Methods
Data sources
	Register
	Description 

	National Patient Register, Norwegian Directorate of Health 
	Used to identify patients based on recorded ICD-10 codes during the study period in specialty care. 
All specialty care visits in Norway are recorded in the register, thus coverage is nationwide and complete. 

	FD-Trygd, Statistics Norway
	Used to calculate the number of absent days. The register contain information on all episodes of sick leave and disability pension, including start and end dates, and extent.
These data are not self-reported,  but are the days  where the individual was paid sick leave and/or disability pension by the government. In Norway, sick leave episodes lasting up to 14 days are paid for by the employer, while the government pays for the exceeding days in longer episodes. Therefore, sick leave episodes of 14 days or below , are not included in the register. For the episodes longer than 14 days, the start day for the employee-paid period was available and included in the sick leave episode. 

	Income and Education Register, Statistics Norway
	Used to define socioeconomic status. 
Data on income and the highest achieved education in each calendar year. These data are not self-reported. 



w – the wage rate
The parameter w is the monetary valuation of each absent day. This is the marginal productivity of each employee proxied by the wage rate, as is the standard in previous studies. 
Wages were directly available for each individual in the individual-level data from Statistics Norway. The mean daily wage in the study population was €92.2. In our main analyses (the main and simple FCA, and the HCA model), the daily average wage rate for each individual was used. In the one-way sensitivity analysis the average wage in the population and average wage across the educational groups were used (€64.9, €90.6 and €115.1 for <upper secondary school, upper secondary school, >upper secondary school, respectively). 
We chose to use wage rates for each individual rather than average wage rates from the general population as the individual wages reflect the socioeconomic background of our patients. 

The friction period
[bookmark: _Hlk117337750]The friction period was empirically calculated to 78 days for Norway in our study period (2011-2016) following the methodology and formula applied by Hanly et. al.2, and using publicly available data from Eurostat (data tables: ei_lmjv_q_r2 and lfsa_enewasn)  according to equation 1. The 78days include 28 days to account for the training period for the new employee, as commonly applied 2. 
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Description automatically generated]
The R script to calculate the vacancy multiplier is provided below. 
j – team production multiplier
The team production multiplier is the multiplication effect of the decrease in production caused by absent workers team production 3. As in Krol et. al. 4, we use team production multiplier estimates directly from Nicholson et. al. 5. In their study, the multiplier is determined by job type, although we did not have job type in our data, we therefore used the average multiplier for 14 day absences (1.6) in our analysis model. These numbers were derived from the United States and not Norway, but considered the best available estimates for any setting. In their paper, Nicholson et. al., report 3 day absence multipliers as well, however we chose the 14 day multipliers as they better reflect our underlying data on absences longer than 14 days. We chose to use the mean value from the paper, instead of the median despite that one category had a substantially higher multiplier (construction engineers) as we believe the construction engineer multiplier represent a group of workers with very high multipliers that are important to take into account.  
c – compensation mechanism 
The parameter c is the compensation mechanism to account for the net production loss, as production losses due to a sick employee may be compensated, either by others at the workplace or by the absent employee after returning to work. This can occur either within or outside normal hours and is usually defined as compensation occurring outside normal work hours 4, 6. In an study by Knies et. al., 26.8% was compensated as described above as an average across the Netherlands, Great Britain, France and Germany. As Norwegian data is lacking, we applied the cross-country average in our analysis.
v – vacancy multiplier
The final parameter is the vacancy multiplier, v. A major critique against the original friction cost method papers was the lack of multiple friction periods 7, 8. If an absent worker is replaced by an employed worker, instead of an unemployed worker, a new friction period will occur at the previous workplace. Thus, a series of frictions will necessarily occur. In a recent study, by Hanly, Ortega-Ortega and Sharp, the authors develop a new method to account for the chain of vacancies issues by calculating a vacancy multiplier based on the probability that the sick worker is replaced by an employed worker 9. Following their method and formula, we calculated the multiplier for Norway during the period between 2011 and 2016 to 3.95. This was substantially higher than estimates from Hanly’s original paper that did not include Norwegian estimates. The R script deriving this vacancy multiplier using data from Eurostat and Norway is included below. The difference between our estimate and other estimates in the Hanly paper is due to the use of annual vs. quarterly data. 
R scripts to derive all the model parameters
	#------------------------------------------------------------------------------#
# Article name         : Productivity loss across socioeconomic groups among 
#                        patients with low back pain or osteoarthritis: 
#                        Estimates using the friction-cost approach in Norway
# Data last modified   : 22 October 2022 

# Purpose              : Calculate all the model parameters
#------------------------------------------------------------------------------#

#================== Set up file ----
# Clean environment 
rm(list=ls())

# Load libraries
library(tidyverse)
library(eurostat)
library(PxWebApiData)library(httr)
library(rjstat)
library(readxl)

#================== Load data from Eurostat ----
# Collect raw data - both accessed 22 October 2022 

raw_vacancy <- get_eurostat(id = "ei_lmjv_q_r2")
raw_employ <- get_eurostat(id = "lfsa_enewasn")
raw_transition <- get_eurostat(id = "lfsi_long_q") 
raw_a_transition <- get_eurostat(id = "lfsi_long_a") 

raw_educ_nace <- get_eurostat(id = "edat_lfs_9910")

#------------------------------------------------------------------------------#
#================== Friction length ----
#------------------------------------------------------------------------------#
# Vacancy rate
vacancy <- raw_vacancy %>% filter(sizeclas=="TOTAL"  & s_adj == "SA") %>% 
  mutate(time = as.Date(time)) %>% 
  mutate(year = format(time, format="%Y")) %>% 
  group_by(year, geo, nace_r2) %>% summarise(jvr = mean(values))

vacancy <- raw_vacancy %>% filter(sizeclas=="TOTAL"  & s_adj == "SA") %>% 
  mutate(time = as.Date(time)) %>% 
  mutate(year = format(time, format="%Y")) %>% 
  group_by(year, geo) %>% summarise(jvr = mean(values))

# Newly employed 
employ <- raw_employ %>% filter(wstatus=="EMP" & age=="Y15-64" & citizen=="TOTAL") %>% 
  mutate(time = as.Date(time)) %>% 
  mutate(year = format(time, format="%Y")) %>% 
  select(geo,year, emp = values)

# Combine 
comb <- vacancy %>% left_join(employ, by=c("year", "geo")) %>% 
  mutate(vacancy_period = round(jvr,2)/emp*365, 
         friction = vacancy_period + 28, 
         a = round(jvr,2)/emp)

# Friction length
friction <- comb %>% filter(between(year, 2011, 2016) & geo=="NO") %>% 
  ungroup() %>% 
  summarise(main = round(mean(friction),0) ) %>% 
  mutate(lower = round(main*0.75, 0 ),  
         higher = round(main*1.25, 0 ) ) 
  
friction

#------------------------------------------------------------------------------#
#================== Compensation mechanism ----
#------------------------------------------------------------------------------#

# Collect from article by Knies et at. (Compensation Mechanisms for Lost Productivity: A Comparison between Four European Countries)
# Take average of Netherlands, UK, France and Germany from Table 2 (Number of respondents using compensation mechanisms leading to relevant lost productivity)

comp_mech <- data.frame(main = c(21.1, 28.6, 21.4, 36.2)) %>% summarise_all(mean) %>% 
  mutate(main = round(main, 1),
        lower = round(main*0.75, 1),
         higher = round(main*1.25, 1))

comp_mech

#------------------------------------------------------------------------------#
#================== Team production multiplier ----
#------------------------------------------------------------------------------#

# Collect from article by Nicholson et at. (Measuring the effects of workloss on productivity with team production
# Take average Table 4 Estimated Multipliers by job type - 2-week cost of absence multiplier for all types of jobs. 

job_mult_nich <- data.frame(main = c(11.4, 1.93, 1.85, 1.7, 1.68, 1.57, 
                                     1.57, 1.51, 1.48, 1.43, 1.41, 1.4, 1.39, 
                                     1.34, 1.33, 1.3, 1.3, 1.28, 1.26, 1.26, 
                                     1.25, 1.24, 1.23, 1.21, 1.19, 1.19, 1.17,
                                     1.14,1.13, 1.1, 1.09, 1.09, 1.05, 1.02, 1)) %>% 
  summarise_all(mean) %>% 
  mutate(main = round(main, 1),
         lower = round(main*0.75, 1),
         higher = round(main*1.25, 1))

job_mult_nich

#------------------------------------------------------------------------------#
#================== Vacancy multiplier ----
#------------------------------------------------------------------------------#

#================== Using quarterly data ----
# Annaualize the quarterly data 

temp_q_transition<- raw_transition %>% filter(unit=="THS_PER" & sex=="T" & s_adj == "SA") %>% 
  mutate(time = as.Date(time)) %>% 
  mutate(year = format(time, format="%Y")) %>% 
  group_by(year, geo, indic_em) %>% summarise(trans = mean(values))

# Reformat the data and calculate the probabilities 
trans_q_E_E <- temp_q_transition %>% filter(indic_em=="E_E") %>% rename(e_e = trans) %>% select(-indic_em)
trans_q_U_E <- temp_q_transition %>% filter(indic_em=="U_E") %>% rename(u_e = trans) %>% select(-indic_em)
trans_q_I_E <- temp_q_transition %>% filter(indic_em=="I_E") %>% rename(i_e = trans) %>% select(-indic_em)

transition_q <- trans_q_E_E %>% left_join(trans_q_U_E) %>% left_join(trans_q_I_E) %>% left_join(employ) %>% 
  mutate(tot_emp = e_e + u_e + i_e, 
         tot_new_emp = tot_emp*(emp/100), 
         u = u_e/tot_new_emp, 
         i = i_e/tot_new_emp, 
         e = 1 - u - i, 
         vm = 1/(1-e) ) %>% mutate(type = "Q")

#================== Using annual data ----
temp_a_transition<- raw_a_transition %>% filter(unit=="THS_PER" & sex=="T") %>% 
  mutate(time = as.Date(time)) %>% 
  mutate(year = format(time, format="%Y"))

# Reformat the data and calculate the probabilities 
trans_a_E_E <- temp_a_transition %>% filter(indic_em=="E_E") %>% rename(e_e = values) %>% select(-indic_em)
trans_a_U_E <- temp_a_transition %>% filter(indic_em=="U_E") %>% rename(u_e = values) %>% select(-indic_em)
trans_a_I_E <- temp_a_transition %>% filter(indic_em=="I_E") %>% rename(i_e = values) %>% select(-indic_em)

transition_a <- trans_a_E_E %>% left_join(trans_a_U_E) %>% left_join(trans_a_I_E) %>% left_join(employ) %>% 
  mutate(tot_emp = e_e + u_e + i_e, 
         tot_new_emp = tot_emp*(emp/100), 
         u = u_e/tot_new_emp, 
         i = i_e/tot_new_emp, 
         e = 1 - u - i, 
         vm = 1/(1-e) ) %>% mutate(type = "A") %>% select(-sex, -unit, -time)


#================== Combine ----
transition <- rbind(transition_q, transition_a)

# Create the multiplier 
vac_mult <- transition %>% filter(between(year, 2011, 2016) & geo=="NO") %>% group_by(type) %>%
  summarise(main = mean(vm)) %>% 
  mutate(lower = main*0.75, 
         higher = main*1.25)%>% 
  mutate(main = round(main, 2), 
         lower = round(lower, 2), 
         higher = round(higher, 2))

vac_mult

#------------------------------------------------------------------------------#
#================== Wage rates ----
#------------------------------------------------------------------------------#

# Collect wage rates from SSB
# https://data.ssb.no/api/v0/no/table/12407 - by education - accessed 13 October 2021
# https://www.norges-bank.no/tema/Statistikk/Valutakurser/?tab=currency&id=EUR - NOK/EUR 2020 - 10,7207 - accessed 13 October 2021
# Create from scratch 2020 wages, convert to Euros and divide by 30
# grunn_skole_1-2 = <upper secondary school
# videregaaende_3-5 = upper secondary school
# uni_1_4_6 (bachelor) + uni_4_7_8 (master) = >upper secondary school / summaed and divded by 2

nok_eur <- 10.7207
more_upper_a <- (52050 + 64470)/2

wage_educ <- data.frame(educ_desc = c("all", "less_upper", "upper", "more_upper" ), 
                        educ = c(0, 1, 2, 3),
                        nok =c(48750, 37070, 45570, more_upper_a)) %>% 
  mutate(wage = (nok/nok_eur)/30)

wage_educ




Results
Patient attrition chart 


Figure 1 Patient attrition chart
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Total identified between 2008 and 2017
n = 550,216


Diagnosis between 2008 and 2011, or after 2016
n = 243,694


In working age (18-66) at first recorded diagnosis
n = 216,687


At disability pension at diagnosis
n = 32,877


First recorded diagnosis between 2011 and 2016
n = 306,522


Outside working age (>65) at first recorded diagnosis
n = 89,835


Total eligble patients and included in the study
n = 175,550
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