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Background: Falls are a major public health problem in the older adults that can lead to poor clinical outcomes. There have been few
reports on the short-term prognoses of older critically ill patients, and so we sought to determine the impact of falls on elderly patients
in intensive care units (ICUs).

Patients and Methods: This retrospective study of 4503 patients (aged 65 years or older) analyzed data in the Medical Information
Mart for Intensive Care-III critical care database. Of those, 2459 (54.6%) older adults are males, and 2044 (45.4%) older adults are
females. Based on information from the medical care record assessment forms, patients were classified into the following two groups
based on whether they had a fall within the previous 3 months: falls (n=1142) and nonfalls (n=3361). The primary outcomes of this
study were 30- and 90-day mortality. Associations between the results of the Kaplan-Meier (KM) survival analysis, Cox proportional-
hazards regression models, and subgroup analysis and its outcomes were analyzed using stabilized inverse probability treatment
weighting (IPTW).

Results: KM survival curves with stabilized IPTW indicated that 30- and 90-day survival rates were significantly lower in elderly
critically ill patients with a history of falls within the previous 3 months than in those patients without a history of falls (all p<0.001).
Multivariate Cox proportional-hazards regression analysis indicated that 30- and 90-day mortality rates were 1.35 times higher (95%
confidence interval [CI]=1.16-1.57, p<0.001) and 1.36 times higher (95% CI=1.19-1.55, p<0.001), respectively, in elderly critically ill
patients with a history of falls within the previous 3 months than in those patients without a history of falls.

Conclusion: Experience of falls within the previous 3 months prior to ICU admission increased the risk of short-term mortality and
affected the prognoses of elderly patients. Falls should therefore receive adequate attention from clinical healthcare providers and
management decision-makers.
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Introduction

Falls are an unexpected event that cannot be controlled by the individual. They are sudden, involuntary, and unintentional
changes in the position of the patient, who fall to the ground or to a plane lower than the original position." Falls and
post-fall-related injuries are a common and growing public health problem among the older adults.>* Studies*’ have
found that one-third of those older adults than 65 years fall and half of those older adults than 80 years fall at least once
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a year; multiple falls occur in about 4% of the older population and are a common cause of disability and death in this
population.® The high incidence and significant cost of falls in older adults places a heavy economic and disease burden
on both the patients themselves and healthcare systems, and is a significant cause of unintentional injury in older adults
that can lead to poor clinical outcomes and disruption of the health status.” "'

The US seniors population is projected to increase by 55% between 2015 and 2030,'*"3 and is projected to account
for one-fifth of the US population, or an estimated 84 million seniors older than 65 years by 2050."* Although falls are
considered preventable,'® as society ages, unintentional falls will become a more-significant healthcare problem with
a high incidence in older adults. This will undoubtedly affect the quality of life of patients, increase the cost of care for
healthcare providers, and increase the burden on family caregivers.”'>"'7 It is therefore important to study the incidence
of falls, especially among older adults, and the study of falls and post-fall-related hazards in older adults is of great
importance for clinical practice and management decision-making.

Previous scientific literatures that we were aware of have mostly focused their attention on falls among elderly
patients in general wards or those living in the community/with family, with fewer studies focusing on the short-term
survival of critically ill elderly patients with a history of falls within the previous 3 months. Considering the clinical
complexity and serious consequences of history of falls in elderly patients in intensive care units (ICUs), this study
explored the relationship between falls and short-term mortality in critically ill elderly patients using a retrospective
cohort based on a review of globally shared third-party intensive care data, with the aim of providing guidance for
clinical diagnosis and care decisions. Based on previous research'®'® and our clinical experts, we presented a basic
hypothesis that older patients with a history of falls in the previous 3 months have a higher mortality rate than those
without a history of falls.

Materials and Methods
Database

This study was a retrospective cohort study based on a medical intensive care database in the US. The study data were
obtained from the Medical Information Mart for Intensive Care-III (MIMIC-III) database.? This public database,
primarily compiled by researchers at the Computational Physiology Laboratory and collaborative research groups of
Massachusetts Institute of Technology, contains real medical and nursing care data of inpatients hospitalized at tertiary
academic medical centers in Boston (Massachusetts, US). The database system includes all-round diagnoses, and
treatment- and nursing-related information, such as demographic application statistics, accurate measurement of bed-
side vital signs, laboratory test indexes, procedure flows, drug use, caregiver notes, imaging reports, and mortality data
(including in-hospital deaths and out-of-hospital follow-ups).>' The database was designed to support various studies in
healthcare and is particularly well suited for retrospective cohort study analyses in the area of critical care medicine and
nursing because it contains information on out-of-hospital patient deaths. All data are available on the official
PhysioNet website (https://mimic.physionet.org/) through extracting the relevant code, and this study is fully

reproducible.

Ethics Statement

This study adhered to the provisions of the Declaration of Helsinki, and ethics approval was provided by the Ethics
Committee and Institutional Review Board of the First Affiliated Hospital of Jinan University. In addition, we received
permission to access the database after completing the “Protecting Human Research Participants” web-based training
program from the National Institutes of Health (record ID: 45369280). According to the Health Insurance Portability and
Accountability Act (HIPAA), patients in MIMIC-III were de-identified by removing sensitive information and obfuscated
their admission year. Accordingly, the need for informed consent was waived. One of the authors (Hongtao Cheng)
completed required online training and signed related agreement before accessed the restricted databased.*” Data storage
and evaluation were performed by different teams, and all information was approved by the Massachusetts Institute of
Technology (Cambridge, MA) and Beth Isracl Deaconess Medical Center (Boston, MA). Therefore, this study was an
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analysis of the third party anonymized publicly available database with pre-existing institutional review board (IRB)
approval.

Study Population

In this study, the history of falls within the previous 3 months was the primary classification, considering whether the
patient had fallen within 3 months as the primary exposure factor. This information was extracted from the MIMIC-III
database using the “chartevents” form with code 227341. It was obtained from the admission or previous health history
of critically ill patients assessed by nurses or other clinical workers. Based on the fall histories of the patients, we could
ecasily divide the study population into two study cohorts: one group of those who had fallen within the previous
3 months and another group who had not. The group of older adults who had fallen within the previous 3 months may
include two subgroups of patients in this study: those admitted to ICU due to fall-related injuries and those admitted to
ICU for reasons other than fall-related injuries.

The 17,523 unique patients whose care assessment information had a history of falls within the previous 3 months
(“itemid”=227341) were selected by reviewing their existing event record forms in the MIMIC-III database. The
exclusion criteria were patients (i) <65 years old, (ii) with an ICU stay of <1 day (including those who died at their
ICU admission), (iii) not admitted to the ICU for the first time, and (iv) with missing height or weight records.
Ultimately, 4503 patients were enrolled in the study (Figure 1). Data were collected from the MetaVision data collection
system. This database recorded detailed patient admissions during 2008-2012, and all patients within were followed up
for a minimum of 90 days.

Data Extraction

This study used Structured Query Language® to extract the following data from the MIMIC-III database: age, sex, race,
ICU length of stay (LOS), body mass index (BMI), Sequential Organ Failure Assessment (SOFA) score,”* Glasgow
Coma Scale (GCS) score,” Acute Physiology Score-III (APS-III),*® Braden Scale (BS) score,”’ prothrombin time (PT),
use of vasopressin and mechanical ventilation, renal replacement therapy (RRT), and comorbidities including sepsis,
metastatic cancer, congestive heart failure, water-electrolyte disturbances, and renal failure. The database also includes
information on patient deaths (in-hospital, 30-day, and 90-day deaths), liver diseases, paralysis, coagulopathy, diabetes,
hypertension, and depression. The database is privacy-protected for the elderly, and the age of patients older than
89 years is listed as 300 years. We replaced these values with a median age of 91.5 years for these patients. The critical-
illness-related scores were extracted on the first day of ICU admission. As for the laboratory test indicators, we chose the

17,523 unique admission records about “history of
falls (within 3 months)” in MIMIC-III database

13,020 admissions were excluded:
8,377 patients younger than 65years;
1,148 patients with an ICU stay of <1 day;
314 patients who had multiple admissions other than the first ICU admission;
3,181 patients with missing height and weight records.

4,503 patients (aged 65 years or older)
included in this study

History of falls (within 3 months) Non-history of falls (within 3 months)
n=1142 n=3361

Data analysis methods:
Inverse probability of treatment weighting(IPTW);
Kaplan-Meier Curve;
Cox proportional hazards regression and logistic regression;
Subgroup analysis

Figure | Inclusion and exclusion flowchart of the study.
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mean values on the first day of ICU admission. These extracted variables were considered covariates in the data analysis,
and we adjusted them using stabilized inverse probability treatment weighting (IPTW), multivariate models, and
subgroup analyses. We extracted all variables with no more than 15% missing values, and used the multiple interpolation
(MI) method to process missing data.”®

Outcomes

The primary outcomes of interest in this study were 30- and 90-day all-cause mortality rates. Survival times were
obtained by subtracting the ICU admission time (“intime”) of the patients from their date of death (“dod”). Patients who
survived at the end of the follow-up period (30 or 90 days) or with an ICU stay longer than 30 or 90 days were defined as
the 30- or 90-day review; otherwise patients were defined as having a mortality status. The secondary outcomes were
patient in-hospital mortality and prolonged ICU length of stay. ICU length of stay was calculated by the difference
between ICU discharge time (“outtime”) and ICU admission time (“intime”). There is currently no universally accepted
definition of a prolonged ICU length of stay.”’ In the present study, patients with an ICU length of stay longer than 6.0
days (corresponding to the 75th percentile of the ICU length of stay in the sample) were defined as having an prolonged
ICU length of stay.

Statistical Analysis

Characteristics of baseline information for all patients (aged 65 years or older) were grouped according to whether the
patient had experienced a fall during the previous 3 months. Continuous variables that conformed to a normal distribution
were expressed as mean and SD values, while other continuous variables were expressed as medians with 25th—75th
percentiles. Differences between groups were determined using independent-sample #-tests or Wilcoxon rank-sum tests for
continuous variables, and chi-square tests for qualitative variables. The balance between the cohort populations in this study
was assessed by standardized differences in all baseline covariates, with a threshold of >0.1 indicating an imbalance.**

Kaplan-Meier (KM) survival analysis and Cox proportional-hazards regression models were used to compare the
correlations between 30- and 90-day mortality rates in the two patient groups. A Log rank test was used to compare the
survival distributions of the two groups, with p<0.05 indicating a significant difference. To adjust for baseline patient
characteristics between the two groups to make them comparable between the two study populations, a stabilized IPTW
method was used for balance.’' This method is based on propensity scores and statistically adjusts the weights of all
observed subjects (exposed and unexposed groups combined) as a “standard population” to control for population
differences between groups as much as possible.*> The weighting is adjusted statistically for differences between groups.
The weighting in the present study was performed according to the algorithm proposed by Hernan et al*> which is
a modification of the calculation method of Robins et al.** Hernan et al added the treated and untreated rates of the entire
study population to the formula to obtain stable weights, and the calculated dummy population was comparable to the actual
population, and stabilized IPTW could reduce the occurrence of false positives. To control for potential confounders, hazard
ratios (HR) and 95% confidence intervals (CIs) were calculated using multifactorial Cox regression and inverse-probability
-weighted posterior Cox regression. Multifactorial logistic regression and inverse-probability-weighted posterior logistic
regression were used to analyze the association between fall history within the previous 3 months and the secondary
outcomes of in-hospital mortality and prolonged ICU length of stay. A multifactorial logistic regression model was used,
and potential confounders were selected as the covariates for the regression model.

A subgroup analysis was performed in this study to analyze 90-day survival under all subgroups for eleven variables:
sex, age, treatment and medication (RRT and mechanical ventilation use), comorbidities (sepsis, hypertension, liver
diseases, congestive heart failure and diabetes), critical-illness-related rating scales (GCS), and BMI.

All data were statistically analyzed and processed using R software (version 4.2.0, https://www.r-project.org/). MI

was performed using the “mice” package, descriptive analysis and comparison of differences between groups were
performed using the “tableone” package, stabilized IPTW was performed using the “IPWsurvival” package, KM survival
analysis and Cox proportional-hazards regression model were performed using the “survival” package, and multifactor
logistic regression analysis was performed using the “rms” package. Probability values of p<0.05 were considered
statistically significant.
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Results
Baseline Data of the Study Population

This study selected 4503 patients (aged 65 years or older) for whom comprehensive information was available. Of those,
2459 (54.6%) older adults are males, and 2044 (45.4%) older adults are females. The population was divided into two
groups according to whether they had fallen within the previous 3 months: falls (n=1142) and nonfalls (n=3361). Before
weighting, baseline information was unbalanced between the two groups in terms of age, sex, GCS score, BMI, APSIII,
mechanical ventilation, sepsis, congestive heart failure, hypertension, paralysis, renal failure, liver diseases, water-
electrolyte disturbances, and depression (p<0.05). Older adults with a history of falls in the previous three months
were older than those not (79.21 years vs 76.57 years, p<0.001). After correcting these covariates using stabilized IPTW,
baseline levels were comparable between the two patient groups. There were no significant differences (p>0.05) and the
standardized mean difference was <0.1 in both groups (Table 1 and Figure 2).

Table | Baseline Characteristics of the Study Population

Variable Level Unmatched Stabilized IPTW
Group | Group 2 P-value Group | Group 2 P-value
n 3361 1142 3369.27 1122.97
Age, years (meanzSD) 76.57+7.42 79.21£7.99 <0.001* 77.28+7.60 77.48+7.90 0.503
GCS (mean+SD) 13.29+£3.30 13.00£3.17 0.008* 13.2243.34 13.19£3.03 0.840
APS-Ill (mean£SD) 46.02+20.61 | 50.90+20.57 | <0.001* 47.38+21.03 48.29+20.14 0.226
SOFA (mean%SD) 5.03+3.07 4.87+3.15 0.121 4.99+3.08 5.01+3.21 0.877
PT, sec (mean*SD) 16.45+7.03 16.73£7.17 0.237 16.54+7.15 16.70£7.14 0.537
BS (meanxSD) 14.16+2.50 14.06+2.31 0.238 14.15£2.48 14.22+2.39 0.443
Sex (%) Male 1922 (57.2) 537 (47.0) <0.001* 1842.1 (54.7) 619.5 (55.2) 0.787
Female 1439 (42.8) 605 (53.0) 1527.2 (45.3) 503.4 (44.8)
Race (%) White 2649 (78.8) 927 (81.2) 0.221 2672.1 (79.3) 880.4 (78.4) 0.923
Black 194 (5.8) 65 (5.7) 194.7 (5.8) 68.7 (6.1)
Hispanic 6l (1.8) 22 (1.9) 62.4 (1.9) 19.8 (1.8)
Other 457 (13.6) 128 (11.2) 440.0 (13.1) 154.1 (13.7)
BMI, kg/m?(%) Underweight 92 (2.7) 59 (5.2) <0.001 111.8 (3.3) 39.1 (3.5) 0.995
Normal weight 1008 (30.0) 405 (35.5) 1059.2 (31.4) 352.6 (31.4)
Overweight 1279 (38.1) 377 (33.0) 1239.0 (36.8) 410.8 (36.6)
Obese 982 (29.2) 301 (26.4) 959.3 (28.5) 320.6 (28.5)
RRT (%) No 3141 (93.5) 1062 (93.0) 0.639 3143.3 (93.3) | 1040.5 (92.7) 0.504
Yes 220 (6.5) 80 (7.0) 226.0 (6.7) 82.4 (7.3)
Ventilation use (%) No 1039 (30.9) 542 (47.5) <0.001* 1192.0 (35.4) 409.3 (36.4) 0.533
Yes 2322 (69.1) 600 (52.5) 2177.2 (64.6) 713.7 (63.6)
Vasopressin use(%) No 3136 (93.3) 1068 (93.5) 0.855 3144.4 (93.3) | 1044.6 (93.0) 0.746
Yes 225 (6.7) 74 (6.5) 224.8 (6.7) 784 (7.0)
Sepsis (%) No 2995 (89.1) 980 (85.8) 0.003* 2970.2 (88.2) 984.7 (87.7) 0.682
Yes 366 (10.9) 162 (14.2) 399.1 (11.8) 138.3 (12.3)
Congestive heart failure (%) No 2147 (63.9) 685 (60.0) 0.02* 2109.9 (62.6) 673.3 (60.0) 0.143
Yes 1214 (36.1) 457 (40.0) 1259.4 (37.4) 449.7 (40.0)
Hypertension (%) No 766 (22.8) 335 (29.3) <0.001* 825.5 (24.5) 279.9 (24.9) 0.784
Yes 2595 (77.2) 807 (70.7) 2543.8 (75.5) 843.1 (75.1)
Paralysis (%) No 3273 (97.4) 1075 (94.1) <0.001* | 325I.1 (96.5) | 1081.8 (96.3) 0.796
Yes 88 (2.6) 67 (5.9) 118.2 (3.5) 41.1 (3.7)
Diabetes (%) No 2482 (73.8) 850 (74.4) 0.727 2492.6 (74.0) 822.1 (73.2) 0.642
Yes 879 (26.2) 292 (25.6) 876.7 (26.0) 300.9 (26.8)
Renal failure (%) No 2589 (77.0) 821 (71.9) 0.001* 2545.1 (75.5) 840.2 (74.8) 0.645
Yes 772 (23.0) 321 (28.1) 824.1 (24.5) 282.8 (25.2)
(Continued)
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Table 1 (Continued).

Variable Level Unmatched Stabilized IPTW
Group | Group 2 P-value Group | Group 2 P-value
Liver diseases (%) No 3154 (93.8) 1051 (92.0) 0.04* 3146.6 (93.4) | 1047.3 (93.3) 0.882
Yes 207 (6.2) 91 (8.0 222.7 (6.6) 75.7 (6.7)
Metastatic cancer (%) No 3193 (95.0) 1075 (94.1) 0.288 3192.9 (94.8) | 1064.9 (94.8) 0.930
Yes 168 (5.0) 67 (5.9) 176.4 (5.2) 58.0 (5.2)
Coagulopathy (%) No 2880 (85.7) 976 (85.5) 0.890 2885.5 (85.6) 965.9 (86.0) 0.772
Yes 481 (14.3) 166 (14.5) 483.8 (14.4) 157.1 (14.0)
Water-electrolyte disturbances (%) No 2161 (64.3) 606 (53.1) <0.001* | 2057.4 (61.1) 660.3 (58.8) 0.210
Yes 1200 (35.7) 536 (46.9) 1311.9 (38.9) | 462.6 (41.2)
Depression (%) No 3015 (89.7) 967 (84.7) <0.001* | 2977.2 (88.4) 990.5 (88.2) 0.883
Yes 346 (10.3) 175 (15.3) 392.1 (11.6) 132.5 (11.8)

Notes: *Stands for p value<0.05. group | stands for older adults without history of falls (within the previous 3 months); group 2 stands for older adults with history of falls
(within the previous 3 months); Obesity was defined according to the World Health Organization (WHO) as BMI = 30 kg/m?, overweight as 25 <BMI < 30 kg/m?, normal
weight as 18.5 <BMI < 25 kg/m?, and underweight as <18.5 kg/m2.

Abbreviations: BMI, body mass index; GCS, Glasgow Coma Score; APS-lI, acute physiology score-lll; SOFA, sequential organ failure assessment; PT, prothrombin time; BS,
Braden score; RRT, renal replacement therapy; IPTVY, inverse probability of treatment weighting.

Primary and Secondary Outcomes

The population in this study had in-hospital, 30-day, and 90-day all-cause mortality rates of 14.3%, 17.7%, and 23.7%,
respectively. The median length of ICU stay was 3 days (25th percentile=1.7 days, 75th percentile=6 days). The
results of chi-square and nonparametric tests indicated that there were significant differences (p<0.05) in in-hospital,
30-day, and 90-day all-cause mortality rates, and ICU length of stay between two groups (Table 2). Patients aged 65
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Table 2 Baseline Characteristics of the Primary/Secondary Study Outcomes

Overall (n=4503) Group | (n=3361) Group 2 (n=1142) P- value
In-hospital mortality(%) <0.001*
Yes 646(14.3) 417(12.4) 229(20.1)
No 3857(85.7) 2944(87.6) 913(79.9)
30-day mortality (%) <0.001*
Yes 798(17.7) 504(15.0) 294(25.7)
No 3705(82.3) 2857(85.0) 848(74.3)
90-day mortality (%) <0.001*
Yes 1067(23.7) 676(20.1) 391(34.2)
No 3436(76.3) 2685(79.9) 751(65.8)
ICU length of stays(days) <0.001*
Pso (Pas, P7s) 3.0(1.7, 6.0) 2.9(1.5, 5.4) 3.4(2.0,7.2) <0.001*
Prolonged ICU stays (%) 1126(25.0) 766(22.8) 360(31.5)
No(%) 3377(75.0) 2595(77.2) 782(68.5)

Notes: *Stands for P-value<0.05. group | stands for older adults without history of falls (within the previous 3 months); group 2 stands
for older adults with history of falls (within the previous 3 months); Prolonged ICU stays mean patients with an ICU length of stay longer
than 6 days (corresponding to the 75th percentile of the ICU length of stay in the sample).

Abbreviation: ICU, intensive care unit.

years or older with a history of falls in the previous three months had higher in-hospital, 30-day, and 90-day all-cause
mortality rates, and ICU length of stay than those not. In addition, chi-square tests indicated that females had a higher
mortality rate at 90 days after a fall compared with males in this study (25.8% vs 21.9%, p=0.002) (Supplementary
Table 1).

Kaplan-Meier Survival Analysis

KM survival curves indicated differences in the survival probability between older critically ill patients (aged 65 years or
older) with a history of falls within the previous 3 months and those without a history of falls (p<0.001). The probabilities
of 30-day (Figure 3A) and 90-day (Figure 3B) survival were lower older critically ill patients (aged 65 years or older)
with a history of falls than in those without a history of falls. Using stabilized IPTW to correct the KM survival curves,
the results remained consistent with the original population, with the differences remaining significant (p<0.001). Older
critically ill patients (aged 65 years or older) with a history of falls had lower survival probabilities at both 30 and 90
days (Figure 3C and D).

Cox Proportional-Hazards Regression
This study used Cox proportional-hazards regression models to compare the 30- and 90-day all-cause mortality rates of
the two patient groups (aged 65 years or older). Univariate Cox regression analysis (Table 3) indicated that the HRs for
30- and 90-day mortality in older critically ill patients with a history of falls within the previous 3 months were 1.83
(95% CI=1.59-2.12) and 1.86 (95% CI=1.64-2.11), respectively, which differed significantly from those of older
critically ill patients without a history of falls (both p<0.001), demonstrating that a history of falls within the previous
3 months is a risk factor for short-term mortality in critically ill elderly patients. Potential confounding factors included
age, sex, race, BMI, SOFA score, GCS score, Braden score, APSIII, RRT, vasopressin use, ventilation use, PT, sepsis,
metastatic cancer, congestive heart failure, water-electrolyte disturbances, renal failure, liver diseases, paralysis, coagulo-
pathy, hypertension, diabetes, and depression. Statistical analysis indicated that compared with elderly critically ill
patients without a history of falls within the previous 3 months, the HRs for 30- and 90-day mortality in those with
a history of falls within the previous 3 months were 1.35 (95% CI=1.16-1.57) and 1.36 (95% CI=1.19-1.55),
respectively, after correcting for these confounders (both p<0.001).

We also used a stabilized IPTW method to verify the stability of the findings by calculating a stable weight to put into
the model using R software. The weighted results indicated that the HRs for 30- and 90-day mortality in elderly critically
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Figure 3 Kaplan-Meier survival curves between groups. P-value calculated by Log rank test <0.0001 showed elderly critically-ill patients group with a history of falls (within 3
months) group had lower (A) Represented the survival probability in 30-day(unadjusted). (B) Represented the survival probability in 90-day(unadjusted). (C) Represented
the survival probability in 30-day (adjusted by Stabilized Inverse Probability of Treatment Weighting). (D) Represented the survival probability in 90-day (adjusted by
Stabilized Inverse Probability of Treatment Weighting).

ill patients with a history of falls within the previous 3 months were 1.52 (95% CI=1.30-1.78) and 1.54 (95% CI=1.34—
1.76), respectively, compared with those patients without a history of falls (both p<0.001). The findings were consistent
with the Cox multivariate adjusted-covariate analysis. The results demonstrated that a history of falls within the previous
3 months is an independent risk factor for poor short-term prognosis in critically ill elderly patients.

Logistic Regression Analysis

This study used a logistic regression analysis model to compare the in-hospital mortality and prolonged ICU stays of the two
patient groups (aged 65 years or older). Univariate logistic regression analysis (Table 3) indicated that the ORs of in-hospital
mortality and prolonged ICU stay in elderly critically ill patients with a history of falls within the previous 3 months compared
with those without a history of falls were 1.77 (95% CI=1.48-2.11) and 1.56 (95% CI=1.34-1.81), respectively (both p<0.001),
demonstrating that a history of falls within the previous 3 months is a significant risk factor for in-hospital death and prolonged
ICU stay in critically ill older patients. Potential confounding factors were controlled for using multifactorial logistic regression.
After correcting for confounders, the analysis indicated that the ORs for in-hospital mortality and prolonged ICU stay in
critically ill elderly patients with a history of falls within the previous 3 months compared with those without were 1.54 (95%
CI=1.24-1.91) and 1.84 (95% CI=1.54-2.21), respectively (both p<0.001). We also used a stabilized [IPTW method to verify
the stability of these findings. The weighted results indicated that the ORs of in-hospital mortality and prolonged ICU stay in
elderly critically ill patients with a history of falls within the previous 3 months compared with those without were 1.58 (95%
CI=1.33-1.89) and 1.85 (95% CI=1.60-2.14), respectively (both p<0.001). These findings were consistent with those of the
logistic multivariate adjusted-covariate analysis. The results demonstrated that a history of falls within the previous 3 months is
an independent risk factor for in-hospital death and prolonged ICU stay in critically ill elderly patients.
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Table 3 HRs/ORs (95% Cls) for Primary/Secondary Study Outcomes

Group | Group 2 P-value
HRs/ORs (95% Cls)

30-day mortality
Unadjusted Reference 1.83 (1.59, 2.12) <0.001*
Adjusted Reference 1.35 (1.16, 1.57) <0.001*
Stabilized IPTW Reference 1.52 (1.30, 1.78) <0.001*
90-day mortality
Unadjusted Reference 1.86 (1.64, 2.11) <0.001*
Adjusted Reference 1.36 (1.19, 1.55) <0.001*
Stabilized IPTW Reference 1.54 (1.34, 1.76) <0.001*
In-hospital mortality®
Unadjusted Reference 1.77 (1.48, 2.11) <0.001*
Adjusted Reference 1.54 (1.24, 1.91) <0.001*
Stabilized IPTW Reference 1.58 (1.33, 1.89) <0.001*
Prolonged ICU stays®
Unadjusted Reference 1.56 (1.34, 1.81) <0.001*
Adjusted Reference 1.84 (1.54, 2.21) <0.001*
Stabilized IPTW Reference 1.85 (1.60, 2.14) <0.001*

Notes: 3 Cox proportional hazards regression models were used to calculate hazard ratios (HRs)
with 95% confidence intervals (Cls). *Logistic regression models were used to calculate odds ratios
(ORs) with 95% confidence intervals (Cls). *Stands for p value<0.05; IPTW stands for inverse
probability of treatment weighting; group | stands for older adults without history of falls (within
the previous 3 months); group 2 stands for older adults with history of falls (within the previous 3
months); Model | was unadjusted. Model 2 was adjusted for age, sex, race, BMI, SOFA, GCS, Braden
score, APS-lll, renal replacement therapy, asopressin use, ventilation use, prothrombin time, sepsis,
metastatic cancer, congestive heart failure, water-electrolyte disturbances, renal failure, liver diseases,
paralysis, coagulopathy, hypertension, diabetes and depression. Model 3 used stabilized inverse
probability of treatment weighting to adjust for confounders.

Subgroup Analysis

Patients in both groups were further analyzed according to sex, age, treatment and medication (RRT and mechanical
ventilation use), comorbidities (sepsis, hypertension, liver diseases, congestive heart failure and diabetes), critical-illness-
related rating scales (GCS), and BMI. KM survival analysis was used to compare the 90-day survival probabilities of the
two study groups according to different subgroups, and the results were presented as forest plots. The forest plots
provided a clear and concise summary of the differences in 90-day survival rates for the populations in each subgroup.
For 90-day survival, there was no significant difference in survival between the two populations when RRT was used,
sepsis was present, liver diseases were present, and the BMI was <18.5 kg/m* (Figure 4). We found an interesting fact
that the 90-day survival rates were higher in overweight or obese elderly critically ill patients than in underweight
individuals. In addition, for all older adults, multivariate Cox proportional-hazards regression analysis indicated that
compared with underweight older patients, the HRs for overweight and obese (90-day mortality) in older adults were
0.71(95% CI=0.53 — 0.95, p=0.021) and 0.69 (95% CI=0.51 — 0.94, p=0.017), respectively (Supplementary Table 2).

Discussion

Considering that falls are strongly associated with short-term prognoses in critically ill elderly patients, this study
conducted a retrospective population-based cohort study of 4503 critically ill patients (aged 65 years or older) selected
from a large intensive care database and investigated the effect of a history of falls within the previous 3 months on short-
term prognoses and ICU length of stay in these patients. Stabilized inverse-probability-weighted KM curves indicated
that the in-hospital and 30- and 90-day mortality rates were significantly higher in elderly patients who had fallen in the
previous 3 months than in those who had not fallen. After correcting for potential confounders, multifactorial Cox

proportional-hazards regression analysis indicated that compared with elderly critically ill patients without a history of
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Forest plot for subgroup analysis (based on survival rates)

@ Older adults with history of falls (within 3 months) @ Older adults without history of falls (within 3 months)

Characteristics ___Number (%) __Death ___________________________________ 90days-OS (Group?) @ 90days-OS (Groupl) ___P__
All patients 4503 1,067 - - 66% (63%, 69%) 80% (79%, 81%) <0.001
Sex

Male 2459 (54.61) 539 e 67% (63%, 71%) 81% (79%, 83%) <0.001
Female 2044 (45.39) 528 o 65% (61%, 69%) 78% (76%, 80%) <0.001
Age

Age<75 1908 (42.37) 329 — 70% (66%, 75%) 86% (84%, 88%) <0.001
Agez75 2595 (57.63) 738 == 64% (60%, 67%) 75% (73%, T7%) <0.001
RRT

No 4203 (93.34) 916 = 67% (64%, 70%) 82% (81%, 83%) <0.001
Yes 300 ( 6.66) 151 jgre——— 50% (40%, 62%) 50% (43%, 57%) 0.955
Ventilation

No 1581 (35.11) 360 I 74% (70%, 77%) 79% (77%, 82%) 0.011
Yes 2922 (64.89) 707 — "~ 59% (55%, 63%) 80% (79%, 82%) <0.001
Sepsis

No 3975 (88.27) 785 i 70% (67%, 73%) 84% (82%, 85%) <0.001
Yes 528 (11.73) 282 e 43% (36%, 51%) 48% (44%, 54%) 0.102
Hypertension

No 1101 (24.45) 303 T e 62% (57%, 68%) 77% (74%, 80%) <0.001
Yes 3402 (75.55) 764 = e 67% (64%, 70%) 81% (79%, 82%) <0.001
Liver diseases

No 4205 (93.38) 923 = ra 67% (64%, 70%) 82% (80%, 83%) <0.001
Yes 298 (6.62) 144 e — 49% (40%, 61%) 53% (46%, 60%) 0.632
CHF

No 2832 (62.89) 5Ia - 67% (64%, 71%) 84% (82%, 85%) <0.001
Yes 1671 (37.11) 492 == 64% (60%, 68%) 73% (71%, 76%) <0.001
Diabetes

No 3332 (74.00) 784 U 67% (64%, 70%) 80% (78%, 81%) <0.001
Yes 1171 (26.00) 283 = ot 63% (57%, 68%) 80% (78%, 83%) <0.001
GCS

GCS>12 3640 (80.83) 779 e 70% (67%, 73%) 81% (80%, 83%) <0.001
GCS=12 863 (19.17) 288 F“ﬁ . 53% (47%, 59%) 73% (69%, 76%) <0.001
BMI(kg/m2)

BMI<18.5 151 (3.35) 59 P 54% (43%, 69%) 65% (56%, 76%) 0.17
18.5=BMK25 1413 (31.38) 421 e 62% (57%, 67%) 74% (71%, 76%) <0.001
25<BMKZ30 1656 (36.78) 333 " 68% (63%, 73%) 84% (81%, 86%) <0.001
BMI=30 1283 (28 .49) 254 —— 71% (66%. 76%) 83% (81%. 85%) <0.001

T

T

o
T

!
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90-days survival rates of patients in each subgroup(%)

Figure 4 Forest plot for subgroup analysis in 90-day survival rates.
Abbreviations: OS, overall survival; BMI, body mass index; GCS, Glasgow Coma Score; CHF, Congestive heart failure; group |, older adults without history of falls (within
3 months); group 2, older adults with history of falls (within 3 months).

falls, the HRs for 30- and 90-day mortality in those patients with a history of falls within the previous 3 months were 1.35
(95% CI=1.16-1.57, p<0.001) and 1.36 (95% CI=1.19-1.55, p<0.001), respectively. Multifactorial logistic regression
analysis indicated that the ORs of in-hospital mortality and prolonged ICU stay in elderly critically ill patients with
a history of falls within the previous 3 months compared with those without a history of falls were 1.54 (95% CI=1.24—
1.91, p<0.001) and 1.84 (95% CI=1.54-2.21, p<0.001), respectively.

The present results are similar to those of many previous studies,*>>>’

although the subjects of those studies were
elderly in general wards or the community. The possible reason for the results were that falls can lead to fractures, soft tissue

injuries, brain injuries, and hip fractures, which can greatly affect the physical and mental health of older adults.*®*°

Anxiety and fear after a fall can reduce the physical mobility of older adults, restricting their range of motion and decreasing
their quality of life and self-confidence in their activities of daily living.*' For critically ill patients, previous research*?**
found that early mobilization could improve the patient’s respiratory function, increase central and peripheral blood
perfusion, promote muscle metabolism, and also boost the patient’s confidence in overcoming the disease. Anxiety and
fear after a fall can impact on early mobilization of patients, which may be related to a high mortality. In addition, due to the

45,46

special clinical characteristics of the older adults, the combined effects of various underlying diseases, physical and

mental changes associated with aging, medication use, and the unfamiliar environment of ICUs can result in even
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a relatively minor fall having serious clinical consequences for the patient, resulting in poor short-term prognoses and
prolonged ICU stays.

Quantifying fall mortality rates in different subgroups of the population can help to identify the medical care needs of these
populations and to develop appropriate prevention programs for specific target groups. A subgroup analysis was therefore
performed on the two patient groups in this study. Previous studies'"*”*® have found that more females than males die from
falls. We also drew the same conclusion: females had a higher mortality rate at 90 days after a fall compared with males
(25.8% vs 21.9%, p=0.002). This may be related to the larger amount of sex hormones and higher incidence of osteoporosis in
female patients. The results of the subgroup analysis indicated that 90-day survival was less likely in the falls group than in the
nonfalls group in both males (67% vs 81%, p<0.001) and females (65% vs 78%, p<0.001). This findings suggests that clinical
practitioners need to pay equal attention to male and female patients who experience falls in the previous three months. We
divided the study population into four categories according to patient BMI:* underweight (BMI <18.5 kg/m?), normal weight
(18.5 <BMI < 25 kg/m?), overweight (25 <BMI < 30 kg/m?), and obese (BMI >30 kg/m?). The 90-day survival rates were
higher in overweight or obese elderly critically ill patients than in underweight individuals. A possible reason is that critically
ill patients have accelerated fat mobilization and reduced fat stores when fat becomes the main source of energy in the body
during stressful conditions such as trauma, and overweight patients can use their stored fat to resist this adverse effect.’® The
present study also found a lower GCS score (<12) on the first day of ICU admission in patients who fell compared with those
who did not, which suggests a lower 90-day survival rate (53% vs 73%, p<0.001). This finding could help medical caregivers
to identify high-risk patients.

There have been extensive reports of fall prevention measures for elderly patients, such as exercise, balance training, and
multicomponent interventions.”' > Notably, in our study, patient fall histories were collected through nurses or other clinical
workers asking patients or family members. Critical care clinicians need to pay extra attention to the assessment and collection
of patient admission information; even though these tasks are simple and basic, they are still have significant clinical
implications. A good health assessment helps to provide a comprehensive and holistic understanding of the condition of
a patient, provides a basis for developing individualized care plans and interventions, and can minimize the adverse effects of
falls on the short-term prognoses of critically ill elderly patients.

Falls of the older adults are one of the primary geriatric syndromes and clear indicators of fragility in the older
adult population.® Previous studies reported that every year, an estimated 30-40% of older adults (aged 65 years
or older) will fall at least once.”*>° In our cohort, 25.4% (1142/3361) of the older adults had a history of falls
within the previous 3 months, which is somewhat different from the data. This is mainly because we focused on
whether fell occurred in older adults within the previous 3 months before ICU admission. Considering the clinical
complexity and the different proportion of falls in the older population, we used a stabilized (inverse probability
treatment weighting) IPTW method to control for potential confounders. IPTW is a method used to account for
missing and selection bias due to non-random selection of observations or non-random absence of population
information. The method can modify the analysis by weighting the study population, so that it has the probability
of being selected. Stabilized IPTW could also reduce the occurrence of false positives.

This study was based on a large and diverse population in the MIMIC-III database, but there were several
limitations. Firstly, the study was based on data of inpatients treatment at tertiary academic medical centers in
Boston. Therefore, we would expect the intensity of treatment and the complexity of management of patients in
these centers to be higher than in other secondary (nontertiary) or non-academic hospitals in the US, which limits
the generalizability of the conclusions. Moreover, such sample may not be representative of ICU populations in
other countries, and extrapolation should be cautious. Secondly, the patients were divided into two groups
according to their preadmission status based on the exposure factor of the history of falls within the previous 3
months, and because this was a retrospective study of a public database, it was inevitably limited by the extent to
which the database could be used, and there were unmeasured confounding factors in the study, such as the
patient’s MORSE Fall Risk Factor Assessment Scale.”” We did not assess the physical restraint on patients during
their ICU stay or other factors such as their dietary nutrition, which may have led to bias in the study findings.
Thirdly, we obtained mortality data from the MIMIC-III database. However, these data only included the date of
death from the hospital or Social Security Administration statistics, calculated as all-cause patient mortality, and
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we were unable to analyze deaths due to specific diseases. Fourthly, the lack of any information in this database
related to the outcomes of physical function and functional status of critically ill survivors after hospital discharge
limited our ability to determine the final level of psychosocial adjustment and quality of life for patients, factors
that could also potentially affect survival.’® Finally, it is of great significance that being aware of considering
older adults with history of falls within the previous 3 months. Except for this period, older adults who fall may
be omitted, and the full impact of history of falls on outcomes is unclear. Further prospective study are needed to
verify the findings. Despite these limitations, this study explored the association between history of falls and
short-term mortality of older adults in intensive care units. Utilizing this knowledge will help to advance clinical
practices in improving the care of older adults with a history of falls in the previous three months in intensive
care units.

In the future we plan to conduct a multicenter prospective cohort study to collect patient information as
comprehensively as possible in order to obtain more accurate results to better guide clinical diagnoses and care
practices.

Conclusion

We have conducted a retrospective analysis based on the MIMIC-III critical care database to determine the impact of
a history of falls within the previous 3 months on critically ill elderly patients, taking into account the specificity of the
critical care setting and patients. The inverse-probability-weighted KM survival analysis indicated that older critically ill
patients with a history of falls within the previous 3 months had significantly higher in-hospital and 30- and 90-day
mortality rates than those without a history of falls (all p<0.001). Multifactorial Cox proportional-hazards regression
analysis indicated that 30- and 90-day mortality rates were 1.35 times higher (95% CI=1.16-1.57, p<0.001) and 1.36
times higher (95% CI=1.19-1.55, p<0.001), respectively, in older critically ill patients with a history of falls within the
previous 3 months than in those without a history of falls. Subgroup analyses were used to summarize the differences in
90-day survival between the two patient groups according to different subgroups. These findings will inform clinical
management and decision-making.
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