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APPENDIX. ADDITIONAL METHODS AND RESULTS 

Valuation of Lost Productivity (VOLP) questionnaire and outcomes 

The paid work productivity loss obtained from the VOLP included three components: 1) 

absenteeism: the number of absent days in the past 3 months, which were transformed into 

absent hours according to the self-reported number of work hours and days per week; the 

percentage of time loss was also calculated as the number of absent hours divided by the number 

of usual work hours; 2) presenteeism: the frequency of patients who stated they would complete 

the same work in less time if they did not experience any health problems in the past 7 days; the 

percentage of time loss while working in the past 7 days was calculated by dividing the 

difference between hours actually used to complete work with health problems in the past 7 days 

and hours used to complete the same work without health problems by hours actually used to 

complete work with health problems; 3) employment status changes due to health including 

stopping work, starting work, changing job or work hours.  

 

Paid work productivity loss (hours) in the past 3 months was the sum of the time loss from the 

three components above. If patients were working, paid work productivity loss in the past 3 

months was absent hours in the past 3 months (absenteeism) plus the actual work hours in the 

past 3 months (i.e., usual work hours minus absent hours) multiplied by percentage of time loss 

while working (presenteeism) by adjusting for changes in work hours during follow-up visits. If 

patients stopped working, paid work productivity loss in the past 3 months were equal to the 

hours they used to work in 3 months.  
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In addition, we calculated the percentage of paid work time loss for each visit and for the one-

year study period by the number of paid work hour loss divided by the number of usual work 

hours. 

 

Covariate selection method 

In terms of covariate selection, we first divided all baseline patient characteristics variables 

except response variable (responders vs. non-responders) into five groups: Group 1: 

demographics – age, sex, body mass index (BMI), smoking status, alcohol use, and country 

(west Europe or not); Group 2: medication and medical history – RA duration, prior uses of 

corticosteroids, non-steroidal anti-inflammatory drugs (NSAIDS), and disease modifying anti-

rheumatic drugs (DMARDS), and number of diseases reported in the medical history; Group 3: 

clinical outcomes – patient general health, patient/physician global assessment of disease activity, 

DAS28, Health Assessment Questionnaire (HAQ), swollen joint count, tender joint count, pain, 

Functional Assessment of Chronic Illness Therapy (FACIT), Patient Acceptable Symptom State 

(PASS); Group 4: quality of life measures – EuroQol-5 Dimensions (EQ-5D) and short form-36 

(SF-36); Group 5: job/workplace characteristics – working status and work habit.  

 

For each of the three total productivity loss outcomes, baseline variables were first selected 

within each group of the independent variables (group variable selection).[1] The selection 

criteria for group variable selections included entry criterion p value ≤0.2 and the smaller 

Bayesian Information Criterion (BIC).[2] The smaller the BIC is, the better the model fit. The 

final model selection was then constructed among the variables selected in each group in the first 

step and the corresponding baseline VOLP outcome. The selection criteria for the final model 
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selections were p value ≤0.1 and the smaller BIC. In the zero-inflated negative binomial model 

and two-part model, covariates included in the two parts of the models could be different as long 

as they met the criteria. Using the variable selection method, we can avoid over-adjustment and 

address the issue that the variables within the same group were usually highly correlated 

(multicollinearity issue). 

 

Multiple imputation method 

To calculate the main VOLP outcomes during the one-year study period, the Last Observation 

Carried Forward method was applied for any missing follow up in our main analysis. In addition, 

we also performed the multiple imputation method for the missing values as a sensitivity analysis. 

Missing values of the VOLP outcomes (absenteeism, presenteeism, employment status, and 

unpaid work loss) and the clinical outcomes (DAS28 and HAQ) at each time point were replaced 

by random draws from a distribution of plausible values using the fully conditional specification 

method.[3] These missing values for VOLP outcomes at baseline depended on age, sex, baseline 

DAS28 and baseline HAQ. These missing values for VOLP outcomes at each follow up time 

point depended on age, sex, concurrent DAS28 and HAQ, and the corresponding VOLP outcome 

at the last follow-up time point. Missing DAS28 depended on age, sex and concurrent HAQ and 

missing HAQ depended on age, sex and concurrent DAS28. For the regression models, 10 

imputations were performed. Bootstrapping methodology was used to calculate the confidence 

intervals for the expected values for responders and non-responders and the marginal effects and 

thus, for each bootstrapped sample, one imputation was performed.[4] 
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Results 

Figure I presents the flowchart of the study cohort. Among the total of 306 patients participating 

in phase 1, 204 reported they were employed at baseline, 101 were unemployed and 1 patient’s 

employment status was missing. The 196 employed patients who had at least one follow-up with 

VOLP were included in our final analysis. Among them, 154 completed the phase 1 and 42 did 

not.  

 

Table I presents model results of comparing one-year total work productivity loss between 

responders and non-responders defined by DAS28 at week 13. Zero-inflated negative binomial 

models (ZINB) were chosen over zero-inflated Poisson models according to the Vuong test[5] to 

compare paid and unpaid work productivity loss. The first part model showed that early 

responders were more likely to have zero paid (marginally significant) and unpaid work 

productivity loss (significant). The second part model showed that early responders also had 

significantly lower paid work hour loss than non-responders. Similarly, using a two part model, 

it showed that responders were more likely to have no costs of lost productivity and had 

marginally significantly lower nonzero costs (with multiplier) than non-responders.  

 

Table II shows the time loss estimates from absenteeism, presenteeism and work stopping, which 

composes paid work productivity loss during the one-year study period. These three estimates 

may not add up to the estimated paid work productivity loss because the latter were adjusted for 

work hour changes during follow-ups. It showed that time loss from absenteeism was similar to 

that from work stopping, both of which account for about 36% of overall paid work hour loss. 
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Time loss from presenteeism was lower and accounted for about 21% of overall paid work hour 

loss. 

 

In addition, we compared the three main VOLP outcomes at week 13/26 with those at baseline 

and found that significant productivity gains already started at week 13 (Table III). The results 

on the costs of lost productivity without applying multipliers are presented in Tables I, III, IV, V 

and VI and Figure II, respectively. 

 

The results from the multiple imputation method were presented in Tables VII and VIII. Our 

results were robust to the two different missing handling methods (Last Observation Carried 

Forward vs. Multiple Imputation). For one-year paid work productivity loss, while holding 

covariates at their mean value at baseline, the expected probability of being zero loss was 45% 

for responders and 20% for non-responders; the expected paid work hour loss in part 2 of the 

ZINB model was 216 hours and 423 hours, respectively; overall, the expected paid work 

productivity loss was 118 hours and 340 hours, respectively, with a 222-hour significant 

difference. Similarly, the difference in unpaid work productivity loss was significant and 

equalled 133 hours. For total costs of lost productivity, responders had a 32% higher probability 

of having no costs than non-responders. Overall, responders gained €3,847 in productivity with 

multipliers and €2,793 without multipliers compared with non-responders. 
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Figure I. Study cohort flowchart 
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Figure II. Plots of 3-month total costs without multiplier at each visit by response at week 

13 
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Table I. Regression models to compare total work productivity loss during the one-year study period by response at week 13  

Variable  Estimate 

(responders vs. non-responders) 

Standard 

Error 
P-value 

Part 1    

Paid work productivity loss
1
 0.7573 0.4117 0.0659 

Unpaid work productivity loss
2
 1.5961 0.4294 0.0002 

Costs of lost productivity
3
 2.2889 0.6068 0.0002 

Part 2    

Paid work productivity loss
4
 -0.6684 0.2089 0.0014 

Unpaid work productivity loss
5
 -0.0386 0.2624 0.8830 

Total costs of lost productivity with multiplier
6
 -0.4552 0.2689 0.0906 

Total costs of lost productivity without multiplier
7
 -0.2849 0.2501 0.2548 

Note: Zero-inflated negative binomial model for paid and unpaid work productivity loss; Two parts model for total costs of lost productivity: logistic regression 

for the probability of no costs and generalized linear model with gamma distribution and log link for non-zero costs; 

Covariates included in the models were selected according to the observed data; 
1
Adjusted for baseline SF-36 Mental Component Summary Score, prior use of corticosteroids, and baseline paid work productivity loss; 

2
Adjusted for baseline 

any unpaid work productivity loss, prior use of corticosteroids, FACIT, and sex; 
3
Adjusted for baseline any costs of lost productivity, work habits, and sex; 

4
Adjusted for EQ-5D VAS, patient acceptable symptom state, baseline paid work productivity loss, and work habits; 

5
Adjusted for baseline unpaid work 

productivity loss; 
6
Adjusted for baseline total costs of lost productivity, SF-36 Physical Component Summary Score, and work habits; 

7
Adjusted for baseline total 

costs of lost productivity,  SF-36 Physical Component Summary Score, and work habits. 
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Table II. Components of paid work productivity loss during the one-year study period 

 
Variable Mean (SD) 

N
†
 187 

Percentage of paid work time loss 0.17 (0.27) 

Paid work productivity loss 294.97 (506.97) 

Stop working: hour loss 105.33 (410.76) 

Absenteeism: absent hours 106.89 (245.16) 

Presenteeism: hour loss 62.66 (145.21) 
†
Non-missing observations for paid work productivity loss 
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Table III. Change of productivity loss from baseline 

 

Week 13  N
†
 Week 13 – Baseline P value 

Any paid work productivity loss in the past 3 months (%) 130 -30.8 <.0001 

Paid work productivity loss in the past 3 months (hours) 130 -22.93 0.0887 

Any unpaid work productivity loss in the past 7 days (%) 151 -25.8 <.0001 

Unpaid work productivity loss in the past 7 days  (hours) 151 -2.74 0.0013 

Any costs of lost productivity in the past 3 month (%) 108 -29.6 <.0001 

Total costs of lost productivity in the past 3 months with multiplier (€) 108 -1829.91 0.051 

Total costs of lost productivity in the past 3 months without multiplier (€) 108 -661.93 0.0083 

Week 26  N
†
 Week 26 – Baseline P value 

Any paid work productivity loss in the past 3 months (%) 131 -33.6 <.0001 

Paid work productivity loss in the past 3 months (hours) 131 -29.04 0.0475 

Any unpaid work productivity loss in the past 7 days (%) 143 -26.6 <.0001 

Unpaid work productivity loss in the past 7 days  (hours) 143 -3.47 0.0006 

Any costs of lost productivity in the past 3 month (%) 100 -37.0 <.0001 

Total costs of lost productivity in the past 3 months with multiplier (€) 100 -2238.99 0.0283 

Total costs of lost productivity in the past 3 months without multiplier (€) 100 -1000.76 0.0003 

Week 39  N
†
 Week 39 – Baseline P value 

Total costs of lost productivity in the past 3 months without multiplier (€) 107 -1203.18 0.0002 

Week 52  N
†
 Week 52 – Baseline P value 

Total costs of lost productivity in the past 3 months without multiplier (€) 95 -1033.42 0.0003 
†
The number of patients whose outcomes at baseline and week13/26 were both observed 
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Table IV. Total costs without multipliers by visits 

 

Variable Baseline Week 13 Week 26 Week 39 Week 52 

Total costs of lost productivity in the 

past 3 months (N) 
141 143 135 135 124 

Total costs without multiplier, € (SD) 1895.41 (2625.98) 1272.74 (2730.02) 1056.88 (2411.70) 754.86 (2128.80) 685.9 (1682.31) 
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Table V. Total costs without multipliers during the one-year study period by response at week 13 

 

 All Responder Non-responder P value 

Total costs of lost productivity (N) 184 111 69  

Total costs of lost productivity without multiplier, € (SD) 4154.30 (8777.17) 1734.68 (3746.66) 7814.31 (12527.63) < 0.01 
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Table VI. Expected values for costs without multipliers by response at week 13 and marginal effects using sample means 

shown in Table 1 from the regression models 

 

 
Responder 

Mean (CI) 

Non-responder 

Mean (CI) 

Difference 

Mean (CI) 

Total costs of lost productivity    

Probability of total costs = 0 (part 1) 0.376 (0.027, 0.510) 0.058 (0.001, 0.123) 0.319 (0.023, 0.466)
***

 

Without multiplier    

Mean costs for total costs for part 2 in € 3504 (2460, 4779) 4659 (2451, 5986) -1155 (-2733, 1458) 

Mean overall costs in € 2185 (1442, 3864) 4390 (2320, 5749) -2205 (-3586, 445)
†
 

CI: confidence interval; 
***

p value for the coefficients of response variable in the models≤0.01; 
**

0.01<p≤0.05; 
*
0.05<p ≤0.1; 

†
Not applicable 
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Table VII. Regression models to compare total work productivity loss during the one-year study period by response at week 13 

using multiple imputation method  

 

Variable  Estimate 

(responders vs. non-responders) 

Standard 

Error 
P-value 

Part 1    

Paid work productivity loss
1
 1.0599 0.3912 0.0072 

Unpaid work productivity loss
2
 1.4202 0.4205 0.0010 

Costs of lost productivity
3
 2.0509 0.4891 <0.0001 

Part 2    

Paid work productivity loss
4
 -0.5445 0.2169 0.0122 

Unpaid work productivity loss
5
 -0.2275 0.2688 0.3984 

Total costs of lost productivity with multiplier
6
 -0.6503 0.2378 0.0068 

Total costs of lost productivity without multiplier
7
 -0.5768 0.2262 0.0114 

Note: Zero-inflated negative binomial model for paid and unpaid work productivity loss; Two parts model for total costs of lost productivity: logistic regression 

for the probability of no costs and generalized linear model with gamma distribution and log link for non-zero costs; 

Covariates included in the models were selected according to the observed data; 
1
Adjusted for baseline SF-36 Mental Component Summary Score, prior use of corticosteroids, and baseline paid work productivity loss; 

2
Adjusted for baseline 

any unpaid work productivity loss, prior use of corticosteroids, FACIT, and sex; 
3
Adjusted for baseline any costs of lost productivity, work habits, and sex; 

4
Adjusted for EQ-5D VAS, patient acceptable symptom state, baseline paid work productivity loss, and work habits; 

5
Adjusted for baseline unpaid work 

productivity loss; 
6
Adjusted for baseline total costs of lost productivity, SF-36 Physical Component Summary Score, and work habits; 

7
Adjusted for baseline total 

costs of lost productivity,  SF-36 Physical Component Summary Score, and work habits. 
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Table VIII. Expected values by response at week 13 and marginal effects using sample means shown in Table 1 from the 

regression models using multiple imputation method 

 

 
Responder 

Mean (CI) 

Non-responder 

Mean (CI) 

Difference 

Mean (CI) 

Paid work productivity loss    

Probability of paid loss = 0 (part 1) 0.453 (0.338, 0.566) 0.196 (0.103, 0.299) 0.257 (0.111, 0.399)
***

 

Mean Loss for part 2 in hours 216 (154, 284) 423 (278, 550) -207 (-349, -49)
**

 

Mean overall loss in hours 118 (77, 162) 340 (219, 451) -222 (-337, -95)
†
 

    

Unpaid work productivity loss    

Probability of unpaid loss = 0 (part 1) 0.693 (0.597, 0.813) 0.354 (0.236, 0.503) 0.339 (0.178, 0.504)
***

 

Mean Loss for part 2 in hours 265 (160, 383) 332 (199, 527) -67 (-281, 87) 

Mean overall loss in hours 81 (39, 120) 215 (118, 346) -133 (-269, -39)
†
 

    

Total costs of lost productivity    

With multipliers    

Probability of total costs = 0 (part 1) 0.392 (0.27, 0.511) 0.077 (0.017, 0.144) 0.315 (0.179, 0.448)
***

 

Mean costs for total costs for part 2 in € 3328 (2335, 4652) 6360 (4273, 9191) -3032 (-5908, -607)
***

 

Mean overall costs in € 2020 (1329, 2961) 5867 (3918, 8565) -3847 (-6507, -1754)
†
 

Without multiplier    

Mean costs for total costs for part 2 in € 2704 (1933, 3603) 4806 (3158, 6587) -2102 (-4085, -232)
**

 

Mean overall costs in € 1642 (1095, 2290) 4434 (2886, 6151) -2793 (-4582, -1157)
†
 

CI: confidence interval; 
***

p value for the coefficients of response variable in the models≤0.01; 
**

0.01<p≤0.05; 
*
0.05<p ≤0.1; 

†
Not applicable 
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APPENDIX. RELEVANT VOLP QUESTIONS 

Contact information and permission to use VOLP: http://www.thevolp.com/ 

 

Employment status change 

 
1.  Which of the following best describes your current employment status (tick one only)? 

1 ❏Working full time as an employee 

2 ❏Working part time as an employee 

3 ❏Self-employed  

4 ❏On official work disability 

5 ❏Unemployed but looking for work 

6 ❏Unemployed but not looking for work 

7 ❏Retired 

8 ❏Housewife / househusband 

9 ❏Other (please 

specify)________________________________________________________ 
 
2.  In the past 3 months, has your employment status changed in any of the following ways (tick the 

most applicable one)? 

1 ❏NO, my employment status has not changed 

2 ❏YES, I have stopped working as an employee or self-employment; when did you stop? 

                          (mm/yy) _____ 

3 ❏ YES, I have started working as an employee or self-employment from unemployment or work 

disability; when did you start? (mm/yy) ___________ 

4 ❏ YES, I have changed my job/working organisation 

5 ❏ YES, I have changed the number of hours I routinely work per week 

 
3.  Was the change of your employment status mainly due to YOUR RHEUMATOID ARTHRITIS or 

OTHER HEALTH PROBLEMS (tick one only)? 

1 ❏YES, it is mainly due to my rheumatoid arthritis  

2 ❏YES, it is mainly due to my other health problems  
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3 ❏NO 

 

Absenteeism 

 
1.  In the past 3 months, how many work days in total have you been absent from work because of 

YOUR HEALTH (any physical, mental, or emotional problems or symptoms)? 
 Please include work days you missed due to your health, and/or partial work days where you 

went in late or left early due to your health (e.g. doctor appointments); DO NOT include any work 
days you missed to participate in this study 
 
 ________  work days 

 

Presenteeism 

 
1.  In the past 7 days, have you gone to work? 

1 ❏YES  2 ❏NO (IF NO, SKIP TO QUESTION 4) 

 
2.  Think of all the work you have completed during the past 7 days. Would you complete the same 

work in less time if you did NOT experience any health problems (i.e., any physical, mental, or 
emotional problems or symptoms)? 

1 ❏YES  2 ❏NO (IF NO, SKIP TO QUESTION 4)  

 
3.  If yes, please indicate the time you took to complete all your work in the past 7 days and the time 

you would take to complete the same work if you did NOT experience any health problems: 
 

a) Time taken to complete all of my work during the past 7 days  ______hours 
  

b) Time I would take to complete the same work if I did NOT experience any health problems 
(should be less than a))  ______hours 

 

Unpaid work loss 

 
1.  During the past 7 days, how many hours have you spent on:  

                                                                                       Number of hours 
in the past 7 days 

 
Housework (e.g. preparing meals, cleaning the house, washing clothes)                       ______hours 
 
Shopping (e.g. shopping for the daily groceries, other types of shopping, going to the 
bank or post office)                                                                                                          ______ hours 
 
Odd jobs and chores (e.g. house repairs, gardening, fixing the car)                              ______ hours 
 
Doing things for or with your own children (e.g. caring for them, taking them to  
school, helping with homework)                                                                                      ______ hours 
  
Voluntary activities                                                                                                          ______ hours 
 
Total time spent on these unpaid work activities                                                      ______ hours 
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2.  During the past 7 days, have you had help with any of your household tasks (cleaning the house, 

shopping, taking care of the children) due to YOUR HEALTH (please think of any physical, mental, 
or emotional problems or symptoms; tick all that apply)? 

Number of hours 
in the past 7 days 

❏No, I have performed my household tasks myself 

❏Family members (e.g. partner, children) have taken over my household tasks        ______ 

hours 

❏Others (e.g. neighbours or volunteers) have taken over my household tasks          ______ 

hours 

❏I have had a home-help                                                                                            ______ 

hours 

      ❏I have had another type of paid help                                                                         ______ 

hours 

 

Multiplier 
 
1.  How often do you need to work with your co-workers as a team (by team, we mean ‘a group of 

people who work/act together for a common purpose (e.g. projects and tasks)’) (tick one only)? 

1 ❏None of the time (IF NONE OF THE TIME, SKIP TO QUESTION 4) 

2 ❏A little of the time 

3 ❏Some of the time 

4 ❏Most of the time 

5 ❏All the time 

 
2.  For the time you are working with a team, how many co-workers do you usually work with as a 

team (if you are working with more than one team, please focus on the team you spend the 
most time with. Please DO NOT include yourself)? 

 Please write down a specific number such as ‘4’ or a range such as ‘8–12’ ___________________ 
 
3.  For the time you are working with a team, how important are you to the function of your team (if you 

are working with more than one team, please focus on the team you spend the most time with) 
(tick one only)? 

1 ❏My team can function as usual when I am absent, or when I am present but less 

productive (e.g. this might be appropriate for a person who works in a team picking crops 
in a field. Each person in the team picks crops all by himself or herself) 

2 ❏My team’s function can be affected a little bit when I am absent, or when I am present 

but less productive 
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3 ❏My team’s function can be somewhat affected when I am absent, or when I am present 

but less productive 

4 ❏My team’s function can be affected quite a lot when I am absent, or when I am present 

but less productive 

5 ❏My team cannot function when I am absent, or when I am present for work but less 

productive (e.g. this might be appropriate for the conductor of an orchestra where the 
orchestra can’t play without the conductor and the conductor is useless without the 
orchestra) 

 
4.  Can any of your co-workers do your work (tick one only)? 

1 ❏There are co-workers who can complete my work in the same amount of time as me 

2 ❏My co-workers can complete my work in a little bit more time than me 

3 ❏My co-workers can complete my work in somewhat more time than me 

4 ❏My co-workers can complete my work in a lot more time than me 

5 ❏None of my co-workers can do my work 

 
5.  Does your working organisation hire temporary (i.e., temp) workers from external agencies who do 

the same or similar work as you do? 

1 ❏YES  2 ❏NO (IF NO, SKIP TO OPTIONAL QUESTION 7) 

 
6.  Can any of the temp workers hired from external agencies do your work (tick one only)? 

1 ❏Temp workers can complete my work in the same amount of time as me 

2 ❏Temp workers can complete my work in a little bit more time than me 

3 ❏Temp workers can complete my work in somewhat more time than me 

4 ❏Temp workers can complete my work in a lot more time than me 

5 ❏It is impossible to find any temp workers who can do my work 

 

 


