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Objective: The study objective was to determine use of pain-related health care resources 

and associated direct and indirect costs over a two-year period in cardiac surgery patients who 

developed chronic post-surgical pain (CPSP). 

Methods: This multicentric observational prospective study recruited patients prior to cardiac 

surgery; these patients completed research assistant-administered questionnaires on pain and 

psychological characteristics at 6, 12 and 24 months post-operatively. Patients reporting CPSP 

also completed a one-month pain care record (PCR) (self-report diary) at each follow-up. 

Data were analyzed using descriptive statistics, multivariable logistic regression models, and 

generalized linear models with log link and gamma family adjusting for sociodemographic 

and pain intensity. 

Results: Out of 1,247 patients, 18%, 13%, and 9% reported experiencing CPSP at 6, 12, and 

24 months, respectively. Between 16% and 28% of CPSP patients reported utilizing health care 

resources for their pain over the follow-up period. Among all CPSP patients, mean monthly 

pain-related costs were CAN$207 at 6 months and significantly decreased thereafter. More 

severe pain and greater levels of pain catastrophizing were the most consistent predictors of 

health care utilization and costs.

Discussion: Health care costs associated with early management of CPSP after cardiac surgery 

seem attributable to a minority of patients and decrease over time for most of them. Results are 

novel in that they document for the first time the economic burden of CPSP in this population of 

patients. Longer follow-up time that would capture severe cases of CPSP as well as examination 

of costs associated with other surgical populations are warranted.

Summary: Economic burden of chronic post-surgical pain may be substantial but few patients 

utilize resources. Health utilization and costs are associated with pain and psychological 

characteristics.
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Introduction
Pain after surgery is one of the most common causes of chronic pain.3 Prevalence esti-

mates of chronic post-surgical pain (CPSP) range from 10% to 70% up to one year after 

surgery, based on the type of surgical procedure studied and the definition of CPSP.25,41

The direct and indirect costs associated with chronic pain from any cause in the USA 

are estimated to range from US$560 to US$635 billion yearly, which is almost twice as 

much as for cardiovascular diseases or cancer.13 These cost estimates are proportionally 

similar to those of European countries such as Ireland (€5.34 billion per year)39 and 

Sweden (€32 billion per year).20 Direct health-related costs (health care expenditures 
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such as hospitalizations, drugs, physicians’ fees10 are primar-

ily fueled by hospitalization while indirect costs (associated 

with loss of life or livelihood such as absence from work, 

caregiver time)10 are fueled primarily by social benefits (dis-

ability allowance, unemployment benefits).39 In a Canadian 

study of patients waiting for multidisciplinary pain treatment, 

median 30-day pain-related direct and indirect costs were 

CAN$1,462 with time costs (defined in this study as all paid 

and unpaid time lost due to their pain valued in monetary 

terms) accounting for 84% of overall total costs.15

Some data exist on the costs of surgical procedures 

or acute post-operative pain management. For example, 

average costs per patient associated with inadequate 

pain management following ambulatory surgeries have 

been estimated at US$1,869 for emergency visits and 

at US$13,902 for inpatient visits.9 A thorough literature 

search did not provide any data on the economic bur-

den (both direct and indirect) associated with CPSP 

exclusively. The rare studies that have estimated CPSP 

costs have typically used generic chronic pain economic 

data derived from general chronic pain population,21,22 used 

a mixed population of surgical and trauma patients,36 or 

relied on medico-administrative databases with no precise 

CPSP diagnoses and no accounts of indirect costs.53 For 

example, the institutional costs associated with CPSP 

at a major city university health network hospital have 

been estimated to range between CAN$2.5 million and 

CAN$4.1 million yearly.22 Yearly direct and indirect costs 

associated with neuropathic pain months to years following 

trauma/surgery averaged at US$11,846 and US$29,617, 

respectively.36

Some studies have examined predictors of health care 

costs among chronic pain patients but not specifically in 

those suffering from CPSP. While results are heterogeneous, 

persistent pain, pain interference, depressive symptoms, qual-

ity of life (QOL), previous health care costs and comorbidi-

ties have all been identified as significant predictors of high 

pain-related health care costs.2,11,24 In addition, theoretical 

models, such as the Behavioral Model of Health Services 

Use,1 can provide some useful guidance in the identification 

of predictors of health care costs.

The objectives of this study were 1) to determine pain-

related direct and indirect costs over a two-year period 

among a cohort of patients who underwent cardiac surgery 

and experienced CPSP and 2) to identify predictors of health 

care use and costs. A cardiac surgical population was chosen 

given the high rates of CPSP typically associated with this 

type of major surgery.19

Methods
Participants
The CARD-PAIN study has been previously described.7 

This observational longitudinal prospective study recruited 

participants from four Canadian-university affiliated cardiac 

surgery centers (ie, the Montreal Heart Institute, the Peter 

Munk Cardiac Center, the Institut universitaire de cardiolo-

gie et de pneumologie de Québec, and the Maritime Heart 

Center) between February 2005 and September 2009.7 To be 

eligible to participate in the study patients had to: be aged 

18 years or older; undergo coronary aortic bypass graft sur-

gery and/or valve replacement using a median sternotomy 

approach; be seen at the preadmission surgery clinic; and be 

fluent in spoken and written French and/or English. Patients 

were excluded if they had a prior thoracotomy or mastectomy 

or if they were cognitively or physically unable to provide 

informed consent and/or to complete questionnaires.

Procedures and measures
The research ethics board of all four participating centers 

approved the study. Consecutive patients were screened 

for eligibility prior to surgery during the preadmission 

visit between February 8, 2005 and September 1, 2009. All 

participants provided written informed consent. Details of 

study procedures can be found elsewhere7 and are briefly 

described below.

A costing evaluation was carried out on patients who 

reported CPSP. CPSP has been defined as pain at the sur-

gery site present at least 3–6 months after surgery that was 

not present before surgery or a worsening of the pain post-

operatively, that impacts on the patient’s life and that cannot 

be attributed to causes other than surgery.54

Follow-ups
Participants completed questionnaires administered by a 

research assistant 6, 12 and 24 months post-operatively 

to measure pain intensity (11-point Numeric Rating Scale 

(NRS23), QOL (SF-12v2 Health Survey (SF12v2),51,52 

depression and anxiety (Hospital Anxiety and Depression 

Scale (HADS),29,42,56 pain catastrophizing (Pain Catastroph-

izing Scale (PCS),12,46 and disability (Pain Disability Index 

(PDI)).38

Pain care Record (PcR) 
The PCR was used to document patients’ utilization of health 

care resources specifically for their CPSP and associated 

costs (eg, drugs, physician visits). At 6, 12, and 24 months 

following surgery, patients who self-reported the presence 
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of CPSP were mailed the PCR along with a pre-stamped 

envelope and asked to fill it on a daily basis over a period of 

one month. Patients were requested to report all medications 

and supplies they consumed due to CPSP and their costs (if 

applicable), appointments outside of their home for their 

CPSP (type of appointment, amount paid, method of travel, 

parking costs, distanced traveled), emergency room visits, 

hospitalizations, required household help, and time patients 

and/or their caregivers devoted to receiving and providing 

care for CPSP (total of hours, number of hours taken away 

from employment, type of care, etc.). Upon completion of the 

PCR, a research assistant contacted patients by phone to vali-

date and ensure completeness of the information provided.

The PCR is an adapted version of the Ambulatory and 

Home Care Record©17 which assesses health care utiliza-

tion for patients with both short-term and long-term care 

needs.16,18,28,45 The PCR has been used in an earlier study 

and was found to be a very useful instrument for measuring 

chronic pain costs.15

costing
Physician and laboratory resource use was based on the 

PCR with unit prices determined using fee-for-service rate 

schedules from the Ontario Ministry of Health and Long 

Term Care.31 Hospitalization costs were derived from the 

data within the Ontario Case Costing Initiative for fiscal year 

2010–2011.32 Drug costs were based on the cost reported by 

patients’ PCR. The cost of travel by car was calculated by 

multiplying the distance to and from the health care provider 

by the cost per kilometer (CAN$0.43/km) reported by the 

Canadian Automobile Association.5

Remaining costs included participants’ out-of-pocket 

expenses, insurance reimbursements and time costs. The 

cost of all remaining expenses (eg, over-the-counter medica-

tions, visits to health care professionals not covered, other 

travel costs, privately financed health care appointments, and 

household help) was determined using the self-reported dollar 

value on the PCR. A total out-of-pocket cost was calculated 

for each patient by summing the amounts reported and then 

subtracting any reimbursements received by the care recipient 

or the family from insurance plans. Reimbursements were 

then subsequently differentiated as being either publicly or 

privately financed.

Time costs, defined as all paid and unpaid time lost by the 

patients and/or their caregiver due to patients’ CPSP valued 

in monetary terms, were determined by assigning a monetary 

value to each unit of time using a human capital approach.40,49 

This approach applies current average earnings to lost time. 

To value time lost by patients, we multiplied the 2016 aver-

age hourly wage rate for Non-Aboriginal Canadians by the 

number of hours they reported losing due to CPSP.43 Time 

costs incurred by caregivers were estimated by multiply-

ing the average hourly rate by the number of hours lost by 

caregivers due to the patients’ CPSP. All costs were inflated 

using published Consumer Price Indexes and reported in 

2016 Canadian dollars (CAN$).44

Data analysis
All analyses were conducted using SAS (version 9.4, SAS 

Institute Inc., Cary, NC). Differences between CPSP patients 

who did and did not complete the PCR at 6-, 12- and/or 

24-month follow-ups in terms of sociodemographic and 

pain-related outcomes were examined using chi-square tests 

and t-tests. Patients’ resource utilization due to CPSP at each 

follow-up was examined as: 1) absolute and relative frequen-

cies and 2) mean (standard deviation [SD]) costs incurred 

(monetary value) by patients and/or their caregivers due 

to CPSP. Results were also stratified according to patients’ 

reported pain intensity (ie, mild [1–3 on a 10-point NRS] vs 

moderate to severe [4–10 on a 10-point NRS]).14

The proportions of individuals utilizing resources as 

a function of their pain intensity were compared using 

chi-squared tests or Fisher’s exact test. The relationships 

between predictors of resource utilization and their total 

monetary value were examined with the use of three dis-

tinct models, one for each follow-up time point. A multi-

variable logistic regression model was used to assess the 

relationships between the use of resources and selected 

independent predictors. A generalized linear model with 

a log link and gamma family was used to examine the 

relationships between the monetary value of the utilized 

resources and independent predictors selected based on 

the existing literature on risk factors for the development 

of CPSP;4,25 they included: participants’ age, sex, tendency 

to catastrophize in the face of pain (PCS scores) and 

pain intensity at the follow-up time point. In addition, 

for regression models examining the use and monetary 

value of resources utilized at 12 and 24 months, resource 

use at the previous follow-up time point(s) was included 

using a categorical variable (ie, prior use; no prior use; 

or not applicable for individuals reporting no CPSP at the 

previous follow-up).

As a sensitivity analysis, multiple imputation of missing 

data utilizing chained equations was performed (more details 

regarding the imputation method and results are provided in 

Supplementary material).55
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Results
A total of 1,247 patients participated in the CARD-PAIN 

study7 and 1,071 completed at least two time points.35 The 

CARD-PAIN sample was predominantly male (79%), with 

a mean age of 61.9 years (SD=10.2), and most participants 

underwent a coronary artery bypass grafting (CABG) pro-

cedure with or without a valve replacement (VR) (77%). 

A detailed description of these patients is available else-

where.35 Only patients who reported suffering from CPSP 

at the 6-, 12- and/or 24-month follow-ups were included 

in the present study, and data collected at each time point 

were analyzed independently to maximize sample size. 

Briefly, 18%, 13% and 9% of patients reported suffering 

from CPSP at 6-, 12-, and 24-month follow-ups, respec-

tively (Figure 1).

Table 1 shows the sociodemographic and pain character-

istics of each subset of patients. Results reveal that about two 

thirds of participants who reported CPSP were not actively 

employed at the time of follow-up and just over half reported 

suffering from moderate to severe CPSP at each of the three 

follow-ups (53%, 54% and 48% at the 6-, 12- and 24-month 

follow-ups, respectively). While 22% of the overall study 

sample were females, 30% of patients who reported having 

CPSP were female.

Resource utilization and time lost due 
to cPsP
PcR response rate
Respectively, 80%, 88% and 82% of the patients who reported 

suffering from CPSP at 6-, 12- and/or 24-month follow-ups 

answered the PCR. Respondents and non-respondents did 

not show any significant differences in terms of socio-

demographics, pain characteristics, and health-related QOL 

(all P>0.05) (data not shown).

categories of resource utilization and time lost due 
to cPsP
Table 2 provides the proportion of patients who reported health 

care resource utilization and loss of time due to their CPSP. 

Time lost included time lost from paid work and leisure for 

patients and time lost from leisure and due to household 

work for patients’ caregivers. A total of 21%, 28% and 

16% of participants at the 6-, 12- and 24-month follow-ups, 

respectively, reported time losses due to their CPSP. At all 

three time-points, pain medication paid out-of-pocket was 

the most commonly reported resource (15%, 20% and 15% 

of the patients).

When patients were stratified according to CPSP severity, 

no significant difference was found at 6-month follow-up in 

the proportion of those reporting health care resource utiliza-

tion and time lost (mild pain: 16% vs moderate to severe pain: 

26%, P=0.14; Table 2A). However, resource utilization and 

time lost were greater in patients suffering from moderate to 

severe pain than in patients with mild pain at both 12-month 

follow-up (41% vs 14%, P<0.01; Table 2B) and 24-month 

follow-up (27% vs 6%, P=0.02; Table 2C).

Direct and indirect care costs
Table 3 shows the monthly mean monetary values of 

resource utilization and time lost in patients reporting 

CPSP at the 6-, 12- and 24-month follow-ups. Results  

indicate that these values dropped over time, from 

CAN$207.26 at 6-month to CAN$100.13 at 12-month and 

CAN$7.68 at 24-month follow-up. When focusing solely on 

patients who utilized resources, the economic burden of CPSP 

is substantially higher (monthly mean cost of CAN$989.52, 

CAN$353.60 and CAN$48.17 at the 6-, 12- and 24-month 

follow-ups, respectively). Breakdowns within cost compo-

nents indicate that time costs were the most important ones 

at both 6- and 12-month follow-ups, accounting for 83% and 

69% of the total costs, respectively. At 24-month follow-up 

however, out-of-pocket expenses accounted for 83% of total 

costs while time costs accounted for only 10%.

Costs at the 6-, 12- and 24-month follow-ups were also 

stratified according to patients’ pain intensity (Table S1). 

At all follow-up times, expenses reported by patients suf-

fering from moderate to severe pain were greater than in 

patients with mild pain (at the 6-month follow-up, CAN$377 

[CAN$1,362] vs CAN$18 [CAN$61], P<0.01; at the 

12-month follow-up, CAN$183 [CAN$815] vs CAN$3 

[CAN$12], P<0.01; at the 24-month follow-up, CAN$14 

[CAN$37] vs CAN$2 [CAN$12], P< 0.01).

Predictors of resource utilization, time lost and costs
Results of the regression models indicated that the indepen-

dent factors that predicted the use vs non-use of resources 

and reported time lost and those predicting care and time 

lost costs among users and non-users differed at each of 

follow-up time (Table 4). At the 6-month follow-up, women 

and patients with a greater tendency to catastrophize in the 

face of pain were more likely to have utilized resources/lost 

time for CPSP care. Significant predictors of higher costs 

included greater levels of pain catastrophizing and greater 

pain severity (Table 4A).
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Figure 1 Study flow diagram.

1,439 approached

1,247 patients enrolled and completed baseline questionnaires

192 excluded

- 139 prior thoracotomy or sternotomy

- 31 not fluent in English or French

- 11 physically or cognitively unable to complete

- 11 refused

Excluded:

- 31 withdrew consent

- 9 physically or cognitively unable to complete

- 10 died

- 56 lost contact

6-month follow-up not 

completed:

- 107 unavailable

- 4 temporary physical or 

     cognitive incapacity

- 7 other reason

Excluded:

- 5 withdrew consent

- 1 physically or cognitively unable to complete

- 2 died

- 34 lost contact

- 1 other

12-month follow-up not 

completed:

- 77 unavailable

- 1 temporary physical or 

     cognitive incapacity

- 2 declined

- 7 other reason

Excluded:

- 7 withdrew consent

- 5 physically or cognitively unable to complete

- 3 died

- 33 lost contact

- 71 not available

- 3 other

Chronic post-surgical pain (CPSP) status

1 missing data

184 CPSP 838 No CPSP

148 completed Pain Care Records (PCR)

36 missing PCR

- 10 PCR not returned

- 4 could not be contacted

- 3 not sent to patient 

- 17 unknown

- 2 other

CPSP status

129 CPSP 882 No CPSP

113 completed PCR

16 missing PCR

- 2 PCR not returned

- 8 could not be contacted

- 2 refused 

- 4 unknown

CPSP status

84 CPSP 892 No CPSP

69 completed PCR

15 missing PCR

- 2 PCR not returned

- 3 could not be contacted

- 4 refused 

- 6 unknown

1,023 patients completed the 6-month

questionnaires

1,011patients completed the 12-month 

questionnaires

1,098 patients available to completed the 12-month questionnaires

1,141 patients available to completed the 6-month questionnaires

976 patients completed the 24-month questionnaires
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Table 1 characteristics of patients reporting chronic post-surgical pain who have completed the pain care record at the 6-, 12- and/
or 24-month follow-up

Variables 6 months
N=148 (%100)

12 months
N=113 (100%)

24 months
N=69 (100%)

Sex
Males 100 (67.6) 80 (70.8) 45 (65.2)

Females 48 (32.4) 33 (29.2) 24 (34.8)
agea, mean (sD) 61.7 (9.1) 62.9 (9.7) 62.5 (9.4)
Work statusa

Full-time job 35 (23.8) 32 (28.3) 20 (29.0)
Part-time job 13 (8.8) 7 (6.2) 4 (5.8)
homemaker 11 (7.5) 7 (6.2) 5 (7.3)
Retired 65 (44.2) 58 (51.3) 34 (49.3)
Unemployed 10 (6.8) 4 (3.5) 3 (4.4)
Other 13 (8.8) 5 (4.4) 3 (4.4)
Highest level of education completed
elementary 27 (18.5) 18 (16.1) 11 (16.2)
high school 52 (35.6) 43 (38.4) 31 (45.6)
college-technical 32 (21.9) 27 (21.1) 13 (19.1)
University 35 (24.0) 24 (21.4) 13 (19.1)
Average pain intensity in the past 7 daysa

Mild 70 (47.3) 52 (46.0) 36 (52.2)
Moderate to severe 78 (52.7) 61 (54.0) 33 (47.8)
Quality of life physical summary scores, mean (sD) 44.8 (10.3) 44.6 (10.6) 44.8 (11.6)
Quality of life mental summary scores, mean (sD) 50.8 (9.8) 52.1 (9.5) 52.4 (10.1)
sum of PDi scores, mean (sD) 11.4 (13.3) 11.0 (14.7) 9.5 (12.3)
sum of Pcs scores, mean (sD) 10.2 (11.4) 10.1 (11.5) 10.1 (10.6)
Clinically significant levels of pain catastrophizingb 14 (9.5) 8 (7.1) 5 (7.3)
haDs – depressionc 96 (65.3) 76 (67.3) 44 (63.8)
no 28 (19.1) 21 (18.6) 18 (26.1)
Minor 23 (15.7) 16 (14.2) 7 (10.1)
Major mean (sD) 3.2 (3.7) 3.1 (3.7) 3.2 (3.2)
haDs – anxiety 56 (38.1) 45 (39.8) 27 (39.1)

no 56 (38.1) 44 (38.9) 27 (39.1)

Minor 35 (23.8) 24 (21.2) 15 (21.7)

Major mean (sD) 5.2 (3.8) 5.4 (4.0) 5.2 (3.5)

Notes: individuals could report chronic post-surgical pain varied at any of the three follow-up times; results at any follow-up time were examined independently of each 
other. aValues are specific to the examined time point. bIdentifies individuals with a PCS score ≥30.46 cindividuals with a haDs score ≤3 were identified as not suffering from 
depression or anxiety; individuals with a score between 4 and 7 were identified as suffering from minor levels of depression or anxiety; and individuals with a score ≥8 were 
identified as suffering from major levels of depression or anxiety.33,34

Abbreviations: haDs, hospital anxiety and Depression scale; Pcs, Pain catastrophizing scale; PDi, Pain Disability index.

At 12-month follow-up, patients reporting moderate to 

severe pain were more likely to utilize resources for their 

CPSP. Use of health care resources at 6 months was also a 

significant predictor of patients’ use at 12 months. However, 

none of the examined predictors of costs reached statistical 

significance (all P≥0.245; Table 4B).

At 24-month follow-up, greater pain intensity was the 

only statistically significant predictor of resource utilization 

(Table 4C). With regard to direct/indirect costs, they were 

higher in patients exhibiting greater levels of pain catastro-

phizing. Finally, presence of CPSP and use of health care 

resources at 12 months were both significant predictors of 

costs at 24 months.

Multiple imputation
Results of the multiple imputation were aligned with 

the non-imputed results and supported our conclusions 

(Tables S2–S5).

Discussion
Between 16% and 28% of patients with CPSP reported uti-

lizing health care resources for their pain over the follow-up 

period. Among all CPSP patients, mean monthly pain-related 

direct and indirect costs were CAN$207 at 6 months and 

decreased thereafter. One important finding pertains to the 

low proportion of CPSP patients who reported costs. When 

focusing solely on patients who reported health-related costs/

www.dovepress.com
www.dovepress.com
www.dovepress.com


Journal of Pain Research  2018:11 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

2747

cost study of chronic pain following cardiac surgery

Table 2 Proportion of individuals utilizing health care resources or reporting time lost due to chronic post-surgical pain at the  
(a) 6-, (B) 12- and (c) 24-month follow-up

A) Health care resource utilization at the 6-month follow-up

Total
N=148 (100%)

Mild pain
N=70 (100%)

Moderate to 
severe pain
N=78 (100%)

Public insurance

hospitalization 0 (0.0) 0 (0.0) 0 (0.0)
Physician visit 10 (6.8) 1 (1.4) 9 (11.5)
Drugsa 2 (1.4) 0 (0.0) 2 (2.6)

Total proportion reporting public insurance expenses 12 (8.1) 1 (1.4) 11 (14.1)

Out of pocket expenses

Drugsa 22 (14.9) 6 (8.6) 16 (20.5)
health care visitsb 3 (2.0) 2 (2.9) 1 (1.3)
Travel 10 (6.8) 3 (4.3) 7 (9.0)
household work 3 (2.0) 1 (1.4) 2 (2.6)

Total proportion reporting out of pocket expenses 28 (18.9) 9 (12.9) 19 (24.4)

Private insurance

health care visitsb 2 (1.4) 2 (2.9) 0 (0.0)
Drugsa 4 (2.7) 0 (0.0) 4 (5.1)

Total proportion reporting private insurance 6 (4.0) 2 (2.9) 4 (5.1)

Loss of time

Patients’ work time lost 4 (2.7) 0 (0.0) 4 (5.1)
Patients’ leisure time lost 8 (5.4) 2 (2.9) 6 (7.7)
caregivers’ leisure time lost 2 (1.4) 0 (0.0) 2 (2.6)
caregivers’ loss of time due to household work 5 (3.3) 2 (2.9) 3 (3.9)

Total number reporting loss of time 14 (9.5) 4 (5.7) 10 (12.8)

Total 31 (21.0) 11 (15.7) 20 (25.6)

B) Health care resource utilization components at the 12-month follow-up

Total
N=113 (100%)

Mild pain
N=52 (100%)

Moderate to 
severe pain
N=61 (100%)

Public insurance

hospitalization 1 (0.9) 0 (0.0) 1 (1.6)
Physician visit 8 (7.1) 0 (0.0) 8 (13.1)
Drugsa 0 (0) 0 (0.0) 0 (0.0)

Total number reporting public insurance expenses 8 (7.0) 0 (0.0) 8 (13.1)

Out of pocket expenses

Drugsa 23 (20.4) 5 (9.6) 18 (29.5)
health care visitsb 4 (3.5) 1 (1.9) 3 (4.9)
Travel 9 (8.0) 1 (1.9) 8 (13.1)
housework 4 (3.5) 2 (3.9) 2 (3.3)

Total number reporting out of pocket expenses 28 (24.8) 7 (13.5) 21 (34.4)

Private insurance

health care visitsb 1 (0.9) 0 (0.0) 1 (1.6)
Drugsa 2 (1.8) 0 (0.0) 2 (3.3)

Total number reporting private insurance expenses 3 (2.7) 0 (0.0) 3 (4.9)

Loss of time

Patients’ work time lost 1 (0.9) 0 (0.0) 1 (1.6)
Patients’ leisure time lost 8 (7.1) 0 (0.0) 8 (13.1)
caregivers’ leisure time lost 2 (1.8) 0 (0.0) 2 (3.3)
caregivers’ loss of time due to housework 5 (4.4) 1 (1.9) 4 (6.6)

Total number reporting loss of time 11 (9.7) 1 (1.9) 10 (16.4)

Total 32 (28.3) 7 (13.5) 25 (41.0)

(Continued)
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time losses, the financial burden of CPSP is substantially 

higher (monthly mean cost of CAN$990 at 6-month follow-

up). While cost estimates appear low, it remains an important 

economic burden considering that 2.46 million surgeries are 

performed on average per year in Canada.47

low overall health care use and time lost 
at all time points
The low proportion of CPSP patients who reported health-

related costs/time losses could reflect demographic, etiologic 

or health status characteristics. First, patients in this cardiac 

surgery study were older (mean age =62 years old) compared 

to another study of economic burden of chronic pain (mean 

age = 49 years old).15 One may speculate that when patients 

get older, they tend to consider that pain is a “normal” part 

of aging30,48 and may be less likely than younger patients to 

access health care resources. In addition, patients in this study 

had a cardiac condition that led to the surgical procedure. It is 

possible that they may be more preoccupied by their cardiac 

condition (as may be their physician) than by their CPSP. The 

impact of the CPSP on patient QOL might also have influenced 

patterns of resource utilization. In this study, cardiac CPSP 

patients reported lower overall and physical health-related QOL 

compared to the general USA population52 but higher than that 

of other chronic pain populations.6,26 Mental health-related 

QOL in this study however appeared comparable to that of the 

general USA population.52 Better overall health-related QOL 

than most chronic pain populations could thus also explain, at 

least in part, lower care costs found in this study.

low overall costs associated with cPsP
Overall costs reported in this study are lower than those 

reported in other chronic pain populations. As stated previ-

ously, average costs across all CPSP patients are very low 

(CAN$207), mainly because a large proportion of these 

patients are not utilizing resources or losing time due to their 

CPSP. This might be because their QOL is not significantly 

impacted by their CPSP experience. Study results showed 

that costs of CPSP over the first two years following sur-

gery are also much lower than those of patients waiting for 

chronic pain multidisciplinary treatments obtained using the 

same data collection tool (PCR), with median monthly cost 

Table 2 (Continued)

C) Health care resource utilization components at the 24-month follow-up

Total
N=69 (100%)

Mild pain
N=36 (100%)

Moderate to 
severe pain
N=33 (100%)

Public insurance

hospitalization 0 (0) 0 (0.0) 0 (0.0)
Physician visit 0 (0) 0 (0.0) 0 (0.0)
Drugsa 0 (0) 0 (0.0) 0 (0.0)

Total number reporting public insurance expenses 0 (0) 0 (0.0) 0 (0.0)

Out of pocket expenses

Drugsa 10 (14.5) 2 (5.6) 8 (24.2)
health care visitsb 0 (0) 0 (0.0) 0 (0.0)
Travel 0 (0) 0 (0.0) 0 (0.0)
housework 3 (4.4) 1 (2.8) 2 (6.1)

Total number reporting out of pocket expenses 10 (14.5) 2 (5.6) 8 (24.2)

Private insurance

health care visitsb 0 (0) 0 (0.0) 0 (0.0)
Drugsa 1 (1.5) 0 (0.0) 1 (3.0)

Total number reporting private insurance expenses 1 (1.5) 0 (0.0) 1 (3.0)

Loss of time

Patients’ work time lost 0 (0) 0 (0.0) 0 (0.0)
Patients’ leisure time lost 4 (5.8) 1 (2.8) 3 (9.1)
caregivers’ leisure time lost 0 (0) 0 (0.0) 0 (0.0)
caregivers’ loss of time due to housework 0 (0) 0 (0.0) 0 (0.0)

Total number reporting loss of time 4 (5.8) 1 (2.8) 3 (9.1)
Total 11 (15.9) 2 (5.6) 9 (27.3)

Notes: All results are presented as N (%). Resources identified within the table were utilized in the last 30 days and patients could report utilizing more than one type of 
resource. aDrugs utilized by patients could be covered by public and/or private insurance and/or could be paid for directly by the patient depending on insurance plan and 
coverage. bincludes all non-physician health care professionals as well as physician practicing outside of the publicly insured health care system.
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Table 3 Monthly costs in patients suffering from chronic post-surgical pain at the 6-, 12- and/or 24-month follow-up

Cost category 6 months
N=148

12 months
N=113

24 months
N=69

Mean (SD) % of 
average 
total cost

Mean (SD) % of 
average 
total cost

Mean 
(SD)

% of 
average 
total cost

Public insurance
hospitalization 0.00 (0.00) 0.0 8.24 (87.54) 8.2 0.00 (0.00) 0.0

Physician visit 21.22 (157.32) 10.2 5.55 (22.40) 5.5 0.00 (0.00) 0.0

Drugsa 0.76 (7.59) 0.4 0.00 (0.00) 0.0 0.00 (0.00) 0.0

Total public insurance 21.98 (157.40) 10.6 13.79 (96.73) 13.8 0.00 (0.00) 0.0

Out of pocket expenses
Drugsa 2.19 (6.74) 1.1 4.31 (21.08) 4.3 1.97 (5.19) 25.7

health care visitsb 1.17 (16.51) 0.6 7.21 (51.61) 7.2 0.00 (0.00) 0.0

Travel 4.28 (36.01) 2.1 2.56 (20.06) 2.6 0.00 (0.00) 0.0

housework 4.86 (41.97) 2.3 2.57 (17.05) 2.6 4.37 (22.30) 56.9

Total out of pocket 
expenses

12.50 (60.90) 6.0 16.65 (91.49) 16.6 6.34 (25.26) 82.6

Private insurance
health care visitsb 1.49 (16.51) 0.7 0.44 (4.70) 0.4 0.00 (0.00) 0.0

Drugsa 0.34 (2.32) 0.2 0.13 (1.15) 0.1 0.58 (4.82) 7.6

Total private insurance 1.82 (16.64) 0.9 0.57 (4.83) 0.6 0.58 (4.82) 7.6

Time cost
Patients’ work time lost 123.57 (760.34) 59.6 48.07 (511.01) 48.0 0.00 (0.00) 0.0

Patients’ leisure time lost 38.36 (273.56) 18.5 13.54 (108.83) 13.5 0.76 (3.63) 9.9

caregivers’ leisure time lost 0.70 (6.15) 0.3 3.76 (38.72) 3.8 0.00 (0.00) 0.0

caregivers’ loss of time due 
to housework

8.34 (57.49) 4.0 3.76 (21.72) 3.8 0.00 (0.00) 0.0

Total time cost 170.97 (907.16) 82.5 69.13 (529.66) 69.0 0.76 (3.63) 9.9

Total 207.26 (1,003.04) 100.0 100.13 (603.49) 100.0 7.68 (27.28) 100.0

Notes: all results are in canadian dollars. aDrugs utilized by patients could be covered by public or private insurance or could be paid for directly by the patient depending 
on insurance plan and coverage. bincludes all non-physician health care professionals as well as physician practicing outside of the publicly insured health care system. costs 
were stratified based on patients’ insurance plans and coverage.

approximating CAN$1,462.15 Study results highlight that 

a subset of study patients account for the vast majority of 

reported costs. Those high health care utilizers might be the 

ones who will later on continue to be high health care utiliz-

ers and contribute to the high health care costs of chronic 

pain found in these other studies.13,15 In fact, a recent study 

of costs associated with treatment of neuropathic pain among 

post-trauma and post-surgery patients showed monthly direct 

and indirect costs totaling on average US$3,455 per patient.36 

More than 90% of these patients were recruited from medical 

settings and were more than 2 years post-trauma or surgery. 

Although these US long-term costs may not directly reflect 

the long-term Canadian values, they highlight the potential 

long-term importance of our findings.

Utilization trends
Beyond the relatively low utilization of resources, a more 

important result regards its evolution over time; at 6 months, 

one in five patients (21%) reported utilizing resources/

losing time due to their CPSP; this fraction increases to 

a high of over one in four (28%) at 12 months, and drops 

to a low of one in six (16%) at 24 months (Table 2). Such 

a relation may be explained by the fact that, at 6 months, 

patients still consider CPSP as “normal” and therefore do 

not address the issue. When pain lingers for a few additional 

months however, patients might become more pro-active 

in managing CPSP and attempt to resolve it. Finally, by 

two years post-surgery, many treatment options may have 

been exhausted; patients still suffering from CPSP may 

revert to a passive approach to their pain and refrain from 

further consultations or ineffective treatments. It is also 

possible that the decreased proportion of CPSP patients 

who report moderate to severe CPSP influence health care 

utilization over time. This is an important consideration in 

light of the association between pain intensity and health 

care utilization at 12 and 24 months.
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Table 4 Predictors of resource use/time lost (logistic regression model results) and overall costs (generalized linear model with a 
gamma family and log link function results)

A) 6-month follow-up
First part – logistic regression model
Parameter Beta-estimate 95% CI P-values
age, per year increment 0.003 –0.042 0.048 0.897
Female sex 0.893 0.044 1.742 0.039
Pain catastrophizinga 0.047 0.010 0.085 0.014
Moderate to severe pain 0.005 –0.954 0.963 0.993
Second part – generalized linear model with a gamma family and log link function
Parameter Beta-estimate 95% CI P-values
age, per year increment –0.076 –0.154 0.003 0.058
Female sex 0.488 –0.502 1.479 0.334
Pain catastrophizinga 0.075 0.024 0.126 0.004
Moderate to severe pain 1.425 0.228 2.622 0.020
B) 12-month follow-up
First part – logistic regression model
Parameter Beta-estimate 95% CI P-values
age, per year increment –0.024 –0.083 0.036 0.434
Female sex –0.119 –1.323 1.086 0.847
Pain catastrophizinga –0.009 –0.062 0.044 0.745
Moderate to severe pain 1.712 0.374 3.050 0.012
Resource utilization at 6 months

no
Yes
no pain at 6 monthsb

Reference group
0.007

1.462 0.482 2.442
–0.272 –1.044 0.501

Second part – generalized linear model with a gamma family and log link function
Parameter Beta-estimate 95% CI P-values
age, per year increment –0.037 –0.099 0.025 0.245
Female sex –0.180 –1.502 1.141 0.789

Pain catastrophizinga 0.022 –0.037 0.082 0.459
Moderate to severe pain 0.889 –0.630 2.407 0.251
Resource utilization at 6 months

no
Yes
no pain at 6 monthsb

Reference group
0.855

–0.082 –1.361 1.198
0.367 –1.513 2.246

C) 24-month follow-up
First part – logistic regression model

Parameter Beta-estimate 95% CI P-values
age, per year increment 0.043 –0.037 0.122 0.290

Female sex 0.459 –1.075 1.994 0.558
Pain catastrophizinga –0.001 –0.069 0.066 0.968
Moderate to severe pain 2.027 0.312 3.741 0.021
Resource utilization at 12 months

no
Yes
no pain at 12 monthsb

Reference group
0.244

0.973 –0.164 2.110
–0.504 –1.509 0.502

Second part – generalized linear model with a gamma family and log link function
Parameter Beta-estimate 95% CI P-values

age, per year increment 0.066 –0.058 0.189 0.296

Female sex 1.032 –0.495 2.559 0.185
Pain catastrophizinga 0.092 0.001 0.183 0.049
Moderate to severe pain 1.900 –0.213 4.009 0.078

Resource utilization at 12 months
no
Yes
no pain at 12 monthsb

Reference group
0.002

–2.132 –3.655 –0.610
–1.238 –2.477 0.000

Notes: aTable shows results for the two part models for the probability of utilizing resources and the monetary value of the utilized resource at the (A) 6, (B) 12 and (C) 24 
month follow-up. Per point increment on the pain catastrophizing scale. bReflects individuals who did not report any pain at 12 months in whom no resource could therefore  
be utilized.
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Primary sources of reported costs
Types of resources utilized by patients suffering from CPSP 

also warrant further discussion. Indeed, we notice that drugs 

paid-out-of-pocket were the most commonly utilized resource 

at all three follow-ups. This makes sense given that phar-

macological approaches to managing peri- and acute post-

operative pain are the central elements to treatment.8 While 

drugs paid-out-of-pocket was the most commonly utilized 

resource, it was not the most costly. Indeed, the most signifi-

cant contributor to the overall cost associated with CPSP was 

patients’ time loss from work (CAN$124). This was also the 

case in the study of Guerriere et al15 (CAN$1,613). In addi-

tion to differences in recruitment sites (surgical vs waitlist of 

tertiary care multidisciplinary pain settings) and pain dura-

tion (median pain duration of 5 years), one factor that might 

contribute to this cost difference is the employment status 

differences between the two samples. In the current study, 

37% of patients were retired while this was the case for only 

14% of patients in the study of Guerriere et al.15

Predictors of health care utilization/time 
lost and associated costs
With regards to predictors of use vs non-use of health care 

resource utilization and direct/indirect costs, none of the 

variables examined in this study was a consistent predictor of 

either outcome at the three follow-up time points. Neverthe-

less, we were able to identify several significant predictors 

at each follow-up time point.

Pain intensity
Consistent with other studies among chronic pain 

patients,13,27,37 pain intensity was associated with health care 

utilization and other incurred costs. For example, in a study 

of 1,703 neuropathic pain patients, pain intensity significantly 

predicted total pain-related health care costs, direct costs, 

and indirect costs.37

Prior health care utilization 
Prior health care utilization has also been found to predict 

future health care costs among chronic pain patients.2 It is 

possible that patients with prior pain who do not respond 

to treatment will continue to access the health care system 

in an attempt to find a solution that will provide them with 

pain relief.

catastrophizing 
A greater tendency to catastrophize in the face of pain was 

also a significant predictor of higher health care utilization 

and costs. This construct has been associated with many 

different aspects of the patient pain experience. Increased 

pain-related distress among individuals with high levels of 

pain catastrophizing might be a strong motivator for health 

care consultations. In fact, anxiety generally has been associ-

ated with health care utilization.50

study limitations
Our study has several limitations that we must acknowledge. 

First, results pertain to the economic burden of CPSP fol-

lowing cardiac surgery and cannot be generalized to other 

types of CPSP. Second, patients completed a one-month 

PCR at three distinct time points. Deriving costs using a 

one-month data collection may have resulted in overestima-

tion or underestimation of expenses, as resource utilization 

rates may change over time. Third, our results were based 

on patient-reported data that could be subject to recall and 

information biases that could have over- or under-estimated 

costs. However, it is important to point out that research 

assistants carefully reviewed all completed PCR at the three 

time points and contacted on each occasion all participants 

by phone to validate and ensure completeness of the informa-

tion or clarify certain points. Last, despite the overall large 

study sample size, results of our regression analyses used to 

identify significant predictors of resource utilization due to 

CPSP and direct/indirect costs are based on a relatively small 

sample size that may have reduced the power of our statisti-

cal analyses. Though we recognized this limit, this cohort of 

patients represents the largest Canadian sample of cardiac 

surgery patients suffering from CPSP to date.

Conclusion
This is the first study to have examined pain-related direct 

and indirect costs in a large sample of cardiac surgery 

patients who have developed CPSP. Despite low average 

costs among patients reporting CPSP, results reveal that 

most of these costs were attributed to a small proportion 

of patients. Costs of CPSP peaked one year after surgery 

and were mainly due to patients’/care givers’ time devoted 

to receiving and providing care. Health care utilization 

patterns and costs seem to depend not only on CPSP pain 

severity but also on psychological factors (pain catastroph-

izing). These results highlight the need to better understand 

how CPSP, psychological characteristics and their associa-

tions with health care utilization and costs evolve over time 

and how such characteristics can help to identify heavy 

health care utilizers. It will also be important to investigate 

these issues in other surgical populations.
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Supplementary materials
Description of the multiple imputation 
sensitivity analysis
Given the modest sample size, the variables at 6, 12 and 24 

months were imputed separately. Moreover, some categories 

of categorical variables (ie, participants’ work status) and cost 

categories (ie, total public costs, total out-of-pocket costs, 

total private insurance costs and total costs) were collapsed 

to obtain convergence of the imputation models. For each 

imputation model, only the data for subjects reporting any 

pain were considered.

The variables included in the imputation models were par-

ticipants’ sex, age, work status (full- or part-time job, retired, 

other), education, pain intensity in the past 7 days, QOL 

physical summary, QOL mental summary, PDI score, PCS 

Table S1 average monetary value of resource utilized and time lost due to chronic post-surgical pain at the (a) 6-, (B) 12- and (c) 
24-month follow-up, stratified by pain intensity

A)

Cost category Mild pain
N=70

Moderate to severe pain
N=78

Public insurance

hospitalization 0.0 (0.00) 0.00 (0.00)
Physician visit 1.10 (9.23) 39.27 (215.58)
Drugsa 0.00 (0.00) 1.44 (10.44)

Total public insurance 1.10 (9.23) 40.70 (215.56)

Out of pocket expenses

Drugsa 0.96 (3.51) 3.29 (8.55)
health care visitsb 0.61 (3.77) 1.67 (14.72)
Travel 0.29 (2.06) 7.86 (49.44)
housework 2.29 (19.12) 7.18 (54.98)

Total out of pocket expenses 4.15 (20.11) 20.00 (81.22)

Private insurance

health care visitsb 3.14 (23.99) 0.00 (0.00)
Drugsa 0.00 (0.00) 0.64 (3.17)

Total private insurance 3.14 (23.99) 0.64 (3.17)
Time cost
Patients’ work time lost 0.00 (0.00) 234.46 (1,037.95)
Patients’ leisure time lost 6.25 (43.88) 67.18 (373.32)
caregivers’ leisure time lost 0.00 (0.00) 1.32 (8.44)
caregivers’ loss of time due to housework 3.67 (25.26) 12.53 (75.50)

Total time cost 9.92 (50.17) 315.50 (1,234.54)
Total 18.31 (61.04) 376.84 (1,362.27)

B)

Cost category Mild pain
N=52

Moderate to severe pain
N=61

Public insurance

hospitalization 0.00 (0.00) 15.26 (119.15)

(Continued)

score, depression, anxiety, total public costs, total out of pocket 

expenses, total private insurance costs, total time cost, and 

resource utilization at prior visit (no, yes, not applicable – only 

for the 12- and 24-month models). Work status was imputed 

using a multinomial logistic regression model with a general-

ized logit link; education was imputed using an ordinal logistic 

regression model with a cumulative logit link; all continuous 

variables were imputed using predictive mean matching based 

on a linear regression model; and resource utilization at prior 

visit was imputed using a multinomial logistic regression model 

with a generalized logit link and performing data augmentation. 

This data augmentation adds a few pseudo observations to the 

data in a manner that biases associations towards the null and 

improves the stability of the estimation when data are sparse. 

One hundred imputed datasets were produced for each model.
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Table S1 (Continued)

Physician visit 0.00 (0.00) 10.29 (29.79)
Drugsa 0.00 (0.00) 0.00 (0.00)

Total Public Insurance 0.00 (0.00) 25.55 (131.00)

Out of pocket expenses

Drugsa 1.02 (3.40) 7.12 (28.33)
health care visitsb 0.96 (6.93) 12.54 (69.78)
Travel 0.08 (0.60) 4.67 (27.22)
housework 0.77 (3.88) 4.10 (22.90)

Total out of pocket expenses 2.83 (10.28) 28.43 (123.40)

Private insurance

health care visitsb 0.00 (0.00) 0.82 (6.40)
Drugsa 0.00 (0.00) 0.23 (1.56)

Total private insurance 0.00 (0.00) 1.05 (6.56)

Time cost

Patients’ work time lost 0.00 (0.00) 89.05 (695.50)
Patients’ leisure time lost 0.00 (0.00) 25.09 (147.70)
caregivers’ leisure time lost 0.00 (0.00) 6.96 (52.69)
caregivers’ lost of time due to housework 0.49 (3.57) 6.54 (29.20)

Total time cost 0.49 (3.57) 127.63 (718.41)

Total 3.33 (11.65) 182.66 (815.28)

C)
Cost category Mild pain

N=36
Moderate to severe pain
N=33

Public insurance
hospitalization 0.00 (0.00) 0.00 (0.00)
Physician visit 0.00 (0.00) 0.00 (0.00)
Drugsa 0.00 (0.00) 0.00 (0.00)

Total public insurance 0.00 (0.00) 0.00 (0.00)

Out of pocket expenses

Drugsa 0.75 (3.16) 3.30 (6.55)
health care visitsb 0.00 (0.00) 0.00 (0.00)
Travel 0.00 (0.00) 0.00 (0.00)
housework 1.42 (8.53) 7.58 (30.93)

Total out of pocket expenses 2.17 (11.16) 10.88 (34.34)

Private insurance

health care visitsb 0.00 (0.00) 0.00 (0.00)
Drugsa 0.00 (0.00) 1.21 (6.96)

Total private insurance 0.00 (0.00) 1.21 (6.96)

Time cost

Patients’ work time lost 0.00 (0.00) 0.00 (0.00)
Patients’ leisure time lost 0.14 (0.86) 1.44 (5.12)
caregivers’ leisure time lost 0.00 (0.00) 0.00 (0.00)
caregivers’ lost of time due to housework 0.00 (0.00) 0.00 (0.00)

Total time cost 0.14 (0.86) 1.44 (5.12)

Total 2.32 (12.00) 13.53 (36.82)

Notes: all results are in canadian dollars and are presented as mean (sD). aDrugs utilized by patients could be covered by public or private insurance or could be paid for 
directly by the patient depending on insurance plan and coverage. bincludes all non-physician health care professionals as well as physicians practicing outside of the publicly 
insured health care system. Costs were stratified based on patients’ insurance plans and coverage.
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Table S2 Proportion of individuals utilizing medical resources or reporting time losses at the (a) 6-, (B) 12- and (c) 24-month follow-
up obtained through multiple imputations

A)

Health care resource utilization 
components at the 6-month follow-up

Mild pain
N= 82 (100)

Moderate to severe pain
N=102 (100)

Total
N=184 (100)

Public insurance

Total number reporting public 
insurance expenses

2.0 (2.5) 13.5 (13.2) 15.5 (8.4)

Out of pocket expenses
Total number reporting out of pocket 
expenses

11.3 (13.8) 23.3 (22.9) 34.6 (18.8)

Private insurance
Total number reporting private 
insurance expenses

2.5 (3.1) 4.8 (4.7) 7.3 (4.0)

Loss of time
Total number reporting loss of time 4.7 (5.7) 12.9 (12.7) 17.6 (9.5)

Total 14.6 (17.8) 28.5 (27.9) 43.1 (23.0)

B)

Health care resource utilization 
components at the 12-month follow-up

Mild pain
N=60 (100)

Moderate to severe pain
N=69 (100)

Total
N=129 (100)

Public insurance
Total number reporting public 
insurance expenses

0.5 (0.8) 8.4 (12.2) 8.9 (6.9)

Out of pocket expenses
Total number reporting out of pocket 
expenses

8.9 (14.8) 23.7 (34.4) 32.6 (25.3)

Private insurance
Total number reporting private 
insurance expenses

0.1 (0.2) 3.2 (4.6) 3.3 (2.6)

Loss of time
Total number reporting loss of time 1.7 (2.9) 10.7 (15.5) 12.4 (9.6)

Total 9.7 (16.1) 28.5 (41.3) 38.1 (29.6)

C)
Health care resource utilization 
components at the 24-month follow-up

Mild pain
N=40 (100)

Moderate to severe pain
N=44 (100)

Total
N=84 (100)

Public insurance
Total number reporting public 
insurance expenses

0 (0.0) 0 (0.0) 0 (0)

Out of pocket expenses
Total number reporting out of pocket 
expenses

2.4 (6.1) 10.3 (23.3) 12.7 (15.1)

Private insurance
Total number reporting private 
insurance expenses

0 (0.0) 1.2 (2.7) 1.2 (1.4)

Loss of time
Total number reporting loss of time 1.2 (2.9) 3.9 (8.8) 5.0 (6.0)

Total 2.6 (6.4) 11.9 (27.1) 14.5 (17.3)

Notes: All results are presented as N (%). Resources identified within the table were utilized in the last 30 days.
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Table S4 Per patient average cost of medical resource utilized and time lost due to pain at the (a) 6, (B) 12 and (c) 24 month follow-
up, stratified by pain level and obtained through multiple imputation

A) 

Cost category Mild pain
N=82

Moderate to severe pain
N=102

Public insurance

Total public insurance 2.75 (27.70) 34.54 (190.88)

Out of pocket expenses
Total out of pocket expenses 4.91 (23.92) 17.39 (74.10)

Private insurance
Total private insurance 3.03 (23.35) 0.83 (7.76)

Time cost
Total time cost 23.89 (275.7) 301.32 (1204.24)
Total 34.58 (287.45) 354.08 (1306.94)

B)

Cost category Mild pain
N=60

Moderate to severe pain
N=69

Public insurance

Total public insurance 0.59 (7.71) 23.12 (123.46)

Out of pocket expenses
Total out of pocket expenses 3.59 (14.20) 26.67 (116.61)

Private insurance
Total private insurance 0.04 (1.17) 0.97 (6.26)

Time cost
Total time cost 2.83 (38.48) 114.41 (676.36)
Total 7.05 (44.12) 165.16 (768.01)

C)

Cost category Mild pain
N=40

Moderate to severe pain
N=44

Public insurance

Total public insurance 0.00 (0.00) 0.00 (0.00)

Out of pocket expenses
Total out of pocket expenses 2.22 (11.18) 10.29 (32.62)

Private insurance
Total private insurance 0.01 (0.64) 1.08 (6.56)

Time cost
Total time cost 0.17 (1.18) 1.41 (5.14)
Total 2.40 (12.02) 12.78 (35.03)

Notes: all results are in canadian dollars and are presented as mean (sD) and total sum across all individuals.

Table S3 Per patient average cost of resource utilized and time lost due to pain at the 6, 12 and 24 month follow-up obtained through 
multiple imputations

Cost category 6 months
N=184

12 months
N=129

24 months
N=84

Public insurance
Total public insurance 20.37 (143.87) 12.64 (90.84) 0.00 (0.00)

Out of pocket expenses
Total out of pocket expenses 11.82 (57.64) 15.93 (86.32) 6.45 (25.03)

Private insurance
Total private insurance 1.81 (16.61) 0.53 (4.66) 0.57 (4.78)

Time cost

Total time cost 177.68 (923.65) 62.51 (496.82) 0.82 (3.84)
Total 211.69 (1002.32) 91.62 (566.14) 7.84 (27.04)

Notes: all results are in canadian dollars and are presented as mean (sD) and total sum across all individuals.
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B)
First part – logistic regression model
Parameter Beta-estimate 95% CI P-values
age, per year increment 0.0033 −0.0454 0.0521 0.8934

Female sex −0.2763 −1.3502 0.7978 0.6139
Pain catastrophizinga 0.0020 −0.0415 0.0455 0.9267
Moderate to severe pain 1.2426 0.2091 2.2760 0.0185
Resource utilization at 6 months

no
Yes
no pain at 6 monthsb

Reference group
0.0616

1.0504 0.1034 1.9974
–0.1702 −0.9665 0.6261

Second part – Generalized linear models with a gamma family and log link

Parameter Beta-estimate 95% CI P-values

age, per year increment −0.0685 −0.1384 0.0015 0.0551

Female sex −0.6664 −2.3671 1.0343 0.4419
Pain catastrophizinga 0.0107 −0.0634 0.0849 0.7768
Moderate to severe pain 1.7631 0.1438 3.3825 0.0329
Resource utilization at 6 months

no
Yes
no pain at 6 monthsb

Reference group
0.8336

0.2900 −1.8598 2.4398
0.6984 −1.8040 3.2008

C)

First part – logistic regression model
Parameter Beta-estimate 95% CI P-values

age, per year increment 0.0094 −0.0470 0.0658 0.7441

Female sex 0.3689 −0.7435 1.4813 0.5157
Pain catastrophizinga 0.0246 −0.0189 0.0681 0.2668
Moderate to severe pain 1.3888 0.2532 2.5244 0.0165
Resource utilization at 12 months

no
Yes
no pain at 12 monthsb

Reference group
0.1146

0.8922 0.0174 1.7669
−0.1149 −0.8646 0.6348

Second part – generalized linear models with a gamma family and log link

Parameter Beta-estimate 95% CI P-values

age, per year increment −0.0249 −0.5948 0.5450 0.9318

Female sex 0.2791 −6.4593 7.0175 0.9353
Pain catastrophizinga −0.0232 −0.5089 0.4626 0.9225
Moderate to severe pain 0.5026 −11.4459 12.4510 0.9343
Resource utilization at 12 months

no
Yes
no pain at 12 monthsb

Reference group
0.8704

−0.6875 −12.0416 10.6666

−2.2881 −10.7756 6.1994

Notes: aPer point increment on the pain catastrophizing scale; breflects individuals who did not report any pain at 12 months in whom no resource could therefore be utilized.

Table S5 Results obtained through multiple imputations for the two-part models for the probability of utilizing resources and the 
monetary value of the utilized resource at the (a) 6, (B) 12 and (c) 24 month follow-up

A)
First part – logistic regression model
Parameter Beta-estimate 95% CI P-values
age, per year increment 0.0064 −0.0359 0.0488 0.7654
Female sex 0.7232 −0.1046 1.5511 0.0868
Pain catastrophizinga 0.0413 0.0047 0.0779 0.0269
Moderate to severe pain 0.0752 −0.8338 0.9841 0.8712
Second part – generalized linear models with a gamma family and log link
Parameter Beta-estimate 95% CI P-values
age, per year increment −0.0549 −0.1512 0.0414 0.2628
Female sex 0.3992 −0.8728 1.6713 0.5379
Pain catastrophizinga 0.0673 0.0112 0.1235 0.0188
Moderate to severe pain 1.1650 −0.4457 2.7756 0.1558
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