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Background: With no cure or effective treatments for osteoarthritis 
(OA), the need to identify modifiable factors to decrease pain and increase 
physical function is well recognized. 
Objective: To examine factors that characterize OA patients at different 
levels of pain, and to investigate the relationships among these factors and pain.
Methods: Details of OA characteristics and lifestyle factors were col-
lected from interviews with healthy adults with knee OA (n=197). The 
Western Ontario and McMaster Universities Osteoarthritis Index was used 
to assess pain. Factors were summarized across three pain score categories, 
and χ2 and Kruskal-Wallis tests were used to examine differences. Multiple 
linear regression analysis using a stepwise selection procedure was used to 
examine associations between lifestyle factors and pain.
Results: Multiple linear regression analysis indicated that pain was 
significantly higher with the use of OA medications and higher body mass 
index category, and significantly lower with the use of supplements and 
meeting physical activity guidelines (≥150 min/week). Stiffness and physi-
cal function scores, bilateral knee OA, body mass index category and OA 
medication use were significantly higher with increasing pain, whereas 
self-reported health, servings of fruit, supplement use and meeting physical 
activity guidelines significantly lower. No significant differences across 
pain categories were found for sex, age, number of diseases, duration of OA, 
ever smoked, alcoholic drinks/week, over-the-counter pain medication use, 
OA supplement use, physical therapy use, servings of vegetables or minutes 
walked/week. 
Conclusions: Healthy weight maintenance, exercise for at least 
150 min/week and appropriate use of medications and supplements repre-
sent important modifiable factors related to lower knee OA pain. 
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Des facteurs modifiables liés au mode de vie 
s’associent à une diminution de la douleur chez  
les adultes ayant une arthrose du genou

HISTORIQUE : Puisqu’il n’existe ni traitement curatif ni traitement 
efficace de l’arthrose, il est bien établi qu’il faut déterminer les facteurs 
modifiables pour atténuer la douleur et accroître la fonction physique.
OBJECTIF : Examiner les facteurs qui caractérisent les patients atteints 
d’arthrose à différents niveaux de douleur et étudier le lien entre ces 
facteurs et la douleur.
MÉTHODOLOGIE : Les chercheurs ont colligé les caractéristiques 
détaillées de l’arthrose et les facteurs liés au mode de vie s’y rapportant à 
partir d’entrevues auprès d’adultes en santé atteints d’arthrose du genou 
(n=197). Ils ont utilisé l’indice d’arthrose des universités Western Ontario 
et McMaster pour évaluer la douleur. Ils ont résumé les facteurs dans trois 
catégories de scores de la douleur et utilisé le test du chi carré et le test de 
Kruskal-Wallis pour examiner les différences. Ils se sont servis de l’analyse 
de régression linéaire multiple au moyen d’une sélection graduelle pour 
évaluer les associations entre les facteurs liés au mode de vie et la douleur.
RÉSULTATS : L’analyse de régression multiple indiquait que la douleur 
était beaucoup plus importante avec l’utilisation de médicaments contre 
l’arthrose et un indice de masse corporelle plus élevé et beaucoup plus 
faible avec l’utilisation de suppléments et le respect des directives en 
matière d’activité physique (≥150 minutes par semaine). La raideur et les 
scores de fonction physique, l’arthrose bilatérale du genou, la catégorie 
d’indice de masse corporelle et l’utilisation de médicaments contre 
l’arthrose étaient beaucoup plus élevés entre les catégories de douleur (avec 
l’augmentation de la douleur), tandis que la santé autodéclarée, les por-
tions de fruits, l’utilisation de suppléments et le respect des directives en 
matière d’activité physique étaient beaucoup plus faibles. Les chercheurs 
n’ont constaté aucune différence importante entre les catégories de douleur 
en fonction du sexe, de l’âge, du nombre de maladies, de la durée de 
l’arthrose, du fait d’avoir déjà fumé, du nombre de consommations d’alcool 
par semaine, de l’utilisation de médicaments en vente libre, de l’utilisation 
de suppléments contre l’arthrose, du recours à la physiothérapie, des por-
tions de légumes ou du nombre de minutes de marche par semaine.
CONCLUSIONS : Le maintien d’un poids santé, l’exercice pendant au 
moins 150 minutes par semaine et le bon usage des médicaments et des 
suppléments représentent des facteurs modifiables importants liés à la 
diminution de la douleur causée par l’arthrose du genou.

Modifiable lifestyle factors are associated with lower 
pain levels in adults with knee osteoarthritis
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Knee osteoarthritis (OA) is the most common cause of knee pain 
and lower limb disability in older adults (1). Approximately 

4.4 million Canadians have OA; due to increased longevity, reduced 
physical activity and increased obesity, this number is expected to 
increase to 10 million within 30 years (2). Pain is the most import-
ant OA symptom among affected individuals and contributes to 
disability, fatigue and decreased quality of life (3,4). Pain is also what 
drives health care use in OA, with direct and indirect health care 
costs of $27 billion in Canada in 2010 (2). In general, pain is poorly 
understood and, in OA specifically, much of its variability cannot 
be explained by markers of disease severity (5-7). Many modifiable 
factors, including psychological and physical health, social support, 

coping behaviours and self-efficacy, have been found to influence 
OA pain (8).

With no cure available, management of OA focuses on analgesia 
and maintenance of physical function (9). International evidence-
based guidelines suggest that OA management begin with non-
pharmacological options, including weight loss or maintenance, 
moderate exercise and physical activity, physical therapies and assist-
ive devices, followed by pharmacological interventions, starting with 
over-the-counter (OTC) pain medications such as acetaminophen 
(10-12). However, nonpharmacological approaches are infrequently 
recommended by clinicians and used by patients (9,13). Individuals 
with OA also tend to use pain medications incorrectly, and many live 
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in pain and seek to manage it by limiting activities and movement 
(14,15). With the lack of successful treatment options, expected rise in 
OA cases and the increasing burden on the health care system, there is 
significant need to revisit OA management strategies and to focus on 
modifiable lifestyle changes to decrease pain and increase or maintain 
physical function (9,16). Modifiable factors that may affect pain in 
OA include oral management techniques (eg, OTC pain medications, 
supplements), use of physical therapies (eg, physiotherapy, chiro-
practor), assistive devices (eg, walking aids, braces), home treatment 
methods (eg, heat, ice), exercise and diet. 

The most important modifiable risk factor for knee OA is body 
weight. Excess body weight is the strongest and most consistent risk 
factor for the onset and progression of knee OA (9,17-19). The exces-
sive loads to the knee, inflammation and associated inactivity among 
overweight and obese individuals contributes to knee OA pathogen-
esis and pain (9,20). 

With the exception of diet-induced weight loss, the literature 
examining the effect of diet on knee OA is mixed. Epidemiological 
studies have shown an increased risk for disease progression with 
low intake of antioxidant micronutrients (ie, vitamin C, vitamin E, 
beta-carotene), while most intervention studies report no signifi-
cant effects of these micronutrients on the progression of knee OA 
(21-26). It is possible that antioxidant vitamins only exert an influ-
ence on knee OA when they are in their original food matrix; how-
ever, the association of fruit and vegetable intake with OA has not 
been investigated.

The important role of exercise and physical activity in the 
development and management of knee OA is recognized, but it is 
complex and not well understood. OA clinical guidelines also recog-
nize regular physical activity as pivotal in OA management (9,10). A 
modest amount of low-impact exercise can strengthen the muscular 
support around the joints, help to avoid obesity, increase mood and 
psychological health, and help to preserve function and delay disabil-
ity (3,8). Exercise intervention studies consistently show that exercise 
decreases pain and improves function in adults with OA (27-30). 
However, no association between physical activity level and knee pain 
was observed in a large prospective cohort study (31). 

Although OA pain is poorly understood, it is the leading com-
plaint by individuals with OA and is influenced by many factors. The 
objective of the present study was to examine factors that characterize 
OA patients at different levels of pain, and to investigate the relation-
ships among those factors and OA pain. 

Methods
The present study is based on cross-sectional data collected as part of a 
screening interview for a nutrition intervention clinical trial (n=157) 
(32), with additional interviews (n=40) completed to increase the 
sample size to a total of 200 participants, based on previous cross-
sectional analyses (33-37). 

For the intervention and additional interviews, men and women 
≥18 years of age with self-reported physician-diagnosed knee OA were 
recruited from the Guelph area using posters and newspaper advertise-
ments. Exclusion criteria were: other systemic or rheumatic arthritis; 
concomitant inflammatory processes; upcoming knee replacement 
surgery; clinically significant, uncontrolled cardiovascular, hepatic or 
renal disorders; and any serious medical condition within six months 
such as myocardial infarction, stroke, cancer or diabetes. The study 
was conducted at the Human Nutraceutical Research Unit at the 
University of Guelph (Guelph, Ontario) and was approved by the 
University of Guelph Human Research Ethics Board (REB#13OC002); 
all participants provided written consent. 

Study procedures
Trained study coordinators conducted the interviews, which included a 
questionnaire developed for the study with health history and lifestyle 
questions regarding OA diagnosis, general health, smoking history, 
alcohol consumption, body weight, height, medication and supplement 

intake, comorbidities, exercise habits and use of physical therapies. 
Participants were asked how many minutes per week they partici-
pated in weight training/resistance exercise, aerobic exercise, aquatic 
exercise or other types of exercise (eg, walking, sport participation, 
mixed fitness classes). Body mass index (BMI) was calculated from self-
reported height and body weight and categorized into a BMI category. 
Participants were asked to bring all medications and supplements to 
the interview, which were grouped into medications (any prescription 
and OTC), medications for OA (prescriptions and OTC medications 
taken specifically for OA pain), prescription medications for OA and 
OTC pain medications. Supplements were grouped as OA specific and 
non-OA specific. Participants were considered to use physical therapy if 
they currently visited a practitioner. The time spent performing different 
types of exercise was summed to a total number of minutes of exercise 
per week, and the time spent walking was summed to a total number 
of walking minutes per week. A participant was considered meeting 
physical activity guidelines when their total number of minutes of exer-
cise per week met or exceeded 150 min (38).

The Western Ontario and McMaster Universities Osteoarthritis 
Index (WOMAC) has three subscales to evaluate pain, stiffness and 
physical function associated with OA (39). The 100 mm visual ana-
logue scale version of the questionnaire was completed in the presence 
of a study coordinator and scored according to the WOMAC 
Osteoarthritis Index User Guide IX (40). If a participant had OA in 
both knees, they were instructed to choose the more painful knee as 
the signal joint. Higher scores indicate greater pain and stiffness, and 
worse physical function.

A 24 h dietary recall was conducted by a trained study coordinator 
and involved leading the participant through a series of questions 
regarding all food and beverage intake in the previous 24 h. Detailed 
questions were asked during the recall to ensure specific amounts, 
preparation methods, brand names, and complete information about 
foods and beverages were recorded. All were entered into ESHA Food 
Processor software version 9.12 (USA). Foods were classified into one 
of the four main food groups (ie, fruits and vegetables, grain products, 
milk and alternatives, and meat and alternatives) according to the 
current Canadian Food Guide to Healthy Eating (41). Fruit and vege-
table servings were also calculated and analyzed separately. Foods not 
included in these groups were classified as ‘other’. Based on previous 
nutrition research, mixed meals were broken down into their compon-
ent foods appropriate to the serving sizes. Juice was classified as a fruit 
or vegetable depending on content (eg, orange versus carrot), and 
potatoes and French fries were classified as vegetables (42). 

Statistics
All analyses were performed using SAS version 9.3 (SAS Inc, USA); 
P≤0.05 was considered to be statistically significant. Continuous variables 
are presented as mean ± SD. These data were not normally distributed, as 
determined by the Shapiro-Wilk test. Dichotomous and categorical vari-
ables are presented as n (%). 

To examine health history and lifestyle factors at different levels 
of pain, WOMAC pain scores were grouped into four categories 
including mild (0 to 125), moderate (126 to 250), severe (251 to 
375) and extreme (376 to 500). Although there is no standardized 
method of dividing WOMAC scores, categories were devised similar 
to previous work by Blamely et al (37) and Kim et al (43). Only three 
participants reported a pain score >375 (378, 398 and 442) and were 
included in the severe category, leaving three pain groups (mild, 
moderate and severe). Health history and lifestyle factors were sum-
marized for each pain category; differences were examined using χ2 

tests for dichotomous and categorical variables, and Kruskal-Wallis 
tests for continuous variables. Linear regression analysis using con-
tinuous WOMAC pain scores was conducted using a stepwise regres-
sion to determine the best predictors of pain, setting probability to 
enter the model at P<0.15. Examination of residual plots revealed 
that the data were homoscedastic, the relationship was linear and 
the distribution of the residuals was normal. 
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Results
Participant characteristics 
Participant characteristics are presented in Table 1. There were 
197 adults (69% women) with a mean age of 63 years. The mean dur-
ation of disease was 98 months; 59% of individuals had OA in both 
knees. Fifty-one percent of participants reported “good” health and the 
mean number of diseases or conditions, including OA, was three. The 
most commonly reported comorbidities were cardiovascular diseases, 
depression, hypertension, high cholesterol, hyperthyroidism and cancer 
(data not shown). Eighty-one percent of the participants reported using 
at least one medication and 69% used at least one medication for OA. 
A high percentage of participants (88%) took supplements, although 
only 37% took an OA-specific supplement. The most commonly con-
sumed supplements were vitamin D, multivitamin and minerals, cal-
cium, omega-3/fish oil, glucosamine and vitamin C. The most commonly 
reported OA-specific supplement taken was a glucosamine product 
(glucosamine or a combination of glucosamine and chondroitin or 
methylsulfonylmethane). Only 33% of participants reported current use 
of physical therapy, with physiotherapy, acupuncture and chiropractic 
being the most common. Forty-eight percent of participants met the 
physical activity guidelines of 150 min exercise/week, with walking 
being the most frequently reported activity. Walking minutes were 
highly variable (mean 58 min/week, median 40 min/week). Overall, 
average WOMAC scores revealed a mild to moderate level of pain, stiff-
ness and physical function in the study participants. 

Factors by pain categories
Table 2 summarizes the health history and lifestyle factors for partici-
pants across the three pain categories. There were no significant differ-
ences across the pain categories in terms of distributions of sex, age, 
number of diseases, duration of OA, ever smoked, number of alcoholic 

drinks/week, use of OTC pain medication, use of OA supplements, use 
of physical therapy, servings of vegetables or minutes walked/week. 

WOMAC stiffness and physical function scores were different 
across the pain categories, and increased with increasing WOMAC 
pain score (P<0.0001).

Having OA in only one knee was most common in the mild pain 
category (53%) (P=0.008) and this proportion decreased across pain 

Table 1
Summary of participant characteristics (n=197)
Characteristic
   Female sex 136 (69)
   Age, years, mean ± SD 63±10.9
   Disease duration, months, mean ± SD 98.1±95.6
   Bilateral OA 117 (59)
   Number of diseases, mean ± SD 3.0±1.5
Self-reported health
   Poor 6 (3)
   Good 100 (51)
   Very good 79 (40)
   Excellent 12 (6)
Ever smoked 94 (48)
Number of alcoholic drinks/week, mean ± SD 3.4±4.5
Medication and supplement use
   Medications 159 (81)
   Medications for OA 136 (69)
   Prescription medications for OA 53 (27)
   Over-the-counter pain medication for OA 116 (59)
   Supplements 173 (88)
   Supplements for OA 73 (37)
   Participates in physical therapy 65 (33)
   Met physical activity guidelines 95 (48)
   Walking minutes, mean ± SD 58.7±71.6
WOMAC subscale scores, mean ± SD
   Pain score (maximum 500) 159.1±92.9
   Stiffness score (maximum 200) 100.6±50.1
   Physical disability score (maximum 1700) 578.6±347.8

Data presented as n (%) unless otherwise indicated. OA Osteoarthritis; 
WOMAC Western Ontario and McMaster Universities Osteoarthritis Index

Table 2
Health history and lifestyle factors across mild, moderate 
and severe Western Ontario and McMaster Universities 
Osteoarthritis Index (WOMAC) pain categories

Mild pain 
(n=83)

Moderate pain 
(n=79)

Severe pain 
(n=35) P

Age, years,  
mean ± SD

64.9±11.8 63.0±9.7 60.2±10.8 0.14

OA duration, months,  
mean ± SD

90.1±83.9 103.3±106.0 105.2±98.3 0.86

Number of diseases,  
mean ± SD

2.9±1.4 3.0±1.6 3.2±1.7 0.79

WOMAC scores, mean ± SD
Stiffness score 68.3±45.1 117.6±39.9 139.3±33.0 <0.0001
Disability score 304.4±208.0 689.2±249.0 977.8±267.0 <0.0001
Sex
Female 57 (69) 53 (67) 26 (74) 0.74
Male 26 (31) 26 (33) 9 (26)
Unilateral or bilateral OA
Unilateral 44 (53) 27 (34) 9 (26) 0.002
Bilateral 39 (47) 52 (66) 26 (74)
BMI category*
Underweight 1 (1) 0 (0) 0 (0) 0.008
Normal weight 25 (31) 12 (16) 5 (14)
Overweight 34 (41) 29 (38) 8 (23)
Obese 22 (27) 36 (46) 22 (63)
Self-reported health
Poor 0 (0) 1 (1) 5 (14) 0.001
Good 40 (48) 46 (58) 14 (40)
Very good 37 (45) 27 (34) 15 (43)
Excellent 6 (7) 5 (6) 1 (3)
Smoking history and alcohol consumption
Ever smoke 36 (44) 37 (47) 21 (60) 0.25
Alcoholic drinks/

week, mean ± SD 
3.1±3.8 3.8±5.3 3.3±3.9 0.86

Medication, supplement and alternative therapy use
OA medications 44 (53) 59 (75) 33 (94) <0.0001
OA prescriptions 14 (17) 25 (32) 15 (43) 0.009
OTC pain 43 (52) 49 (62) 25 (71) 0.12
Supplements 78 (94) 69 (87) 26 (74) 0.01
OA supplements 37 (45) 22 (28) 14 (40) 0.08
Physical therapy 28 (34) 23 (29) 14 (40) 0.71
Serving of fruit and vegetables, mean ± SD
Fruits 2.1±1.5 1.6±1.4 1.5±1.4 0.03
Vegetables 2.5±1.3 2.7±1.4 2.4±1.4 0.49
Physical activity
Meet guidelines† 53 (64) 34 (43) 8 (23) 0.0001
Walking minutes, 

mean ± SD
67.1±78.0 59.6±67.4 38.6±61.7 0.09

Data presented as n (%) unless otherwise specified. *Underweight, body mass 
index (BMI) <18.5  kg/m2; normal weight, BMI 18.5–24.9 kg/m2; overweight, 
BMI 25.0–29.9 kg/m2; obese, BMI >30.0 kg/m2); †Physical activity guidelines of 
≥150  min/week of exercise (Public Health Agency of Canada, 2012 [38]).  
OA Osteoarthritis; OTC Over-the-counter
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categories. Having OA in both knees was more common in the moder-
ate (66%) and severe pain (74%) categories than the mild pain category 
(47%) (P=0.008). 

The proportion of participants in each BMI category differed across 
pain categories (P=0.008). In the mild pain category, the majority of 
participants were in the normal weight (31%) and overweight (41%) 
categories, and the percent of normal weight participants was lower in 
the moderate (16%) and the severe (14%) pain category. The percent 
of participants in the obese category was higher with increasing pain 
level (Figure 1A). 

Self-reported health categories were also different among pain 
categories, with fewer participants reporting poor health in the mild 
(0%) and moderate (1%) versus severe (14%) pain categories, and 
more participants reporting very good health in the mild (45%) versus 
moderate (34%) pain categories (P=0.001) (Figure 1B). 

Servings of fruit were highest in the mild pain category (2.1±1.5), 
which was significantly higher than the moderate (1.6±1.4) and 
severe (1.5±1.4) pain categories (P=0.03). 

The proportion of participants who used a medication for OA 
increased across pain categories (P<0.001) (Figure 1C), with a similar 
pattern observed for prescription medications (P=0.009) (Figure 1D). 
The opposite trend was observed with supplements, with participants 
in the mild pain category reporting the highest proportion of supple-
ment use and decreasing supplement use across pain categories 
(P=0.003) (Figure 1E). 

Participating in exercise for ≥150 min/week was most common in 
the mild pain category (64%); this percentage decreased as the pain 
category increased (P=0.0001) (Figure 1F). 

Regression analysis
Multiple linear regression using a stepwise selection procedure revealed 
that BMI category, use of supplements, use of OA medications and 
meeting physical activity guidelines was the best combination of fac-
tors to explain the variation in pain score, with the model accounting 
for 28.4% (P<0.0001) (Table 3). The model revealed that pain score 
increased with use of OA medications and increasing BMI category, 
and decreased with use of supplements and meeting physical activity 
guidelines. Factors that were not included in the model included age, 
sex, duration of OA, ever smoked, number of alcoholic drinks/week, 
number of diseases, use of OA supplements, use of OA prescriptions, 
use of OTC pain, use of physical therapy, fruit consumption, vegetable 
consumption and walking min/week. 

Discussion
The present study examined modifiable lifestyle factors and their asso-
ciations with OA pain in a sample of adults with knee OA. Sixty-nine 
percent of participants in the present study were women, with a mean 
age of 63 years and the majority of BMIs in the overweight and obese 
categories. This sex distribution, age and overweight status is reflective 
of Canadian OA patients (2). The majority of participants had mild 
(WOMAC pain score 0 to 125; n=83) or moderate (WOMAC pain 
score 125 to 250; n=79) pain, providing an opportunity to characterize 
modifiable lifestyle factors in adults with relatively low OA knee pain. 
Several lifestyle factors (stiffness score, physical function score, bilat-
eral knee OA, BMI category, OA medication use, self-reported health, 
servings of fruit, supplement use and meeting physical activity guide-
lines) were significantly different among pain categories. Additionally, 
linear regression analysis revealed that BMI, meeting physical activity 
guidelines, OA medication use and supplement use accounted for 
28.4% of the variance in pain score. The unexplained variability is 
potentially attributable to structural, psychological and socioeconomic 
factors not measured in the present study. 

Use of medications was reported by 81% of participants, which 
may reflect that participants also reported an average of three dis-
eases or conditions. Use of OA medications was a significant pre-
dictor for higher pain score and, although not included in the 
regression model, the use of any medication and OA prescription 
significantly increased as pain category increased. Use of OA medi-
cations has previously been associated with higher levels of pain 
(44,45), which could indicate that only individuals with high pain 
levels take medications, that current OA pain medications are not 
effective at relieving pain or that adults with OA are not using medi-
cations correctly. It has been found that individuals with OA use 
pain medications at lower doses and less frequently than recom-
mended (14,46,47). Pharmaceutical pain management is often seen 
by OA sufferers as undesirable and a ‘last resort’, due to concerns 
about side effects, addiction, tolerance, and general dislike for taking 
pills (14,46). Furthermore, patient knowledge and beliefs about self-
management with medication is poor (47,48). OA patients may 
benefit from education on the correct use of OA medications. 

Table 3
Stepwise multiple regression examining factors related to 
pain score in adults with knee osteoarthritis

Variable
Regression 
coefficient SE P

Body mass index category 19.7 7.6 0.02
Use of osteoarthritis medications 60.1 13.1 <0.001
Meet physical activity guidelines −33.7 12.4 0.007
Use of supplements −35.3 17.8 0.05
Self-reported health −16.4 9.1 0.07
Use of medications 26.4 15.0 0.08
Bilateral knee osteoarthritis 11.8 7.7 0.13

*P<0.15 was used as cut-off for inclusion in the model

Figure 1) χ2 analysis revealed significant differences in the percent of par-
ticipants in the mild pain (0 to 125), moderate pain (126 to 250) and severe 
pain (251 to 500) categories in terms of body mass index (BMI) category 
(normal weight [N], overweight [OW] or obese [OB]) (A), self-reported 
health (B), use of medications for osteoarthritis (OA) (C), use of prescrip-
tion medications for OA (D), use of supplements (E) and met physical 
activity guidelines (F). V Very
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Use of supplements was significant in the regression model for pain, 
and 94% of individuals in the mild pain category reported using a sup-
plement. Overall, supplement use was high in the present study (88%), 
which may have been influenced by the fact that screening data from a 
nutrition intervention study was used and interviews were conducted in 
a nutrition research unit. Estimates of supplement use in adults with OA 
vary from 34% to 90% based on geography, population and the defin-
ition of supplement (44). The most commonly consumed supplements 
in the present study were vitamin D, multivitamin, calcium, omega-3/
fish oil, glucosamine products and vitamin C. As discussed previously, 
research investigating the effects of vitamin intake on OA is mixed. It 
has been suggested that in individuals with vitamin deficiencies, supple-
ments may be beneficial in preventing OA progression (49). In addi-
tion, higher dietary intakes of vitamin C and beta-carotene were 
associated with lower OA pain in adults with knee OA (21). The same 
trends of lower OA pain were observed with serum levels of vitamin D 
(50) and with supplementation with vitamin E (51). Vitamin D may 
reduce inflammatory pain through regulation of cytokines and macro-
phage activity, although more studies are warranted (52). Intervention 
studies with omega-3 rich oils in adults with OA have demonstrated 
significantly reduced pain (53,54), ostensibly based on anti-inflamma-
tory mechanisms. Although not investigated in the present study, it is 
possible that individuals with higher pain may have taken more medica-
tions to manage the pain and been less likely to take supplements for 
fear of interactions or general dislike of taking multiple pills (46,47). 

Increasing BMI category was a significant predictor of higher pain 
scores in the present study. The association of BMI with pain is well 
established (17,55,56) and reducing body weight has been related to 
dose-dependent decreases in pain and improvements in physical 
function (18). 

Not meeting physical activity guidelines was a significant predictor 
of higher pain score and, as pain category increased, the percent of 
participants meeting physical activity guidelines decreased. Similarly, 
walking minutes/week decreased as pain category increased, although 
this was highly variable and not statistically significant (P=0.09). In 
exercise intervention studies, pain decreases with increased activity 
levels (27-30); however, the monitored exercise regimes used in inter-
ventions are not replicated in everyday life. Indeed, physical activity 
levels quantified with the Physical Activity Scale for the Elderly ques-
tionnaire did not correlate to WOMAC pain scores in a large, pro-
spective cohort study in adults with or at risk for knee OA (31). 
Participants in the present study were active, with 48% meeting the 
Canadian physical activity guidelines of ≥150 min/week. Previous 
reports in adults with OA are highly variable, ranging from 10% (57), 
to 30% to 40% (58-60) and as high as 55.9% (61). Different assess-
ment techniques could explain this variation, including accelerom-
eters (20,57), questionnaires (56,60) and self-reporting of activities 
(59,62), as well as different parameters, including distance walked/
week (62), years of sporting participation (56), categories of question-
naire scores (56,60) and percent of participants meeting physical 
activity guidelines (57,61). Exploring the role of exercise and physical 
activity in OA management would benefit from standardized methods 
and outcome measures. It is also possible that individuals with severe 
pain in the present study did not feel that they could exercise. 
However, there are reports of individuals with knee OA walking at a 
high cadence or velocity with low pain levels (27,63). Further, after 
total knee replacement, improvements in pain are reported, but are 
not associated with increases in physical activity (64), supporting the 
argument that pain is not the limiting factor to exercise in knee OA. 
Similar to the general population, time, effort, scheduling and com-
mitment have been reported as barriers to exercise in individuals with 
OA (46,63). Exercise is a key modifiable factor to manage pain in OA 
as well as to decrease risk of other chronic diseases, which were com-
mon in the present study (83%). Interestingly, all-cause mortality is 
higher in adults with OA versus without OA and the increased risk for 
death is predicted by walking disability, highlighting the importance of 
physical activity and exercise in this population (65).

In the present study, physical function score significantly increased 
across pain category, indicating worse physical functioning with higher 
pain. The strong correlation commonly observed between the pain 
and physical function scales on the WOMAC is suggested by Terwee 
et al (34) to indicate that self-reported physical function assessments 
innately measure both pain and exertion, in addition to functioning. 
In the Short Form-36 questionnaire, pain questions are placed after 
the function questions, and there is lower correlation observed 
between scales compared with the WOMAC, where the pain ques-
tions are asked before the physical function questions (34). Similarly, 
Stratford and Kennedy (66) found that correlations between self-
reported physical function and performance-based physical function 
tests were strengthened when patient-rated pain and exertion of the 
performance-based test was combined into a composite score. In addi-
tion, adults with painful knee OA report keeping still and limiting 
movement as a way to manage pain. This lack of activity could con-
tribute to deconditioning and reduced functioning (14,47). Another 
factor that significantly increased across pain categories was the per-
centage of adults with bilateral knee OA. This has previously been 
associated with higher pain scores, which may reflect the presence of 
additional tissue degradation and inflammation (66,68).

Daily fruit servings reported by participants were significantly 
higher in the mild versus moderate and severe pain categories. Of 
note, regardless of pain category, the number of daily fruit servings 
(ie, 1.5 to 2.6 servings) was below recommended levels. Fruits are 
high in antioxidants and polyphenols; fruit consumption has been 
associated with lower musculoskeletal pain in adults (69), and ber-
ries, tart cherries, blueberries and Concord grapes, specifically, have 
been found to have antinociceptive effects in rats (70). Healthy eat-
ing patterns are also associated with better self-reported health, more 
time in exercise and less depressive symptoms, which have all been 
associated with lower pain in OA (20). Although the 24 h diet recall 
is not the most robust method of dietary assessment, increasing fruit 
consumption and improving diet quality are important modifiable 
factors that warrant continued investigation for the potential to 
reduce pain in adults with knee OA. 

In the present study, self-reported health status was significantly dif-
ferent across pain categories, although most participants reported good 
or very good health. Self-reported health has been shown to be reliable 
in OA populations (71), although associations with pain have not 
always been consistent. Reichmann et al (72) found that lower income, 
greater number of comorbidities and greater functional limitations, but 
not pain, were associated with self-reported health status in adults with 
knee OA. In contrast, Allen et al (73) found that lower self-reported 
health was associated with higher pain scores in adults with hip or knee 
OA. In the present study, 91% of participants reported “good” or “very 
good” health, which could be related to the fact that 82% of participants 
were in the mild or moderate pain categories. 

Several factors were not significantly different among pain categor-
ies or significant in the regression analysis. For example, age showed a 
nonsignificant protective directional trend, with increasing age being 
associated with decreased pain, consistent with previous OA research 
(67). Surprisingly, sex was not a significant factor in the regression 
model and there was no difference among pain categories. Women 
frequently report higher pain than men in OA (17,35,74), but no dif-
ferences in pain have been reported between the sexes in some studies 
(75,76). There were more women in the severe (74%) compared with 
the mild and moderate (approximately 68%) categories, and more 
men in the mild and moderate (approximately 32%) than the severe 
(26%) categories. There were also no significant differences in dur-
ation of OA across pain category. Although Rosemann et al (77) 
reported that the duration of OA was a predictor of pain, several stud-
ies have shown that OA can remain stable for years (78). The number 
of diseases reported did not differ across pain category, consistent with 
a previous report (79). However, the relationship between comorbid-
ities in OA and pain is mixed, and examination of specific diseases 
may reveal that different comorbidities impact OA pain in different 
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ways. For example, strong links between depression and pain have been 
found in several studies investigating adults with OA (3,77). OA sup-
plement use was not significantly related to pain. Glucosamine products 
were almost exclusively used in this category, and evidence for its effect 
on pain is limited due to high variation among studies (10,80). Physical 
therapy was only used by 33% of adults in the present study and its use 
did not differ across the pain categories. A systematic review and meta-
analysis of physical therapies for OA concluded that only a few physical 
therapy interventions were effective (81), but it is possible that effects 
are not seen in intervention studies due to the fact that a true placebo 
group does not exist for any of the physical therapies. 

Limitations of the present cross-sectional study include causality of 
the factors studied could not be determined, and the data were self-
reported. In addition, several factors that have been shown to affect 
pain were not measured in the present study, including psychological 
variables, self-efficacy, education level, socioeconomic data and 
fatigue (3,36,37,82). Selection bias toward adults with less severe OA 
is also a possibility because participants were required to be mobile 
enough to travel to the research centre for interviews. However, this 
gave the opportunity to characterize individuals with lower pain, as 
some studies investigating factors of OA pain examine patients wait-
ing for knee replacement, thereby representing a much different popu-
lation and more extreme level of pain than is representative of many 
people with knee OA (78). Finally, BMI calculations for the present 

study were based on self-reported heights and weights, which has also 
been used in previous OA research (55,60,73,83). Given the potential 
for inaccuracies, BMI categories were used. 

conclusion
Several modifiable factors were associated with OA pain including 
BMI, meeting physical activity guidelines, OA medication use and 
supplement use. Having a BMI in the healthy range is associated with 
lower pain levels, as well as being physically active for at least 
150  min/week. Exercise plus a diet high in fruits and vegetables is 
important in weight maintenance, and increasing fruit consumption 
could be important in this study population who are consuming low 
levels. Supplement use was associated with lower pain, and use of OA 
medication was associated with higher pain. Patients should be edu-
cated on proper use of medications to manage pain in OA. Research 
efforts and clinical practice should continue to focus on modifiable 
lifestyle changes to decrease pain in OA.
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