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Abstract 

Background: Sepsis is the leading cause of death worldwide. Although the mortality of sepsis patients has been 
decreasing over the past decade, the trend of medical costs and cost‑effectiveness for sepsis treatment remains insuf‑
ficiently determined.

Methods: We conducted a retrospective study using the nationwide medical claims database of sepsis patients in 
Japan between 2010 and 2017. After selecting sepsis patients with a combined diagnosis of presumed serious infec‑
tion and organ failure, patients over the age of 20 were included in this study. We investigated the annual trend of 
medical costs during the study period. The primary outcome was the annual trend of the effective cost per survivor, 
calculated from the gross medical cost and number of survivors per year. Subsequently, we performed subgroup and 
multiple regression analyses to evaluate the association between the annual trend and medical costs.

Results: Among 50,490,128 adult patients with claims, a total of 1,276,678 patients with sepsis were selected from 
the database. Yearly gross medical costs to treat sepsis gradually increased over the decade from $3.04 billion in 2010 
to $4.38 billion in 2017, whereas the total medical cost per hospitalization declined (rate = − $1075/year, p < 0.0001). 
While the survival rate of sepsis patients improved during the study period, the effective cost per survivor signifi‑
cantly decreased (rate = − $1806/year [95% CI − $2432 to − $1179], p = 0.001). In the subgroup analysis, the trend 
of decreasing medical cost per hospitalization remained consistent among the subpopulation of age, sex, and site 
of infection. After adjusting for age, sex (male), number of chronic diseases, site of infection, intensive care unit (ICU) 
admission, surgery, and length of hospital stay, the admission year was significantly associated with reduced medical 
costs.

Conclusions: We demonstrated an improvement in annual cost‑effectiveness in patients with sepsis between 2010 
and 2017. The annual trend of reduced costs was consistent after adjustment with the confounders altering hospital 
expenses.
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Background
Sepsis remains the leading cause of death and a global 
concern despite the development of medical care [1, 2]. 
A recent series of demographic studies using interna-
tional healthcare databases have revealed that sepsis 
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annually affects 48.9 million patients and leads to 11 mil-
lion deaths, with a global trend of decreasing mortality 
over the decade [3–6]. To implement effective strategies 
to accelerate the positive trend of outcomes in sepsis, the 
accurate estimation of medical costs and resource alloca-
tion is urgently needed.

Since the establishment of universal insurance in Japan, 
an electronic record of the national reimbursement sys-
tem, called the diagnosis procedure combination (DPC) 
system, was launched in 2003 to alleviate medical bur-
den and optimize the allocation of medical resources 
[7, 8]. This system compiles classification files based on 
the diagnosis and reimbursement for medical costs dur-
ing hospital stays, which has also been used in numerous 
epidemiological studies in other fields [9–12]. Using this 
database, we previously reported an increasing incidence 
of sepsis and decreased overall mortality from 2010 to 
2017 [13], possibly because of the aging society and wide-
spread use of sepsis guidelines.

With the increasing number of sepsis patients, the 
financial budget for sepsis management has been increas-
ing over the past decade [14]. As further population 
growth in elderly people is inevitable globally [15], cost-
effective strategies for sepsis patients are required to 
reduce the medical burden. Considering the increasing 
trend of surviving sepsis, the efficiency of sepsis manage-
ment is expected to improve despite the growing number 
of sepsis patients; however, few studies have investigated 
the annual trend of cost-effectiveness in sepsis. Addition-
ally, the factors increasing the medical budget are yet 
to be determined. Although severity and comorbidities 
account for higher medical costs in sepsis patients [16–
18], the impact of other variables, such as sex, age, and 
site of infection on economic outcomes has rarely been 
clarified. These investigations could provide crucial guid-
ance for determining cost-effective strategies for sepsis 
management.

Therefore, we hypothesized that cost-effectiveness for 
sepsis patients has improved over the past decade despite 
a surge in gross medical costs in Japan. In this study, we 
investigated the current trend in economic outcomes in 
sepsis patients using the Japanese nationwide medical 
claims database from 2010 to 2017.

Methods
Study setting and patients
We conducted a retrospective cohort study using the 
Japanese nationwide medical claims database obtained 
from the DPC system, which includes diagnoses, inter-
ventions, and comorbidities/complications during hos-
pitalization. These classifications are used for medical 
service reimbursements during acute inpatient care. 
The DPC data were obtained from 1237 hospitals, 

which covered 71.5% of acute care facilities in 2017 
[8]. All the registered patients were screened for sep-
sis between 2010 and 2017. Patients over the age of 20 
were included in this study without any other exclusion 
criteria.

This study was approved by the Institutional Review 
Board of the Chiba University Graduate School of Med-
icine. The review board waived the need for written 
informed consent from participants or their guardians.

Data collection and definition
Using the claims database, the following informa-
tion was collected: age, sex, length of hospital stay, 
chronic diseases (malignant tumor, hypertension, dia-
betes mellitus, heart failure, cerebrovascular disease, 
ischemic heart disease, chronic respiratory disease, 
and chronic renal failure), admission to the intensive 
care unit (ICU), discharge status (home, nursing facil-
ity, and inter-hospital transfer), medical cost, site of 
infection, medical procedures, laboratory tests, and 
admission diagnosis or complications during hospi-
tal stay. Primary diagnosis, comorbidities, and in-hos-
pital complications were recorded as codes based on 
the International Statistical Classification of Diseases 
and Related Health Problems 10th revision (ICD-10) 
(Additional file  1: Table  S1). The site of infection was 
determined according to the following recorded codes: 
respiratory (mouth, throat, nasal cavity, neck, lung, 
lower respiratory tract, chest cavity), urogenital (kid-
ney, urinary tract, uterus, genital organs), abdominal 
(liver, gall bladder, intestine, peritoneal cavity, gastro-
intestinal system), bone and soft tissue (skin and soft 
tissue, bone and joint, lymph tissue, breast), meninges/
brain/spinal cord, heart, blood, and unknown. Patients 
with missing data (n = 766,395) were excluded from the 
analysis: only data regarding the site of infection were 
missing. Multiple codes in the “site of infection” were 
replaced with the category “Multiple”.

We selected sepsis patients who had presumed seri-
ous infection and organ failure during hospital stay [4]. 
(Additional file  2: Fig. S1). Presumed serious infection 
was defined as initiation of new antibiotic treatment 
(intravenous) within ± 2  days followed by blood cul-
ture and antibiotic administration for at least consecu-
tive 4  days. Because of unavailability of laboratory data 
in the database, data regarding organ dysfunction were 
extracted as follows: use of vasopressors, mechanical 
ventilation or oxygen supplementation, kidney injury 
extracted based on diuretics use, diagnostic codes related 
to kidney dysfunction or renal replacement therapy, liver 
injury extracted using the codes indicating liver dysfunc-
tion, thrombocytopenia, metabolic acidosis.
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Medical cost
The total medical cost per hospitalization includes the fee 
of drugs, laboratory tests, radiological examinations, and 
medical procedures during the hospital stay. Although 
medical fees were mainly reimbursed on a bundled pay-
ment basis, we calculated medical costs based on the ref-
erence prices in the Japanese fee schedule, as described in 
a previous report [19]. Since the number of hospitals sub-
ject to DPC systems has been increasing over the years, 
yearly gross medical costs were adjusted by the number 
of registered patients in the DPC system. Daily medical 
cost per person was derived by dividing the total medical 
cost by the length of hospital stay. Furthermore, the value 
of medical costs was normalized with the consumer price 
index (CPI) in Japan in 2017 to compare the trend among 
different years (https:// www.e- stat. go. jp/ en/ dbview? sid= 
00034 27113). The CPI-adjusted costs were calculated 
using the following formula:

Subsequently, the CPI-adjusted costs were converted 
into U.S. dollars in accordance with the latest exchange 
rate between U.S. dollars and Japanese yen as of February 
3rd, 2022 (115.25 yen = $1 USD).

Calculation of cost‑effectiveness
As a representative parameter to compare the trend of 
cost-effectiveness in healthcare settings throughout the 
study period, we calculated the effective cost per survivor 
from annual gross medical cost for all patients, including 
survivors and non-survivors, and number of survivors 
per year as follows [20, 21]:

Statistical analysis
The primary outcome was the annual change in the effec-
tive cost per survivor in sepsis patients. The significance 
over different years was analyzed using a linear regres-
sion test, on the assumption that the regression plot 
was followed by linearity. As a sensitivity analysis, we 
conducted subgroup analyses for cost-effectiveness with 
regard to age, ICU admission, transfer to other hospitals, 
site of infection (single or multiple infection), mechanical 
ventilation, vasopressor therapy, and renal replacement 
therapy.

The secondary outcomes were the annual trend of 
medical cost per hospitalization and daily medical cost 
per person. We then conducted subgroup and multi-
variable regression analyses to investigate the associa-
tion between the admission year (independent variable) 

CPI− adjusted costs = cost× CPI in 2017/CPI in the admission year.

Effective cost per survivor = annual grossmedical cost of all patients/number of survivors per year.

and medical costs during hospital stay. For the subgroup 
analysis, sex, age, and site of infection were chosen as the 
target variables. The age subgroups were divided into 
adults (20–64 years), early elderly (65–74 years), and late 
elderly (≥ 75  years), as previously described [13]. Also, 
the subgroup analysis was conducted based on the site 
of infection (respiratory, urogenital, abdominal, bone 
and soft tissue, meninges/brain/spinal cord, heart, blood, 
multiple, and unknown). To remove baseline imbal-
ances among subgroups, medical costs were adjusted for 
sex, age, number of chronic diseases, and site of infec-
tion using a generalized linear regression model. Using 
prediction probabilities for target variables, adjusted 
parameters were expressed with 95% confidence inter-
vals (CI) as representative values in each subgroup. Also, 
we performed a multiple regression analysis to enhance 
the robustness of our study. We adjusted medical cost 
per hospitalization for the following possible confound-

ers: age, sex, site of infection, number of chronic dis-
eases, ICU admission, surgery, and length of hospital stay 
[16, 22, 23], which were listed on the demographics and 
clinical characteristics of patients in the cohort. After an 
evaluation of the association between medical costs and 
each variable, the variable with a p < 0.10 was retained in 
the regression model. Multicollinearity were measured to 
check the interaction and confounding among the vari-
ables. As a result of regression diagnostics, normal plots 
of the residuals displayed skewed distribution. Then, 
we developed a multiple regression analysis using log-
transformed costs to better fit the normal distribution. 
Coefficients calculated from the regression analysis were 

converted into integer values in the results. Repeated 
admissions were excluded from mortality analysis.

Data were presented as means (standard deviation), 
medians (quartiles), or numbers and percentages, as 
appropriate. A two-tailed p-value < 0.05 was considered 
statistically significant. Data manipulation and statistical 
analyses were performed using SQL (mariadb v10.4.17), 
GraphPad Prism 9 (GraphPad Software, San Diego, CA, 
USA), pandas (v1.0.5), scipy (v1.7.3), numpy (v1.21.4), 
seaborn (v0.11.2), matplotlib (v3.5.1), and statsmodels 
(v0.13.2) in Python (v3.9.0).

Results
Baseline patient characteristics
Among the 50,490,128 adult patients registered in 
the DPC system between 2010 and 2017, we included 

https://www.e-stat.go.jp/en/dbview?sid=0003427113
https://www.e-stat.go.jp/en/dbview?sid=0003427113
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1,276,678 sepsis patients in this cohort (Additional 
file  2: Fig. S1). In-hospital mortality was 18.9% during 
the study period, with a significantly decreasing trend 
(p < 0.0001). The length of hospital stay was decreasing 
from 34 (17–63) to 26 (14–49) days during the 8  years 
(rate = − 1.7 days/year, p < 0.0001). The median age of this 
cohort was 77 (67–84). The most frequent site of infec-
tion was respiratory (34.6%), followed by multiple (29.2%) 
and abdominal (13.6%). The average proportion of ICU 
admission was 15.6%, with the same trend throughout 
the 8 years (14.8% in 2010 and 14.8% in 2017). The pro-
portion of patients who were transferred to other hospi-
tals was 23.9% during the study period (Additional file 1: 
Table S2).

The trend of medical cost
The adjusted yearly gross medical cost gradually 
increased throughout the study period from $3.04 
to $4.38 billion, which was associated with a growing 

number of sepsis patients (67,318 in 2010 and 233,825 
in 2017) (Additional file  3: Fig. S2). By contrast, the 
average medical cost per hospitalization (rate = − 
$1075/year, p < 0.0001) and daily medical cost per per-
son (rate = − $6.8/year, p < 0.0001) declined over the 
8  years. Additionally, shorter hospital stay was associ-
ated with decreased medical costs (Table  1). As the 
primary outcome, the effective cost per survivor, indi-
cating the extent of cost-effectiveness, significantly 
decreased from $33,900 to $22,604 between 2010 
and 2017 (rate = − $1806/year [95% CI − $2432 to − 
$1179], p = 0.001) (Fig. 1). As a sensitivity analysis, we 
conducted subgroup analyses for cost-effectiveness 
among sepsis patients. The effective cost per survivor 
in sepsis patients who were transferred to other hospi-
tals was − $1,171/year [95% CI − $2,635 to − $933], 
p = 0.001). Patients with life-sustaining interventions, 
including mechanical ventilation, vasopressor therapy, 
and renal replacement therapy, displayed a decreasing 

Table 1 Medical cost and length of hospital stay in sepsis cohort

Data are presented as mean (SD) or median (quartile)

SD standard deviation, IQR interquartile range
a After excluding repeat hospitalizations, total number of sepsis patients was 1,143,422
b The value was adjusted by the number of registered patients in the DPC system during the year

Total Year

2010 2011 2012 2013 2014 2015 2016 2017

Number of 
patients

1,276,678 67,318 100,060 126,414 141,670 181,813 197,388 228,190 233,825

Age, year 77 (67–84) 76 (65–83) 76 (66–83) 75 (65–83) 76 (65–83) 77 (67–84) 77 (67–84) 77 (68–85) 78 (68–85)

Male, n (%) 752,275 
(58.9)

40,548 (60.2) 60,018 (60.0) 76,476 (60.5) 84,679 (59.8) 106,710 
(58.7)

115,588 
(58.6)

132,699 
(58.2)

135,557 (58.0)

In‐hospital 
mortality, n 
(%)a

216,607 
(18.9)

15,620 (24.1) 20,108 (21.7) 24,848 (21.5) 25,405 (19.8) 30,348 (18.6) 31,152 (17.9) 34,801 (17.3) 34,325 (16.9)

Gross medi‑
cal costs ($)

2.64 ×  1010 1.73 ×  109 2.68 ×  109 2.83 ×  109 3.01 ×  109 3.66 ×  109 3.91 ×  109 4.28 ×  109 4.38 ×  109

Adjusted 
gross medi‑
cal costs ($)b

2.87 ×  1010 2.36 ×  109 3.22 ×  109 3.31 ×  109 3.55 ×  109 3.88 ×  109 3.91 ×  109 4.02 ×  109 4.38 ×  109

Total medical cost per hospitalization ($)

 Mean (SD) 20,743 
(28,169)

25,742 
(26,248)

26,817 
(33,192)

22,355 
(29,723)

21,237 
(27,746)

20,156 
(33,135)

19,802 
(26,045)

18,738 
(25,032)

18,743 
(25,442)

 Median 
(IQR)

12,546 
(6593–
24,597)

17,432 
(8795–
33,018)

17,033 
(8668–
33,126)

13,690 
(7007–
26,699)

12,759 
(6629–
25,157)

12,092 
(6341–
23,702)

11,917 
(6292–
23,219)

11,355 
(6144–
21,881)

11,410 
(6213–21,835)

Daily medical cost per person ($)

 Mean (SD) 510 (410) 568 (332) 574 (619) 493 (395) 495 (364) 501 (486) 505 (388) 499 (349) 504 (354)

 Median 
(IQR)

412 
(328–565)

480 
(405–617)

485 
(412–622)

386 
(307–547)

391 
(312–550)

396 
(319–554)

401 
(323–557)

400 
(323–550)

404 (326–556)

Length of hospital stay (day)

 Mean (SD) 44.9 (92.9) 50.3 (70.1) 51.6 (106.6) 51.0 (109.8) 47.3 (93.3) 44.2 (86.0) 43.0 (72.1) 41.2 (96.0) 41.1 (99.0)

 Median 
(IQR)

29 (15–54) 34 (17–63) 33 (17–63) 33 (17–61) 30 (16–57) 28 (15–53) 28 (15–52) 26 (15–50) 26 (14–49)
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trend of the effective cost per survivor during the years. 
All sensitivity analyses showed similar results to the 
primary test (Table 2).

Subgroup analysis
Although the trend of annual gross medical costs 
and medical costs per hospitalization were compara-
ble between men and women, both parameters were 
greater in men than in women (Fig. 2, Additional file 4: 
Fig. S3). In the age subgroups, gross medical cost in the 
late elderly (≥ 75  years) accounted for a larger propor-
tion (47.3% in 2010 and 50.5% in 2017). The growth 
rate of the gross medical costs in the later elderly was 
higher than that in the adults and early elderly over the 
years (Fig.  3A, Additional file  5: Fig. S4). In contrast to 
the increasing trend of gross medical costs, the average 
medical cost per hospitalization gradually decreased with 
almost the same decrement in the three age subgroups 
during the study period (Fig. 3, Additional file 5: Fig. S4). 
In terms of the infection site, multiple infections showed 
the highest gross medical costs with an increasing trend 
(rate =  + $63.6 million/year, p < 0.0001) followed by res-
piratory infection (rate = + $65.0 million/year, p = 0.002). 
By contrast, the average medical cost per hospitalization 
gradually decreased in all infection categories throughout 
the study period. While heart, blood, and meninge/brain/
spinal cord infection presented higher medical costs 
per person, urogenital infection demonstrated the low-
est proportion of medical cost per hospitalization with a 
shorter hospital stay than the other groups (Fig. 4, Addi-
tional file 6: Fig. S5).

Multiple regression analysis for medical cost
After adjusting for multiple variables, including age, sex 
(male), site of infection, number of chronic diseases, ICU 
admission, surgery, and length of hospital stay, the admis-
sion year remained a significant association to reduce 
medical costs (Table 3).

Discussion
In this study, we demonstrated an improvement in annual 
cost-effectiveness in sepsis patients using the Japanese 
nationwide medical claims database. In addition, the 
annual trend of reduced costs was consistent after con-
founding adjustment with age, sex (male), infection sites, 
number of chronic diseases, ICU admission, surgery, and 
length of hospital stay.

The gross medical cost of sepsis treatment has surged 
with an increasing number of patients over the past dec-
ade [14]. An analysis of paid Medicare claims in the U.S. 
showed that 20 billion dollars were spent annually to treat 
one million sepsis patients, with an increasing trend from 
2012 to 2018. The increasing trend in medical expenses is 
presumably due to population growth, especially among 

Fig. 1 Temporal change in cost‑effectiveness in sepsis patients 
between 2010 and 2017. The bar plot depicts the relationship 
between the year of hospital admission on the x‑axis and effective 
cost per survivor on the y‑axis. The effective cost per survivor was 
calculated as follows: the sum of the medical costs of all patients/
number of survivors per year. Effective cost per survivor: − $1806/
year [95% CI − $2432 to − $1179], p = 0.001. The coefficient was 
calculated using a linear regression analysis

Table 2 Subgroup analyses for cost‑effectiveness among sepsis 
patients

CI confidence interval, ICU intensive care unit

Subgroup Coefficient ($) 95% CI p-value

Age

 Adults (20–64 years) − 1635 − 2105 to − 1164 < 0.0001

 Early elderly 
(65–74 years)

− 1892 − 2630 to − 1155 0.001

 Late elderly 
(≥ 75 years)

− 1688 − 2397 to − 980 0.001

ICU

 Yes − 1784 − 2635 to − 933 0.002

 No − 1799 − 2512 to − 1086 < 0.0001

Transfer to other hospitals

 Yes − 1171 − 1866 to − 475 0.006

 No − 2001 − 2624 to − 1378 < 0.0001

Site of infection

 Single − 1628 − 2236 to − 1020 0.001

 Multiple − 2224 − 2866 to − 1582 < 0.0001

Mechanical ventilation

 Yes − 3182 − 4204 to − 2160 < 0.0001

 No − 1537 − 2206 to − 869 0.001

Vasopressor therapy

 Yes − 3381 − 4494 to − 2268 < 0.0001

 No − 1690 − 2352 to − 1028 0.001

Renal replacement therapy

 Yes − 3226 − 4010 to − 2441 < 0.0001

 No − 1661 − 2320 to − 1003 0.001
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the older generation. In terms of medical cost per hos-
pitalization, a French study reported a decreasing trend 
in the median hospitalization expenses for septic shock 
from €17,261 in 2010 to €16,365 in 2017 [24]. The budget 
reduction might be attributed to the shortened length 
of stay and the high proportion of elderly people who 
are likely to be placed in limited care or transferred to 
rehabilitation. By contrast, another study conducted in 

Brazil reported a gradual increase in the mean medical 
cost per case from $512.6 in 2006 to $619.2 in 2014, with 
an increase in the number of sepsis patients [25]. These 
data implicate a wide variability of economic outcomes 
in sepsis, depending on the reimbursement system and 
economic structure [26]. Among Asian countries without 
sufficient reports about the medical costs of sepsis treat-
ment, our study provides meaningful insight. The present 

Fig. 2 Annual change in medical cost according to sex. A Annual changes in adjusted gross medical costs between 2010 and 2017 according to 
sex. Male: + $115.4 million/year [95% CI $89.5 to $141.0 million], p < 0.0001. Female: + $86.2 million/ year [95% CI $58.8 to $114.0 million], p < 0.0001. 
B Annual changes in adjusted medical cost per hospitalization between 2010 and 2017 according to sex. Male: − $156/year [95% CI − $163 to − 
$149], p < 0.0001. Female: − $198/year [95% CI − $206 to − $189], p < 0.0001. The error bars indicate the 95% confidence interval. The coefficient 
was calculated using a linear regression analysis
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study using the Japanese database demonstrated decreas-
ing medical cost per hospitalization with shortened 
length of stay, suggesting that an improvement in survival 
rate potentially contributed to alleviating the economic 
burden.

Although the temporal trend of cost-effectiveness has 
rarely been investigated in sepsis patients, we demon-
strated a significant decrease in the effective cost per 

survivor through the study period. To alleviate the dis-
tribution of medical resources, a precise estimation 
of the efficiency of the healthcare system is required. 
As an optimal way to assess the medical burden, cost-
effectiveness is a reliable parameter [27]. In a previous 
study investigating cost-effectiveness using a cohort of 
critically ill patients, the parameter clearly illustrated an 
improvement in the efficiency of medical allocation with 

Fig. 3 Annual change in medical cost according to age subgroups. A Annual changes in adjusted gross medical costs between 2010 and 
2017 according to age subgroups. Adults (20 ≤ age ≤ 64): + $23.0 million /year [95% CI − $15.8 to + $30.3 million], p < 0.0001. Early elderly 
(65 ≤ age ≤ 74): + $55.3 million/year [95% CI + $40.9 to + $69.8 million], p < 0.0001. Late elderly (75 ≤ age): + $123.2 million/year [95% CI + $76.8 
to + $170.0 million], p < 0.0001. B Annual changes in adjusted medical costs per hospitalization between 2010 and 2017 according to age 
subgroups. Adults (20 ≤ age ≤ 64): − $81/year [95% CI − $91 to − $70], p < 0.0001. Early elderly (65 ≤ age ≤ 74): − $77/year [95% CI − $87 to − 
$67], p < 0.0001. Late elderly (75 ≤ age): − $81/year [95% CI − $86 to − $75], p < 0.0001. The error bars indicate the 95% confidence interval. The 
coefficient was calculated using a linear regression analysis



Page 8 of 11Oami et al. Journal of Intensive Care           (2022) 10:33 

an increasing survival rate during ICU admission [21, 28, 
29]. In another study, cost-effectiveness with total medi-
cal cost and quality-adjusted life years was used to esti-
mate the relationship between medical cost and resource 
use [30, 31]. In our study, we demonstrated an improve-
ment in cost-effectiveness as well as a decrease in medi-
cal costs per hospitalization and a shortened duration of 
hospital stay. A plausible reason to support this trend is 
the widespread use of guidelines and the improvement 

in the quality of acute care [32, 33]. Also, the DPC sys-
tem might have contributed to decreasing duration of 
hospital stay, leading to cost-effective medical care [34, 
35]. Further clarification is warranted to examine the ele-
ments responsible for explaining this trend. As the num-
ber of elderly people is expected to increase exponentially 
in Japan, efficient strategies to improve cost-effectiveness 
are required to reduce the medical burden in the future 
[36].

Fig. 4 Annual change in medical costs according to site of infection. A Annual changes in adjusted gross medical costs between 2010 and 2017 
according to site of infection. Multiple: + $63.6 million/year [95% CI + $44.7 to + $82.5 million], p < 0.0001. Respiratory: + $65.0 million/year [95% 
CI + $33.9 to + $96.2 million], p = 0.002. Unknown: + $19.5 million/year [95% CI + $13.0 to + $26.1 million], p < 0.0001. Abdominal: + $23.4 million/
year [95% CI + $14.8 to + $32.1 million], p = 0.001. Urogenital: + $15.2 million/year [95% CI + $8.6 to + $21.9 million], p = 0.001. Bone and soft 
tissue: + $8.3 million/year [95% CI + $6.0 to + $10.6], p < 0.0001. Meninges/brain/spinal cord: + $3.2 million/year [95% CI + $1.7 to + $4.7 million], 
p = 0.002. Heart: + $2.7 million/year [95% CI + $1.0 to + $4.3 million], p = 0.007. Blood: + $0.36 million/year [95% CI − $0.16 to + $0.89 million], 
p = 0.14. B Annual changes in adjusted medical costs per hospitalization between 2010 and 2017 according to site of infection. Heart: − $88/year 
[95% CI − $140 to − $36], p = 0.001. Blood: − $135/year [95% CI − $255 to − $15], p = 0.027. Meninges/brain/spinal cord: − $52/year [95% CI − 
$92 to − $12], p = 0.010. Unknown: − $96/year [95% CI − $108 to − $83], p < 0.0001. Bone and soft tissue: − $87/year [95% CI − $108 to − $65], 
p < 0.0001. Abdominal: − $75/year [95% CI − $85 to − $65], p < 0.0001. Multiple: − $130/year [95% CI − $137 to − $122], p < 0.0001. Respiratory: 
− $111/year [95% CI − $117 to − $105], p < 0.0001. Urogenital: − $101/year [95% CI − $116 to − $86], p < 0.0001. The error bars indicate the 95% 
confidence interval. The coefficient was calculated using a linear regression analysis
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Several variables have been reportedly related to a 
surge in the medical costs of patients with sepsis [22]. 
A recent retrospective observational study reported a 
proportional increase in medical costs according to the 
severity of sepsis and a higher economic burden in sepsis 
cases that were not diagnosed at admission [16]. Another 
study clarified that comorbidities and acuity of illness 
had a positive impact on increasing medical expenses 
for sepsis patients [17]. In addition, cancer patients who 
were diagnosed with sepsis incurred an additional cost of 
$29,081, which is twice the burden of cancer care costs 
[18]. In our study, not only ICU admission and chronic 
diseases but also sex, age, and site of infection contrib-
uted to increasing medical costs.

In general, female patients have greater healthcare 
expenditures, possibly due to a higher number of chronic 
diseases compared with male patients [37–39]. By con-
trast, our study demonstrated that male sepsis patients 
had higher medical costs than female patients. Gender 
differences in sepsis might contribute to higher mortal-
ity and a longer duration of hospital stay in male patients 
[40]. It is plausible that older patients need more medical 
resources than younger patients [41], but the late elderly 
showed the least medical cost despite having the high-
est gross medical cost among the three age subgroups. 
This discrepancy might be explained by the fact that the 
intensity of treatment, such as ICU admission or artificial 
organ support, is likely lower in elderly patients than in 
adult patients [42, 43]. While medical staffs are unlikely 

to select more life-sustaining treatment on older patients, 
a widespread advanced care planning has potentially con-
tributed to promoting the decision-making [44, 45]. In 
addition, the increasing population of 80- and 90-year-
olds, which characterizes the first super-aging society, is 
potentially attributed to the surge in medical costs [36].

Although the economic burden of healthcare-asso-
ciated infections has been mentioned before [46], few 
studies have investigated the impact of infection sites on 
medical costs in sepsis patients. While respiratory and 
urogenital infections were associated with lower medical 
costs, other categories of infection, such as blood, heart, 
brain, and spinal were positively associated with medical 
expenses. These types of infections prolong the duration 
of treatment during hospitalization and deteriorate clini-
cal consequences [47]; therefore, the duration of hospital 
stay presumably affects the total medical cost in sepsis 
patients. Further investigations are needed to validate the 
significant contribution of these variables to changes in 
medical costs.

This study had several limitations. First, it was a retro-
spective study; however, the number of enrolled patients 
was substantial. Second, the latest definition of sepsis, 
life-threatening organ dysfunction caused by a dysregu-
lated host response to infection, was not applied in this 
cohort because of the lack of laboratory results. The 
validity of our method is supported by a previous report 
that medical claims data could be used for analysis, simi-
lar to conventionally collected data [4]. Third, the value of 
the medical cost potentially includes unrelated payments 
other than sepsis treatment, since some sepsis patients 
were primarily hospitalized for other diagnostic diseases. 
Fourth, we replaced multiple codes regarding the site of 
infection using the “Multiple” category (29.2%), which 
might have blurred crucial features regarding organ-
specific infection. Fifth, the length of hospital stay in 
Japan is longer than in other countries [13], which could 
decrease the generalizability of the present results. Sixth, 
long-term mortality or quality-adjusted life years were 
not investigated because of the lack of available connec-
tions between our cohort and other healthcare databases. 
In this regard, a record linking different databases would 
provide us with more comprehensive and elaborate infor-
mation on sepsis patients.

Conclusions
In this study, using the Japanese nationwide medical 
claims database, we demonstrated an improvement in 
cost-effectiveness in sepsis patients over the decade. The 
annual trend of reduced hospital expenses remained con-
sistent after confounding adjustment.

Table 3 Multivariable regression analysis of medical cost

CI confidence interval, ICU intensive care unit
a 100 × (coefficient − 1) shows percent change in medical costs

Variable Coefficienta 95% CI p-value

Age ‑per year 0.998 0.997–0.999 < 0.0001

Sex (male) 1.047 1.044–1.049 < 0.0001

Number of chronic diseases 1.078 1.075–1.081 < 0.0001

ICU admission 1.740 1.733–1.745  0.0001

Surgery 2.138 2.133–2.142

Length of hospital stay ‑per day 1.003 1.002–1.004 < 0.0001

Site of infection

 Abdominal Reference < 0.0001

 Blood 2.028 1.954–2.103 < 0.0001

 Bone and soft tissue 1.186 1.177–1.193 < 0.0001

 Heart 1.620 1.595–1.644 < 0.0001

 Meninges/brain/spinal cord 1.482 1.465–1.499 < 0.0001

 Respiratory 1.096 1.091–1.101 < 0.0001

 Urogenital 1.049 1.044–1.056 < 0.0001

 Multiple 1.324 1.321–1.330 < 0.0001

 Unknown 1.419 1.412–1.425 < 0.0001

Admission year 0.966 0.966–0.968 < 0.0001
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