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Abstract 

Background  The post-discharge prognosis of patients with sepsis remains a crucial issue; however, few studies 
have investigated the relationship between pre-sepsis health status and subsequent prognosis in a large population. 
This study aimed to examine the effect of the pre-sepsis care needs level on changes in care needs and mortality 
in patients with sepsis 1 year post-discharge.

Methods  This was a population-based retrospective cohort study including twelve municipalities in Japan that par-
ticipated in the Longevity Improvement & Fair Evidence study between April 2014 and March 2022, with a total 
of 1,491,608 persons. The pre-hospitalization levels of care needs (baseline) were classified from low to high, 
as no care needs, support level and care needs level 1, care needs levels 2–3, and care needs levels 4–5 (fully depend-
ent). The outcomes were changes in care needs level and mortality 1 year post-discharge, assessed by baseline care 
needs level using Cox proportional hazard models.

Results  The care needs levels of 17,648 patients analyzed at baseline were as follows: no care needs, 7982 (45.2%); 
support level and care needs level 1, 3736 (21.2%); care needs levels 2–3, 3089 (17.5%); and care needs levels 4–5, 
2841 (16.1%). At 1 year post-discharge, the distribution of care needs were as follows: no care needs, 4791 (27.1%); 
support level and care needs level 1, 2390 (13.5%); care needs levels 2–3, 2629 (14.9%); care needs levels 4–5, 3373 
(19.1%); and death, 4465 (25.3%). Patients with higher levels of care needs exhibited an increased association of all-
cause mortality 1 year post-discharge after adjusting for confounders [hazard ratios and 95% confidence intervals: 
support level and care needs level 1, 1.05 (0.96, 1.15); care needs levels 2–3, 1.46 (1.33, 1.60); and care needs levels 4–5, 
1.92 (1.75, 2.10); P for trend < 0.001].

Conclusions  Elevated care needs and mortality were observed in patients with sepsis within 1 year post-discharge. 
Older patients with sepsis and higher baseline levels of care needs had a high association of all-cause mortality 1 year 
post-discharge.
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Background
Sepsis is a serious condition associated with a high mor-
tality rate (18–60%) [1]. Though long-term sequelae, 
including physical limitations, cognitive impairments, 
and exacerbation of chronic medical conditions, are often 
observed in patients who survive sepsis [1–3], in-hospital 
mortality associated with sepsis has decreased worldwide 
with the establishment of treatment guidelines [4]. The 
in-hospital mortality of sepsis has decreased significantly 
from 25.0% in 2010 to 18.3% in 2017 in Japan [5]. How-
ever, the post-discharge recovery of patients with sepsis, 
especially older patients with cognitive decline, remains a 
challenge requiring long-term care [2, 3]. Moreover, post-
discharge mortality is a significant concern [6].

Long-term care (LTC) services are provided to older 
and disabled individuals in Japan as a social insurance 
program following the establishment of the LTC insur-
ance system in 2000 [7]. An LTC accreditation review 
board, including medical specialists, was established 
based on nationally defined criteria to assess the require-
ments of LTC insurance beneficiaries and to determine 
the type and scope of LTC services they qualify for [8]. 
The care needs level (CNL) is significantly associated 
with activities of daily living (ADL) as determined by the 
Barthel Index score [9], cognitive decline [10, 11], and 
frailty [12]. Consequently, it has been used as a functional 
evaluation tool.

Previous studies have examined various risk factors 
for post-discharge mortality in patients with sepsis; 
however, the focus on the pre-sepsis health status was 
not sufficient in most of these studies [13–16]. A recent 
post-hoc analysis of a multicentre cohort study indicated 
that septic patients had a higher risk of new disability or 
death at 6 months compared with patients without sep-
sis [17]. Another study conducted in the USA found a 
high incidence of new functional limitations following 
sepsis, both in individuals who had no prior limitations 
and those with mild to moderate limitations before sep-
sis [18]. A comprehensive and dynamic description of the 
entire care process, from pre-sepsis to post-sepsis recov-
ery, plays a crucial role in understanding the condition 
of survivors and improving their prognosis. Therefore, 
this population-based study used claims data to examine 
whether a higher pre-sepsis CNL is associated with wors-
ening changes in CNL and increased mortality in patients 
with sepsis in Japan 1 year post-discharge.

Methods
Study design and setting
This retrospective population-based cohort study was 
performed using data from the Longevity Improvement 
and Fair Evidence (LIFE) study. Data regarding the design 

of the LIFE study and demographic characteristics of the 
participants have been documented in previous literature 
[19] and the “Supplementary Methods”.

The data from 12 of the 28 municipalities that par-
ticipated in the LIFE study were included in this study 
because they provided a sufficient observation period 
and complete LTC insurance claims data necessary for 
our analysis. The claims data for the medical (inpatient 
and outpatient) and LTC services utilized by 1,491,608 
persons between April 2014 and March 2022 were ana-
lyzed. Supplementary Table  1 presents the size of each 
municipality and the duration of data collection.

In Japan, all patients can receive full care during hospi-
talization. Decisions to withdraw care are usually made 
by medical institutions and teams in consultation with 
the patient and their family. These decisions are guided 
by careful ethical considerations to prioritize the patient’s 
dignity and quality of life.

This study was approved by the Kyushu Univer-
sity Institutional Review Board for Clinical Research 
(approval no. 22114) and the Osaka University Institu-
tional Review Board (approval no. 21107).

Study participants
Patients with sepsis were defined as individuals with 
suspected severe infection and acute organ dysfunction, 
based on previous research conducted in the United 
States and Japan [5, 20–22]. Presumed severe infection 
was determined through blood culture results and the 
initiation of new antibiotic treatments [5, 20, 21]. Acute 
organ dysfunction was diagnosed using diagnostic codes 
(renal dysfunction, hepatic dysfunction, thrombocyto-
penia, coagulopathy, or acidosis) and treatment records 
(initiation of vasopressor therapy for circulatory dys-
function, initiation of mechanical ventilation or oxy-
gen therapy for respiratory dysfunction, or initiation of 
renal replacement therapy for renal dysfunction) [5, 21]. 
“Supplementary Methods”, Supplementary Table  2, and 
Supplementary Figs. 2A and 2B present the detailed defi-
nitions and corresponding codes.

Definition of CNL
The LTC is offered to all individuals aged over 65 and 
those aged 40–64 with specific disabilities. This system 
ensures that all eligible individuals receive the necessary 
care. Those who meet the eligibility criteria can obtain 
LTC services through a certification process that objec-
tively assesses their CNL based on national standards 
[8]. This process is tailored to the specific needs of each 
applicant. Seven CNL Certificates, ranging from Support 
Level (SL) 1–2 to CNL 1–5, were issued based on assess-
ment findings. SL 1 indicates the lowest level of care, 
whereas CNL 5 indicates disability requiring the highest 
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care level. Detailed information is provided in the “Sup-
plementary Methods” and Supplementary Table 6.

The patients’ monthly care needs were defined based 
on the LTC insurance and certification surveys as 
described in previous studies [23, 24] and classified into 
four categories: no care needs, SL&CNL 1, CNLs 2–3, 
and CNLs 4–5. The baseline CNL of patients with sep-
sis was defined as the CNL one month before admis-
sion in this study. The subsequent CNLs were assessed 
at five intervals: the month of discharge, 1  month post-
discharge, 3  months post-discharge, 6  months post-dis-
charge, and 1 year post-discharge.

Definition of death
The date of death was determined using the earliest date 
among the following records: date of death during hos-
pitalization in diagnosis procedure combination claims, 
date of death in LTC insurance claims, and date of death 
according to the death identification logic in the national 
database, as described in a previous study [25]. The sensi-
tivity and specificity of this method for defining the date 
of death were 92.9% and 99.7%, respectively, as described 
previously [25].

Endpoints
The changes in the CNL and all-cause death 1 year post-
discharge were defined as the endpoints.

Covariates
The following covariates were defined based on the find-
ings of a previous study [5]: sex, age at admission, city, 
comorbidities present in the 6 months before admission 
(including cancer, hypertension, diabetes mellitus, heart 
failure, cerebrovascular disease, ischemic heart dis-
ease, chronic respiratory disease, chronic renal failure, 
and dementia), site of infection (including respiratory, 
urogenital, abdominal, bone and soft tissue, blood and 
meninges or brain or spinal cord, multi-site infections, 
and infections of unknown origin), acute organ dys-
function, use of vasopressors, mechanical ventilation or 
oxygen therapy, antibiotic treatment duration, hospitali-
zation duration, and intensive care unit (ICU) admission. 
Supplementary Tables 2 and 3 list the specific definition 
codes for these covariates.

Statistical analysis
The baseline characteristics were compared by cat-
egorizing the patients according to their baseline CNLs. 
Continuous variables are presented as medians and inter-
quartile ranges (IQR), whereas categorical variables are 
presented as numbers and percentages.

The baseline and post-discharge CNLs were com-
pared to illustrate the changes in the care needs 

post-discharge. The changes were categorized as fol-
lows: “improved,” a decrease in the CNL; “worsened,” 
an increase in the CNL; and “no change,” no alteration. 
An alluvial diagram (Naqvi, A. Stata package alluvial, 
Version 1.2, 2023 [computer software] https://​github.​
com/​asjad​naqvi/​stata-​alluv​ial) was used to illustrate the 
trends.

Detailed information of follow-up is provided in “Sup-
plementary Method” and Supplementary Fig.  1. The 
Kaplan–Meier method was used to calculate the cumu-
lative probabilities of death within 1 year post-discharge 
according to the baseline CNL of the patients with sepsis. 
Cox proportional hazard regression models were used 
to calculate the hazard ratios (HRs) and 95% confidence 
intervals (CIs) to further analyze this association. Detail 
information of covariates is provided in “Supplemen-
tary Method” and Supplementary Table  3. We included 
these covariates in multivariable Cox models to control 
for their effects. Model 1 was adjusted for sex, age at the 
time of admission, and the city of residence. Model 2 was 
further adjusted for prior comorbidities, acute organ 
involvement, and treatment (detailed in “Supplementary 
Methods”). The same model was used to test for linear 
trends by assigning ordinal numbers (1–4) to each base-
line CNL category. We conducted a stratified analysis 
based on ICU admission status to investigate the asso-
ciation between baseline CNL and 1-year post-discharge 
mortality for patients both with and without ICU admis-
sion. The interaction term of baseline CNL with ICU 
was included in the Cox proportional hazards regression 
models. The P-interaction values were computed using 
likelihood ratio tests.

Because a prior research shows that sepsis mortal-
ity differs across sex and age groups [26], we stratified 
the association between baseline CNL and all-cause 
mortality by sex (men or women) and age (by median: 
≤ 80  years or > 80  years) in the subgroup analysis. For 
the analysis of the association between changes in CNLs 
from preadmission to discharge and 1-year mortality, we 
categorized cases where the CNL worsened by one level 
or more as “Worsened,” cases with no change as “No 
change,” and cases with improvement as “Improved.” We 
further included in-hospital deaths among sepsis patients 
to explore the association between baseline CNL and 
in-hospital mortality. Adjusting for the same variables, 
we used a logistic regression model to investigate this 
association. In the current study, the medical claim data-
base was utilized, and since it contained no missing data, 
imputation was not required.

Statistical significance was set at two-sided P values 
of < 0.05. All statistical analyses were performed using 
Stata version 18.0 (Stata Corporation, College Station, 
TX, USA).

https://github.com/asjadnaqvi/stata-alluvial
https://github.com/asjadnaqvi/stata-alluvial
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Results
Figure  1 presents the flowchart of the study. A total of 
26,857 patients with sepsis were selected from among 
1,491,608 persons. Patients aged < 65  years at the time 
of hospitalization (n = 2520) and those who died in the 
hospital (n = 5410) were excluded. The 6-month period 
before hospitalization was set as the lookback period to 
define comorbidities. Patients with a lookback period 
of < 6  months (n = 1279) were excluded; 17,648 patients 
with sepsis were included.

Among the 17,648 patients with sepsis, 4465 deaths 
were recorded during the 1-year follow-up period post-
discharge, of which 1891 (42.4%) were women. Among 
the 4465 patients who died, the last recorded CNL was 
as follows: 1184 patients (26.5% of deaths) had no care 
needs, 473 patients (10.6%) were in the SL & CNL1 
group, 914 patients (20.5%) were in the CNL2-3 group, 
and 1894 patients (42.4%) were in the CNL4-5 group. 
Table  1 presents the patient characteristics stratified 
according to the baseline CNL. The number of patients 
in each CNL group was 7982 (45.2%), 3736 (21.2%), 3089 

(17.5%), and 2841 (16.1%) for no care needs, SL & CNL 
1, CNLs 2–3, and CNLs 4–5, respectively. Women com-
prised 49.9% of the 17,648 patients with sepsis, and the 
median age was 83  years. Compared with the patients 
with no care needs at baseline, the patients with higher 
CNLs were older, more likely to be women, and had a 
higher prevalence of cerebrovascular disease and demen-
tia; however, the prevalence of cancer was lower among 
these patients. Regarding the sites of infection, respira-
tory (21.8%), abdominal (14.7%), and multi-site infec-
tions (11.5%) were common among patients with no care 
needs; respiratory (19.7%), multiple (18.7%), and uro-
genital (11.9%) infections were common among patients 
in the CNLs 4–5 group. Renal dysfunction (42.3%) was 
the most common type of acute organ dysfunction, and 
its proportion increased with the care needs. Among the 
patients with sepsis, 24.2% required ICU admission, with 
a median (IQR) length of hospital stay of 24 (13, 46) days.

Table 2 and Fig. 2 present changes in the CNL among 
the patients with sepsis 1  year post-discharge. The care 
levels were as follows: no care needs, 4791 patients 

Fig. 1  Flowchart of the selection of the study participants
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(27.1%); SL & CNL 1, 2390 patients (13.5%); CNLs 2–3, 
2629 patients (14.9%); CNLs 4–5, 3373 patients (19.1%). 
A total of 8392 patients [47.6%] required care needs, and 
4465 patients (25.3%) died 1 year post-discharge. Among 
them, 253 (1.4%) demonstrated an improvement, 9216 
(52.2%) showed no changes, and 3714 (21.0%) experi-
enced worsening in their CNLs compared to their base-
line CNLs. A higher CNL at baseline was associated 
with a higher proportion of deaths 1 year post-discharge. 

Specifically, among the 1567 (the proportion of deaths: 
19.6%, calculated as 1567/7982, representing the pro-
portion of deaths within this group), 879 (23.5%), 956 
(30.9%), and 1063 (37.4%) patients who died, the baseline 
CNLs were categorized as no care needs, SL & CNL 1, 
CNLs 2–3, and CNLs 4–5, respectively. Supplementary 
Table 4 details the changes in CNLs and deaths. The pro-
portion of deaths was higher in the group with a higher 
baseline CNL regardless of the months of follow-up. In 

Table 1  Characteristics of the patients with sepsis according to the baseline level of care needs

CNL, care needs level; IQR, interquartile range; SL, support level

Overall Baseline CNL

No care needs SL & CNL 1 CNLs 2–3 CNLs 4–5

Number of individuals with sepsis, n 17,648 7982 3736 3089 2841

Age, median (IQR) 83 (77, 88) 78 (73, 83) 85 (80, 89) 86 (81, 91) 86 (81, 91)

Women, n (%) 8814 (49.9) 3177 (39.8) 2089 (55.9) 1777 (57.5) 1771 (62.3)

Comorbidity, n (%)

Cancer 4613 (26.1) 2447 (30.7) 1025 (27.4) 636 (20.6) 505 (17.8)

Hypertension 12,777 (72.4) 5636 (70.6) 2954 (79.1) 2284 (73.9) 1903 (67.0)

Diabetes mellitus 7253 (41.1) 3389 (42.5) 1671 (44.7) 1211 (39.2) 982 (34.6)

Heart failure 6891 (39.0) 2485 (31.1) 1781 (47.7) 1438 (46.6) 1187 (41.8)

Cerebrovascular disease 5721 (32.4) 1915 (24.0) 1344 (36.0) 1197 (38.8) 1265 (44.5)

Ischemic heart disease 5020 (28.4) 2232 (28.0) 1266 (33.9) 893 (28.9) 629 (22.1)

Chronic respiratory disease 4833 (27.4) 2103 (26.3) 1125 (30.1) 846 (27.4) 759 (26.7)

Chronic renal failure 2267 (12.8) 939 (11.8) 576 (15.4) 445 (14.4) 307 (10.8)

Dementia 3796 (21.5) 403 (5.0) 819 (21.9) 1246 (40.3) 1328 (46.7)

Focus of infection, n (%)

Respiratory 3862 (21.9) 1743 (21.8) 862 (23.1) 697 (22.6) 560 (19.7)

Urogenital 1527 (8.7) 573 (7.2) 311 (8.3) 305 (9.9) 338 (11.9)

Abdominal 2208 (12.5) 1171 (14.7) 483 (12.9) 329 (10.7) 225 (7.9)

Bone and soft tissue 283 (1.6) 109 (1.4) 68 (1.8) 51 (1.7) 55 (1.9)

Blood 632 (3.6) 318 (4.0) 122 (3.3) 102 (3.3) 90 (3.2)

Meninges/brain/spinal cord 156 (0.9) 79 (1.0) 31 (0.8) 29 (0.9) 17 (0.6)

Multiple 2470 (14.0) 919 (11.5) 513 (13.7) 506 (16.4) 532 (18.7)

Unknown 6510 (36.9) 3070 (38.5) 1346 (36.0) 1070 (34.6) 1024 (36.0)

Acute organ dysfunction, n (%)

Renal dysfunction 7469 (42.3) 2977 (37.3) 1586 (42.5) 1489 (48.2) 1417 (49.9)

Hepatic dysfunction 370 (2.1) 168 (2.1) 89 (2.4) 68 (2.2) 45 (1.6)

Thrombocytopenia 967 (5.5) 622 (7.8) 174 (4.7) 87 (2.8) 84 (3.0)

Coagulopathy 2330 (13.2) 1235 (15.5) 396 (10.6) 342 (11.1) 357 (12.6)

Acidosis 933 (5.3) 427 (5.3) 213 (5.7) 165 (5.3) 128 (4.5)

Inpatient treatment

Vasopressor therapy, n (%) 5908 (33.5) 2827 (35.4) 1215 (32.5) 953 (30.9) 913 (32.1)

Mechanical ventilation or oxygen therapy, n (%) 4272 (24.2) 2234 (28.0) 936 (25.1) 638 (20.7) 464 (16.3)

Renal replacement therapy, n (%) 496 (2.8) 257 (3.2) 105 (2.8) 92 (3.0) 42 (1.5)

ICU admission, n (%) 4266 (24.2) 2355 (29.5) 882 (23.6) 585 (18.9) 444 (15.6)

The hospital day of blood culture draw, median (IQR) 1 (1, 3) 1 (1, 3) 1 (1, 3) 1 (1, 2) 1 (1, 1)

Length of antibiotic treatment, median (IQR) 12 (8, 16) 12 (8, 16) 11 (8, 15) 12 (8, 15) 12 (8, 15)

Length of hospital stay, median (IQR) 24 (13, 46) 23 (12, 45) 26 (14, 48) 25 (14, 46) 23 (15, 44)
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addition, the percentage of patients with sepsis who had 
no care needs reduced from 45.2% (7982/17,648 patients) 
at baseline to 36.2% (6393 patients) at the time of dis-
charge; this proportion decreased further to 27.1% 1 year 
post-discharge. 

Supplementary Figure 3 and Table 3 present the asso-
ciation between the baseline CNL and all-cause death 
in patients with sepsis within 1 year post-discharge. The 
Kaplan–Meier curves revealed that patients with sep-
sis who had elevated baseline CNLs exhibited a higher 
cumulative probability of all-cause mortality than those 
with no care needs (Supplementary Fig. 3). The incidence 
of post-discharge death in the no care needs, SL & CNL 
1, CNLs 2–3, and CNLs 4–5 groups were 67, 82, 115, 
and 146 per 100,000 person-days, respectively (Table 3). 
Compared with that of patients with sepsis, who had no 
care needs at baseline, the HRs and 95% CIs in the multi-
variable model (HR2) were as follows: SL & CNL 1, 1.05 
(0.96, 1.15); CNLs 2–3, 1.46 (1.33, 1.60); and CNLs 4–5, 
1.92 (1.75, 2.10). A higher CNL at baseline was associated 
with an increased risk of mortality within 1  year post-
discharge in patients with sepsis (P for trend < 0.001). 
Table 3 also indicated that baseline CNL was associated 
with increased mortality 1  year after discharge in both 
ICU and non-ICU patients with sepsis. Specifically, the 
hazard ratios (HRs) and 95% confidence intervals (CIs) 
for baseline CNL levels 4–5 were 1.97 (1.61, 2.40) for ICU 
sepsis patients and 1.90 (1.71, 2.11) for non-ICU sepsis 
patients.

Supplementary Table  5 presents the results of the 
analysis stratified according to sex and age. An elevated 
baseline CNL in patients with sepsis was associated with 
higher mortality within 1 year post-discharge regardless 

of sex or age (≤ 80 or > 80 years). We found that both an 
increase and a decrease in CNL were not associated with 
1-year mortality when compared to those whose CNL 
remained unchanged in Supplementary Table 7. Supple-
mentary Table  8 indicated that a higher baseline CNL 
was associated with an increased risk of in-hospital death 
[odds ratio (OR) and 95% CI for CNLs 4–5: 1.25 (1.13, 
1.39), P for trend < 0.001].

Discussion
Our study described the entire care process from pre-
sepsis to post-sepsis recovery and analyzed the effect 
of the baseline CNL on the post-discharge survival 
of patients with sepsis. The present study revealed an 
improvement in CNL 1  year post-discharge in a few 
patients with sepsis and a worsening of the CNL or even 
death in approximately half of the cohort 1  year post-
discharge. Furthermore, the baseline CNL was associ-
ated with an increased risk of all-cause mortality 1 year 
post-discharge in patients with sepsis. In general, func-
tional status is predictive of functional decline and death 
irrespective of sepsis. The findings of the present study 
address a gap in the field of sepsis regarding the associa-
tion between the pre-sepsis health status and functional 
outcomes after recovery. Furthermore, these findings 
offer valuable insights that could inform strategies to 
enhance recovery and reduce mortality in patients with 
sepsis.

The present study revealed that patients with sep-
sis continued to require significant care 1  year post-
discharge. Approximately 50% of patients (n = 8392) 
required care 1  year post-discharge, whereas the CNL 
worsened compared with that at baseline in 21.0% of 

Table 2  Post-discharge outcomes of the patients with sepsis stratified according to the baseline care needs level

CNL, care needs level; SL, support level

Overall Baseline CNL

No care needs SL & CNL 1 CNLs 2–3 CNLs 4–5

Number of patients, n 17,648 7982 3736 3089 2841

Care needs at 1 year after discharge, n (%)

No care needs 4791 (27.1) 4789 (60.0) 2 (0.1) 0 (0.0) 0 (0.0)

SL 1–2 and CNL 1 2390 (13.5) 754 (9.4) 1508 (40.4) 104 (3.4) 24 (0.8)

CNLs 2–3 2629 (14.9) 468 (5.9) 750 (20.1) 1288 (41.7) 123 (4.3)

CNLs 4–5 3373 (19.1) 404 (5.1) 597 (16.0) 741 (24.0) 1631 (57.4)

Death 4465 (25.3) 1567 (19.6) 879 (23.5) 956 (30.9) 1063 (37.4)

Changes in care-needs at 1 year after discharge, n (%)

Improved 253 (1.4) 0 (0.0) 2 (0.1) 104 (3.4) 147 (5.2)

No change 9216 (52.2) 4789 (60.0) 1508 (40.4) 1288 (41.7) 1631 (57.4)

Worsened 3714 (21.0) 1626 (20.4) 1347 (36.1) 741 (24.0) 0 (0.0)

Death 4465 (25.3) 1567 (19.6) 879 (23.5) 956 (30.9) 1063 (37.4)
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patients (n = 3714). Among the patients with no care 
needs at baseline, the proportion of patients requir-
ing care increased to 20.4% 1 year post-discharge. The 
number of patients who did not require care decreased 
each month. A previous study conducted in the USA 
also found that severe sepsis in older adults was inde-
pendently associated with significant and persistent 
new cognitive impairment and functional disability 
among 516 survivors [18]. Additionally, although recent 
studies suggested that there was no significant dif-
ference in health-related quality of life or disability 
between sepsis patients and non-sepsis patients after 
ICU admission, sepsis patients often incurred higher 

ICU costs or had higher subsequent mortality [17, 27]. 
A study conducted in Australia compared the WHO 
Disability Assessment Schedule 2.0 score changes in 
282 sepsis survivors one month before ICU admis-
sion, and at 3 and 6 months after ICU admission [17]. 
The study found that disability increased at 3  months 
post-discharge but showed no significant difference at 
6  months [17]. Our study, which evaluated CNL in a 
larger population, revealed post-discharge functional 
changes in sepsis patients. This further emphasized 
that even individuals who originally had no care needs 
might experience functional decline after discharge, 
leading to an increase in CNL levels.

Fig. 2  Post-discharge outcomes of the patients with sepsis stratified according to baseline care needs levels. The alluvial diagram depicts 
the change in CNLs a month before hospitalization to 1 year after discharge in patients with sepsis Numbers in the line indicate the patient count 
in each stratum, with the line thickness proportional to these counts. Green represents death, orange represents CNLs 4–5, blue represents CNLs 
2–3, purple represents SL & CNL 1, and red represents ‘No care needs.’ Consistent colors are used to represent the same categories before and after 
changes in CNLs. Strata with < 200 patients are not individually labeled. Detailed data are presented in Supplementary Table 4. CN, care needs; CNL, 
care needs level; SL, support level
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Overall, patients with sepsis require a prolonged period 
of care or more expensive care post-discharge [3, 28–31]. 
However, the duration and level of care vary from coun-
try to country owing to differences in health and care sys-
tems. Therefore, assessing the prognosis of patients with 
sepsis quantitatively and intuitively in different countries 
using these indicators is difficult. In contrast, the present 
study described the dynamic process of care for patients 
with sepsis from the pre-admission period to 1 year post-
discharge, based on the insurance system in Japan, using 
levels of care that were closely related to the living status 
of older patients [9–12].

Patients with sepsis often experience cognitive impair-
ments post-discharge. Moreover, these patients have 
an increased risk of developing cancer and may even 
be readmitted owing to the recurrence of sepsis [15, 
28, 31–33]. These health-related issues can worsen the 
CNL [28]; thus, patients with sepsis must be monitored 
post-discharge.

The present study revealed that 25.3% of patients with 
sepsis aged 65 years died 1 year post-discharge from 2014 
to 2020. Two studies conducted in France reported that 
the mortality rates of patients with sepsis in the first year 
post-discharge were 22.9% from 2015 to 2018, and 22.3% 
in 2018 [15, 28]. A study conducted in the United States 

reported that the mortality rate was 24% in the patients 
with sepsis 1 year post-discharge from 2009 to 2019 [16]. 
A study conducted in Germany reported that 30.7% of 
patients with sepsis died within the first year from 2013 
to 2014 [29]. Although our study population was older 
than those in other studies, the similar mortality in sepsis 
patients might be explained by multiple factors, includ-
ing race, treatment protocols in different countries, and 
data collection period. The present study revealed that 
the baseline CNL was associated with an increased mor-
tality risk 1  year post-discharge in patients with sepsis. 
Previous studies have reported multiple risk factors for 
all-cause death post-discharge in patients with sepsis, 
including age, comorbidities, and the site of infection 
[13–16]. However, most of these studies did not focus on 
the relationship between the pre-sepsis CNL and mortal-
ity 1  year post-discharge. Only one study conducted in 
England mentioned that pre-admission dependence may 
be associated with mortality risk in patients with sepsis 
[13].

The present study revealed a linear trend between 
baseline CNL and the risk of all-cause death 1 year post-
discharge in patients with sepsis, even after adjusting 
for potential confounding factors. CNL, which includes 
physical, psychological, and social factors, is assessed by 

Table 3  Association between baseline care needs level and all-cause death within 1 year after discharge among sepsis patients

HR1: Adjusted for sex (men or women), age at admission (continuous) and city (categorical)

HR2: Further adjusted for cancer (yes or no), hypertension (yes or no), diabetes mellitus (yes or no), heart failure (yes or no), cerebrovascular disease (yes or no), 
ischemic heart disease (yes or no), chronic respiratory disease (yes or no), chronic renal failure (yes or no), dementia (yes or no), site of infection (respiratory, urogenital, 
abdominal, bone and soft tissue, blood, meninges or brain or spinal cord, multiple sites of infection, or an unknown site), renal dysfunction (yes or no), hepatic 
dysfunction (yes or no), thrombocytopenia (yes or no), coagulopathy (yes or no), acidosis (yes or no), use of vasopressors (yes or no), mechanical ventilation or oxygen 
therapy (yes or no), renal replacement therapy (yes or no), antibiotic treatment duration (continuous), hospitalization duration (continuous), and ICU admission (yes or 
no)

CI, confidence interval; CNL, care needs level; HR, hazard ratio; SL, support level; ICU, intensive care unit

Baseline CNL

No care needs SL & CNL1 CNLs 2–3 CNLs 4–5 P for trend P for 
interaction

Total population

Number of deaths 1567 879 956 1063

Rates per 100,000 person-day, 95% CI 67 (63, 70) 82 (76, 87) 115 (108, 122) 146 (138, 156)

HR1 Ref. 1.09 (1.00, 1.19) 1.48 (1.36, 1.62) 1.96 (1.80, 2.13) < 0.001

HR2 Ref. 1.05 (0.96, 1.15) 1.46 (1.33, 1.60) 1.92 (1.75, 2.10) < 0.001

Admitted to the ICU 0.67

Number of deaths 489 227 192 171

Rates per 100,000 person-day, 95% CI 71 (65, 78) 92 (81, 105) 124 (108, 143) 155 (133, 180)

HR1 Ref. 1.13 (0.96, 1.34) 1.52 (1.27, 1.81) 1.99 (1.66, 2.39) < 0.001

HR2 Ref. 1.09 (0.92, 1.29) 1.43 (1.19, 1.73) 1.97 (1.61, 2.40) < 0.001

Not admitted to the ICU

Number of deaths 1078 652 764 892

Rates per 100,000 person-day, 95% CI 65 (61, 69) 78 (73, 85) 112 (105, 121) 145 (136, 155)

HR1 Ref. 1.08 (0.98, 1.20) 1.49 (1.35, 1.65) 1.99 (1.81, 2.18) < 0.001

HR2 Ref. 1.04 (0.94, 1.15) 1.46 (1.31, 1.62) 1.90 (1.71, 2.11) < 0.001
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experts from different disciplines using uniform national 
standards and reflects the health status of older patients 
[8]. Patients with high CNLs at baseline exhibited low 
levels of self-care or poor cognitive function prior to the 
development of sepsis. Consequently, compared with 
those with no care needs at baseline, these patients were 
vulnerable and were at a significantly higher risk of all-
cause mortality after developing sepsis. Patients with a 
high CNL at baseline should be considered high-risk and 
monitored carefully in terms of clinical management and 
prognostic follow-ups. Further in-depth studies must 
be conducted to explore targeted interventions such as 
changes of post-sepsis care practices [34] to improve 
the survival rates of patients with high CNL at baseline 
post-discharge.

Previous studies have generally viewed sepsis from the 
perspective of hospital admission as the starting point. 
This approach may be suitable for healthy patients; 
however, it is inappropriate for older patients with poor 
health statuses [2]. The present study provides insight 
into the association between the pre-sepsis status and 
mortality risk 1 year post-discharge. Furthermore, it also 
describes the changes in CNL from pre-admission to 
1 year post-discharge. The best practices outlined in the 
International Guidelines for Management of Sepsis and 
Septic Shock 2021 for adult patients with sepsis or sep-
tic shock include discussing goals of care and prognosis 
with patients and their families and conducting follow-
ups for physical, cognitive, and emotional problems post-
discharge [34]. The findings of the present study provide 
important reference points for practical recommenda-
tions. For patients with sepsis who have a high CNL level 
pre-admission, we recommend adequate and standard-
ized treatment for sepsis as outlined in the latest guide-
lines to minimize deterioration in prognosis, along with 
comprehensive rehabilitation, and post-discharge care 
and follow-up [34–36].

Limitations
The present study has certain limitations. First, the 
accuracy of the definition of sepsis remains uncertain. 
The definition of sepsis requires laboratory data for the 
Sequential Assessment of Sepsis-Related Organ Fail-
ure score [22]. However, ICD codes were used to define 
organ dysfunction, as described in previous studies, due 
to the absence of laboratory data in the claims dataset [5, 
21], potentially affecting the accuracy of the sepsis diag-
nosis. Second, septic shock could not be analyzed accord-
ing to the sepsis-3 criteria as the serum lactate data were 
not available [22]. Septic shock is the most severe form 
of sepsis, characterized by multiple organ failure and 

life-threatening conditions such as low blood pressure, 
resulting in a higher mortality rate compared to sepsis 
alone [22]. Therefore, future studies must explore the 
association between the CNL at baseline and mortality 
in patients with septic shock. Third, the findings of the 
present study may have limited applicability to other 
countries as the structure of long-term care differs from 
country to country; the CNL in this study was specifi-
cally obtained in Japan. Fourth, residual confounders may 
have affected our results as this was a retrospective study 
conducted using an administrative database. Fifth, due 
to the data being sourced from healthcare claims data, 
it was not possible to ascertain specific causes of death. 
Therefore, only all-cause mortality was analyzed. Sixth, 
we acknowledged that our study was constrained by the 
lack of data on accepted measures for assessing acute 
disease severity, intensity of treatment, and withhold-
ing of care. This limitation may affect our assessment of 
association between baseline CNL and mortality among 
patients with sepsis. Seventh, we could not exclude the 
impact of cancer on our results, even though we adjusted 
for cancer in the multivariable model. The proportion of 
cancer patients was lower among those with high CNL in 
Table 1, which may be due to the higher in-hospital mor-
tality rate among cancer patients with high CNL. Eighth, 
a significant proportion of patients were classified under 
the “unknown” category for infection sites. This clas-
sification was based on prior researches using Japanese 
insurance data [5, 37]. In our study, 36.9% of patients 
fell into this category, aligning with the range reported 
in previous studies (23–44%) [5, 37]. However, since the 
claims data we used do not include detailed infection site 
information, our ability to accurately identify the source 
of infection was limited.

Conclusions
Elevated CNLs and mortality were observed in patients 
with sepsis 1 year post-discharge. Even patients with no 
care needs at baseline developed care needs due to func-
tional deterioration after discharge. Older patients with 
sepsis with high baseline CNLs had a high association of 
all-cause mortality a year post-discharge.
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