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Purpose: To assess and compare the healthcare costs, time to fitness for work (TFW) between chronic complex regional pain 
syndrome (CRPS) and non-CRPS; and identify factors associated with these outcomes in a comparative longitudinal study.
Patients and Methods: 148 patients with chronic CRPS of the hand and 273 patients with chronic hand impairments but without 
CRPS (non-CRPS) were admitted at a Swiss rehabilitation clinic between 2007 and 2016. Healthcare costs and TFW were retrieved 
from insurance data over 5 years after the accident. Socio-demographic factors, biopsychosocial complexity measured by means of the 
INTERMED questionnaire, pain intensity and DASH disability scores were collected during rehabilitation. Generalized estimation 
equations and Cox proportional-hazards models were used to identify factors associated with outcomes.
Results: Healthcare costs were increased by 20% for the CRPS versus non-CRPS group (coefficient = 1.20, 95% CI = 1.08–1.35, 
p<0.001). The median TFW was longer for CRPS than non-CRPS patients (816 vs 672 days, p = 0.02). After adjusting for covariates, 
TFW did not differ between the two groups (hazard ratio = 0.94, 95% CI = 0.73–1.21, p=0.61). For CRPS patients, higher healthcare 
costs were associated with severe or moderate initial injury, high INTERMED or DASH disability scores. Longer TFW were 
associated with severe initial injury, low educational level, no work contract, and high INTERMED or DASH disability scores.
Conclusion: Overall, the healthcare costs were higher for CRPS than non-CRPS patients, but the TFW was comparable. We demonstrated 
also the significant associations of disability and biopsychosocial factors with the healthcare costs and TFW in CRPS patients.
Keywords: complex regional pain syndrome, healthcare costs, biopsychosocial complexity, work incapacity, fitness for work, CRPS

Introduction
Complex regional pain syndrome (CRPS) is a rare but challenging condition that occurs in 0.15% of orthopedic trauma.1 CRPS 
of the hand is the most frequent, and its incidence is estimated at 3.7% to 14% after wrist fracture.2 Patients with CRPS have 
longer disability,3 lower quality of life,4 and higher economic and social burden than reference patients.1 According to a recent 
study using the Swiss National Accident Insurance database, the healthcare costs and number of days lost at work were 13 and 20 
times higher, respectively, in patients with CPRS over the 5 years after the accident1 than in patients without CRPS.

The economic impact of CRPS has been reported from previous population-based studies,1,5 but the contextual 
factors behind the problem have not been fully investigated. In previous studies using the International Classification of 
Diseases (ICD) codes as diagnostic criteria, the cohort could consist of people with self-limited as well as severe or 
longstanding CRPS. In addition, verifying whether a diagnosis of CRPS was appropriately documented or not in these 
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register-based data is not possible. Diagnosing CRPS can be challenging for practitioners who are unfamiliar with it. 
Dutch6 and Canadian7 studies demonstrated that CRPS could be diagnosed incorrectly in 70% to 77% of suspected cases. 
The diagnosis uncertainty can generate an important pitfall when interpreting long-term outcomes, including costs. 
Moreover, because of anonymized health-related data, adequately analyzing the influence of clinical characteristics on 
outcomes is impossible. To overcome this limitation, a person-based approach that incorporates biopsychosocial (BPS) 
profiles of eligible people into models seems appropriate to assess the impact of CRPS and other BPS factors on 
expenditures. In CRPS, healthcare costs were found to be influenced by BPS factors including age, sex, co-morbidity, 
employment status, and the insurance source of claims (private or public insurance).8

The CRPS also compromises the work incapacity. According to a recent systematic review, 30% to 40% of patients with 
CRPS had not returned to work at the 12-month follow-up, and a further 27% to 35% would require some form of workplace 
adaptation.9 However, the quality of data obtained from this systematic review remains limited due to high attrition bias and 
variations in diagnostic criteria.9 In addition, predictors for the return to work in CRPS were often based on cross-sectional or 
univariate analysis due to small sample sizes.10–12 We expect that a multivariate longitudinal model predicting the work incapacity 
in patients with CRPS might help to better understand this condition. Among the indices for work incapacity, the time to fitness for 
work (TFW) is a valid measure and independent to the economic context.13 This time, determined by doctors and/or insurers, is 
when the person is “medically” declared fit for work in considering workplace, ethical, economic and legal criteria.14,15

We aimed to assess the healthcare costs and the TFW of people with chronic CRPS type 1 (those without documented nerve 
injury) of the hand, due to a musculoskeletal trauma over the 5 years after the accident by using insurance data, then compare with 
patients with similar hand impairments but without CRPS. We also aimed to identify factors associated with these outcomes from 
a BPS perspective. The social costs are out of the scope in our study because they are strongly influenced by the income of 
individuals.

Materials and Methods
Study Design
This is a single-center, comparative and longitudinal study of 5-year follow-up.

Study Population
Between January 2007 and June 2016, we consecutively included patients of working age (18–65 years old) admitted for 
rehabilitation after a wrist or hand trauma at a Swiss rehabilitation clinic. The reasons for admission were persistent pain > 3 
months, functional limitations, therapeutic failure of usual outpatient care, and/or inability to return to work. Most patients were 
blue-collar workers and insured by Suva, the main trauma insurer in Switzerland, from which insurance data were available.

Patients were divided into two groups: CRPS and non-CRPS. Diagnosis of CRPS was based on the criteria of the 
“International Association for the Study of Pain” 199416 and the French diagnostic criteria17 from 2007 to 2009; since 2010 
the Budapest’s criteria18 has been used and applied. Due to the use of different sets of diagnostic criteria, the medical records of all 
patients were retrospectively reviewed by a senior physician specializing in rheumatology, physical medicine, and rehabilitation 
with many years of experience in CRPS care (MK)19 to confirm the diagnosis of CRPS, particularly for patients treated between 
2007 and 2009.

Exclusion criteria included: peripheral nerve lesions on the same side of the injury or multiple injury, and hand-shoulder 
syndrome patients. To obtain a homogenous group, patients with CRPS type II (those with a documented nerve injury) were 
also excluded. We also excluded patients not insured by Suva because costs and work incapacity could not be obtained.

The non-CRPS group had to fulfill all inclusion criteria, but the existence of CRPS was ruled out by the expert clinician. The 
non-CRPS group served as the reference group. More details can be found in a previous publication using the same samples.20

Measurements of Predictors
Sociodemographic and Clinical Variables at Admission
Age of the person (in years); sex; injury severity (severe, moderate, minor) based on Abbreviated Injury Scale score;21 

education (compulsory school vs higher education); work-related accident (yes or no); work contract before injury (yes 
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or no), pain assessed on a visual analogue scale (from 2006 to 2013) or by the Brief Pain Inventory questionnaire22 (from 
2014 to 2016) and then converted to a visual analogue scale score; disability assessed by the Disabilities of the Arm, 
Shoulder and Hand (DASH) questionnaire;23 BPS complexity assessed by the INTERMED questionnaire24,25 and 
psychiatric comorbidities diagnosed by psychiatrists. Each patient underwent psychiatric evaluation conducted by 
a senior psychiatrist upon entry after the initial assessment conducted by the treating rehabilitation physician. The 
diagnosis of psychiatric comorbidities was based on the International Classification of Diseases (ICD-10) criteria.26

Intermed
The INTERMED is a validated questionnaire used to assess BPS complexity in patients.25,27 The INTERMED has been 
demonstrated to identify patients with complex BPS, those at risk for adverse health outcomes20,28,29 and those with high use 
of healthcare services.27,30 A trained nurse conducted the semi-structured interview to obtain the INTERMED score within 3 
days after admission. For each of the 4 domains of the INTERMED questionnaire (biological, psychological, social, and 
health care), 2 items regarding the patient’s history and current status and one item regarding the patient’s prognosis are rated 
with a score ranging from 0 to 3. For each domain, the score ranges from 0 to 15, which leads to a total score of 0 to 60 (highest 
case complexity). Detailed information about the INTERMED can be found at http://www.intermedconsortium.com/.

Outcomes
Healthcare costs and TFW (days) were retrieved over a 5-year follow-up starting with the registration of the accident at the 
insurance company (Suva). In Switzerland, accident insurance is mandatory and covers all accident-related healthcare costs and 
pays for sick leave for both occupational and non-occupational accidents. The healthcare costs comprise all expenditures 
allocated for diagnostic procedures (eg, medical consultations, laboratory, or radiological examinations) and treatment (eg, 
surgery, medication, hospitalisation, and rehabilitation, including physiotherapy/occupational therapy). The healthcare costs were 
in Swiss francs (CHF) and are presented in US dollars using the average exchange rate from 2007 to 2021 (1 CHF = 1.011 
USD).31

The TFW is defined as number of days for which compensation was paid by the insurer between the accident and the 
fitness for work over the 5 years after the accident. The fitness for work is assessed by the treating physician and/or the 
insurer’s medical officer. Compensation payments include two forms in a consecutive manner (daily allowances and/or 
permanent disability pensions). Daily allowances are paid until the employee has returned to work (or is fit to work) or 
until the employee is declared permanently disabled. Once the employee is deemed permanently disabled, the compensa-
tion payments switch from daily allowances to permanent disability pensions, which are defined analogously. 
Compensation payments stop when the employee has return to work or is deemed fit to work. Times with partial 
work incapacity are counted pro rata (ie, 10 days at 50% work capacity are counted as 5 days). The number of days with 
compensation for part-time employees was defined in the same way.

Statistical Analysis
Baseline characteristics between CRPS and non-CRPS groups were compared by chi-squared test for sex, injury severity, 
work-related accident, education, work contract, psychiatric comorbidities, Student t-test for age, pain intensity, DASH and 
INTERMED total scores; and Wilcoxon rank sum tests for TFW. The difference in the cumulative percentage of patients 
being unfit for work between the 2 groups was estimated using the Log rank test and Kaplan-Meier survival function.

Generalized estimation equations (GEEs) were used to assess the independent effect of CRPS on healthcare costs for 
the whole cohort, and to identify the significant factors related to costs in the two groups. To account for selection bias, 
the models were adjusted for the following covariates collected at admission: age, sex, education, work-related accident, 
work contract, injury severity, pain severity, psychiatric comorbidities, DASH disability and INTERMED total scores. 
Given the number of covariates, the sample size is estimated between 100 and 200 patients for each group.32 The GEE, 
an extension of generalized linear models, allows regression analyses on dependent variables that are non-normally 
distributed for longitudinal data.33 For healthcare costs (non-normally distributed variable), we applied a logarithmic 
link, then a gaussian function in the models. For model selection, we tested the quasi-likelihood under the quasi- 
information criterion (QIC) with different variance structures: exchangeable, autoregressive AR(1) or AR(2).34 The AR 
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(2) was chosen because it had the smallest QIC among different variance structures. The coefficients in the model 
estimate the average change of response variable for every 1-unit increase in a covariate.33

A Cox proportional-hazards regression model was used to examine the effect of CRPS on TFW for the whole cohort. A full 
model was performed to examine the effects of above-mentioned factors on the probability of being fit for work at 5 years after 
the trauma for both groups. To complete the analyse, a reduced model with backward selection procedure removing predictors 
with p > 0.10 was also performed. A hazard ratio (HR) < 1 showed a decreased probability of being fit for work, and CI expressed 
the confidence intervals. The assumption of proportional hazards was checked for each covariate by plotting the Schoenfeld 
residuals against the work incapacity duration and fitting a smoothed curve. This hypothesis was found acceptable for all 
predictors.

The overall proportion of missing data in our study was 18% for all variables included. The reasons of missing data were 
mostly due to the failure to send or retrieve questionnaires, and loss of data from paper registration to an electronic database. In 
addition, the outcomes were not different between participants with or without missing data (Table S1). Therefore, missing 
data appeared to be missing completely at random, thus complete-case analysis was used as it produces unbiased estimates.35

P < 0.05 was considered statistically significant. All analyses were performed with Stata 16.0 (StataCorp LP, College Station, 
TX, USA).

Ethics Approval
Access to healthcare and social costs is strictly restricted to scientific employees of Suva. To guarantee data confidenti-
ality, all data were anonymized. This retrospective comparative study was approved by the ethics committee of the local 
medical association (CER-VD 2021–01222). Our study complies with the Declaration of Helsinki.

Results
Sociodemographic and Clinical Characteristics Between CRPS and Non-CRPS Groups
We included 148 patients with chronic CRPS of the hand and 273 patients without CRPS. Figure 1 presents the flow 
chart of the study. CRPS and non-CRPS patients did not significantly differ in initial injury severity, education, work 
contract, work-related accident, or the INTERMED total score (Table 1).

Figure 1 Flow chart of the study.
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The proportion of women, as well as the mean age, DASH disability scores were significantly higher for CRPS than 
non-CRPS patients: 30% vs 10%, p<0.001; 44.0 vs 40.6 years, p=0.002; 58.4 vs 49.7 points, p<0.001, respectively.

Outcomes Between CRPS and Non-CRPS Groups
The median healthcare costs were significantly higher for the CRPS than non-CRPS group from 1 year to 5 years 
after the accident (Table 2). After adjusting for covariates, CRPS was associated with an increase of 20% (≈ 8200 
USD) in healthcare costs (β = 1.20, 95% CI = 1.08–1.35, p<0.001) as compared with non-CRPS (Table 3).

The median TFW was longer for CRPS than non-CRPS patients (816 vs 672 days, p = 0.02). However, after 
adjusting for covariates, TFW did not differ between the two groups (HR = 0.94, 95% CI = 0.73–1.21, p = 0.61) 
(Table 3).

The Kaplan-Meier function for TFW for the two groups was presented in the Figure 2. The percentage of patients 
being unfit for work in the first year after the accident was 84% for CRPS and 80% for non-CRPS, but then this 
percentage decreased sharply and reached a final minimal percentage (<5%) at 5-year in the two groups. Interestingly, the 
TFW curve was comparable between the two groups (Log rank test=0.35).

Table 1 Socio-Demographic and Clinical Characteristics Between CRPS and Non-CRPS Patients

Variables CRPS (n=148) Non-CRPS (n=273) P-value

Age Mean, SD 44.0 (10.6) 40.6 (11.0) 0.002

Sex Female, n (%) 44 (30%) 28 (10%) <0.001

Male, n (%) 104 (70%) 245 (90%)
Injury severity (AIS) Minor, n (%) 55 (37%) 95 (35%) 0.34

Moderate, n (%) 72 (49%) 124 (45%)

Severe, n (%) 21 (14%) 54 (20%)
Work-related accident Yes, n (%) 94 (64%) 178 (65%) 0.33

No, n (%) 48 (32%) 73 (27%)

Missing data, n (%) 6 (4%) 22 (8%)
Education Compulsory school, n (%) 91 (61%) 151 (55%) 0.44

Higher level, n (%) 51 (34%) 100 (37%)
Missing data, n (%) 6 (4%) 22 (8%)

Work contract Yes, n (%) 91 (61%) 154 (56%) 0.31

No, n (%) 57 (39%) 119 (44%)
Psychiatric comorbidities Yes, n (%) 39 (26%) 58 (21%) 0.24

No, n (%) 109 (74%) 215 (79%)

Pain intensity (0–100) Mean, SD 50.5 (19.8) 50.7 (20.7) 0.92
INTERMED total score (0–60) Mean, SD 22.6 (5.8) 22.5 (5.6) 0.92

DASH score (0–100) a Mean, SD 58.4 (19.6) 49.7 (17.8) <0.001

Notes: aData available for 115 CRPS and 231 non-CRPS patients. 
Abbreviations: CRPS, complex regional pain syndrome; AIS, Abbreviated Injury Scale; DASH, Disabilities of the Arm, Shoulder and Hand 
questionnaire.

Table 2 Median and Interquartile Ranges for Cumulative Healthcare Costs (in 
1000 USD) from 1 to 5 Years After the Trauma for CRPS and Non-CRPS Groups

Follow-Up Period CRPS (N=148) Non-CRPS (N=273) p-value

1 year 38.5 (31.8–47.3) 31.3 (20.0–39.5) <0.001

2 year 46.1 (38.1–59.8) 37.2 (30.0–48.8) <0.001
3 year 50.5 (40.7–68.5) 40.1 (31.7–52.7) <0.001

4 year 52.7 (41.6–70.8) 41.4 (32.1–54.4) <0.001

5 year 53.7 (42.8–72.8) 42.0 (32.7–57.3) <0.001
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Factors Related to Healthcare Costs
For CRPS patients, increased healthcare costs were associated with moderate (β = 1.26; 95% CI = 1.08–1.46, p = 0.004) or severe 
(β = 1.73; 95% CI = 1.34–2.24, p < 0.001) initial injury as compared with minor injury (Table 4); or with the INTERMED total 
score (β = 1.014 per score point; 95% CI = 1.001–1.028, p = 0.030) and the DASH disability score (exp β = 1.008 per score point; 

Table 3 Independent Effects of CRPS on Healthcare Costs and Time to Fitness for Work for the Whole Cohort

Variable Healthcare Costs (n=320)a TFW (n=320)a

Exp(β)b 95% CI P value HR 95% CI P value

CRPS 1.20 (1.08 to 1.35) <0.001 0.94 (0.73 to 1.21) 0.61
INTERMED (per score point) 1.00 (0.99 to 1.01) 0.84 0.98 (0.95 to 1.00) 0.05

Age (per year) 1.00 (0.99 to 1.00) 0.91 1.00 (0.98 to 1.00) 0.40

Male sex 1.18 (1.02 to 1.37) 0.02 0.69 (0.49 to 0.96) 0.03
Low education level 0.96 (0.86 to 1.07) 0.45 0.86 (0.68 to 1.09) 0.21

Injury severity (AIS)
Moderate 1.16 (1.04 to 1.30) 0.008 0.98 (0.76 to 1.28) 0.93

Severe 1.62 (1.39 to 1.90) <0.001 0.65 (0.46 to 0.93) 0.02
Work accident 1.07 (0.96 to 1.20) 0.23 0.87 (0.66 to 1.13) 0.29
Work contract 1.09 (0.99 to 1.21) 0.09 1.24 (0.96 to 1.61) 0.10

Pain intensity 0.99 (0.99 to 1.00) 0.75 0.99 (0.99 to 1.00) 0.18

DASH disability  
(per score point)

1.005 (1.002 to 1.008) 0.004 0.99 (0.98. to 0.99) 0.001

Psychiatric comorbidities 1.13 (0.97 to 1.32) 0.11 0.95 (0.70 to 1.29) 0.75

Note: Significant p-values (<0.05) are in bold. aThe reduced sample size due to missing data. bExp(β) exponential coefficient as a logarithmic link was 
used in the generalized equation model. The probability of being fit to work in the Cox model. 
Abbreviations: HR, hazard ratio; CRPS, complex regional pain syndrome; TFW, time to fitness for work; CI, confidence interval; AIS, Abbreviated 
Injury Scale; DASH, the Disabilities of the Arm, Shoulder and Hand questionnaire.

Figure 2 Kaplan-Meier analysis of time to fitness for work in the chronic complex regional pain syndrome (CRPS) and non-CRPS groups.
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95% CI = 1.005–1.012, p<0.001) (Table 4). The healthcare costs were expected to increase by 1.4% (≈ 650 USD) for every 
additional INTERMED score point (0–60 points) and to increase by 0.8% (≈ 370 USD) for every additional disability score point 
(0–100 points).

For non-CRPS patients, increased healthcare costs were associated with only severe initial trauma (exp β= 1.68; 95% 
CI = 1.36–2.09, p <0.001) (Table 4).

Table 4 Factors Associated with Healthcare Costs in CRPS and Non-CRPS Groups According to Generalized 
Estimation Equation Models

Predictors CRPS (N=111)a Non-CRPS (n=209)a

Exp(β)b 95% CI P value Exp(β)b 95% CI P value

INTERMED score (per score point) 1.014 (1.001 to 1.028) 0.030 0.99 (0.98–1.01) 0.70

Age (per year) 0.99 (0.99 to 1.001) 0.12 1.00 (0.99–1.01) 0.49

Male sex 1.12 (0.95 to 1.32) 0.17 1.31 (0.98–1.74) 0.06
Low education level 0.99 (0.85 to 1.15) 0.88 0.95 (0.82–1.09) 0.47

Injury severity (AIS)c

Moderate 1.26 (1.08 to 1.46) 0.004 1.12 (0.96–1.31) 0.15
Severe 1.73 (1.34 to 2.24) <0.001 1.68 (1.36–2.09) <0.001

Work accident 1.06 (0.91 to 1.24) 0.43 1.05 (0.89–1.25) 0.57

Work contract 0.95 (0.82 to 1.09) 0.49 1.23 (0.97–1.42) 0.15
Pain intensity 0.99 (0.99 to 1.00) 0.23 1.00 (0.99–1.00) 0.22

DASH disability  
(per score point)

1.008 (1.005 to 1.012) <0.001 1.00 (0.99–1.00) 0.22

Psychiatric comorbidities 1.02 (0.84 to 1.23) 0.85 1.18 (0.94–1.49) 0.15

Note: Significant p-values (<0.05) are in bold. aThe reduced sample size due to missing data of predictors. bExp(β) exponential coefficient as 
a logarithmic link was used in the model. cSevere or moderate injury compared with minor injury. 
Abbreviations: CRPS, complex regional pain syndrome; CI, confidence interval; AIS, Abbreviated Injury Scale; DASH, the Disabilities of the Arm, 
Shoulder and Hand questionnaire.

Table 5 Factors Associated with the Time to Fitness for Work in CRPS and Non-CRPS Groups According to 
Cox Proportional-Hazard Models (Full Model)

Predictors CRPS (N=111)a Non-CRPS (N=209)a

HR 95% CI P value HR 95% CI P value

INTERMED score  
(per score point)

0.95 (0.91 to 0.98) 0.006 0.98 (0.95 to 1.01) 0.32

Age 1.01 (0.99 to 1.03) 0.26 0.99 (0.97 to 1.00) 0.06
Male sex 0.75 (0.47 to 1.20) 0.23 0.55 (0.33 to 0.93) 0.02
Low education level 0.65 (0.42 to 1.02) 0.06 0.91 (0.68 to 1.23) 0.54

Injury severity (AIS)b

Moderate 0.83 (0.52 to 1.36) 0.45 0.96 (0.69 to 1.33) 0.81

Severe 0.31 (0.14 to 0.67) 0.003 0.72 (0.48 to 1.09) 0.12

Work accident 0.79 (0.48 to 1.29) 0.34 0.94 (0.68 to 1.31) 0.73
No work contract 0.61 (0.39 to 0.94) 0.03 0.86 (0.61 to 1.20) 0.37

Pain intensity 0.99 (0.98 to 1.01) 0.32 0.99 (0.99 to 1.00) 0.63

DASH disability  
(per score point)

0.98 (0.97 to 0.99) 0.001 0.99 (0.98 to 0.99) 0.03

Psychiatric comorbidities 1.25 (0.74 to 2.10) 0.40 0.89 (0.60 to 1.33) 0.58

Note: Significant p-values (<0.05) are in bold. aThe reduced sample size due to missing data. bSevere or moderate injury compared with minor injury. 
Abbreviations: HR, hazard ratio (the probability of being fitness for work); CRPS, complex regional pain syndrome; DASH, the Disabilities of 
the Arm, Shoulder and Hand questionnaire.
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Factors Related to TFW
For CRPS patients, longer TFW was associated with severe initial injury (HR= 0.31, 95% CI = 0.14–0.67, p = 0.003), or 
with increased INTERMED score (HR= 0.95 for each additional point, 95% CI = 0.91–0.98, p = 0.006) or DASH 
disability score (HR= 0.98 for each additional point, 95% CI 0.97–0.99, p = 0.001), no work contract (HR= 0.61, 95% CI 
= 0.39–0.94 p = 0.03) (Table 5). In the reduced model, longer TFW was also associated with low educational level 
(HR=0.62, 95% CI:0.41–0.93, p=0.02) together with other significant predictors obtained from the full model (Table S2).

For non-CRPS patients, longer TFW was associated with male sex (HR 0.55, 95% CI = 0.33–0.93, p = 0.02), or with 
increased DASH disability score (HR= 0.99 for each additional point, 95% CI = 0.98–0.99, p = 0.03) in the full model (Table 5).

Discussion
During 5 years after the injury leading to CRPS, the presence of chronic CRPS in patients with hand impairments was significantly 
associated with increased healthcare costs. However, the magnitude of difference in costs between CRPS and non-CRPS groups 
(1.2 times) was not as high as that reported with a population-based approach (13 times).1 The median TFW was longer in CRPS, 
however, after adjusting for covariates, it did not differ between the two groups. In addition, the cumulative percentage of patients 
being unfit for work was comparable between the two groups. For CRPS patients, predictors of healthcare costs were the level of 
the initial trauma, the INTERMED, and DASH disability scores. Predictors of longer TFW were severe initial injury, low 
educational level, no work contract before the injury, high scores of INTERMED and DASH disability.

The healthcare costs for CRPS in our study at 5 years after the accident were about 2 times higher than those reported 
in an earlier Swiss population-based study.1 The main reason for this discrepancy is probably that we included chronic 
and refractory CRPS, which might represent the most expensive form. The earlier study1 used ICD-10 codes as 
diagnostic criteria in register-based data, so the sample might be more heterogeneous than ours in terms of disease 
severity and duration. In addition, the comparison of healthcare costs in CRPS within or between countries is difficult or 
even impossible given the regional imbalance, the constant increase in medical expenses, and differences in medical 
expenses among specialties.5 Also, the presence of chronic CRPS in hand impairments was associated with 1.2 times 
higher healthcare costs compared to the reference group, but not as much as previously reported (13 times).1 This finding 
might be due to the reference and CRPS groups being relatively similar in terms of initial hand impairments and socio- 
demographic characteristics. A longitudinal study in the United States (US) found the diagnosis of CRPS associated with 
an increase in total costs (2.17-fold) and pain medicine costs (2.56-fold) as compared with baseline costs.8

The median TFW was longer in the CRPS than in the non-CRPS group. However, after adjusting for covariates, the 
presence of CRPS was no longer associated with an increased probability of work incapacity. The percentage of patients 
being unfit for work in the first year after the accident was 84% in the CRPS (Figure 2), which was higher than that 
described in the recent systematic review of 7 studies.9 But this percentage decreased sharply during the 5-year follow-up 
after the accident. There has been a wide discrepancy surrounding the rate of work incapacity in CPRS. Sandroni et al 
found permanent job restrictions related to CRPS in only 11% of the cases in their US study from review data of 10 
years.36 However, De Mos et al found a high impact of diseases on the ability to work in their Netherlands study: 31% of 
participants were permanently incapable of working even at 5.8 years after the initiating injury.3 This discrepancy might 
be likely due to differences in outcome definition or social insurance systems. In the Netherlands, all injured workers 
receive financial compensation from the government for sick leave, whereas in the US, this is less common.3 It has been 
shown that different aspects in the compensatory systems (access to benefit, slow case management, size of wage benefit) 
might also affect the return to work.37

To our knowledge, this is the first study that aimed to identify the relevant factors associated with healthcare costs and 
work incapacity in CRPS by modeling longitudinal insurance data. The main healthcare cost drivers were severe or 
moderate initial injury, level of disability, and BPS complexity. The healthcare costs were expected to increase by 1.4% 
for every additional INTERMED score point (0–60 points) and by 0.8% for every additional disability point (0–100). In 
the literature, studies that reported factors related to healthcare costs in CRPS were scarce. Previous study8 demonstrated 
that significant predictors of pain medication costs in patients with CRPS were age, sex, co-morbidity, employment 
status, and the insurance source of claims (private or public insurance).
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Our findings agree with previous studies demonstrating injury severity and disability38 and educational level10,12 as 
predictors for longer duration of work absence in CRPS. The TFW in our study was also predicted by the presence of 
work contract and level of BPS complexity assessed by the INTERMED questionnaire. The INTERMED questionnaire 
might be considered as a useful screening tool for patients with high-risk of poor outcomes,20,27,28 including healthcare 
costs and TFW. In the literature, other factors associated with favorable work prognosis in CRPS were: a sedentary or 
white-collar job,10 or early diagnosis (within 8 months).12 Interestingly, depression but not pain intensity or CRPS 
severity was associated with the longer work absence in CRPS.38

Although we could not establish a direct cause and effect, this research may have clinical implications. We 
demonstrated the significant associations of physical disability and BPS factors with healthcare costs and TFW. Future 
studies should determine whether intervention programs for these factors could improve the outcomes. Previous study 
has shown that addressing BPS complexity for patients after trauma is pertinent for providing good care and improving 
the outcome.39

Strengths and Limitations
This study has many strengths: the relatively large sample for a rare chronic pain condition, the long-term follow-up, and 
the design of a comparative study. In addition, the RTW data obtained from insurance claims has the advantage of no loss 
to follow-up or recall bias as observed in the RTW based on questionnaire. These two methods share some agreement 
and give complementary information on others.15 The duration of follow-up is long enough as it often takes up to four 
years until the closure of the case (www.unfallstatistik.ch). Furthermore, our comparative group is very similar, which 
allows a more judicious comparison between groups. This person-based approach provides additional information as 
compared to the population-based approach.

Our study also has several limitations. First, our sample is mainly composed of men and blue-collar workers. The 
exposure group was patients with chronic CRPS type 1 of the hand which is the most common form of the condition.5 

This population bias might limit the generalization of results. However, these patients are also likely the source of much 
of the costs and are vulnerable to return to work. Second, although the models involved a wide range of factors, 
potentially relevant factors influencing the return to work such as patients’ return-to-work expectations and insurance 
systems have not been investigated.40,41 Third, we do not have data to estimate intangible costs (costs related to pain and 
suffering).42 Furthermore, a more in-depth assessment of the 4 dimensions assessed by the INTERMED (biological, 
psychological, social, and healthcare system) would be helpful but would represent a greater burden for patients as well 
as clinicians and researchers in that a batch of questionnaires would be required.

Conclusion
Healthcare costs were higher for patients with hand impairments complicated by chronic CRPS than those without CRPS. 
However, the magnitude of difference in costs (20%) between CRPS and non-CRPS patients was not as high as that 
reported with a population-based approach. Overall, the TFW did not significantly differ between the 2 groups. For CRPS 
patients, predictors of healthcare costs were severe or moderate initial trauma, the INTERMED, and DASH disability 
scores. Factors associated with longer TFW were severe initial injury, low educational level, not having a work contract, 
high INTERMED and DASH disability scores. Our results stress the importance of addressing these factors, both for 
providing good care and for improving the outcome in CRPS patients. We also suggest conducting additional person- 
based comparative studies to better understand the BPS factors associated with the burden of CRPS on both patients and 
society.

Abbreviations
AR, Autoregressive; BPS, Biopsychosocial; CI, Confidence Intervals; CRPS, Complex regional pain syndrome; DASH, 
Disabilities of the Arm, Shoulder, and Hand; GEE, Generalized estimation equations; HR, Hazard Ratio; ICD, 
International Classification of Diseases; QIC, Quasi-information criterion; TFW, Time to fitness for work; VAS, Visual 
Analog Scale.
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