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Purpose: Falls are associated with ocular trauma in the elderly. However, it is unlikely for a fall to cause ocular injury unless there is
a disruption in the protective maneuvers that shield the face. We suspect ocular injury may be an early indicator of systemic or
neurologic degeneration. This study investigates the 5-year incidence of cardiovascular and neurodegenerative diseases in older
patients who sustained ocular or periorbital injuries.

Patients and Methods: This was a retrospective cohort study. The study population included 141 patients over the age of 65 who
sustained trauma to the eye, orbit, or eyelid between April 2011 and June 2016. The control population included 141 patients with
a similar range of comorbidities who received cataract surgery during the same period. The study measured new diagnoses of various
disorders during the 5-year period following presentation.

Results: There were a total of 180 females and 102 males in the study. The mean ages of the control and subject group were 76 and
81.8, respectively. Of our twelve tested comorbidity types, patients that suffered a periocular trauma were more likely to develop heart
failure (p=0.00244), dementia (p=0.00002), Alzheimer’s disease (p=0.00087), and vascular disease (p=0.00037).

Conclusion: Geriatric patients who sustained ocular and periocular injuries had a greater incidence of heart failure, dementia,
Alzheimer’s disease, and atherosclerosis diagnoses in the 5-year period following injury. The findings of this study suggest that
periocular trauma may be an early indicator of underlying degenerative or systemic disease. Ophthalmologists should ensure proper
primary care follow-up in conjunction with recovery from injury.
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Introduction

Falls are a major cause of ocular and periocular injury in elderly individuals.'™ Fall-related eye injuries are associated
with increased morbidity and worse outcomes when compared with non-fall-related eye injuries.” Ocular injury due to
a fall is more likely to result in worse final visual acuity’ and blindness.® Additionally, eye injuries due to a fall,
compared to non-fall-related injury, are associated with increased risk of hospitalization and more severe ocular injuries,
such as open globe injury, ruptured globe, retinal detachment, and larger wound size.”® Data from the National
Electronic Injury Surveillance System, a national database of emergency department-treated injuries in the US, revealed
that eye injuries that presented to the hospital often included older patients or those whom were coming from a nursing
home.” A 10-year review from a state trauma service showed that falls in the elderly were associated with serious ocular
injuries; the presence of ocular injury was further tied to poor functional outcomes.’ This study, looking at fall-related
ocular trauma in the elderly, found that the in-hospital mortality rate was similar to the in-hospital mortality rate
associated with hip fracture in the elderly.’
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Common ocular injuries in the elderly include contusion of the eye/adnexa, open wound of the ocular adnexa, foreign
body, eyelid wounds, orbital wall fractures, and open globe injuries. Other less common but severe ocular injuries include
retrobulbar hematoma, retinal detachment, and traumatic optic neuropathy.” Risk factors for fall-related eye injury
include older age, female sex, black race, and presentation from a nursing home.” Orbital fractures are the most common
type of fall-related injury requiring ophthalmology consultation.” Apart from falls, a common cause of orbital fractures is
motor vehicle accidents.'® Patients with penetrating ocular trauma, visual acuity deficits, and a fracture depth involving
the posterior orbit are at high risk for vision loss."'

It is well known that falls in the elderly can be a signal of declining health and function. They are often associated
with the existence and development of significant comorbidities. Some risk factors for falls in the elderly include chronic
medical conditions, polypharmacy, cognitive impairment, reduced vision, and neurologic decline.'? Following a fall,
older individuals are more likely to have subsequent hospitalizations/nursing home admissions and are more likely to
experience difficulties with activities of daily living."

Several chronic medical conditions have been found to be associated with falls in the elderly, including musculoske-
letal disease, diabetes, cardiovascular and cerebrovascular disease, and cognitive impairment.14 Furthermore, the risk of
falls increases as the number of chronic conditions an individual has increases.'> According to the most recent estimate
by the CDC, 85% of individuals age 65 and older have at least one chronic medical condition and 56% have two or
more.'® The rising age of the US population and the prevalence of multimorbidity place many individuals at risk of falls
and potential ocular injury. Further understanding of the relationship between chronic medical conditions and traumatic
eye injuries is warranted, especially given that reduced vision can further increase the risk of falls.

This study focuses on comorbidities associated with traumatic eye injuries compared to non-traumatic cataract
surgery patients. Older patients sustain falls more frequently and typically have a greater set of comorbidities, such as
metabolic disease, sensory deficits, malignancy, or neurological disease.'” One of the ways to attempt to protect the face
from potential injury is typically with an outstretched hand or arm. While these may result in other injuries, such as wrist
fractures, they may be sufficient to prevent head or facial injury. For a patient to sustain a periocular injury from a fall,
there may be a breakdown in the instinctual response to break the fall effectively before injuring the face. This may be
just one of the myriad factors that influence falls and ocular trauma among the elderly. We hypothesized that patients who
suffered ocular trauma may be more likely to have cardiovascular and neurological comorbidities. We suspect that
impaired protective instincts during falls may be a harbinger of incipient systemic or neurologic conditions.

Materials and Methods

This is a retrospective cohort study utilizing data from the [2B2 Carolina Data Warehouse for Health, specifically data on
geriatric patients presenting to the hospital with ocular trauma. Queries were submitted using the 12B2 database to
receive patient information. The study group included patients who had injury to the eye and orbit, open wound of the
eyelid and periocular area, orbital floor fracture, fracture of facial bones, injury of conjunctiva, contusion of eyeball,
contusion of orbital tissues, open wound of the eyeball, ocular ulceration, penetrating wound of the orbit with foreign
body, avulsion of the eye, or laceration of the eyelid and periocular area. The exclusion criteria excluded patients who
suffered motor vehicle and transport accidents, were victims of homicide, assault, or purposeful injury, or died within 1
month of presentation of the ocular trauma. The study group consisted of patients presenting to University of North
Carolina (UNC) hospitals between April 2011 and June 2016. The control group included patients who presented for
cataract surgery between April 2014 and June 2016 in one or both eyes. Using python coding through the Jupyter
Notebook platform, data was extracted and filtered for 699 patients in the initial ocular trauma study group and 1066
patients in the initial cataract surgery control group. Within the study group 97 patients were excluded, including 88
patients that suffered motor vehicle and transport accidents and 9 victims of homicide, assault, or purposeful injury,
resulting in a study group of 602 patients. Within the initial control group, 31 patients were excluded, including 29
patients that suffered motor vehicle and transport accidents, 2 victims of homicide, assault, or purposeful injury, and 2
patients that died within 1 month of presentation, resulting in a control group of 1066 patients (see Figure 1). This
included patients with a diverse array of medical conditions and comorbidities ranging across all systems, including
pulmonary, cardiovascular, renal, etc. From here, patients were restricted to those who had follow-up within five years
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Figure | From the 1798 patients assessed for eligibility, 602 patients sustained ocular trauma, whereas 1066 patients received non traumatic cataract surgery; both groups
were assessed within a 5-year follow up window. Covariate matching was performed based on initial medical conditions, such as baseline cardiovascular and neurological
conditions resulting in 141 patients in the final study group and [4I patients in the final control group.

and had cardiovascular or neurological comorbidities, providing a treatment group of 141 patients. Each treatment patient

was matched with the most similar control patient by a nearest-neighbor algorithm that found the control patient with the

most similar counts of initial comorbidities across twelve subcategories of cardiovascular and neurological disorders at

baseline. These categories were cardiac arrhythmias, type 2 diabetes, ischemic heart diseases, heart failure, dementia,

degenerative diseases of the nervous system, polyneuropathies and other disorders of the peripheral nervous system,

encephalopathy, Alzheimer’s disease, Parkinson’s disease, vascular disease, and hypertensive heart diseases (see
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Table | List of Cardiovascular and Neurological Morbidities Evaluated for in Patient Subset B

Cardiovascular Diseases Neurologic Diseases Other
Cardiac arrhythmias Dementia Type 2 diabetes
Ischemic heart diseases Degenerative diseases of nervous system mellitus
Heart failure Polyneuropathies and other disorders of
Atherosclerosis, aortic aneurysm, peripheral vascular disease, peripheral nervous system not from infectious
atheroembolism or disease of capillaries disease
Hypertensive heart diseases including essential primary hypertension, Encephalopathy
hypertensive heart disease, secondary hypertension, hypertensive crisis Alzheimer’s disease
Parkinson’s disease

Table 1). For the diagnoses, information was gathered using 12B2 guidelines. If the patient presented before 2015, the
ICD-9 format that had a numerical list of codes and index of diagnoses, surgeries, and procedures was used. If a patient
presented after 2015, the ICD-10 format that utilized different codes and slightly different groups to code diagnoses was
used. Patient demographics including age, sex, race, and insurance status in the final study group and final control group
were examined.

After it was established that the baseline counts of comorbidities were similar, two-sided Chi-square tests of the final
counts between treatment and control were conducted to see if patients in the treatment group developed significantly
more comorbidities over the study period. Percent change between final and initial comorbidities was also calculated.
The p-values were adjusted using a strict Bonferroni correction to account for the number of comorbidity categories
being tested. The family-wise error rate had a p-value < 0.05 chosen for statistical significance when comparing the
comorbidities. However, the p-value for individual hypotheses was adjusted using the Bonferroni correction for target
p-values of 0.00417 in each category.

The funding source of the study was the NIH 2-T35-AG038047 grant through the Chapel Hill National Training
Center's MSTAR program. There were no conflicts of interest amongst the authors of this study. This study was approved
by the UNC Institutional Review Board (IRB) prior to starting the project. The research conducted adhered to the tenets
of the Declaration of Helsinki. The data accessed complied with all relevant data protection and privacy regulations.

Statistics

Two-sided Chi-squared tests of the comorbidity counts for the twelve subcategories were performed, both at the
beginning and end of the study period, to see if there was significant change in the development of cardiovascular or
neurological disease. Proportion tests for patient sex and two-sided #-tests for patient age were conducted. All hypothesis
tests were controlled at a type I error rate of 0.05. Twelve tests for the differing counts of comorbidities were run, and
a Bonferroni correction was applied to each individual test at a type I error rate of 0.05/12, keeping the family error rate
at 0.05. The tests for age, sex, and initial comorbidity counts were used to establish similarity between treatment and
paired control groups. The tests for the final counts at the end of the study were used to establish the validity of the
hypothesis that ocular trauma is associated with an increased risk of developing cardiovascular and neurological
comorbidities. The statistical package used was Scipy 1.9, and the software used in this study was Python 3.7.4.

Results
The initial queries identified 1798 patients aged 65 or older who presented with ocular trauma or received cataract
surgery between April 2011 and June 2016 and had a 5-year follow-up period. This consisted of 699 patients in the study
group presenting with ocular trauma and 1099 patients in the control group presenting for cataract surgery. Subsequent
1:1 covariate matching based on initial medical conditions resulted in a final study group of 141 patients and a final
control group of 141 patients. See Table 2 for the full demographic breakdown of the control and study groups.

The cardiovascular and neurological comorbidities that were compared included cardiac arrhythmias, ischemic heart
disease, heart failure, dementia, degenerative disease of the nervous system, polyneuropathy, encephalopathy,
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Table 2 Patient Demographics of Subjects in Control and Study Group

Patient Demographics Control Group | Study Group
(n=141) (n=141)
Age
Mean age 76.2 8l1.8
Median Age 76 8l
Minimum Age 64 68
Maximum Age 100 102
Sex
Female 87 93
Male 54 48
Race
White 105 114
Black or African American 29 22
Asian 2 2
Native Hawaiian or other Pacific Islander | 0
Other/Unknown 4 3
Ethnicity
Non-Hispanic 137 138
Hispanic 2 2
Unknown 2 I
Insurance Status
Medicare/Medicaid/State Government 128 134
Private 8 2
Self-Pay 5 5

Alzheimer’s disease, Parkinson’s disease, vascular disease, hypertensive heart disease, and type 2 diabetes. Initial and
final counts of the comorbidities of the study and control group can be found in Table 3. Comorbidity counts record the
total number of comorbidities within the group, which may be higher than the number of subjects as individuals may
have multiple comorbidities of the same type. The percent change between the final and initial counts of each
comorbidity within the study group versus the control group can be found in Table 3. There was a 266% increase in
heart failure diagnoses, 234% increase in dementia diagnoses, 153% increase in Alzheimer’s disease diagnoses, and
136% increase in atherosclerosis diagnoses in the study group during the 5 years of follow-up. The study found that
patients who sustained ocular trauma were significantly more likely to be diagnosed with heart failure (p=0.00244),
dementia (p=0.00002), Alzheimer’s disease (p=0.00087), and vascular disease (p=0.00037). The increased incidence of
cardiac arrhythmias (p=0.00463) and degenerative diseases of the nervous system (p=0.00545) in the study group were
approaching statistical significance. There was no significant difference in the development of ischemic heart diseases,
polyneuropathies, and other disorders of the peripheral nervous system, encephalopathy, Parkinson’s disease, hyperten-
sive heart diseases, and type 2 diabetes.
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Table 3 Comorbidities, Counts, and Statistics

Comorbidity Subcategories Initial Initial Final Final % Change | % Change | Final Target
Counts Counts | Counts Counts | Control Study P-value | P-value
Control | Study Control | Study
| Cardiac arrhythmias 54 68 127 172 135.185 152.941 0.00463 | 0.00417
2 Type 2 Diabetes 39 41 101 123 158.974 200 0.07079 | 0.00417
3 Ischemic heart diseases 17 23 73 102 329412 343.478 0.01418 | 0.00417
4 Heart failure 24 33 8l 121 237.5 266.667 0.00244 | 0.00417
5 Dementia 29 44 85 147 193.103 234.091 0.00002 | 0.00417
6 Degenerative diseases of nervous system 15 22 16 34 6.667 54.545 0.00545 | 0.00417
7 Polyneuropathies* 5 4 15 21 200 425 0.15866 | 0.00417
8 Encephalopathy | | 18 27 1700 2600 0.08986 | 0.00417
9 Alzheimer’s disease 9 13 12 33 33.333 153.846 0.00087 | 0.00417
10 Parkinson’s Disease | | 2 2 100 100 0.5 0.00417
I I Atherosclerosis** 38 49 70 Ié 84.211 136.735 0.00037 | 0.00417
12 Hypertensive heart diseases*** 76 95 125 159 64.474 67.368 0.02182 | 0.00417

Notes: *Includes other disorders of the peripheral nervous system not from infectious disease. **Includes aortic aneurysm, peripheral vascular disease, atheroembolism,
disease of capillaries. ***Includes essential primary hypertension, hypertensive heart disease, secondary hypertension, hypertensive crisis. Initial counts indicate the total
number of comorbidities within the study and control group at the time of presentation. Final counts indicate the total number of comorbidities within the study and control
group at the 5-year follow-up time. Comorbidity counts record the total number of comorbidities within the group, which may be higher than the number of subjects as
individuals may have multiple comorbidities within the same subcategory. Results were significant for heart failure, dementia, Alzheimer’s disease, and atherosclerosis
(statistically significant comorbidity subcategories and p-values are bolded).

Discussion
The older population is highly susceptible to falls which can result in ocular injury. To sustain trauma to the eye, there
may be a breakdown of the instinctual protective mechanisms that would ordinarily shield the face. We believe that the
breakdown of these mechanisms may be an early indicator for underlying systemic disease. In this study, patients who
sustained ocular trauma were significantly more likely to develop heart failure (p=0.00244), dementia (p=0.00002),
Alzheimer’s disease (p=0.00087), or vascular disease (p=0.00037) within a 5-year window. Of the 141 patients in the
study group that presented for ocular trauma with cardiovascular or neurological disease, several presented with cardiac
arrhythmias, type 2 diabetes, ischemic heart disease, dementia, degenerative disease, atherosclerosis, and hypertensive
heart disease. Further studies are needed to evaluate if they are potential risk factors for ocular injury in the elderly.
Over 800,000 patients are hospitalized every year due to fall-related accidents with associated injuries, such as hip
fractures and cranial injuries.'® One study noted that of all the forms of ocular trauma, falls were the most serious and
frequent cause; ocular injury can lead to permanent visual or functional deficit." Another study focusing on elderly patients
in the Bronx corroborated similar findings noting that ocular injuries occurred in patients mostly due to falls in homes or
nursing homes.” Some studies even indicated that fall-related ocular trauma leads to more patient hospitalizations.” There
are an exorbitant number of studies delineating falls as leading causes of ocular trauma or describing the visual outcomes of
fall-related trauma. However, there is a lack of literature discussing systemic sequelae of ocular injuries in geriatric
patients.>* One study does note increased ocular morbidity in fall-associated open globe injury, but few studies underscore
the relationship between cardiovascular or neurological comorbidities and ocular trauma in geriatric patients.” The dearth of
research exploring the relationship between ocular trauma and systemic comorbidities is shocking given more than 85% of
geriatric patients age 65 and older have 1 or more chronic conditions, as reported by the CDC.'® Certain reasons that
contribute to the high risk of falls in geriatric patients include environmental factors, impaired mobility, vestibular
dysfunction, cognitive impairment, visual deficit, and medication side effects.'® For a geriatric patient to suffer an injury
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to the eye or orbit during a fall, there may be impairment of intrinsic protective mechanisms that would normally allow one
to protect oneself from the fall. This study’s objective was to explore the development of systemic, cardiovascular, and
neurological comorbidities in patients with ocular trauma.

Heart failure affects more than 20 million people worldwide and is associated with significant morbidity and
mortality.”° Cardiovascular disease continues to be the leading cause of mortality, morbidity, and healthcare costs.
Meanwhile, the interplay between gait and cognition, specifically in terms of executive function and cognitive flexibility,
may explain the high prevalence of falls in patients with dementia.?’ While the results of this study indicate that elderly
individuals who sustain ocular trauma are at higher risk of developing neurologic or cardiovascular disease, it is unclear
whether this is an early sign of underlying disease or the precipitating factor. Many studies note that cognitive
impairment may be a risk factor for falls in the geriatric community, making ocular trauma more likely in this
group.?! However, brain injury can be an associated injury in patients who sustain orbital fractures and may contribute
to the development of cognitive impairment.”> Our results indicate that older patients with ocular trauma are at higher
risk of developing vascular disease and heart failure. However, vascular diseases such as atherosclerosis or heart failure
are typically long-term conditions that gradually worsen over time.?® Atherosclerosis in particular progresses quietly for
decades and often manifests in a debilitating manner in the elderly.”> More studies are warranted to understand the

mechanisms behind the development of neurologic and cardiovascular disease in ocular trauma patients.

Limitations

Certain limitations of the study include the use of ICD-9 and ICD-10 codes. There was a change from ICD-9 to ICD-10
in 2015, as a result there may be mild changes in grouping of diseases, conditions, procedures, and disorders.
Furthermore, there will always be small inconsistencies in the description of some diseases when using databases such
as the North Carolina Warehouse for Data that group several diseases together. While using Python and Jupyter Notebook
minimizes human error of data collection, there are limitations to using this code as the information is listed in
spreadsheets; electronic medical record reviews were not directly conducted. When considering the generalizability of
the study, it is important to acknowledge that the majority of patients in this study are non-Hispanic white individuals,
which is not representative of the demographic makeup of the United States. Another limitation to consider is that at
baseline, patients with cataract surgery have better vision than patients with ocular injury, which could decrease their
tendency to fall. Furthermore, patients who have cataract surgery may be more established in their healthcare network
and have more thorough management of systemic illnesses. Additionally, due to the covariate matching being based on
initial comorbidities, the control group was on average 5 years older than the study group. This age difference may have
biased the results regarding development of new comorbidities for which age is a risk factor. One of the limitations of the
study includes confounding bias in the elderly population. While the study showed a relationship between cardiovascular
and neurological outcomes and ocular trauma, the loss of protective mechanism is not the only factor that leads to falls
and ocular injury. There is a plethora of other types of systemic comorbidities and external factors that can influence
geriatric health outcomes. Some older patients may have social structures like home health care or a support system to
help take care of them. There may be socioeconomic factors to evaluate in future studies including health insurance, type
of residence, medical management, polypharmacy, primary care visits. These factors may further explain why there are
several older patients with similar comorbidities that do not present with ocular trauma at all.

Conclusion

Older patients that experience an ocular or periocular injury are significantly more likely to develop certain cardiovascular
and neurologic diseases in the 5-year period following the injury, including heart failure, dementia, Alzheimer’s disease, or
vascular diseases. These patients would benefit from close follow up with a primary care physician so they can be evaluated
for underlying cardiovascular or neurologic diseases such as heart failure, vascular disease, and dementia, in particular,
Alzheimer’s disease. Further studies are warranted to assess the impact of ocular trauma on mortality and the advent of new

comorbidities, especially on systems outside the cardiovascular and neurological systems.
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