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Background: Dysphagia is common in elderly patients with dementia and is one of the common clinical geriatric syndromes. It
imposes a heavy burden on patients and their caregivers and is becoming an important public health problem. This study examined
the association between dysphagia in older dementia patients in the ICU and the subsequent adverse health outcomes they
experience.

Patients and Methods: A retrospective analysis of adults (>65 years) with dementia in ICUs of a Boston tertiary academic medical
center was conducted. Using the International Classification of Diseases’ Ninth and Tenth Revisions, dementia patients were identified.
The study cohort comprised 1009 patients, median age 84.82 years, 56.6% female, predominantly White (72.9%). Patients were
grouped based on swallowing function: dysphagia (n=282) and no-dysphagia (n=727). Dysphagia was identified via positive bedside
swallowing screening. Primary outcomes were 90- and 180-day mortality, secondary outcomes included aspiration pneumonia,
pressure injury, and delirium. Cohort characteristics were compared using the Wilcoxon rank-sum and chi-square tests. Dysphagia
and outcomes correlations were examined via Kaplan-Meier survival analysis, Cox proportional-hazards regression models, logistic
regression models, and subgroup analysis.

Results: After adjusting for covariates, the results from multivariate Cox proportional-hazards regression indicated that dysphagia was
significantly associated with increased 90-day (HR=1.36, 95% CI=1.07-1.73, E-value=1.78) and 180-day (HR=1.47, 95% CI=1.18—
1.82, E-value=1.94) mortality; the multifactorial logistic regression results indicated that dysphagia was associated with significant
increases in pressure injury (OR=1.58, 95% CI=1.11-2.23, E-value=1.83) and aspiration pneumonia occurrence (OR=4.04, 95%
CI=2.72-6.01, E-value=7.54), but was not significantly associated with delirium prevalence (OR=1.27, 95% CI=0.93-1.74).
Conclusion: Dysphagia is likely to increase the risk of adverse health outcomes in older adults with dementia in ICU, and these
adverse outcomes mostly include 90- and 180-day mortality, aspiration pneumonia, and pressure injury.
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Introduction

Dementia, often manifesting in late adulthood, is characterized by progressive and irreversible cognitive dysfunction and
behavioral impairment, typically resulting from degenerative lesions of the central nervous system.'™ Alzheimer’s
disease (AD), the most prevalent form of dementia, afflicted an estimated 6.5 million Americans aged 65 or older in
2022, a number projected to rise to 13.8 million by 2060 without significant advances in prevention and treatment.”” AD
remains the fifth-most-common cause of death among Americans aged 65 years or older, with uncompensated dementia
care reportedly costing US$ 271.6 billion in 2021.7*

In older adults with dementia, dysphagia, particularly oropharyngeal dysphagia, is a common and detrimental
complication.” This disorder hinders the normal progression of food or liquid from the mouth into the esophagus,
characterized by strained and time-consuming swallowing, and food and fluid accumulation in the mouth.'®™'* The risks
of dysphagia include malnutrition, aspiration, dehydration, weight loss, increased healthcare costs, and death.'? Estimates
of dysphagia prevalence vary widely among older patients due to differences in assessment methods and healthcare
settings; the average prevalence is approximately 15% among community-dwelling older adults,'* and approximately
47.4% among patients admitted to acute geriatric care.'” The prevalence among patients with dementia varies depending
on their stage, and may be 80% or even higher in patients with eating problems in the late stages.'®'” Despite the high
prevalence, dysphagia may be underreported clinically.'® Adding to the complexity, dementia, a significant public health
issue, imposes substantial disease and economic burdens, which are amplified when compounded with dysphagia.'®*
This interplay warrants early preventive care strategies to alleviate these dual health and economic impacts.

With the global aging population on the rise, there is a corresponding increase in the number of individuals affected
by both dementia and dysphagia. However, little attention has been given to the specific subset of these patients who
necessitate intensive care unit (ICU) treatment. This study aims to address this knowledge gap, focusing on this unique
population due to their heightened vulnerability. These individuals face an elevated risk of complications due to
a combination of factors, including advanced age, cognitive impairment stemming from dementia, and the presence of
severe physical health conditions requiring ICU intervention.”' Considering the established link between intubation,
a common ICU procedure, and exacerbated dysphagia, our focus primarily lies on dysphagia that was present prior to
ICU admission or intubation.”* By exploring the impact of dysphagia on this high-risk group, our objective is to enhance
ICU management practices and mitigate the risk of adverse health outcomes.

The primary aim of this study was to determine the associations between older patients with dementia in the ICU and
specific adverse health outcomes, particularly focusing on dysphagia and complications related to dysphagia, aiming to
provide insight that could guide preventive and interventional strategies. Based on previous studies®* and neurologist
experiences, we proposed an underlying hypothesis that the incidence rates of adverse health outcomes (death, aspiration
pneumonia, pressure injury, and delirium) are higher in older patients with dementia and dysphagia than in those patients
without dysphagia.

Methods

Data Source

The information and data used in this study were from the Medical Information Mart for Intensive Care IV (MIMIC-IV)
version 2.0. MIMIC-IV is a large, free, publicly available critical-care database that includes electronic health records
(EHRs) from the internationally renowned Beth Isracl Deaconess Medical Center in Boston, Massachusetts, USA.>* The
MIMIC-IV database covers tens of thousands of patients admitted to the ICU from 2008 to 2019. The database includes
comprehensive medical and nursing information, which are recorded periodically from the MetaVision bedside monitor-
ing system.”> One of our authors (Hongtao Cheng) received a certificate to access the database after completing the
training (record ID: 45369280).

Study Setting, Design, and Population
This was a retrospective cohort study involving patients from a tertiary academic medical center in Boston,
Massachusetts, USA (one of the teaching hospitals affiliated with Harvard Medical School). Under the Health
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Insurance Portability and Accountability Act,”® once suitable patients in the MIMIC-IV had been identified, sensitive
information was removed and their true years of admission were concealed, and so informed consent did not need to be
obtained from the patients.”” The study was approved by the Ethics Committee and Institutional Review Board of the
First Affiliated Hospital of Jinan University, and it followed the regulations of the Declaration of Helsinki.

The inclusion criteria for the patients in this cohort study were as follows: (1) dementia diagnosis, (2) first
hospitalization and ICU admission, and (3) assessed and documented patients with swallowing function (“itemid”
=225118). The term “first hospitalization” refers to the patient’s initial stay in the hospital, while “ICU admission”
refers to the patient’s first admission to the Intensive Care Unit during that initial hospitalization. This selection was made
to minimize potential confounding factors, such as the effects of multiple hospitalizations or ICU admissions on the
outcome. The exclusion criteria were being younger than 65 years (n=122) and having stayed in the ICU for less than
1 day (n=346) (Figure 1). Dementia was determined according to the Ninth and Tenth Revisions of the International
Classification of Diseases (ICD-9 and ICD-10, respectively), and the corresponding codes are listed in eTable 1 including

all types of dementia.?*°

Data Extraction

The study used Structured Query Language to extract data, and all the data and information that were obtained from the
EHRs were preprocessed by healthcare professionals.®® The extracted data included (1) General patient information (age,
sex, race, and weight); (2) Relevant scores [Sequential Organ Failure Assessment (SOFA)*! score, Glasgow Coma Scale
(GCS) score,** Charlson Comorbidity Index (CCI),>* and Braden Scale score®]; (3) Laboratory tests (albumin,
hemoglobin, and red blood cells); (4) Comorbidities (congestive heart failure, cerebrovascular disease, gastric ulcer
disease, mild and severe liver disease, diabetes, renal disease, malignant cancer, sepsis, hypertension, depression, and
malnutrition); (5) Treatments and medications (donepezil, enteral nutrition, renal replacement therapy, vasopressors,
invasive mechanical ventilation, and antibiotics); and (6) Adverse health outcomes (time to death, pressure injuries,
aspiration pneumonia, and delirium). Measurements for laboratory tests and critical illness scores were taken on the
first day of ICU admission for all patients. Sepsis was defined as life-threatening organ dysfunction caused by
a dysregulated host response to infection and was diagnosed according to the Sepsis-3 criteria.*> The proportion of

ICU admission records in MIMIC-1Vv2.0

Included: \
« Patients with dementia
« First hospital admission and ICU
admission
Number of 1,477 included patients * Patients with a swallowing
\_function assessment and record _/
Excluded:
* Age < 65 years old (n=122)
*ICU stay < 1 day (n=346)
N J

Patients finally include (n=1,009)

Patients with dysphagia (n=282) 1 [ Patients without dysphagia (n=727)

Figure | Inclusion and exclusion flowchart of the study.
Abbreviations: MIMIC-IV, Medical Information Mart for Intensive Care IV; ICU, Intensive Care Units.
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missing values for all extracted variables in this study did not exceed 25%, and we used the multiple interpolation
method for addressing missing data.*®

Exposure

Exposure was defined as the presence or absence of dysphagia (yes/no) in patients with dementia prior to ICU admission
in our study. As the ICD-9 or ICD-10 codes for dysphagia are rather sparse,”® we turned to EHRs for identification.
Specifically, we employed bedside swallowing screening data from the “chartevents” table (itemid=225118) in the
MIMIC-IV database, an approach validated for its utility in numerous scientific studies.>*’>® The “chartevents” table
comprises a variety of patient measurements and observations recorded during their ICU stay, and the specific itemid
“225118” corresponds to the dysphagia (difficulty swallowing) assessment, situated under the “Adm History/FHPA”
(Admission History/Family History, Physical Assessment) category. The process of dysphagia assessment by the nursing
team included:

- Completing a swallowing screening

- Completing an O-cat score

- Assessing the patient's alertness, ability to remain upright, and presence of oropharyngeal secretions

- Evaluating whether the patient's breathing was stable - Checking if the patient's medical history included a history of
dysphagia or a diet of thickened liquids.

If a patient answered yes to any of these questions, an NPO (nihil per os, nothing by mouth) order was obtained and
the patient was not allowed to eat or drink until a consultation was scheduled. If a patient answered no to all of these
questions, a water swallow screening was performed. For more details on the dysphagia assessment procedure, please see
the discussion at https://github.com/MIT-LCP/mimic-code/discussions/1538.

Outcomes and Definitions

The primary health outcome in this study was 90-day and 180-day all-cause mortality. The survival times of patients were
calculated by subtracting the time of ICU admission from the time of death, with a minimum follow-up of 1 year per patient
in the MIMIC-IV database. Secondary adverse health outcomes included aspiration pneumonia, pressure injury, and
delirium. Aspiration pneumonia was diagnosed using ICD-9 code 507.X and ICD-10 code J69.X.***° Pressure injury
was assessed directly by critical-care nurses.*' Delirium was assessed and screened for by healthcare professionals using
the Confusion Assessment Method for the ICU (CAM—ICU).“Z’43 The scale included four features: (1) acute alteration or
fluctuation in the state of consciousness, (2) inattention, (3) alteration in level of consciousness, and (4) disorganized
thinking. A recent systematic review and meta-analysis demonstrated that CAM-ICU exhibits elevated sensitivity (85%)
and exceptional specificity (95%).** Patients were diagnosed as positive for delirium if they exhibited features 1, 2, and
either 3 or 4. We also used a method based on a review of nursing notes to identify and accurately measure people with
delirium in the ICU.*>**® We used this method to search for records®’ related to (1) delirium, (2) confusion, (3) agitation, and

(4) altered mental status, which were obtained from the “chartevents” table (itemid=220001).

Covariates

The following covariates were used for the analysis: age, sex, race, weight, SOFA score, GCS score, CCI, Braden Scale,
albumin, malnutrition, cerebrovascular disease, chronic pulmonary disease, sepsis, donepezil, enteral nutrition, vaso-
pressin, invasive mechanical ventilation, and antibiotics. The selection of covariates in our study was based on
a comprehensive approach that took into account prior literature, clinical expertise, and the availability of data within
the database.”>** We identified variables that have previously been linked to dysphagia and dementia, as well as those
with recognized clinical significance in these conditions. The variables considered in our study primarily included a wide
range of factors, such as age, sex, comorbidities, medications, and disease severity scores, among others. This study
adjusted covariates according to the characteristics of adverse health outcomes.
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Statistical Analysis

This retrospective cohort study was performed in accordance with the recommendations of the statements in the
STROBE (Strengthening the Reporting of Observational Studies in Epidemiology) initiative.*® Baseline characteristics
of all patients were grouped according to swallowing status (dysphagia or no-dysphagia). The normality of continuous
variables was evaluated through the Shapiro—Wilk test, revealing that the majority of these variables deviate from
a normal distribution. Descriptive statistics were calculated, with continuous variables expressed as medians (interquar-
tile ranges), and categorical variables expressed as numbers (percentages). We used the Wilcoxon rank-sum and chi-
square tests for univariate comparisons of the demographic and clinical characteristics of patients and adverse health
outcomes.

We performed Kaplan-Meier (KM) survival analysis to calculate survival rates at 90 and 180 days and
cumulative mortality in both cohorts. The Log rank test was used to compare the differences between the survival
distributions of the two cohorts. Cox proportional-hazards regression models were used to analyze the associations
between dysphagia and primary adverse health outcomes, and logistic regression models were used to analyze that
between dysphagia and secondary adverse health outcomes. Multifactor Cox proportional-hazards regression and
multifactor logistic regression were used to adjust for covariates that could affect the study results. A subgroup
analysis was performed in this study to verify the robustness of the primary findings. To enhance our comprehen-
sion of the post-discharge outcomes among older adults with dementia in the ICU, both with and without
dysphagia, and to provide valuable insights for ongoing care, an extensive analysis of the discharge locations
for surviving subjects was conducted. The outcomes are effectively depicted using visually informative pie charts,
facilitating a clear and intuitive visualization of the distributions. Additionally, Chi-square tests were employed to
evaluate the differences between groups.

In addition, despite the inclusion of potential confounders in our model, it is important to consider the presence of
unmeasured confounding factors that could impact the results. Therefore, we have employed the E-value as a measure to
evaluate the possibility of omitting a variable in an outcome. This metric aids in assessing whether an observed
association may be influenced by an unmeasured underlying factor. Generally, a larger E-value indicates greater
robustness of the research conclusion and makes it more difficult for confounding factors to explain or overturn the
results.

A probability value of p<0.05 was considered significant. All data were processed using R software (ver-
sion 4.2.0, https://www.r-project.org/). The E-values in our study were calculated using an online calculator

available at (https://www.evalue-calculator.com/evalue/).

Results

Characteristics of the Study Cohort

This study included 1009 patients aged 65 years or older with dementia (Table 1) who were divided into two groups
based on their swallowing function: dysphagia (n=282) and no-dysphagia (n=727) groups. The 1009 included patients
had a median age of 84.82 years (interquartile range: 78.83-89.86 years), 571 (56.6%) were female, and most were
White (72.9%). In the demographic data, the median age of patients in the no-dysphagia group was 84.75 years
(interquartile range: 78.50-89.65 years) and that in the dysphagia group was 85.24 years (interquartile range: 80.45—
91.03 years), with no significant difference between them (p=0.071). There were also no significant differences in sex or
race between the two groups (both p>0.05). Patients with dementia and dysphagia had a lower weight, lower albumin
levels, lower GCS and Braden Scale scores, and higher SOFA scores compared with the no-dysphagia group; these
differences were all significant (all p<0.05). In terms of comorbidities, the dysphagia group had higher incidence rates of
sepsis and malnutrition than the no-dysphagia group. In the comparison of treatment and medication use, enteral nutrition
and antibiotics were used more in the dysphagia group. The differences in these comparisons were significant (all
p<0.05).
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Table | Univariate Comparison of Patient Characteristics with and without Dysphagia in Older Adults with Dementia in

Intensive Care Units

Variable Overall (n=1009) | No-Dysphagia (n=727) | Dysphagia (n=282) P-value
General characteristics
Age (years old) 84.82 (78.83, 89.86) 84.75 (78.50, 89.65) 85.24 (80.45, 91.03) 0.071
Sex, male (%) |
Male 438 (43.4) 316 (43.5) 122 (43.3)
Female 571 (56.6) 411 (56.5) 160 (56.7)
Race, White (%) 0.327
White 736(72.9) 537(73.9) 199 (70.6)
Other® 273 (27.1) 190 (26.1) 83 (29.4)
Weight (kg) 67.80 (57.80, 79.70) 68.80 (58.88, 80.47) 65.45 (56.05, 76.97) 0.002%*
Relevant scores
GCS 13.00 (11.00, 14.00) 13.00 (12.00, 14.00) 12.00 (8.00, 13.00) <0.001*
SOFA 4.00 (3.00, 6.00) 4.00 (2.00, 6.00) 5.00 (4.00, 7.00) <0.001*
Braden Scale 15.00 (13.00, 16.00) 15.00 (14.00, 16.00) 13.00 (12.00, 15.00) <0.001*
CCl 7.00 (6.00, 8.00) 7.00 (5.00, 8.00) 7.00 (6.00, 8.75) 0.126
Laboratory tests
Albumin (g/dL) 3.40 (3.00, 3.90) 3.50 (3.10, 3.90) 3.30 (2.80, 3.80) <0.001*
Hemoglobin (g/dL) 11.10 (9.50, 12.40) 11.10 (9.60, 12.40) 10.80 (9.30, 12.38) 0.419
Red blood cell 3.68 (3.21, 4.16) 3.68 (3.21, 4.16) 3.66 (3.19, 4.17) 0.998
Comorbidities
Congestive heart failure(%) 377 (37.4) 271 (37.3) 106 (37.6) 0.984
Cerebrovascular disease(%) 243 (24.1) 165 (22.7) 78 (27.7) 0.116
Chronic pulmonary disease(%) 237 (23.5) 160 (22.0) 77 (27.3) 0.089
Peptic ulcer disease(%) 34 (34) 27 (3.7) 7 (2.5) 0.436
Mild liver disease(%) 31 (3.1 25 (3.4) 6 (2.1) 0.379
Diabetes(%) 318 (31.5) 227 (31.2) 91 (32.3) 0.806
Renal disease(%) 282 (27.9) 202 (27.8) 80 (28.4) 0915
Malignant cancer(%) 97 (9.6) 72 (9.9) 25 (8.9) 0.702
Severe liver disease(%) 13 (1.3) 9(1.2) 4 (1.4) |
Sepsis(%) 555 (55.0) 371 (51.0) 184 (65.2) <0.001*
Hypertension(%) 482 (47.8) 356 (49.0) 126 (44.7) 0.249
Depression(%) 203 (20.1) 147 (20.2) 56 (19.9) 0.967
Malnutrition(%) 92 (9.1) 53 (7.3) 39 (13.8) 0.002*
Treatments and drugs
Donepezil(%) 225 (22.3) 179 (24.6) 46 (16.3) 0.006*
Enteral nutrition(%) 154 (15.3) 79 (10.9) 75 (26.6) <0.001*
RRT (%) 29 (2.9) 21 (29) 8 (2.8) |
Vasopressors(%) 236 (23.4) 160 (22.0) 76 (27.0) 0.114
Invasive mechanical ventilation(%) 186 (18.4) 127 (17.5) 59 (20.9) 0.238
Antibiotics(%) 659 (65.3) 451 (62.0) 208 (73.8) 0.001*

Notes: *Other mainly included Black, Hispanic, Asian, etc; *Significant differences exist between patients with dementia with dysphagia and without
dysphagia (p < 0.05). Medians and interquartile ranges (25th and 75th percentiles) were computed for continuous variables, and frequencies and
percentages for categorical variables. The Wilcoxon rank-sum test was used to compare group differences for continuous variables, and Chi-square

tests for categorical variables.

Abbreviations: GCS, Glasgow Coma Score; SOFA, sequential organ failure assessment; BS, Braden score; CCl, Charlson Comorbidity Index; AKI, acute

kidney injury; RRT, renal replacement therapy.

Primary Outcome

The total population of this study had 90- and 180-day all-cause mortality rates of 32.6% and 40.4%, respectively
(Table 2). Both 90-day (46.8% vs 27.1%, p<0.001) and 180-day (56.7% vs 34.1%, p<0.001) mortality were significantly
higher in the dysphagia group with dementia than in the no-dysphagia group. KM survival curves indicated a difference
in survival probability between patients with dementia in the dysphagia group and those in the no-dysphagia group
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Table 2 Univariate Comparison of Study Outcomes with and without Dysphagia in Older Adults with Dementia
in Intensive Care Units

Outcomes Overall (n=1009) | No-Dysphagia (n=727) | Dysphagia (n=282) P-value
Primary outcomes
90-day mortality (%) <0.001*
Alive 680(67.4) 530(72.9) 150(53.2)
Expired 329(32.6) 197(27.1) 132(46.8)
180-day mortality (%) <0.001*
Alive 601(59.6) 479(65.9) 122(43.3)
Expired 408(40.4) 248(34.1) 160(56.7)
Secondary outcomes
Pressure Injury(%) <0.001*
Yes 225(22.3) 125(17.2) 100(35.5)
No 784(77.7) 602(82.8) 182(64.5)
Aspiration pneumonia(%) <0.001*
Yes 141(14.0) 57(7.8) 84(29.8)
No 868(86.0) 670(92.2) 198(70.2)
Delirium(%) <0.001*
Yes 596(59.1) 404(55.6) 192(68.1)
No 413(40.9) 323(44.4) 90(31.9)

Notes: *Significant difference between patients with dementia with dysphagia and without dysphagia (p < 0.05); Chi-square tests were used to
compare those of categorical variables (outcomes).

(p<0.001). The survival probability was lower in the dysphagia than the no-dysphagia group (p<0.001) at 90 days
(Figure 2a) and 180 days (Figure 2b). Figure 2c and d show the cumulative mortality curves for the study population at
90 and 180 days, respectively. The cumulative mortality curves also indicate that patients with dementia in the dysphagia
group had a higher mortality rate than did those in the no-dysphagia group (p<0.001).

Secondary Outcomes

The prevalence rates of pressure injury, aspiration pneumonia, and delirium in the total study population were 22.3%, 14.0%,
and 59.1%, respectively (Table 2). Univariate comparisons of adverse health outcomes indicated that patients with dementia in
the dysphagia group had significantly higher incidence rates of pressure injury (35.5% vs 17.2%), aspiration pneumonia
(29.8% vs 7.8%), and delirium (68.1% vs 55.6%) compared with those in the no-dysphagia group (all p<0.001).

Dysphagia is Associated with Increased Adverse Health Outcomes

To test our study hypothesis, we used univariate and multifactorial models to analyze the associations between dysphagia
and adverse health outcomes. Univariate Cox proportional-hazards regression (Table 3) indicated that 90- and 180-day
mortality in patients with dementia were significantly associated with the presence of dysphagia (both p<0.001). We
developed models to adjust for covariates such as age, sex, race, weight, and albumin, disease severity scores (eg, GCS
score, SOFA score, and CCI), comorbidities (malnutrition, cerebrovascular disease, chronic pulmonary disease, and
sepsis), and treatments and medications that may affect the prognosis (enteral nutrition, vasopressin, invasive mechanical
ventilation, and antibiotics). After adjusting for covariates, dysphagia was associated with a significant increase in 90-day
(HR=1.36, 95% CI=1.07-1.73, p=0.012) and 180-day (HR=1.47, 95% CI=1.18-1.82, p<0.001) mortality. Furthermore,
we performed an E-value calculation to assess the potential impact of unaccounted confounders on the study findings. In
our investigation of the relationship between dysphagia and patient mortality at 180 days, our sensitivity analysis yielded
an E-value of 1.94, with a lower bound of the 95% confidence interval at 1.49. This suggests the existence of unmeasured
confounding variables that could potentially explain the association between dysphagia and 180-day mortality. These
confounding factors, both related to the exposure and outcome, would need to have a hazard ratio of at least 1.94 to
account for the observed association.
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Figure 2 Kaplan-Meier survival curves between groups. P-value calculated by Log rank test<0.001 showed dysphagia group had lower survival probability or higher mortality
than no-dysphagia group.

Notes: (a) Represented the survival probability in 90-day. (b) Represented the survival probability in 180-day. (c) Represented the cumulative death curves in 90-day. (d)
Represented the cumulative death curves in 180-day.

This study used a binary logistic regression analysis model to calculate the associations of dysphagia with pressure
injury, aspiration pneumonia, and delirium in patients with dementia. Univariate logistic regression analysis (Table 3)
indicated that compared with patients with dementia without swallowing difficulties, the predominance ratios of pressure
injury, aspiration pneumonia, and delirium in those with swallowing difficulties were 2.65 (95% CI=1.94-3.61), 4.99
(95% CI=3.45-7.26), and 1.71 (95% CI=1.28-2.29), with significant differences (all p<0.001). We developed multi-
factorial logistic regression models to adjust for covariates. Possible confounders included basic patient characteristics
(sex, age, race, weight, and albumin) and disease severity scores (CCI and scores on the GCS, SOFA, and Braden Scale),
and covariates were adjusted according to the characteristics of adverse health outcomes for inclusion in the multi-
factorial logistic regression model. After adjusting for covariates, dysphagia was significantly associated with increased
occurrences of pressure injury (OR=1.58, 95% CI=1.11-2.23, p=0.002) and aspiration pneumonia (OR=4.04, 95%
CI=2.72-6.01, p<0.001). However, there was no significant association between dysphagia and delirium prevalence
after adjusting for confounders (OR=1.27, 95% CI=0.93-1.74, p=0.123).

Subgroup Analysis of the 180-Day Survival Rates of Patients with Dementia with and
without Dysphagia

This study compared the 180-day survival rates of patients with dementia with and without dysphagia in a subgroup
analysis; the results are presented as forest plots in Figure 3. Since we transformed the two continuous variables of age
and GCS score into categorical variables to perform the analysis, we characterized the two variables using numbers
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Table 3 Cox Proportional Hazards /Logistic Regression: Association Between Dysphagia and Primary/Secondary
Study Outcomes

No-Dysphagia Dysphagia P-value E-value
HRS/ORs (95% Cls) (Lower Limit of the 95% Cls)

90-day mortality#
Unadjusted Reference 1.95 (1.57, 2.44) <0.001* Not applicable
Adjusted Reference 1.36 (1.07, 1.73) 0.012* 1.78 (1.27)
180-day mortality™
Unadjusted Reference 1.97 (1.62, 2.41) <0.001* Not applicable
Adjusted Reference 1.47 (1.18, 1.82) <0.001* 1.94 (1.49)
Pressure Injury®
Unadjusted Reference 2.65 (1.94, 3.61) <0.001* Not applicable
Adjusted Reference 1.58 (.11, 2.23) 0.002* 1.83 (1.29)
Aspiration pneumonia®
Unadjusted Reference 4.99 (3.45, 7.26) <0.001* Not applicable
Adjusted Reference 4.04 (2.72, 6.01) <0.001* 7.54 (4.88)
Delirium®
Unadjusted Reference 1.71 (1.28, 2.29) <0.001* Not applicable
Adjusted Reference 1.27 (0.93, 1.74) 0.132 Not applicable

Notes: “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). *Significant difference between patients with
dementia with dysphagia and without dysphagia (p < 0.05). Model | was unadjusted. Model 2 was adjusted. Mortality (90-day and 180-day) was
adjusted for age, sex, race, weight, SOFA, GCS, CCl, albumin, malnutrition, cerebrovascular disease, chronic pulmonary disease, sepsis, donepezil,
enteral nutrition, vasopressors, invasive mechanical ventilation, and antibiotics; Pressure Injury was adjusted for age, sex, race, weight, albumin,
CClI and Braden scale; Aspiration pneumonia and delirium were adjusted for age, sex, race, weight, CCl, GCS and SOFA.

Abbreviations: HRs, hazard ratios; ORs, odds ratios; Cls, confidence intervals.

(percentages) and compared the differences in the two variables among the patients using chi-square tests (eTable 2).
Figure 3 displays the 180-day survival for subgroups of dementia patients with and without dysphagia. We observed no
significant differences in 180-day survival between the two groups of patients with dementia for those aged less than 75
years and when malnutrition was present (both p>0.05). Additionally, we performed a univariate Cox proportional-
hazards regression analysis to evaluate the differences among the subgroups of the two patient groups. The results of this
analysis can be found in eFigure 1.

Discharge Location

The number of patients who survived to discharge and had detailed records of their discharge locations amounted
to 887. These patients were categorized into four groups based on their discharge destinations: home/family health
care, nursing facility, rehabilitation facility, and other, where “other” mainly comprised psychological institutions
and hospices. Figure 4a illustrates the discharge sites for older dementia patients with dysphagia, while Figure 4b
shows the discharge sites for dementia patients without dysphagia. In the dysphagia group (Figure 4a), 156
individuals (65%) were discharged to nursing institutions, 32 individuals (13.33%) were discharged home, 16
individuals (6.67%) were discharged to rehabilitation facilities, and 36 individuals (15%) were transferred to other
institutions. Conversely, in the group without dysphagia, 382 individuals (59.04%) were discharged to nursing
facilities, 169 individuals (26.12%) were discharged home, 58 individuals (8.97%) were discharged to rehabilita-
tion facilities, and 38 individuals (5.87%) were transferred to other institutions. Statistical analysis using a chi-
square test indicated a significant difference in discharge locations between the two groups (p<0.001). This
information is valuable for preparation, transitional care, and continuity of care planning for individuals with

dementia who have undergone intensive care.
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@ Dementia with dysphagia @ Dementia without dysphagia

Characteristics _______ Number (%)____Death ceoeee—-—-_.___180-day OS (Dysphagia)____180-day OS (Without Dysphagia) _____} P__
Overall 1009 408 e o 43% (38%, 49%) 66% (63%, 69%) <0.001
Sex

Male 438 (43.41) 176 T e 42% (34%, 52%) 67% (62%, 72%) <0.001
Female 571 (56.59) 232 T e 44% (37%, 53%) 65% (61%, 70%) <0.001
Age

[695,75) 146 (14.47) 43 T 57% (41%, 79%) 74% (66%, 82%) 0.079
[75,99) 863 (85.53) 365 - —— 42% (36%, 48%) 64% (61%, 68%) <0.001
Sepsis

No 454 (45.00) 150 T e 49% (40%, 60%) 72% (67%, 77%) <0.001
Yes 555 (55.00) 258 L e H NS 40% (34%, 48%) 60% (55%, 65%) <0.001
Malnutrition

No 917 (90.88) 363 i —— 42% (37%, 49%) 67% (63%, 71%) <0.001
Yes 92(9.12) 45 T 49% (35%, 67%) 53% (41%, 68%) 0.499
Delirium

No 413 (40.93) 124 T e 51% (42%, 63%) 75% (71%, 80%) <0.001
Yes 596 (59.07) 284 T e 40% (33%, 47%) 58% (54%, 63%) <0.001
Enteral Nutrition

No 855 (84.74) 330 T e 44% (38%, 52%) 67% (63%, 71%) <0.001
Yes 154 (15.26) 78 T 40% (30%, 53%) 58% (48%, 70%) 0.035
Pressure Injury

No 784 (77.70) 278 T e 51% (44%, 58%) 69% (65%, 73%) <0.001
Yes 225 (22.30) 130 e e—— 30% (22%, 40%) 52% (44%, 62%) 0.003
Aspiration Pneumonia

No 868 (86.03) 324 - 48% (42%, 55%) 67% (64%, 71%) <0.001
Yes 141 (13.97) 84 S 32% (24%, 44%) 53% (41%, 67%) 0.034
Antibiotics

No 350 (34.69) 113 T e 53% (42%, 65%) 72% (67%, 77%) 0.001
Yes 659 (65.31) 295 T e 40% (34%, 47%) 62% (58%, 67%) <0.001
Donepezil

No 784 (77.70) 332 e —— 42% (36%, 48%) 65% (61%, 69%) <0.001
Yes 225 (22.30) 76 T e 52% (40%, 69%) 70% (63%, 77%) 0.012
GCS

[13,15] 648 (64.22) 202 I S———— 59% (50%, 68%) 71% (67%, 75%) 0.005
[9,12] 195 (19.33) 97 — e, 41% (31%, 53%) 57% (49%, 67%) 0.017
[3.8] 166 (16 45) 100 R 22% (15%, 34%) 45% (36%, 57%) 0025
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Figure 3 Forest plot for subgroup analysis in 180-day survival rates. P-value calculated by Log rank test <0.001 showed dysphagia group had lower survival probability than
no-dysphagia group.
Abbreviation: GCS, Glasgow Coma Score.

a — —— b Discharge location
ischarge location Discharge location
[Rzchamelocton) - Other: 38 (EED
Other: 36 B3 Home/home health care: 32

Discharge location Discharge location

Rehabilitation institution: 58 Home/home health care: 169
Discharg

Rehabilitation institution: 16

X-squared = 32.243,df= 3, p<0.001

Discharge location

Nursing facility: 156

Figure 4 Discharge locations of dementia older patients with and without dysphagia.
Notes: (a) Represented the group with dysphagia; (b) Represented the group without dysphagia; p<0.001 indicated a statistically significant difference in discharge locations
between the two groups; “Other” mainly comprised psychological institutions and hospices.

Discussion

Despite the high prevalence of dysphagia in patients with dementia who present at ICUs, assessments of their adverse
outcomes have been lacking.'® Considering that dysphagia is strongly associated with adverse health outcomes in
patients with severe dementia, this study selected 1009 patients from a large intensive care medicine database based
on an EHR information system, including 282 with dysphagia. KM survival curves indicated that both 90- and 180-day
survival rates were significantly lower in the patients with dementia and dysphagia than in those without dysphagia (both
p<0.001). After adjusting for potential confounding factors, our multivariate analyses revealed a significant association
between dysphagia and increased 90-day and 180-day mortality risk, pressure injuries, and aspiration pneumonia.
However, no significant association was observed with delirium. These findings are further explained and discussed
below.

1242 "= Clinical Interventions in Aging 2023:18

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Cheng et al

Similar to previous findings, dysphagia was associated with increased mortality in patients with dementia.'*'**’ One
possible reason for this phenomenon is that dysphagia is closely related to sarcopenia in older adults, which can affect
feeding ability and nutrient absorption, and can lead to aspiration of food or liquid into the trachea, which results in
aspiration pneumonia or even death from asphyxiation in severe cases.''” In light of these findings, dysphagia in
dementia patients represents a substantial challenge post-discharge. The complex interplay of cognitive decline and
impaired swallowing often leads to a significant understatement of symptoms, hindering effective management of
dysphagia. Additionally, nursing partners frequently confront substantial communication gaps regarding dysphagia
management, adding to their stress and potentially compromising the patient’s health outcomes.’’** These unique
challenges underscore the pressing need for healthcare managers to develop specialized care strategies aimed at
improving the survival and quality of life in post-discharge dementia patients with dysphagia, considering the adverse
effects of dysphagia on older adults with dementia.

Pressure injuries, also known as pressure ulcers, have a high incidence in high-risk settings such as the ICU, and are
considered one of the most important indicators for evaluating nursing quality.”*>* Schott et al found that the risk of
pressure injury was higher in inpatients with stroke.”> We reached the same conclusion: dysphagia was associated with
a significant increase in the occurrence of pressure-related injuries. Patients with dysphagia are vulnerable to pressure
injuries due to inadequate nutritional intake, hypoalbuminemia, and weight loss,”® which highlights the importance of
intensive care nurses enhancing skin care for older patients with dementia and swallowing difficulties.

Makhnevich et al found a significant association between dysphagia and delirium onset in hospitalized patients with
dementia (OR=1.53, 95% CI=1.40-1.68).>* However, our study found no significant association between dysphagia and
delirium occurrence (OR=1.27, 95% CI=0.93-1.74, p=0.123). A reason for this may be differences in the study
population, as Makhnevich et al focused on inpatients while we focused on the critical care population, where unlike
in general wards, delirium is one of the common complications in patients admitted to the ICU.>” Another possible
reason was that we used a combined CAM-ICU and nursing notes review approach to detect delirium. This combined
approach may have high predictive validity for all clinical outcomes.* The different methods used to identify delirium
may therefore lead to differences in the study results. Furthermore, the challenges of differentiating between dementia
and delirium due to their clinical similarity present additional complexity.”® This inherent difficulty, especially prevalent
among clinicians and nurses outside the field of psychiatry, could have impacted the accurate identification and
consequent documentation of delirium in our study population. Delirium is a complex topic for patients with dementia,
and the relationship between dysphagia and delirium therefore still needs to be further explored.

Notably, the subgroup analysis indicated that there was no significant difference in 180-day survival between the
dysphagia and no-dysphagia groups when the age was <75 years (p=0.079), whereas there was a significant difference
when the patients were older than 75 years (p<0.001). One possible explanation is that nutrition in the elderly will change
alongside physiological changes with age.> In general, but specifically in the elderly, reduced energy intake, lower metabolic
rate, inhibited mastication and digestion, and slower visual, olfactory, and gustatory responses with age may increase the risks
of malnutrition and dehydration, which undoubtedly affect the prognosis of patients.*** This finding suggests that physicians
and nurses in the ICU need to pay more attention to the prognosis of adult patients with dementia aged >75 years.

In the ICU management of older adults afflicted with both dementia and dysphagia, maintaining appropriate nutritional
status emerges as a critical imperative. Existing studies reveal that the presence of appetite and weight loss symptoms
during episodes of late-life depression can serve as predictive indicators for dementia outcomes, underscoring the
significance of nutritional factors in this particular population.®* However, ensuring sufficient nutritional intake in patients
with dementia and dysphagia poses a substantial challenge due to the presence of swallowing difficulties and potential
eating disorders. Additionally, the decision-making process concerning the transition from oral feeding to alternative
approaches, such as enteral nutrition, becomes crucial when managing complications like aspiration pneumonia or sepsis,
as it can profoundly impact both the quality of life and disease progression of these patients. Notably, research has indicated
that while percutaneous endoscopic gastrostomy (PEG) tube placement may initially appear as a logical intervention,
patients with dementia have exhibited higher mortality rates subsequent to PEG placement, underscoring the need for

65

cautious deliberation.” The complexities associated with the nutritional management of ICU patients with dementia and
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dysphagia highlight the importance of adopting personalized, patient-centric approaches. Such approaches involve care-
fully weighing the benefits and risks associated with different feeding methods to optimize patient outcomes.

Indeed, there is still a lack of effective clinical management strategies for dysphagia and its associated symptoms for
patients with dementia.'®> Modifying food texture and liquid consistency is a popular nutritional management strategy and
is one of the most common forms of clinical intervention for patients with swallowing difficulties.®® Patients will
swallow more easily and safely when the properties of the food and liquids that they ingest are modified appropriately.®’
However, several systematic evaluations and meta-analyses have found that there is insufficient evidence that changing
food properties and fluid consistency improves patient morbidity, mortality, and adverse conditions such as aspiration
pneumonia, which may lead to malnutrition and even affect the quality of life of patients with dysphagia.®®’" Patients
with dysphagia must therefore be provided with information about potential risks before clinicians and dietitians can
make the decision to prescribe a modified diet. This highlights the current clinical complexity of managing patients with
dysphagia, especially in the critical population. Given the potential harm that dysphagia poses to older adults with
dementia during critical illness, effective intervention strategies should be a focus of future research.

Limitations
Several limitations in this study necessitate emphasis. Firstly, the lack of detailed data regarding the severity and
types of both dementia and dysphagia might have influenced the results. Despite noting the presence or absence of
these conditions, the extent of their manifestation, which could have significantly impacted our findings, remained
unidentified. A particular challenge was differentiating delirium from dementia; delirium, assessed through the
CAM-ICU and nursing notes, was often conflated with dementia due to overlapping keywords such as “confusion”,
potentially leading to misclassification. Furthermore, the dataset lacked comprehensive information pertaining to
patients’ baseline cognitive functions. While cognitive assessments’> such as the Montreal Cognitive Assessment or
Mini Mental State Examination are vital, their scores were not universally available in the electronic health records,
thereby limiting our ability to interpret patients’ functional status upon ICU admission. Compounding these issues,
the retrospective, single-center design of our study, conducted within a tertiary academic medical center, may
restrict the broader applicability of our findings. Lastly, the timeframe of our study, spanning from 2008 to 2019,
could have introduced additional confounding factors due to shifts in medical and nursing practices over this period.
Considering these limitations, the way forward necessitates undertaking comprehensive, prospective multi-center
studies. These future investigations should strive to collect comprehensive data on the severity of dementia and
dysphagia and baseline cognitive function. By addressing these gaps, we can augment our comprehension and clinical
management of dysphagia in critically ill dementia patients, ultimately striving to enhance their quality of life and
outcomes.

Conclusion

This retrospective population-based study explored the association of dysphagia with adverse health outcomes in ICU
patients with dementia. Our findings, after adjusting for potential confounding factors, revealed that the presence of
dysphagia significantly increased the risk of adverse outcomes, including mortality within 90 and 180 days. Moreover,
dysphagia was linked to a heightened incidence of pressure injuries and aspiration pneumonia, but was not significantly
associated with the prevalence of delirium. These results contributed to a growing body of evidence highlighting the
clinical importance of identifying and managing dysphagia in the complex care of dementia patients within ICU settings.
Our findings underscored the necessity of incorporating routine dysphagia screening and effective intervention strategies
as part of the comprehensive care plan for this vulnerable population.
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