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Abstract
Background: Existing diverse bottom-up estimations of direct costs associated with depression in Germany motivated a detailed patient-level analysis of depression-related treatment (DRT), -costs (DRC) and Comorbidity.
Methods: A large sickness fund’s claims data was used to retrospectively identify patients aged 18 to 65 years with new-onset depression treatment between January 1st and February 15th 2010, and follow them until December 31st 2010, describe DRT, estimate associated DRC, and predict DRC with a generalized linear model.
Results: A total of 18,139 patients were analysed. Mean direct DRC were €783. Predictors of DRC regarding psychiatric comorbidities were: “Delusion, psychotic disorders and personality disorders” (DRC-ratio 1.72), “Alcohol/drug addiction” (1.82), “abuse of alcohol/drugs” (1.57). Predictors of DRC regarding medical comorbidities were: “Rheumatoid arthritis” (0.77), “atherosclerosis” (0.65), “pregnancy” (0.66), and “Osteoarthritis” (1.87). Of all patients, 60.8% received their most intense/specialised DRT from a general practitioner, a medical specialist (23.7%), a psychotherapist (8.0%), a medical specialist and psychotherapist (2.9%), or in hospital (4.6%). Serious psychiatric comorbidity nearly tripled depression-related hospitalization rates.
Limitations: Seasonal affective disorder and missing psychiatric outpatient clinic data must be considered.
Conclusions: Estimated DRC are significantly below the assessment of the German national guideline. Differing definitions of observation period and cost attribution might explain differing German DRC results. Signs of hospital psychiatric comorbidity bias indicate overestimation of hospital DRC. Identified associations of DRC with certain medical diseases in older adults warrant further research. Up to one quarter of patients with severe depression diagnosis might lack specialist treatment.
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1. Introduction[footnoteRef:3] [3:  Abbreviations. DRT: Depression-related treatment, DRC: Depression-related costs, MG: (Co)morbidity group(s), SHI: Statutory health insurance] 

	Depression has a high prevalence (Alonso et al., 2004; Bramesfeld et al., 2010; Gerste and Roick, 2014; Jacobi et al., 2014; Wittchen and Jacobi, 2005), often results in disabilities (Olesen and Leonardi, 2003; Ormel et al., 1999; Paykel et al., 2005), and causes substantial costs to society (Andlin-Sobocki et al., 2005; Cuijpers et al., 2007; Greenberg et al., 2003; Gustavsson et al., 2011). These facts are well-known at population level. However, relevant knowledge gaps still exist in patient-level health services research in Germany regarding (i) treatment, and (ii) costs related to depression, and (iii) how both are affected by medical or psychiatric comorbidities. 
	(i) The frequently used method to report treatment of depression disease is imprecise. Existing German studies using a more precise method either miss nationwide representativeness and inpatient data (Boenisch et al., 2011) or detailed information on further patient characteristics (Gerste and Roick, 2014).
Like Boenisch et al. (2011) and Gerste and Roick (2014) we define Depression-related Treatment (DRT) as outpatient physician visits or inpatient stays linked with a diagnosis of depression or affective disorder (Gerste and Roick, 2014). When focusing on depression disease, this is more precise than reporting any mental health treatment without diagnosis linkage. However, the latter method is frequently used in German (Bramesfeld et al., 2007a; Melchior et al., 2014; Wittchen et al., 1999) and international (Birnbaum et al., 2010; Fernandez et al., 2007; Melfi et al., 1999; Mojtabai and Olfson, 2006; Rhodes et al., 2006; Simon et al., 2001; Spijker et al., 2001) studies analysing depression disease. Any mental health treatment becomes a measure of limited precision when patients suffer another psychiatric comorbidity (Friemel et al., 2005; Salize et al., 2004), which frequently occurs (Kessler et al., 2003). 
	(ii) Depression-related costs (DRC) reported in Germany vary widely. Three studies analysing patient-level data reported annual mean costs per working age patient of €2,541 (Salize et al., 2004), €1,264 (Friemel et al., 2005), and €487 (Kleine-Budde et al., 2013) for combined inpatient and outpatient DRT (Berto et al., 2000; Luppa et al., 2007; Zerth et al., 2011). Kleine-Budde et al. (2013) were the first in Germany to estimate depression-related costs using depression diagnosis linkage for outpatient care, but with limited nationwide representativeness.
	(iii) Evidence of medical or psychiatric comorbidities’ influence on DRT or DRC is scarce.(Gijsen et al., 2001). To our knowledge only Boenisch et al. (2011) analysed whether “depression-specific treatment” changed with coexisting medical or psychiatric comorbidities. They found that significantly more (less) patients with psychiatric (medical) comorbidity receive “threshold depression-specific treatment” but analysed only “some of the most prevalent comorbid somatic disorders” (Boenisch et al., 2011). We assume DRC to be a proxy for the intensity of DRT. DRC might be influenced by the German guideline for depression’s recommendation of psychotherapy for coexisting diabetes mellitus (AWMF 2012, p43), or limited patient capacities for DRT due to a physically impairing medical disease. Psychiatric comorbidity might induce more treatment complications, hospital admissions and medical specialist visits and higher DRC (Gijsen et al., 2001), or efficient outpatient one-stop treatment and lower DRC (Carstensen et al., 2012). We analysed comorbidities to assess real world treatment diversity not covered by clinical trials, and to detect strongly deviating comorbidities possibly relevant for clinical or health services research and risk adjustment. 
	Imprecise or incomplete information on DRT and uncertainty about DRC impede a precise assessment of appropriate health service provision, planning of services across providers, and economic models. We devised claims data methods to address the variety in depression cost estimations and provide detailed data for policy decisions and service planning. The main objective of this study was to estimate and discuss DRC by building on existing work with the diagnosis linkage method. As a secondary objective we explored the association of DRC with categorised or single psychiatric or medical comorbidities. Detailed cost analysis requires previous detailed analysis of single providers’ services. The third objective is a detailed description of depression-related treatment for a study population selected nationwide, with the purpose to validate DRC results and to explore cross-provider DRT.
2. Methods
2.1. Data and study design
	We analysed claims data of the ‘BARMER GEK’ statutory health insurance (SHI) fund for this retrospective observational study. In 2010, the BARMER GEK was the single largest SHI fund, covering about 8.67 million insured or about 11% of the German SHI population (Grobe et al., 2012). Regionally, the BARMER GEK covered between 6% and 16% of the inhabitants of all 16 German federal states (Grobe et al., 2011). The year 2010 served as base year. Claims data regarding outpatient care, inpatient care, and outpatient drug prescriptions was analysed on an anonymized patient and anonymized provider level. We analysed a cohort of patients with new-onset DRT for a period of 320 to 365 days during 2010 (Beekman et al., 2001; Johnson et al., 2013; Ray, 2003; Spijker et al., 2004; Wittchen and Uhmann, 2010). Reported service use and costs reflect SHI reimbursed services and costs without taking into account the comparably low co-payments for drugs or hospital.
2.2. Study population
	We included insured persons of working age (18 to 65 years) with continuous enrolment and full coverage during the last 183 days of 2009 and 365 days in 2010. Adolescents and elderly patients above 65 years of age were regarded as separate homogeneous groups and were not included in our analysis (Bramesfeld et al., 2007a; Curry et al., 2011; Wittchen and Jacobi, 2005). From this base population we selected patients with new-onset depression treatment in three steps (Figure 1):
	First, patients with a diagnosis of a single depressive episode (F32.0/1/2/8/9ICD-10) or recurrent depression (F33.0/1/2/8/9ICD-10) in the year of 2010 were included if they had at least (Gerste and Roick, 2014; Kleine-Budde et al., 2013):
· two confirmed outpatient diagnoses by two different physicians or
· two confirmed outpatient diagnoses in two different quarters or
· one hospital discharge diagnosis. 
We concentrated on unipolar depression and excluded patients with bipolar affective disorder (F31.x) or depression with psychotic symptoms (F32.3/F33.3). 
	Second, to secure new-onset of depression treatment in 2010, patients were excluded if they had at least one (i) confirmed outpatient diagnosis F32.x or F33.x or (ii) hospital discharge diagnosis F32.x or F33.x or (iii) antidepressant prescription with anatomic therapeutic chemical classification code (ATC) N06A (WHO, 2012) in the 183 days preceding the index year 2010. Most clinical trials of antidepressants define 6 months or 183 days as a period of “wash out” (IQWiG, 2013). 
	Third, to secure observation of at least 320 and at most 365 days for available year 2010 data, we selected patients receiving their first depression service between January 1st and February 15th in 2010. A patient’s first depression service was defined as: 
· hospital admission with depression discharge diagnosis or 
· outpatient visit with depression diagnosis and depression service or
· antidepressant prescription. 
Comparable studies used similar case definitions to identify patients with depression and mark a depression treatment index date (Boenisch et al., 2011; Bramesfeld et al., 2010; Gerste and Roick, 2014).
2.3. Patient characteristics
	We classified each patient’s level of severe (F32.2/F33.2), moderate (F32.1/F33.1), mild (F32.0/F33.0) or other (F32.8/F33.8/F32.9/F33.9) depression using the most severe confirmed outpatient or inpatient discharge diagnosis present during the observation period (Gerste and Roick, 2014; Kleine-Budde et al., 2013). A diagnosis of F33.x marked a recurrent depressive episode.
	Comorbidity research often collapses ICD-codes into diagnosis groups (Prados-Torres et al., 2014). Since 2009, the German federal insurance authority uses a comprehensive disease classification system to predict and distribute SHI funds. Disease classification relies on joint continuous scientific recommendation (Busse et al., 2007; Drösler et al., 2011; Reschke et al., 2004). The year 2010 classification (Bundesversicherungsamt, 2011) covered 336 clinically homogeneous and statistically robust diagnosis groups (DxG) further collapsed into 128 morbidity groups (MG) by homogeneous disease, organ system and costs (Busse et al., 2007) for outpatient, inpatient and drug data algorithms. MG mostly cover diseases with a “serious course, continuity and chronicity” (Busse et al., 2007).
	Eight MG representing psychiatric illness were available without “bipolar disorders”, which were excluded from the study. “Anxiety disorders and unspecific depression disorders” and “depression, posttraumatic stress disorder, behavioural disorder” were excluded because they contained depression diagnoses. The remaining 6 MG mostly covered the diagnostic groups F1/F2/F5/F6ICD-10, and the upper ranks of ICD-10 chapter “Mental- and behavioural disorders”. They were considered as serious psychiatric comorbidity. The classification contained 119 MG representing medical illness. Seven MG did not occur because of age or rarity. We subsumed five MG for different conditions of diabetes mellitus and seven MG for different cancer diseases. 
	As a result we used six serious psychiatric and 101 medical MG. These were grouped into four comorbidity categories: Patients were assigned (1) “no comorbidity”, (2) “serious psychiatric comorbidity”, (3) “medical comorbidity”, (4) “serious psychiatric and medical comorbidity” where no, one or more appropriate MG existed. Multiple Comorbidity was defined as more than three different MG per patient. Analysis of single MG was done for all MG present in at least rounded 1% of patients (Freund et al., 2012; van den Bussche et al., 2011). See supplementary material for MG and ICD-10 documentation. 
2.4. Measures
	Depression-related treatment (DRT) by a specified provider was assigned if a patient visited a specified provider at least once during the observation period and obtained a confirmed outpatient diagnosis or hospital discharge diagnosis of depression (F32.x/F33.x) (Boenisch et al., 2011; Gerste and Roick, 2014; Kleine-Budde et al., 2013) (Figure 1). According to single services specified hereinafter, a physician visit with a diagnosis of depression disease could for example involve a 10-minute interview, electroencephalogram, test, psychotherapy or an urgent home visit.
	Specified providers were grouped by physician group or specialty: (1) general practitioner comprising general practitioner, medical practitioner, internist; (2) medical specialist comprising neurologist, psychiatrist, specialist for psychosomatic medicine and psychotherapy, psychiatrist and psychotherapist; (3) psychotherapist comprising psychological psychotherapist, physician working as a psychotherapist; (4) hospital comprising any hospital or rehabilitation clinic, inpatient or part-residential acute care paid by SHI. Patients with at least one reimbursed prescription of ATC-code N06Axx were categorized antidepressants users (Figure 1). 
	DRT rates were reported by patient, assigning each patient hierarchically to his most specialised provider, or the patient’s highest level of stepped DRT (Table 1) (Bower and Gilbody, 2005; Heggestad et al., 2011). Additionally, DRT rates were reported by provider allowing for multiple counts of patients visiting more than one provider (Figure 2c).
	Hospital DRC represent the sum of billed and closed hospital stays with a depression discharge diagnosis (F32.x/F33.x) per patient. Antidepressant costs represent the sum of SHI reimbursements for prescriptions with an ATC-Code N06A excluding copayments (Figure 1). 
	German physician associations use a fee-for-service system and a comprehensive list of single service codes to distribute SHI payments. The direct estimate of outpatient physician and psychotherapist DRC is difficult to be measured due to limitations of (i) data structure and (ii) reimbursement system. (i) In German SHI data, physician’s service codes per patient and day cannot be directly linked to a separate list of diagnoses per patient and quarter according to data transfer agreements between physician and SHI associations (Zeidler et al., 2013). (ii) Especially general practitioner’s services are frequently subsumed in lump-sums. 
	(i) To determine outpatient service codes related to a diagnosis, Zeidler et al. (2013) proposed expert code review. From a trial population of patients solely diagnosed with depression during 2010 (n = 1.015) we extracted all service codes and ranked them by frequency per physician group. From each physician group’s list of service codes, a physician and a health economist further excluded service codes not attributable to depression disease (Figure 1). A sample list of depression-related service codes per physician group was obtained (list available on request). (ii) We attributed lump-sums to diagnostic groups using weights for the number of different diagnostic groups (first two digits of ICD-10), a method used by the federal statistical office (GBE-Bund, 2013) and Kleine-Budde et al. (2013). 
	Using a selected list of service codes and weights for lump-sums, outpatient DRC per provider were approximated in three steps (Figure1): (1) We collected all quarterly reimbursement files from a defined provider containing a depression diagnosis (F32.x/F3.xICD-10). (2) From each reimbursement file we extracted service codes matching the selected list and priced them with the year 2010 nationwide value of 3.5048 Euro-cents per base unit. (3) We weighted service codes marking a lump-sum by the number of different diagnosis categories per reimbursement file. 
	Psychiatric outpatient clinic data was not available because of year 2010 regionally heterogeneous reimbursement and data agreements (Gerste and Roick, 2014). However, some psychiatric outpatient clinics billed using the standard outpatient physician reimbursement system and were analysed anonymously (Gerste and Roick, 2014). Auxiliary services were not analysed. They cannot be consistently aligned to depression diagnosis (Kleine-Budde et al., 2013). Relevant parts of the described cost analysis method were originally used for cost-effectiveness report on antidepressants performed by the Institute for Quality and Efficiency in Health Care (IQWiG, 2013). 
2.5. Statistical analysis
	To explore the association of comorbidity categories and single MG with DRC we developed a log-gamma generalised linear model (GLM). This method is recommended (Blough and Ramsey, 2000; Briggs et al., 2005; Manning and Mullahy, 2001) and used (Gruber et al., 2012; Haas et al., 2012; Halpern et al., 2013) for right skewed, not normally distributed non-zero healthcare costs. Five observations with zero DRC were set to one Euro. Coefficients were exponentiated to provide each covariate’s DRC-ratio. DRC-ratios indicate percentage deviation from reference. 
	Referencing comparable mental health-related regression models based on claims data (Bramesfeld et al., 2010; Halpern et al., 2013; Kleine-Budde et al., 2013; Zeidler et al., 2012), we hypothesized DRC to be a function of four categories of comorbidity (Table 2a) or single MG (Table 2b), multimorbidity, depression disease characteristics, sociodemographic characteristics, use of antidepressants, and pre-index hospital stays. We controlled for use of antidepressants since antidepressant therapy often is initiated in hospital and thus associated with higher DRC (Simon et al., 1995). We applied a linear relation of age and adopted an interaction of age and sex due to its significant association with DRC. 
	Analysis was performed with Statistical Analysis System (SAS) Version 9.2 and the GENMOD procedure for multivariate analysis. Results were considered statistically significant for p-values <0.05. Additionally, for cost comparison with results reported annually, we extrapolated mean DRC for full 365 days, assuming even distribution of costs, 22 missing days per patient, and that 29% of patients still require treatment after 342 days (Spijker et al., 2002). 
3. Results
3.1. Study population
	Of 18,139 identified patients, 75% were female (Table 1). Mean age was 45.7 years (SD: 12.2). Nearly half or 47.7% of patients were diagnosed solely with “other depression” (F32.8/F33.8/F32.9/F33.9), whereas 7.3% had a “mild”, 29.9% a “moderate”, and 15.1% a “severe” diagnosed depression severity during observation. Recurrent depression was diagnosed in 23.3% of patients. At least one MG other than depression existed in 52.3% of patients; 39.4% had at least one medical MG, 7.0% at least one serious psychiatric MG and 5.8% both. Multi-comorbidity or more than one different MG per patient prevailed in 27.1% of the patients.
3.2. Depression-related costs
	The estimated mean total direct DRC per patient were €783 (SD: €2,547, Figure 2a) for a new-onset period of DRT observed for 320 to 365 days. Mean DRC extrapolated for 365 days were €797. Mean DRC (SD) per provider per patient treated were €8,699 (€7,321) for hospital, €1,202 (€974) for psychotherapist, €379 (€661) for medical specialist, €77 (€143) for general practitioner, and €142 (€211) for antidepressant prescriptions (Figure 2a). Hospital accounted for 51.1%, psychotherapist for 18.3%, medical specialist for 14.3%, general practitioner for 8.3% and use of antidepressants for 8.1% of total DRC (Figure 2b). 
3.3. Depression-related costs and serious psychiatric comorbidity 
	Compared to DRC for patients without any MG, DRC nearly doubled for patients with “serious psychiatric comorbidity” (DRC-ratio 1.92; p<0.001, Table 2a). With regard to single MG analysis (Table 2b), this effect correlates with the most frequent psychiatric MG “delusion, psychotic disorders and personality disorders” (DRC-ratio 1.72; p<0.001; Hospital DRT 16.2%), “alcohol or drug addiction” (DRC-ratio 1.82; p<0.001; Hospital DRT 11.5%), and “abuse of alcohol or drugs (without addiction)” (DRC-ratio 1.57; p=0.016; Hospital DRT 17.0%). The remaining less frequent MG “schizophrenia”, “alcohol or drug induced psychosis”, or “anorexia nervosa/bulimia” did not predict DRC.
3.4. Depression-related costs and medical comorbidity
	“Medical comorbidity” showed a non-significant tendency for lower DRC (DRC-ratio 0.92; p=0.098, Table 2a). Three out of 23 single medical MG predicted lower DRC (Table 2b): “pregnancy” (DRC-ratio 0.66; p=0.008), “rheumatoid arthritis, inflammable disorders of connective tissue” (DRC-ratio 0.77; p=0.015), and “atherosclerosis, arterial aneurysm, diseases of arteries/arterioles” (DRC-ratio 0.65; p=0.010). A high significant positive association with DRC existed for “Osteoarthritis of hip or knee” (DRC-ratio 1.87; p<0.001). The remaining 19 MG including the most common chronic conditions were not associated with DRC. 
3.5. Depression-related costs and combined or multiple comorbidity
	”Serious psychiatric and medical comorbidity” predicted higher DRC (DRC-ratio 1.40; p<0.001, Table 2a). The effect of sole “serious psychiatric comorbidity” - without any medical MG - was however bigger. Defined “Multiple comorbidity” was not associated with DRC (Table 2). 
3.6. Depression-related costs and patient characteristics
	Compared to patients with a single episode, patients with recurrent depression episodes had nearly 50% higher DRC (DRC-ratio 1.49; p<0.001). Compared to males, females’ DRC decreased significantly more per year of life (DRC-ratio of age*female 0.992; p=0.034). Age, sex, unemployment, and retirement before the age of 66 were not significantly associated with DRC (Table 2b). 
3.7. Depression-related treatment
	According to DRT rates by provider, 84.5% of patients visited a general practitioner at least once, 29.5% a medical specialist, 11.9% a psychotherapist, 4.6% hospital, and 44.9% had at least one antidepressant prescription (Figure 2c). Antidepressant prescriptions and sole general practitioner DRT were observed in 20.2% of patients (Table 1, 45.1% related to total). 
	According to stepped DRT rates, 60.8% of patients were observed to receive their most intense DRT from a general practitioner, 23.7% from a medical specialist, 8.0% from a psychotherapist, 2.9% from a medical specialist and psychotherapist, and 4.6% in hospital (Table 1). Combined DRT from a general practitioner and medical specialist, or psychotherapist or hospital DRT was provided to 23.7% of patients (Table 1: General Practitioner versus Figure 2c: General practitioner). In 15.5% of patients we found medical specialist, psychotherapist or hospital DRT and no general practitioner DRT (Figure 2c, calculation). 
	The hospital DRT rate approximately tripled with sole “serious psychiatric comorbidity” (Table 1: 14.5% of subgroup vs. 4.6% of total), and about doubled with “serious psychiatric comorbidity and medical comorbidity” (11.7% of subgroup vs. 4.6% of total). Among patients with hospital DRT, 36.9% had at least one out of six analysed serious psychiatric (co)morbidity groups (Table 1, calculation). 
	The categorized severity of the diagnosed depression mostly matched a seemingly appropriate level of specialist care. However, we found sole general practitioner treatment in 26.5% of patients with a severe depression diagnosis (4.0% of total) and in 38.8% of patients with recurrent depression diagnosis of any severity (9.0% of total, Table 1).
4. Discussion
4.1. Depression-related costs
Mean total DRC of €797 extrapolated for 365 days differed from previously reported annual results of
· €2,541 for “depression-specific treatment” in patients fulfilling the diagnosis criterion of F32.x/F33.xICD-10 (Salize et al., 2004, group two),
· €487 for “depression-specific costs” during baseline year 2007 (Kleine-Budde et al., 2013),
· €1,264 for “direct costs of depression disease” in patients with service utilisation (Friemel et al., 2005).
	These differences might be explained by differences in (i) observation period or (ii) attribution of costs to depression disease. According to Spijker et al. (2002), about 76% of patients recover from depression within one year. DRC reported by Salize et al. (2004) more than tripled this analysis’ mean DRC presumably because 52 weeks of continuous depression treatment were extrapolated from 8 weeks of survey for all patients (Friemel et al., 2005). 
	Using a very similar claims data costing algorithm, Kleine-Budde et al. (2013) estimated notably lower DRC. The studies’ annual cross sectional design included censored - less costly - treatment or observation periods. Additionally, the studies’ East German study population included 66% of retirees and 80% of patients with atypical/unspecified depression diagnoses. This explains lower depression costs (Bramesfeld et al., 2010; Bramesfeld et al., 2007b). 
	Mean direct costs of depression surveyed by Friemel et al. (2005) possibly exceed our result because all mental health services including services provided for other psychiatric illness were attributed to depression treatment. Discussed studies were chosen because they surveyed/observed detailed patient-level costs and matched this analysis’ study population - of patients with a diagnosis of depression disease and utilisation of SHI services - , cost definition and survey method to the best possible extent.
	Gustavsson et al. (2011) modelled mean €781 direct annual health care costs of mood disorders (F33/F32/F31/F30ICD-10) in Germany. We consider Gustavsson et al. (2011) to confirm this DRC analysis of a nationwide study population because prevalence of bipolar affective disorders’ (F31) and manic episodes (F30) - not analysed here – were reportedly low (Jacobi et al., 2014; Pini et al., 2005). The German national guideline for depression reports €2,000 annual direct depression specific costs (AWMF, 2012, p173). Discussed results suggest that these are either overestimated or patients in our sample do not receive full guideline-concordant care.
	Hospital DRC accounted for 51.1% of total DRC. Thus 4.6% of inpatients covered more than half of the total study population’s DRC. DRC underestimation due to missing DRC data from psychiatric outpatient clinics, auxiliary services, and medical specialists other than mental health amounts to about 5% (Friemel et al., 2005; Kleine-Budde et al., 2013; Salize et al., 2004).
4.2. Comorbidity
	According to Hasin et al. (2005), p1097 “substance dependence, panic and generalized anxiety disorder, and several personality disorders” are the most frequent psychiatric comorbidities among patients with depression. Correspondingly, this analysis’ most frequent serious psychiatric MG were “delusion, psychotic disorders and personality disorders”, “alcohol and drug addiction”, “abuse of alcohol or drugs”. Jacobi et al. (2014) reported at least one psychiatric comorbidity in 67% of patients with depression. We explored associations of serious psychiatric MG, present in 12.8% of patients. “Although psychiatric disorders are wide-spread, serious cases are concentrated among a relatively small proportion of cases with high comorbidity (Kessler et al., 2005), p617”. We assumed “serious cases” of psychiatric comorbidity to be covered in this analysis. The most prevalent psychiatric comorbidities not analysed were “somatoform disorders” and “anxiety” (Melchior et al., 2014). Beyond data description, “co-occurrence” of psychotic disorders or delusion in patients diagnosed with depression may raise concerns about the true disease nature of affected study subjects and possibly the validity of their depression diagnosis.
4.3. DRC and serious psychiatric comorbidity
	DRC nearly doubled with “serious psychiatric comorbidity”. Likewise, Boenisch et al. (2011) reported significantly more “depression-specific threshold treatment” for patients with “psychiatric comorbidity”. However, only the comorbid MG (i) “delusion, psychotic disorders and personality disorder”, (ii) “alcohol or drug addiction” - confirmed by Sullivan et al. (2005) -, and (iii) “abuse of alcohol or drugs without addiction” predicted higher DRC. High rates of hospital DRT (Table 2c) suggest “hospital comorbidity bias (Bak et al., 2005), p817”. Even accepting systematic comorbidity difference by setting, we assume hospital DRC overestimation when using cost attribution by discharge diagnosis for named three MG. Further serious psychiatric MG did not predict DRC. This roughly internally validates our attribution of costs related to depression and not related to other psychiatric illness.
4.4. DRC and medical comorbidity
	“Medical comorbidity” did not significantly predict DRC (Table 2a). The most frequent, wide-spread chronic medical diseases and 19 out of 23 analysed medical MG did not predict DRC, except certain MG in older adults. The MG “atherosclerosis” and “rheumatoid arthritis” predicted lower DRC. Both diseases’ prevalence is positively associated with depression prevalence (Tiemeier et al., 2004). Affected patients might frequently receive a depression diagnosis but rarely expensive DRT. 
	The MG “osteoarthritis” predicted seriously higher DRC. Likewise, Carstensen et al. (2012) found the interaction of depression and osteoarthritis not to lower total healthcare costs despite a hypothesised synergy effect. For osteoarthritis “there are no current interventions proven to […] curb the disease process” besides joint replacement (Krasnokutsky et al., 2007). We hypothesised this to intensify depression severity and costly depression treatment “substitution”. 
	Depression diagnosis prevalence reaches its peak beyond the analysed maximum of 65 years (Gerste and Roick, 2014; Melchior et al., 2014). Observed associations of MG prevalent in elderly patients with depression need to be tested for a majority of even older patients. Pregnancy predicted lower DRC. Reduced depression care before or after birth confirms this finding (Bennett et al., 2010). 
4.5. DRC and patient characteristics
	Sex predicted DRC only when interacted with age. Accordingly, Halpern et al. (2013) found no significant sex difference for mental health-related healthcare costs or hospitalisations in patients with depression aged 18-64 years. Sex difference in DRC may stand to reason when controlling for gender sensitive MG like e.g. pregnancy or hypertension. 
4.6. Depression-related treatment
	Available comparable measures confirmed observed providers’ DRT rates. Melchior et al. (2014) and (Gerste and Roick, 2014) reported sole general practitioner DRT in 59% (64.1%, study population without hospital DRT) of patients, closely matching identified 60.8% in our study. Bramesfeld et al. (2007a) identified 11.7% of patients contacting a psychotherapist for any psychiatric illness in 2004. This analysis observed psychotherapist DRT in 11.9% of patients in 2010. Although depression discharge diagnoses were analysed in the same fashion for each source, the hospitalisation rate varied between 5.4% (Gerste and Roick, 2014), 4.6% (Table 1),3% (Bramesfeld et al., 2007a) and 2.8% (Melchior et al., 2014). Differences in age ranges used (Gustavsson et al., 2011) and SHI funds’ morbidity (Hoffmann and Icks, 2012) might explain this.
	DRT description identified nearly threefold hospital DRT when “serious psychiatric comorbidity” was present. The coexisting MG “Delusion, psychotic disorders personality disorders”, “alcohol or drug addiction”, and “abuse of alcohol or drugs” seriously increased crude depression hospitalisation rates (Table 2c). Supporting this find, Moustgaard et al. (2013) reported more than doubled Hazard ratios for depression hospitalisation with “other psychotropic medication” or “substance use disorders treatment”. 
	The national guideline recommends specialist treatment for diagnosed severe depression (AWMF, 2012). This recommendation was possibly not met for about one quarter of patients with observed severe depression diagnosis and sole general practitioner DRT. Similarly, Gerste and Roick (2014) identified 37.8% of patients with severe depression without specialist treatment (study population without hospital DRT). In nearly half of patients with at least one antidepressant prescription (45.1%) we observed sole general practitioner DRT. This suggests a high rate of antidepressant therapy initiation without specialist or hospital involvement, as the patients included had no antidepressant prescriptions 6 months before the baseline. 
	Both findings are subject to missing psychiatric outpatient clinic data. Patients possibly accessed this specialist care provider without notice. Like Gerste and Roick (2014), we assumed observed specialist treatment deficiency to persist even if missing psychiatric outpatient clinic data might reduce its quantity because general practitioners frequently do not transfer patients with depression to specialists (Jacobi et al., 2002; Schneider et al., 2004). 
4.7. Strengths and limitations
	We consider the inclusion of individuals from the general population of all German federal states as a major strength of our study. Retrospective analysis of new-onset DRT enabled temporal coverage of a complete perceived episode of depression disease up to 365 days, avoided possible observation time bias of cross-sectional analysis (Beekman et al., 2001) and possible recall bias. However, observation started in January or February. “Seasonal affective disorder” is possible, which might ambiguously increase (Harris, 1986; Morken et al., 2002) or reduce (Blazer et al., 1998) DRC or DRT results.	
	A large study population and a comprehensive (co)morbidity classification system enabled first exploration of many specific disease combinations. However, only serious psychiatric MG were available. Despite using comprehensive data, most psychiatric outpatients clinic’s data were unavailable. As discussed, this might be negligible for cost estimation, but weakens our assumption of undersupply for some severely ill patients. 
Based on preceding work by Kleine-Budde et al. (2013) and Zeidler et al. (2013) we proposed a detailed algorithm for approximation of depression-related costs in outpatient care which could be adapted for further diseases. Full data set linkage was provided for 2010 only. To facilitate patient selection, the observation period had to vary between 320 to 365 days.
	The multivariate model included relevant variables commonly used in claims data. However, controls for “education”, “marital status”, “urbanity” (Wang et al., 2005), “social support” (Dew et al., 1991), “somatoform disorders” and “anxiety” were missing (Spijker et al., 2001). The model estimators might be subject to overt bias.
4.8. Conclusion
· The most relevant finding of this study is a precise estimation of mean direct Depression-related costs of €783 for near annual observation of new-onset treatment in a nationwide study population.
· Estimated €783 were largely below the German national guideline’s assessment. Direct spending specifically for depression care might be below known assumptions based on costing methods with varying cost attribution and observation period.
· More than 50% of total DRC was due to the hospitalisation of less than 5% of all patients. Collaborative outpatient care for some of them could possibly improve healthcare budgets and patient’s quality of life.
· Among serious psychiatric comorbidities only “delusion, psychotic and personality disorders” and “substance abuse/addiction” predicted relevantly higher DRC. Focused combination treatment of “substance abuse/addiction” and depression in accessible patients might possibly reduce the ongoing high rate of hospital DRT. Co-occurrence of psychotic disorders or delusion partly questions the validity of depression hospital discharge diagnoses, and could indicate overestimation of hospital DRC.
· The age-related diseases “atherosclerosis(-)”, “rheumatoid arthritis(-)” and “osteoarthritis(+)” predicted DRC. Confirmation for patients older than 65 years and further detail on depression treatment is required.
· According to cross provider analysis, up to one quarter of patients with severe depression diagnosis might lack outpatient specialist treatment. 
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Illustrations
Figure 1
Selection of study population and costing algorithm 
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Table 1
Patient characteristics and distribution of stepped depression-related treatment
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Figure 2
Depression-related costs and depression-related treatment
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Table 2
Factors associated with depression-related costs in a Generalised Linear Model
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Supplementary material
Table of ICD-10 diagnosis codes of Morbidity Groups analysed in the Generalised Linear Model
[image: ]
Technical specifications of the morbidity classification system provided by German federal insurance authority:
http://www.bundesversicherungsamt.de/fileadmin/redaktion/Risikostrukturausgleich/Festlegungen/AJ_2011/Festlegung_Klassifikationssystem_2011.zip
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; o fixed rates by fixed rates by fixed rates by depression per
gatlznt Ph}’Slccllan B number of number of number of physician group
Ixed rates and pricing diagnostic diagnostic diagnostic
of all services gropps? groyups? groups?

Depression- Depression-
related costs related costs

aper physician per quarterly treatment file

Depression- Depression- Depression- Tota.l
related costs related costs related costs depression-
related costs




image3.png
Variable Stepped Depression-related treatment” Chi-square Test
General Medical Psycho- MS  Hos-
practi- specialist therapist and  pital
" tioner (MS) (PT) PT
Total n 18,139 11,033 4,300 1,453 519 834
% row 60.8 23.7 8.0 2.9 4.6
(% col) v* 4df  p-value
Sociodemographic
characteristics
Sex female 13,662 (75.3) 62.0 22.6 8.4 2.8 4.2 18.5 0.0004
Age groups
18-29 years 2,447  (13.5) 52.6 25.3 114+ 3.3 74+ 1109.2 <0.0001
30-44 years 5,125  (28.3) 57.5 23.6 10.4 3.5 5.1 53.8 <0.0001
45-59 years 8,199 (45.2) 62.0 24.2 6.8 2.9 4.0 |23.0 <0.0001
60-65 years 2,368  (13.1) 72.3 20.7 35- 08 - 26 -|1752 <0.0001
East German States 2,995 (16.5) 63.4 22.4 6.7 2.7 4.7 12.2 0.0068
Insurance status
Employed 11,363  (62.6) 59.4 23.5 8.8 3.4 49 244 <0.0001 *
Unemployed” 2,281  (12.6) 58.0 27.6 6.8 2.6 50 |23.4  <0.0001 *
Retired 2,291  (12.6) 70.1 22.2 42 - 09 - 25 -]1128.6 <0.0001 *
Student, no dependent” 269 (1.5) 43.1 - 26.0 20.1+ 45+ 63+]675 <0.0001
Insured as a dependent 1,935 (10.7) 63.7 21.7 7.5 2.4 4.7 7.8 0.0388
Characteristis of depression
disease
Recurrent Depression 4,219 (23.3) 38.8 - 324 + 11.2+ 62+ 11.5+|1117.8 <0.0001
Depression severity
Mild 1,321 (7.3) 49 4 25.2 239+ 14 - 0.1 -|516.1 <0.0001
Moderate 5,429  (29.9) 34.6 - 38.9 + 16.8+ 5.6+ 4.1 1813.4 <0.0001
Severe 2,732 (15.1) 26.5 - 40.4 + 44 - 69+ 21.8+]2811.0 <0.0001
Atypical 879 (4.8) 83.4 + 12.6 - 35- 02- 02-[1199.0 <0.0001
Not specified 7,778  (42.9) 90.6 + 8.2 - 1.0 - 0.1 - 0.2 -]2938.7 <0.0001
Antidepressants 8,136 (44.9) 45.1 - 359+ 55- 51+ 83+1]1297.1 <0.0001
Comorbidity
Comorbidity categories
No comorbidity 8,658 (47.7) 61.3 22.5 9.7 3.1 34 -166.0 <0.0001 *
Serious psychiatric 1,267 (7.0) 429 - 28.7 9.9 40+ 145+ \|363.6 <0.0001 *
Medical 7,153  (39.4) 64.9 23.6 6.0 - 23 32 -191.7 <0.0001 *
Serious psychiatric 1,061 (5.8) 51.3 28.4 55 - 32 11.7+ ] 150.6 <0.0001 *
and medical
Multiple comorbidities
1 Morbidity group 4,562 (25.2) 59.6 23.9 8.1 3.0 5.5 9.5 0.0204
2-3 Morbidity groups 3,309 (18.2) 60.1 25.5 57 - 2.6 6.1+ ]44.3 <0.0001 *
>3 Morbidity groups 1,610 (8.9) 63.4 26.0 35- 18- 54 [550 <0.0001 *

“Each patient was assigned hierarchically to his most specialised provider, ®if at least one period of unemployment during 2010

Total

then "unemployed", otherwise longest insurance status during 2010, “ not insured as a dependent or family member, + positive

relative difference to total > 25%, - negative relative difference to total > 25%,

* significant for p<0.05 with Bonferroni adjustment for 25 multiple comparisons
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Variables

Category "no comorbidity" (reference)

Category "Serious psychiatric comorbidity"

Category "Medical comorbidity"

Category "Serious psychiatric and medical comorbidity"

Delusion, psychotic disorders and personality disorders
Alcohol- or drug addiction

Abuse of alcohol or drugs (without addiction)
Schizophrenia

Alcohol- or drug induced psychosis

Anorexia nervosa / Bulimia

Hypertension, hypertensive cardiac diseases"

Diabetes

Chronic obstrusive bronchitis / emphysema

Cancer

Rheumatiod arthritis®

Coronary heart disease / other chronic ischemic dis.
Severe bacterial infection of hypodermis and fat tissue
Psoriasis, parapsoriasis without continuous medication

Polyneuropathy

Acquired diseases of heart valves, rheumatic cardiac dis.

Congestive heart failure
Spinal canal stenosis

Pregnancy

Arrhythmias not specified
Epilepsy

Osteoarthritis of hip or knee

Angina pectoris / condition after old mycardial infarction

Atherosclerosis, arterial aneurysm
Renal failure
Other 1atrogenic complications

Polycythaemia vera / other anemias not specified
Chronical inflammatory bowel diseases

Multiple Sclerosis

> 3 morbidity groups
Preindex inpatient stay for mental disorder”
Preindex inpatient stay for medical disorder’

Recurrent depression

Depression not specified or atypical (reference)
Depression mild

Depression moderate

Depression severe

Antidepressants

Age (years)
Sex female
Age (years)*Sex female

East German states

Employed (reference)
Unemployed

Retired

Student not insured as a dependent
Insured as a dependent

“p<0.01,

()

Comorbidity categories

DRC 95% CI
ratio Wald

1.922°
0.922
1.397°

(1.619; 2.281)
(0.838; 1.015)
(1.150; 1.696)

n.a.
n.a.
n.a.
n.a.
n.a.
n.a.

n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.

n.a.
n.a.
n.a.
n.a.

n.a.
n.a.
n.a.
n.a.

n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.

1.070  (0.910; 1.257)
1.057  (0.945; 1.183)

1.056 (0.791; 1.410)

1.457*  (1.314; 1.615)
3.538"  (3.003; 4.169)
4.645°  (4.200; 5.136)
9.296"  (8.154; 10.60)
1.913*  (1.755; 2.084)
0.995  (0.988; 1.002)

1.256  (0.878; 1.797)
0.993  (0.985; 1.000)

1.029  (0.921; 1.150)

1.379  (0.958; 1.984)

0.914 (0.769; 1.085)
1.224°  (1.067; 1.404)
0.892 (0.742; 1.072)

DRC
ratio

n.a.
n.a.
n.a.
n.a.

1.721°
1.819°
1.574°

1.317
0.979
1.208

1.062
0.863
0.907
0.983

0.766"

0.981
0.851
0.907

0.941
1.036
0.779
0.748

0.659°

1.035
0.989

1.870°

0.811

0.647°

1.306
0.830

0.874
1.056

1.026

1.093
1.040
1.114

1.485°

3.589°
4.680"
9.253°

1.876"

0.994
1.295

0.992°

0.985

1.352
0.899

1.196°

0.880

(b)

Single Morbidity Groups

95% CI
Wald

(1.470; 2.016)
(1.376; 2.406)
(1.090; 2.273)
(0.893; 1.941)
(0.637; 1.506)
(0.811; 1.799)

(0.947; 1.191)
(0.726; 1.027)
(0.768; 1.070)
(0.822; 1.174)
(0.618; 0.949)
(0.745; 1.291)
(0.670; 1.082)
(0.706; 1.164)

(0.712; 1.245)
(0.784; 1.368)
(0.558; 1.087)
(0.552; 1.013)

(0.486; 0.895)
(0.751; 1.426)
(0.726; 1.347)
(1.357; 2.577)

(0.566; 1.163)
(0.464; 0.901)
(0.912; 1.872)
(0.589; 1.170)

(0.592; 1.291)
(0.725; 1.538)

(0.700; 1.505)

(0.897; 1.332)
(0.935; 1.156)
(0.843; 1.472)

(1.348; 1.637)

(3.075; 4.189)
(4.257; 5.144)
(8.178; 10.47)

(1.730; 2.035)

(0.988; 1.001)
(0.920; 1.822)
(0.985; 0.999)

(0.886; 1.094)

(0.960; 1.905)
(0.764; 1.057)
(1.050; 1.361)
(0.739; 1.047)

p<0.05 “full name: Acquired diseases of heart valves and rheumatic cardiac diseases / caridac diseases not specified,

(c)
Count data
Hospital DRT

n no (%)
8,658 294 (3.4)
1,267 184 (14.5)
7,153 232 (3.2)
1,061 124 (11.7)
1,287 209 (16.2)
662 76 (11.5)
253 43 (17.0)
197 19 (9.6)
187 17 (9.1)
177 19 (10.7)
3,496 172 (4.9)
1,300 46 (3.5)
1,103 54 (4.9)
980 22 (2.2)
634 19 (3.0)
584 18 (3.1)
490 19 (3.9)
452 17 (3.8)
405 9 (2.2)
382 12 (3.1)
319 11 (3.4)
310 4 (1.3)
309 12 (3.9)
295 10 (3.4)
294 16 (5.4)
287 2 (0.8)
284 12 (4.2)
273 5 (1.8)
252 (3.2)
237 8 (3.4)
200 15 (7.5)
194 7 (3.6)
188 3 (1.6)
1,610 87 (5.4)
292 15 (5.1)
1,701 71 (4.2)
4,219 484 (11.5)
8,657 18 (0.2)
1,321 1 (0.1)
5,429 221 (4.1)
2,732 596 (21.8)
8,136 675 (8.3)
18,139 834 (4.6)
13,662 569 (4.2)
n.a. n.a. n.a.
2,995 142 (4.7)
11,363 553 (4.9)
2,281 115 (5.0)
2,291 58 (2.5)
269 17 (6.3)
1,935 91 (4.7)

Y full name: Rheumatiod arthritis, inflammable disorders of connective tissue, € at least one inpatient admission during 2009 with discharge diagnosis

'F.x' ICD-10, 'at least one inpatient diagnosis with discharge diagnosis other than 'F.x' ICD-10, dis.: disease,
(a) Akaike information criterion = 276,373.62, (b) Akaike information criterion = 273,519.9 (less = better model specification)
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Name of
Morbidity group

SERIOUS PSYCHIATRIC ILLNESS

Delusion, psychotic disorders
and personality disorders
Alcohol- or drug addiction

Abuse of alcohol or drugs (without addiction)

Schizophrenia
Alcohol- or drug induced psychosis

Anorexia nervosa, Bulimia
MEDICAL ILLNESS

Hypertension, hypertensive cardiac diseases”
Diabetes
Chronic obstrusive bronchitis, emphysema

Cancer

Rheumatiod arthritis, inflammable

disorders of connective tissue

Coronary heart disease,
other ischemic diseases
Severe bacterial infection of hypodermis

and fat tissue

Psoriasis and parapsoriasis without continuous
medication

Polyneuropathy

Acquired diseases of heart valves, rheumatic
caridac diseases

Congestive heart failure

Spinal canal stenosis

Pregnancy

Arrhythmias not specified

Epilepsy

Osteoarthritis of hip or knee

Angina pectoris

/ condition after old mycardial infarction
Atherosclerosis, arterial aneurysm,
diseases of arteris or arterioles

Renal failure

Other 1atrogenic complications
Polycythaemia vera, oth anemias not specified
Chronical inflammatory bowel diseases

Multiple Sclerosis

Diagnosis criteria
(inpatient main/secondary diagnosis or
outpatient confirmed diagnosis of ICD-10-GM)

F22, F24, F28, F29, F60, Fol, F62.8, F62.9, F68.1, F68.8, F69

F10.2, F11.2, F12.2, F13.2, F14.2, F15.2, F16.2, F18.2, F19.2
F10.0-1, F11.0-1, F12.0-1, F13.0-1, F14.0-1, F15.0-1, F16.0-1
F18.0-1, F19.0-1

F20, F21, F25

F10.3-9, F11.3-9, F12.3-9, F13.3-9, F14.3-9, F15.3-9, F16.3-9,
F18.3-9, F19.3-9

F50.0-3

>

110.0, 115.0, 151.7

E10, E11, E12, E13, E14, 024

143, J44, 145, J46, 198.2, 198.3

C00-C04, C06-C26, C30-C34, C37-C41, C45, C46.0, C48.0,
C49, C50, C60-C72, C74-C78, C79.1-8, C80, C97,

D05.1, D42.0-1, D42.9, D43.0-7, D43.9, D44.3, D44.5, D37,
D38.0, D39, D40, D41, D44.0-2, D47.0, D47.2,D47.3, D47.7,
D47.9, D48, 1.94.5, Q85.0, Q85.1, Q85.8, Q85.9

MO05, M06, M08, M09, M12.3, M30-M34, M35.0-3,

M35.5, M35.8-9, M36.0, M36.8, M45.0, M46.0, M46.8,
M46.9, M49.3, M49.4, M49.8

125.0, 125.1, 125.3, 125.4, 125.6, 125.8, 125.9

A06.7, A20.1, A22.0, A26.0, A31.1, A32.0, A36.3, A43.1,
A44.1, A46, B38.3, B40.3, B43.0, B43.2, B45.2, B46.3,
B55.1, B78.1, L00O, LO1-LO0S, LO8, L88, N49.80, N76.80
L40.1, L40.2, 140.3, L40.4, L.40.8, L40.9, L41

G59-G64, G71.1, G71.3, G71.8, G71.9, G72, G734,
G73.5,G73.6, G73.7
105-108, 134-139

125.5,142, 143, 150, I51.4, I51.5

M48.0, M99.2, M99.3, M99.4, M99.5, M99.6, M99.7
009-011, 013, 014.0-1, O14.9, O15.0, O15.9, O16,
020-026, 028-031, 034-036, 043.0,

043.1, 043.8, 043.9, 044, 046-048, Z33-735

147.1, 148.0, 148.00, 148.01, 148.09, 148.1, 148.10,

148.11, 148.19

G40, G41

MI16, M17, M19.05, M19.25, M19.85, M19.95

120.1, 120.8, 120.9, 123.0, 123.1, 123.2, 123.3, 123.6,
123.8,124.1,125.2

170.0, 170.1, 170.2, 170.20, 170.21, 170.22, 170.25,
170.8,170.9, 177.8, 177.9

112.0, 112.00, 112.01, I13.1, 113.10, 113.11, 113.20, 13.21,
N17, N18.8-, N18.9, N19, Q61.1

E89, T81.4

D45, D46.1, D62, D63, D64.0, D64.1, D64.2, D64.3, D64.8
K50, K51

G35, G36, G37.0-2, G37.5-9

*Number of morbidity group in the German Statutory health insurance risk compensation scheme classification

for year 2010 morbidity information, ® full name: Hypertension, hypertensive cardiac diseases without complications
/cardiac diseases not specified




