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Introduction: Mortality in the emergency department is still high in developing countries with resources scarce. Most of emergency
department mortality occurred within the first three days; the majority of these deaths are avoidable with proper intervention.
Therefore, the purpose of this study was to assess the mortality risks and therapeutic benefits of early and late death.

Methods: Case-control study approach with 87 cases and 174 controls (case to control ratio of 1:2) was used on 261 study
participants. Data were extracted from the patient charts using a pretested extraction tool. Then, checked data were entered into Epi-
data manager 4.6 versions and analyzed using SPSS 25 versions. Binary logistic regression was used to construct bivariate and
multivariable analyses following the descriptive analysis. Finally, a predictor variable in the multivariate logistic regression was
deemed to have a significant association if its P-value was less than 0.05 at a 95% confidence level.

Results: Patients who were triaged into the red zone had a 2.3-fold greater risk of dying early than those who were placed in another
triage category [(AOR=2.3; 95% CI: 1.10, 5.55) P=0.001]. Besides, having cardiovascular disease (AOR=4.79; 95% CI: 1.73, 13.27),
age >65 years [(AOR=3.2; 95% CI: 1.74, 7.23) P=0.003)], having rural residency (AOR=6.57; 95% CI: 1.39, 31.13), and having been
diagnosed with respiratory failure [(AOR=3.2; 95% CI: 1.04, 7.69), P=0.013)] were associated with early mortality.

Conclusion: The common causes of early mortality were respiratory failure, cardiovascular disease, and road traffic accident. Being
aged, having rural residence, being triaged into red zone, and diagnosed for respiratory failure and cardiac failure increase early
mortality compared with late death.
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Introduction
The emergency department provides services for patients with conditions that are life-threatening or potentially life-
threatening over 24 hours.! During these service provisions death or improvement is an outcome, and the death can be
early (within the first 72 hours of emergency department presentation) or late (after 72 hours of patient’s emergency
department presentation).>

Causes of mortality at ED are considered to be multifactorial, which embraces the burden of trauma, medical
diseases, limited emergency healthcare services, and constraints of medical services with trained health personnel.*
Even though geographical variation is a determinant factor, the majority of this mortality occurred due to cardiac disease,
RTA, and malignancy, covering 15-60% of early mortality.®® Clinical treatments similar to those that are standard at
emergency trauma center practices have already been demonstrated to lower mortality in high- and middle-income
nations, but emergency departments of low-income countries have not been thoroughly studied.”’

The impact of emergency department death on the individual, society, and the overall health system is significant. It is
quickly rising to the top of the list of fatalities in hospitals. It accounts for 15-16% of all hospital deaths worldwide. In
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sub-Saharan Africa’s low- and middle-income countries (LMICS), particularly in the Central East and Western regions,
the value is significantly higher at 5.1% than in high-income nations.'*""

In the Ethiopian hospitals’ emergency departments, mortality from traumatic injuries and medical diseases was
mostly uncharacterized, but the causes were thought to be multifactorial, covering a substantial burden of trauma,
diseases, and lack of access to quality healthcare services, as well as limited access to high-quality resources, including
skilled medical personnel.'?

Even though it is believed that increasing the accessibility of emergency care services will have better patient
outcome, there is insufficient scientific research to support this assertion.

Until now, only few cross-sectional retrospective chart review studies have been carried out in the resource-limited African
regions on emergency medical care services and factors which affect late or early emergency department death.'* Therefore,
the purpose of this study was to assess the mortality risks and therapeutic benefits of early and late death.

Patients and Methods
Study Design and Setting

A case-control study was employed to review the charts of patients who died at the adult emergency department of
Jimma University Medical Centre from January 11, 2020, to November 29, 2022. Jimma University Medical Centre is
the largest referral hospital found in the south western part of Ethiopia; it delivers healthcare for more than 20 million
clients and patients. Around 17,000 inpatients, 200,000 outpatients, and 12,000 emergency cases are served at the
institution per year. Moreover, the JUMC conducts healthcare research and is the only teaching hospital found in the
Southwest of Ethiopia.'* The adult emergency department of JUMC has 66 beds and provides diagnostic testing and
treatment for patients requiring emergency care.'

Study Population
Charts of selected patients who died at the adult ED of Jimma University Medical Centre, from January 1, 2020, to 2022
were reviewed.
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Eligibility Criteria
Patients who died at the adult emergency department were included, while those who were dead on arrival were excluded
from the study.

Operational Definitions

Early mortality: The death of the patient during the service provision or improvement is an outcome, and the death can be
early (within the first 72 hours of emergency department presentation).

Late mortality: The death of the patient occurred after 72 hours of the patient’s emergency department presentation.

Sample Size Determination and Sampling Procedure

Epi-info version 7.2 was used to determine the sample by deeming HIV as a determinant variable from literature.
Confidence level was 95%, power of study 80 at 95% confidence level, odds ratio of 2.32, and proportion of diabetes
mellitus among controls was 16.87%. A total of 261 patients were included into study, 174 controls and 87 cases (1:2
cases to controls). Controls were selected by systematic random sampling following purposive selection of cases.

Data Collection Procedure and Quality Control

A pilot-tested extraction checklist tool was developed from previous studies,''®"°

containing sociodemographic
characteristics, traumatic and medical causes of ED visit, immediate cause of death, comorbidities, and related variables.
The calculated Cronbach’s alpha from the pilot test was 0.86. Data were collected by five BSc nurses and two senior BSc

nurses who were supervised after training was given to them on the data collection tool.

Data Processing and Analysis

Following the data collection, data were rechecked for completeness and were entered into Epidata manager version 4.6. Then
a cleaned data set was transferred to SPSS versions 25 for analysis. Frequency and percentages were calculated for categorical
variables. Bivariate logistic regression was performed for dependent variables (early mortality and late mortality) to identify the
association between predictor variables. In the bivariate logistic regression, predictor variables having a P-value less than 0.25 at
95% confidence level were transferred into multivariate logistic regression to compute adjusted odds ratio. The model fitness was
checked by Hosmer-Lemeshow goodness of model fitness test. Predictors having P-value <0.05 in the multivariate logistic
regression were deemed significant associations at 95% CI.

Ethical Considerations

The ethical approval letter was obtained from Jimma University Institutional Review Board, and a support letter was
given to the CEO of the Jimma University Medical Centre to conduct the study. Then, objectives of the study were
explained to the staff of the record office. The patients’ names were not recorded in the data collection checklist.
Confidentiality of all the reviewed charts was maintained. The patient-informed consent was renounced due to the
anonymized data. This study was conducted according to Declaration of Helsinki.

Results

Socio-Demographic Characteristics of Study Participants

A total of 261 study participants (87 cases and 174 controls) were included in the study, of which 41.4% were aged
between 25-54 years, and the meantstandard deviation age of the patients was 47.6+14.6 and 42.5+12.3 for controls and
cases, respectively. Concerning the sex of the study participants, about two-thirds (65.2%) of them were males, with male

to female ratio of 1.8:1. With regard to residence area, 66.7% of patients came from rural areas, of those 28.2% died in
the first 72 hours after admission of ED (Table 1).
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Table | Socio-Demographic Characteristics Between Early and Late Mortality
Among Patients Visiting the Adult Emergency Department of Jimma Medical
Centre, Ethiopia, 2022 (n=261)

Variables Category Mortality
Early (%) Late (%) Total (%)
Age 13-24 16 (18.4) 37 (21.2) 53 (21.1)
25-54 34 (39.1) 70 (40.1) 104 (41.4)
55-64 15 (17.1) 32 (184) 47 (18.7)
265 22 (25.5) 35 (20.1) 57 (22.7)
Sex Male 57 (65.5) 113 (64.5) 170 (65.2)
Female 30 (34.4) 61 (35.1) 91 (34.8)
Occupation Government | 21 (24.1) 34 (19.5) 55 (21.1)
Student 13 (14.5) 29 (16.9) 42 (16.3)
Farmer 19 (21.8) 39 (22.4) 58 (22.3)
Merchant 20 (22.9) 50 (28.7) 70 (26.8)
Housewife 14 (16.8) 22 (12.9) 36 (14.2)
Residency Rural 14 (16.1) 13 (7.1) 27 (10.3)
Urban 73 (83.9) 161 (87.5) 234 (89.7)

Clinical Characteristics of the Study Participants

Concerning preexisting medical illnesses, 76 (29.1%) of the cases and 107 (40.1%) of the controls had comorbidities. The
majority, 66 (44%) and 84 (56%), of the cases and controls, respectively, had at least two comorbidities. The most common
comorbidity both in cases and in the control group was malignancy, which accounts for 68 (78.2%) and 123 (70.8%),
respectively. The percentage of early mortality was higher among patients with comorbidity than among those without
comorbidities. Most of the patients categorized red zone (resuscitation area) had higher late mortality, 42 (24.2%) versus 72
(82.8%) (Table 2).

Table 2 Clinical Characteristics Between Early Mortality and Late Mortality Among Patients Who Died at
Jimma Medical Centre, 2022 (n=261)

Variables Category Time of Mortality Total (%)

Early Mortality (%) | Late Mortality (%)

Number of comorbidities | None I (14.1) 67 (85.9) 78 (29.9)
One 10 (30.3) 23 (69.7) 33 (12.6)
2Two 66 (44.0) 84 (56.0) 150 (57.5)

Types of comorbidities

Diabetes mellitus Yes 29 (33.3) 81 (46.5) 92 (35.2)
No 28 (32.2) 32 (184) 169 (64.8)
Hypertension Yes 39 (41.9) 54 (58.1) 93 (35.6)
No 48 (28.6) 120 (71.4) 168 (64.4)
(Continued)
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Table 2 (Continued).

Variables Category Time of Mortality Total (%)
Early Mortality (%) | Late Mortality (%)
Cardiovascular disease Yes 24 (27.6) 14 (8.1) 62 (23.8)
No 33 (37.9) 99 (56.9) 199 (76.2)
Bronchial asthma Yes 14 (51.9) 13 (48.1) 27 (10.3)
No 73 (31.2) 161 (68.8) 234 (89.7)
HIV Yes 35 (40.2) 129 (74.1) 164 (62.8)
No 52 (59.8) 45 (25.8) 94 (36.0)
Malignancy Yes 68 (78.2) 123 (70.6) 191 (73.2)
No 19 (21.8) 51 (29.3) 70 (26.8)
Renal disease Yes 38 (43.6) 91 (52.3) 129 (49.4)
No 49 (56.3) 83 (47.7) 132 (50.6)
Smoking history Yes 27 (31.0) 36 (20.7) 155 (59.4)
No 60 (68.9) 138 (79.3) 106 (40.6)
Triage severity category Red 42 (24.2) 72 (82.8) 114 (43.6)
Orange 16 (9.1) 33 (37.9) 49 (18.7)
Yellow 15 (8.6) 42 (48.3) 57 (21.8)
Green 14 (8.1) 27 (31.0) 41 (15.7)

Immediate Causes of Mortality Among Cases and Controls
Regarding the immediate cause of early mortality, most cases, 78 (89.6%), and 77 (44.3%) controls had respiratory
failure. Fifty-four (31%) controls and 32 (36.8%) cases had cardiac failure, and 40 (56.2%) controls and 32 (44.4%) cases
had cardiac and respiratory failure. More than half of the cases 55 (29.1%) and 134 (70.9%) controls had multi-organ

failure (Table 3).

Table 3 Causes of Early and Late Mortality Among ED Patients of Jimma Medical Center, Ethiopia 2022

Variable Category Time of Mortality Total
Late Mortality Early Mortality
(=72 Hours) Controls=174 | (<72 Hour) Cases=87
Respiratory failure Yes 77 (44.3) 78 (89.6) 155 (59.4)
No 97 (55.7) 9 (10.3) 106 (40.6)
Cardiac failure Yes 54 (31) 32 (36.8) 86 (33)
No 120 (69) 55 (63.2) 175 (67)
Multi-organ failure Yes 134 (70.9) 55 (29.1) 189 (72.4)
No 40 (56.2) 32 (44.4) 72 (27.6)
(Continued)
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Table 3 (Continued).

Variable Category Time of Mortality Total
Late Mortality Early Mortality
(272 Hours) Controls=174 | (<72 Hour) Cases=87
Cardio-respiratory arrest | Yes 23 (13.2) 22 (25.3) 45 (17.2)
No 151 (86.8) 65 (74.7) 216 (82.7)
Road traffic accident Yes 54 (31) 31 (43.5) 69 (26.4)
No 120 (69) 56 (64.4) 176 (64.7)
Assault Yes 48 (27.5) 21 (75.0) 69 (26.4)
No 126 (72.4) 66 (73.5) 192 (73.6)
Fall injuries Yes 41 (23.6) 22 (25.8) 63 (24.1)
No 144 (82.7) 65 (75) 209 (80.1)
Gunshot Yes 31 (17.8) 13 (7.4) 44 (16.8)
No 70 (40.2) 74 (42.5) 144 (55.2)
Brain injury Yes 134 (77) 55 (63.2) 189 (72.4)
No 40 (23) 32 (36.8) 72 (27.6)
Chest Yes 34 (19.5) 23 (26.4) 57 (21.8)
No 140 (80.4) 64 (73.5) 204 (78.2)

This study shows that road traffic accident (RTA) was a frequent traumatic cause of early mortality in adult
emergency departments. Of the total participants, 54 (31%) cases and 31 (43.5%) controls experienced RTA, followed
by assault injuries, fall injuries, and gunshot wounds in proportions of 22 (25.8%), 21 (75%), and 13 (7.4%), respectively.
Regarding the site of the injury, head injuries accounted for 134 (77%) of controls and 55 (63.2%) of cases, chest injuries
for 34 (19.5%) of controls and 23 (26.4%) of cases, and spinal cord injuries for 13 (7.3%) of controls and 14 (16.1%) of
cases (Table 3).

Factors Associated with Adult Emergency Early Mortality

First, the bivariate logistic regression was performed for dependent variables (early mortality and late mortality) to
identify the association between predictor variables. In the bivariate logistic regression, predictor variables having
a P-value less than 0.25 at 95% confidence level were transferred into multivariate logistic regression to compute
adjusted odds ratio. The model fitness was checked by Hosmer-Lemeshow goodness of model fitness test. In the
multivariate analysis, triage score, age, head injury, respiratory failure, cardiovascular disease, and residence revealed
significant association.

Those patients triaged into the red zone were 2.3 times more likely to die early than those who were assigned to
another triage category [(AOR=2.3; 95% CI: 1.10, 5.55) P=0.001)]. Aged patients (=65 years of age) were 3.2 times
more likely to die early than their younger counterparts [(AOR=3.2; 95% CI: 1.74, 7.23) P=0.003)] (Table 4).

Additionally, patients having CVD were 4.79 times more likely to die within the first three days of adult emergency
admission compared to those who had no cardiovascular disease (AOR=4.79; 95% CI: 1.73, 13.27). Likewise, patients
who came from rural areas had a 6.57 times augmented probability of early mortality compared to those from urban areas
(AOR=6.57; 95% CI: 1.39, 31.13), and the odds of early mortality among patients who had respiratory failure were 3.2
times higher compared to their counterparts [(AOR=3.2; 95% CI: 1.04, 7.69) P=0.013)]. Moreover, the other variable
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Table 4 Bivariate and Multivariate Regression Between Early Mortality and Late Mortality Among ED Patients of

Jimma Medical Center, Ethiopia 2022

Risk Factors Category Mortality COR (95% CI) AOR (95% CI) Sig.
Late Early

Sex Male 145 50 | | 0.358
Female 29 37 3.70 (2.07, 6.63) 1.91 (0.48, 7.53)

Age 13-24 16 37 | | 0.165
25-54 34 70 0.59 (0.35, 0.99) 0.51 (0.19, 1.32)
55-64 I5 32 1.08 (0.85, 3.12) 0.86 (0.45, 4.2) 0.067
265 22 35 1.5 (1.02, 5.23) 3.2(1.7,7.23) 0.003

Triage score Red 72 42 1.2 (0.96, 3.67)* 2.3 (1.10, 5.55)** 0.001
Orange 33 16 1.3 (0.43, 2.96) 0.75 (0.33, 1.74) 0.51
Yellow 42 15 0.68 (0.38, 2.11) 0.58 (0.22, 1.0) 0.26
Green 27 14 I |

Smoking history Yes 36 27 1.73 (0.95, 3.09) 1.52 (0.56, 4.10) 0.414
No 138 60 | | |

Brain injury Mild/moderate | 134 55 1.95 (1.11, 3.42) 0.22 (0.08, 0.59) 0.003*
Severe 40 32 | | |

HIvV Yes 129 35 0.24 (0.14, 0.41) 0.56 (0.15, 2.08) 0.384
No 45 52 | |

Respiratory failure | Yes 77 80 9.07 (3.96, 20.77) 3.2 (1.04, 7.69) 0.013*
No 97 7 | | |

Diabetes mellitus Yes 29 8l 2.32 (01.36, 3.95) 0.96 (0.34, 2.68) 0.934
No 28 32 | | |

Hypertension Yes 25 34 1.82 (0.94, 3.51) 1.65 (0.53, 5.13) 0.388
No 32 79 | |

CVvD Yes 24 14 4.85 (2.65, 8.87) 4.79 (1.73, 13.27) 0.003*
No 33 99 | |

Residence Rural 13 14 2.38 (1.06, 7.53) 6.569 (1.39, 31.13) | 0.018%
Urban 161 73 | | |

Spinal cord injury | Yes 30 39 0.26 (0.14, 0.46) 1.41 (0.53, 3.71) 0.491
No 144 48 | |

Renal disease Yes 91 38 | | |
No 83 49 1.41 (0.84, 2.37) 2.89 (0.92,9.12) 0.070

Cancer Yes 123 68 1.48 (0.811, 2.716) | 0.52 (0.12, 2.19) 0.372
No 51 19 | | |

Note: *P-value <0.05 in multivariate logistic regression.
Abbreviations: COR, crude odds ratio; AOR, adjusted odds ratio; Cl confidence interval.
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that showed a significant association with early mortality was those who had mild or moderate brain injury; they were
78% less likely to die within the first three days than those who had severe brain injury (Table 4).

Discussion

During emergency department care, patients can die early (within the first 72 hours of ED presentation) or late. Even
though there are limited studies in the literature carried out in low-income countries, the causes of such death can be
multifactorial which includes presence of comorbidity, quality of healthcare services, injury, and medical illness.”*’
Thus, this study aimed to identify causes of early mortality and related factors among case and control groups.

According to the study results, regarding preexisting medical illnesses, 76 (29.1%) of the cases and 107 (40.1%) of
controls had comorbidities. The majority of them had at least two comorbidities, 66 (44%) of cases and 84 (56%) controls. Out
of these comorbidities, diabetes mellitus, hypertension, and CVD were the most common among both cases and controls. This
finding was consistent with a case control study conducted in Tehran that revealed that a majority of patients had more than one
comorbidity, and among these comorbidities cardiovascular diseases, DM, and cerebrovascular accidents were the most
common causes of early mortality.>° It was also consistent with a study conducted at Tikur Anbessa Specialized Hospital
which elucidated that more than half of the primary causes of death involved more than two co-morbidities as a secondary
cause of mortality, mainly including hypertension, diabetes, and cardiovascular disease.” However, our study finding was in
contrast to a study conducted in Nigeria which showed that cardiovascular disease was a major cause of early mortality.*' This
discrepancy might have occurred due to cardiovascular disease being a broad concept which had subdivisions with different
severity and fatality (arrhythmia can cause early death while heart failure may not).

Regarding the traumatic cause of early mortality, this study reported that RTA is a frequent traumatic cause of early
mortality in adult emergency departments, which accounts for 54 (31%) cases and 31 (43.5%) controls who experienced
RTA. This study is consistent with the findings from India that indicated that most of the traumatic causes of adult ED
admissions were RTA (36.9).** Furthermore, this study finding was consistent with a study conducted at Buganda
Medical Centre in Northwestern Tanzania which showed that road traffic accident contributes 58.8% of early mortality
among patients who visited the emergency department.”

Those patients triaged into red zone were 2.3 times more likely to die early than those who were assigned to another
triage category [(AOR=2.3; 95% CI: 1.10, 5.55) P=0.001)]. Older age and those treated in clinical specialties had higher
rates of hospitalization and death. This finding was in line with a study done on triage at the emergency department
which showed that patients in the high-priority group or red categories of triage level were 10.6 times more likely to have
early mortality than other triage categories in the emergency department (P<0.0001).'” But a surprising study done on
adult emergency department mortality at Tikur Anbessa Specialized Hospital revealed that triage category red zone
was significantly associated with decreased early emergency department mortality, AOR 0.23; 95% CI: 0.1-0.55.7 The
possible cause of this difference could be due to differences in the early intervention on patients who have life-
threatening conditions. Thus, this leads us to conclude that some cases under the red triage category were easily
reversible and treatable conditions, and/or this group of clients admitted to ED Tikur Anbessa Specialized Hospital
had got immediate intervention as required. Furthermore, in the case of our study, it indicated that even though those
patients triaged under the red triage category most probably have poor outcome, the quality of services provided for the
patient and the resource availability affect the patient to benefit from resuscitation room.

Aged patients (>65 years of age) were 3.2 times more likely to die early compared to their younger counterparts
[(AOR=3.2; 95% CI: 1.74, 7.23) P=0.003)]. It is in line with a study finding on the analysis of early mortality in the
emergency department, which stated that early mortality at the emergency department is far higher among aged patients
than among their counterparts.' It is consistent with a study done in Tehran on the cause of emergency department
mortality; this showed that patients aged over 60 years were 3.8 more likely to die early in the emergency department
compared to those in other age categories (AOR=3.8; 95% CI: 1.8-7.8; P=0.01).?° Furthermore, it is a natural fact that
aged people have compromised immune systems, thus a person with a compromised immune system cannot handle
additional diseases and/or trauma. Thus, they are highly likely to die early as compared to patients in other age
categories.
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Patients having CVD were 4.79 times more likely to die within the first 72 hours of adult emergency admission
compared to those who had no CVD (AOR=4.79; 95% CI: 1.73, 13.27). This finding was consistent with a study done at
a university hospital in Pleven which elucidated that patients having CVD were 2.3 times (AOR=2.3; 95% CI: 1.73,
13.27) more likely to die within the first 72 hours of emergency department admission compared to those who had no
CVD.° Besides, It is also consistent with a study done in Tehran on the cause of emergency department mortality that
reported that presentation with CVD complaints increase the ED early mortality by 7.3 times compared with those who
had no CVD (OR=7.3; 95% CI: 3.5-16.1; P<0.001).%°

Additionally, those patients who had mild or moderate brain injury were 78% less likely to die within the first three
days than those who had a severe brain injury. This study finding is directly in line with studies done in Ethiopia and
Kenya on the pattern and predictors of early mortality at adult emergency departments that showed or reported that
emergency department early mortality is less likely among those who have no severe brain injury by 73% and 83%,
respectively.”'® It is also consistent with a study conducted in Addis Ababa, which revealed that severe head injury is the
most common cause of early death among ED patients.” Additionally, this study's finding was consistent with a study
conducted in Tehran which showed that patients with severe brain injury were 4.6 times (AOR=4.6; 95% CI: 2.0-13.2;
P<0.001) more likely to die early in the emergency department compared to their counterparts.*’

Strengths and Limitations of the Study

This study attempted to generalize causes of early mortality compared with late mortality by a case control study design
that identified which patients had benefited from emergency department care even though quality of care matters to the
survival of the patients. As the study site was the largest referral hospital in the south west part of the country, this study
was a single-center study.

Conclusions

Early mortality at the emergency department was significantly revealed among patients having CVD, comorbidity, and
road traffic accident. Respiratory and cardiac failures were the most common cause of early death among patients that
visited the emergency department. Being aged, having a severe head injury, having CVD, having respiratory failure, and
rural residence were associated with increased early mortality at an emergency department. In addition, the quality of
service in the resuscitation room should be improved, since most deaths occurred among those triaged under the red
triage category.

Data Sharing Statement

Data will be available upon request from the corresponding author.
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