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Abstract 39 

Introduction: Physical activity (PA) is increasingly recognised as an important factor 40 

within studies of osteoarthritis (OA). However, subjective methods used to assess PA 41 

are highly variable and have not been developed for use within studies of OA,  which 42 

creates difficulties when comparing and interpreting PA data in OA research. The aim of 43 

this study was therefore to gain expert agreement on the appropriate methods to 44 

harmonise PA data among existing population cohorts to enable the investigation of the 45 

association of PA and OA. Methods: The definition of PA in an OA context and methods 46 

of harmonisation were established via an international expert consensus meeting and 47 

modified Delphi exercise using a geographically diverse committee selected on the basis 48 

of individual expertise in physical activity, exercise medicine and OA. Results: 49 

Agreement was met for all aims of study: 1) The use of Metabolic Equivalent of Task 50 

(MET) minutes per week (MET-min/week) as a method for harmonising PA variables 51 

among cohorts 2) The determination of methods for treating missing components of 52 

MET-min/week calculation; a value will be produced from comparable activities within 53 

a representative cohort 3) Exclusion of the domain of occupation from total MET-54 

min/week 4) The need for a specific measure of joint loading of an activity in addition to 55 



intensity and time, in studies of diseases such as OA. Conclusion: This study has 56 

developed a systematic method to classify and harmonise PA in existing OA cohorts. It 57 

also provides minimum requirements for future studies intending to include subjective 58 

PA measures. 59 

 60 

Key words: Physical activity; Osteoarthritis; Consensus; Population Cohorts; Metabolic 61 

Equivalent of Task 62 

 63 

Introduction 64 

 65 

Osteoarthritis (OA) is a chronic condition of the synovial joint, which includes the 66 

progressive degeneration of cartilage and the excess growth of bone, often leading to 67 

pain and functional impairment (1). It is one of the leading causes of global disability, 68 

with adult prevalence rates reported between 8.5-22% for symptomatic radiographic 69 

knee OA (2-4) and 3.4-8.9% for symptomatic radiographic hip OA (3, 5, 6). In order to 70 

determine risk factors for this disease it is necessary to analyse previously collected 71 

data from longitudinal population cohorts. While there are some well-established risk 72 

factors for hip and knee OA, the relationship between Physical Activity (PA) and OA is 73 

inconsistent. This, in part, may be due to the heterogeneous definition of PA used in 74 

cohorts and the lack of differentiation between weight bearing and non-weight bearing 75 

activity.  76 

 77 

PA is defined as any bodily movement that results in energy expenditure and is 78 

categorised by domains including occupation, leisure time, daily living and active travel. 79 



Assessment of PA in cohort studies of OA is usually captured by self-report 80 

questionnaires, typically including measures of frequency, intensity, duration and type 81 

(7). Much of the previous research on PA has been completed within the area of 82 

cardiovascular disease and obesity and many of the questionnaires and assessments 83 

were developed with such health outcomes in mind. Although observational OA related 84 

cohorts have collected information on PA, the parameters measured differ between 85 

studies and the number of domains vary, making comparison and interpretation of 86 

results difficult. Equally as important, is the lack of an available method to assess the 87 

degree of joint loading for different physical activities, which is a known risk factor for 88 

OA.  89 

 90 

A recent systematic review of observational studies, subject to the above limitations, 91 

confirmed the association of injury, obesity and occupational activity with knee and hip 92 

OA, however increased volume and intensity of PA was found to be a risk factor for OA 93 

in four studies and protective in another (8). Due to the heterogeneity in the definition 94 

of PA, meta-analysis was not possible for the risk of PA on OA.  95 

 96 

 To address the difficulties in comparing heterogeneous aggregate data within 97 

epidemiological research, an increasingly popular alternative to meta-analysis is 98 

individual participant data (IPD) meta-analysis, where the raw individual level data is 99 

used for statistical synthesis (9).  This method allows for using the combined power of 100 

multiple international cohort studies to address more complex research questions, such 101 

as the association between physical activity and osteoarthritis (10-18). A key element of 102 

IPD meta-analysis is the harmonization of the variables, which requires a standard 103 

measure of both PA and OA from all the included cohorts. Unfortunately, population-104 



based cohort studies have collected PA data using a variety of validated questionnaires 105 

and individual questions, which need to be harmonized in order to be included in any 106 

analysis.  107 

  108 

To enable this, a number of issues need to be addressed: PA questionnaires and 109 

questions vary between cohorts; not all domains are available in all cohorts; some 110 

activities are attributes to varying domains (e.g. walking and cycling is included with 111 

sport and recreation in a number of cohorts, yet travel in others); duration, intensity 112 

and frequency of PA is not addressed consistently between cohorts; and PA has not 113 

previously been assessed by degree of weight bearing for use in studies of lower limb 114 

OA;. 115 

 116 

A consensus study, including an expert meeting and Delphi approach, was developed to 117 

address these issues. The aims of this study were to: 118 

1. Determine the usability of a common metric (MET) as a key method for 119 

harmonising PA assessments/questions between cohorts, and agree upon 120 

specific assumptions required to generate METs for each cohort (objectives 1 & 121 

2) 122 

2. Assess the available domains of PA and establish the appropriate assumptions 123 

needed to harmonise information between cohorts (objectives 3 & 4) 124 

3. Evaluate the potential to use of a lower limb OA-specific PA measure within the 125 

cohorts, taking weight-bearing into consideration (objective 5) 126 

4. Evaluate the use of national PA guidelines to determine the effect of meeting 127 

such recommendations on the association with lower limb OA (objective 6). 128 

 129 



Methods 130 

 131 

The process consisted of the following steps: 132 

 133 

I. PA expert committee: 134 

 135 

A multidisciplinary, geographically diverse expert committee was selected on the 136 

basis of individual expertise in PA, exercise medicine and OA and each were invited to 137 

participate in developing a PA variable for use in normal population-based cohort 138 

studies. The expert committee (n=9 of the listed co-authors) met by video conference 139 

link in December 2014.  140 

 141 

II. Expert consensus meeting:  142 

 143 

The steering group (consisting of authors LG, KL and NA) conducted a systematic 144 

evaluation of international cohorts containing PA and OA data. Four key issues were 145 

identified by the steering group whilst establishing the methods to harmonise PA data 146 

between cohorts which had not been adequately addressed in previous literature.  147 

Background topic information, previous research where applicable and specific factors 148 

relating to individual cohorts were provided to experts before the meeting in order to 149 

assist informed decision making. Each issue was presented and facilitated discussion 150 

undertaken until agreement was reached. 151 

 152 

III. Delphi 153 

 154 



If a question was raised within the expert meeting and no agreement could be made, 155 

due to either a requirement for further investigation or exploration of cohort data, then 156 

these items were addressed within a follow up Delphi technique to obtain consensus. 157 

The Delphi technique, which is a structured process of anonymous iteration (19), 158 

consisted of an online questionnaire, which was sent to each expert, following the 159 

meeting. In accordance with previous OARSI Delphi exercises to define OA diagnostic 160 

criteria (20), inclusion for measures within each round was based on having  ≥60% of 161 

the votes. Evidenced-based information was provided to inform each item, and where 162 

applicable more in depth data from individual cohorts was provided. Unanimous 163 

decision making was made within the first round. 164 

 165 

The aims of the consensus study were addressed via six methodological objectives: 166 

1. Determine the suitability of using METs as a key method for harmonising PA 167 

exposure variables between cohorts 168 

2. Determine methods for treating missing components of MET-min/week 169 

calculation  170 

3. Assess the domains of physical activity: how to treat missing domains  171 

4. Assess the domains of physical activity: the use of occupation as a PA domain in 172 

studies with OA as an outcome 173 

5. Evaluate the use of an OA-specific PA measure taking weight-bearing vs. non 174 

weight-bearing activity into consideration 175 

6. Establish if thresholds based on national PA guidelines should be used to 176 

investigate the association of PA with OA 177 

 178 

 179 



Results 180 

 181 

1. Determine the suitability of using METs as a key method for harmonising PA 182 

exposure variables between cohorts 183 

 184 

Background information provided to experts: 185 

 186 

The steering group proposed using the Metabolic Equivalent of Task (MET) to harmonise 187 

PA data across population cohorts, based on the results of the literature search and 188 

availability of measures within cohorts. PA data can be converted to MET-min/week 189 

using the 2011 Compendium of Physical Activities (21), if METs were not already 190 

reported. MET is a physiological measure which expresses the intensity and energy 191 

expenditure of an activity, and is defined as the ratio of the rate of energy expended 192 

during an activity to the rate of energy expended at rest (e.g., 1 MET is the rate of energy 193 

expenditure while at rest) (22). Standard intensity thresholds have been established for 194 

MET values of activities with <3 as light, 3-5.9 as moderate and ≥6 as vigorous (23). 195 

MET-min/week are calculated by multiplying the MET value of an activity (from a 196 

standard Compendium of Physical Activities values (21) by the number of minutes per 197 

week an activity is done (24). METs have been used for recommending activity in adults 198 

for chronic disease prevention and health promotion (23).  199 

 200 

Points for expert discussion: 201 

 202 

Due to the variability between cohorts in the way PA exposure was reported and the 203 

wording of PA questions, the benefits, limitations and feasibility of converting the 204 
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questions from each cohort into MET-min/week as the standard unit were proposed as 205 

the first discussion point to be addressed within the expert consensus meeting.  206 

 207 

2. Determine methods for treating missing components of MET-min/week calculation  208 

 209 

Background information provided to experts: 210 

 211 

In order to convert PA exposure data to MET-min/week, the duration, frequency and 212 

intensity of an activity is required. In certain cohorts within the current study some of 213 

these parameters were not collected, and a number of assumptions needed to be made. 214 

Previous studies have adopted a standard bout time of 30 minutes when duration was 215 

missing from the physical activity question, but the validity of this assumption is 216 

unclear (25).  217 

 218 

Points for expert discussion: 219 

 220 

Several common PA questionnaires do not include intensity, frequency or duration of 221 

the activity, preventing a direct calculation of MET-min/week.  A possible solution 222 

proposed by the steering group was to  use a standard intensity MET value when 223 

calculating MET-min/week if the terminology included “low”, “moderate” or “high”, and 224 

to use a standard of 30 minutes when duration was missing. These issues raised a 225 

requirement for additional investigation via a further Delphi study. 226 

 227 

Further investigation recommended: 228 

 229 
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For the Delphi exercise, median duration data for individual activities was prepared by 230 

the steering group from the cohorts where this data was available (Appendix 1). This 231 

data was to be presented for agreement within the Delphi to ascertain agreement on the 232 

generalisability of the median durations for each activity. Due to some variation 233 

between standard activity times between countries, a proposal was made to use the 234 

median durations from the Hertfordshire Cohort Study ; a UK study of 3,000 men and 235 

women born during the period 1931-1939 (15), for other UK cohorts with missing 236 

duration data, and similarly to use the durations from Johnston County Osteoarthritis 237 

Study: a US community-based, longitudinal study of approximately 3200 rural 238 

Caucasian and African American residents aged 45 and older (11), for US cohorts with 239 

missing data. The same method was proposed where frequency was identified as 240 

missing in one UK cohort (Appendix 2). 241 

 242 

3. Assess the domains of physical activity: how to treat missing domains  243 

 244 

Background information provided to experts: 245 

 246 

In previous research, household activities have been included as an essential domain of 247 

PA to determine the minimum amount of PA associated with significantly lower risks of 248 

all-cause mortality (26, 27). Household activities have also been specifically included 249 

within PA health guidelines (28). The importance of household activities is also 250 

anticipated in determining the association of PA with lower limb OA, particularly due to 251 

the known risks of increased cumulative loads seen in such activities and knee OA (29). 252 

Household activities are largely modifiable and are therefore an important 253 

consideration for any public health message involving physical activity.  254 
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 255 

Points for expert discussion: 256 

 257 

A significant number of the population-based cohorts did not ask questions regarding 258 

household activities and/or gardening, both of which have been identified as important 259 

contributors to daily activity loads. Experts were asked to consider the impact of 260 

excluding these domains from the primary physical activity variable, and if there were 261 

alternative actions to consider.  262 

 263 

4. Assess the domains of physical activity: the use of occupation as a PA domain in 264 

studies with OA as an outcome 265 

 266 

Background information provided to experts: 267 

 268 

Occupation, in particular manual labour occupations, is a well-established risk factor for 269 

OA (30, 31), and is therefore an important consideration in an analysis using OA as the 270 

primary outcome.  The occupation section within the Compendium of Physical Activities 271 

(21) was designed for counting different tasks within one occupation over one day and 272 

is of limited use for providing an “average” MET value for a specific occupation (i.e. MET 273 

values of individual tasks which make up a complete occupation are given and are 274 

expected to be done for an entire hour). Occupation is the least modifiable domain of PA 275 

and approximately 50% of the consortium cohorts had no or limited occupation data 276 

available. It would therefore be difficult to calculate a valid exposure in MET-min/week 277 

from the available data. The potential for occupation activities to be overestimated is 278 

greater than for any other domain, particularly because the occupation MET value 279 
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within the Compendium of Physical Activities assumes a specific MET activity is 280 

completed for entire hour. To multiply this by hours worked in one week would 281 

potentially overestimate weekly METs. The majority of consortium cohorts, which did 282 

have occupation data available, did not define tasks within occupation in anything less 283 

than one day. 284 

 285 

Points for expert discussion: 286 

 287 

Experts were asked to discuss the limitations of excluding occupation from the overall 288 

physical activity variable specific to studies using osteoarthritis as an outcome. The 289 

preferred treatment of an osteoarthritis variable (e.g. MET min/wk, categories) was 290 

also explored.  291 

 292 

Further investigation recommended: 293 

 294 

A method was required for categorisation into levels, defining occupations into manual 295 

and non-manual tasks. Due to the variety of occupation related tasks available in each 296 

cohort the occupation level reported in the Physical Activity Scale for the Elderly (PASE) 297 

questionnaire was used to facilitate the categorisation of occupation related tasks. The 298 

PASE questionnaire is designed to assess the duration, frequency, exertion level and 299 

amount of physical activity undertaken over a seven day period (32). The steering 300 

group matched the PASE occupation levels to the corresponding four levels of 301 

occupation, which were suggested in the expert consensus meeting.  The selection of 302 

occupation related tasks with each of the four levels of occupation (sedentary, light, 303 
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light manual and heavy manual) were prepared to be presented within the follow up 304 

Delphi exercise (Appendix 3). 305 

 306 

5. Evaluate the use of an OA-specific PA measure taking weight-bearing vs. non 307 

weight-bearing activity into consideration 308 

 309 

Background information provided to experts: 310 

 311 

OA is at least in part, a mechanically driven disease (33). The association between PA 312 

and risk of OA may therefore be dependent on joint loading and type of PA (34).  313 

 314 

Points for expert discussion: 315 

 316 

There was a need to identify a method that could account for the weight-bearing 317 

component of physical activity. The fifth proposed discussion point for the meeting was 318 

therefore the potential to use previously established bone and joint loading 319 

questionnaires to quantify loading (35, 36).  320 

 321 

Further investigation recommended: 322 

 323 

Informed by these decisions, each activity listed within the study cohorts was placed 324 

into corresponding loading categories of low, moderate and high joint loading based on 325 

the degree of impact and loading (Appendix 4). These were prepared by the steering 326 

group for presentation within a follow-up Delphi exercise. 327 

 328 
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6. Establish if thresholds based on national PA guidelines should be used to 329 

investigate the association of PA with OA 330 

 331 

Background information provided to experts: 332 

 333 

It is important to ensure a translatable public health message is provided, however the 334 

relationship of meeting or not meeting PA guidelines and the risk of OA is unknown. The 335 

use of a threshold based on national guidelines such as those from the American College 336 

of Sports Medicine and the American Heart Association (37), the U.S. Physical Activity 337 

Guidelines Advisory Committee (U.S. PAGAC) report (23) and the U.K. Department of 338 

Health (38) (150 min/week of moderate-equivalent activity) was therefore proposed to 339 

investigate the effect of meeting current guidelines on the risk of OA.  340 

 341 

An additional threshold was suggested to investigate the risk of inactivity on risk of OA; 342 

however there is no global consensus on a defined threshold for inactivity. According to 343 

the U.S. PAGAC report (23) <10 min/week of moderate activity is defined as ‘inactive’, 344 

this is in comparison to the UK definition of ‘inactivity’ of <30 min/week moderate 345 

activity.  346 

 347 

There is growing evidence that increasing steps per day provides health benefits (39-348 

42). Although originally based on minimal evidence, the 10,000 steps a day guideline 349 

now provides a translatable and applicable PA recommendation (43). 350 

 351 

Points for expert discussion: 352 

 353 
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The final points proposed for discussion within the expert meeting were the use of 354 

current national guidelines as a threshold for PA in the investigation of the PA and OA 355 

was discussed. Also the use of either a previous arbitrary threshold for inactivity or a 356 

new data driven threshold and the use of steps per day as an equivalent for the 357 

translatable outcome instead of 150 minutes of weekly moderate-equivalent activity. 358 

 359 

Expert consensus meeting results: 360 

 361 

Within the expert meeting each aim was discussed until consensus reached. Where new 362 

questions were raised these were addressed within a follow up Delphi exercise. There 363 

was unanimous agreement for every objective within the consensus meeting and follow 364 

up Delphi. In summary, key agreements were made based upon; the use of MET-365 

min/week as a method for harmonising PA variables between cohorts; defining methods for 366 

treating missing components of MET-min/week calculation, in particular the use of a value 367 

produced from comparable activities within a representative cohort; the exclusion of the 368 

domain of ‘occupation’ from total MET-min/week; the need for a specific measure of ‘joint 369 

loading’ of an activity in studies of bone diseases such as osteoarthritis. 370 

Details of the decisions made within the consensus meeting and follow up Delphi are 371 

shown in table 1 and table 2. 372 

 373 

Table 1.  374 

 375 

Table 2. 376 

 377 

Discussion 378 



 379 

Our research describes a method to classify and harmonise PA data for epidemiology 380 

research in population-based OA related cohorts, based on international consensus.  381 

The recommendations will allow the IPD meta-analysis of PA and incident lower-limb 382 

OA to be undertaken using the most comprehensive PA data possible. In addition it will 383 

be useful for any not only future epidemiology research into OA that uses physical 384 

activity and IPD studies, but also guide researchers planning to collect PA data for 385 

current or future epidemiological research.  386 

 387 

Recommendations for combining data between cohorts, based on expert opinion in this 388 

study, are to use MET-min/week as a standardised measure of physical activity. In the 389 

instance of a missing parameter such as duration, frequency or intensity the methods of 390 

assigning values using data derived from representative cohorts or the Compendium of 391 

Physical Activities has been agreed. The likely effects of occupation should be accounted 392 

for by categorisation of occupation type and stratification. The weight bearing aspect 393 

within PA should be taken into consideration when using OA as an outcome.   394 

 395 

Although national PA guidelines are an essential and translatable source of health 396 

prescription, they were not designed with OA in mind. Guidelines are required to 397 

address health and therefore recommendations relative to OA, an increasing global 398 

burden, are required to add to other disease areas. There are a number of domains of 399 

PA to consider when assessing the target for meeting national recommendations; these 400 

include leisure time, household/gardening, active travel and occupational activities. 401 

These domains are particularly pertinent when considering the effect of PA on lower 402 

limb OA due to the weight bearing nature of many activities within each and the 403 



difficulty is that there is currently no index to combine the physiological measure of 404 

METs and joint load. 405 

 406 

An increasingly popular alternative to meeting 150 min/week of moderate-equivalent 407 

activity, is the daily accumulation of 10,000 steps. Experts agreed that this could be a 408 

useful method of assessing PA against OA in the future. Recommendations from the 409 

expert consensus study suggest a guideline based on the personalised optimum number 410 

of steps per day to reduce the risk of OA would be a valuable public health message. 411 

 412 

A limitation of this study was that decisions had to be based on already data that was 413 

already available because due to the requirement to use existing population-based 414 

cohorts to investigate the association between PA and OA. There are also known 415 

limitations for using METs as a measure of PA, particularly when making comparisons 416 

among a number of studies or populations. Studies have previously measured METs 417 

based on a varying number of activities from the total available from the domains of PA 418 

(44). As a MET is the total volume of a given activity, which combines frequency, 419 

intensity and duration, the effect of duration or intensity alone cannot be deciphered. 420 

IPD meta-analysis allows for the use of original raw data so that all aspects of PA can be 421 

included and where no available in certain circumstances imputation methods can be 422 

applied. Likewise the access to original data allows for data driven thresholds to 423 

derived and provide potential for observing individual parameters of PA, be it intensity 424 

or duration.  425 

 426 

A further limitation to this study was the use of PA data from more than one decade ago 427 

to calculate median duration for those cohorts missing this data. Although PA levels are 428 



likely to have changed since this data was collected the committee felt this was still a 429 

more appropriate representation of duration than using a standard 30 minutes, which is 430 

likely to over or underestimate activity levels.   431 

 432 

Our study provides the first expert consensus on the limitations of and the methods for 433 

harmonising PA data in population-based OA cohort studies. The application of these 434 

recommendations in future individual patient meta-analysis on PA and OA will provide 435 

a homogeneous way to assess PA in cohorts from around the world. It will also allow for 436 

quantifying the volume of physical activity and examine the shape of the dose response 437 

curve for PA and OA as well as the ability to apply new thresholds for future national PA 438 

guidelines.  These findings will also be useful for any study investigating PA and other 439 

long term health outcomes in existing cohort data. The recommendations arising from 440 

this consensus study for the collection of PA data in normal population based cohort 441 

studies are:  the need for all parameters of a given activity (duration, frequency, 442 

type/intensity) within a specified timeframe; PA measured in all domains of daily life 443 

(sport/leisure, household/gardening, active travel, occupation);  an occupation measure 444 

which can be used to calculate accurate MET-min/week value in addition to a manual 445 

labour (occupational tasks) in terms of OA risk; and a measure of joint loading for each 446 

reported activity.  447 

 448 

Author contributions  449 

 450 

All authors were involved in drafting the article or revising it critically for important 451 

intellectual content, and all authors approved the final version to be published. Gates, 452 

Leyland and Arden were involved in conception and design of the study and take 453 



responsibility for the integrity of the work as a whole, from inception to finished article. 454 

Gates, Leyland and Sheard were involved in the acquisition of data. Gates and Leyland 455 

were involved in the analysis and interpretation of the data.  456 

 457 

Acknowledgments 458 

 459 

We gratefully thank Paramdeep Kaur and Maria Sanchez for their assistance with PA 460 

data. We also thank the Principal Investigators and staff of The Hertfordshire Cohort 461 

Study; Elaine Dennison and of The Johnston County Osteoarthritis Project; Joanne 462 

Jordan and Becki Cleveland for the provision of and assistance with data from their 463 

cohorts. 464 

 465 

Compliance with Ethical Standards 466 

 467 

Potential conflicts of interests: B Ainsworth receives royalties from Taylor & Francis. 468 

C Cooper has received consultancy from Servier, Amgen, Novartis, Eli Lilly, Medtronic. N 469 

Arden has received consultancy from Bioventus, Flexion, Freshfields, Merck, Nicox and 470 

Smith & Nephew and honoraria from Flexion and Merck.  E Roos reports on and is 471 

deputy editor of Osteoarthritis and Cartilage, is the developer of Knee injury and 472 

Osteoarthritis Outcome Score (KOOS) and is the founder of the Good Life with 473 

Osteoarthritis in Denmark (GLA:D) initiative to implement clinical guidelines in primary 474 

care. M Batt, N Arden, J Newton, K Jackson, L Gates, K Leylands  institution has received 475 

a Centre of Excellence grant from Arthritis Research UK. L Callahan, P Kelly, R Pate, S 476 

Sheard, C Foster,  declare that they have no conflict of interest.  477 

 478 



Funding Source: This study was funded by Arthritis Research UK Centre for Sport, 479 

Exercise and Osteoarthritis (grant ref 20194) 480 

 481 

Role of the sponsor 482 

 483 

The funding organization had no role in the design or conduct of the study, the 484 

collection, management, analysis, or interpretation of data, the preparation, review or 485 

approval of the manuscript, or the decision to submit the manuscript for publication. 486 

 487 

References 488 

 489 

1. Brandt KD, Radin EL, Dieppe PA, van de Putte L. Yet more evidence that osteoarthritis is not 490 
a cartilage disease. Annals of the Rheumatic Diseases. 2006;65(10):1261-4. 491 
2. Jordan JM, Helmick CG, Renner JB, Luta G, Dragomir AD, Woodard J, et al. Prevalence of 492 
knee symptoms and radiographic and symptomatic knee osteoarthritis in African Americans and 493 
Caucasians: the Johnston County Osteoarthritis Project. The Journal of Rheumatology. 494 
2007;34(1):172-80. 495 
3. Pereira D, Peleteiro B, Araújo J, Branco J, Santos RA, Ramos E. The effect of osteoarthritis 496 
definition on prevalence and incidence estimates: a systematic review. Osteoarthritis and Cartilage. 497 
2011;19(11):1270-85. 498 
4. Turkiewicz A, Gerhardsson de Verdier M, Engström G, Nilsson PM, Mellström C, Lohmander 499 
LS, et al. Prevalence of knee pain and knee OA in southern Sweden and the proportion that seeks 500 
medical care. Rheumatology. 2015;54(5):827-35. 501 
5. Jordan JM, Helmick CG, Renner JB, Luta G, Dragomir AD, Woodard J, et al. Prevalence of Hip 502 
Symptoms and Radiographic and Symptomatic Hip Osteoarthritis in African Americans and 503 
Caucasians: The Johnston County Osteoarthritis Project. The Journal of Rheumatology. 504 
2009;36(4):809-15. 505 
6. Kim C, Linsenmeyer KD, Vlad SC, Guermazi A, Clancy MM, Niu J, et al. Prevalence of 506 
Radiographic and Symptomatic Hip Osteoarthritis in an Urban United States Community: The 507 
Framingham Osteoarthritis Study. Arthritis & Rheumatology. 2014;66(11):3013-7. 508 
7. Bauman A, Phongsavan P, Schoeppe S, Owen N. Physical activity measurement- a primer for 509 
health promotion. Promotion & Education. 2006;13(2):92-103. 510 
8. Richmond SA, Fukuchi RK, Ezzat A, Schneider K, Schneider G, Emery CA. Are Joint Injury, 511 
Sport Activity, Physical Activity, Obesity, or Occupational Activities Predictors for Osteoarthritis? A 512 
Systematic Review. Journal of Orthopaedic & Sports Physical Therapy. 2013;43(8):515-B19. 513 
9. Riley RD, Lambert PC, Abo-Zaid G. Meta-analysis of individual participant data: rationale, 514 
conduct, and reporting. BMJ. 2010;340. 515 
10. Feinleib M, Kannel WB, Garrison RJ, McNamara PM, Castelli WP. The Framingham Offspring 516 
Study. Design and preliminary data. Preventative Medicine. 1975;4:518-25. 517 



11. Jordan J, M., Linder G, F., Renner J, B., Fryer J, G. The Impact of Arthritis in Rural Populations. 518 
Arthritis Care and Research. 1995;8(4):242-50. 519 
12. Cummings SR, Black DM, Nevitt MC, et al. APpendicular bone density and age predict hip 520 
fracture in women. JAMA. 1990;263(5):665-8. 521 
13. Felson DT, Nevitt MC. Epidemiologic studies for osteoarthritis: new versus conventional 522 
study design approaches. Rheumatic Disease Clinics of North America. 2004;30(4):783-97. 523 
14. Hart DJ, Mootoosamy I, Doyle DV, Spector TD. The relationship between osteoarthritis and 524 
osteoporosis in the general population: the Chingford Study. Annals of the Rheumatic Diseases. 525 
1994;53(3):158-62. 526 
15. Syddall H, Aihie Sayer A, Dennison E, Martin H, Barker D, Cooper C, et al. Cohort Profile: The 527 
Hertfordshire Cohort Study. International Journal of Epidemiology. 2005;34(6):1234-42. 528 
16. Hofman A, Murad SD, Duijn CM, Franco OH, Goedegebure A, Arfan Ikram M, et al. The 529 
Rotterdam Study: 2014 objectives and design update. European Journal of Epidemiology. 530 
2013;28(11):889-926. 531 
17. Yoshimura N, Muraki S, Oka H, Kawaguchi H, Nakamura K, Akune T. Cohort Profile: Research 532 
on Osteoarthritis/Osteoporosis Against Disability study. International Journal of Epidemiology. 533 
2010;39(4):988-95. 534 
18. Ding C, Parameswaran V, Cicuttini F, Burgess J, Zhai G, Quinn S, et al. Association between 535 
leptin, body composition, sex and knee cartilage morphology in older adults: the Tasmanian older 536 
adult cohort (TASOAC) study. Annals of the Rheumatic Diseases. 2008;67(9):1256-61. 537 
19. Stewart J. Is the Delphi technique a qualitative method? Medical Education. 538 
2001;35(10):922-3. 539 
20. Hunter DJ, Arden N, Conaghan PG, Eckstein F, Gold G, Grainger A, et al. Definition of 540 
osteoarthritis on MRI: results of a Delphi exercise. Osteoarthritis Cartilage. 2011;19(8):963-9. 541 
21. Ainsworth BE, Haskell WL, Herrmann SD, Meckes N, Bassett DR, Tudor-Locke C, et al. 542 
Compendium of physical activities: a second update of codes and MET values. Med Sci Sports Exerc. 543 
2011;2011. 544 
22. Ainsworth B, Haskell W, Leon A, Jacobs D, Montoye H, Sallis J, et al. Compendium of Physical 545 
Activities: classification of energy costs of human physical activities. Medicine & Science in Sports & 546 
Exercise. 1993;25(1):71-80. 547 
23. Physical Activity Guidelines Advisory Committee. Physical Activity Guidelines Advisory 548 
Committee Report. Washington, D.C; 2008. 549 
24. Strath SJ, Kaminsky LA, Ainsworth BE, Ekelund U, Freedson PS, Gary RA, et al. Guide to the 550 
Assessment of Physical Activity: Clinical and Research Applications: A Scientific Statement From the 551 
American Heart Association. Circulation. 2013. 552 
25. Kelly P, Kahlmeier S, Götschi T, Orsini N, Richards J, Roberts N, et al. Systematic review and 553 
meta-analysis of reduction in all-cause mortality from walking and cycling and shape of dose 554 
response relationship. International Journal of Behavioral Nutrition and Physical Activity. 555 
2014;11(1):1-15. 556 
26. Matthews CE, Jurj AL, Shu XO, Li HL, Yang G, Li Q, et al. Influence of exercise, walking, 557 
cycling, and overall nonexercise physical activity on mortality in Chinese women. Am J Epidemiol. 558 
2007;165. 559 
27. Carlsson S, Andersson T, Wolk A, Ahlbom A. Low physical activity and mortality in women: 560 
baseline lifestyle and health as alternative explanations. Scandinavian Journal of Public Health. 561 
2006;34(5):480-7. 562 
28. World Health Organisation. Global health risks: mortality and burden of disease attributable 563 
to selected major risks. Geneva; 2009. 564 
29. Ratzlaff CR, Koehoorn M, Cibere J, Kopec JA. Is Lifelong Knee Joint Force from Work, Home, 565 
and Sport Related to Knee Osteoarthritis? International Journal of Rheumatology. 2012. 566 
30. Palmer KT. Occupational activities and osteoarthritis of the knee. British Medical Bulletin. 567 
2012;102(1):147-70. 568 



31. Martin KR, Kuh D, Harris TB, Guralnik JM, Coggon D, Wills AK. Body mass index, occupational 569 
activity, and leisure-time physical activity: an exploration of risk factors and modifiers for knee 570 
osteoarthritis in the 1946 British birth cohort. BMC Musculoskeletal Disorders. 2013;14(1):1-11. 571 
32. Washburn RA, Smith KW, Jette AM, Janney CA. The Physical Activity Scale for the Elderly 572 
(PASE): development and evaluation. J Clin Epidemiol. 1993;46(2):153-62. 573 
33. Felson DT. Osteoarthritis as a disease of mechanics. Osteoarthritis and Cartilage. 574 
2013;21(1):10-5. 575 
34. Litwic A, Edwards MH, Dennison EM, Cooper C. Epidemiology and burden of osteoarthritis. 576 
British Medical Bulletin. 2013;105(1):185-99. 577 
35. Buckwalter JA, Lane NE. Does participation in sports cause osteoarthritis? The Iowa 578 
Orthopaedic Journal. 1997;17:80-9. 579 
36. Dolan S, Williams D, Ainsworth B, Shaw J. Development and Reproducibility of the Bone 580 
Loading History Questionnaire. Medicine & Science in Sports & Exercise. 2006;38(6):1121-31. 581 
37. Haskell W, Lee I, Pate R, Powell K, Blair S, Franklin B, et al. Physical activity and public health: 582 
Updated recommendation for adults from the American College of Sports Medicine and the 583 
American Heart Association Medicine. Circulation 2007;116:1081-93. 584 
38. Bull F, Groups. EW. Physical activity guidelines in the UK: Review and recommendations. 585 
Loughborough School of Sport, Exercise and Health Sciences, Loughborough University; 2010. 586 
39. Bravata DM, Smith-Spangler C, Sundaram V, et al. Using pedometers to increase physical 587 
activity and improve health: A systematic review. JAMA. 2007;298(19):2296-304. 588 
40. Tudor-Locke C, Bassett DR, Jr. How many steps/day are enough? Preliminary pedometer 589 
indices for public health. Sports Med. 2004;34(1):1-8. 590 
41. Tudor-Locke C, Craig CL, Aoyagi Y, Bell RC, Croteau KA, De Bourdeaudhuij I, et al. How many 591 
steps/day are enough? For older adults and special populations. International Journal of Behavioral 592 
Nutrition and Physical Activity. 2011;8(1):1-19. 593 
42. Dwyer T, Pezic A, Sun C, Cochrane J, Venn A, Srikanth V, et al. Objectively Measured Daily 594 
Steps and Subsequent Long Term All-Cause Mortality: The Tasped Prospective Cohort Study. PLoS 595 
ONE. 2015;10(11):e0141274. 596 
43. Marshall SJ, Levy SS, Tudor-Locke CE, Kolkhorst FW, Wooten KM, Ji M, et al. Translating 597 
Physical Activity Recommendations into a Pedometer-Based Step Goal: 3000 Steps in 30 Minutes. 598 
American Journal of Preventive Medicine. 2009;36(5):410-5. 599 
44. Autier P, Pizot C. Meaningless METS: studying the link between physical activity and health: 600 
BMJ. 2016 Aug 9;354:i4200. doi: 10.1136/bmj.i4200. 601 

 602 

 603 



23 

Table 1. Decisions made within the expert consensus meeting  604 

Objectives  Consensus  

1) Determine the suitability of 

using METs as a key method for 

harmonising variables between 

cohorts 

To define PA in OA related cohorts, data will be converted to MET-min/week using the duration, 

frequency and type of PA matched to the corresponding MET within the Compendium of Physical 

Activities (21). Where METs are already calculated based on Compendium versions prior to 2011, 

these will be converted to current 2011 Compendium of Physical Activity MET scores. 

2) Determine methods for treating 

missing components of MET-

min/week calculation 

Duration & frequency 

A standard 30 minute assumption for missing duration data was felt to be rather arbitrary, 

particularly as there are specific activities where the time of the activity will not reflect this 

duration (e.g., football 90 minutes, golf 4 hours). If a parameter of PA such as duration or 

frequency is missing, values will be assigned using data derived from nationally representative 

cohorts. This study has provided average durations (Appendix 1) and frequencies (Appendix 2) 

representative of a wide range of activities from both US and UK cohorts to be used when such 

parameters are missing.  

Intensity 

Where the parameter of intensity is not measured “moderate” or “general” intensity shall be used 

for the given activity according to Compendium of Physical Activities. For example:  

 Where intensity of walking is not given, assume standard walking intensity of 3.5 METs  

 Where intensity of bicycling is not given, assume bicycling intensity of 7.5 METs  

 Where there is no differentiation between walking and cycling (how long you 'walk or cycle'), 

assume a MET value of 5.5 

Type 

Where a list of examples is given and one single type of activity cannot be chosen, assume MET 

based on the average of all of the examples, e.g., light sport (such as bowling, golf with a cart, 

shuffleboard, and fishing).  Average of these type examples = 3.3 METs according to the 

Compendium of Physical Activities 2011 (21). 

Time period 

When a cohort questionnaire asked about ‘last week’, assume this is a typical week. When asked 

about months per year and times per month, calculate an average week over entire year. When 

asked about times per month, divide by four for times per week. 

Walking and cycling 
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Where walking or cycling has a separate domain, disregard any walking or cycling equivalent 

variable that is also noted in sport and recreation domain.  

3) Assess the domains of physical 

activity: how to treat missing 

domains  

Without these domains it was believed there may be an underestimation in PA within these 

cohorts.  Available household data are good quality, therefore it was decided to impute missing 

data when statistically possible.  

4) Assess the domains of physical 

activity: the use of occupation as a 

PA domain in studies with OA as an 

outcome 

It was agreed that occupation will not be included as a domain when calculating weekly METs. 

Instead results will be stratified by levels of occupational activity. 

Findings from the consensus meeting revealed a similar international technical consensus 

meeting and PA initiative recently began refining working categories into the following levels: 

heavy manual, light manual, light, sedentary (Kelly P: Personal communication). Occupations and 

occupation related tasks, which are commonly used within population cohort studies, have been 

categorised into these four levels of occupation, according to the PASE questionnaire, which can 

be used to stratify results (Appendix 3).  

5) Evaluate the use of an OA-

specific PA measure taking weight-

bearing vs. non weight-bearing 

activity into consideration 

Agreement was made that the degree of weight-bearing or joint loading should be considered on 

a scale. A decision was made within the expert meeting for the working group to further assess 

the use of a joint loading type questionnaires and use findings to inform further expert decision 

making within the subsequent Delphi exercise. 

It was proposed to use the joint impact and torsional load categorization, developed by 

Buckwalter and Lane (35) as an example to classify activities into low, moderate or high level of 

impact/torsional load. This was chosen particularly for its relevance to OA, having been used by 

other researchers looking at the relationship between joint loading activity and OA.  

Activities within the study cohorts were then categorised according to these classifications. Any 

activities that were not described by Buckwalter and Lane (35) were evaluated by the experts 

and placed in comparable categories. Agreement was reached within the Delphi exercise for  the 

joint loading categories of low, moderate and high and the activities placed within each category 

(see appendix 4 for table provided to experts). 



25 

6) Establish if thresholds based on 

national PA guidelines should be 

used to investigate the association 

of PA with OA 

 

Agreement was made to evaluate the dose-response of METs against risk of OA to provide data 

driven thresholds to define ‘inactivity’ or ‘insufficient activity’, rather than use an arbitrary 

threshold. The primary analysis will exclude occupational METs and a secondary analysis will use 

overall METs from all domains if possible.  

 

Agreement that a guideline based on the number of steps per day needed to reduce the risk of OA 

would be a valuable metric for some people to measure their PA levels, although this would 

require further assumptions to be made in the process of converting MET values to steps. An 

attempt will be made to complete the conversion based on results, providing there is an inflection 

point for the reduced risk of OA. 

 605 

 606 

 607 

 608 

 609 

 610 

 611 

 612 
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Table 2. Modified Delphi results (questions were based on evidence and supplementary 616 

information provided in Appendices 1-4) 617 

Questions Agreement (%) 
 (n=9) 

1) Do you agree with the use of the levels of 
occupational activities, suggested by a 
previous consensus group, within the current 
study? (sedentary, light, light manual, heavy 
manual) 

 
100 

2) Do you agree with the selected occupation 
related tasks within each of the levels of 
occupation? (see appendix 3 for list of 
occupation related tasks) 

Sedentary 100 

Light 67 

Light Manual 78 
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Heavy Manual 67 

3) Do you agree with the activity joint loading 
categories and definitions? (see appendix 4 for 
list of activities) 

Low 78 

Moderate 78 

High 78 

4) Do you agree with the average durations 
that have been assigned to the listed activities? 
(see appendix 1 for median durations of 
activities) 

 
89 

5) For these duration values should we use the 
absolute median number or round it up to the 
nearest 15 minutes? 

 
67 

6) When frequency is missing an assumption 
will made based on individual activity data 
from a matched cohort. Do you agree with this 
assumption? (see appendix 2 for average 
frequencies of activities)  

 
67 

 618 

 


