44.0 52.2 38.3 42.6

WOMAC Pain 4.1 (4.0) 4.6 (4.0) 4.2 (4.0) 3.9 (3.9)

WOMAC Stiffness 2.3 (1.8) 2.5 (1.8) 2.4 (1.8) 2.2 (1.8)

WOMAC Physical Function 13.0 (12.8) 13.8 (12.6) 13.5 (13.4) 12.4 (12.7)

Physical Component Scale 47.8 (9.2) 47.2 (9.4) 48.0 (9.5) 48.0 (9.1)

Mental Health Component Scale 53.8 (8.2) 52.7 (8.7) 54.2 (7.7) 54.1 (8.1)

Joint space width (mm) 5.0 (1.6) 4.9 (1.6) 5.1 (1.5) 5.0 (1.6)

Age of smoking initiation 18.6 (4.4) 17.8 (3.8) 19.5 (4.8) NA

Years since quitting* 24.1 (12.6) 18.4 (10.5) 29.8 (11.8) NA

*
Based on information from 859 participants who reported having quit smoking (≥15 [high] pack years; <15 [low] pack years)
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Table 4

Cross-sectional analysis at baseline: Impact of current smoking status and OA symptoms for patients with 

radiographically confirmed knee OA, beta coefficients (95% confidence intervals (CI))

Mean (Standard Deviation)
Current smoker vs 
Never Smoked Beta 
coefficients (95%CI)

Former smoker vs 
Never Smoked Beta 
coefficients (95%CI)

Pain Current: 6.0 (4.7)
Former: 4.1 (3.8)
Never: 3.9 (3.9) Negative beta indicates less 

painCrude 2.14 (1.45 to 2.83) 0.22 (−0.02 to 0.57)

Multivariable-adjusted§ 0.59 (0.04 to 1.15) 0.25 (−0.02 to 0.52)

Stiffness Current: 3.0 (1.8)
Former: 2.3 (1.8)
Never: 2.2 (1.8) Negative beta indicates less 

stiffnessCrude 0.76 (0.45 to 1.08) 0.12 (−0.04 to 0.27)

Multivariable-adjusted§ 0.26 (−0.02 to 0.53) 0.13 (−0.002 to 0.27)

Function Current: 17.9 (14.7)
Former: 13.0 (12.5)
Never: 12.4 (12.7) Negative beta indicates 

better functionCrude 5.48 (3.25 to 7.71) 0.54 (−0.57 to 1.65)

Multivariable-adjusted§ 0.59 (−1.15 to 2.32) 0.62 (−0.23 to 1.47)

Joint Space Width Current: 5.2 mm (1.4)
Former: 5.0 mm (1.6)
Never: 5.0 mm (1.6) Positive beta indicates 

better JSWCrude 0.22 (−0.05 to 0.49) −0.002 (−0.14 to 0.13)

Multivariable-adjusted§ −0.02 (−0.25 to 0.20) 0.06 (−0.05 to 0.17)

§
Adjusted for age (linear term), sex, education, race, income, obesity, K-L grade, symptom-related multi-joint OA, K-L grade, SF12 physical and 

mental component scores
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