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Abstract

Objectives

To analyze quality of life in people with symptomatic spine osteoarthritis (OA) using the

results of a cross-sectional, nationwide survey.

Materials and Methods

This study used data from the Fifth Korean National Health and Nutrition Examination Sur-

vey (KNHANES V-5; 2010–2012). After excluding ineligible subjects, the total number of

subjects in the study was 8,963, including 4,091 males and 4,872 females. All participants

reported disabilities related to spine OA. Plain radiographs of the spine were taken for all

participants.

Results

Age, sex, smoking, drinking, education, and income level were significantly related to spine

OA morbidity (P<0.05). OA morbidity was significantly higher in female ex-smokers (OR;

2.94, P<0.05). Quality of life (EQ-5D: L1~5) was significantly compromised in the group with

spine OA compared to the group without spine OA (P<0.05). Overall, LQ 1, 2, 3, 4, and 5

domain scores were significantly higher in the group with spine OA (P<0.05). In the group

with spine OA, quality of life was reduced on more than three questions for 34.3% of the

group (EQ-5D: grade�2); on two questions, for 18.5% of the group; and on one question,

for 11.1% of the group. Mental stress, melancholy, and suicidal thinking were also more

common in the group with spine OA (P<0.05). The group with radiographic spine OA but

without symptoms did not have compromised EQ-5D scores, whereas the group with radio-

graphic OA and symptoms showed a significantly reduced quality of life.
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Conclusions

Quality of life was significantly reduced in the group with symptomatic spine OA in a large

cross-sectional analysis. Physicians should consider quality of life in the treatment of

patients with spine OA

Introduction
Spine osteoarthritis (OA) with or without nerve compression plays a significant role in the
development of symptomatic spinal disease. Fifteen percent of the US population suffers from
pain related to OA, and this figure is predicted to double by 2020.[1–3] Many OA patients also
suffer from significant pain, disability, and reduced quality of life.[4–10] Consequently, health-
related quality of life (HRQOL) is a key outcome in OA, but few population-based studies have
examined the relationship between specific arthritic conditions, such as osteoarthritis (OA)
and rheumatoid arthritis (RA), and HRQOL.[4, 7, 11, 12] To diagnose and treat degenerative
spine OA, physicians must be familiar with the characteristics and prevalence of OA, as well as
related disabilities in the development of OA. In this large, cross-sectional study, we assessed
the disabilities associated with degenerative spine OA. We also considered whether smoking
might attenuate the development of OA due to the protective effects of nicotine. The aim of
this study was to investigate the relationship between quality of life and spine OA by using data
from the Korean National Health and Nutrition Examination Survey (KNHANES).

Materials and Methods

Study Population
This cross-sectional study used data from the Fifth KNHANES-V: 2010–2012. The KNHANES
is a nationwide health and nutrition survey conducted by the Korea Centers for Disease Con-
trol and Prevention. A stratified, multistage probability sampling design was used, and sam-
pling units were based on geographical area, age, and sex.[6, 13, 14] The study subjects had
undergone physical and laboratory examinations, including radiographic examination of the
spine. In addition, health interview data were retrieved from the KNHANES, including demo-
graphic and lifestyle variables (physical activity and mental status). All subjects provided writ-
ten informed consent, and the Institutional Review Board of the Korea Centers for Disease
Control and Prevention approved the study protocol.

Radiographic Examination
Spine radiography was performed with a SD3000 Synchro Stand (Accele Ray, Switzerland).
Anteroposterior and lateral plain radiographs of the spine were taken. Radiographic changes in
each joint were then independently assessed by two radiologists using the Kellgren/Lawrence
(KL) grading system: Grade 0, visible features of OA are absent or doubtful, such as question-
able osteophytes; Grade 1, minimal, with definitive small osteophytes; Grade 2, definitive mod-
erate osteophytes or subchondral bone cysts and sclerosis with or without foraminal stenosis.
[15] The presence of radiographic OA was defined as a KL grade greater than or equal to 2. If
the grades given by the two radiologists differed by 1 KL grade for the same case, the higher
grade was accepted.[16] In addition, all subjects described their current symptoms related to
spine OA, and the symptoms were scored. Subjects who had experienced arthritic pain for
more than 30 days in the past three months were asked to report the average intensity of pain
using an 11–point numeric rating scale ranging from 0 to 10 (higher values indicate higher
pain).[14]

Quality Of Life Analysis and Smoking Correlation with Osteoarthritis

PLOS ONE | DOI:10.1371/journal.pone.0151315 March 18, 2016 2 / 10



Demographic and Lifestyle Variables
Demographic variables included age, sex, income, marital status, current residence, education
level, smoking status, alcohol consumption, and physical activity. Equivalized household
income was calculated as the total monthly household income divided by the square root of the
total number of household members. Average alcoholic beverage consumption was assessed
with a self-reported questionnaire and then converted into the amount of pure alcohol con-
sumed per day. Education level was classified as low, intermediate and high (<middle school,
high school,>college). Subjects who had smoked more than 100 cigarettes in their lives were
classified as ever-smokers. Smoking status was further classified as non-, ex- and current smok-
ers. Physical activity was assessed with the Korean version of the International Physical Activity
Questionnaire short form.[14]

Anthropometric and Laboratory Measurements
Body weight and height were measured, and body mass index (kg/m2) was calculated. Waist
circumference was measured at the narrowest point, between the lower costal margin and the
iliac crest. Systolic blood pressure and diastolic blood pressure were measured with a standard
mercury sphygmomanometer (Baumanometer; Baum, Copiague, NY, USA). Hypertension
was defined as blood pressure greater than 140/90 mmHg, or current use of antihypertensive
medications.[14]

Quality of Life Variables
HRQOL was evaluated with the EQ-5D, a self-reported questionnaire widely used to assess the
quality of life of the general population (Table 1).[17–20] The Korean EQ-5D was developed
according to guidelines from the EQ group, and its reliability and validity have been tested on
patients with rheumatism, cancer, and chronic disease.[13] The EQ-5D consists of five

Table 1. EQ-5D questions with specific domain (Grade 1~3).

LQ-1: Have disability to exercise (EQ-5D)

G1. I have no problems in walking about

G2. I have some problems in walking about

G3. I am confined to bed

LQ-2: Have disability to self-care (EQ-5D)

G1. I have no problems with self-care

G2. I have some problems washing or dressing myself

G3. I am unable to wash or dress myself

LQ-3: Have disability to daily living (EQ-5D)

G1. I have no problems with performing my usual activities

G2. I have some problems with performing my usual activities

G3. I am unable to perform my usual activities

LQ-4: Have pain (EQ-5D)

G1. I have no pain or discomfort

G2. I have moderate pain or discomfort

G3. I have extreme pain or discomfort

LQ-5: Have depression or anxiety (EQ-5D)

G1. I am not anxious or depressed

G2. I am moderately anxious or depressed

G3. I am extremely anxious or depressed

doi:10.1371/journal.pone.0151315.t001
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questions evaluating a respondent’s current health status in terms of mobility, self-care, usual
activities, pain/discomfort, and anxiety/depression. For each dimension, a respondent can
belong to 1 of 3 categories, including “no problems,” “moderate problems,” and “severe
problems.”

Statistical Analysis
Statistical analyses were conducted by using SAS survey procedures (version 9.3; SAS Insti-
tute, Cary, NC, USA) in a manner that reflected sampling weights and provided nationally
representative estimates. The characteristics of the subjects with spine OA were compared
with those of subjects without spine OA (control group) using independent sample t-tests
and a one-way analysis of variance for continuous variables, and chi-squared tests for cate-
gorical variables. Multivariable logistic regression analyses were conducted to investigate the
relationships between parameters. SES variables with a P-value less than 0.15 in analyses
were selected for multivariable analyses. P-values less than 0.05 were considered statistically
significant.[21]

Results
There were 25,534 subjects included in the health interview survey and health examination sur-
vey (Fig 1). We excluded persons younger than 50 years of age (n = 15,382) and those missing
data for our variables of interest (n = 1,189). After ineligible subjects were excluded, the total
number of subjects in the study was 8,963, including 4,091 males and 4,872 females.

Factors Related to Spine OA
We defined spine OA as “definite osteoarthritis on plain radiographs with related pain of the
spine.” Age, sex, smoking, and drinking were significantly related to spine OA morbidity
(Table 2). Only female ex-smokers were significantly associated with spine OA morbidity (odd
ratio: 2.94, Table 3). Education and income were significantly related to spine OA morbidity.
Likewise, HTN and metabolic syndrome were significantly related to OA (P<0.05). Signifi-
cance levels were higher for these factors in females with a higher prevalence of spine OA
(P<0.05).

Fig 1. Flow chart showing inclusion and exclusion of subjects in relation to the study criteria.

doi:10.1371/journal.pone.0151315.g001
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Quality of Life and Disabilities with Spine OA
EQ-5D and EQ VAS scores were significantly compromised in the spine OA group. LQ 1, 2, 3,
4, and 5 scores were significantly higher in the spine OA group (Table 4, P<0.05). Overall,
quality of life was compromised on more than three questions in 34.3% of the spine OA group
(grade�2); on two questions in 18.5% of the spine OA group; and on one question, in 11.1%
of the spine OA group. The group that had radiographic spine OA without symptoms did not
show compromised EQ-5D scores, but the group that had radiographic OA plus symptoms
showed a significantly compromised qualify of life (Table 5).

EQ-5D mobility. The majority of the spine OA group had grade 2 disability, whereas the
control group had grade 1. The calculated risk for compromised mobility was 6.19 (odd ratio)
compared to the control group.

Table 2. Comparison of prevalence of risk factors between spine OA and control group.

Spine OA without with

n 7834 1129 p

Age>65 61.3%(0.2) 69.9%(0.4) <0.0001

Sex (female) 51.1%(0.5) 77.0%(1.5) <0.0001

Smoke 18.6%(0.6) 12.4%(1.3) 0.0002

Heavy drink 49.1%(0.7) 28.3%(1.7) <0.0001

Heavy exercise 17.9%(0.6) 18.2%(1.8) 0.8224

With spouse 81.7%(0.6) 57.8%(1.9) <0.0001

High education 37.8%(0.9) 12.3%(1.4) <0.0001

Low Income 25.8%(0.9) 52.6%(2.0) <0.0001

Mental stress 21.2%(0.5) 32.4%(1.6) <0.0001

DM 16.6%(0.5) 19.9%(1.8) 0.0532

HTN 48.0%(0.8) 61.0%(1.9) <0.0001

MS 43.5%(0.7) 51.9%(2.1) <0.0001

All the values are adjusted for statistical comparisons.

(P<0.05- statistical significance; (): standard error)

DM: diabetes mellitus; HTN: hypertension; MS: metabolic syndrome

doi:10.1371/journal.pone.0151315.t002

Table 3. Prevalence and risks of smoking with spine osteoarthritis.

Male Female Total

Prevalence Odd Prevalence Odd Prevalence Odd

Non- 4.6%(1.1) 1 15.4%(0.7) 1 14.0%(0.6) 1

Ex- 5.7%(1.1) 1.17(0.61–2.23) 35.2%(8.1) 2.94(1.27–6.84) 17.8%(1.3) 1.43(0.91–2.25)

Current 6.4%(0.8) 1.38(0.78–2.47) 17.0%(3.2) 1.12(0.67–1.87) 17.8%(0.9) 1.34(0.94–1.90)

P 0.438 0.523 0.006 0.039 <0.0001 0.173

All the values are adjusted for statistical comparisons.

(P<0.05- statistical significance; (): standard error)

Age, BMI, drink, exercise, DM, HTN, MS and stress were adjusted for statistical analysis.

Non-: Non-smoker; Ex-: Ex-smoker, Current: current smoker.

Confidence intervals are reported in parentheses (OR).

doi:10.1371/journal.pone.0151315.t003
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EQ-5D self-care. The majority of the spine OA and control groups had grade 1 disability.
However, the incidence of grade 2 or 3 disability was higher in the spine OA group. In particu-
lar, grade 3 disability was higher than other domains (2.3%) in the spine OA group. The calcu-
lated risk for compromised mobility was 4.34 compared to the control group.

Table 4. Comparison of EQ-5D result between spine OA and control group.

Spine OA Without With p

Mobility <0.0001

G1 78.1%(0.6) 32.9%(1.7)

G2 21.1%(0.6) 62.0%(1.8)

G3 0.8%(0.1) 5.1%(0.8)

Self-care <0.0001

G1 94.2%(0.3) 74.3%(1.6)

G2 5.6%(0.3) 23.4%(1.6)

G3 0.3%(0.1) 2.3%(0.6)

Usual activities <0.0001

G1 87.6%(0.5) 50.8%(1.9)

G2 11.2%(0.5) 40.7%(1.9)

G3 1.2%(0.2) 8.5%(1.0)

Pain/discomfort <0.0001

G1 73.5%(0.6) 31.2%(1.7)

G2 23.4%(0.6) 52.3%(1.8)

G3 3.1%(0.3) 16.5%(1.5)

Anxiety/discomfort <0.0001

G1 86.9%(0.5) 72.9%(1.6)

G2 12.2%(0.5) 23.8%(1.5)

G3 1.0%(0.1) 3.3%(0.6)

EQ5D 0.923±0.002 0.754±0.008 <0.0001

EQ_VAS 78.3±1.2 81.7±7.6 <0.0001

All the values are adjusted for statistical comparisons.

(P<0.05- statistical significance; (): standard error)

doi:10.1371/journal.pone.0151315.t004

Table 5. Calculated risks of compromised EQ-5D in spine OA group.

Mobility Self-care Usual activities Pain/Discomfort Anxiety/Depression

Prevalence (G 2&3)

OA+Sx 67.1%(1.7) 25.7%(1.6) 49.2%(1.9) 68.8%(1.7) 27.1%(1.6)

Sx 46.2%(1.9) 14.2%(1.2) 32.0%(1.8) 60.1%(2.0) 27.6%(1.8)

OA 28.9%(1.2) 6.5%(0.7) 13.9%(0.9) 26.6%(1.2) 10.8%(0.8)

Control 14.2%(0.6) 3.7%(0.3) 7.6%(0.5) 19.0%(0.7) 10.7%(0.6)

P-value <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Odd ratio

OA+Sx 6.19(4.99–7.69) 4.34(3.14–5.99) 5.97(4.69–7.61) 6.32(5.19–7.69) 2.12(1.65–2.71)

Sx 4.20(3.44–5.12) 3.00(2.26–3.99) 4.44(3.53–5.59) 5.34(4.40–6.47) 2.45(1.95–3.08)

OA 1.59(1.33–1.91) 1.12(0.77–1.62) 1.26(1.00–1.59) 1.34(1.13–1.59) 0.90(0.72–1.14)

Control 1 1 1 1 1

All the values are adjusted for statistical comparisons.

(P<0.05- statistical significance; (): standard error)

OA: spine osteoarthritis; Sx: symptom.

Confidence intervals are reported in parentheses (OR).

doi:10.1371/journal.pone.0151315.t005
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EQ-5D usual activities. The majority of the spine OA and control groups had grade 1 dis-
ability. However, the incidence of grade 2 or 3 disability was higher in the spine OA group. The
calculated risk for compromised mobility was 5.97 compared to the control group.

EQ-5D pain/discomfort. The majority of the spine OA group had grade 2 disability,
whereas the control group had grade 1. In particular, grade 3 disability was higher than other
domains (16.5%) in the OA group. The calculated risk for compromised mobility was 6.32
compared to the control group.

EQ-5D anxiety/discomfort. The majority of the spine OA and control groups had grade 1
disability. However, the incidence of grade 2 or 3 disability was higher in the spine OA group.
The calculated risk for compromised mobility was 2.12 compared to the control group.

Discussion
Many physicians focus on the treatment of spinal disease, but spine OA itself can induce dis-
ability. Although we focused on stenosis and listhesis specifically, OA itself should be consid-
ered as a specific modality. Spine OA, a chronic condition of the elderly population, is related
to several chronic diseases and socio-economic problems. In this study, we found that the
group with spine OA showed a higher prevalence of being single, low income, and low educa-
tion, which indicates that a compromised social life may increase the incidence of spine OA or
vice versa. In addition, the group with spine OA was more likely to have DM, HTN, and meta-
bolic syndrome than the group without spine OA, as reported in previous studies.[1, 22–29]
The prevalence of drinking and smoking was unexpectedly higher in the control group. It
appears that the female dominance of the spine OA population showed adverse results. The
components of tobacco smoke increase the risk of developing back pain because of their nega-
tive effects on chondrocyte function in the disc.[30, 31] Some studies also report that patients
with OA who smoke have greater cartilage loss and more severe knee joint pain.[32, 33] In con-
trast, smoking has been reported to have some protective association with OA.[34, 35] The
effects of nicotine on osteoblast formation and function appear to be dose-dependent.[36] Hui
et al. reported that of 48 studies (537,730 participants), a negative association appeared only in
hospital settings (odd ratio: 0.65), and they concluded that the protective effects of smoking in
OA may be caused by selection bias in a hospital setting.[37] Therefore, we evaluated the asso-
ciation between smoking and OA in the present study. Among females, OA was more common
among ex-smokers than patients who never smoked, and current smokers also showed a signif-
icantly higher incidence of OA(P<0.05). These results suggest that the components of tobacco
smoke have a harmful effect on chondrocyte function and increase the prevalence of OA. Nico-
tine alone may have some inverse association with OA, but tobacco has many detrimental
effects on the musculoskeletal system.

The group with spine OA showed many related risk factors and a higher incidence of other
diseases, indicating that the impact of spine OA itself should be studied. However, physicians
have tended to focus on the related medical problems and risk factors of spine OA, with few
reports analyzing the quality of life or mental status of patients with spine OA. Geryk et al.
reported that arthritis negatively impacts HRQOL; patients with OA perceived their condition
as disabling, similar to that of patients with RA. They also reported that OA patients had poor
physical and mental health.[11] In the present study, we hypothesized that quality of life in the
group with spine OA affects patients’ overall health status, a topic that has not been studied to
date. Therefore, we evaluated the relationship between symptomatic spine OA and quality of
life to determine the extent to which quality of life was compromised by spine OA. Dominick
et al. reported that OA has a significant impact on multiple dimensions of HRQOL among
older adults.[7] They reported that subjects with OA and RA had worse scores than those
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without arthritis on all HRQOL items, including general health, physical health, mental health,
activity limitations, pain, and sleep. In the present study, we found a significant reduction in
quality of life among patients with spine OA. The EQ-5D questions revealed that patients with
spine OA had significant pain and discomfort, and their mobility and usual activities were also
significantly compromised. Thus, it appears that symptomatic spine OA restricts usual activi-
ties and mobility due to significant pain. Although the anxiety and depression domain was also
compromised in the group with spine OA, it showed the smallest odds ratio when compared to
the control group, which indicates that spine OA had less of an effect on mental status.

There are several limitations to the present study. The cross-sectional study design pre-
vented us from determining an exact cause-and-effect relationship. Future prospective stud-
ies are required to better elucidate causal relationships. Furthermore, longitudinal studies
are also necessary in order to take (time-constant) unobserved heterogeneity into account as
discussed in AgeCoDe studies.[38, 39] In addition, more sophisticated diagnostic tools
(MRI, CT, etc.) are needed to evaluate the precise status of joints. In this study, we found a
mismatch between radiographic OA and symptoms or disabilities. Radiographic OA does
not always indicate symptomatic disease with disability. We could not find any significant
compromise in quality of life in the group with radiographic spine OA, which emphasizes
the importance of identifying clinical symptoms in the treatment of spine OA. There are
many cases of asymptomatic radiographic spine OA and vice versa; therefore, physicians
should double-check for symptoms and radiographic abnormalities. In addition, it is very
difficult to generalize our results to other populations because we focused on Korea, and
other countries may be different due to ethnic differences. Despite these limitations, we
found a significant reduction in quality of life among patients with spine OA in a large
cross-sectional population, and the degree to which quality of life was reduced was higher
than expected. We believe that our results will be helpful to physicians in the treatment of
spine OA. Due to the rising number of older adults in many countries, the public health bur-
den of spine OA is expected to increase dramatically. Efforts are needed to enhance access to
medical care and disseminate self-management interventions for arthritis. Thus, physicians
should consider quality of life in the treatment of spine OA.

Conclusion
In the present study, quality of life was significantly compromised in the population with
symptomatic spine OA. LQ 1, 2, 3, 4, and 5 domain scores were significantly higher in the
group with spine OA. Physicians should consider quality of life in the treatment of patients
with spine OA. In addition, female ex-smokers had a high prevalence of OA, and smoking ces-
sation appears to be an important prevention strategy for OA.

Statement of Ethics
All subjects provided written informed consent, and the Institutional Review Board of the
Korea Centers for Disease Control and Prevention approved the study protocol (IRB No 2010-
02CON-21-C, 2011-02CON-06-C, 2012-01EXP-01-2C).

Author Contributions
Conceived and designed the experiments: JYH. Performed the experiments: EMC. Analyzed
the data: KDH DHS. Wrote the paper: JYH.

Quality Of Life Analysis and Smoking Correlation with Osteoarthritis

PLOS ONE | DOI:10.1371/journal.pone.0151315 March 18, 2016 8 / 10



References
1. Guccione AA, Felson DT, Anderson JJ, Anthony JM, Zhang Y, Wilson PW, et al.,—The effects of spe-

cific medical conditions on the functional limitations of elders in the Framingham Study. Am J Public
Health, 1994. 84(3): p. 351–8. PMID: 8129049

2. Lawrence RC, Felson DT, Helmick CG, Arnold LM, Choi H, Deyo RA, et al.,—Estimates of the preva-
lence of arthritis and other rheumatic conditions in the United States. Part II. Arthritis Rheum, 2008. 58
(1): p. 26–35. doi: 10.1002/art.23176 PMID: 18163497

3. Kim C, Linsenmeyer KD, Vlad SC, Guermazi A, Clancy MM, Niu J, et al.,—Prevalence of radiographic
and symptomatic hip osteoarthritis in an urban United States community: the Framingham osteoarthritis
study. Arthritis Rheumatol, 2014. 66(11): p. 3013–7. doi: 10.1002/art.38795 PMID: 25103598

4. Hill CL, Parsons J, Taylor A, Leach G.- Health related quality of life in a population sample with arthritis.
J Rheumatol, 1999. 26(9): p. 2029–35. PMID: 10493687

5. Hwang IC, Park SM, Yun YH, Kim KK.—Gaps in health-related quality of life among survivors of cancer
and cardiovascular disease: the Korean National Health and Nutrition Examination Survey, 2005
(KNHANES III). Asia Pac J Public Health, 2015. 27(2): p. 4.

6. Chung JH, Han CH, Park SC, Kim CJ.—Suicidal ideation and suicide attempts in chronic obstructive
pulmonary disease: the Korea National Health and Nutrition Examination Survey (KNHANES IV, V)
from 2007–2012. NPJ Prim Care Respir Med, 2014. 24(14094): p. 94.

7. Dominick KL, Ahern FM, Gold CH, Heller DA.—Health-related quality of life among older adults with
arthritis. Health Qual Life Outcomes, 2004. 2: p. 5. PMID: 14720300

8. Jørgensen KT, Pedersen BV, Nielsen NM, Hansen AV, Jacobsen S, Frisch M.—Socio-demographic
factors, reproductive history and risk of osteoarthritis in a cohort of 4.6 million Danish women and men.
Osteoarthritis Cartilage, 2011. 19(10): p. 1176–82. doi: 10.1016/j.joca.2011.07.009 PMID: 21835256

9. Tepper S, Hochberg MC.—Factors associated with hip osteoarthritis: data from the First National
Health and Nutrition Examination Survey (NHANES-I). Am J Epidemiol, 1993. 137(10): p. 1081–8.
PMID: 8317437

10. Nho SJ, Kymes SM, Callaghan JJ, Felson DT.—The burden of hip osteoarthritis in the United States:
epidemiologic and economic considerations. J Am Acad Orthop Surg, 2013. 21(1): p. 21–07.

11. Geryk LL, Carpenter DM, Blalock SJ, DeVellis RF, Jordan JM.—The impact of co-morbidity on health-
related quality of life in rheumatoid arthritis and osteoarthritis patients. Clin Exp Rheumatol, 2015. 33
(3): p. 366–74. PMID: 25898121

12. Muraki S1, Akune T, Oka H, En-yo Y, Yoshida M, Saika A, et al.,—Association of radiographic and
symptomatic knee osteoarthritis with health-related quality of life in a population-based cohort study in
Japan: the ROAD study. Osteoarthritis Cartilage, 2010. 18(9): p. 1227–34. doi: 10.1016/j.joca.2010.
06.001 PMID: 20633679

13. Kim KH, Cho YY, Shin DW, Lee JH, Ko YJ, Park SM.—Comparison of physical and mental health sta-
tus between cancer survivors and the general population: a Korean population-based survey
(KNHANES II-IV). Support Care Cancer, 2013. 21(12): p. 3471–81. doi: 10.1007/s00520-013-1939-8
PMID: 23955095

14. Kim Y.—The Korea National Health and Nutrition Examination Survey (KNHANES): current status and
challenges. Epidemiol Health, 2014. 30(36).

15. Jordan JM, Helmick CG, Renner JB, Luta G, Dragomir AD, Woodard J, et al.,—Prevalence of knee
symptoms and radiographic and symptomatic knee osteoarthritis in African Americans and Cauca-
sians: the Johnston County Osteoarthritis Project. J Rheumatol, 2007. 34(1): p. 172–80. PMID:
17216685

16. Kellgren JH, Lawrence JS.—Radiological assessment of osteo-arthrosis. Ann Rheum Dis, 1957. 16
(4): p. 494–502. PMID: 13498604

17. Hung MC, Lu WS, Chen SS, HouWH, Hsieh CL, Wang JD. Validation of the EQ-5D in Patients with
Traumatic Limb Injury. Journal of Occupational Rehabilitation, 2015. 25(2): p. 387–393. doi: 10.1007/
s10926-014-9547-0 PMID: 25261389

18. Kent S, Gray A, Schlackow I, Jenkinson C, McIntosh E. Mapping from the Parkinson's Disease Ques-
tionnaire PDQ-39 to the Generic EuroQol EQ-5D-3L: The Value of Mixture Models. Medical Decision
Making, 2015. 35(7): p. 902–911. doi: 10.1177/0272989X15584921 PMID: 25926283

19. Ramsey SD. Quality of life EQ-5D results from the AETHERA trial: A phase III study of brentuximab
vedotin consolidation following autologous stem cell transplant for HL. Journal of Clinical Oncology,
2015. 33(15).

20. Yu ST, Chang HY, Yao KP, Lin YH, Hurng BS. Validity of EQ-5D in general population of Taiwan:
results of the 2009 National Health Interview and Drug Abuse Survey of Taiwan. Quality of Life
Research, 2015. 24(10): p. 2541–2548. doi: 10.1007/s11136-015-0978-7 PMID: 25833013

Quality Of Life Analysis and Smoking Correlation with Osteoarthritis

PLOS ONE | DOI:10.1371/journal.pone.0151315 March 18, 2016 9 / 10

http://www.ncbi.nlm.nih.gov/pubmed/8129049
http://dx.doi.org/10.1002/art.23176
http://www.ncbi.nlm.nih.gov/pubmed/18163497
http://dx.doi.org/10.1002/art.38795
http://www.ncbi.nlm.nih.gov/pubmed/25103598
http://www.ncbi.nlm.nih.gov/pubmed/10493687
http://www.ncbi.nlm.nih.gov/pubmed/14720300
http://dx.doi.org/10.1016/j.joca.2011.07.009
http://www.ncbi.nlm.nih.gov/pubmed/21835256
http://www.ncbi.nlm.nih.gov/pubmed/8317437
http://www.ncbi.nlm.nih.gov/pubmed/25898121
http://dx.doi.org/10.1016/j.joca.2010.06.001
http://dx.doi.org/10.1016/j.joca.2010.06.001
http://www.ncbi.nlm.nih.gov/pubmed/20633679
http://dx.doi.org/10.1007/s00520-013-1939-8
http://www.ncbi.nlm.nih.gov/pubmed/23955095
http://www.ncbi.nlm.nih.gov/pubmed/17216685
http://www.ncbi.nlm.nih.gov/pubmed/13498604
http://dx.doi.org/10.1007/s10926-014-9547-0
http://dx.doi.org/10.1007/s10926-014-9547-0
http://www.ncbi.nlm.nih.gov/pubmed/25261389
http://dx.doi.org/10.1177/0272989X15584921
http://www.ncbi.nlm.nih.gov/pubmed/25926283
http://dx.doi.org/10.1007/s11136-015-0978-7
http://www.ncbi.nlm.nih.gov/pubmed/25833013


21. Ernest S, Emily C, Mary B.—Proceedings of the Twenty-Sixth Annual SAS1Users Group Interna-
tional Conference. Cary, NC: SAS Institute Inc., 2001. p. 222–26.

22. Turkiewicz A, Petersson IF, Björk J, Hawker G, Dahlberg LE, Lohmander LS, et al.,—Current and future
impact of osteoarthritis on health care: a population-based study with projections to year 2032. Osteoar-
thritis Cartilage, 2014. 22(11): p. 1826–32. doi: 10.1016/j.joca.2014.07.015 PMID: 25084132

23. Turkiewicz A, Gerhardsson de Verdier M, Engström G, Nilsson PM, Mellström C2, et al.,—Prevalence
of knee pain and knee OA in southern Sweden and the proportion that seeks medical care. Rheumatol-
ogy, 2015. 54(5): p. 827–35. doi: 10.1093/rheumatology/keu409 PMID: 25313145

24. Andrianakos AA, Kontelis LK, Karamitsos DG, Aslanidis SI, Georgountzos AI, Kaziolas GO, et al.,—
Prevalence of symptomatic knee, hand, and hip osteoarthritis in Greece. The ESORDIG study. J Rheu-
matol, 2006. 33(12): p. 2507–13. PMID: 17143985

25. Nelson AE, Golightly YM, Renner JB, Schwartz TA, Kraus VB, Helmick CG, et al.,—Brief report: differ-
ences in multijoint symptomatic osteoarthritis phenotypes by race and sex: the Johnston County Osteo-
arthritis Project. Arthritis Rheum, 2013. 65(2): p. 373–7. doi: 10.1002/art.37775 PMID: 23359309

26. Pereira D, Peleteiro B, Araújo J, Branco J, Santos RA, Ramos E.—The effect of osteoarthritis definition
on prevalence and incidence estimates: a systematic review. Osteoarthritis Cartilage, 2011. 19(11): p.
1270–85. doi: 10.1016/j.joca.2011.08.009 PMID: 21907813

27. Hunter DJ, Lo GH.—The management of osteoarthritis: an overview and call to appropriate conserva-
tive treatment. Rheum Dis Clin North Am, 2008. 34(3): p. 689–712. doi: 10.1016/j.rdc.2008.05.008
PMID: 18687278

28. Felson DT, Zhang Y.—An update on the epidemiology of knee and hip osteoarthritis with a view to pre-
vention. Arthritis Rheum, 1998. 41(8): p. 1343–55. PMID: 9704632

29. Blagojevic M, Jinks C, Jeffery A, Jordan KP.—Risk factors for onset of osteoarthritis of the knee in older
adults: a systematic review and meta-analysis. Osteoarthritis Cartilage, 2010. 18(1): p. 24–33. doi: 10.
1016/j.joca.2009.08.010 PMID: 19751691

30. Oda H, Matsuzaki H, Tokuhashi Y, Wakabayashi K, Uematsu Y, Iwahashi M.—Degeneration of inter-
vertebral discs due to smoking: experimental assessment in a rat-smoking model. J Orthop Sci, 2004.
9(2): p. 135–41. PMID: 15045541

31. Akmal M, Kesani A, Anand B, Singh A, Wiseman M, Goodship A.—Effect of nicotine on spinal disc
cells: a cellular mechanism for disc degeneration. Spine, 1976. 29(5): p. 568–75.

32. 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, 2007. 56(5): p. 1521–8.
PMID: 17469130

33. 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, 2007. 66(1): p. 18–22.
PMID: 17158140

34. Sandmark H, Hogstedt C, Lewold S, Vingård E. et al.,—Osteoarthrosis of the knee in men and women
in association with overweight, smoking, and hormone therapy. Ann Rheum Dis, 1999. 58(3): p. 151–
5. PMID: 10364912

35. Anderson JJ, Felson DT.—Factors associated with osteoarthritis of the knee in the first national Health
and Nutrition Examination Survey (HANES I). Evidence for an association with overweight, race, and
physical demands of work. Am J Epidemiol, 1988. 128(1): p. 179–89. PMID: 3381825

36. Gullihorn L, Karpman R, Lippiello L.—Differential effects of nicotine and smoke condensate on bone
cell metabolic activity. J Orthop Trauma, 2005. 19(1): p. 17–22. PMID: 15668579

37. Hui M, Doherty M, ZhangW.—Does smoking protect against osteoarthritis? Meta-analysis of observa-
tional studies. Ann Rheum Dis, 2011. 70(7): p. 1231–7. doi: 10.1136/ard.2010.142323 PMID:
21474488

38. Eisele M, Kaduszkiewicz H, König HH, Lange C, Wiese B, Prokein J, et al.–Determinants of health-
related quality of life in older primary care patients: results of the longitudinal observational AgeCoDe
Study. Br J Gen Pract. 2015. 65(640):e716–23. doi: 10.3399/bjgp15X687337 PMID: 26500318

39. Leicht H, König HH, Stuhldreher N, Bachmann C, Bickel H, Fuchs A, et al.–Predictors of costs in
dementia in a longitudinal perspective. PLoS One. 2013. 18; 8(7):e70018. doi: 10.1371/journal.pone.
0070018 PMID: 23875017

Quality Of Life Analysis and Smoking Correlation with Osteoarthritis

PLOS ONE | DOI:10.1371/journal.pone.0151315 March 18, 2016 10 / 10

http://dx.doi.org/10.1016/j.joca.2014.07.015
http://www.ncbi.nlm.nih.gov/pubmed/25084132
http://dx.doi.org/10.1093/rheumatology/keu409
http://www.ncbi.nlm.nih.gov/pubmed/25313145
http://www.ncbi.nlm.nih.gov/pubmed/17143985
http://dx.doi.org/10.1002/art.37775
http://www.ncbi.nlm.nih.gov/pubmed/23359309
http://dx.doi.org/10.1016/j.joca.2011.08.009
http://www.ncbi.nlm.nih.gov/pubmed/21907813
http://dx.doi.org/10.1016/j.rdc.2008.05.008
http://www.ncbi.nlm.nih.gov/pubmed/18687278
http://www.ncbi.nlm.nih.gov/pubmed/9704632
http://dx.doi.org/10.1016/j.joca.2009.08.010
http://dx.doi.org/10.1016/j.joca.2009.08.010
http://www.ncbi.nlm.nih.gov/pubmed/19751691
http://www.ncbi.nlm.nih.gov/pubmed/15045541
http://www.ncbi.nlm.nih.gov/pubmed/17469130
http://www.ncbi.nlm.nih.gov/pubmed/17158140
http://www.ncbi.nlm.nih.gov/pubmed/10364912
http://www.ncbi.nlm.nih.gov/pubmed/3381825
http://www.ncbi.nlm.nih.gov/pubmed/15668579
http://dx.doi.org/10.1136/ard.2010.142323
http://www.ncbi.nlm.nih.gov/pubmed/21474488
http://dx.doi.org/10.3399/bjgp15X687337
http://www.ncbi.nlm.nih.gov/pubmed/26500318
http://dx.doi.org/10.1371/journal.pone.0070018
http://dx.doi.org/10.1371/journal.pone.0070018
http://www.ncbi.nlm.nih.gov/pubmed/23875017

