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Abstract

Depression is a global health problem associated with a significant public health burden

and costs. Although studies on costs of diseases are being considered as an increasingly

important factor for health policies, information concerning costs of inpatient care of

depression is still insufficient. Thus, the main aim of this study was to evaluate costs of

hospitalization of patients treated in 2016 in psychiatric clinics in Poznan (Poland) and in

Kiel (Germany) and to analyze treatment used in these centers. The study was conducted

from September 2017 to February 2018. 545 hospital records were considered (187 in

Poznan and 358 in Kiel). Eventually, 490 hospital records were included, 168 in Poland

and 322 in Germany. In general, the costs were calculated based on the patients’ sex and

diagnosis (F32 and F33) separately and, subsequently, the outcomes were added and

multiplied by the length of hospital stay, giving the cost of hospitalization. The annual cost

of inpatient care of depression in 2016 was EUR 491,067.19 (�x ¼ EUR 2923:02) in Poznan

and EUR 2,847,991.00 �x ¼ EUR 8844:69 in Kiel. In Poznan, hospitalization was under-

funded reaching EUR 183,042.55 (37.27% of total costs in Poznan). In Poznan, the most

frequently prescribed medicine was quetiapine, followed by olanzapine and venlafaxine,

whereas in Kiel it was venlafaxine, followed by mirtazapine and promethazine. Although

non-pharmacological therapies were commonly used in both centers, in Kiel this type of

treatment was better structured. The study confirms the degree of the economic burden of

inpatient care of depression. The underfunding of mental health revealed, emphasizes the

need for urgent amendment of organization and funding of mental health care in Poland.

Patients in Poznan were hospitalized on average 10 days longer than in Kiel, thus a reduc-

tion of length of hospitalization in Poznan seems possible. Although pharmacotherapy

seemed to be comprehensive in both centers, there were some differences between Poz-

nan and Kiel. Access to non-pharmacological therapies during outpatient care was limited

in Poznan, however, compared to Kiel.

PLOS ONE | https://doi.org/10.1371/journal.pone.0198890 June 14, 2018 1 / 14

a1111111111

a1111111111

a1111111111

a1111111111

a1111111111

OPENACCESS

Citation: Zaprutko T, Göder R, Kus K, Pałys W,
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Introduction

Depression is one of the most common, highly prevalent, and burdensome disorders world-

wide [1–3], affecting people of any age [4]. According to the World Health Organization

(WHO) data, depression is expected to become the second leading cause of disability or early

death by 2020 [5]. The disease is characterized by a pertinaciously low mood with loss of inter-

est in everyday activities [4], and might be associated with personal and public stigma [6]. It

contributes to exacerbation of comorbid conditions such as hypertension or diabetes, for

instance [7]. Moreover, untreated depression increases the risk of self-harm and suicide, and

approximately two-thirds of suicide completers or attempters have major depressive episodes

at the time of the suicidal act [7, 8].

Nevertheless, depression not only causes personal suffering but also produces significant

economic burden both for the patients and the whole society being a major worldwide public

health problem [9, 10]. Total costs of the disorder can be broken down into direct (e.g. inpa-

tient and outpatient care, pharmacotherapy) and indirect costs (mainly related to the produc-

tivity loss) [9, 11]. In Europe, the total annual costs of depression were estimated at EUR 118

billion in 2004, with EUR 42 billion and 76 billion in direct and indirect costs, respectively

[12]. These values were confirmed in a later study conducted by Olesen et al. [13], who indi-

cated that major depression was among the most expensive disorders in relation to the total

costs of brain disorders in 2010. In the United States, however, the economic burden of

depression was USD 83 billion, with USD 26.1 billion allocated in direct costs and USD 56.9

billion in indirect costs [1]. Considering results from Asia likewise, Okumura and Higuchi

[10] evaluated economic burden of depression in Japan with total costs estimated at USD 11

billion, with USD 4.1 billion in direct costs and USD 6.9 billion in indirect costs.

Although indirect costs represent the greatest share of the total costs of depression, direct

costs are the significant part of the economic burden, too, with costs of inpatient care indicated

as a significant [10] or even the most important contribution of direct costs generated by

patients with depression [14]. In spite of this fact, there is still insufficient information con-

cerning the costs of hospitalization of depression [10, 12, 15]. Hence, the main aim of this

study was to investigate the costs of inpatient care of depression among patients hospitalized

in 2016 in Poznan (Poland) and in Kiel (Germany). Moreover, the study was also to compare

pharmacotherapy and non-pharmacological interventions used and to provide information

about funding and organization of mental health care in the study centers. Poznan, with a pop-

ulation of approximately 550,000, is the capital of Greater Poland Voivodeship—Poland’s sec-

ond largest province. Kiel, on the other hand, inhabited by a population of almost 250,000, is

the capital city of the Schleswig-Holstein land, the northernmost state of Germany

Material and methods

The study was conducted from September 2017 to February 2018. It evaluated costs of inpa-

tient care of depression in 2016, at the Department of Adult Psychiatry of the Karol Jonscher

Hospital of Poznan University of Medical Sciences (Poland) and at the Department of Psychia-

try and Psychotherapy of the University Hospital Schleswig-Holstein of Christian-Albrechts

University of Kiel (Germany).

Data were obtained from hospital records and from the hospital accounting departments.

Before the analysis all data were fully anonymized, thus the study conforms with the Act on

Protection of Personal Data. The costs were calculated based on the patients’ sex and diagnosis

separately and, subsequently, the outcomes were added and multiplied by the length of hospi-

tal stay (LOHS), giving the cost of hospitalization. The structure of hospital records in Poznan
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allowed calculation of the costs of pharmacotherapy and diagnostic tests individually, and the

results were presented as a percentage share of total costs.

In Kiel, however, all individual components (including hospital stay, pharmacotherapy, and

diagnostic tests) up to the daily value of the procedure are covered, thus the cost of hospitaliza-

tion in Kiel was not the direct result of multiplying LOHS and base rate of tariff per day, which

was established by the health care payer. To evaluate the cost of inpatient care, each hospitali-

zation was calculated separately in cooperation with the financial department of the hospital in

Kiel. What is important, in Kiel the evaluation of the percentage contribution of e.g. pharma-

cotherapy would not have been possible because the hospital records present pharmacotherapy

using international names or brand names marked frequently “for example” alternately, allow-

ing the use of originators or any generic brands.

To analyze and compare pharmacotherapy, each medicine used was registered. Such

detailed and meticulous analysis identified medications most frequently used in the study

centers. For non-pharmacological interventions, however, hospital records, as well as freely

available schedule of these therapies, were analyzed to compare the scope and types of non-

pharmacological treatment in Poznan and Kiel.

Inclusion criteria were as follows: a diagnosed depression (in the study, two diagnosis codes

were applicable: depressive episode—F32 and recurrent depressive disorder—F33) based on

the International Classification of Diseases, Tenth Revision (ICD-10), and adult age of the

patients (>18 years old). Patients were excluded from the study, however, if their LOHS

was� 3 days (this criterion was established because there were patients admitted to the hospi-

tal on Friday evening and discharged or transferred to another department on Monday morn-

ing) and if they left the hospital against medical advice.

In the study, 545 hospital records (all patients hospitalized in 2016 in Poznan and in Kiel)

were taken into consideration (187 in Poznan and 358 in Kiel). However, based on the inclu-

sion and exclusion criteria of the study, 490 hospital records were eventually included, n = 168

in Poland (106 women—W and 62 men—M; 70 diagnosed with F32 and 98 diagnosed with

F33) and n = 322 in Germany (191 W and 131 M; 121 diagnosed with F32 and 201 diagnosed

with F33). Results are presented as total costs of inpatient care of depression in Poznan and in

Kiel and as average values associated with sex and diagnosis.

Due to the different currencies in Poland (PLN) and Germany (EUR), money values were

converted from PLN to EUR at the average EUR exchange rate in 2016 published by the

National Bank of Poland (EUR 1 = PLN 4.3625). Monetary values presented in the study are

roundings of calculated amounts resulting from the conversion of monetary units into the

common European currency. Moreover, results presented in EUR should make this paper

clear and useful for the readers.

Furthermore, the study was approved by the Bioethics Committee of Poznan University of

Medical Sciences and the Ethics Committee of Christian-Albrechts University in Kiel, as well

as by hospital decision-makers in both Poznan and Kiel.

Statistics

The data are shown as x ± SEM (plus the median and lower/upper quartile). Data distribution

pattern was normal (like the Gaussian function). Statistically significant results (p<0.05) were

demonstrated for homogenous groups using 2-ways Anova test and post-hoc Tukey test.

Results

The mean age of patients in Poznan was 52.84 years. In Kiel, patients were a bit younger than

in Poznan and the average age was 50.77. In terms of length of hospital stay, patients in Poznan
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were hospitalized on average more than 10 days longer than in the German hospital. Neverthe-

less, the shortest hospitalization included in both centers was 4 days regardless of the sex and

diagnosis. On the other hand, the longest hospitalization in Poznan lasted 173 days (M; F33)

and in Kiel 298 days (W; F33). In both centers, there were more W (106 in Poznan and 191 in

Kiel) than M hospitalized (62 in Poznan and 131 in Kiel).

The annual cost of inpatient care of depression in 2016 was EUR 491,067.19

(�x ¼ EUR 2923:02) in Poznan and EUR 2,847,991.00 (�x ¼ EUR 8844:69) in Kiel. The cost

for W was EUR 312,300.62 (�x ¼ EUR 2946; 23) and EUR 1,782,064.00 (�x ¼ EUR 9330:18)

in Poznan and Kiel, respectively. For M, it was EUR 178,766.57 (�x ¼ EUR) in Poznan and

EUR 1,065,927.00 (�x ¼ EUR 8136:85) in Kiel. The results of that task are presented in Tables

1, 2 and 3.

In terms of diagnosis-related costs of inpatient care, the results were as follows. In

Poznan, the cost of F32 was EUR 191,143.02 (�x ¼ EUR 2730:62) and of F33 –EUR 299,924.17

(�x ¼ EUR 3060:45). In Kiel, meanwhile, it was EUR 904,222.00 (�x ¼ EUR 7472:91) and EUR

1,943,769.00 (�x ¼ EUR 9670:49) respectively. The results of that task are presented in Tables 4

and 5.

Although all components of the total cost (cost of hospital stay, pharmacotherapy and diag-

nostic tests) were included into the value of the daily medical procedure in both centers, the

structure of hospital records in Poznan allowed a separate evaluation the cost of pharmaco-

therapy and diagnostic tests. The value of pharmacotherapy used was EUR 7,853.95, which

corresponds to 1.60% of total costs in Poznan. The cost of medicines used generated by W was

EUR 5,428.56 (F32 –EUR 1,959.00 and F33 –EUR 3,469.56) and by M—EUR 2,425.39 (F32 –

EUR 716.61 and F33–1,708.78). Values per patient are depicted in Tables 1 and 4.

The cost of diagnostic tests was EUR 12,320.45, which corresponds to 2.51% of total costs of

hospitalization in Poznan. The value generated by W was EUR 7,888.59 (F32 –EUR 3,009.97

and F33 –EUR 4,878.62) and by M—EUR 4,431.86 (F32 –EUR 1,659.37 and F33 –EUR

2,772.49). Values per patient are depicted in Tables 1 and 4.

In both centers, there was a tariff rate per day established by the healthcare payer. In Poz-

nan, it was EUR 39.54 decreasing to EUR 27.68 per person per day for each day of hospitaliza-

tion exceeding 70 days. Nevertheless, this value was insufficient from the hospital’s point of

view, with the costs per day (including hospital stay, pharmacotherapy, and diagnostic tests)

amounting to EUR 55.80 at the men’s ward, EUR 62.95 at the women’s ward, and EUR 69.94

at the mixed ward. The difference in the pricing of tariff rate per day by the hospital and the

healthcare payer allowed us to evaluate the degree of underfunding of mental health care at the

Polish hospital.

Detailed analysis of values of tariff rates per day found that inpatient care of depression was

underfunded in Poznan by as much as EUR 183,042.55, which corresponds to 37.27% of total

cost at the Polish hospital. This results from the daily value of procedure funded by the Polish

healthcare payer which leads to the underfunding from the very first day of hospitalization and

exacerbates the problem in case of hospitalizations lasting more than 70 days.

In Kiel, however, the base tariff rate per day was EUR 259.71 regardless of the patient’s sex

and the ward of hospital stay. In spite of the fact that the value of daily rate differed between

particular cases of hospitalization, the final cost of each hospitalization was indicated as suffi-

cient to cover all expenses related to inpatient care; thus, in Germany there was no underfund-

ing problem.

Apart from the economic burden, it might be interesting to analyze treatment schedules

used in Poznan and in Kiel. Although treatment in both centers could be defined as compre-

hensive, there were some differences in this respect. In terms of pharmacotherapy used, the

most frequently used substances in Poznan were quetiapine (used by 53.57% of patients),
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olanzapine (used by 32.74% of patients), and venlafaxine (used by 26.79% of patients). These

substances were followed by hydroxyzine and haloperidol, prescribed to 23.81% and 19.64%

of patients, respectively. In Kiel, however, venlafaxine was the most popular substance used

by 30.43% of patients, followed by mirtazapine and promethazine prescribed to 28.88% and

22.36% of patients, respectively. Citalopram was the fourth most frequently used drug, at

Table 1. Structure of the study group (Poznan).

F32

Total

�x � SEM
Women (Wo)

�x � SEM
Men (Me)

�x � SEM
Number of subjects 70 43 27

Mean age in years 48.91 ± 2.17

(M: 51.5 ~ L/U Q:33/65)

NS (p = 0.5651) vs W

NS (p = 0.4263) vs M

50.95 ± 2.81

(M: 53 ~ L/U Q:36/67)

45.67 ± 3.36

(M: 48 ~ L/U Q:28/59)

NS (p = 0.2375) vs. W

Average duration of hospitalization in days 44.37 ± 2.50

(M: 49 ~ L/U Q:29/64)

NS (p = 0.9178) vs W

NS (p = 0.8892) vs M

44.79 ± 3.18

(M: 42 ~ L/U Q:28/66)

43.70 ± 4.13

(M: 49 ~ L/U Q:31/58)

NS (p = 0.8345) vs. W

Cost of inpatient care 2730.62 ± 159.54

(M: 2817.81~ L/U Q:1729.75/3846.91)

NS (p = 0.7608) vs W

NS (p = 0.6840) vs M

2652.21 ± 199.83

(M: 2343.53~ L/U Q:1562.35/3846.91)

2855.48 ± 267.27

(M: 3084.45~ L/U Q:2168.26/4028.66)

NS (p = 0.5391) vs W

Cost of pharmacotherapy 38.22 ± 5.94

(M: 21.46 ~ L/U Q:9.47/52.38)

NS (p = 0.4789) vs W

NS (p = 0.2523) vs M

45.56 ± 8.95

(M: 21.49 ~ L/U Q:10.89/57.68)

26.54 ± 5.32

(M: 15.65 ~ L/U Q:5.85/39.54)

NS (p = 0.1200) vs. W

Cost of diagnostic tests 66.71 ± 3.97

(M: 57.54 ~ L/U Q:46.99/79.54)

NS (p = 0.6078) vs W

NS (p = 0.4910) vs M

70.00 ± 4.98

(M: 64.41 ~ L/U Q:46.99/85.73)

61.48 ± 6.57

(M: 49.05 ~ L/U Q:41.95/66.93)

NS (p = 0.2989) vs W

Person-days used 3106 1926 1180

F33

Number of subjects 98 63 35

Mean age in years 55.64 ± 1.58

(M: 58 ~ L/U Q:47/64)

NS (p = 0.7201) vs W

NS (p = 0.5792) vs M

54.71 ± 2.08

(M: 57 ~ L/U Q:47/66)

57.31 ± 2.37

(M: 59 ~ L/U Q:51/61)

NS (p = 0.4343) vs. W

Average duration of hospitalization in days 49.13 ± 3.07

(M: 48.5 ~ L/U Q:24/68)

NS (p = 0.5869) vs W

NS (p = 0.4517) vs M

51.73 ± 3.54

(M: 52.0 ~ L/U Q:27/69)

44.46 ± 5.78

(M: 33.0 ~ L/U Q:21/63)

NS (p = 0.2591) vs. W

Cost of inpatient care 3060.45 ± 189.76

(M: 2901.51 ~ L/U Q:1538.76/4266.57)

NS (p = 0.7680) vs W

NS (p = 0.6876) vs M

3146.91 ± 214.40

(M: 3287.36 ~ L/U Q:1841.34/4406.46)

2904.21 ± 369.31

(M: 2077.28 ~ L/U Q:1447.80/4126.69)

NS (p = 0.5438) vs. W

Cost of pharmacotherapy 52.84 ± 8.52

(M: 30.56 ~ L/U Q:13.65/55.74)

NS (p = 0.8690) vs W

NS (p = 0.8115) vs M

55.07 ± 10.40

(M: 39.20 ~ L/U Q:19.83/64.32)

48.82 ± 14.95

(M: 13.65 ~ L/U Q:6.64/50.30)

NS (p = 0.7271) vs. W

Cost of diagnostic tests 78.07 ± 4.69

(M: 66.71 ~ L/U Q:45.16/101.09)

NS (p = 0.9296) vs W

NS (p = 0.9060) vs M

77.44 ± 5.16

(M: 67.39 ~ L/U Q:48.37/93.75)

79.21 ± 9.41

(M: 57.54 ~ L/U Q:43.10/127.68)

NS (p = 0.8573) vs. W

Person-days used 4815 3259 1556

M—median, L/U Q—lower and upper quartile, SEM—standard error of the mean, NS—statistically non-significant

https://doi.org/10.1371/journal.pone.0198890.t001
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16.15%, followed by olanzapine prescribed to 15.22% of hospitalized patients. Interestingly,

only 1 patient in Poznan received promethazine. On the other hand, no one in Kiel was

treated with hydroxyzine or haloperidol. Both in Poznan (73.81%) and in Kiel (54.04%),

most patients were treated with pharmacotherapy related to concomitant disorders such as

diabetes or hypertension for instance. Considering benzodiazepines in general, this group of

medicines was prescribed to 55.36% of patients in Poznan and to 18.32% of those hospital-

ized in Kiel.

In both centers, pharmacotherapy was supported with non-pharmacological interventions.

Nevertheless, it seemed to be more extensive in Kiel mainly due to the wide offer of trainings

which were freely available also in outpatient care. Apart from psychoeducation, music ther-

apy, and ergotherapy, other popular options in Kiel included light therapy (LT), gymnastics,

Nordic Walking, or bathing in cold water known as “kneippen” in Germany. Patients in Kiel

had 6 or 7 daily options of various non-pharmacological interventions which were individually

fixed. In Poznan, however, the offer of non-pharmacological therapies used was slightly lim-

ited in comparison to Kiel. There was no “kneippen” or LT, for instance. Nevertheless, psy-

choeducation, occupational therapy, gymnastics, and others were popular, too. The number

of daily training options was smaller than in Kiel, however. Moreover, the problem of non-

Table 2. Structure of the study group (Kiel).

F32

Total

�x � SEM
Women (Wo)

�x � SEM
Men (Me)

�x � SEM
Number of subjects 121 70 51

Mean age in years 48.48 ± 1.85

(M: 45 ~ L/U Q:30/67)

NS (p = 0.6527) vs Wo

NS (p = 0.5524) vs Me

49.90 ± 2.64

(M: 48 ~ L/U Q:29/71)

46.53 ± 2.49

(M: 44 ~ L/U Q:32/56)

NS (p = 0.3704) vs. Wo

Average duration of hospitalization in days 31.17 ± 2.10

(M: 28 ~ L/U Q:13/41)

NS (p = 0.4307) vs Wo

NS (p = 0.2779) vs Me

34.04 ± 3.12

(M: 28 ~ L/U Q:15/41)

27.22 ± 2.50

(M: 25 ~ L/U Q:13/38)

NS (p = 0.1095) vs. Wo

Cost of inpatient care 7472.91 ± 489.09

(M: 6549 ~ L/U Q:3601/9601)

NS (p = 0.4199) vs Wo

NS (p = 0.2615) vs Me

8160.39 ± 732.10

(M: 6840.50 ~ L/U Q:3713/10075)

6529.31 ± 562.23

(M: 5944 ~ L/U Q:3214/9067)

NS (p = 0.0998) vs. Wo

Person-days used 3771 2383 1388

F33

Number of subjects 201 121 80

Mean age in years 55.15 ± 1.30

(M: 52 ~ L/U Q:38/67)

NS (p = 0.6807) vs Wo

NS (p = 0.5810) vs Me

53.03 ± 1.71

(M: 53 ~ L/U Q:38/71)

50.83 ± 1.98

(M: 51.5 ~ L/U Q:34.5/64)

NS (p = 0.4058) vs. Wo

Average duration of hospitalization in days 40.33 ± 2.59

(M: 29 ~ L/U Q:15/55)

NS (p = 0.7666) vs Wo

NS (p = 0.6778) vs Me

41.62 ± 3.59

(M: 29 ~ L/U Q:14/58)

38.38 ± 3.61

(M: 30 ~ L/U Q:15/47)

NS (p = 0.5412) vs. Wo

Cost of inpatient care 9670.49 ± 612.24

(M: 7086 ~ L/U Q:3713/13259)

NS (p = 0.6491) vs Wo

NS (p = 0.7423) vs Me

9061.65 ± 876.01

(M: 7069 ~ L/U Q:3758.5/10830)

10006.92 ± 837.49

(M: 7304 ~ L/U Q:3601/13716)

NS (p = 0.5005) vs. Wo

Person-days used 8106 5036 3070

M—median, L/U Q—lower and upper quartile, SEM—standard error of the mean, NS—statistically non-significant

https://doi.org/10.1371/journal.pone.0198890.t002

Costs of inpatient care of depression

PLOS ONE | https://doi.org/10.1371/journal.pone.0198890 June 14, 2018 6 / 14

https://doi.org/10.1371/journal.pone.0198890.t002
https://doi.org/10.1371/journal.pone.0198890


Table 3. Comparison between Poznan (Poland) and Kiel (Germany).

Total

�x � SEM
Women (Wo)

�x � SEM
Men (Me)

�x � SEM
F 32

�x � SEM
F 33

�x � SEM
Number of subjects PL

D

168 106 62 70 98

322 191 131 121 201

Mean age in years PL

D

52.84 ± 1.31

(M: 55 ~ L/U Q:42.5/

64.5)

53.19 ± 1.69

(M: 55 ~ L/U Q:43/67)

52.24 ± 2.10

(M: 55.5 ~ L/U Q:39/61)

48.91 ± 2.16

(M: 51.5 ~ L/U Q:33/65)

55.64 ± 1.58

(M: 58 ~ L/U Q:47/64)

50.77 ± 1.07

(M: 50 ~ L/U Q:34/67)

NS (p = 0.2406)

51.89 ± 1.45

(M: 52 ~ L/U Q:34/71)

NS (p = 0.5743)

49.15 ± 1.56

(M: 49 ~ L/U Q:34/60)

NS (p = 0.2511)

48.48 ± 1.85

(M: 45 ~ L/U Q:30/67)

NS (p = 0.8825)

52.15 ± 1.30

(M: 52 ~ L/U Q:38/67)

NS (p = 0.1076)

Average duration of

hospitalization in days

PL

D

47.15 ± 2.08

(M: 49 ~ L/U Q:26.0/

66.5)

48.92 ± 2.48

(M: 50 ~ L/U Q:28/69)

44.13 ± 3.70

(M: 43.5 ~ L/U Q:23/62)

44.37 ± 2.50

(M: 49 ~ L/U Q:29/64)

49.13 ± 3.07

(M: 48.5 ~ L/U Q:24/68)

36.89 ± 1.81x

(M: 28 ~ L/U Q:14/50)

SS (p = 0.0005)

38.84 ± 2.55x

(M: 28 ~ L/U Q:14/52)

SS (p = 0.0010)

34.03 ± 2.45(M: 28 ~ L/U

Q:14/44)

SS (p = 0.0221)

31.17 ± 2.10x

(M: 28 ~ L/U Q:13/41)

SS (p = 0.0001)

40.33 ± 2.29x

(M: 29 ~ L/U Q:15/55)

SS (p = 0.0409)

Cost of inpatient care

(EURO)

PL

D

2923.02 ± 129.39

(M: 2870.66 ~ L/U

Q:1657.65/3963.70)

2946.23 ± 152.23

(M: 2873.61 ~ L/U

Q:1729.75/3961.68)

2883.33 ± 236.54

(M: 2811.71 ~ L/U

Q:1468.82/4056.74)

2730.62 ± 159.54

(M: 2817.81 ~ L/U

Q:1729.75/3846.91)

3060.45 ± 186.76

(M: 2901.51 ~ L/U

Q:1538.76/4266.57)

8844.69 ± 427.69x

(M: 6743.50 ~ L/U

Q:3601/11658)

SS (p < 0.0001)

9330.18 ± 596.77x

(M: 7052 ~ L/U Q:3601/

13053)

SS (p < 0.0001)

8136.85 ± 587.19x

(M: 6629 ~ L/U Q:3601/

10287)

SS (p < 0.0001)

7472.91 ± 489.09x

(M: 6549 ~ L/U Q:3601/

9601)

SS (p = p < 0001)

9670.49 ± 612.24x

(M: 7086 ~ L/U Q:3713/

13259)

SS (p = p < 0001)

L/U Q—lower and upper quartile, M—median, SEM—standard error of the mean, NS—statistically non-significant, SS—statistically significant
x Statistically significant difference: D versus PL for p <0.05

https://doi.org/10.1371/journal.pone.0198890.t003

Table 4. Results related to diagnosis (F 32/F 33)–Poznan.

Total

�x � SEM
F 32

�x � SEM
F 33

�x � SEM
Number of subjects 168 70 98

Mean age in years 52.84 ± 1.31

(M: 55 ~ L/U Q:42.5/64.5)

NS (p = 0.1130) vs F 32

NS (p = 0.1834) vs F 33

48.91 ± 2.17

(M: 51.5 ~ L/U Q:33/65)

55.64 ± 1.58x

(M: 58 ~ L/U Q:47/64)

SS (p = 0.0111) vs. F 32

Average duration of hospitalization in days 47.15 ± 2.08

(M: 49.0 ~ L/U Q:26.0/66.5)

NS (p = 0.4416) vs F 32

NS (p = 0.5813) vs F 33

44.37 ± 2.50

(M: 49.0 ~ L/U Q:29.0/64.0)

49.13 ± 3.07

(M: 48.5 ~ L/U Q:24.0/68.0)

NS (p = 0.2597) vs. F 32

Cost of inpatient care 2923.02± 129.39

(M: 2870.66 ~ L/U Q:1657.65/3963.70)

NS (p = 0.3943) vs F 32

NS (p = 0.5381) vs F 33

2730.62 ± 159.54

(M: 2817.81 ~ L/U Q:1729.75/3846.91)

3060.45 ± 189.76

(M: 2901.51 ~ L/U Q:1538.76/4266.57)

NS (p = 0.2098) vs. F 32

Cost of pharmacotherapy 46.75 ± 5.56

(M: 26.51 ~ L/U Q:10.65/54.97)

NS (p = 0.3674) vs F 32

NS (p = 0.5334) vs F 33

38.22 ± 5.94

(M: 21.46 ~ L/U Q:9.47/52.38)

52.84 ± 8.52

(M: 30.56 ~ L/U Q:13.65/55.74)

NS (p = 0.1962) vs. F 32

Cost of diagnostic tests 73.34 ± 3.22

(M: 63.50 ~ L/U Q:46.07/88.71)

NS (p = 0.2386) vs F 32

NS (p = 0.3929) vs F 33

66.71 ± 3.97

(M: 57.54 ~ L/U Q:46.99/79.54)

78.07 ± 4.69

(M: 66.71 ~ L/U Q:45.16/101.09)

NS (p = 0.0818) vs. F 32

Person-days used 7921 3106 4815

L/U Q—lower and upper quartile, M—median, SEM—standard error of the mean, NS—statistically non-significant, SS—statistically significant
x Statistically significant difference: F 33 versus F 32 for p <0.05

https://doi.org/10.1371/journal.pone.0198890.t004
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pharmacological therapy in Poznan seems to be related to the lack of proper facilities in outpa-

tient care where patients would be able to continue therapies started during hospitalization.

Discussion

Depression is considered one of the disorders characterized by the greatest costs and burden

for the society as well as for the public healthcare system [1, 9, 16]. In terms of economic bur-

den, depression is primarily related to indirect costs, but direct costs are responsible for a sig-

nificant part of that burden, too [9, 10, 17, 18]. In addition to this, a study conducted by

Kleine-Budde et al. [9] identified costs of hospitalization as the main component of direct

costs of depression. In spite of this fact, there is still insufficient information concerning costs

on inpatient care of depression [9, 10, 12, 15], thus the importance of this study. The evalua-

tion of total cost of hospitalization in 2016, amounting to EUR 491,067.19 (�x ¼ EUR 2923:02)

in Poznan (n = 168) and EUR 2,847,991.00 (�x ¼ EUR 8844:69) in Kiel (n = 322), confirms

the significance of costs related to inpatient care and corroborates with other studies where

authors emphasized the degree of economic burden of depression [9, 10, 15, 19].

Although the general trend in depression costs analysis is convergent between individual

studies and confirms the economic burden of that disorder, differences between results from

various countries might be meaningful. For example, Okumura and Higuchi compared annual

direct medical costs of depression in Japan (USD 689 per patient) against outcomes from

Spain (USD 1166 per patient) and the USA (USD 1400 per patient) [10]. Additionally, in the

systematic review of the cost of illness studies, mean direct costs per patient ranged from USD

1000 to USD 2500 annually [20]. Considering these variances and the fact that an average hos-

pitalization lasted 10 days longer in Poznan (47 days) than in Kiel (37 days), the 3-fold discrep-

ancy between average costs of hospitalization in the study centers seems hardly surprising.

Moreover, it could be even greater if hospitalizations had been equalized in terms of LOHS.

Discrepancies in LOHS for patients with depression are quite common and range from 61

days in Canada, through 51 days in Germany, to 11 days in the USA [21, 22].

Nonetheless, as in our study, costs differences might be the effect of dissimilarities in fund-

ing of healthcare systems, too. Furthermore, these considerable variances in costs analysis also

Table 5. Results related to diagnosis (F 32/F 33)—Kiel.

Total

�x � SEM
F 32

�x � SEM
F 33

�x � SEM
Number of subjects 322 121 201

Mean age in years 50.77 ± 1.07

(M: 50 ~ L/U Q:34/67)

NS (p = 0.2709) vs F 32

NS (p = 0.4163) vs F 33

48.48 ± 1.85

(M: 45 ~ L/U Q:30/67)

52.15 ± 1.30

(M: 52 ~ L/U Q:38/67)

NS (p = 0.0962) vs F 32

Average duration of hospitalization in days 36.89 ± 1.81

(M: 28 ~ L/U Q:14/50)

NS (p = 0.7732) vs F 32

NS (p = 0.2636) vs F 33

31.17 ± 2.10

(M: 28 ~ L/U Q:13/41)

40.33 ± 2.59x

(M: 29 ~ L/U Q:15/55)

SS (p = 0.0142) vs F 32

Cost of inpatient care 8844.69 ± 427.69

(M: 6743.5 ~ L/U Q:3601/11658)

NS (p = 0.0716) vs F 32

NS (p = 0.2558) vs F 33

7472.91 ± 489.09

(M: 6549 ~ L/U Q:3601/9601)

9670.49 ± 612.24

(M: 7086 ~ L/U Q:3713/13259)

SS (p = 0.0126) vs F 32

Person-days used 11877 3771 8106

M—median, L/U Q—lower and upper quartile, SEM—standard error of the mean, NS—statistically non-significant, SS—statistically significant
x Statistically significant difference: F 33 versus F 32 for p <0.05

https://doi.org/10.1371/journal.pone.0198890.t005
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depend on settings and methodology used in the studies and might be affected by differences

in economic factors and pharmaceutical costs among countries likewise [10, 19, 20, 23]. Con-

sidering, for instance, economic facets it is important to point out that the German economy is

the fifth largest economy in the world in Purchasing Power Parity (PPP) terms and Europe’s

largest, whereas Poland has the sixth-largest economy in the European Union [24]. According

to data from 2016 Gross Domestic Product (GDP) per capita and PPP accounted for USD

28.200 and 1.788 (National currency units/US dollar) in Poland respectively. In Germany,

however, it was USD 49.300 and 0.780 (National currency units/US dollar) accordingly [24,

25]. These data confirm the impact of the economy on hospitalization costs differences

observed between Poznan and Kiel, hence the importance of many factors which are compo-

nents of economic and public health burden of disease.

Many studies indicate that more women than men are diagnosed with depression [6, 26]

and these findings corroborate with the results of our study. In general, men are known to

reveal a reluctance to present concerns about their mental health e.g. due to socioculturally

prescribed male roles related to gender-relevant behavior [21, 27], and they do not seek mental

health care as often as women do [6, 28]. Moreover, typical symptoms of depression might be

masked among men by other signs related to men’s tendency to be overly sexually active, usu-

ally in the form of promiscuity or a series of brief affairs [27]. Nevertheless, as revealed in our

study, men in both Poznan and Kiel were hospitalized shorter than women and this finding is

in line with results obtained in Japan [21]. On the one hand, it could be deemed surprising,

especially considering the fact that hidden symptoms of depression among men may contrib-

ute to a more severe course of depression. On the other hand, however, it could be related to

potential gender differences in the response to pharmacotherapy used and co-existing eating

disorders as well as anxiety which are more likely to affect women [29]. Nonetheless, this

emphasizes the need to carefully investigate potential facets related to gender differences

affecting the economic burden of depression.

Considering pharmacological treatment of depression, selective serotonin reuptake inhibi-

tors (SSRI e.g. citalopram) and serotonin-norepinephrine reuptake inhibitors (SNRI e.g.

venlafaxine) as well as noradrenergic and specific serotonergic antidepressants (NaSSA e.g.

mirtazapine), are recommended, for instance, by the American Psychiatric Association as the

first-line treatment of depression [4, 14, 30]. Nevertheless, because of the effect on the multiple

receptor systems, concurrent use of antidepressants and antipsychotics (both typical and atypi-

cal) is considered more effective than monotherapy with antidepressants [31]. Therefore, the

use of antipsychotics has been one of the most important strategies aimed at a more effective

treatment of depression [31] and within the last decade aripiprazole, quetiapine, and olanza-

pine were approved by the US Food and Drug Administration (FDA) as an augmentation to

antidepressant therapy in depression [30]. Results of the analysis of medicines used in Poznan

and Kiel corroborate with these findings and confirm that the pharmacotherapy applied was

comprehensive and up-to-date in both centers. There were some differences between Poznan

and Kiel, however. In the Polish hospital, antipsychotics (quetiapine and olanzapine) were the

most frequently used, followed by venlafaxine (SNRI). In Kiel, however, it was venlafaxine, fol-

lowed by mirtazapine (NaSSA), and promethazine (H1-receptor antagonist; responsible for

e.g. sedative effect). Although antipsychotics were also frequently used in Kiel, popularity of

venlafaxine and mirtazapine might result not only from the patients’ health needs but also

from local conditions because these substances were identified by Warnke et al. [14] as more

preferred in Germany than in other European countries. It is worth noting that both hospitals

used benzodiazepines frequently as well. This is in line with the study conducted in Brazil by

Cigognini et al. where benzodiazepines were the most frequently prescribed medicines, fol-

lowed by fluoxetine [32]. The above-mentioned study, however was carried out in 2002 and
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fluoxetine, for instance, is not so popular right now, in contrast to benzodiazepines which are

still used frequently. Furthermore, majority of the patients in Poznan and in Kiel were treated

for comorbid conditions. Hypertension, coronary heart disease, diabetes, or hyperlipidemia

were commonly observed in other studies likewise [4]. These frequently chronic disorders

may significantly affect the economic burden of inpatient care of depression, mainly due to the

possible impact on LOHS.

In spite of the fact that we were unable to calculate the percentage share of pharmacother-

apy in total cost of hospitalization because of the structure of hospital records and funding of

mental health care in Kiel, hospital staff mentioned a growing share of generic drugs. Interest-

ingly, based on the information obtained from the hospital staff, costs of pharmacotherapy

decreased significantly and constituted approximately 2% of total costs of inpatient care,

which is consistent with the results obtained in Poznan.

Apart from pharmacotherapy, non-pharmacological interventions are recommended as a

concomitant treatment of depression as well [4]. Several non-pharmacological therapies like

cognitive behavioral therapy, psychotherapy, or exercise therapy are considered effective also

in terms of relapse rates [5, 33] and might, thus, contribute to a decrease of depression costs,

especially in the long run. Comparing these interventions between Poznan and Kiel, non-phar-

macological therapies at the Polish hospital seemed to be less structured. In Kiel, for instance,

owing to the many daily training options, non-pharmacological treatment could be more cus-

tomized. Aside from quite popular trainings, such as psychoeducation, patients hospitalized in

Kiel attended “kneippen” or LT. Nonetheless, Farah et al. [33] claimed that several non-phar-

macological interventions are characterized by similar effectiveness, hence non-pharmacologi-

cal therapies of patients in Poznan could be considered as sufficient and equally effective as

those in Kiel. On the other hand, especially LT seems to be quite easy and cheap to incorporate

and, according to the study conducted by Winkler-Pjerk et al. [34], this method is not only fre-

quently used in Germany, Austria and Switzerland, but is known as an effective intervention

too.

These therapies should be also available, however, in outpatient care to provide a compre-

hensive and the most effective treatment. Nevertheless, access to non-pharmacological inter-

ventions for patients discharged from hospital seems to be limited in Poznan compared to

Kiel, mainly due to the lack of suitable facilities. In Germany, there are also many employment

possibilities after a mental health crisis, making the unemployment rate among the mentally ill

significantly lower than in other countries [35, 36]. In addition to this, employment is thera-

peutic and reduces the risk of hospital readmissions among patients suffering from mental dis-

orders [14, 36, 37]. Moreover, employment of those people could help reduce the social and

self-stigma [6] as well as indirect (productivity loss) and direct costs (hospitalization rates)

[9]. From this study’s perspective, savings in terms of direct medical costs are crucial. It is par-

ticularly important in Poznan where mental healthcare turned out to be significantly under-

funded by the national healthcare payer. This statement is in line with the study carried out by

Zaprutko et al. [38] where authors revealed the same problem in Poland and the Ukraine. In

spite of the fact that the present study demonstrated that treatment applied at the Polish hospi-

tal was comprehensive and state-of-the-art, findings related to underfunding confirm the

urgent need of improvement of mental healthcare funding in Poland. It also shows that the

development of facilities providing daily care with additional non-pharmacological therapies

could pay off in terms of public health and economic burden of depression, especially because

mental well-being is crucial for achievement of the strategic objectives of the European Union

health policy [39].

Our study has some limitations, though. It would be very interesting to study more hospitals

from Poland and Germany and roll the study out to other countries afterwards. Considering
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insufficient number of studies related to economic burden of inpatient care of depression,

however, this study might be recognized as an important contribution in the field. In spite of

the fact that funding of mental healthcare in Germany and structure of hospital records pre-

vented us from presenting the exact percentage share of pharmacotherapy and diagnostic tests

in total cost of hospitalization, it would be interesting for the readers to learn such information.

It could also be worthwhile to perform a prospective analysis of this issue, as it would help us

collect the patients’ opinions about their feelings on various non-pharmacological interven-

tions and the issue of public and personal stigma. Furthermore, the analysis of the marital sta-

tus and family structure could provide interesting information about the possible effect on

LOHS and, thus, costs of inpatient care of depression. Besides, it could be interesting to con-

duct a detailed analysis of ICD-10 codes (F32 from F32.0 to F32.3 and F33 from F33.0 to

F33.3) of patients admitted to the hospital. Thus, if Kiel admits only severe patients and Poznan

admits only moderate patients, or inversely, it could have the impact on presented results

related to LOHS and costs of inpatient care likewise. Nonetheless, costs of depression are fre-

quently presented under the general term “depression” or “major depressive disorder”. On the

other hand, some authors [10, 40] decided to use diagnosis codes in their analyses but only F32

and F33 were applicable and, after a very careful consideration, we decided to follow them and

analyze F32 and F33 separately. However, as indicated by the Heads (they are also co-authors

of this study) of Psychiatry Departments in Poznan and in Kiel there were mixed diagnoses,

hence presented results might be considered as valuable and comparable too. Moreover, the

value of the study would be higher if we were able to present information about the number of

staff employed in the study centers (physicians, nurses, non-pharmacological therapists). It

would be also valuable to present more economic factors (e.g. Gini coefficient) and to imple-

ment International Dollar in the analysis, which is a hypothetical currency aimed at explaining

and comparing prices from one country to another. Nevertheless, the authors decided to use

the European currency to ensure clarity of the text also for readers who are not specialists in

the field. Another limitation is related to a possibly interesting new point in terms of the eco-

nomic burden of multiple disorders. Evaluation of the cost of translation could be interesting

as well. In Kiel, in the case of some immigrants, there was a real language barrier, requiring a

temporary employment of translators. Although it is difficult to compare costs in different

countries, this study could be considered a valuable source of data on the economic burden

and treatment of depression.

Conclusions

Although this study confirms the significant economic burden of depression in terms of hospi-

talizations costs, it also emphasizes the need of urgent improvement of mental health care

funding in Poland, especially due to the underfunding observed. Patients in Poznan were hos-

pitalized on average 10 days longer than in Kiel which confirms that a reduction of LOHS in

Poznan seems possible. In spite of the fact that pharmacotherapy was responsible for a low per-

centage share of total costs of inpatient care, treatment was comprehensive in both centers.

Nevertheless, access to non-pharmacological therapies during outpatient care was limited in

Poznan compared to Kiel.
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Nowakowska.

References
1. Greenberg PE, Fournier A, Sisitsky T, Pike CT, Kessler RC. The economic burden of adults with major

depressive disorder in the United States (2005 and 2010). J Clin Psychiatry 2015; 76:2:155–162.

https://doi.org/10.4088/JCP.14m09298 PMID: 25742202

2. Holvast F, Massoudi B, Voshaar RC, Verhaak PFM. Non-pharmacological treatment for depressed

older patients in primary care: A systematic review and meta-analysis. Plos One 2017; 22; 12(9):

e0184666. https://doi.org/10.1371/journal.pone.0184666 PMID: 28938015

3. Davydow DS, Fenger-Grøn M, Ribe A, Pedersen H, Prior A, Vedsted P, et al. Depression and risk of

hospitalisations and rehospitalisations for ambulatory care-sensitive conditions in Denmark: a popula-

tion-based cohort study. BMJ Open 2015; 5:e009878. https://doi.org/10.1136/bmjopen-2015-009878

PMID: 26634401

4. Zhang L, Chen Y, Yue L, Liu Q, Montgomery W, Zhi L, et al. Medication use patterns, health care

resource utilization, and economic burden for patients with major depressive disorder in Beijing, Peo-

ple’s Republic of China. Neuropsychiatr Dis Trea 2016; 20; 12:941–9. https://doi.org/10.2147/NDT.

S97407 PMID: 27143895

5. Park S.C., Oh HS, Oh DH, Jung SA, Na KS, Lee HY, et al. Evidence-Based, non-pharmacological treat-

ment guideline for depression in Korea. J Korean Med. Sci 2014; 29:12–22. https://doi.org/10.3346/

jkms.2014.29.1.12 PMID: 24431900

Costs of inpatient care of depression

PLOS ONE | https://doi.org/10.1371/journal.pone.0198890 June 14, 2018 12 / 14

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0198890.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0198890.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0198890.s004
https://doi.org/10.4088/JCP.14m09298
http://www.ncbi.nlm.nih.gov/pubmed/25742202
https://doi.org/10.1371/journal.pone.0184666
http://www.ncbi.nlm.nih.gov/pubmed/28938015
https://doi.org/10.1136/bmjopen-2015-009878
http://www.ncbi.nlm.nih.gov/pubmed/26634401
https://doi.org/10.2147/NDT.S97407
https://doi.org/10.2147/NDT.S97407
http://www.ncbi.nlm.nih.gov/pubmed/27143895
https://doi.org/10.3346/jkms.2014.29.1.12
https://doi.org/10.3346/jkms.2014.29.1.12
http://www.ncbi.nlm.nih.gov/pubmed/24431900
https://doi.org/10.1371/journal.pone.0198890


6. Oliffe JL, Ogrodniczuk JS, Gordon SJ, Creighton G, Kelly MT, Black N, et al. Stigma in Male Depression

and Suicide: A Canadian Sex Comparison Study. Community Ment Health J 2016; 52:302–310. https://

doi.org/10.1007/s10597-015-9986-x PMID: 26733336

7. Choi S, Hasche L, Nguyen D. Effects of depression on the subsequent year’s healthcare expenditures

among older adults: two-year panel study. Psychiatr Q 2015; 86:225–241. https://doi.org/10.1007/

s11126-014-9324-4 PMID: 25262007

8. Pompili M, Innamorati M, Raja M, Falcone I, Ducci G, Angeletti G, et al. Suicide risk in depression and

bipolar disorder: Do impulsiveness-aggressiveness and pharmacotherapy predict suicidal intent? Neu-

ropsychiatr Dis Treat. 2008; 4(1): 247–255. PMID: 18728807

9. Kleine-Budde K, Müller R, Kawohl W, Bramesfeld A, Moock J, Rössler W. The cost of depression—A
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