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Abstract N\
Toinvestigate the epidemiology trend and characteristics of sepsis-related hospitalizations in Taiwan, and to compare the differences
among different severity levels of sepsis.

This study is a retrospective national claim database analysis. Hospitalized adult patients with sepsis between 2010 and 2014 were
identified from the Two-Million-Sample Longitudinal Health and Welfare Database (LHWD) by the International Classification of
Diseases 9th Edition Clinical Modification (ICD-9-CM). The patients were divided into 3 severity groups based on their medical
records during hospitalization.

The study results showed that in Taiwan, there were 643 new cases of sepsis in 100,000 Taiwanese. The mortality of all septic
patients in Taiwan was 287 per 100,000 people, and the case fatality was 29.2%. It was found that the mortality and incidence of
sepsis in Taiwan have increased year by year, but there has been no significant change over time. In addition, demographic variation
exists in the epidemiology of sepsis. In all the rates investigated, the men’s were higher than the women’s and the elderly’s were
higher than the youths’. The analysis results also showed that the respiratory system was the most common site of organ failure in
septic patients.

The incidence and mortality of any severity level of sepsis were 643, and 287 per 100,000 people in Taiwan, respectively, and the
average case fatality was 29.2% during the study period (2010-2014). The respiratory system was the major infected site and site of
organ dysfunction, especially in the more severe levels.

Abbreviations: ICD-9-CM = International Classification of Diseases 9th Edition Clinical Modification, IQR = interquartile range,

LHWD = Longitudinal Health and Welfare Database, SD = standard deviation.
Keywords: epidemiology, sepsis, septic shock, severe sepsis, Taiwan

1. Introduction

Sepsis is a common, life-threatening clinical condition in most
hospitals worldwide and a major cause of mortality for critically
ill patients. Despite advances in treatment, sepsis remains a huge
burden for many countries. There were 31.5 million sepsis cases,
19.4 million severe sepsis cases, and up to 5.3 million deaths in
the world annually.!!! In the US, the prevalence of all septic
patient in 2003 and 2009 was 359 and 535 per 100,000 people,
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respectively, and the prevalence had increased 6.9% per year.!!
Additional studies’ findings indicated that the prevalence of
severe sepsis has increased year by year in the US by a rate of
3.0% to 16.5% annually.>=! Unlike prevalence, however, case
fatality was found to decrease annually.!>*!

Age and gender have been found to be associated with sepsis.
Several studies reported that there were more male than female
septic patients.>! In 2007, the prevalence of severe sepsis in
males and females was 308 and 292 per 100,000 people,
respectively, in the US.[°! In addition, it was reported that the
mean age of septic patients was 68 years old,°! and the
proportion of the elderly in septic patients was over 60%.*!

The epidemiology of sepsis changes over time and varies
among countries. In one of the few studies of sepsis in Taiwan,
Shen et al used the longitudinal National Health Insurance
Research Database (NHIRD) to investigate severe sepsis in
Taiwan from 1997 to 2006/*”! and found that the incidence
increased from 135 to 217 per 100,000 people.[27] More recently,
Liu et al used the National Health Insurance Research Database
(NHIRD) to investigate the epidemiology of sepsis in Taiwan in
2013, and the study results showed that the hospital mortality
rate was 19.3% and that the most common site of organ
dysfunction was in the respiratory system.”! However, there is no
study that has investigated the temporal change of sepsis after
2006 or compared different severity levels of sepsis in Taiwan. As
such, in this study, we updated the temporal change and the
epidemiology information of sepsis in Taiwan in order to fill this
information gap and to provide a reference to decision makers for
the development of health care policy and disease prevention.
Moreover, this is the first study that has investigated 3 severity
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levels of sepsis in Taiwan simultaneously, and the first one that
has included septic shock in the analysis.

2. Methods

This is a retrospective claim database study on the epidemiology
of sepsis in Taiwan. Hospitalized adult patients with sepsis
between 2010 and 2014 were identified from the Health and
Welfare Database by the International Classification of Diseases
9th Edition Clinical Modification (ICD-9-CM) codes. These
patients were further divided into 3 levels of severity based on
their medical records during hospitalization.

2.1. Data source

The Taiwanese government provides compulsory national health
insurance that covers over 99% of residents in Taiwan!®?!, This
system is now operated by the Ministry of Health and Welfare.
The database “Two-Million-Sample Longitudinal Health and
Welfare Database (LHWD) of 2010 used in this study was
provided by the Health and Welfare Data Science Center. The
LHWD 2010 stratified the total population in Taiwan according
to the Household Registration File of the Ministry of the Interior
by gender, age, and household registration in 2010. Stratified
random sampling was then conducted proportional to the
individuals in each stratum, and a drawing of a total of 2 million
people, or 8.6% of the total population, was done.'®'!] The
LHWD 2010 provided the claim records and other medical
information about the sampled individuals back to 2000
(2000~2009) and also followed them for 6 vyears
(2010~2015). Four files in the LHWD 2010 dataset were used
in this study: Ambulatory Care Expenditures by Visits, Inpatient
Expenditures by Admissions, Registry for Beneficiaries, and
Cause of Death Data. These 4 files can be linked with each other
to provide complete information about patients.

This study was approved by the Taipei Medical University
Joint Institutional Review Board (TMU-JIRB-N201708040).
Informed consent was not required since all data were encrypted.

2.2. Patients

To be selected for analysis, a patient needed to be hospitalized
between 2010 and 2014. Other inclusion criteria were being an
adult (i.e., >20 years old on the admission date) and suffering from
any severity of sepsis during the hospitalization. In addition, a
patient was excluded if he or she was hospitalized without a
discharge record or with missing sex or age information. Multiple
hospital admissions of a single patient were included in the analysis
as long as they met the selection criteria. However, 2 admissions
were regarded as the same admission if the patient was re-
hospitalized within 2 days of discharge. It is also important to note
that throughout the study we used “sepsis-related” to mean that
sepsis was documented at some point in a hospitalization even
though it may not have been the main reason for admission.

Due to a lack of laboratory data in the study database, ICD-9-
CM codes were used to identify patients with sepsis:

(1) “038.xx” or
(2) “995.91” in combination with an infection code (Supple-
mentary Table 1).[%!

According to the ICD-9-CM official Guidelines, the codes
“038.xx” and “995.91” are used for sepsis whereas “995.92”
and “758.52” are used for severe sepsis and septic shock,
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respectively.!'3! These codes have been used in previous

studies."*'°1 However, we did not use “995.92” and
“758.52” to identify patients with severe sepsis and septic shock
because these codes were not found in the study database.
Instead, following the study by Angus et al,"”! patients who had
both an infection and an acute organ dysfunction (Supplementary
Table 2)® were regarded as having severe sepsis, which
definition was used in previous studies of sepsis.[®!%1718] In
addition, those patients with sepsis or severe sepsis identified who
were administered norepinephrine or experienced a shock
(i.e., ICD9 code of “785.50”, “785.52”, or “785.59”) during
hospitalization were considered to have a septic shock.!"”*°! If a
hospitalization admission met the definitions of more than 1
severity level of sepsis, it was assigned to the most severe group.
Furthermore, in order to investigate temporal change, we
divided all sepsis-related hospitalizations into 5 one-year
periods (2010-2014) based on admission date. Patients were
also divided into 14 age groups in intervals of 5 years (i.e., 20~24,
25~30 ..., 75~84, 85+) to assess outcome variation by age.

2.3. Outcomes

Crude rates were calculated for all septic patients and the 3
severity groups, including incidence, mortality, and case fatality.
Incidence was the proportion of new cases of sepsis without
diagnosis of any severity level of sepsis in the previous year in the
total adult population in Taiwan. The proportion of septic
patients that died within 3 days after discharge in the total adult
population was calculated as mortality, and case fatality was
defined as the proportion of septic patients who died within 3
days after discharge.

In addition, the temporal change and demographic (age and
gender) variation of these rates were examined. If a patient had
multiple hospital admissions involving different severity levels of
sepsis in a year, all of the admissions were included in the analysis.
However, if a patient had multiple hospital admissions involving
the same severity level of sepsis in a year, 1 admission was
randomly selected for the analysis in that particular year.
Moreover, the characteristics of sepsis-related admissions exam-
ined included infection site (Supplementary Table 3)!**! and organ
dysfunction. Infection sites were divided into 7 sites: respiratory,
genitourinary, intra-abdominal, skin/soft tissue, central nervous
system, endocarditis, and others. In addition, dysfunctional organs
were divided into 7 types: cardiovascular, respiratory, renal,
hepatic, neurologic, hematologic, and metabolic.

2.4. Statistical analysis

Incidence and mortality rates were presented as per 100,000
people while case fatality was presented as percentages.
Temporal changes were assessed by linear regression. Moreover,
continuous variables were presented as both mean with standard
deviation (SD) and median with interquartile range (IQR), while
discrete variables were presented as counts or percentages. The
Chi-square test was used to assess the difference in epidemiologi-
cal rates among different gender and severity groups. Data
analysis was performed using SAS for Windows version 9.4 and a
2-tailed P <.05 was considered significant.

3. Results

There were 2,000,164 people, including 1.5 to 1.6 million adults,
in the LHWD in the 5-year observation period. In total, 62,517
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Figure 1. Temporal change in incidence and mortality rates of patients with
any severity level of sepsis.

patients with 97,790 sepsis-related hospitalizations were identi-
fied and included in the analyses. In 2014, the mean (+SD) and
median (IQR) age of the patients included were 71.0 (+16.5) and
75 (61-84) years old, respectively. In addition, the majority of the
patients were male (54.2%) and elderly (68.2%).

The incidence of all severity levels of sepsis increased from 623
per 100,000 people in 2010 to 647 per 100,000 in 2014, but
there was no significant temporal trend (P=.72, Fig. 1). The
mortality increased from 264 to 297 per 100,000 people during
the same 5-year period (Fig. 1). Although more and more people
suffered from sepsis and died over time, the changes in mortality
were not significant (P=.10). When stratified by gender, there
was a lack of temporal change in incidence and mortality between
men and women, but the rates were consistently higher in men
than in women (Fig. 2). For example, the incidence rate in males
and in females was 718 and 578 per 100,000 people, respectively
(P<.0001) in 2014. The mortality in men and women was 361
and 235 per 100,000 people, respectively (P<.0001). When
stratified by age, incidence, and mortality of the elderly with
sepsis were higher than in the youth (Fig. 3).

The case fatality of all severity levels of sepsis was 29.4% in
2014, and it had no significant change over the 5-year
observation period (mean=29.2%, P=.08) (Supplementary
Fig. 1). However, case fatality in males was significantly higher
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Figure 3. Incidence and mortality rates of patients with any severity level of
sepsis by age group, in 2014.

(Supplementary Fig. 1), and older patients’ case fatality was
higher than younger ones’, with an estimated 5.3% case fatality
in the youngest group (20-24 years old) and 41.7% in the oldest
(over 85 years old) in 2014 (Supplementary Fig. 2).

Moreover, we also divided the patients into 3 sepsis severity
groups. There was no significant temporal change in mortality or
case fatality in any of the severity groups other than the increased
mortality in the septic shock group (P=.01) (Fig. 4A and B).
Among the 3 groups, septic shock had the highest mortality and
case fatality consistently throughout the observation period.
Specifically, the mortality of sepsis, severe sepsis, and septic shock
was 18, 115, 164 per 100,000 people, respectively, while case
fatality was 6.6%, 21.3%, and 56.7%, respectively, in 2014.
Moreover, the mortality and case fatality in males were
consistently higher than those in females for severe sepsis (all
P <.05) and septic shock (all P <.05), but there was no significant
difference in these values between males and females (P=.68, and
.90, respectively).

The most common infection site in patients was the respiratory
system (47.9% in 2014), followed by the genitourinary system
(34.8% in 2014) (Table 1). There was significant temporal
change in the sites of the genitourinary system and intra-
abdomen, with the proportion in the genitourinary system
increasing (P=.02) and the proportion in the intra-abdomen

than in females (32.1% vs 26.1% in 2014, P<.0001) decreasing (P=.02). When stratified by severity, the respiratory
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Figure 2. Temporal change in (A) incidence and (B) mortality rates of patients with any severity level of sepsis by gender.
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Figure 4. Temporal change in (A) mortality and (B) case fatality for 3 severity groups.

system was the second most common infection site in the sepsis
groups, which was different from the other groups (Supplemen-
tary Fig. 3).

In this study, the most common organ dysfunction observed in
septic-related hospitalizations was respiratory and renal failure,
with the proportion of renal dysfunction significantly increasing
over time (P <.01). Conversely, respiratory and hepatic dysfunc-
tion decreased (P=.01, .01) (Table 2). When the patients were
divided into 3 severity groups, respiratory dysfunction was still
the most common site of organ failure in severe sepsis and septic

shock (Supplementary Fig. 4). Furthermore, in 2014, 70% of
septic patients were found to have some organ dysfunction, with
12% of patients experiencing multi-organ dysfunction (Table 2).
However, the proportion of patients with dysfunction signifi-
cantly decreased over time (P <.01).

4. Discussion

In this study, we found that the average incidence and mortality
of any severity level of sepsis in Taiwan was 643, and 287 per

Infection sites by proportion.

2010 2011 2012 2013 2014
Subjects, n 14,266 15,309 16,065 15,650 16,223
Respiratory, n (%) 6789 (47.6) 7616 (49.7) 7801 (48.6) 7419 (47.4) 7770 (47.9)
Genitourinary, n (%)* 4626 (32.4) 4913 (32.1) 5336 (33.2) 5403 (34.5) 5645 (34.8)
Intra-abdominal, n (%)* 3096 (21.7) 3288 (21.5) 3308 (20.6) 3133 (20.0) 3271 (20.2)
Others, n (%) 1776 (12.4) 1897 (12.4) 1941 (12.1) 2035 (13.0) 2116 (13.0)
Skin, n (%) 785 (5.5) 888 (5.8) 915 (5.7) 902 (5.8) 932 (5.7)
Central nervous system, n (%) 59 (0.4) 68 (0.4) 56 (0.3) 43 (0.3) 57 (0.4)
Endocarditis, n (%) 48 (0.3) 64 (0.4) 71 (0.4) 58 (0.4) 63 (0.4)
Patients may have more than 1 infection site.
‘;Others” included nosocomial infection, bacteremia, fungal infection, and other bacterial infections.
P value <.05
Organ dysfunction by proportion.
2010 2011 2012 2013 2014
Subjects, n 14,266 15,309 16,065 15,650 16,223
Organ dysfunction
Respiratory, n (%)* 7469 (52.4) 7743 (50.6) 7986 (49.7) 7371 (47.1) 7165 (44.2)
Renal, n (%)* 3218 (22.6) 3532 (23.1) 3774 (23.5) 3824 (24.4) 4022 (24.8)
Neurologic, n (%) 566 (4.0) 610 (4.0) 603 (3.8) 655 (4.2) 698 (4.3)
Hepatic, n (%)* 641 (4.5 666 (4.4) 688 (4.3 637 (4.1) 662 (4.1)
Hematologic, n (%) 428 (3.0) 416 (2.7) 444 (2.8) 415 (2.7) 445 (2.7)
Metabolic, n (%) 176 (1.2) 171 (1.1) 205 (1.3 219 (1.4) 245 (1.5)
Cardiovascular, n (%) 200 (1.4) 219 (1.4) 224 (1.4) 225 (1.4) 231 (1.4)
No. organ dysfunctions
0" 3654 (25.6) 4084 (26.7) 4331 (27.0) 4466 (28.5) 4872 (30.0)
1" 8701 (61.0) 9268 (60.5) 9717 (60.5) 9221 (58.9) 9406 (58.0)
2" 1740 (12.2) 1788 (11.7) 1850 (11.5) 1774 (11.3) 1779 (11.0)
3+ 171 (1.2) 169 (1.1) 167 (1.0) 189 (1.2 166 (1.0)

Patients may have more than 1 organ dysfunction
P value <.05
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100,000 people, respectively, and the average case fatality was
29.2% during the study period (2010-2014). The mortality
of sepsis was higher than those of diabetes and hypertension
(42.1 and 23.3 per 100,000 people, respectively)®! in Taiwan. In
addition, the incidence and mortality of sepsis were higher than
those of cancer, which has an incidence and mortality of 440.2
and 196.7 per 100,000 people respectively.”?*! Despite the high
mortality of sepsis in Taiwan, relatively little research has been
done on it. Our findings call for more attention and interventions
devoted to this life-threatening condition from both the
government and researchers.

Moreover, it was found that the case fatality of any severity
level of sepsis was higher in our study than in the US (17.2%-
23.8%),/>1¢! which finding could be partially explained by the
higher mean age of our study sample (71.0 years old) than that
those in previous research (e.g., 65.2 years old in the study by
Jones et al'*®! and 68.0 years old in the study by Stoller et al'®!).
Age is indeed an influencing factor for case fatality, and our study
found that the case fatality of the elderly was higher than that of
the youth. In addition to closer investigation of age, further
research is needed to examine whether and how causes of sepsis
and differences in health care contributed to the differences in
sepsis burden among countries.

In the present study, approximately half of the sepsis-related
hospital admissions were related to severe sepsis. Conflicting
results were reported in previous studies that used the ICD-10
and ICD-10-AM to identify and classify sepsis patients, where
only approximately one-third of the patients had severe
sepsis.[**% In addition to the differences in classifications due
to different versions of ICD codes, 1 explanation for the relatively
high proportion of patients with severe sepsis observed in the
present study could be the Case Mix Index used in Taiwan, where
hospitals can apply for a higher amount of reimbursement if
patients are coded with more severe conditions. As such, the
proportion of patients with less than severe sepsis could have
been underestimated.

The most common infection sites observed in the present study
were the respiratory and genitourinary systems, which was
consistent with previous studies’ findings.”*”! In addition, the
proportion of respiratory system infections was higher in patients
with severe sepsis or septic shock. These findings could be
explained by the fact that critically ill patients usually require
endotracheal intubation and mechanical ventilation or placement
of a Foley catheter, which invasive interventions increase the risk
of infection. In addition, respiratory and urinary tract infections
are common nosocomial infections; therefore, it is possible for
patients who require invasive interventions to acquire an
infection during their hospital stay that can lead to sepsis even
if they were not admitted because of infections or sepsis.
Nevertheless, due to the limitation of the study database, we were
unable to differentiate the cause of infection.

The present study found that the epidemiological crude rates of
sepsis were higher in the elderly than in the youth, which indicates
that we need to further investigate the effects of an aging
population on the epidemiology of sepsis. We also ought to
investigate or at least be sensitive to the way we identify and
classify septic patients with a goal of increasing the comparability
of study results, especially in light of changes like the use of the
ICD-10-CM instead of the ICD-9-CM since 2016.

There are several limitations to this study. First, there are no
laboratory data in the study database; therefore, we could not
assess types of pathogens. Only Huang et al have examined this
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subject in an ICU in Northern Taiwan, and such information in
Taiwan remains limited.*®! Second, as only 5 diagnostic codes
were able to be recorded for hospital admissions in the database,
the severity level of sepsis and the type of organ failure may have
been misclassified. Third, as the study database did not provide
information about diagnosis time or drug administration time,
we did not know the onset date of sepsis. Therefore, we could not
be certain about the causal relationship between infection and
organ dysfunction. As a result, the crude rates could have been
overestimated. Fourth, the study by Page et al indicates that
community-acquired severe sepsis only accounts for 62.8% of
severe sepsis cases,’””! which indicates that the proportion of
sepsis patients with nosocomial infections is high. Nevertheless,
we were unable to identify these patients or assess their
proportion as a result of the database limitations. Fifth, due to
the restriction of the study database, we had to exclude patients
without a discharge record. As a result, sepsis-related rates in
more recent years could have been underestimated. Lastly, as all
of the analyses were performed in the same cohort of patients and
re-admissions were common in patients with sepsis, the study
samples of the 5 study years (2010-2014) were not independent
of each other.

5. Conclusion

In this study, we found that there was no significant change in the
incidence or mortality of all severity levels of sepsis between 2010
and 2014 in Taiwan. Furthermore, when stratified by severity
levels, the case fatality of all severity levels has remained about the
same. We also found that all epidemiological crude rates of sepsis
were higher in males than in females, and higher in the elderly than
in the youth. Moreover, case fatality was found to increase with
sepsis severity. Additional study findings showed that the most
common infection sites were respiratory and genitourinary, while
the most common organ dysfunctions were respiratory and renal.
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