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Introduction
The overall objective of this work was to estimate misclassification of cognitive
impairment (CI) by sex among hip fracture patients. The effects of sex and identified ClI
on hip fracture recovery outcomes, including trajectories of cognitive and physical
function and mortality (all-cause and cognition-specific), were subsequently examined.
Methods
This study used secondary data from a cohort of hip fracture patients recruited from 8
Baltimore-area hospitals between 2006-2011 (N=339), with frequency matched
enrollment of females (n=171) and males (n=168), tested within 22 days of hip fracture
admission and at 2, 6, and 12 months. Death data were derived from the National Death
Index 2006-2018 (n=260; females=113, females=147). Analyses differentiated source of
Cl identification (SCI, n=330) between clinical diagnosis/documentation and direct
testing [Modified Mini Mental State Examination (3MS)] of cognition at baseline by
patient sex. Analyses identified cognitive and functional recovery using group-based

trajectory modeling (GBTM) and joint trajectory models; and estimated time to death for

all-cause and cognition-related cause of death (CR-COD) by SCI and sex.



Results

Males had increased odds of CI identified by both hospital record and 3MS after
adjusting for age, education, and comorbidities. There were 2-4 distinct groups of
recovery for cognitive and functional recovery. In joint models of recovery, high levels of
cognitive function were only seen in high physical functioning groups. Significantly more
men died than women (147 vs 113, p<.0001) and died sooner from all-cause mortality
(41 vs 54 months, p=0.001) but not CR-COD. Males and those with SCI Both were
independently at increased risk for all-cause mortality but there was not a significant
interaction. Those with SCI Both were 14 times more likely to die of CR-COD

(p<.0001).

Conclusions

There is clinical underdiagnosis of active CI in males. Additional CI ascertainment can
identify a sub-population of patients at excess risk for mortality and CR-COD. Cogpnitive
testing after hip fracture should be instituted as standard practice to avoid sex bias in
identification of CI. Cognition changes little over 12 months post fracture. Pre-fracture
functional status informs pattern of physical function recovery. Sex and CI increase

mortality risk, and to some extent cause-specific mortality.
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CHAPTER 1. INTRODUCTION

1.1 Statement of Problem

Hip fractures are a prevalent geriatric condition, resulting in chronic pain,
disability, and early mortality. There are currently approximately 300,000 hip fractures
annually among U.S. adults 65 years and older, and the absolute number is expected to
rise as the global population ages.>? Hip fracture rates double each decade after the age of
50.34 Most geriatric hip fractures (95%) result from low-trauma falls from standing
height and require surgical fixation.> The relationship between cognitive impairment (CI)
and hip fracture is a multi-factored problem as Cl is a risk factor, outcome, and
moderator of other outcomes. Pre-existing global CI increases risk of falls with serious
injuries [Odds Ratio (OR) 2.13 (1.56, 2.90)] in older adults and is therefore related to the
event history. Cl, including acute delirium and previously undetected dementia, can be a
result of the hip fracture and required medical care,®” making Cl an outcome of hip
fracture. Finally, impaired cognition has been shown to negatively impact recovery,®®
thereby mediating hip fracture outcomes.

Detecting and differentiating CI and delirium in hip fracture populations is
challenging. CI could be due to multiple etiologies (normal cognitive decline, mild
cognitive impairment (MCI), delirium, dementia, etc.), requiring testing and medical
history to differentiate.’®! This is a diagnostic burden in general clinical practice and
specifically in hip fracture. Hip fractures are acute events; therefore, it is unlikely for a

large sample of hip fracture patients to have pre-fracture cognitive screenings. Cl has



been shown to inhibit functional recovery after hip fracture increasing the morbidity of
patients. Additionally, CI has been associated with higher mortality in hip fracture
patients; a population with an already higher one-year mortality risk (30%).123

Older adults as a population are very heterogeneous, and this is no different
among a subpopulation of hip fracture patients. Although many hip fracture patients do
have pre-existing Cl, this is not always diagnosed or indicated prior to the fracture.
Previous analyses of hip fracture outcomes (i.e., functional recovery and mortality) have
undervalued the innate differences between hip fracture patients prior to the fracture,
including ClI, and how these differences may impact the recovery process. These studies
have relied on linear models to demonstrate patterns of recovery. One of the weaknesses
of this approach is that the researcher specifies what covariates may be important to the
recovery process and will often dichotomize based on cut-points that have been validated
in non-geriatric or non-hip fracture older adults. These outcomes produce an overly
specified model of recovery (e.g., controlling for comorbidities, sex, age, etc.) that may
hide the unique patterns and trajectories of recovery within the hip fracture population by
regressing outcomes to the mean.

Hip fracture risk due to prevalence of osteoporosis and osteopenia, CI, functional
recovery, and mortality after hip fracture are all important topics that research has
primarily focused on in older women. However; men are beginning to make up a
substantial proportion of the hip fracture population (one-third)” and seem to have worse
pre-fracture morbidities and worse outcomes including increased and earlier mortality
and likelihood to be discharged to a nursing home with ClI after hip fracture.* Currently

two-thirds of U.S. Alzheimer’s disease and related dementia (ADRD) cases are



women. 1> From a Health and Retirement Study (HRS) subset focusing on cognition;
16% of women and 11% of men had ADRD.* It has been suggested that this difference
is largely attributable to sex differences in longevity.**® Studies focusing on age-specific
ADRD risk between sexes have found null results. This could be reflective of survival
bias in which healthier men live longer, or at least as long as women.!1° Alternative
theories for sex differences in ADRD incidence propose cohort differences in educational
attainment for men and women born before compulsory education, such that aging
women had less education, increasing their ADRD risk.>?° Previous studies have looked
at the sensitivity of clinical diagnosis of dementia and found that using clinical evaluation
alone only captured one-third of cases.?* Although more recent research from Zhu et

al. (2020), using a 20% Medicare sample linked to the HRS, has suggested

that the discrepancies between prevalence of dementia diagnostic codes and cognitive
testing have narrowed over time through 2012.2? Neither sample focused specifically on
hip fracture patients, nor did they find discrepancies between sex and age groups.?>%3
Additionally, Medicare algorithms use a two-year lookback to determine ADRD. In a
clinical setting the only indication available may be in the medical record.

It is not currently known how sex differences affect hip fracture risk and the
recovery process, though it is understood that despite having previously been older
women’s issues, hip fracture and ADRD are negatively impacting more men. There is
very little published research on sex as a biasing factor for diagnosis of Cl in U.S
populations as previous work has focused primarily on patient age, severity of dementia,
and education as potential sources of diagnostic bias. Given the historic sex disparity in

hip fracture populations (more women than men), and current observations of men



experiencing worse outcomes, sex should be a rising concern for pre-fracture risks
outside of osteoporosis. A critical barrier to addressing this problem is the
underrepresentation of men in hip fracture research and the systematic exclusion of
cognitively impaired individuals in research studies.

The central hypothesis of this work was that pre-fracture CI diagnosis is biased by
patient sex and the results of biased diagnosis are associated with worse functional
recovery and earlier mortality.

The objective of this study is to investigate whether hip fracture patients with
impaired cognition, regardless of the time or method of clinical identification, have

similarly poor health outcomes, including recovery, time to death, and cause-of-death.

1.2 Specific Aims

These research aims address these issues utilizing the Baltimore Hip Studies 7™

Cohort (BHS7; 2006-2011) supplemented by data from the National Death Index (NDI),

2006-2018).

1.2.1Aim1

Aim la: Estimate whether there is under-diagnosis and documentation of Cl among hip

fracture patients and evaluate if under-diagnosis differs by sex.



Hypothesis 1.a: Additional screening of hip fracture patients using the Modified
Mini-Mental State Examination (3MS) will result in detecting previously undocumented
ClI (including ADRD, MCI, and delirium) cases.

Rationale 1: Clinical diagnosis of Cl (ADRD) is known to miss at least one-third
of impaired individuals.??> Women in the general population have had a higher ADRD
incidence than men.t:!® Given the associations between and injury, specifically hip
fracture, it is expected that many of the individuals who were not previously diagnosed
with CI will present with Cl (ADRD, MCI, delirium) upon screening after the acute
injury event (hip fracture). In a non-research setting, clinical determination of Cl is likely
the sole determination of cognitive status. However, in research studies a more thorough
examination of cognition may find additional underdiagnosed cases.

Methods 1.a: This study will use secondary data from BHS7 to perform a
retrospective cohort study of hip fracture patients of older adults, 65 years and older, who
had a hip fracture repair surgery. It will compare presence of ClI (ADRD, MCI, delirium)
at baseline from the medical chart to the 3MS administered within 22 days of

hospitalization for hip fracture.

Aim 1.b: Evaluate if the proportion of under-diagnosis is different by sex in hip fracture
patients.

Hypothesis 1.b: The proportion of documented CI diagnosis will differ by patient
sex; such that the proportion of documented CI in men is not equal to the proportion of

documented CI in women.



1.2.2 Aim 2

Identify trajectories of functional and cognitive recovery and group membership
characteristics associated with distinct trajectory groups, particularly patient sex and
source of cognitive impairment identification (SCI).

Aim 2.a. Identify trajectories of functional recovery and group membership
characteristics associated with distinct trajectory groups, focusing on patient sex as a risk
factor.

Hypothesis 2.a.1: There are multiple distinct trajectory groups that may vary in
shape, amplitude, and direction.

Hypothesis 2.a.2: Individuals in similar recovery groups will be more likely to
also have similar sex and SCI.

Rational 2.a: This aim will examine the distinct recovery groups that make up a
population of hip fracture patients and determine key recovery time points in the distinct
groups. This differs and builds upon aim 1 in that it is data-driven and the groups are
therefore not pre-specified. A recent study from the Baltimore Hip Studies (Coldn-
Emeric et al. 2019)?* used latent class profile analysis, a type of growth mixture model, to
illustrate physical resiliency trajectories among hip fracture patients by combining three
studies from 1998-2011. This work was novel in this population. However, as part of the
analysis the group combined at least 10 separate physical outcome measures to create
domains of recovery. This complex analysis had limitations such as ignoring potential
age/period/cohort effects between the study enrollment groups of older adults with hip

fracture. The team did not assess for significant differences in outcomes based on



enrollment group. The contribution of the two studies besides BHS7 overrepresented

women in the total sample and were also intervention trials.

Aim 2.b. Identify trajectories of cognitive recovery and group membership characteristics
associated with distinct trajectory groups, focusing on patient sex as a risk factor.

Hypothesis 2.b.1: There are multiple distinct trajectory groups that may vary in
shape, amplitude, and direction.

Hypothesis 2.b.2: Individuals in similar recovery groups will be more likely to
also have similar sex.

Rational 2.b: Few studies observe cognition as its own longitudinal outcome in
the context of hip fracture. Those that have use regression models which may be hiding
the variability within hip fracture patients. Colon-Emeric et al. (2019)?* study did not

assess cognitive measures over time for recovery or patterns of cognition.

Aim 2.c. ldentify joint trajectories of cognitive and functional recovery and the group
membership characteristics associated with trajectory group membership focusing on
patient sex as a risk factor.

Methods 2: The analyses will use secondary data from BHS7, a cohort study of
hip fracture patients of older adults, 65+years, who had a hip fracture repair surgery.

Main analyses will utilize Group Based Trajectory Modeling (GBTM).



1.2.3 Aim3

Establish if time to death and the proportion of individuals with Cognition-Related Cause
of Death (CR-COD) are comparable for individuals with undiagnosed/documented Cl;
and if these associations are different by patient sex.

Hypothesis 3.a: Unrecognized Cl is a contributing factor to the poor outcomes of
otherwise heterogeneous subgroups. Those identified from cognitive testing will have
similar poor outcomes as those with a dementia diagnosis.

Hypothesis 3.b: CI differentially misclassified by patient sex, will result in
increased mortality in the underdiagnosed group compared to those identified with
medical records and those found to not have Cl on medical records nor 3MS.

Rational 3. Sex bias in clinical diagnosis of Cl may contribute to disparities in
outcomes by sex. If males are underdiagnosed, the observed effect of male sex on
early/increased mortality may be due to CI.

Methods 3. Estimate the hazard of mortality and CR-COD in the BHS7 cohort
supplemented by data from NDI for date and cause of death. Conduct survival analysis
using Cox proportional hazards to estimate survival time for all-cause mortality and CR-

COD by sex and SCI.



CHAPTER 2. LITERATURE REVIEW

2.1 Etiology of Hip Fractures

Hip fractures, acute injuries resulting in a fracture to the femoral head, neck,
trochanter, or femoral shaft,® have been identified as one of the most serious healthcare
problems for geriatric patients®* due to subsequent functional decline, increased
morbidity, and premature mortality.>*> Femoral neck and intertrochanteric fractures are
the most common fracture types among older adults?®, accounting for 37% and 49%
respectively of all U.S hip fractures.®

Anatomy of a hip fracture differs slightly from conventional considerations for
anatomy of the hip. The iliac fossa or ‘hip bone’ is a large bilateral structure. The
superior connection is fused to the sacrum at the base of the spine and the inferior bone is
connected to the pubic symphysis. This structure covers the hip that is felt below the iliac
crest (i.e., waist), to the coccyx (i.e., tail bone) upon which a person sits. The iliac crest
flows down into the anterior superior iliac spine, a ridge along the large bone of the hip.
The iliac spine meets the acetabular rim which is the socket in which the femur sits.

The anatomy of a hip fracture is primarily focused on the fracture along the femur
at and around the pelvic girdle. A fracture of the larger structure would be considered a
fractured pelvis. Within the socket of the pelvic girdle there is the acetabulum and the
acetabular labrum, which nest the femoral head securely and freely within the socket
structure. This entire system is held together by ligaments and muscle, but the bone

involved in a hip fracture is the femur. The femur is comprised of the femoral head, neck,



and trochanter. The femoral head is a knob that fits in the round socket of the girdle
becoming narrow at the femoral neck and largest at the greater trochanter, which faces
laterally. At the base of the trochanter is the proximal lesser trochanter - the meeting
point of the greater and lesser forms the intertrochanteric line — followed by the main

shaft of the femur.

2.1.1 Fracture Types

Femoral neck fractures are considered either displaced or non-displaced
depending on the location of the fractured hip segments.®> Non-displaced femoral neck
fractures present with dull or aching pain in the groin, mid-thigh or knee, which is
increased by moving.® Displaced femoral neck fractures are typified by severe pain in the
entirety of the hip.® Patients with displaced femoral neck fracture are usually unable to
walk.®> Femoral neck fractures risk osteonecrosis as blood supply to the femoral head can
be disrupted during the fracture. Displaced fractures have a 40% avascular necrosis
risk.>282" There is little soft tissue surrounding the bone, delaying the healing process.®

Intertrochanteric fractures are either stable or non-stable based on fracture
segments and severity of comminution.® These fractures present painfully above the hip,
and with severe pain in the hip upon weight bearing or moving.® Weight-bearing pain
may inhibit mobility in these fracture patients, and they may often limp.® Due to the large
hip muscles that attach around the trochanters, in intertrochanteric fractures, there is often
leg shortening and some deformity in regard to leg alignment. However, in older adults,

pain in the hip may either be minimal or only painful with movement and is not necessary
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in the presence of a fracture. Morbidity after intertrochanteric fractures is higher than

after femoral neck fractures, often due to comminution of bone fragments.?

2.1.2 Underlying Biology

Hip fractures most often occur from low trauma falls at standing height indicating
suboptimal bone strength. Osteoporosis and osteopenia are disease conditions in which
the bone is very porous and does not rebuild quickly or with integrity. Osteopenia is a
precursor indicator to osteoporosis, the diagnosis of both are based on test of bone
mineral density (BMD) and quality.?® Only BMD has satisfactory clinical measures and
is therefore the central determinant of bone mineral health.?® Bone mineral content
divided by area measured is the BMD value. Bone mineral content is most often captured
using single or dual X-ray absorptiometry (DXA). DXA produces area-adjusted results
and is over 90% accurate for the hip.?° Broad-band ultrasound attenuation and velocity at
the heel can be used to assess fracture risk but not osteoporosis in elderly women.?°
Quantitative computed tomography produces true volumetric density, allowing for
assessment of change in cancellous bone, spongy bone found at the end of long bones,
which is more responsive to interventions than cortical bone. However it has higher
radiation exposure and is more costly than DXA.?° BMD is measured against population
means at the measured site (i.e. femoral neck). BMD <2.5 standard deviations for a
young person of the same sex indicates osteoporosis, reported as T-score.®® As of 2016,
Medicare reimbursed BMD screening for patients 70+ years old who had not already had

a fracture.® Both osteoporosis (T-score -2.5 and below) and osteopenia (T-score -1 to -
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2.5),%-32 are more prevalent in, and seen at an earlier age among women. The U.S
Preventive Task Force still does not recommended that men without prior fractures
undergo screening for osteoporosis.® Further evidence includes increased risk of hip
fractures in older women who have had a previous fracture other than a hip fracture,
indicating system wide vulnerability and fragility.® However, this risk is highest in the
early years subsequent to the non-hip fracture.®

Osteoporosis is degenerative and should therefore increase fracture risk over time.
Thus, it is thought that poor balance may contribute more to early increased fracture risk
than osteoporosis in the case of secondary fractures.® Estrogen and testosterone levels
have been proposed as essential protective factors to BMD loss, with mixed results in
clinical trials.34*® Osteoporosis has been associated with reduced estrogen following
menopause in women, and depleted testosterone in aging men.*® Probability of
osteoporotic hip fracture is 23% higher in women when accounting for age and femoral

neck bone mineral density.*’

2.2 Epidemiology of Hip Fracture

2.2.1 Globally and in the U.S

At the turn of the 21%t Century, there were 1.6 million osteoporotic hip fractures
globally.*® Given current population trends, it is estimated that by 2050 the global
incidence will be closed to 6.3 million.*333 In the late 1990°s, 17.5% of all hip fractures

occurred in the U.S.* despite moderate risk in the population, with black and Hispanic
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populations having very low risk.>” Northwest European nations (Scandinavia) and those
of northwestern European decent have had the highest incidence of hip fracture for many
decades.*3" Presently, Europe and North American populations compose 50% of all
geriatric hip fractures. This number is expected to decline to as low as 25% by 2050 as

other currently low incidence countries begin to see more hip fractures.®

2.2.2 Historical, Current, and Future Trends

In the U.S., 1995 was a seminal year for hip fracture incidence. Incidence in both
men and women has been in a substantial downward trend compared to the marginal
increases in hip fracture rates seen since the late 1980’s to 19952 until 2012 after which
there was a plateau at increased rates.*® However, the increase in numbers of older people
will lead to an increased number of hip fractures, even as incidence rates decrease or
plateau. Other changes have been seen in the treatment of hip fracture over time,
including reduced median length of hospital stays from 12 to five days.'? Additionally,
discharge procedures have changed. From 1986-1988, 34.3% of patients went home at
discharge while 29% went to a skilled nursing facility. From 2003-2005, 6.5% of patients
were discharged to home, 53% went to a skilled nursing facility.'?

Low-energy falls from standing height are responsible for 53% of hip fractures in
adults 50+, 85% in those 75+, and over 90% of all hip fractures among older adults.>*142
In the U.S., there were 3.2 million non-fatal falls by adults 65 years and older in 2012 and
over 1.75 million resulted in emergency department visits.** While environmental

obstacles are common inciting factors, less than half (47%) of the falls resulting in
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femoral neck fractures among lucid adults age 65+years studied in Nyberg 1996* cited
external factors. Individual health conditions are also known to contribute to the risk of
falls and hip fracture. Primary non-environmental causes of falls include recent
hospitalization, inability to walk unassisted, peripheral neuropathy, neurological disease
or gait disorders, drug effects and interactions, syncope, and vitamin deficiencies. Many
of these cause impaired walking ability, or impair instinctive fall and balance recovery

mechanisms, 4445

2.2.3 Age

Adults aged 65-69 years were projected to be the largest proportion of the U.S
older population in 2016. As they age, by 2042 they will be 80 to 84 years old and still
make up the largest population proportion of older adults.*® By 2050,the US population
65 years and older is predicted to be composed of 42% minorities.* It is unknown how
this aging cohort will effect hip fracture incidence or the absolute number of geriatric hip
fractures. Black and Hispanic individuals have been at low risk, but that may not be true
for this rising cohort of older adults.

Mean age at hip fracture in the U.S. is 76 years of age, 79 years globally.*” From
1986 to 2005, the number of adults 85 and older with hip fractures in the US has
increased from 38% to 43.6%.%2 A review of studies on hip fracture from MEDLINE
identified a one-year increase in age of fracture for every five years forward in time from

1959 to 1998 (mean age 73 to 79).*” Functional, psychological, and other health
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outcomes are all worse for hip fracture patients compared to age- and sex-matched older

adults.®

2.2.4 Sex

Osteoporosis and osteopenia, degenerative bone diseases that increase fracture
risk after low-trauma falls, are more prevalent in women to due biological factors.
Overall age-standardized hip fracture risk is two-times greater in women than in men.%’

Femoral neck fractures are estimated to occur among 17.5% of women (mean age
77) and 6% of men (mean age 72 years).!! 12 Men currently account for 25-30% of U.S
hip fractures.'® Between 1985-2005, mean annual hip fracture incidence in women was
957.3 per 100,000 compared to 414.4 per 100,000 in men.'? Lifetime risk of hip fracture
in Caucasian women is 16-18% compare to 5-6% in Caucasian men.* In age-adjusted
analysis of hip fracture from 1970 to 1991, men had an 80% increase in incidence while
women had a 51% increase.* By 2025, men are expected to present with as many hip
fractures as were seen in women 20 years ago.'* The sex disparity in the U.S of the
proportion of older women to older men is expected to close by 2050 especially among
the oldest old (age 85 and up).> Among this oldest group, by 2050, women are expected
to make up 61% of the age bracket, a reduction from 67% in 2010.%¢ Overall, it is
expected that in adults 65 years and older, by 2050, there will be 82 men per 100 women.
These changes have been attributed to increased life expectancy among men.*8

In a MEDLINE review paper, the proportion of women in hip fracture studies

(80%-90%) has changed very little in the past 40 years.*” Women had better outcomes
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than men with hip fractures, despite being less likely to be married and having lower
education on average. Males who fracture their hip tended to have more comorbid
conditions prior to fracture than their female counterparts (mean 3.3:2.9,
males:females).!* Men have also been shown to have higher American Society of
Anesthesiologists (ASA) pre-operative risk (2.4:2.1, Males:Females).1448

Despite higher risk factors in men, the average cost per fall (2012) in an
emergency department costs $1,000 more for women 65-74 years, and almost $4,000
more for women 85 and older compared to men of the same age.*® This pattern was
maintained in 2015, where emergency department visits and hospitalizations for falls cost
women $1,500+ more than men on average.*® The cost disparities by sex increase for

non-fatal falls ($8,462 : $10,441, Men: Women).*®

2.3 Cognitive Impairment in Older Adults

2.3.1 Types of Cognitive Impairment

2.3.1.1 Delirium

Delirium is a characterized by the sudden onset of cognitive difficulty in a
previously lucid person, usually lasting anywhere from a few hours to days but no more
than 6 months. Cognitive function fluctuates in and out, notably disorienting the patient
to time, shot-term recall and impaired attention are hallmarks of delirium.*® Delirious
patients may experience visual hallucinations.*® Risk factors for delirium include older

age, history of delirium, dementia, polypharmacy, catheter use, vision or auditory
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impairment, and malnutrition.** Managing delirium is accomplished by treating
underlying medical problems, reducing the number of medications particularly the
cessation of anticholinergic medication, access to bright lighting, normalizing patient’s

sleep cycle.*® Isolation is not recommended.

2.3.1.2 Alzheimer’s Disease and Related Dementia (ADRD)

Chronic CI in multiple domains (e.g., language, vision, problem-solving,
attention, memory) is indicative of dementia rather than delirium. The onset of dementia
can take many years but is predicated by mood changes such as experiencing depression
or anxiety in early stages, and agitation with more progressive dementia. Due to this slow
onset and progression the range of dementia symptoms and experiences is vast, from mild
forgetfulness (more than is normal for aging) to complete Activity of Daily Living
(ADL) dependence.>® The main risk factors are age, and family history or genetics. The
patient with dementia will likely have unaltered consciousness (except with Lewy
bodies). Medication therapy for dementia currently treats for the behavioral symptoms
(e.g. depression) or works to prevent cerebrovascular dementia. Some neurotransmitter
regulating products approved by the U.S Food and Drug Administration can be used to
treat symptoms of moderate to severe Alzheimer’s Disease (AD), but will not cure AD.*

AD is the 6" leading cause of death in the U.S, but may be rising to 3" as the
proportion of older adults grows.>® ADRD affects 15 to 20% of adults 75+years.>! The
National Institute on Aging (NIA) currently recognizes the following forms of age-
related dementias for which there are currently no cures: Alzheimer’s disease (50-70% of

cases of dementia), frontotemporal disorders (12-25%), Lewy body dementia (5-10%),
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progressive brain diseases from vascular causes (10-20%), and mixed dementia.*®5%3
Mixed dementias are a combination of any of the above and constitute 10-30% of cases.
Other conditions or exposures can lead to dementia-like symptoms.> These are
differentiated in that some are revisable after stopping exposure (ex. medication side
effects, psychosomatic symptoms of anxiety or depression, effects of alcohol, blood clots
or brain infections, thyroid or liver problems), others are side effects of other disease
conditions (e.g.,. Argyrophilic grain disease, Creutzfeldt-Jakob disease, Huntington’s
disease, chronic traumatic encephalopathy from repeated traumatic brain injury, HIV-
associated dementia).>

Risk factors for ADRD include older age, female sex, head trauma, and the
presence of apolipoprotein E €4 (APOe-4) allele. In individuals with homozygous APOe4
alleles the OR of ADRD ranges from 7 to 19.3. Over 40% of sporadic AD cases have at
least one APQOe-4 allele, making it a more valuable predictor than familial AD (5% of
cases).*

Differentiating AD, Lewy bodies, cerebrovascular dementia, and frontotemporal
dementia can be clinically hallmarked by time and rate of onset and domains of
impairment or change.*® Mid-stage AD is very dangerous to the individual as they may
still have physical independence but could be experiencing delusions, paranoia, or

hallucinations and have difficulty reacting to novel stimuli.>°

2.3.1.3 Mild Coqgnitive Impairment (MCI)

MCI has been previously called preclinical AD. This is a misnomer, in that not all

MCI will progress to ADRD. Some patients who experience MCI do develop ADRD.*°
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Reduced olfactory abilities have been associated with MCI and MCI to AD progression,
though the nature of this relationship is unclear.>**% However, current dementia

diagnosis acknowledge MCI as a pre-clinical stage of AD.°

2.3.2 Tests

2.3.2.1 Clinical Diagnosis

Medical assessment of dementia in a non-emergency setting generally consists of
patient’s personal and family medical history, physical exam to rule out other causes, and
neurological tests. Upon inability to rule out other causes a patient may receive
neuropsychological/cognitive tests of mental functioning, brain scans, psychiatric
evaluations, and/or genetic testing.5? Prior to AD diagnosis a patient may be diagnosed
with all-cause dementia.>® Dementia, resulting in cognitive or behavioral symptoms that
disrupt the patients’ daily functioning, is corroborated by medical history and bedside
mental status examination. AD can only be definitively diagnosed post-mortem.
However, the NIA and Alzheimer’s Association have core clinical criteria for probable
AD: insidious onset over months to years, clear history of worsening cognition, most
prominent deficits are evidenced upon examination of recall of new information
(amnestic) or word-finding difficulties, impaired spatial cognition or problem solving
(non-amnestic). These criteria should not be applied in the presence of cerebrovascular
disease, core Lewy body dementia markers besides dementia, or evidence of other core

criteria for other dementis.*°
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2.3.2.2 Screening Tests

Dementia screening tests can be divided into brief screening instruments,
comprehensive assessments, special situation tools, and informant-based assessments.
These can use solely patient input or patient input supplemented by proxy. The most
common brief instruments are the Mini-Mental State Examination (MMSE)®"8 and the
Mini-Cog.%® The MMSE can be administered in 7 to 10 minutes, but has specific age and
education adjustments and has limited sensitivity for detecting MCI.%® More
comprehensive exams include the 3MS, which is similar to the MMSE but has several
other domains included and as a result takes 10-15 miuntes.**®° The 3MS is scored from
0-100, with higher scores indicating better cognition. Conventional cut-off scores for Cl
indication are score <78.61:62 Scores <95 have been considered as indicative of MC1.52
Many other tests exist and are in use but the MMSE, Mini-Cog and 3MS are widely
accepted. While these are powerful screening tools, poor performance is not enough to
warrant a clinical dementia diagnosis.

There are many delirium screening tests but the Confusion Assessment Method
(CAM) derived from Diagnostic and Statistical Manual 111-R has over 90% sensitivity
and specificity, takes 5 to 7 minutes to administer by a trained clinician, and is one of the

most common delirium assessments.?45
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2.3.3 Cognitive Impairment and Hip Fracture

2.3.3.1 Pre-existing Cognitive Impairment

Cl in older adults increases the risk for acute injury, specifically hip fracture, by
as much as 2.7-fold compared to those without C1.% It has been estimated that 20% of
older adults have dementia prior to a hip fracture and are increasingly likely to suffer
from hospital-acquired delirium than older adults hospitalized with other conditions.® CI
reduces the level of physical function recovery and time to mortality after acute
injury.'819 Delirium has been independently associated with onset of dementia and
mortality in geriatric hip fracture patients.?>?* Studies have shown these effects may be

moderated by participation in rehabilitation after hip fracture.??

2.3.3.2 Post-operative Cognitive Impairment

After hip fracture, 35-61% of patients are estimated to have CI and/or delirium.’
Delirium incidence in hip fracture has been found to be significantly higher in patients
with pre-existing dementia.®” In patients without dementia, versus those with dementia,
25% vs 57% respectively had post-operative delerium.®” Older adults 80 years and over
were significantly more likely than those 70-79 to experience delirium [OR 2.64, 95% CI
(1.71-4.10)].%7 Recent studies on hip fracture patients revealed that AD biomarkers in
cerebrospinal fluid (AB42/40 ratio, p-tau, t-tau) of cognitively normal patients was
comparable to that of patients with MCI (88.6%:98.8%).%8 While the comparable AD
biomarker findings could indicate a lack of sensitivity in the biomarkers, this is unlikely.

There is existing evidence on the associations with the presence of these markers and
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dementia outcomes.1%%° Therefore, it is more likely that hip fracture patients, even those
who are cognitively normal at presentation, may be in the dementia progression timeline
(early non-memory or attention symptom phases). These biomarker findings highlight the
need for cognitive monitoring after discharge of all hip fracture patients, particularly
given the known associations between cognition deficiency (ADRD and/or delirium),

functional dependence, and mortality.”®"*

2.3.4 Sex and Cogpnitive Impairment

2.3.4.1 General Population

Older age, severity of dementia, and female sex demonstrated bias towards
reduced efforts to diagnose dementia in a Swedish study.’? Despite health risks and
consequences, MCl is largely under-reported in medical charts, and patients with MCI or
dementia are systematically excluded from research studies.”

U.S.-based studies have focused more on age, education, or severity of Cl biases
in CI diagnosis, leaving sex under-explored.?#?® The Swedish study attributed the sex
differences in dementia diagnosis to strong age differences between men and women.
There are known sex differences in how medical professionals diagnose patients,
particularly women, with conditions that cannot be corroborated by lab tests;?’
conversely, men are much less likely to be diagnosed and treated for mental disorders
such as depression.?8 Delirium is underdiagnosed in up to 70% of patients.”*" Potential
sex differences in delirium diagnosis may stem from sex differences in delirium

phenotype. Men tend to display more behavioral symptoms such as motor agitation and
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affective lability, where women more frequently have hypoactive delirium.’® However,
history of traumatic brain injury and age were most correlated to delirium phenotype, not

sex.”® How these sex differences impact dementia diagnosis is unclear.

2.3.4.2 In Hip Fracture

Among hip fracture cases, it is difficult to isolate the effects of sex on outcomes
(Cl, recovery, mortality) due to the large proportion of women.2° Traditionally, men with
hip fractures have been sicker than non-fractured men and sicker than women with hip
fracture.?® Upon admission to a rehabilitation center and at discharge from geriatric
rehabilitation, men have significantly higher incidence of C1.1* Changing demographics
in the population of hip fracture patients create a critical need to understand if current
practices leave cognitively vulnerable subgroups at heightened risk for morbidity and
mortality, and to what extent Cl impacts health outcomes (e.g., functional recovery,

cognitive recovery, mortality) for the different sexes.

2.4 Outcomes

2.4.1 Cognitive Recovery

The terminal decline hypothesis posits that as an individual approaches end of life
their rate cognitive decline accelerates in the last few years.”” Given the known
associations between Cl and hip fracture incidence as well as Cl and mortality, it is

possible the hip fracture can be an injury accrued during this decline process. To capture
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this, cognition of hip fracture patients needs to be studied over time. It is particularly
important to differentiate delirium from ADRD. However very few studies examine
improvement or change of cognition over time in a hip fracture population. Most
assessments of cognitive recovery are concerned with delirium post-operatively and only
measured until hospital discharge. Alternatively, Cl was collected at baseline and used as
a predictor of other outcomes. Rarely has cognitive performance been followed as its own
outcome. Some exceptions include work from Beishuizen et al. (2017)%! and Gruber-
Baldini et al. (2003)°.

Beishuizen® assessed cognitive trajectories in the first year after hip fracture
among 302 patients age 65+. Participants were part of a larger multi-center randomized
controlled trial. Using GBTM they found three distinct trajectories of MMSE
performance: improvement (n=175), stable (n=85), and rapid decline (n=42).

Gruber-Baldini et al. (2003), looked at CI over time in 804 hip fracture patients in
Baltimore, Maryland (1990-1991).6 MMSE scores <17 marked severe impairment, 17-23
moderate impairment, and >24 were cognitively normal. Pre-fracture MMSE was
estimated by patient proxy.® CI was noted in 50% of the sample, 30% was incident
impairment (11% pre-surgery, 22% post-surgery).® Cl in the hospital was predictive of 2
and 12 month Cl and persisted in 40% of patients.® There was little change in the level of
impairment (mean MMSE score).

All of these studies focused on CI captured by the MMSE. The MMSE, as
discussed in Section 2.3.2.2, is a good brief assessment for dementia but is not sensitive

to MCI and additionally is limited to certain domains of cognition. More measures should
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be assessed over time to capture different domains of recovery or decline in cognition

within a hip fracture population.

2.4.2 Functional Recovery

Functional recovery was one of the primary outcomes of interest for most studies
of hip fracture patients. After hip fracture, 44-60% of patients did not recover to their pre-
fracture level of physical function, functional independence, or ambulation.*3’8 What
recovery is seen takes place predominantly within the first 6 months after fracture.”® In
that time, equal proportions (approximately 13.5%) of a hip fracture cohort were seen to
have divergent recovery patterns with one group improving and the other
deterioraiting.”®%° A 2016 study of HRS participants found that among hip fracture
patients (n=773) approximately 1/3 regained their pre-fracture ADL function, 1/3
regained mobility, and 41% could climb stairs as well as before the fracture at 6 month to
2.5 years (mean 12.5+8 months) post fracture .81 Among adults who were ADL
independent prior to fracture, 27% saw functional decline after hip fracture with new
difficulties in ADL dependency, mobility, or stair climbing.®! Regaining ADL
independence was seen less often if the patient was >85 years old, had dementia, or >2
comorbid conditions.

Factors known to decrease mobility at discharge include CI, limited pre-fracture
functioning and ADLs, male sex, older age, high or very low body mass index (BMI),
polypharmacy, and surgery type.”* Early functional recovery (walking 4 days after

surgical repair) has been shown to be predicted by ASA score, pre-fracture function
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(Barthel Index), number of comorbidities, and depression; while age, cognition, and
surgery factors were more predictive of functions like early stair climbing ability.®2

Evidence on the recovery of individuals with Cl is conflicting.?? Outcomes for
those with CI were often worse than for those who were not impaired. There were often
significantly more complications (25.1:48%, p <.001), increased mortality (11:30%, p
<.001), and increased likelihood of going to a nursing home after surgery (77.6:91.8%,
p<.001) in non-delirious versus delirious hip fracture patients respectively.®”# Recent
studies have illustrated that when controlling for fracture type, age, and sex, those with
CI recover more slowly than hip fracture patients without Cl at 6 months post-fracture.®

When a non-traumatic fall results in a hip fracture, there are underlying
weaknesses that create a negative feedback loop for decline. There is evidence that pre-
fracture Cl is not as strongly associated with poor outcomes like rate of improvement or
decline as pre-fracture functional impairment, although both impairments resulted in
worse long term outcomes at 6 months.® In the previously mentioned HRS study, there
was no association between patient race, income, or marital status with recovery. This
study did support associations between low education (less than high school) and male
sex, with nursing home residency and worse recovery outcomes.

Some of the barriers to assessing functional recovery outcomes across the
literature include different follow-up periods post fracture. Follow-up of functional
recovery has varied from hours after surgery, to patient discharge, as well as length of
follow-up months and years after discharge.®®®” Additional problems arise when different
measures are used to assess functional recovery. Some measures capture different

components of function, others measure the same components but use different methods
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or follow-up time points. Finally, many high quality studies focusing on functional
recovery come from various countries with heterogeneous populations such as
Germany®, Canada®*®®, Israel®®, and Japan®. The ability to generalize findings from one
of these populations to another is limited given race/ethnicity, different cultures around

lifetime health, healthcare utilization, and post-injury care.

2.4.3 Mortality

Mortality rates post-hip fracture have unfortunately remained unchanged despite
increased research for rehabilitation after hip fracture and reduced rates of hip fracture.®°
Among adults 65 years and older in the U.S in 2012, 24,190 had fatal falls, with an
average cost of $25,487 per fall, resulting in an annual cost of almost $616.5million in
direct medical costs in the U.S.*® Almost 30% of hip fracture patients die within one year
of surgery.3®3! In femoral neck fractures, a dose response has been observed between
perioperative vitamin D deficiency (<10 ng/ml, 10-20 ng/ml, >20 ng/ml: 29%, 13%, 9%)
and C-reactive protein (>40 mg/l, 10-33.9 mg/l, <10 mg/I: 40%, 33%, 15%) with one-
year mortality.®* Among those studied (164 women 50+ years old, 45 men 60+ years
old), perioperative levels of C-reactive protein, but not vitamin D, was an independent
predictor of one-year mortality, while the inverse was true of postoperative
complications.®

A review published in 2014 compiled results from 70 randomized clinical trials
on surgical fixation of intertrochanteric or femoral neck fractures published between

1981 and 2012.%° One-year mortality rate from studies in the 1980s to after 1999 were not
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significantly different (23% to 21% respectively). When stratified by fracture type, one-
year mortality in intertrochanteric fractures decreased in this time period, 34% to 23%.
Femoral neck fracture mortality rate increased though not significantly, from 19% to
20%.% In U.S.-specific data, Brauer et al. (2009)*?, used a 20% sample of Medicare
claims data from 1986 to 2005 for patients 65 years and older with a hip fracture
(n=786,717). Men were more likely to die than women. The 30 day mortality rate
(adjusted for age, race, comorbidities, and geographic region) for both sexes was found to
have been steady, although men’s mortality rate was an order of magnitude higher.'? The
relative hazard of mortality among men during the first three months after hip fracture
surgery has been estimated as 7.95 (95% CI: 6.13-10.30) compared to 5.75 (95% CI:
4.94-6.67) among women after hip fracture.1?3233

Common causes of death among hip fracture patients include circulatory diseases,
ADRD?*, and infections.® In a Finish study of sex-specific cause of death after hip
fracture,® preoperatively 62.1% and 69.9% of men and women had circulatory disease,
while 14.6% and 28.6% of men and women had ADRD. Circulatory disease was the
underlying cause of death in 37.9% and 33.9% of men and women respectively, ADRD
was the underlying cause of death in 9.7% and 13.2% of patients.®

Mortality still presents a conundrum for hip fracture research. As the aging
population increases, the anticipated impact of ADRD is expected to increase.® As
rehabilitation efforts aim to reduce premature mortality, it should be anticipated that the
burden of ADRD among hip fracture patients, which was previously masked by early

mortality, will increase. Using standardized annual mortality for the hip fracture patients
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observed from 1999-2007, the relative risk of mortality in hip fracture compared to the

general population for circulatory system diseases was 2.76. It was 3.05 for ADRD.%

2.4.3.1 Comorbid Conditions Related to Mortality

Congestive heart failure, chronic obstructive pulmonary disease, and diabetes
were the most prevalent comorbidities among U.S. Medicare hip fracture patients (1985-
2005). In both men and women with hip fracture, the absolute number of comorbidities
increased for all comorbid conditions expect paralysis from the late 80s to the early
2000s.12 Predictive factors for post-fracture mortality include use of diuretics, history of
coronary heart disease, male sex, low heart rate (>100) at admission, and low BMI (<20).
Use of statins was found to be protective in this population of Norwegian hip fracture
patients (mean age 83.4 years).®? Use of diuretics increased the risk for all causes of death

[Hazard ratio 4.02,(95% ClI, 2.13-7.64)].%

2.5 Summary of Research

It is known that hip fractures are a pervasive global geriatric condition
exacerbated by CI, which often results in long term functional disability and early
mortality. Hip fractures have predominantly affected women in the past, but in more
recent years more men are experiencing hip fracture. Cl has been demonstrated to impact
recovery and mortality, and it has been shown that men have worse outcomes in the
short- and long-term recovery process following hip fracture. The discrepancy between

sexes regarding CI has not been explored sufficiently. Part of this logical gap includes
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examining if there are sex differences in Cl diagnosis prior to hip fracture that may have
long term effects on patient outcomes. There may be bias resulting in under or over
diagnosis of one sex.

Furthermore, it is known that functional recovery is often poor in hip fracture
patients, who seldom recover to pre-fracture status. There has been very little
examination of long-term recovery and the different patterns this may take. If there are
multiple pathways that recovery follows, and patient baseline characteristics that can
reasonably predict these patterns, then there may also be time points in the recovery
process that are more crucial to some patients than others. Additionally, there is scant
research on the progress of cognitive recovery in hip fracture patients beyond hospital
discharge. CI increases the risk of complications, use of long-term care, and greatly
increases demands on caregivers. Change in this integral function over the recovery
process should not be undervalued.

Finally, mortality has not improved in this population over the last few decades.
However, it is the hope of medicine to change this fact. With more adults living longer
and the known risks of CI in hip fracture populations there could be an unexpectedly
large increase in ADRD populations as the number of older adults and hip fractures
increase. It is unclear how much ADRD is being misclassified and if misclassified ADRD

has similar mortality rates to clinically recognized ADRD.
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CHAPTER 3. RESEARCH METHODS AND STUDY DESIGN

3.1 Study Design

This was a secondary analyses of data from the BHS7 (2006-2011), an
observational cohort study of hip fracture [International Classification of Disease (ICD)-9
codes 820.00-820.9] patients in the greater Baltimore, Maryland area. Study assessments
were performed at baseline, 2, 6, and 12 months post-fracture.®® Baseline data were
collected within 22 days of hospital admission for hip fracture.®® Physical performance
was assessed only at follow-up visits, surveys of physical functional were assessed at all
time-points.®® Demographic and descriptive information were abstracted from the patient
medical chart as well as through conversations with the patient and proxy.® The BHS7
frequency-matched recruitment of females with the recruitment of males to achieve a
balanced sample.®®* Aim 3 follow-up mortality data is derived from the National Death
Index (NDI) as of Dec. 31 2018. The study was reviewed and approved by the

University of Maryland Baltimore Institutional Review Board (IRB).

3.2 Sample

The total sample of BHS7°% comprised 339 hip fracture patients from eight
hospitals in within the BHS network. The importance of the BHS7 cohort is that it over-
sampled males such that the sample was approximately 50% male, which is novel for hip

fracture research due to the large proportion of females that fill aging research and hip
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fracture in particular. Descriptive sample characteristics are listed in Table 1 of each
Aim.

Subjects were all 65+ years old and were approached for the study within 15 days
of admission to the hospital for hip fracture. Hip fracture patients were excluded from the
study if the fracture was pathological, they were not community-dwelling when they
fractured their hip, were non-English speaking, bedbound before the fracture, lived >70
miles from the hospital from which they were recruited, weighed >300 pounds, did not
have surgical fixation of the hip, or had hardware in both hips.*® Cognitively impaired
individuals were included in the study. For participants scoring <36 on 3MS, proxies

provided data on the participant’s behalf.

3.2.1 Aim 1 Analytic Sample

All enrolled participants were eligible to be in the analytic sample. Participants
were excluded if they were missing a baseline 3MS score (n=8; 4 male, 4 female) or a
medical record abstraction items related to ADRD and delirium (n=1 male). Final

analytic sample was 330 (163 male, 167 female).

3.2.2 Aim 2 Analytic Sample

The total available sample size was 339 (168 male, 171 female) as ClI status by
SClI was not required. To be included in the analysis, participants needed at least 2
timepoints of follow-up data. Missingness in measures by timepoint is displayed in
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Supplemental Figure S2.2. Given at least 2 timepoints, GBTM accepts dropout within the
models. Model fit is established through Bayesian Information Criterion (BIC) which
accounts for the number of groups (complexity), sample size, and goodness of fit based
on maximized likelihood estimation.®* Because of the BIC, power analyses are not
commonly done a priori for GBTM analyses. Based on previous studies of hip fracture
using GBTM, our sample size was estimated to be sufficient to identify 3 or 4 unique

trajectory groups.51-8494

3.2.3 Aim 3 Analytic Sample

The sample was separated by those who were alive or deceased as of December
31, 2018. The total available sample size was 339 (168 male, 171 female), 260 died (147
male, 113 female) as of December 31, 2018. To measure impact of sex and SCI, the Aim
1 analytic sample was used, removing 8 from the study sample from these 6 were
removed from the death sample. The final sample for Aim 3 was 330 hip fracture patients
(163 male, 167 female), 260 died (147 male, 113 female), 67 died of CR-COD (33 male,
34 female).

Power calculations were based on sex stratified groups of males (n=124) who died
and females (n=80) who died (all-cause) vs. those who died of CR-COD [(Died all-cause:
Died CR-COD)(males 102:22) (females 55:25)] comparing group proportions at a=.05

found sufficient power for this aim (1-p>.80).
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3.3 Measures

3.3.1 Demographic and Clinical Variables

Demographic information: age (years, 65+); sex (male/female); race; education
(years of education); BMI; Charlson Comorbidity Index (CCI) was derived from medical
record abstraction or patient interviews. CCl is totaled with -1 if dementia was positive as
it was captured in SCI. Race was combined to make a binary variable of White and Non-
White/Mixed. Non-white mixed is made up of American Indian/Alaskan Native,
Black/African American, or anyone who indicated a mixed racial ethnic background (no

participants identified as Native Hawaiian/Pacific Islander or Asian).

Clinical and health related information such as fracture, surgery, and post-surgery
related information were also derived from medical record abstraction. Fracture related
information included: site of fracture (femoral neck, intertrochanteric, and other);
American Society of Anesthesiologists Physical Status Rating (ASA, 1-4). Surgery
related information included: length of surgery (minutes); surgical approach (fixation,
arthroplasty, other). Post-surgery information included: length of stay (days); number of
physical therapy sessions, time from hospital admission to initiation of physical therapy

(days). See Table M1.1 for BHS7 variable information.
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3.3.2 Aim 1 Independent and Dependent Variables

The independent variable assessed was source of Cl indication (SCI), a
categorical representation of a hospital chart review and 3MS score within 22 days of
hospital admission for hip fracture. Source of impairment is either Hospital Chart Only,
3MS Only, Both (3MS and Hospital Chart), or No CI (Neither Hospital Chart nor 3MS).
Due to mechanistic differences in the role of CI, patients with Parkinson’s disease were
not considered cognitively impaired in the analysis (n=6; 5 male, 1 female). See Methods

Figure M1.1 for SCI Category Designation.

Medical Record Abstraction

No ADRD in medical
record nor delirium as a post-
operative complication

ADRD in medical record or delirium
as a post-operative complication

<78 Both 3MS Only

3MS
>78 Hospital Record Only No CI

Figure M1.1 SCI Category Designation

Note: Grey boxes are discordant pairs. All categories were mutually exclusive. SCI: No
Cl was a concordant category for patients without medical record abstraction indication

of ADRD or delirium as a post-operative complication; and with a 3MS score > 78. This
group serves as the referent category for all analyses.

3.3.3 Aim 2 Independent and Dependent Variables

Key outcome data on functional recovery used multiple functional tests including:
lower extremity physical activities of daily living (LPADL),*® The Short Physical

Performance Battery (SPPB),%%" gait speed,® and Yale physical activity scales (YALE).
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LPADL® was assessed using the Functional Status Index modified to address
functions specifically related to hip fracture.®®* LPADL is scored from 0 to 12, with high
scores indicating more dependence on the 11 lower extremity activities: walking 10ft, 1
block; climbing 5 stairs, getting into (out of) a car, bed, shower/bath; standing from a
chair without arms, dressing (putting on pants, sock and shoes), bathing, and getting
on/off a toilet.

SPPB%°7 was collected a 2, 6, and 12 months. SPPB is scored from 0 to 12,
scores <9 indicate functional impairment. The SPPB components include balance, gait
speed, and lower extremity strength.%°7

Gait speed®®*° (a subcomponent of the SPPB) was measured in meters per second,
with <.8m/s being the convention for slow walking speed. Walking slower than .8m/s has
been associated with limited community ambulation; mortality, morbidity, and ADL
disability, hospitalization, and falls.%°

Yale Physical Activity scale?®% was specifically designed for assessing physical

activity in older adults. The Yale utilizes a seven day physical activity recall of
household, recreational, and a variety of exercise activities recording both form and

intensity of activity.'%* Baseline Yale were asked for pre-fracture activities.

Key outcome data on cognitive recovery used multiple assessments including

Trails A&B Trail Making Task (TMT)%2, Hooper Visual Organization Test (HVOT)%,

and 3MS®°, Prevalent Cl was derived from medical chart review.
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3MS is scored from 0 to 100, <78 is considered impaired.®® MMSE can be
derived from 3MS scores.® Scores of <95 are considered indicative of MCI.%% More about
3MS is discussed in Section 2.3.2.2. Screening Tests.

TMT (Trails A, Trails B; 0-301s), was modified for older adults and extended the
maximum time allowed for completion to 5 minutes, participants taking longer were
scored as 301 seconds.'%41% TMT are frequently used in older adult populations.l” TMT
measures attention (complex and divided), executive function, mental flexibility, and
visual tracking.1%21%81% These cognitive domains have also been linked to ability to
remain community dwelling.!® TMT is scored in seconds; longer times to completion, or
higher scores, are indicative of worse performance. The cut off scores for impaired
performance are < 78 seconds for Trails A and < 273 seconds for Trails B.104105111 These
cut points are based on the original 3-minute test, validated cut points for the 5-minute
test have not yet been established.

HVOT!% measures spatial analytic skills, general and specific cognition, and is
related to “visual-perceptual-construction skills”.52 These skills have been associated
with walking function and falls avoidance.**®* HVOT is scored out of 30, <20 is

considered impaired.!?

3.3.4 Aim 3 Independent and Dependent Variables

The variables of interest for this analysis were SCI at baseline, participant sex
(male/female), cause of death (ICD code from NDI for CI), and date of death as of

December 31, 2018.
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The dependent variables being assessed are dichotomous mortality a) all-cause, b)
CR-COD; survival time in months a) all-cause b) CR-COD. Mortality information
includes date of death, cause of death or contributing cause of death using ICD-10 codes
and date of death as listed in the NDI. Applicable CI ICD codes are listed in Table M1.2
and include FO1 (Vascular Dementia), FO2 (Dementia), FO3 (Unspecified Dementia),
F05 (Delirium), and G30 (Alzheimer’s disease).? Time to death was calculated as date of
death minus date of hospital admission. CR-COD could be indicated in any place among

the list of contributing cause of death to be considered CR-COD.

3.4 Analyses

3.4.1 Aim 1 Analyses

Aim 1: Estimate whether there is under-diagnosis and documentation of Cl among hip
fracture patients and evaluate if under-diagnosis differs by sex or other
patient characteristics.
Hypothesis 1.a: Additional screening of hip fracture patients using the 3MS will
result in detecting a substantial number of previously undocumented CI (including
ADRD, MCI, and delirium) cases.
Hypothesis 1.b: The proportion of documented CI diagnosis will differ by
patient sex; such that the proportion of documented CI in males is not equal to the
proportion of documented CI in females.
Hypothesis 1.c: The proportion of documented CI diagnosis will differ by other

patient characteristics, such as age, comorbidity, and education. such that
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older, more clinically complex, and less educated cases will be more likely to be

identified and documented with CI.

3.4.1.1 Primary Analyses

Descriptive analyses of the study sample used Chi-square (32, Fisher’s exact tests
as applicable) to assess sex differences within categorical variables, and Student’s t-test
for continuous variables.

A 2 of the dichotomous 3MS and hospital record indication was used to examine
the significance of the proportion of the under-diagnosed group (3MS), such that the two
sources should not be significantly different if there is accurate diagnosis
of impairment. The SCI group proportions were established via crosstabulation of 3MS
and hospital record indication. Continuous sample characteristics were compared across
SCI categories using ANOVA with a Tukey correction.

To determine if there was differential misclassification of CI by patient sex, an
unordered multinomial logistic regression model was used to assess the association of
patient sex with SCI. Covariates were included in adjusted models using forward
selection at p < 0.2. The covariates were also assessed for potential interactions to address
collinearity. Each of the covariates was also assessed for a potential interaction with

patient sex.
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3.4.1.2 Supplementary Analyses

The main analyses were run using an alternative definition of hospital record indication
of CI which included post-operative confusion as a sensitivity analysis. Ordered

multinomial regressions of SCI were performed as supplementary sensitivity analyses.

3.4.2 Aim 2 Analyses

Aim 2.a: Identify trajectories of functional recovery and cognitive recovery
and determine the group membership characteristics associated with distinct trajectory
groups, particularly those related to patient sex and SCI.
Hypothesis 2.a.1: There are multiple distinct trajectory groups that will vary in
shape, amplitude, and/or direction.
Hypothesis 2.a.2: Individuals in similar recovery groups will be more likely to

also have similar sex and SCI.

Aim 2.b: Identify joint trajectories of cognitive and functional recovery and determine the
group membership characteristics associated with similar trajectory group patterns,
including patients’ sex and cognitive identification source.

Hypothesis 2.b.1: Male sex and CI, regardless of the source, will be risk factors

significantly associated with the posterior probability of group membership

in the worst recovery groups for joint trajectories of cognitive and functional

outcomes.
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Aim 2.c: Evaluate death as non-random source of truncation within recovery groups
identified in Aims 2 a-b.
Hypothesis 2.c.1: One group in each outcome model will experience a higher

proportion of earlier truncation by death than other groups.

3.4.2.1 Aim 2 Primary

The primary outcome measures were separated as cognitive and physical function
measures. Cognitive measures included baseline; 2, 6, and 12 months assessments of
3MS, HVOT, and TMT. Physical function surveys including the YALE and LPADL
were administered at all 4 time points. The SPPB was only assessed at 2, 6, and 12
months. Initial models were run as independent trajectories for each type of cognitive and
physical function recovery outcome. Analyses utilized PROC TRAJ in SAS 9.4.

Model selection was achieved using methods documented in Haviland et al.
(2011).1* comparing the BIC, estimated log Bayes factor, and estimated group
proportions for various models. The estimated log Bayes factor can be approximated as
2*[(BIC more complex model) — (BIC simpler model)]. A log Bayes factor can be
categorized as weak (0-2), moderate (2-6), strong (6-10), or very strong (>10) evidence
for the more complex model.

First each measure was run as a cubic censored normal unadjusted model for one
trajectory (no separation). Then the number of trajectories (or groups) was increased by 1
sequentially until the log bayes factor of the more complex model (the one with more
groups) was smaller than that of the simpler model, the log bayes factor was >10, and/or

the estimated group size was less than 5% of the total sample.
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Each functional test, cognitive and physical function, was modeled to illustrate
similar patterns. Posterior probability characteristic describes the percent probability or
likelihood of belonging to one trajectory group based on the specified characteristic.
Group membership probability as a function of covariates collected at baseline and
treated as time-stable such as Sex (male/female), age, race (white/black and non-white),
years of education, record of dementia or delirium in the hospital chart (yes/no), ASA
physical status rating (2-4), CCI, BMI, side of fracture (left/right), fracture type (femoral
neck/other), surgery type (fixation, arthroplasty), length of surgery (minutes), length of
hospital stay (days), day to initiation of physical therapy, and number of physical therapy
sessions. The outcome was interpreted as the log odds of risk factor (covariate) on
probability of trajectory group membership relative to other (reference) group. Reference

groups were either the largest percentage of the sample, or the best performing group.

3.4.2.2 Aim 2 Supplementary and Sensitivity Analyses

3.4.2.2.1 Preliminary Analysis

Descriptive statistics for means and standard deviations of all measures at each
available time point were run (See Tables 2.1 and S2.2a-c), as well as identifying the
number and percent who passed or failed a measure at each time point. Functional
recovery outcomes and cognitive recovery outcomes were stratified by sex at each
timepoint using repeated measures ANOVA to identify between or within subject
differences. It was anticipated that this result would hide the unique changes different

groups undergo during recovery. Additional posterior probability characteristic analyses
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were run on risk factors using alterative refence groups to understand more about the

relationships between the different groups.

3.4.2.2.2 Joint Trajectories

As part of secondary analysis, group-based multi-trajectory modeling allows for
latent cluster analysis of subjects who follow similar trajectories over multiple outcomes
of interest.!™® The best fitting models from the individual trajectories will be used in the

joint trajectory.

3.4.2.2.3 Dropout by Mortality

Finally, death was modeled as a non-random source of truncation for each
independent measure. Due to other sources of missingness and restraints in sample size to
only exclude those with missingness due to death the sample size became too small to
provide substantial analyses. Joint modeling with mortality is secondary to the initial
identification of finite trajectory groups and may not have a large enough remaining

sample to successfully model.

3.4.3. Aim 3 Analyses

3.4.3.1 Aim 3 Primary Analyses

Aim 3: Establish if time to death and the proportion of individuals with CR-COD are
comparable for individuals with undiagnosed and document ClI, and if these associations

are moderated by patient sex.
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Hypothesis 3.a: Those identified from cognitive testing only will have similar
poor outcomes as those with a dementia diagnosis only, or by both, compared to
those identified with no CI.

Hypothesis 3.b: ClI differentially misclassified by patient sex, will result in
increased mortality in the underdiagnosed group compared to those identified
with medical records and those found to not have Cl on medical records nor
3MS.

Hypothesis 3.c: Patient sex and ClI differentially misclassified by patient

sex (interaction), will result in reduced time to mortality and cause-specific
mortality in the underdiagnosed group and those identified with medical

records compared to those identified with no CI.

Aim 3 analyses compared the proportion of hip fracture patients who died by
December 31, 2018 to those who survive, focusing on SCI as an independent variable.
Additionally, the proportion of hip fracture patients who died of CR-COD were
compared to those who died of other causes of death. This main analysis was stratified by
patient sex to identify if sex was modifying or confounding the observed relationships.

Preliminary analyses included descriptive statistics of the sample and cross-
tabulation of SCI, mortality, cause of death, and gender. The second analyses assessed
time to all-cause mortality and CR-COD, stratifying these results by sex, such that it will
identify the hazard of all cause-mortality and CR-COD by SCI across both sexes. See
Table 3.1 for sample statistics regarding key variables, mortality status, CR-COD, sex,

and cognition identification source.
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Survival analysis utilized cox proportional hazards models. Time to event analysis
was conducted for time to death in all-cause mortality (all those who died, including CR-
COD). This analysis was then be stratified by patient sex. A subsequent time to event
analysis was conducted for time to death in CR-COD. This analysis was stratified by
patient sex. A comparative time to event analysis assessed time to death stratifying based

on CR-COD, and then subsequently by patient sex.

3.4.3.2 Aim 3 Supplementary and Sensitivity Analyses

Logistic regressions were used to determine odds of death and cause specific
mortality as function of SCI and sex. Model building relied on forward selection of key
variables including age, education, comorbidities, ASA status at admission p<.2.
Trajectory group membership from Aim 2 was used as a categorical covariate to predict
and time to death and cause-specific mortality in a supplemental cox proportional hazards

model. Each measure was used independently.
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CHAPTER 4. AIM 1 RESULTS

4.1 Aim 1 Main Analysis and Manuscript

Under-Diagnosis and Differential Misclassification of Cognitive Impairment by Sex in

Hip Fracture Patients

4.1.1 Introduction

Cognitive impairment, including delirium and Alzheimer’s disease and related
dementias (ADRD), is severely underdiagnosed in the U.S. It has been estimated
that hospital records capture only a third of existing age-related cognitive
impairment.?! Cognitive impairment could be due to multiple etiologies, which require
testing and medical history review to differentiate.!%! This diagnostic burden in general
clinical practice can be more difficult in hip fracture cases. Hip fracture patients have a
high prevalence of cognitive impairment, much of which is likely
underdiagnosed.?11® Cognitive impairment increases an older adult’s risk of hip fracture.
An estimated 20% of hip fracture patients have dementia prior to their fracture, and 35%-
61% have prevalent cognitive impairment and/or delirium after hip fracture.'®!® Studies
assessing biomarkers related to ADRD show that hip fracture patients with normal
cognitive function have comparable levels of biomarkers compared to hip fracture
patients with mild cognitive impairment. These results suggest that changes at the
physiological level are occurring before manifestation of cognitive

impairment.1%8%° Gijven the associations between cognitive impairment and hip fracture,
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it is expected that many individuals who were not previously diagnosed with cognitive
impairment will present with cognitive impairment (mild cognitive impairment,
dementia, delirium) upon screening after the acute injury event (hip fracture).

Our understanding of cognition in hip fracture patients is further complicated by
differences by sex. Men with hip fractures have been shown to be more likely to have
cognitive impairment at discharge and geriatric rehabilitation after hip fracture.* Patient
sex is largely under explored in U.S research with regard to potential biases in cognitive
impairment diagnoses. Men currently represent 25-30% of the hip fracture
population, but the number of hip fractures in men is expected to increase 51% from 2010
to 2030.2 To date, two-thirds of ADRD cases in the U.S. and two-thirds of hip fracture
cases are women who have comprised 80-90% of the hip fracture research
subjects.*151647 In a non-research setting, clinical determination of cognitive impairment
is likely the sole determination of cognitive status. However, in research studies, a more
thorough and equitable examination of cognition may find additional cases.

Research has shown the deleterious effects of a hip fracture can be worse in individuals
with cognitive impairment.&6%71117.118 Hin fracture patients with dementia are more likely
to suffer delirium during hospitalization than other hip fracture patients and other
hospitalized older adults.5” Functional recovery and mortality in hip fracture patients with
cognitive impairment due to ADRD and/or delirium have been shown to be
worse compared to non-impaired counterparts.®6171117.118 |t js necessary to understand
whether under-diagnosed cognitive impairment may be contributing to the sex

differences seen in recovery and mortality after hip fracture. The first step to
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understanding these sex differences is to assess for differential misclassification of
cognitive impairment by patient sex.

This study aims to 1) examine the degree to which cognitive impairment is under-
diagnosed in hip fracture patients, and 2) determine if cognitive impairment is under-
diagnosed differentially by sex in hip fracture patients. We hypothesized that additional
screening of hip fracture patients using the Modified Mini-Mental State Examination
(3MS) would result in detecting previously undocumented cognitive impairment
(including ADRD, mild cognitive impairment, and delirium) cases, and that the
proportion of documented cognitive impairment in males is not equal to the proportion of

documented cognitive impairment in females.

4.1.2 Methods

4.1.2.1 Study Design

This study was a retrospective analysis of the Baltimore Hip Studies 7" Cohort
(BHS7), a longitudinal observational cohort study of community-dwelling geriatric hip
fracture patients recruited from eight hospitals in the greater Baltimore area from 2006-
2011. Participants were recruited and consented (self or proxy) by trained research nurses
within 15 days of admission for hip fracture repair surgery. Baseline assessments were
conducted within 22 days of the admission and clinical information was abstracted from
the medical record. The original study was approved by the institutional review boards of

the University of Maryland, Baltimore and participating hospitals.
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4.1.2.2 Sample

The BHS7 study sample comprised 339 hip fracture patients (ICD-9 codes
820.00-820.9) age 65 and older. Study subjects were hospitalized for non-pathological,
non-traumatic hip fracture. Patients were excluded if they were not community-dwelling
at the time of fracture, were non-English speaking, had been bedbound for 6 months or
more prior to fracture, lived >70 miles from the hospital, weighed >300 pounds, did not
have surgical hip repair, or had hardware in the contralateral hip (from prior hip fracture
or replacement).®® BHS7 oversampled males by frequency matching the enroliment of
females to males by hospital and time of admission, such that the sample was
approximately 50% male (male=168; female =171). Proxies provided data on the
patient’s behalf if patients scored <36 on the Modified Mini Mental State Examination
(3MS).

Nine participants were excluded due to missing medical record abstraction
information or a baseline 3MS. Of these nine participants, four females and four
males were missing a baseline 3MS, and one male was missing baseline medical record

abstraction information. Thus, the analytic sample was 330 (163 male, 167 female).

4.1.2.3 Measurements

4.1.2.3.1 Cognitive Status

Cognitive status was assessed within 22 days post-admission, using the
3MS.12 The 3MS is based on the most common brief cognitive screening instrument, the
Mini-Mental State Examination.®**°860 The 3MS is scored from 0 to 100, with a

score of <78 indicative of cognitive impairment.®
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Medical record abstraction provided cognitive information on patients’ ADRD
diagnosis, delirium at admission, confusion or disorientation at admission, confusion or
disorientation as a post-operative complication, and/or delirium as a post-operative
complication. Date of diagnosis was not indicated in the medical record abstraction. An
existing diagnosis of ADRD and/or delirium as a post-operative complication was used to
indicate cognitive impairment from medical history.

Source of cognitive impairment identification (SCI) was coded as a mutually
exclusive categorical representation of cognitive impairment determined by two
distinct sources: 1) medical record abstraction indication of ADRD and/or delirium
and 2) 3MS score <78. SCI category determinations are shown in Figure 1. These two
sources can be concordant or discordant. No Cl was used as the referent SCI category
throughout. The category of 3MS represents a clinically under-diagnosed sub-

population.

4.1.2.3.2 Demographics and Clinical Information

Demographics and clinical information were collected from a medical record
abstraction or patient interview. Demographic information included: age, sex, race
(White/non-white), and education. Clinical characteristics included body mass index
(BMI), site of fracture, type of surgery, length of surgery (minutes), time from hospital
admission to surgery (minutes), American Society of Anesthesiologists Physical Status
Rating (ASA, 1-4); length of stay (days, date discharge-date admission); number of
physical therapy sessions, and time from hospital admission to initiation of physical

therapy (days, date of first physical therapy visit — date of admission). A modified
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Charlson Comorbidity Index (CCI) was calculated in which only moderate or severe (not
mild) liver disease was recorded.*?® Dementia was not included in the CCI count because
it was a dependent variable. These were used as potential covariates, as they are
indicators of health, well-being, the severity of the hip fracture, the hospital experience,

or are previously indicated as being related to hip fracture outcomes.

4.1.2.4 Analyses

Descriptive analyses of the study sample used Chi-square (32, Fisher’s exact tests
as applicable) to assess sex differences within categorical variables, and Student’s t-test
for continuous variables.

A 2 of the dichotomous 3MS and hospital record indication was used to examine
the significance of the proportion of the under-diagnosed group (3MS), such that the two
sources should not be significantly different if there is accurate diagnosis
of impairment. The SCI group proportions were established via crosstabulation of 3MS
and hospital record indication. Continuous sample characteristics were compared across
SCI categories using ANOVA with a Tukey correction.

To determine if there was differential misclassification of cognitive impairment
by patient sex, an unordered multinomial logistic regression model was used to assess
the association of patient sex with SCI. Covariates were included in adjusted
models using forward selection at p < 0.2. The covariates were also assessed for potential
interactions to address collinearity. Each of the covariate was also assessed

for a potential interaction with patient sex.
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4.1.3 Results

4.1.3.1 Sample Characteristics

Table 1.1 shows the sample characteristics with the mean age of 81 (7.8) years.
On average, participants had 13.1 years of education, 1.9 comorbid conditions (not
including dementia), and a BMI of 25.2. The modal ASA rating was 3 for 66% of
participants. Most participants were admitted with a femoral neck fracture (50.3%) and
were treated using surgical fixation (54.6%). Participants had similar hospitalization
experiences: the average length of surgery was 84.5 minutes, mean hospital stay was 5.3
days, and physical therapy was initiated on average 2.6 days after admission.

Males and females were not significantly different in age, years of education,
BMI, fracture type, or surgery type (Table 1.1). Males had significantly more
comorbidities than females at baseline (p<.001) and higher ASA ratings (p<.001) and
failed the 3MS (p= 0.004). Males started physical therapy later than females (2.8 vs. 2.3

days; p<.001).
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Table 1.1 Characteristics of BHS7 Analytic Sample by Sex

Total Male Female p-
N=330 N=163 N=167 value

Age (years, 65+) 81.0+7.8 80.6+7.7 81.4+79 0.32

Education (years, n=319) 13.1+3.4 13.2+3.8 13.1£3.0 0.09

Race (White; n=321), n (%) 291 (90.7) 142 (48.8) 149 (51.2) 0.41

Charlson Comorbidity Index 19+1.7 23+1.8 1.5+1.5 <.001

Body Mass Index 252+5.0 25.5+44 249+5.6 0.27

Length of Surgery (minutes) 84.5+44.4 86.0+£44.9 82.9+44.1 0.53

Admission <.001

to Physical Therapy (days) 26+1.2 2.8+1.4 23+1.0

Length of Hospital Stay (days) 53+2.6 55+2.5 52+2.8 0.31

Admission to 3MS (days) 18.5+49.6 158+49 21.1+10.5 0.33

Number of PT Sessions 34+1.8 3.4+1.6 35+£2.0 0.58

Site of Fracture, n (%) 0.30
Intertrochanteric 129 (39.1) 69 (42.3) 60 (35.9)

Femoral Neck 166 (50.3) 75 (46.0) 91 (54.5)
Other 35(10.6) 19 (11.7) 16 (9.6)

Surgery Type, n (%) 0.20
Fixation 180 (54.6) 95 (59.5) 83 (49.7)
Arthroplasty 139 (42.1) 61 (37.4) 78 (46.7)

Other 11(3.3) 5@3.1) 6 (3.6)

IASA Physical Status Rating,

n (%) <.001
2 65 (19.7) 20 (12.3) 45 (26.9)

3 218 (66.1) 107 (65.6) 111 (66.5)
4 47 (14.2) 36 (22.1) 11 (6.6)

Baseline 3MS Score (0-100) 842+16.5 82.19+164 86.2+16.4 0.03

ADRD in Medical Chart 46 (13.9) 28 (17.2) 18 (10.8) 0.09

Post-operative Delirium 30 (9.1) 16 (9.8) 14 (8.4) 0.65

ADRD and Post-operative 0.72

Delirium 7(2.1) 4 (2.5) 3(1.8)

Cognitive Impairment Source

SCI: No CI 219 (66.3) 96 (58.9) 123 (73.7) 0.004

SCI: 3MS 42 (12.7) 27 (16.6) 15 (9.0) 0.04

SCI: Hospital Record 38 (11.5) 20 (12.3) 18 (10.8) 0.67

SCI: Both 31(9.4) 20 (12.3) 11 (6.6) 0.08

Notation: N (%), Mean = SD

Note: Alzheimer’s Disease and Related Dementia (ADRD), Modified Mini-Mental State
Examination (3MS),Cognitive Impairment (Cl);p-value is y**Cochran, Pooled as
applicable, Charlson Comorbidity Index -1 if ADRD indicated in Medical Chart ;
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4.1.3.2 SCI Category Allocation

The four non-overlapping SCI categories for the sample are shown in Figure 1.1:
3MS (n=42, 12.7%), Hospital Record (n=38, 11.5%), Both (n=31, 9.4%), or No ClI
(n=219, 66.4%).

Medical Record Abstraction

No ADRD in medical
record nor delirium as a post-
operative complication

ADRD in medical record or delirium
as a post-operative complication

<78 Both 3MS
- n=31 (9.39%) n=42 (12.73%)
3MS
78 Hospital Record No ClI
n=38 (11.52%) n=219 (66.36%)

Figure 1.1 SCI Category Designation

Note: Grey boxes are discordant pairs. All categories were mutually exclusive.

SCI: 3MS was a discordant category for the source of identification of cognitive
impairment in the sample, in which there is no record of cognitive impairment from
medical chart abstraction, but the patient tested as impaired on the baselines 3MS.

SCI: Hospital Record was a discordant category in which the two sources of cognitive
impairment identification did not agree on the presence of cognitive impairment, such
that only medical chart abstraction had an indication of cognitive impairment.

SCI: Both represents the concordance of 3MS and hospital record indication of cognitive
impairment such that both positively indicate the presence of cognitive impairment.
SCI: No ClI represents the concordance of 3MS and hospital record indication cognitive
impairment such that neither indicate the presence of cognitive impairment. This group
serves as the referent category for all analyses.

The y? of 3MS and hospital indication was significant at p=0.0007 indicating that
the proportions are unequal between those identified by 3MS and the hospital record.
This results in an under-diagnosed sub-group (indication only on the 3MS). The SCI
category differences between males and females are shown in Table 1.1. Among those
with complete record abstraction and cognitive testing there were significantly more

females with no indication of cognitive impairment (96 males and 123 females,

p<0.01), and significantly more males identified as cognitively impaired only with
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the 3MS (27 males and 15 females; p= 0.04). There were not significant sex differences
for indication by hospital record only or by both hospital record and 3MS.

Table 1.2. shows the results for sample characteristics stratified by SCI category.
The main differences between the SCI categories included age, education, hospital stay,
ASA rating, sex, and race. Those in the No CI category were the youngest (79.8 years)
while those in the Both category were among the oldest participants (85.6 years). The No
ClI group started physical therapy soonest (2.4 days), while those in Both started latest
(3.1 days). The 3MS group has the fewest years of education (11.1 years), while Hospital
Record group had the most education (14.0 years). Participants in Both had the longest

hospital stays (7.1 days) while 3MS group had the shortest hospital stays (5.2 days).
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Table 1.2 Characteristics of BHS7 Analytic Sample by SCI

SCI
3MS Hospital Record Both No CI P-value
N=42 N=38 N=31 N=219
Age (years, 65+) 81.6+8.2 833+6.8 85658 79.8+7.8 <0.01°
. b,

E‘j‘;‘fgt)'o” (vears, 111441 140432 124436 134+31 00t

Charlson 0.14

Comorbidity Index 20+ 17 2419 20%14  17%17

Body Mass Index 25.6+5.3 248+48 246+50 253+50 081

Length of 88.8 +44.1 737+ 454 0.11

Surgery (minutes) O = 98.0+454 =97 82.8+43.9

Admission to <0.01¢

PT (days) 2913 2712 3.2x1.7 2411

Length of Hospital <0.01¢

Stay (days) 53+2.1 64+28 72+52 48+19

Admission 0.45

to 3MS (days) 154 +4.8 165+44 167+41 155+53

Number of PT 0.15

Sessions 3.0£16 3821 3730 34%15

Site of Fracture, n (%) 0.68
Intertrochanteric 17 (40.48) 13 (34.21) 15(48.39) 84 (38.36)
Femoral Neck 23 (54.76) 21 (55.26) 14 (45.16) 108 (49.32)

Other 2 (4.76) 4 (10.53) 2 (6.45) 27 (12.33)

Surgery Type, n (%) 0.34
Fixation 21 (50.00) 16 (42.11) 20 (64.52) 123 (56.16)
Arthroplasty 19 (45.24) 19 (50.00) 11 (35.48) 90 (41.10)

Other 2 (4.76) 3(7.89) 0(0) 6 (2.74)

ASA Physical Status 0.01

Rating
2 4 (9.5) 4 (10.5) 3(9.7) 54(24.7)

3 30 (71.4) 24 (63.2) 21(67.7) 143(65.3)
4 8 (19.0) 10(26.3)  7(226)  22(10.0)

Sex 0.02
Male 27 (64.3) 20 (52.6) 20 (64.5) 96 (43.8)

Female 15 (35.7) 18 (47.4) 11(355) 123(56.2)

Race <0.01
White 30 (75.0) 37(97.4) 28(90.3) 196 (92.5)
Non-white, mixed 10 (20.0) 1(2.6) 3(9.7) 16 (7.6)
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Table 1.2 Continued

Note: Physical Therapy (PT), Modified Mini-Mental State Examination (3MS),cognitive
impairment (CI); p-value is based on F-test and chi-square (Fisher’s exact as needed),
Charlson Comorbidity Index -1 if ADRD indicated in Medical Chart ; Notation: N (%),
Mean + SD, difference significant at p < 0.05: a: No CI vs Hospital Record, b: Hospital
Record vs 3MS, c: No Cl vs 3MS, d: No CI vs Both

4.1.3.3 Associations of SCI Category Allocation and Patient Sex

The unadjusted multinomial logistic regression of cognitive impairment
identification (reference No CI) modeled for patient sex (refence females) was significant
(Type 3 p=0.03, likelihood ratio of Global Null P=0.02). It showed significantly greater
relative log odds for males identified by 3MS (2.33, 1.07-5.10) or Both (2.31, 1.16-

4.58) but not hospital record (1.42, 0.71-2.84). The adjusted model included age,
education, and CCI. There were no significant interactions between the covariates. Older
age was associated with a significant (p<.05) increase in the relative log odds of SCI
identified by Both or Hospital Record. Higher levels of education were associated with a
significant (p<.05) decrease in the relative log odds of 3MS indication. The other SCI
groups were not significant and had varying directionality. Increased comorbidities on the
CCl was associated a significant increase (p<.05) in the relative log odds of cognitive
impairment indicated by Hospital Record. Adjusting for age, education, and CClI, the
3MS association with increased odds for males was reduced to non-significance (Figure
1.2). After adjustment, males still had significantly greater odds of having Both

indications than females.
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Associations of Male Sex (Reference Female) and SCI (Reference None)

231
B + SCI: 3MS Only
2.03
1 i BCIL 3MS Only
1.42
- i SCI: Hospital Record Only
132
m i 3CIL: Hospital Record Only
233
- i SCI: Both
270
0 i 3CL Both
0.51
— SCI: None
0.54

——— ' SCI: None

Odds Ratio Estimate
M Crude [] Adjusted

Figure 1.2 Associations of Male Sex with SCI
Crude and adjusted odds ratio estimates of SCI (reference No CI) for Males (reference
Females). Adjusted odds are adjusted for age, education, CCI.

4.1.4 Discussion

4.1.4.1 Underdiagnosis of Cognitive Impairment

Thirty-three percent of hip fracture patients in the BHS7 had cognitive
impairment in the hospital or within 22 days of admission, including a low 3MS
score, ADRD, MCI, and/or delirium. 3MS testing identified cognitive impairment in
12.7% of the sample that was not identified in the patient medical record, revealing
potential underdiagnosis. On the other hand, 11.5% of those with a diagnosis of cognitive
impairment did not actively demonstrate impairment based on the baseline 3MS. In
standard clinical practice, those identified by Hospital Record and Both would be treated

as cognitively impaired. Separating SCI into four distinct categories illustrated a sub-
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population with cognitive impairment who were not identified in their medical charts.
This sub-population accounted for a third of the impaired cases.

In contrast to our findings, new research from Zhu et al. (2020), using a 20%
Medicare sample linked to the HRS has suggested that the discrepancies between
prevalence of dementia diagnostic codes and cognitive testing have narrowed over time
through 2012.22 However, Medicare files use an algorithm for ADRD with a two-year
lookback, whereas in a clinical setting the only indication available may be a medical
record held in the institution network. Zhu’s analysis also found no difference in
discrepancies between sex and age groups.

Older adults with cognitive impairment have been shown to require more
conscientious effort to benefit from rehabilitation therapy.*?* The discrepancy identified
in this research may inform future clinical practices to improve rehabilitation after hip
fracture by using additional screening for cognitive impairment to better guide
rehabilitation efforts. A systematic review of the cognitive impairment in rehabilitation
after hip fracture found that characteristics of dementia including severity and the domain
of impairment were prognostic of rehabilitation outcomes, but patients with cognitive
impairment were amenable to as intense physical therapy as non-impaired hip fracture
patients.'?? Rehabilitation should not rely solely on intake diagnosis for estimating
the degree of effort needed by patients as 12% may be under-diagnosed based on our

findings.
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4.1.4.2 Source of Cognitive Impairment Identification and Patient Sex

Odds of identification by both 3MS and Hospital Record for males were still
greater than females after adjusting for age, education, and CCI. Males were therefore
more likely to have a history of ADRD coupled with active presentation of impairment
after hip fracture surgery. Although both sexes had similar medical record documentation
for ADRD, males presented with poorer health at baseline. It’s possible that underlying,
yet undiagnosed, cognitive impairment in males may have been exacerbated by the
hospitalization experience. Males with hip fractures are more disabled pre-fracture, more
impaired after fracture, and more likely to die in the year subsequent to the fracture than
their female counterparts.***® The under-diagnosis of cognitive impairment could be

contributing to the degree to which males fail to recover after hip fracture.

4.1.4.3 Strengths and Limitations

Hip fractures are acute events; it is therefore unlikely for a large sample of hip
fracture patients to have pre-fracture cognitive screenings to measure pre-existing
cognitive impairment. Date of diagnosis of ADRD was not available through medical
record abstraction, and it is therefore unknown how long cognitive impairment may have
been present. The severity of the cognitive impairment was also not indicated in the
medical chart nor was it clear what practices delineated a diagnosis of confusion and
disorientation from delirium. While we found a sizeable number who had a 3MS<78 at
about 3 weeks after admission, we do not have a measure of what their cognitive
function was pre-fracture, or even during their hospital stay. Thus, we have no indication

whether these participants had previous cognitive impairment that was not
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detected. Generalizability of these findings may be limited by the racial and geographic
homogeneity of the sample.

The BHS7’s balanced recruitment of males and females with hip fracture was a
novel research design in this population that allowed for comparison of SCI based on sex.
BHS7 also included patients with poor cognition: these patients are often excluded from

research.

4.1.4.4 Conclusions

This research has illustrated that a significant proportion of cognitive impairment
cases go undocumented during standard care of hip-fracture. Additionally, males are
more likely to be under diagnosed compared to females. Research has shown the
deleterious effects of a hip fracture can be worse in individuals with cognitive
impairment, such as lowered functional recovery and earlier mortality.®!23124 These
results identify males as a vulnerable subgroup within the hip fracture population. Future
research should incorporate additional screening for cognitive impairment, focusing on
patient sex, to follow up on longitudinal outcomes such as functional recovery and
mortality. Such information could guide future clinical practice and improve indication of
cognitive impairment in older patients and particularly older males, who have more

negative experiences after hip fracture.
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4.2 Aim 1 Supplementary Analysis and Results

As a sensitivity analysis for the main paper supplementary analyses were done on
how hospital record identification was quantified, and the analytic method used to
determine differential misclassification. Below are the results and arguments for these

methods not being used in the main paper.

4.2.1 Alternate Definition of SCI Hospital Record Indication

On average, the 3MS was administered 18.5 days after hospital admission for hip
fracture (range 1-37 days). Days to cognitive battery was not significantly different
between males and females. Males scored significantly lower than females on average
[82.2 vs 86.2, p=0.03]. In our sample, 73 (22.1%) of the participants were cognitively
impaired on the baseline 3MS (3MS <78).

Medical chart abstraction revealed 46 (13.9%) participants with ADRD in their
medical records and 30 (9.1%) with delirium as a post-operative complication. There was
moderate overlap between the two indications, 7 individuals had both ADRD and post-
operative delirium, 23 of the 30 (76.7%) participants with post-operative delirium had
other noted delirium but not ADRD.

Other medical record abstraction items were considered for positive hospital
record indication such as delirium at admission (n<5), confusion or disorientation at
admission (n=23), and confusion or disorientation as a post-operative complication
(n=90). Many of the individuals had multiple indications of CI in the medical charts. All

the individuals with delirium at admission, 17 of the 23 (36.96%) patients with confusion
62



or disorientation at admission, and 23 of the 90 (25.6%) of those with confusion or
disorientation as a post-operative complication also had ADRD indicated in the medical
chart. Using ADRD and/or delirium as a post-operative complication to define hospital
record indication of CI captures 100% of the delirium at admission cases and 97.9% of
the confusion or disorientation at admission cases (6 not captured). ADRD or post-
operative dementia did not capture 47 of 90 (52.2%) of the confusion or disorientation as
a post-operative complication cases. The alternative SCI definition of Hospital Record
identification includes ADRD, delirium and/or confusion or disorientation as a post-
operative complication. See Figure S1.1 for SCI Categories using the alternative
definition of positive hospital record. The overall direction and significance of
associations between sex and SCI did not change with using this alternative definition.
More covariates remained significant at p<.02 and were included during model building.
However, 3MS only was no longer significant when unadjusted. ANOVA (with a Tukey
correction) of SCI using the alternative definition was still significantly different on the
same covariates as the original definition. See Table S1.1 for Sample Characteristics by

Alternative SCI Definition.
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Medical Record Abstraction

ADRD in medical record or delirium No AD.RD in medical .
. . record nor delirium as a post-operative
as a post-operative complication N
complication
<73 Both 3MS
n=45 (13.64%) n=28 (8.48%)
3MS
~78 Hospital Record No CI
n=71 (21.52%) n=186 (56.36%)

Figure S1.1 SCI Category Designation Where ADRD in Medical Record Includes
Confusion or Disorientation as a Post-operative Complication; N=330

Note: Grey boxes are discordant pairs. All categories were mutually exclusive.

SCI: 3MS was a discordant category for the SCI in the sample, in which there is no
record of cognitive impairment from medical chart abstraction, but the patient tested as
impaired on the baseline 3MS.

SCI: Hospital Record was a discordant category in which the two SCI did not agree on
the presence of Cl, such that only medical chart abstraction had an indication of CI .
SCI: Both represents the concordance of 3MS and hospital record indication of CI such
that both positively indicate the presence of CI.

SCI: No ClI represents the concordance of 3MS and hospital record indication Cl such
that neither indicate the presence of CI. This group serves as the referent category for all
analyses.

Supplemental Associations of Male Sex and SCI

2.14
n i SCI: 3MS Only
1.96
O 1 SCI: 3MS Only
1.59 _
1.65 1 SCI: Hospital Record Only
O- > 7 SCI: Hospital Record Only
= + SCL Both
3.27
O 1 SCT: Both
0 1 2 3 4 5 6 7 8

Ml Crude [ Adjusted

Figure S1.2 Associations of Male Sex with SCI (Alternative Definition)

Note: Adjusted for age, education, race, and length of hospital stay
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Table S1.1 Sample Characteristics of BHS7 by SCI (Alternative Definition)

SCl
3MS  Hospital Record  Both No CI
N=28 N=71 N=45 N=71 P-value
Age (years, 65+) 819+77 828+68 842+74 79.4+79 <0.01*¢
Education 11.0+40 13631 121+38 13.4+32 <0.01"°
CClI 16+17 22+18 22+15 17+17 012
Body Mass Index 250x44 24946 253%x57 254+51 092
Length of Surgery 80.4+37.7 88.1+451 836+49.7 83.9+441 0.86
Admission to PT (days) 2.8+13 28+13 32+16 23+1.0 <0.01°
Hospital Stay (days) 49+19 6227 68+45 47+17 <0'91a'd'
Time to 3MS (days) 151+51 16.3+47 165+41 154+53 040
Number of PT Sessions  3.1+15 3.8%1.9 35+27 33+15 0.17
Site of Fracture, n (%) 0.37
Intertrochanteric 11 (39.3%) 33 (46.5%) 21 (46.7%) 64 (34.4%)
Femoral Neck 15 (53.6%) 32 (45.1%) 22 (48.9%) 97 (52.2%)
Other 2(7.1%) 6 (8.5%) 2 (4.4%) 25 (13.4%)

Surgery Type, n (%) 0.58

Fixation 13 (46.4%) 41 (57.8%) 28 (62.2%) 98 (52.7%)
Arthroplasty 13 (46.4%) 27 (38.0%) 17 (37.8%) 82 (44.1%)
Other 2(7.1%) 3(4.2%) 0 (0.0%) 6 (3.2%)

ASA Physical Status <0.01

Rating
2 4 (14.3%) 10 (14.0%) 3(6.7%) 48 (25.8%)

3 19 (67.9%) 46 (64.8%) 32 (71.1%) 121 (65.1%)
4 5(17.9%) 15(21.1%) 10(22.2%) 17 (9.1%)

Sex <0.01
Male 17 (60.7%) 38 (53.5%) 30 (66.7%) 78 (41.9%)
Female 11 (39.3%) 33 (46.5%) 15 (33.3%) 108 (58.1%)

Race <0.01
White 22 (81.5%) 70(98.6%) 36 (81.8%) 163 (91.1%)
Non-white, mixed 5(18.5%) 1(1.4%) 8(18.2%) 16 (8.9%)

Note: Physical Therapy (PT), Modified Mini-Mental State Examination (3MS),p-value
is based on F-test and chi-square (Fisher’s exact as needed), CCl= Charlson
Comorbidity Index -1 if ADRD indicated in Medical Chart, Length of surgery is in
minutes, total sample values available in Table 1.1; Notation: N (%), Mean + SD.
Difference significant at p < 0.05: a: No CI vs Hospital Record, b: Hospital Record vs
3MS, c: No Cl vs 3MS, d: No CI vs Both, e: 3MS vs Both
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4.2.2 Ordered Multinomial Regression

A subsequent sensitivity analysis was done implementing ordered logistic
regressions. SCI was ordered such that 0 = No CI, 1 = 3MS, 2 = Hospital Record, 3 =
Both. Ordered logistic regressions were implemented because they preserve power in the
calculations compared to multinomial regressions. However, ordered regression was not
the primary analytic method as it puts an implicit hierarchy on the categories that has not
yet been confirmed and assumes proportional odds of outcomes between the sexes.

The adjusted ordered logistic regressions included age, education, and CCI
(p<.001); there were no significant interactions between the covariates. Ordered logistic
regression differed from un-ordered regarding the role of education. In the unordered
regression more education was protective against 3MS as SCI and this association was
not seen in the ordered regression. Sex was added to the adjusted ordered logistic
regressions. The final model of ordered SCI included sex, age, and education (p<.001)
and there were no significant interactions between the covariates. When SCI is assessed
as an unordered categorical variable, older age is significantly associated with any
clinical identification and the relative log odds was increased with the addition of a
comorbid condition. Ordering SCI such that 3MS was below hospital record only in
severity of impairment the protective effect of increased education for 3MS only was no

longer seen, but the models were otherwise similar.
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CHAPTER 5. AIM 2 RESULTS

5.1 Aim 2 Main Analyses and Manuscript

Latent Trajectories of Cognitive and Functional Recovery After Hip Fracture

5.1.1 Introduction

Older adults who fall and fracture their hip often experience sudden and
sometimes permanent declines in independence and physical functioning.® Recovery
responses vary depending on older adults' history, expectations, and circumstances.'?
While there is considerable variability in recovery of physical functioning, many patients
remain impaired. In a nationally representative sample of hip fracture patients with data
on self-reported Instrumental Activities of Daily Living (IADLs) and Activities of Daily
Living (ADLSs) prior to the fracture, less than half returned to pre-fracture functioning
irrespective of pre-fracture function level.”®*?® Less than one-third returned to baseline
function if they were 85+, had multiple comorbidities, or had dementia. Most research
and clinical work have focused on restoring physical functional ability in older adults
after hip fracture. While this is important, recovery following hip fracture has multiple
distinct domains, including upper and lower extremity Activities of Daily Living (ADLS),
Instrumental ADLs (IADLs), as well as cognition, that may vary in recovery patterns.’

Cognitive impairment after hip fracture is common. It has been estimated that
20% of patients have pre-fracture impairment and 35%-61% develop delirium during

hospitalization after hip fracture.®”’® Cognitive impairment, including delirium and
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dementia, after hip fracture has been shown to negatively impact the rehabilitation and
subsequent functional recovery process.'?”1?° To date, research has focused on cognitive
impairment after hip fracture as a risk factor for other outcomes like nursing home

placement,'?® functional recovery,*"12¢-131 and secondary fracture!*?

or as a long-term
risk for subsequent dementia. Prior work on functional improvement after hip fracture
has used dichotomized cognitive groups (usually from baseline) or baseline cognitive
means as predictors of function.'"13® Few studies have considered cognition over time as
part of the longitudinal recovery process. Beishuizen et al. (2017), identified three
distinct trajectories of cognitive recovery: improvement, stable, and rapid

decline in 302 hip fracture patients up to one-year after fracture using the Mini Mental
State Examination (MMSE) measured at hospital admission, discharge, 3 months, and 12
months.*3! However, different domains of cognition may recover at a different pace

or demonstrate varying patterns over time and may have a distinct impact on physical
functioning.

Magaziner et al. (2000) illustrated that the recovery process for different domains
(including functional and cognitive) occurs at varied rates over the year after hip fracture,
with global cognitive recovery peaking at 3 months post-fracture, but functional recovery
happening later.”® However, this work did not model the impact of joint patterns of
recovery across cognitive and functional domains. We hypothesized that as people
recover functional ability after hip fracture, recovery of cognition is happening at the
same time (or slightly prior) and that each impacts the recovery of the other. However,

there is little to no work available on the joint recovery patterns of functional

and cognitive recovery after hip fracture.
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To better understand patterns of recovery after hip fracture, this study utilized
group-based trajectory modeling (GBTM) to identify patterns of functional and cognitive
recovery and determine the group membership characteristics associated with distinct
trajectory groups. Additionally, we considered functional trajectories and cognitive
trajectories as joint occurrences and examined the relationship between co-occurring

recovery in one domain with that of the other.

5.1.2 Methods

5.1.2.1 Study Design and Sample

This is a secondary analysis of data from the Baltimore Hip Studies 7!" Cohort
(BHS7; 2006-2011), described in Orwig et al, 2018.%3 Participants were age 65 and older
living in the community with a surgical fixation for a non-pathological hip fracture who
were enrolled (consent provided by self or proxy) within 15 days of admission.
Participants could not be bed bound in the 6 months prior to fracture or weigh over 300
pounds, but no other strict functional inclusion/exclusion criteria were used for
enrollment. BHS?7 is a unique cohort as enrollment of females was frequency matched to
males at eight study hospitals on timing of fracture within each hospital resulting in an
almost equal distribution by patient sex (males=168, females =171). The BHS7 study was
approved by the University of Maryland Baltimore Institutional Review Board (IRB) and
participating hospitals. Proxy information on baseline characteristics and functional
outcomes was provided for participants scoring < 36 on the Modified Mini-Mental State

Examination (3MS).% Participants were followed for 12 months after enroliment with
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measures administered at baseline, and at 2, 6, and 12 months including observed

mortality within the study period.

5.1.2.2_Measures

Baseline cognitive testing was performed within 22 days of admission for hip
fracture. Modified Mini Mental State Examination (3MS) and Hooper Visual
Organization Task (HVOT) measures were collected at all time points.

Modified Mini-Mental State Examination (scoring range 0-100) tests
working memory, attention, verbal recall and fluency, reasoning, and judgement
among other constructs.®?'! 3MS scores have been shown to be predictive of
functional outcomes.5213* Higher scores are indicative of better performance and
scores <78 have been accepted as indicative of cognitive impairment.*3! 3MS cut
points as high as 95 have been identified for mild cognitive impairment (MCI).53

Hooper Visual Organization Task (0-30)!%, higher scores indicate better
performance and scores <19 are considered cognitively impaired.!'?13513¢ HyOT
scores are related to visual-spatial abilities which have been shown to be related
walking function and fall avoidance.**®

Physical functioning was measured using the Lower Extremity Physical
Activities of Daily Living (LPADLSs; 0-12) which was derived from a modified
Functional Status Index and administered at all four timepoints to capture self-
report of lower extremity physical function.®® The baseline assessment askes
about function in the week prior to the hip fracture. Higher scores mean more

disability.
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Risk factors considered for posterior probability of group membership included
patient sex, age, race, years of education, medical record indication of dementia and/or
delirium, American Society of Anesthesiology (ASA) Physical Status Rating (1-4),
Charlson Comorbidity Index (-1 if dementia was positive as it was captured in a separate
measure; CCI), body mass index (BMI), fracture type (intertrochanteric, vs. femoral
neck, other including trochanteric), surgery type (fixation, vs arthroplasty or other),
length of surgery (minutes), length of hospital stay (days), days to initiation of physical
therapy, and number of physical therapy sessions.

Source of Cognitive Impairment Identification (SCI) was also included as a risk
factor of for LPADL trajectory groups. SCI in this population is detailed in Aim 1
Chapter 4. SCI comprised four mutually exclusive categories describing diagnosed versus
undiagnosed cognitive impairment, such that groups were: 1) baseline medical record
abstraction identified Alzheimer’s disease or related dementia (ADRD) or delirium, 2)
3MS-identified cognitive impairment, 3) both sources, or 4) neither source identified

cognitive impairment.

5.1.2.3 Analysis

Descriptive statistics of all outcome measures, study sample, and risk factors were
performed preliminary to the trajectory analysis. Model optimization utilized techniques
described in Andruff et al. (2009).13” Model selection was accomplished comparing the
Bayesian Information Criterion (BIC), estimated log Bayes factor, and estimated group
proportions (>5%) for various models. The estimated log Bayes factor can be

approximated as 2*[(BIC more complex model) — (BIC simpler model)]. A log Bayes
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factor can be categorized as weak (0-2), moderate (2-6), strong (6-10), or very strong
(>10) evidence for the more complex model. First the cubic censored normal unadjusted
model for a single trajectory was performed for each outcome. Then the number of
trajectory groups was increased sequentially until the BIC of a more complex model
(more groups) was smaller than that of a simpler model but greater than 10, the log Bayes
factors was not sufficient, and/or the estimated group membership was less than 5% of
the total sample.

Prior to joint modeling, outcome measures were optimized individually. Risk
factors modeled for association with group membership were included after the optimum
model was derived. Then each cognitive measure was jointly modeled with LPADL to
examine the conditional probability of group membership in cognitive recovery given
functional recovery group membership. Analyses were performing using Proc Traj in
SAS, developed by B.L. Jones.''>13 The entire sample of 339 participants were eligible
for analysis. Participants needed at least 2 responses to a measure to be included in the
pool. As GBTM uses Bayesian methodology, the model accepts dropout by assuming the

drop out is independent of the response.

5.1.3 Results

Participants mean age was 80.9+7.8 years old, with a range of 65 to 99. The
sample was majority white and had an average of 13 years of education (approximately

high school graduate level). Other sample characteristics are described in Table 2.1.
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Table 2.1 BHS7 (2006-2011) Sample Characteristics

Demographics

Sex
Female
Male
SCI
3MS Only
Hospital Record Only
Both
No ClI
Age (years)
Race
White

Black/American Indian/Other
Education (years)
Clinical Information
BMI
CCl

ASA Rating
2
3
4
Site of Fracture
Intertrochanteric
Femoral Neck
Other
Surgical Approach
Fixation
Arthroplasty
Other
Length of Surgery (minutes)
Length of Hospital Stay (days)
Days to Initiation of Physical Therapy
Number of Physical Therapy Sessions

Mean (SD), N (%)

167 (50.6)
163 (49.4)

42 (12.7)
38 (11.5)
31 (9.4)
219 (66.4)
80.93 (7.8)

291 (90.7)
30 (9.3)

13.10 (3.4)

25.21 (5.03)
1.87 (1.7)

65 (19.7)
218 (66.1)
47 (14.2)

129 (39.1)
166 (50.3)
35 (10.6)

180 (54.6)
139 (42.1)

11 (3.3)
84.46 (44.43)
5.32 (2.62)
2.57 (1.23)
3.41 (1.79)

Notes: BHS7=Baltimore Hip Studies 7" Cohort, SCI= Source of Cognitive
Impairment, Cl= Cognitive Impairment, BMI = Body Mass Index, CCI = Charlson
Comorbidities Index, ASA Rating = American Society of Anesthesiology
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5.1.3.1 Optimum Models and Risk Factors for Trajectory Group Membership

Model selection for each measure is described in supplemental online only Table
S2.1. Group trajectories and group percentages are shown for individual outcomes in
Figure 2.1 and means for those outcomes across timepoints are in Table 2.2. All models
used a censored normal distribution.

Figure 2.1 Trajectory Groups for a) 3MS, b) HVOT, and ¢) LPADL

3 GROUP TRAJECTORY OF 3MS OVER 12 MONTHS

UNADJUSTED CNORM MODEL with CI

3MS SCORE 0—100
100.00

90.00
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Figure 2.1a
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4 GROUP TRAJECTORY OF HVOT OVER 12 MONTHS

UNADJUSTED CNOEFM MODEL

HVOT SCORE 0—30

Figure 2.1b
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Table 2.2 Mean Performance by Trajectory Group for Outcomes Across Study

Timepoints
Group % Baseline 2 Month 6 Month 12 Month

LPADL (0-12)

Total 100 259 (258)  7.47(3.28)  556(3.38)  5.28(3.37)
Groufl’ 26.25 0.61(0.90)  3.62(207)  194(141)  180(L21)
Grou 5310 283(200)  7.54(1.79)  538(L78)  5.24(L96)
Groug 15.04 2.83(2.00)  11.32(0.93)  10.17 (1.44)  10.17 (1.44)
Grouz 5.60 0.05(2.04)  12.00(0.00) 11.23(1.17)  11.78 (0.44)

3MS (0-100)

Total 100 84.25(16.49) 83.35(17.74) 8457 (17.62) 84.67 (17.34)
Gro”i’ 6.7  37.00(19.04) 29.14(17.15)  28.7(20.17)  17.0(17.23)
Gro”g 190  68.70(11.01)  66.61(9.93) 65.62(11.05)  61.0(12.03)
G“’”g 74.3 91.05(6.57)  90.65(6.51)  91.07 (6.62)  91.06 (6.34)

HVOT (0-30)

Total 100 17.68 (6.00)  18.15(6.52)  19.04(5.93)  20.27 (5.50)
Grow 12,08 754 (345  6.87(4.15)  7.68(4.14)  7.45(3.36)
Gro”g 29.79 15.08 (2.74)  15.05(3.76)  16.33(2.96)  17.62(3.08)
Groug 39.53 20.41(2.02)  20.47 (2.60)  20.86 (2.53)  21.66 (2.47)
Group  17.70  2491(L97) 2507 (1.79) 25.41(1.87) 25.75(1.82)

4

Note: Lower Extremity Physical Activities of Daily Living (LPADL), Modified Mini-
Mental State Examination (3MS), Hooper Visual Organization Task (HVOT). Totals
are derived from means at each timepoint. Group means are derived from each time
point in grouped by trajectory group membership

3MS: The mean 3MS score at baseline was 84.3+16.7 and remained around this

point through the 12 months of follow up. Based on 3MS cut point values, most of this

sample has some degree of MCI. A mixed polynomial function (1,1,2) 3-group model of

low scoring cognitive impairment (5.7%), moderate scoring mild cognitive impairment
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(18.6%), and high scoring cognitively intact (74.5%) groups was the optimal model for
3MS based on selection criteria. All groups had little to no change in 3MS scores over
time although slight declines were observed particularly in the low scoring cognitive
impairment group. See Figure 1.a for trajectory patterns and relationship to <78 cognitive
impairment cut point. For 3MS trajectory group membership probabilities, log odds of
membership in Group 1 (impaired) were significantly increased for older, non-white, and
less educated participants compared with Group 3 (high performing).

HVOT: Overall mean HVOT at baseline was 17.7+6.0 and improved moderately
over time, but this improvement did bring the overall mean above the 19-cut point for
impairment by the end of the study period. A linear polynomial function (1,1,1,1) 4-
group model of severely impaired (14.2%), moderately impaired (31.9%), mildly
impaired (32.5%), and cognitively intact (21.4%) groups was the optimal model for
HVOT based on selection criteria. All the group trajectories were well differentiated from
baseline and remained mostly consistent with some improvement. See Figure 1.b for
trajectory patterns and standard cognitive impairment cut point. Compared to Group 4
(the best performing group), members of Group 1 (severely impaired) were more likely to
be older and less educated; log odd of being in Group 2 (moderately impaired) were
increased for males, older, and non-white participant; Group 3 (mildly impaired) were
more likely to have longer time until the initiation of physical therapy, more comorbid
conditions, and less education.

LPADLSs was optimized with a 4-group cubic polynomial function (3,3,3,3). The
groups all experienced increased LPADL difficulties at 2 months post-fracture compared

to reported pre-fracture levels and then subsequently recovered some function. Group 1
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(27.1%) was very functionally independent at baseline and regained most of their
LPADL functionality by 12 months. Group 2 (50.1%) had mild LPADL impairment at
baseline and retained some new impairment at 12 months. Group 3 (17.1%) started with
mild LPADL impairment at baseline that is almost indiscernible from Group 2. However,
Group 3 had a dramatic increase in LPADL disability at 2 months and remained very
impaired out to 12 months. Group 4 (5.7%) began very impaired and had almost no
recovery from the 2-month spike in impairment. See Figure 1.c for trajectory groups and
patterns. Risk factors associated with LPADL group membership in Group 4 (very
dependent) and Group 2 (some dependence) included older age, higher ASA rating,
greater BMI, and being identified by 3MS only for cognitive impairment (SCI) compared
to Group 1 membership probability (functionally independent) (p<.05). Using the risk
factors specified in this study there were no factors significantly associated with Group 3
(newly dependent) membership. Additional analysis using Group 3 as the referent

showed that Group 2 (some dependance) had significantly longer surgeries.

5.1.3.2 Joint Trajectory of LPADL and Cognitive Measures

3MS and HVOT successfully jointly modeled with LPADL to produce group
membership in cognitive groups, given membership in LPADL groups (conditional

probabilities) as shown in Table 2.3.
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Table 2.3 Conditional Probability of Cognitive Function Trajectory in 3MS and HVOT
Given LPADL Group Membership
LPADL Group
1 2 3 4
Functionally Some Acquired Functionally
3MS Group Independent Disability  Disability  Dependent
1 (Impaired Cognition) 2.86 0.00 16.52" 34.03"
2 (Mild Cognitive Impaired) 5.62 15.47™ 42,76 30.78™
3 (Cognitively Intact) 91.52"" 84.53™" 40717 35.19™
HVOT Group
1 (Severe Impairment) 431 14.59" 20.87" 40.67™
2 (Moderately Impaired) 0.00 0.00 40.28™ 20.58
3 (Some Impairment) 63.02°" 47.70™" 19.75 21.86
4 (Intact Cognition) 32.66™" 37.717™ 19.10" 16.89
Note: P<.05*, p<.01 ** p<.001***

This directionality was selected because of the temporality of the data presented, such
that LPADL asks about pre-fracture functioning at baseline while 3MS and HVOT test
current cognitive status at baseline.

Most of the group members in LPADL Group 1 (functionally independent) were
jointly in 3MS Group 3 (high performing) (91.52%, p<.0001). LPADL Group 2
membership had the most distinct joint membership with 3MS Groups, such that 0%
were in 3MS Group 1 (impaired), 15.47% were in 3MS Group 2 (MCI), and 84.53%
were in Group 3 (intact). Among the LPADL newly dependent group (Group 3), few
were also in the 3MS impaired group (16.52%, p=.0082), while membership in the other
groups was approximately equal (MCI1 42.76 vs high performing 40.71; p<.0001).
Conditional group membership probabilities for those in very dependent LPADL group

(Group 4) were evenly distributed across the 3MS Groups.
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5.1.4 Discussion

This study identified cognitive trajectories post hip fracture for four cognitive
measures (3MS, HVOT) that found between 2-4 groups of recovery that were mainly
determined by baseline performance. These groups were similar to Beishuizen’s three
cognitive recovery groups, but the trajectories were less well defined in their direction as
many were linear or even constant.®* Beishuizen saw three distinct patterns as well as
groups: stable, improvement, and decline. In general, the three 3MS groups from this
sample were stable with some decline over time. The low scoring cognitive impairment
(Group 3) had more decline. This decline may be attributable to terminal decline””
coupled with selective attrition.3® The most cognitively impaired individuals are more
likely to die during the course of the study leaving slightly less ill participants to provide
information.(Chapter 6 Aim 3) Additionally, though they may not have died during the
course of the study, those with the most advanced cognitive impairment may be declining
more than the other groups as they approach death. Future work should explore mortality
as a non-random source of attrition and time to death among the different trajectory
groups to better understand the source of decline in the low scoring 3MS group.

The LPADL analyses revealed 4 groups and all experienced an initial increase in
lower extremity ADL limitations from their pre-fracture ability and then had recovery in
functioning over time. Two groups (Group 2 and 3) were very similar pre-fracture, but
their recovery dramatically diverged, resulting in significant impairment in one group and
only minor additional impairment in another. There were no risk factors identified that

significantly predicted the probability in being in one group versus the other. Few
80



patients returned to their previous level of functioning by 12 months, which is consistent
with the literature on functional recovery after hip fracture. 8140

In individual measure trajectories, the worst performing trajectory group was a
smaller percentage of the sample for 3MS (5.3%), HVOT (13%), and LPADL (5.1%).
The continuity in differences between groups starting from baseline suggests that
seemingly more transient conditions, like delirium, may be symptomatic of larger
problems that persist when exacerbated by the hip fracture experience.

Interpreting the joint trajectories of LPADL with 3MS and HVOT was difficult
due to the acquired disability LPADL Group 3, that experienced a high degree of change
in functional dependence. The acquired disability LPADL group was similar to other
LPADL groups at different points over time; reducing the ability to differentiate the
group membership characteristics. In joint trajectory analysis, 3MS had the best
conditional probability of group membership identification with LPADLS, potentially
because the 3MS groups themselves were well-differentiated and because of less missing
data for 3MS. Moderate functional ability allowed for distinct identification of cognitive
groups for HVOT and 3MS including low to high performance. Acquired disability
LPADL Group 3, which had mild pre-fracture lower extremity ADL impairment but
became significantly worse post fracture, was the most interesting group for future
research.

This analysis illustrated the existence of distinct latent groups of recovery over
time as seen in Table 2.2 and group trajectories displayed in Figures 1a-c. Mean overall
performance summaries did not adequately capture the pattens of poor-performers. This

was because the poor performing groups tended to be a smaller sub-section of the sample.
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Overall mean 3MS performance scores, an average of 85 at each time point, did not
adequately capture the 24% of the sample who never performed above 78 (the threshold
for impairment). Similarly, in the other measures, regression to the mean would have
hidden the extent of impairment in the sample. While this kind of observation could be
differentiated using cut-points, it still may not have been clear that early poor performers
never improved in cognition or functional outcomes without doing trajectory analyses.
Each measure had at least 2 groups which performed below the standard cut-points for
that measure.

Next steps should explore if the degree of cognitive or functional impairment
among the trajectory groups, particularly those in the groups well below standard cut-
points, is indicative of other negative outcomes. In some ways, this is highlighted in our
joint trajectory analyses. For example, the 3MS cognitive impairment group were not in
any of the low impairment ADL groups in the joint trajectory with LPADL.

Our work supports the finding from Beloosesky et al. (2012) that cognitive
performance and functional recovery are inter-related.''’ Physical function improvements
in LPADLSs were lower in cognitively impaired patients. Pre-fracture functional levels
largely determined the potential for functional recovery, even in patients with cognitive
impairment. Many common risk factors for group membership in the worst performing
cognitive and functional groups were consistent: older age, male sex, lower education,
and non-white race. These factors are also among the most common factors adjusted for

in models of recovery after hip fracture.
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5.1.4.1 Strengths and Limitations

Key limitations to the findings from this study include mortality-related
missingness, the older age of participants, and limited racial and geographic diversity
which may limit generalizability of findings. This study was unable to estimate pre-
fracture cognition. Thus future studies should include pre-fracture estimates of cognition.
It is likely that death is a non-random source of truncation in this population and may be
more prevalent in one trajectory than another. This work could not support such analyses
due to missingness from other causes limiting the sample size available for a death-only
missingness analysis. Though sex did not present as a significant risk factor in most
measures, the balanced sample in a hip fracture population allowed for the consideration
of sex without too much concern about sample size effects. The sample was older at 81
years of age. This is 4 years older than the national average age of hip fracture.*’
However, the average age of onset for dementia in the U.S is 83 years old.** Therefore
we believe that participants older age is more reflective of cognitive change than in a
potentially younger population of adults 65 and older.

This work illustrates that recovery is not best modeled by mean values alone, and
even when using cut-points there are tiers of impairment which impact multiple domains
of recovery. LPADL used self-report approximation but the value of pre-fracture data
should not be understated. Estimates of pre-fracture functioning illuminated a group of
hip fracture patients at critical need for intervention to prevent the development of new
functional dependence. Future work, to the extent possible, should try to ascertain pre-
fracture functioning as it provides a more meaningful picture of recovery after hip

fracture especially to patients.
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5.1.5 Conclusion

Using GBTM, distinct patterns of recovery in cognition and LPADLSs among hip
fracture patients were revealed. There was little to no overlap between the trajectories
such that one group pattern did not cross another. In most cognitive measures, baseline
performance was the most significant indicator of 12-month performance. This study
highlights the importance of understanding baseline levels of cognition for hip fracture
patients as it is likely to be a consistent challenge to other recovery efforts. Baseline
performance alone was not enough to determine the pattern of functional recovery in
LPADLSs for over 65% of the sample.

The differentiation between those who begin with mild LPADL impairments
(Groups 2 and 3) is a key focal point for future research. Patients with acquired disability
in LPADLSs (Group 3) had mild pre-fracture impairment but subsequently had marked
increase and sustained LPADL impairment over 12 months. This contrasts with a group
with similar levels pre-fracture that had better recovery over time. It is possible that this
group might benefit from some focused therapy or intervention. This also highlights the
importance of understanding pre-fracture function in hip fracture patients. LPADL
limitation at 2 months is highly differentiated between these two initially similar groups.
Without pre-fracture function, this divergence would not have been identified. Other
functional measures should be assessed with cognitive recovery as function and cognition
are inter-related. Future work should consider depression and biomarkers in the LPADL
acquired disability group as a moderating factor on functional recovery that could inhibit

their recovery participation.
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Table S2.1 Online Only Table Model Selection

Number of Groups Order Log bayes factor ~ Smallest group percentage
3MS
1 3 100
2 33 633.56 10.15
3 333 272.56 5.89
4 3333 98.70 2.38
3 222 284.74 5.8
3 112 11.50 5.66
3 111 5.68 5.66
HVOT
1 3 100
2 33 271.54 29.07
3 333 174.16 15.94
4 3333 14.56 14.58
5 33333 -12.54 14.06
4 2222 19.32 14.42
4 1111 214 14.24
4 1112 -5.46 14.24
LPADL
1 3 100
2 33 244.9 24.58
3 333 95.96 19.74
4 3333 325 5.75
5 33333 -12.5 3.85
4 3332 -25.34 2.81
4 3313 -17.92 4.23

Note: 3MS: Modified Mini Mental State Examination, HVOT: Hooper Visual
Organization Task, LPADL: Lower Extremity Physical Activities of Daily Living.
Smallest group should not be less than 5, log bayes factor is approximately
2*(Complex BIC- Null BIC), Order refers to polynomial shape and after the group
number is defined is modified.
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5.2 Aim 2 Supplementary Analysis and Results

There were many supplementary analyses done on measures not included in the main
Aim 2 paper that are described below. The measures are described on page 34 in Section
3.3.3. The outcomes for cognitive and functional measures generally follow similar
trends seen in the main paper. Trajectory group plots for all measures not in main
analyses are in Supplemental Figure S2.1a-e, overall mean and group means over time

for each measure are in Table S2.1

5.2.1 Trajectories for Cognitive Measures

3MS

The 3MS was optimized in a 3-group polynomial function (liner, liner, quadratic)
with a censored normal distribution. Mean baseline 3MS was 84.3 (16.7), and this was
still reflective of 12-month mean 3MS. The three 3MS groups patterns can be described
as stable, while the trajectory itself is best described by its relative position to the
cognitive cut scores: Cognitive Impairment (Group 1, 5.7%), Mild Cognitive Impairment
(Group 2, 18.6%), and Cognitively Intact (Group 3, 74.5%). Each group was well
differentiated in their scores. Group 1 (Cognitive Impairment) showed a pattern of
consistently poor performance over time that was well below the standardized cut-point
of 78 some notable decline after the 2-month follow-up. Group 2 (MCI) also had
consistently poor performance with decline after the 2-month visit. Group 2 (MCI) mean

scores were much closer to, although still below, the standardized CI cut point of <78.
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Group 3 (Cognitively Intact) can be described as consistently high performing with little
variation in performance overtime. This group’s performance pattern was well above 78.

In 3MS, probability of membership in the Cognitive Impairment group (Group 1)
groups (reference group 3, Cognitively Intact) was significantly associated with being
non-white, having less education, and dementia/delirium in the hospital record. Factors
significantly associated with the probability of membership in the MCI group (Group 2)
were older age, black or non-white race, fewer years of education, and a positive hospital
record of dementia/delirium.

Comparing characteristics for likelihood to be in the Cognitive Impairment versus
MCI group (Group 1 vs Group 2); those who had more years of education and did not
have a hospital record of dementia were significantly more likely to be in the mildly
impaired group compared to the severely impaired group. The parameter estimate for the
education difference was small, indicating that the difference in number of years was not

large.

HVOT

The HVOT had four groups described in a linear polynomial function. The groups
all remained distinct over time, but group 3 and 4 were very similar. The model could
have been defined by a 5-group model but the distinction separated group 4 which was
already high performing and provides little information as group 4 was cognitively intact
using HVOT 19 cut-pint and group 5 was also intact. Group 1 (Severe Impairment)
scored well below 19 at baseline and continued to perform poorly, with an increase in the

spread of scores by 12 months with some improving and some worsening marginally.
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Group 2 (Moderately Impaired) improves the most dramatically over time, but this is still
only a small improvement and not enough of an improvement to overcome the threshold
of 19. Group 3’s (Some Impairment) recovery pattern is interesting in that the pattern
itself closely mimics that of Group 2 (Moderately Impaired) and 4 (Intact Cognition), but
with mild improvement over time, the scores hover on and around the CI cut point for
HVOT. Group 4 (Intact Cognition) was the best performing group whose pattern over the
12-month study period was consistently high above the 19-cut point and whose baseline
scores were also well above the overall mean.

Being older and having fewer years of education were associated with the
probability of being in Group 1 (Severe Impairment) rather than Group 4 (Intact
Cognition, reference). Older age alone was significantly associated with Group 2
(Moderately Impaired) membership. Membership in Group 3 (Some Impairment) was
only significantly different as the number of days to PT initiation went up. More days to
PT more likely to be in group 3(Some Impairment; Group 4 Intact Cognition, reference).
The scores of Group 3 (Some Impairment) and 4 (Intact Cognition) were very close, this
may make sense as an indicator of some additional level of impairment that is not

substantial enough to warrant lifestyle differences.

Trails A

Overall mean performance of Trails A fluctuated over time improving some (m=
88.8+63.3 at baseline to 76.1+50.6 at 2 months), worsening (m= 82.9+65.4 at 6 months),
and improving again (m= 76.4+60.4 at 12 months) with wide standard deviations for

performance time. This unusual patten becomes clearer after the application of GBTM
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where two very well differentiated patterns become evident. A mixed polynomial
function (1,3) 2-group model of passing speed (85.4%) and very slow (14.6%) groups
was the optimal model for Trails A based on selection criteria. The typical cut-off score
for poor performance on Trails A is 78 seconds. Passing Speed (Group 1) begins around
this threshold and always performed well improving over time to some degree. The Very
Slow group (Group 2) begins with very poor scores (over 2 minutes) improves after
baseline but then as more time goes on between observations substantially worsens. The
group trajectories were well differentiated throughout, and older age as well as a history
of delirium or dementia were significant risk factors for membership in Group 2. Those
with membership in the Very Slow group (Group 2) (reference group 1; 87.91%) were

more likely to be older and have a hospital record of dementia/delirium.

2 GROUP TRAJECTORY OF TRAILS A OVER 12 MONTHS
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Figure S2.1a Supplemental Trajectory Groups; Trails A
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Trails B

Overall performance of Trails B improved over time (from 209.45+84.2 at
baseline to 176.0 +84.5 at 12 months). A mixed polynomial function (1,2,2,1) 4-group
model of fast (40.2%), Impaired and Improved (18.1%), Impaired and Worsened
(17.4%), and Unable to Complete (24.2%) groups was the optimal model for Trails B
based on selection criteria. When separated into groups, Group 1 (Passing Speed) and 4
(Unable to Complete) were consistent across time and Groups 2 (Impaired and Improved)
and 3 (Impaired and Worsened) experienced marginal improvement, with Group 3
experiencing the most improvement. Unable to Complete (Group 4) never achieved the
273 second cut point with a mean of 300 seconds, indicating they could not complete the
Trails B within 5 minutes at any time point. Male sex, older age, less education, non-
white race, femoral neck fractures, shorter surgery time, longer hospital stays, and fewer
PT sessions were significant risk factors for all Group’s membership compared to
membership in Group 1 (Passing Speed).

4 GROUP TRAJECTORY OF TRAILS B OVER 12 MONTHS
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Figure S2.1b Supplemental Trajectory Groups; Trails B
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Table S2.2a Mean Performance by Trajectory Group for Supplemental Cognitive
Measures Across Study Timepoints

Group %  Baseline 2 Month 6 Month 12 Month
Trails A (0-301s)
Total 100  88.78(63.27)  76.10(50.61) 82.91(65.42)  76.43 (60.38)

o 1 8791 70.63(34.77) 6271(30.10) 59.73(26.66)  59.50 (31.43)
S 2 1200 20049 (82.44) 172.67(63.00) 209.91(69.39) 207.63 (70.37)

Trails B (0-3015s)

Total 100  209.45 (84.16) 187.65(87.79) 174.97 (86.26) 176.01 (84.51)
1 5251 124.35(39.39) 110.78 (37.06) 106.65 (34.84) 106.29 (34.40)
2 14.75 257.71 (40.50) 200.03 (54.07) 165.42(32.91) 180.52 (52.15)
3 7.96 224.88(39.81) 253.29(52.49) 284.06(21.86) 254.14 (50.40)
4 24.78  300.66 (1.60) 296.85(18.10) 291.43 (29.56) 287.81 (23.40)

Group

5.2.2 Trajectories for Functional Measures

LPADL

The LPADL baseline asks for an estimate of pre-fracture functioning, which
differentiates it from the SPPB (as described in Section 3.3.3). A four-group cubic model
best described the LPADL trajectory patterns. From the baseline estimate of pre-fracture
ADL difficulty all groups experienced an increase in ADL disability at 2 months. The
groups are best described by their overall level of ADL dependance and disability over
time: Functionally independent (Group 1, 27.1%); Some Disability (Group 2, 50.1%);
Acquired Disability (Group 3, 17.1%); and Functionally Dependent (Group 4; 5.7%).
Mean LPADL performance was most closely reflected in Group 2 (Some Disability).
While this group represents a majority of the sample, there are still important sub-groups
that this analysis differentiated, particularly the Acquired Disability group (Group 3). SCI
was considered for LPADL as a risk factor for group membership, as well as baseline
3MS and HVOT in separate models. Group 2 (Some Disability) was the largest group,

but given the intersection with Group 3 (Acquired Disability) at baseline the Functionally
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Independent group was used as the reference (Group 1, 27.1%). Compared to Group
1(Functionally Independent), factors significantly more likely to be in associated with
members in Group 2 (Some Disability) include older age, higher ASA rating, more
comorbid conditions (not including dementia), and higher BMI. There are not significant
characteristics differentiation Group 1 (Functionally Independent) and Group 3 (Acquired
Disability) membership. Characteristics more likely to be associated with the
Functionally Dependent group (Group 4) include older age, higher ASA rating, grater
BMI, shorter surgery time, and CI indicated on the 3MS only.

Group 3 (Acquired Disability) was the most clinically interesting group. They
started with as much functional dependance as Group 2 (Some Disability), very mild and
likely to still be living independently. However, by 2 months they sustained severe
functional limitations and remained very impaired. Using this group as a reference group,
the only significant difference for group membership characteristics was that the other
groups were more likely to have had longer surgery times.

Supplemental trajectories of functional measures included the Yale (exercise and
active minutes) and SPPB (balance, gait, chair stand). The SPPB groups were difficult to
differentiate due to a large group being unable to ever perform the chair stand. SPPB was
not included in the main analyses of GBTM due to the sub-categories very differentiated

groups and lack of cohesion between total SPPB and floor effects seen with chair stand.

SPPB (Total, Balance, Gait Speed, Chair Stand)
Total SPPB was best defined in a 3-group quadratic polynomial model (2,2,2). Trajectory

pattens and group percentages are shown in Figure S2.1c.
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3 GROUP TRAJECTORY OF SPPB 2—12 MONTHS
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Figure S2.1c Supplemental Trajectory Groups; SPPB Total

Group 1 (Severe Functional Limitation, 19.4%), Group 2 (Very Limited, 55.7%), and
Group 3 (Mild Limitation, 24.9%) comprise the trajectories of SPPB recovery from 2 to
12 months. Group 1 (Severe Functional Limitation) is never able to perform well at any
timepoint and could be considered very disabled likely requiring a lot of human aid to
move around in the world. Group 2 (Very Limited) are still considered to be very
functionally limited but may be able to stand unassisted or walk across a room slowly
without human assistance. Group 3 (Mild Limitation) may still have compromised
balance, or struggle to stand from an armless chair, but are otherwise likely to move
around in the world without need for human help.

SPPB Balance was also best defined in a 3-group quadratic polynomial model
(2,2,2). Group 1 (No Balance, 39.6%), Group 2 (Some Balance, 73.3%), and Group 3
(Good Balance, 12.9%) comprise the trajectories of SPPB Balance recovery from 2 to 12
months. The Good Balance group (Group 3) did not necessarily demonstrate good

balance at 2 months, but from 6 months onward scored well. Compared to likelihood of
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membership in Group 3 (Good Balance), members of Group 1 (No Balance) and Group 2
(Some Balance) were more likely to be older, have worse ASA ratings and greater BMIs.
Those in Group 1 (No Balance) were also more likely to have longer hospital stays and
fewer PT sessions.

SPPB Gait Speed was again best defined in a 3-group quadratic polynomial model
(2,2,2). Group 1 (Immobile, 19.8%), Group 2 (Slow Gait, 49.2%), and Group 3
(Adequate Gait, 31.0%) comprise the trajectories of SPPB Gait recovery from 2 to 12
months. The gait trajectories were much more consistent than the balance trajectories
with very tight confidence intervals. Almost 20% of the recovery patterns were unable to
walk the 4 meters and never were able to do so out to 12 months. Almost 50% were able
to walk the 4 meters and were slow but capable. This group did not experience enough
improvement to comment on. The remaining 31% of a walking patterns from 2 to 12
months were satisfactory and would likely be able to walk across a small room with little

difficulty.
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Table S2.2b Mean Performance by Trajectory Group for Supplemental Physical
Function Measures Across Study Timepoints
Group % 2 Month 6 Month 12 Month

SPPB (0-12)

Total 100 3.23 (2.65) 4.24 (2.98) 4.31 (2.89)
o 1 19.38 0.28 (0.60) 0.52 (0.70) 0.29 (0.46)
° 2 55.72 2.8 (1.52) 3.66 (1.66) 3.70 (1.74)
O 3 24.90 6.72 (2.03) 8.28 (1.83) 7.85 (1.75)
SPPB: Balance (0-4)
Total 100 1.61 (1.47) 2.00 (1.52) 1.95 (1.44)
o 1 20.01 0.21 (0.45) 0.03 (0.16) 0.21 (0.50)
S 2 6314 1.63 (1.18) 2.12 (1.17) 1.94 (1.19)
© 3 16.85 3.65 (0.70) 3.97 (0.18) 3.71 (0.60)
SPPB: Gait Speed (0-4)
Total 100 1.25 (0.97) 1.27 (0.92) 1.34 (0.89)
o 1 19.79 0.00 0.00 0.00
o 2 49.23 0.99 (0.10) 1.00 (0.00) 1.00 (0.00)
O 3 30.98 2.47 (0.66) 2.44 (0.66) 2.38 (0.61)
SPPB: Chair Stand (0-4)
Total 100 0.31 (0.76) 0.59 (1.06) 0.62 (0.97)
g' 1 66.16 0.00 0.00 0.08 (0.28)
G 2 3384 1.01 (1.08) 1.84 (1.10) 1.51 (1.04)

The SPPB Total, SPPB Balance, and SPPB Gait sub-scale patterns looked similar.

However, the balance subscale had wider confidence intervals particularly at 2 months
and the percentage of group membership in the different patterns was not the same as
Total SPPB and Gait.

Chair stand trajectories seem very differentiated until confidence intervals are
included. With the inclusion of confidence intervals, 2-month chair stand is either fully
successful or unattempted within the same trajectory group of poor future performance.
This may be due to patients still being enrolled in rehabilitation at 2 months. Those who
were able to the chair stand were more likely to be younger and less likely to have 3MS

only SCI indication. Group 1 (Cannot Stand, 66.2%) and Group 2 (Slow to Stand, 33.8%)
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comprise the chair stand trajectories. Most participants will never successfully complete

the chair stand.

Yale: exercise hours/week; activity hours/week

Yale results were similar to expectations of the population in which a large
percentage were not active, for activity or exercise and the small active group became
less active over time. Both Yale scales were best described by a 2-group cubic
polynomial model (3,3); resulting in one inactive and one active group. Group
membership percentages and patterns are seen in Figures S2.1 d and e. Probability of
membership in the Yale Exercise active group (Group 2) increased with lower ASA
Rating and more years of education. Membership in the Yale Activity active group

(Group 2) was more likely for females and those with lower ASA ratings.

Table S2.2c Mean Performance by Trajectory Group for Supplemental Physical
Function Measures Across Study Timepoints

Group %  Baseline 2 Month 6 Month 12 Month
Yale Exercise (0-30; hrs/wk)
Total 100 1.23 (2.84) 3.31 (3.70) 1.89 (2.38) 1.76 (2.89)

o 1 9491 0.87 (1.74) 3.12 (3.44) 1.60 (2.04) 1.29 (1.91)

>
o

S

G 2 509  10.08(7.05) 8.03 (5.44) 7.16 (2.24) 9.18 95.03)

Yale Activity (0-30; hrs/wk)
Total 100  15.78 (12.90) 9.01 (10.07)  12.06 (11.12)  13.27(13.52)

1 8208  11.80(8.72) 6.15 (5.85) 8.10 (7.36) 9.22 (8.53)
2 1792 3538(11.83) 22.65(14.00)  2757(9.72)  29.14 (17.40)

Group

Note: Totals are derived from means at each timepoint. Group means are derived from
each time point in grouped by trajectory group membership
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Figure S2.1d Supplemental Trajectory Groups; Yale Activity
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5.2.3 Joint Trajectories

Analytically joint trajectories were difficult to run for outcomes that were not well
differentiated in their individual trajectories. In joint analysis of cognitive measures with
LPADL trajectory patterns, Trails A and B did not successfully model. For Trails A,
there was not enough differentiation to output joint models and for Trails B, 122 subjects
had no trajectory data in one or more of the joint models. Very few of the conditional
probabilities for HYOT membership given LPADL group membership were significant.

Only 3MS and HVOT successfully ran jointly with LPADL. These trajectories
were modeled as cognitive trajectory give functional, the conditional probability of
membership in a 3MS group given membership in a particular LPADL group, for
temporality. Although both measures were taken at baseline, LPADL baseline asks about
estimates of pre-fracture function while 3MS and HVOT measure cognition at time of
administration. Therefore, when interpreting the applicability of joint models, it makes
more sense to consider joint future membership based on knowledge that is potentially
available pre-fracture. For example, prior to fracture the patient was functionally
independent, then the joint trajectory predicts probability of cognitive recovery after
fracture. Those who were functionally dependent in LPADL were equally distributed
among the 3MS groups (approximately 30% in each 3MS trajectory group). Among the
Acquired Disability LPADL group (LPADL Group 3) larger proportions were in the
Cognitively Intact (3MS Group 1, 40.7%) and MCI group (3MS Group 2, 42.7%)
compared to the Impaired Cognition group (3MS Group 3, 16.5%). However, all the joint
groups were significant. Considering the LPDAL group with Some disability (LPADL

Group 2), they were predominantly in the Cognitively Intact group (3MS Group 3,
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84.5%) and the MCI group (3MS Group 2, 15.4%). None of the LPADL Some Disability
group (LPADL Group 2) also was in the Impaired Cognition group (3MS Group 1).
Among the Functionally Dependent group (LPADL Group 4, 7.4% single model), the
only significant joint trajectory was with the Cognitively Intact group (3MS Group 4,
91.5% joint). This grouping suffers from the small sample proportions.

Among those likely to be Functionally Independent (LPADL Group 1), 63%
were likely to be in HVOT Group 3 (Some Impairment) who began borderline impaired
but marginally improved over the course of the study. A remaining 32% were in HYOT
Group 4 (Intact Cognition), who were consistently high performing, leaving 4% non-
significantly assigned across the groups. Among LPADL Group 2 (Some Disability),
14% were in HVOT Group 1 (Intact Cognition), 47% in HVOT Group 3 (Moderately
Impaired) and 37% in HVOT Group 4 (Severe Impairment), 0% were identified in
HVOT Group 2 (Moderately Impaired). Given membership in Acquired Disability
LPADL (Group 3) membership was identified in HVOT Group 1 (Severe Impairment,
20%), Group 2 (Moderately Impaired 40%), and Group 4 (Intact Cognition 19%).
Although 19% were identified in HVOT Group 3 (Some Impairment), this was not a
significant conditional probability. LPADL Group 4 (Functionally Dependent), the most
functionally limited group, was only significantly likely to be in the HVOT group 1
(Severe Impairment, 40%), the most impaired group.

See Table S2.2 for other joint trajectories with SPPB and Yale and TMT. There
were many modeling errors between the other measures that reduced the number of
produced joint trajectories. Models either had convergence or floating-point errors

making them unable to produce joint trajectories. 3MS with SPPB Balance, SPPB Chair
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Stand, or Yale exercise. HVOT did not jointly model with SPPB Gait, SPPB Chair stand,
or Yale Exercise; Trails A did not jointly model LPADL, SPPB Total, or Yale Activity.
Trails B did not jointly model with LPADL, SPPB Balance, SPPB Gait, SPPB Chair
Stand, or Yale exercise. Similar to the main analysis, when there was a clear temporality
between the measures, the measure with pre-fracture information was used as the primary
model (secondary|primary), otherwise if only one measure had baseline data that measure
was the primary model, if both measures were taken at baseline the model least based on
self-report was used. Thus, in all models with SPPB and it’s sub-scales SPPB is the
secondary model. In all cognitive models with Yale, Yale is the secondary model.

Given 3MS Cognitively Intact Trajectory group (3MS Group 3) 33% were also
likely to be in SPPB Group 3 (Mild Limitation). This was the only joint trajectory that
significantly predicted membership in this SPPB Group. Given 3MS Group 3
(Cognitively Intact), 55% were likely also Very Limited (SPPB Group 2). If in the
Impaired Cognition group (3MS Group 1) the joint model could only significantly predict
membership in the Severe Functional Limitation group (SPPB Group 1, 76%).

When jointly modeling 3MS and SPPB Gait, given Cognitively Intact (3MS
Group 3) recovery patters 56% will also have Slow Gait (SPPB: Gait Group 2) and 31%
will have Adequate Gait (SPPB: Gait Group 3). However, almost 12% will still be
immobile (SPPB: Gait Group 1) despite being Cognitively Intact (3MS Group 3)
throughout the study period. It stands to reason that if there is a trajectory of Impaired
Cognition (3MS Group 1), 64% will also follow an Immobile trajectory (SPPB: Gait
Group 1). In this pairing, 31% will have slow gait. A similar joint pairing are seen among

those with MCI (3MS Group 2) however the proportion in each is closer (43% Immobile
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vs. 51% Slow Gait). The inability of being Cognitively Intact (3MS Group 3) to preclude
from immobility is a concerning result from this set of analyses.

In the joint trajectory of 3MS and Yale Activity, 90% or more are likely to be
Inactive (Yale Activity Group 1) given any impairment (3MS Group 1 or 2). Given Intact
Cognition (3MS Group 3) 73.41% were also Inactive (Yale Activity Group 1), and 26%
were Active (Yale Active Group 2). Even though there are more cognitively intact in the
Inactive (Yale Activity Group 1), they were the only group to also comprise the Active
(YYale Activity Group 2). This may be due to the wide spread in group proportions in Yale

Activity.

Table S2.3a Conditional Probability of Functional Recovery Given Cognitive Function
Trajectory (3MS) Group Membership
SPPB Group
1 2 3

Severe Functional Very Limited Mild Limitation

3MS Group Limitation
1 (Impaired Cognition) 76.23%** 23.77 0.00
2 (MCI) 43.25*** 56.74*** 0.00
3 (Cognitively Intact) 11.23** 55.70%** 33.07%**
SPPB Gait
3MS Group 1 2 3
Immobile Slow Gait Adequate Gait
1 (Impaired Cognition) 64.78*** 31.26* 3.96
2 (MCI) 43.71%** 51.39*** 4.91
3 (Intact cognition) 11.83*** 56.62*** 31.55***
YALE Activity
1 2
3MS Group Inactive Active
1 (Impaired Cognition) 90.99*** 9.00
2 (MCI) 92.16*** 7.84
3 (Intact cognition) 73.41%** 26.59***

MCI= Mild cognitive impairment, SPPB= Short Physical Performance Battery, 3MS=
Modified Mini Mental State Examination. 3MS and: SPPB Balance, SPPB Chair Stand,
Y ALE exercise had convergence/modeling errors. Unable to produce joint

trajectories. Rows are primary models and columns are secondary models. P<.05*,
p<.01 ** p<.001***
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Unlike in 3MS, the extreme HVOT performance groups were not significantly
related to membership in the opposing functional trajectories. For example, in the Severe
Impairment Group (HVOT Group 1), 54% were also in the Sever Functional Limitation
group (SPPB Group 1), and 45% were Very Limited (SPPB Group 2); but there was not a
significant proportion also in the Mild Limitation group (SPPB Group 3). Conversely,
among those with a pattern of Intact Cognition (HVOT Group 4) 55% were Very Limited
(SPPB Group 2) and 37% were in the Mild Limitation group (SPPB Group 3); but there
was not a significantly predicted proportion in the Severe Functional Limitation group
(SPPB Group 1). HVOT Group 3 (Some Impairment) had the same patterns as the Intact
Cognition group (HVOT Group 4) though the proportions were less favorable to Mild
Limitation (SPPB Group 3). Interestingly, Moderately Impaired (HVOT Group 2)
patterns were predicted to be in the Severe Functional Limitation group (SPPB Group 1,
54%) and the Mild Limitation Group (SPPB Group 1, 31%), but were not significantly
likely to also be in the middle Very Limited group (SPPB Group 2). Other HVOT joint

trajectories can be seen in Table S2.3b.
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Table S2.3b Conditional Probability of Cognitive Function Trajectory (HVOT) Given
Functional Recovery Group Membership

SPPB Group

1 2 3

Severe Functional Very Limited Mild Limitation

HVOT Group Limitation
1 (Severe Impairment) 54.94*** 45.06** 0.00
2 (Moderately Impaired) 52.56** 15.85 31.58***
3 (Some Impairment) 3.58 70.93*** 25.50**
4 (Intact cognition) 6.86 55.15*** 37.99***

SPPB Balance
HVOT Group 1 2 3

No Balance Some Balance Good Balance

1 (Severe Impairment) 39.57** 60.43*** 0.00
2 (Moderately Impaired) 51.36** 26.93 21.71
3 (Some Impairment) 3.60 76.24%** 20.16*
4 (Intact cognition) 7.89 78.20*** 13.91

YALE Activity

1 2

HVOT Group Inactive Active
1 (Severe Impairment) 88.42*** 11.58
2 (Moderately Impaired) 89.29*** 10.71*
3 (Some Impairment) 70.71%** 29.29***
4 (Intact cognition) 53.24** 46.76**

Note: SPPB= Short Physical Performance Battery, HVOT= Hooper Visual Organization
Task. HVOT and: SPPB Gait, SPPB Chair stand, YALE Exercise; had
convergence/modeling errors. Unable to produce joint trajectories. Rows are primary
models and columns are secondary models. P<.05*, p<.01 **, p<.001***

Interesting joint trajectories of Trails A were between Trails A and SPPB Gait
Speed. Trails A measures processing speed and Gait Speed measures walking speed
which requires a lot of simultaneous mental processes. Among the Trails A group who
were Very Slow (Group 2), none had Adequate Gait (SPPB: Gait Group 3) speed
patterns, 57% had slow walking speed and 42% were Immobile (SPPB: Gait Group 1).
From the group with Passing Speed (Trails A Group 1) at all time points, 33% were in

Adequate Gait (SPPB: Gait 3) and 54% were in Slow Gait (SPPB: Gait 2). Only 11%

103



were Immobile (SPPB: Gait Group 1). This may be highlighting some interplay between
the different types of processing speed.

From Trails B there are a few join trajectories of note, particularly between Trails
B and Yale Activity. Among those Unable to Complete (Trails B Group 4) 100.00 were
Inactive (Yale Activity Group 1). However even among those with Passing Speed (Trails
B Group 1), 60% were Inactive (Yale Activity Group 1) and 39% were Active (Yale
Activity Group 2). Among the Impaired and the Worsened (Trails B Group 3) 40% were
in the Active group (Yale Activity Group 2), which is counter to what one would
presume about the relationship between activity and cognition. Again, there was a wide
distribution spread between the proportions of the sample in the Inactive vs Active Yale

Activity Groups that may be contributing to some of these patterns.
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Table S2.3c Conditional Probability of Cognitive Function Trajectory (Trails A and B)
Given Functional Recovery Group Membership

SPPB Group

1 2 3
Trails A Group SeveLri?nFi;Jar;;:é:]onal Very Limited Mild Limitation
1 (Passing Speed) 12.54** 71.72%** 15.73**
2 (Very Slow) 57.37*** 42.63*** 0.00

SPPB Gait

1 2 3
Trails A Group Immobile Slow Gait Adequate Gait
1 (Passing Speed) 11.76%** 54.84*** 33.40***
2 (Very Slow) 42.68*** 57.32%** 0.00

SPPB Chair Stand

1 2
Trails A Group Cannot Stand Improve to Stand
1 (Passing Speed) 57.29%** 42 71***
2 (Very Slow) 93.37*** 6.63

YALE Activity

1 2
Trails A Group Inactive Active
1 (Passing Speed) 76.40*** 23.60***
2 (Very Slow) 89.28*** 10.72

SPPB
1 2 3
Severe Functional Very Limited Mild Limitation
Trails B Group Limitation
1 (Passing Speed) 0.00 50.22*** 49.78***
2 (Impaired and Improved) 0.00 99.99*** 0.00
3 (Impaired and Worsened) 20.26** 48.23*** 31.51%**
4 (Unable to Complete) 45.97*** 54.03*** 0.00
YALE Activity

1 2
Trails B Group Inactive Active
1 (Passing Speed) 60.26*** 39.73***
2 (Impaired and Improved) 71.05%** 28.95%**
3 (Impaired and Worsened) 59.02** 40.98***
4 (Unable to Complete) 100.00*** 0.00

Note: SPPB= Short Physical Performance Battery. Trails A and: LPADL, SPPB Total,
Yale Activity, Trails B and: LPADL, SPPB Balance, SPPB Gait, SPPB Chair Stand,
Yale exercise had convergence/modeling errors. Unable to produce joint

trajectories. Rows are primary models and columns are secondary models. P<.05%,

p<.01 ** p<.001***
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5.2.4 Death as a Non-random Source of Truncation in Groups

Proc Traj requires at least 2 time points for analysis. To conduct the drop out due
to death analysis, only missingness due to death could be maintained. Missingness for
this analysis is displaying in Figure S2.2. Only 33 of the 339 participants had no missing
data. All missing datapoints that were missing not due to death used last value carried
forward replacement for assessment of dropout due to death. Drop out probabilities by
group for each main outcome are listed in Table S2.4. As hypothesized, the lowest
performing trajectory groups had the highest dropout probability. For example, in
Impaired Cognition 3MS group (3MS Group 1) there was a 16% probability of dropout
due to death compared to 9% and 4% in the MCI (3MS Group 2) and Cognitively intact
(3MS Group 1) respectively. An interesting derivation from this trend is among the
LPADL groups. The LPADL Group 3 (Acquired Disability) who began with mild
limitation then developed and maintained severe functional limitation had a 17%
probability of drop out due to death. However, LPADL Group 4 (Functionally
Dependent), which started with and maintained severe functional limitation only had a

3.2% chance of drop out due to death.
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Table S2.4 Drop Out Probability by Trajectory Group

Trajectory Group
Group 1 Group 2 Group 3
Cognitive Tests

3MS 16.69% 9.46% 3.63%
HVOT 8.72% 5.56% 5.17%
Trails A 3.62% 8.74%

Trails B 1.27% 6.47% 0.00%
Physical Function Tests

LPADL 4.39% 2.14% 16.85%
YALE Activity 19.88% 11.82%

YALE Exercise 2.69% 1.75%

Group 4

0.90%

9.96%

3.20%

Note: SPPB and sub-scales would not run in drop out model.
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CHAPTER 6. AIM 3 RESULTS

6.1 Aim 3 Main Analyses and Manuscript

Associations of Male Sex and Cognitive Impairment on Time to Death, All-Cause

Mortality, and Cause-Specific Mortality After Hip Fracture

6.1.1 Introduction

Recovery after hip fracture is a long process and outcomes are often poor.81-142
Approximately 30% of all hip fracture patients will die within one year of their
fracture.3%3! In the last 30 years of hip fracture research, the 1-year mortality rate for hip
fracture patients has changed very little.% The most common causes of death among hip
fracture patients include circulatory diseases, cardiovascular disease, pneumonia, and
Alzheimer's disease and related dementias (ADRD).83143

Cognitive impairment (CI) predisposes an individual to increased hip fracture risk
and also increases the patient's risk of hospital-acquired delirium.8% There is an overall
underdiagnosis of Cl due to ADRD in the community, and of that due to delirium in
hospital settings.”?:?3 Research has shown that at hip-fracture rehabilitation admission
and discharge, men have higher C1.2° CI, such as ADRD and acute-onset delirium, have
been shown to increase mortality risk in hip fracture patients.'?1314414> Because ADRD is
associated with poor outcomes, such as mortality, it has been recommended that
additional attention be paid to patient cognitive status.!#® Yet, our previous work (Aim 1

Chapter 4) showed that following discharge from hip fracture, a sizeable number of
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patients experience CI that was not noted in the hospital chart, suggesting the presence of
undocumented delirium or pre-fracture Cl. Males demonstrated increased odds of having
concurrent clinical history of ADRD and active impairment observed through direct
testing.

Although females make up 80-90% of all hip fracture research participants,
males who fracture their hip tend to be sicker pre-fracture, with more comorbid
conditions and higher American Society of Anesthesiologists (ASA) pre-operative risk
compared to females.***® They also have worse post-hip fracture outcomes.*® In hip
fracture populations, male sex plays an exacerbating role on mortality outcomes.*?* The
existing research has shown that males are more likely to die within one year of hip
fracture, and they die sooner than female counterparts.'414

It is possible that higher mortality risk among males may be partially attributable
to unrecognized CI. The objective of this study was to estimate the contribution of ClI
(both diagnosed and undiagnosed) to overall mortality and cause-specific mortality
following hip-fracture and whether that contribution varies by patient sex. We
hypothesized that unrecognized ClI is a contributing factor to mortality following hip

fracture and that patient sex will continue to contribute to mortality.

6.1.2 Methods

6.1.2.1 Study Design

This study was a secondary analysis of the Baltimore Hip Studies 7*" Cohort
(BHS7). The BHS7 was a longitudinal observational cohort study of community-

dwelling geriatric hip fracture patients recruited from eight hospitals in the greater
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Baltimore area in Maryland from 2006-2011. Date and cause of death were obtained from
the National Death Index (NDI) 2006-2018. The BHS7 was approved by Institutional
Review Boards (IRB) at the University of Maryland Baltimore and each recruitment
hospital. This study was granted continued approval by the University of Maryland

Baltimore IRB.

6.1.2.2 Sample
The BHS7 sample comprised 339 hip fracture patients (ICD-9 codes 820.xx) 65

years and older.®® BHS7 frequency-matched the enroliment of females to males into the
study, such that the sample was approximately 50% male (N=339; female =171, male
=168). See Orwig et al. 2018 for full enrollment criteria.®® Participants were consented
and enrolled by trained research nurses within 15 days of admission for hip fracture
repair surgery and received baseline assessments within 22 days of the admission. In
home follow-up assessments were performed at 2, 6 and 12 months after hospital
admission. An NDI search from 2006 through 2018 identified 266 (N=260 with baseline
SCI) deceased participants an additional 56 participants who had died. The analytic
sample size for this analysis was 330 (163 male, 167 female). The sample is further

separated by mortality as of December 31, 2018; 260 died (147 male, 113 female).

6.1.2.3 Measurements

6.1.2.3.1 Cognitive Status
Cognitively impaired individuals were included in BHS7 and cognitive status was

assessed using the Modified Mini Mental State Examination 3MS (score range 0-100)
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within 22 days of hospital admission.™? A score of <78 is considered cognitively
impaired.® Participants scoring <36 on the 3MS had a proxy provide data on their behalf
for interviews assessing functional status and other appropriate data.® Notation of ADRD
and/or delirium as a post-operative complication in the medical record was used to
indicate medical history positive for Cl. Source of CI identification (SCI) is a categorical
representation of Cl determined by medical record abstraction and/or a 3MS score <78 at
baseline. SCI is defined as being identified by 3MS only, Hospital record only, Both
hospital record and 3MS, or No CI. SCI in BHS7 is described in Aim1 Chapter 4. 3MS
only represents undiagnosed Cl, as these patients would not be treated as cognitively

impaired in standard clinical practice.

6.1.2.3.2 Death

Mortality was the key outcome of interest. Survival time was calculated as the
difference between date of admission for hip fracture and death in months (assessed for
all-cause mortality and for cause-specific mortality). Cause of death derived from NDI
was listed in ICD-10 codes. Cognition-related cause of death (CR-COD) was defined by
ICD-10-CM codes related to ADRD (G13, G18, G30, G31, G91, G94, F01, F03, F04,
FO5, FO6, R41, R54) in any position derived from Taylor et al. (2009).23° All other

causes of death were grouped as ‘other’.

6.1.2.3.3 Demographics and Health Information
Participant characteristics such as age (years, 65+); sex (male/female); race

(White/non-white); education (years of education); body mass index (BMI); and the
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Charlson Comorbidity Index (CCI) was derived from medical record abstraction or
patient interviews. Dementia was not included in this modified CCI count because it is
being used as an independent variable. Other variables abstracted include type of
fracture; surgical procedure; American Society of Anesthesiologists Physical Status
Rating (ASA, 1-4); length of surgery (minutes); length of stay (days); number of physical

therapy sessions; and time from hospital admission to initiation of physical therapy

(days).

6.1.2.4 Analyses

6.1.2.4.1 Descriptive

Descriptive analysis of the study sample to assess sex differences in participant
characteristics used chi-square (y%; Fisher’s exact tests as applicable) for categorical
variables, and Student’s t-test for continuous variables. ANOVA was used to assess
sample characteristic differences across SCI categories, with a Tukey correction.**® Each
SCI category (binary) was assessed using 2 (Fisher’s exact tests as applicable) for
significant differences by survivor status as of December 31, 2018, CR-COD, and

participant sex.

6.1.2.4.2 Time-to-Event

Cox proportional hazards models assessed the relationship between a sex by SCI
interaction (Sex|SCI) and time to a) all-cause mortality and b) CR-COD. A Sex|SCI
(reference: female, reference: No CI) model was assessed. Given no interaction effect;

main effects were assessed. The models were adjusted by additional covariates using
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forward selection at p <0.2. These produced hazard ratios (HR) and Confidence Limits
(CL) for time to a) all-cause mortality and b) CR-COD. Survival curves for Sex|SCI were
produced using a lifetest. Sidak p-values, which are slightly less conservative than
Bonferroni corrections, were used to adjust for multiple testing between the different

levels of sex and SCI.

6.1.3 Results

6.1.3.1 Sample Characteristics

The study sample of 339 hip fracture patients (168 males, 171 female) had a mean
age of 80.9 [Standard Deviation (SD) 7.9] years, a mean of 13.1 (SD 3.4) years of
education, mean modified CCI (not including dementia) of 1.9 (1.7), and a mean BMI of
25.26 (5.1). The modal ASA Physical Status Rating was 3 for 223 (66%) patients.
Participants had similar hospitalization experiences: mean length of surgery was 84.46
(44.43) minutes, mean hospital stay of 5.3 (2.6) days, physical therapy was initiated on
average 2.6 (1.2) days after admission.

Sample characteristics by sex are identified in Table 3.1 and by SCI in Table 3.2.
Males and females were not significantly different on any pre-surgery baseline
characteristics, except that males had significantly higher modified CCI (p=0.0001) and
ASA level 1V (Patient has incapacitating disease that is a constant threat to life) ratings
compared to females (36 (76.6%) vs. 11 (23.4%); p <.0001). Males started physical

therapy slightly later than women (2.80 vs. 2.34 days, p=0.0009).
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Table 3.1 Baseline Demographic and Clinical Characteristics and Mortality of BHS7

Sample by Sex

Total Male Female p-

N=330 N=163 N=167 value
Age (years, 65+) 80.99+7.79 8057+7.71 8141+7.88 0.33
Education (years, n=319) 13.10+3.39 13.15+3.75 13.06+3.02 0.09
Charlson Comorbidity 1.87 +1.69 2.26 +1.77 1.49+151 <.001
Index
Body Mass Index 2521 +£5.03 2552+443 2491+556 0.27
Number of PT Sessions 341+1.79 3.35+1.56 346+199 0.58
Length of Surgery (minutes) 84.46 +44.43 86.03+44.93 82.93+44.10 0.53
Admission to PT (days) 257 +1.23 2.80+1.36 2.34+1.03 <.001
Length of Hospital Stay 5.32+2.62 547 + 2.47 517277 031
(days)

Admission to 3MS (days) 18.47+49.64 1579+494 21.10+£1046 0.33
Race 0.41
White 291 (90.65) 142 (89.31) 149 (91.98)
Non-White, Mixed 30 (9.35) 17 (10.69) 13 (8.02)

Site of Fracture 0.30
Intertrochanteric 129 (39.09) 69 (42.33) 60 (35.93)

Femoral Neck 166 (50.30) 75 (46.01) 91 (54.49)

Other 35(10.61) 19 (11.66) 16 (9.58)

Surgical Approach 0.19
Fixation 180 (54.55) 97 (59.51) 83 (49.70)
Arthroplasty 139 (42.12) 61 (37.42) 78 (46.71)

Other 11 (3.33) 5(3.07) 6 (3.59)

ASA Physical Status Rating <.000

1
2 65 (19.70) 20 (12.27) 45 (26.95)
3 218 (66.06) 107 (65.64) 111 (66.47)
4 47 (14.24) 36 (22.09) 11 (6.59)
Mortality
_ <.000
All Cause (n=330) 260 (78.79) 147 (56.54) 113 (43.46) 1
CR-COD (n=260) 67 (25.87) 33 (49.25) 34 (50.75)  0.17
Time to Death
All Cause (n=330) 46.91 (32.76) 41.13(31.81) 54.42(32.60) 0.001
CR-COD (n=260)  51.07 (33.33) 43.71(31.87) 58.22(33.61) 0.07

Note: Physical Therapy (PT), Cognition-related cause of death (CR-COD),
Alzheimer’s Disease (AD), Modified Mini-Mental State Examination (3MS),p-value is

1?*Cochran, Pooled or Fisher’s Exact as applicable, Charlson Comorbidity Index -1 if
ADRD indicated in Medical Chart ; Notation: Mean + SD, N (%); % = column percent
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SCI was available for 330 participants: 163(97.0%) males and 167 (97.7%)

females. No CI was identified in 219 (66.4%) participants, identification by both hospital

record and 3MS in 31 (9.39%) participants, identification by hospital record only in 42

(12.7%), and identification by 3MS only in 38 (11.5%). In unadjusted analyses

significantly more females did not have CI [p=0.005; 123 (73.7%) female vs. 96 (58.9%)

male] and significantly more males than females were identified by 3MS only [p=0.039;

27 (16.6%) male vs. 15 (9.0%) female]. There were not significant sex differences by

hospital record only or both hospital record and 3MS.

Table 3.2 Sample Characteristics by SCI Category with Mortality

3MS Only Hospital Record Both
N=42 N=38 N=31
Age (years, 65+) 8157 +8.23 83.29+6.78 85.61+5.78

Education (years, 11 134+406 1400+£324 12.39+357

n=319)

CCl 195+172 242+185  2.00+1.44
Body Mass Index ~ 2560+530 24.83+482 24.61+5.04
Number of PT

Sessions 3.02+163 384+209  3.74+2098
Length of Surgery

(min) 88.79 + 44.14 98.02 + 45.37 73.72 + 45.43
Admission to PT

(days) 200+126 268+123  3.19+1.70

Hospital Stay (days)  526+207 6374276  7.16+524

Admission 1o SMS 15384481 1650£4.40  16.71£4.11

(days)
Sex
Male 27(1656) 20 (12.27) 20 (12.27)
Female 15(8.98) 18 (10.78) 11 (6.59)
Race
White 30(10.31) 37 (12.71) 28 (9.62)
r'\r']?)?;’jvh'te’ 10 (33.33) 1(3.33) 3 (10.00)

No Cl p-
N=219 value
79.84 + 7.83 <.001

1341 +3.14 <.001

1.75+168 0.14
25.30+5.05 0.81

337+152 0.15
82.75+43.87 0.11

240+1.11 <01
4.89 +1.92<.0001

1551+5.29 045

0.02
96 (58.9)
123 (73.65)
<0.01
196 (67.35)

16 (53.33)
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Table 3.2 Continued

Time to Death
(months)

Site of Fracture 0.73
Intertrochanteric 17 (40.48) 13 (34.21) 15 (48.39) 84 (38.36)
Femoral Neck 23 (54.76) 21 (55.26) 14 (45.16) 108 (49.32)

Other 2 (4.76) 4 (10.53) 2(6.45) 27 (12.33)

Surgical Approach <.0001
Fixation 21 (50.00) 16 (42.11) 20 (64.52) 123 (56.16)
Arthroplasty 19 (45.24) 19 (50.00) 11(35.48) 90 (41.10)

Other 2 (4.76) 3 (7.89) 0 (0.00) 6 (2.74)

IASA Rating <0.01
2 4 (6.15) 4 (6.15) 3(4.62) 54(83.08)

3 30 (13.76) 24 (11.01) 21(9.63) 143 (65.60)
4 8(17.02) 10 (21.28) 7(14.89) 22 (46.81)

All-Cause Mortality 36 (85.71) 35(92.10) 29 (93.52) 160 (73.06) <0.01

CR-COD Mortality 15(35.71) 10 (26.32) 19 (61.90) 23 (10.50) <.0001

All Cause n=260 40.32 + 32.28 44.78 + 37.44 22.03 + 22.32 53.36 + 31.08 <.0001
CR-COD n=67 52.43+27.91 63.69+36.23 27.39+23.56 64.26 + 33.25 <0.01

Notes: Hospital chart includes medical record abstraction of diagnosis of Alzheimer
Disease and Related Dementias and/or delirium as a post-operative complication,
Cl=Cognitive impairment, CCI= Charlson Comorbidity Index, ASA= American Society
of Anesthesiologists 3MS= Modified Mini Mental State Examination, CR-COD =
cognition-related cause of death. Total Sample = 330, Reported statistics are Mean+SD
or N (%), %=row percent rounded to the tenth place; Fisher’s exact used

if cell size < 5.

6.1.3.2_ Mortality

Of 330 participants with baseline cognition information, there was a significant

proportion of overall death n=260 (78.8%) in the sample. More males than females
(p<.0001) had died as of December 31st, 2018 [(147 (90.2%) male, 113 (67.7%) female].
There were significantly more deaths among those with identified ClI compared to No ClI
(p=.0028) described in Table 2.

In regards to cause-specific mortality, as of December 31%, 2018, of the 260

participants who died, 67 (25.8%) died from CR-COD: 48 from unspecified dementia
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(F03), 11 with Alzheimer’s disease (G30), and 13 from other specific causes. None of
these were significantly different across participant sex. Proportion of CR-COD was not
significantly different by patient sex [33 (19.6%) male, 34 (19.9%) female], nor were the

types of CR-COD different by sex.

6.1.3.3 Time to Death

The mean time to death was 46.90 months (SD 32.76). Of those who died, the
25th-percentile survived up to 15.65 months (95% CI:11.60, 23.41), and the 75th-
percentile survived 73.37 months (95% ClI: 66.71, 77.75). Females’ mean survival time
(months) was significantly longer than males after hip fracture (54.42 £ 32.60 vs 41.13 +
31.81, p=0.0047). The months to death for when SCI was identified by 3MS only were
not significantly different from Hospital Record nor Both. Those identified by 3MS died
significantly sooner than No CI (p=0.0317). The SCI Both group died significantly
sooner than Hospital Record alone (p=0.0295). In SCI and sex models only Female: Both
vs. No ClI (p=0.0101), Female, No CI vs. Male, 3MS (p=0.0154), and Female, No CI vs.
Male, Both (p=0.0052) were significantly different Figure 2a. shows time to death for all-
cause mortality by patient sex and SCI.

The risk for mortality among males was greater than for females 1.43 (Cl: 1.11,
1.83). Age, ASA physical status rating, and CCI were included in the adjusted model.
Sex was significantly related to the risk of all-cause mortality (HR: 1.39; 95% CL.: 1.08,
1.81). Identification by SCI Both had significantly increased risk of death compared to
No CI (2.55; 95% CL 1.68, 3.89). The relationship was not significant for those identified

by 3MS (HR: 1.39, 95% CL 0.97, 2.00) or Hospital Record (HR: 1.07; 95% CL 0.74,
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1.54). See Figure 1 a and b for hazard of all-cause mortality and CR-COD. The

interaction of sex and SCI was not statistically significant.

Associations of 1) Sex, 2) SCI, and 3) Sex by SCI on Hazard of All-Cause Mortality After Hip Fracture;
Adjusted for Age, Education, Comorbidities, and ASA Physical Status Rating

P-value Sex: 0.0356
® Female, reference
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Sex
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Figure 3.1a Associations of Patient Sex and SCI on Hazard of All-Cause Mortality

After Hip Fracture

Associations of 1) Sex, 2) SCI, and 3) Sex by SCI on Hazard of CR-COD After Hip Fracture;
Adjusted for Age, Education, Comorbdities, and ASA Physical Status Rating
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Figure 3.1b Associations of Patient Sex and SCI on Hazard of CR-COD Mortality

After Hip Fracture
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Figure 2b. shows time to death for CR-COD by patient sex and SCI. The adjusted
Cox model contained terms for age, ASA physical status rating, side of fracture, and
length of hospital stay. Sex was not significantly related to risk of CR-COD (HR: 0.89;
0.51, 1.56). 3MS only (HR: 5.01; 95% CL.: 2.55, 9.84) and Both (16.82; 95% CL.: 8.06,
35.12) had significantly increased risk of earlier mortality by CR-COD compared to those

with no identified ClI.
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6.1.4 Discussion

Unique to this work is the identification of mortality risk according to the SCI.
The SCI categories represent the concordance between cognitive testing within 22 days
after hip fracture using the 3MS and any ADRD and/or delirium identified during the hip
fracture hospitalization from medical record abstraction. Our previous work showed that
a significant proportion of the hip fracture sample was clinically under-diagnosed for
ADRD and/or delirium (12.7%). Clinically, the SCI groups Both (9.4%) and Hospital
Record (11.5%) are identified ADRD cases. Although neither 3MS only nor Hospital
Record only identification were significantly associated with mortality after controlling
for age, education, CCl, and ASA rating, these two groups had similar survival times as
hypothesized. This suggests that while clinically under recognized, the 3MS only group
has similarly poor outcomes to those with previously identified CI.

Consistent with previous research findings, males who experienced a hip fracture
had 4.39 times greater odds of all-cause mortality than females with a hip fracture.'#’
However, the associations of sex and all-cause mortality in our study sample were
stronger than those found in a multi-national meta-analysis of hip fracture and
mortality.**” The lack of Hospital Record only differences (those who have a history of
dementia but have normal to mild impairment on testing) between males and females
across forms of SCI may suggest that: 1) there was either unmeasured bias regressing
outcomes to the null or 2) that the prevalence of ClI in the two sexes are associated with
truly equitable mortality risk. The latter is unlikely given the known associations between

cognition and mortality in hip fracture3144145 and the exacerbating effect of male sex on
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survival time after hip fracture. Therefore, future work should continue to explore
potential sources of bias in diagnosis between males and females. The addition of direct
testing in BHS7 revealed that more males have active cognitive impairment, thus
something is missing from the CI documentation process. This is additionally important
given the increased mortality risk associated with having CI identified.

These analyses revealed that there was not a significant interaction between sex
and SCI on: 1) all-cause or 2) CR-COD mortality hazard. However, male sex and
identification of cognitive impairment by both 3MS and hospital record together were
associated with increased risk of all-cause mortality. Underdiagnosis of CI (3MS only)
was not associated with increased all-cause mortality risk compared to no identification
of impairment. The underdiagnosed group are clinically classified as the No CI group,
which would not support additional cognitive testing. However, with the addition of 3MS
testing a ‘Both’ group was revealed, and this group would clinically be recognized as the
hospital record only group. The strong association between SCI by both 3MS and
hospital record together and all-cause mortality risk indicates a clinical rational to
implement additional cognitive testing after hip fracture to identify extremely vulnerable
individuals who had either more severe dementia or persistent delirium.

There were not significant sex differences in CR-COD hazard, but SCI by 3MS
only or by both 3MS and hospital record were significantly associated with increased
CR-COD hazard. Any positive 3MS indication of ClI, or actively demonstrating
impairment after hip fracture, was associated with increased risk of CR-COD. This

finding in addition with findings from all-cause mortality support the use of additional

121



cognitive testing after hip fracture to identify vulnerable sub-groups who may have been
misclassified as unimpaired.

This suggests that a hospital chart indication of dementia and/or delirium did not
necessarily capture the severity of CI or active symptomology. Those identified by 3MS
are actively presenting with CI at the time of testing after hip fracture. Given that time to
death was similar for participants with only a chart history and those with impairment
only during direct testing after fracture, there may not be a temporal relationship between
CI symptomology and mortality risk. This similarity does however highlight the
importance of identifying the misclassified 3MS only group, those only recognized as
impaired through direct cognitive testing, as they would clinically be treated as those
without a Cl.

Participants who were not identified as having CI during baseline still had records
of CR-COD in their cause-of death. Among those who died of cause-specific mortality
34% had no indication of baseline CI. Those with any indication of CI had greater odds
of CR-COD than those without. Still, among those without baseline ClI, 23 (10.5%) died
of CR-COD. Survival time in the 3MS only group was significantly shorter compared to
those with no CI. Because patients identified by either source experienced significantly
shorter survival times than patients with no impairment, it appears that any CI is
associated with earlier cause-specific mortality. Thus, undiagnosed CI contributes to
increased cognition-related mortality, and this effect is similar between males and
females with hip fracture.

There may be compounding effects of a history of ADRD and active Cl, as those

identified by both sources had shortest survival times after fracture that were significantly
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shorter than those who were not actively displaying impaired cognition despite a history
of ADRD. Cognitive testing, such as the 3MS, may be useful in identifying persistent
impairment, such as delirium superimposed on dementia. This persisting impairment
could be a factor for further assessment as those whose CI in hospital persisted through

22 days were most at risk for death.

6.1.4.1 Strengths & Limitations

This study is one of the first to examine CR-COD among a U.S. hip fracture
population and the impact of misclassification of CI by patient sex. The strengths of this
study include its balanced recruitment of males and females in a population whose
research sample is typically over-representative of females despite males suffering worse
outcomes. Additionally, this study utilized over 12 years of follow-up for mortality
making it among the longest observational study for post-hip fracture survival. While the
balanced sample is a plus, the overall enrollment size was not large and thus there are
limited number of events of CR-COD. Future studies could use a nationally
representative sample with multiple years of follow-up data to capture more CR-COD
events and generalize to a racially and geographically diverse sample. This study did not
capture time varying cognitive status, which is likely to deteriorate before death as
described in terminal decline. Additionally, more cases may have been recorded after the
12-month study period, but this study was unable to capture updated medical record

information.
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6.1.5 Conclusions

Underdiagnosed CI (3MS only) increased participants’ risk of CR-COD but not
all-cause mortality. Clinically documented ADRD in concert with direct testing revealed
a subset of clinically identified patients who were more likely to die, die of CR-COD, and
die sooner across both sexes. Direct testing of cognitive status after hip fracture revealed
at risk populations including those who were misclassified and among the clinically
documented. This works supports implementation of cognitive testing among hip fracture
patients within 22 days of fracture to predict risk of mortality and direct clinician

attention.
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6.2 Aim 3 Supplementary Analysis and Results

Interactions of covariates with sex and or SCI were assessed for the adjusted models.

6.2.1 Trajectory Group Membership and Mortality Risk

This analysis is limited by the sample size of the group over time and missingness
of data not attributable to participant death. As such it was not included in the primary
analyses. Figure S3.1a and b shows the hazard of all-cause mortality for each trajectory
group. Figures S3.2a and b shows the hazard of CR-COD mortality.

In the cognitive trajectory groups, any impaired 3MS Group (1 or 2) were at
increased risk of death from all-cause mortality. This is somewhat different from the
main results of SCI in which 3MS only was not at increased risk for mortality. However,
the SCI group with both a hospital record and 3MS impairment were consistently at
increased risk of mortality. This may be reflected in the trajectory group hazard of
mortality. Among other cognitive measures, only the Severe Impairment group (HVOT
Group 1), and Very Slow group (Trails A Group 2) had an increased hazard of mortality.
Interestingly none of the Trails B trajectories were associated with increased or reduced

mortality risk.
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Figure $3.1a Hazard of Mortality by Cognitive Function Trajectory
Group; Adjusted for Patient Sex

3MS B Group 3; Cognitively Intact Ref
i Group 1; Impaired Cognition 2.31
——#— Group 2; Mild Cognitive Impairment 1.36

O Group 4; Intact Cognition Ref

HVOT 1 i Group 1; Severe Impairment 1.59
——1———— Group 2; Moderately Impaired 1.23
13— Group 3; Some Impairment 1.23

A Group 1; Passing Speed Ref
Trails A ———&— Group 2; Very Slow 1.49

A Group 1; Passing Speed Ref
Trails B & Group 2: Impaired and Improved 1.08
———A———— Group 3; Impaired and Worsened 1.05
a1 Group 4; Unable to Complete 1.27

0 1 2 3 a 5
Hazard Ratio Estimate

Figure S3.1a Hazard of Mortality by Cognitive Function Trajectory Group;
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Figure S3.2a Hazard of CR-COD by Cognitive Function Trajectory Group;
Adjusted for Patient Sex
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All-cause mortality risk by functional trajectory group uniformly showed
increased risk of mortality for any level of impaired function regardless of the measure.
This effect was somewhat muted in CR-COD hazard. SPPB Gait and Chair stand
trajectories were not associated with CR-COD time to death. The worst SPPB Balance
and Total SPPB groups, No balance (SPPB Balance Group 1) and Severe Limitation
(SPPB Group 1) respectively, were at increased risk of CR-COD, but not the more mild
limitations in either measure. Yale Activity and Exercise groups were not associated with
CR-COD risk. LPADL was the only functional measure with two groups at increased risk
of CR-COD. Acquired Disability (LPADL Group 3) comes to resemble Functional
Dependence (LPADL Group 4) by 6 months. This large shift in ability over a relatively
short period of time could have been thought to lead to increased risk of mortality
compared to more stable states of disability. However, this is not seen in either all-cause

or CR-COD mortality risk.
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Figure S3.1b Hazard of Mortality by Physical Function Trajectory
Group; Adjusted for Patient Sex
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Figure S3.2b Hazard of CR-COD by Physical Function Trajectory Group;
Adjusted for Patient Sex
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CHAPTER 7. DISCUSSION

The main analyses were discussed in the papers included in Chapters 4, 5, and 6.
In this chapter, | present a global summary and integration of the main findings from this

work.

7.1 Sex Differences in Cognitive Impairment, Recovery and Mortality in Hip Fracture

The mean age of the BHS7 sample was older at 80 (7.8) years old, this is
congruent with similar study populations.®™! However, in the U.S the average hip fracture
patient in the emergency department during this study time period was a 76-year-old
woman who fell.1471%2 This may be due to the fact that the BHS7 sample excluded those
who fractured before age 65 and was majority white, while national averages include
more population heterogeneity. Age was not significantly different by patient sex.

Studies assessing hip fracture in men have found them to arrive at the hospital
with more comorbid conditions despite their younger age compared to female
counterparts.>® Additionally, men have shown more Cl in the early phase of recovery
(first 22 days).” These trends were largely echoed in this balanced recruitment cohort of
men and women in the Baltimore area with hip fractures between 2006 and 2011.

As seen in Aim 1, men and women who fractured their hip had very similar
hospital experiences including type of fracture and surgery, length of surgery and hospital
length of stay. Most patients arrived with at least one comorbid condition (excluding

dementia), but men had significantly more comorbidities than women. Men also had a
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significantly longer time from hospital admission to initiation of physical therapy, but the
difference may not be clinically significant as it was a less than a day (0.78). This trend
could be related to the degree of Cl seen in men, the increase in medical complexity for
men, or women being treated as less frail in medicine.

In Aim 2 results, sex was not a risk factor for membership in a particular
trajectory group for 3MS, HVOT, Trails A, or LPADL. In Trails B trajectories, male sex
was associated with increased log odds of being in the Unable to Complete group (Trails
B: Group 4) compared to the Impaired and Worsened (Trails B: Group 3). This supports
the idea the at the time of baseline testing, males are already displaying more active CI.

In the BHS7 sample Aim 3 analyses, 260 (78%) of the 330 participants had died
over 10 years; the mean time to death was about 3.8 years (46 months). Men had 5 times
greater odds of all-cause mortality than women in the study. Women’s survival time was

significantly longer than men's by approximately 1 year.

7.2 Cognitive Differences in Hip Fracture Patients

7.2.1 Source of Cognitive Impairment Identification

The goal of Aim 1 was to estimate whether there was under-diagnosis and
documentation of Cl among hip fracture patients and evaluate if under-
diagnosis differs by sex or other patient characteristics. We hypothesized that additional
screening of hip fracture patients using the Modified Mini-Mental State Examination
(3MS) would result in detecting previously undocumented CI (including ADRD, MCI,

and delirium) cases. This was supported in the 12.7% (n=42) identified who failed direct
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cognitive testing within 22 days after hip fracture but had no clinically documented
indications of CI at admission or post-operatively in the medical chart. This is similar to
rates of incident post-operative Cl found in U.K. hip fracture populations.*>* While most
patients did not have a history of CI, nor did they demonstrate impairment when directly
tested for ClI (n=219, 66.4%), 20.9% (n=69) of the sample had an indication of ADRD
and/or delirium on their medical charts. This is similar to other estimates of pre-existing
dementia in hip fracture populations.'>> Among those with clinically identified
impairment, 11.5% (n=38) did not fail direct testing, which indicates they were not
actively demonstrating symptoms of CI within 22 days after their admission for hip
fracture event. The two sources were concordant in only 9.4% (n=31) of patients.
Postmortem examination is the only current gold standard for ADRD diagnosis,
otherwise extensive tests and review of medical history are documented in the hospital
records making them a clinical standard for establishing existing impairment.*®
Therefore, a lack of concordance between clinical identification and direct testing may
not seem too concerning for identification of impairment. However, a significant
proportion of the cognitively impaired sample was misclassified as unimpaired when
only using clinical identification. Additionally, there were differences between the sub-
groups identified by the different sources. Patients not identified as having CI by either
source were significantly younger than those identified by medical records alone. Those
identified by 3MS but not hospital records had significantly fewer years of education than
those identified by hospital record only and those without an indication of impairment.
Days to physical therapy initiation were also significantly different for those identified by

both 3MS and Hospital Record compared to those with no CI identification, such that
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those with documented impairment had delayed physical therapy initiation despite no
differences in physical factors such as comorbid conditions or BMI. Previous work by
Kenyon-Smith et al. (2019)?” has shown that a difference of 9 hours in mobilization
initiation can result in increased delirium. Their findings were impacted by premorbid
health in which earlier mobilizers had better premorbid health. Though our study did not
use proximal measures of post-surgery mobilization, we did have time to physical
therapy initiation which may serve as a proxy for mobilization. The difference in time to
physical therapy initiation between men and women could be associated with CI at 22
days after hip fracture. The role of this association to mediate sex difference in Cl such as
those seen in this study should be explored further in future work.

Odds of Cl identification for men compared to women in BHS7 were greater for
3MS only identification (direct testing of active impairment) and agreement between
clinical diagnosis and direct testing. After adjusting for age, education, and CCI, men no
longer had significantly increased odds of identification using direct testing. The loss of
significance after adjusting for education and the significant difference in levels of

education by SCI group may highlight the language demands of the 3MS.

7.2.2 Trajectories of Recovery

7.2.2.1 Cognitive Recovery Trajectories

Previous studies have examined physical function recovery and recovery

8,78,19.81,89,93,97.142 A splect few studies have assessed

trajectories in hip fracture patients.
cognitive recovery trajectories in hip fracture patients.®:157.1%8 Al trajectories from our

sample were shown in Figure 2.1 and S2.1. The following observations emerged from the
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Aim 2 analyses: the existence of multiple trajectories of cognition, which differed from
the mean scores overtime, baseline cognition scores were predictive of 12-month
cognition, and group membership size (%) was not equally distributed between the
groups across cognition measures.

Across the cognitive measures there were multiple distinct trajectory groups, but
relatively few change patterns. The general grouping of the patterns is similar to
Beishuizen’s three cognitive trajectory groups (improvement, stable, and decline), but the
largely linear or constant state of cognition over time differentiates the samples.®! The
recovery of cognition at 12 months was largely determined by baseline cognitive status,
in which those with worse baseline cognition remained low at 12 months and those with
better baseline cognition had better cognition after one year. These differences may have
been driven by attrition due to mortality in this sample, but it is interesting that this trend
was seen across multiple cognitive tests. The trajectory analysis illustrated clearly that
modelling the mean score over time was hiding sub-groups who performed consistently
differently from the mean. Even using accepted cut-points, there were still groups who
did not perform within those parameters, such that at least one group consistently was
above the cut-point, another group was consistently close to the cut-point, and at least one
other group was consistently performing much worse than the cut-point.

Finally, for the 3MS (5.7%) and HVOT (13%) trajectories, the smallest group
(that with the smallest percentage group membership) was also the worst performing
group. This was not seen in either of the TMT (Trails A: 89%; Trails B: 41%) in which
the inverse was true and the worst performing groups had the largest membership

percentage. The implications of this difference should be explored in future work,
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focusing on what this could mean about the cognitive domains tested. The large
proportion of poor performance over time on TMT might have implications for functional
recovery related to areas of executive function and psychomotor speed, such as fall
prevention.®

The improvement in Trails A Group 2 performance from baseline to 2 months
could be due to practice effects (or delirium recovery), but the cause for subsequent
worsening in performance is unclear. This pattern is not well explained by practice
effects nor by survival bias. Practice effects would presume that the scores overtime
would improve or at least be somewhat maintained as seen in Trails B, particularly in
Group 2 where the scores become more like the best performing Group 1 over time due
to improved scores. Survival bias would suggest that healthier patients would stay in the
study biasing outcomes towards better responses over time. Neither of these two patterns
were observed for Trails A Group 2. Participants may have still been undergoing
rehabilitation for their hip fracture between baseline and two months. Increased scores
may be attributable to participation in physical activity. The decline seen from 2 months
onward may be a reversion to baseline after conclusion of rehabilitation or a natural
decline due to aging. The latter is less likely given the large change over a one-year
period despite consistent one-year cognitive trajectories on other measures. A notable
limitation of cognitive measure analysis was the lack of pre-fracture performance
information. Having pre-fracture information, such as the informant-based IQCODE?€?
may have provided more context particularly about the observed increase and maintained

impairment of Trails B Group 3.
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7.2.2.2 Functional and Joint Recovery Trajectories

The newly acquired disability group (LPADL Group 3) remains an important
focal point for analysis. Using pre-fracture function estimates, members of this group
were indistinguishable from those who did not get worse functionally by 6 months. Using
risk factors to predict probability of membership in Group 3 did not yield any identifiable
factors to explain the dramatic functional loss. Using continuous cognitive scores as risk
factors did not differentiate the groups, despite outcomes from joint trajectories revealing
a relationship between recovery of functional trajectory and cognition.

Joint trajectories of LPADL and cognitive measures (Aim 2) showed that those
who have few LPADL limitations tended to be those with good 3MS scores. However,
among the very limited mobility group, it was almost impossible to predict cognition as
the conditional probabilities were evenly distributed. This effect may not be seen in a
larger sample, as the impaired LPADL group was a relatively small group. In a
community-dwelling sample of adults age 70 and older assessing joint trajectory of
cognition and frailty yielded 4 trajectories: no frailty, slow cognitive decline with
progressive frailty, rapid cognitive decline and progressive frailty, and cognitive
frailty.?>” This distinction in the directionality of the trajectory patterns was not seen in
our hip fracture sample and may be due to the increased level of impairment, both
cognitive and functional, in a hip fracture sample.

Supplemental measures were largely similar in that there were distinct groups
whose baseline performance best predicted 12-month performance. Only LPADL had the

divergence from a previously healthy group. Yale did also ask for pre-fracture estimates,
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but there was not an intermediate group as seen in LPADL. This means that there was not

a sub-group who were active prior to fracture and became extremely inactive.

7.2.3 Mortality and Cognitive Impairment

SCl identification by Both sources (hospital record and 3MS) was associated with
2.5 times greater risk of all-cause mortality and 16 times greater risk of CR-COD, after
adjusting for age, education, CCI, and ASA rating. Identification by 3MS only was
associated with increased odds of all-cause mortality before adjustment and 5 times
greater odds of CR-COD. These findings further highlight how the under-diagnosed
group is at risk for poor outcomes. If these individuals had not been in the BHS7 study,

they would not have been identified as having ClI at the time of hip fracture.

7.3 Sex and Cognitive Impairment in Hip Fracture Patients

It was hypothesized (Aim 1b) that odds of CI identification would not be equal
across the sexes. The hypothesis was intentionally two-tailed as there was a rationale for
either sex being more likely to be missed in clinical practice. Before SCI was separated
into distinct categories, men had worse baseline 3MS scores, but ADRD and/or post-
operative delirium in the medical chart was not significantly different by patient sex. In
unadjusted analyses, women were significantly more likely to have no impairment
identified and significantly more men were diagnosed by 3MS only. There were not sex
differences for other impairment sources, which included identification by hospital

record. This is somewhat counter to the original hypothesis. It was hypothesized that
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clinical identification would be significantly lower in men due to underreporting by men
and potentially underdiagnosed in women due to dismissive biases about women’s
complaints of pain and other mental discomforts. The lack of distinction between sexes in
hospital record identification may be an artifact of regression to the null. Men present
much more poorly than women at hospital admission. The similar proportion in
identification could be evidence of the hospitalization experience exacerbating men’s
underlying impairments. It could also be that the greater prevalence of ADRD in women
may have been counter-balanced by men having a spouse and perhaps a better reported
history at admission to the hospital with a fracture. This is something that could be
assessed with linkages to claims diagnoses.

After adjusting for age, education, and number of comorbid conditions, men’s
odds of identification by both 3MS and hospital record remained over 2 times higher
compared to women. The sex difference in 3MS was no longer significant. This is likely
due to the education adjustment. Education was not significantly different between men
and women in this cohort. 3MS has a large language emphasis for cognition and working
memory. Literature on the effects of endogenous sex and memory hormones are mixed,
but have suggested that estradiol is protective of memory in females for episodic,
sematic, and verbal memory.*6! Testosterone in either sex has mixed results.'6* After
adjusting for other factors and comorbidities, the 3MS level has been shown to be similar
by both sex.%? There were no significant interactions between SCI and patient sex.

When considering the impact of patient sex on mortality through the lens of SCI;
males had shorter survival times than female counterparts, but females identified by both

sources died significantly sooner than females with no identified impairment. Males
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identified by 3MS only or by both sources died significantly sooner than males with no
identified impairment. The other combinations were not significantly different. The lack
of Hospital Record only differences between males and females may suggest that there
was either unmeasured bias regressing outcomes to the null or that CI in the two sexes
was associated with truly equitable mortality risk. The latter, equitable risk of mortality
between the sexes given Cl, is unlikely given the known associations between cognition
and mortality in hip fracture®31441%° and the exacerbating effect of male sex on survival
time after hip fracture. CI may be contributing more to female mortality creating the
equality that is not seen when looking at sex differences without CI. Overall, there were

effects of sex and SCI on mortality, but no significant interactions.

7.4 Strengths and Limitations

The BHS7 data have many strengths, but like a lot of research on older adults and
research on hip fracture, it suffers from a lack of racial diversity. The most affected
population is currently Caucasian older adults, but there is still a large risk of hip fracture
among adults of Asian descent. Studies have shown that mobilization in the hospital
within 48 hours can be more important than guided rehabilitation efforts to improve hip
fracture outcomes.*%® Unfortunately, BHS7 did not asses specifically for early
mobilization or delirium in the hospital, but did include chart abstraction to account for
documented delirium upon admission and post-operatively. There was baseline data
within 22 days of hip fracture admission, but physical performance tests were only

collected at follow-up visits (2, 6, and 12 months post admission). However, there is
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longitudinal data (baseline over one year) for a comprehensive set cognitive and physical
function surveys allowing for observation of the timeframe of rehabilitation, and analysis
of early progress and long-term outcomes.

The BHS7 cohort, by design, had an approximately equal numbers of men and
women, but due to oversampling men, the overall rate of mortality may be higher and
could result in fewer observed long-term outcomes. Mortality is an important outcome
and should, therefore, be weighted as part of the recovery process, particularly when
looking at sex differences in recovery. Patients were only enrolled from the greater
Baltimore, Maryland area. In 2014, Maryland had 934 deaths due to ADRD, or a cause-
specific morality rate of 15.6 per 100,000.1! While this is not the lowest ADRD
representation among U.S states it is still comparatively low, as the U.S 2014 ADRD
mortality rate was 29 per 100,000.1%%64 This is a limitation related to the anticipated
number of events in the study sample, but a strength with respect to the implications for
the strong relationships between ADRD and hip fracture given the limited sub-population
being represented.

ADRD has been historically underdiagnosed in claims data. Previous studies of
Medicare claims for ADRD have found that at least 3 consecutive years of claims data
are needed to identify ADRD using Medicare.?! Furthermore, Medicare claims capture
longitudinal information from outpatient settings in addition to hospital claims.
Therefore, Medicare claims are more likely to capture ADRD than hospital records alone.
Thus, relying strictly on hospital record for ADRD diagnosis would introduce
information bias into the analyses. Aim 1 provided a sensitivity analysis for existing Cl

compared to diagnosed impairment in the sample.
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One of the strengths of this research is the use of a unique dataset to capture
previously under-studied subsamples, such as men with hip fracture and underdiagnosed
ClI. The results of this study will be meaningful to the population at risk. Findings from
Aim 1 provided evidence for the implementation of ClI testing, Aim 2 results provided
distinct patterns of recovery and sensitive timepoints for intervention. Aim 3 findings
emphasized the importance of addressing ADRD underdiagnosis as underdiagnosed
groups perform similarly poor to the diagnosed groups. Our work continues to support
previous findings on the risk for worse outcomes among men with hip fracture including
Cl and mortality. Additional testing, as recommended from this work, differentiates a
sub-group within the diagnosed patients who are at greatest risk for mortality and CR-

COD regardless of sex.

7.5 Future Research Directions

Based on the results and limitations of this work, future research directions should
include cognitive testing at time of fracture. Future transportation of this work should
utilize cognitive status testing as a metric in planning rehabilitation intensity or duration.
Measures that may provide additional information for future research include pre-fracture
cognitive estimates, as well as pre-fracture functional estimates of ADLs for focused
therapy. Since cognitive status did not predict functional decline between LPADL group
2 and 3 whose pre-fracture ADL levels were comparable, other possible mechanisms
such as depression, inflammation and resilience biomarkers should be explored. Mortality

attrition in groups of recovery trajectories should be assessed for impact of non-random
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truncation on trends estimates as this may be an important source of bias in a population
that has a high one-year mortality rate. Aarden et al. (2017)'% has made preliminary
efforts by assessing proportion deceased in ADL trajectory groups after hip fracture, but
this does not address how death impacts the group size or over-all shape. The goal of
future rehabilitation work should seek to target LPADL Group 3 (Acquired Disability) to
prevent the new and sustained disability.

Use of claims data for prevalent pre-fracture diagnoses of ADRD in comparison
to incident hospital chart documentation during hip fracture versus direct testing
implemented after hip fracture can further enhance generalizability of findings from this
work. Additionally, it could provide time to event information not currently available in
this study based on time from ADRD diagnosis pre-fracture to hip fracture and
subsequent outcomes, particularly mortality. Semi-competing risks of ADRD and
mortality in a hip fracture sample given the known under recognition of Cl may be one
way to utilize the claims data. Some similar work has been done using competing
risks,'%%167 put few use semi-competing risks which allows for a non-terminal event such
as ADRD diagnosis. Semi-competing risks analyses after hip fracture has been done in
the U.K.1®8, Australia'®®, and other non-US countries, but given differences in healthcare
systems, population homogeneity, and lifetime approaches to health it will be important

to conduct this work in the U.S.
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CHAPTER 8. CONCLUSION

Men and women experience hip fracture differently. It is well established that
men arrive more impaired and are discharged in poorer condition despite otherwise
similar hospitalization experiences compared to women. There are no sex differences in
hospital record diagnosis of ADRD despite these differences in known pre-fracture
comorbidity and outcomes between men and women. While women still comprise the
majority of ADRD cases in the U.S., this work has highlighted that men experience CI at
the time of hip fracture and it may be underdiagnosis. These findings not only impact the
course of care but have very real implications for recognizing at risk sub-groups for
functional limitation and mortality.

Cognitive recovery is less dynamic than previously hypothesized. This work has
provided foundational evidence for future work in clinical practice, rehabilitation, and
research to more closely examine the impact of patient sex and cognition on outcomes
among U.S. hip fracture patients. The two concepts cannot be extricated from the hip
fracture experience.

Finally, this research supports the implementation of a test of ClI after hip fracture
to provide clinical information about the individuals risk for negative outcomes such as

reduced mobility and early mortality.
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APPENDIX

Table M1.1 BHS7 Variable Information

Variable Label Type Other information
Id Participant ID Continuous
cs00q9 3MS Score Continuous 0-100
Test 3MS Category Categorical S(s)OOqQ <78, Test =1; else
Dementia or If dementia or AD in chart =
medabqgl4a Alzheimer's in Binary 1, else =0
Medical Chart
Parkinson's in . If PD in chart =1, else =0
medabql4b Medical Chart Binary
medabg6e Delirium in Medical Binary Post-operative delirium
Chart
Medabg@6d Binary Post-operatl_ve . .
confusion/disorientation
Binary
Medabg26a Binary Com_‘us_lon/D|sor|entat|on at
admission
Medabq26b Binary Delirium at admission
If medabg14A and/or
hx Hospital Chart Binary medabq96E =1 then HX=1,
else =0
. Original Hospital .
HxOrig Chart Binary
if Test=0 AND Hx=0 then
SCI=3;
else if Test=0 AND Hx=1
Source of Cognitive then SCI=1;
: g . else if Test=1 AND Hx=0
SCI Impairment Categorical ey
Identification then SCI=0;
else if Test=1 AND Hx=1
then SCI=2;
else if Test=. OR Hx=. then
SCl=;
Cl on Medical . Identify dummy variable for
Medrec Record Only Binary Hx=1 test=0
Cl on Medical . Identify dummy variable for
Both Record and 3MS Binary Hx and test =1
Identify dummy variable for
Msonly Cl on 3MS Only Binary Hx=0 test=1
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Table M1.1 Continued

None

medabq4
medabqg5
blgll

Medabq45

age

Race

Race
Rfractype
surgtype

losmin

bmi

comorbidity

Charlson

Medabqg80

dayspt

Medabq81
Medabq83

dayslos

DATEOFDEATH

Dead

Cl on Neither
Medical Record nor
3MS

Sex

Date of Admission
Years of Education
ASA Physical Status
Rating

Age

Blg8

Race
Fracture Type

Surgical Approach

Length of Surgery
(MinuteS)

bmi

Comorbid Conditions

Comorbid Conditions
without Dementia

Date physical therapy
start

Days to Initiation of
Physical Therapy
Number PT Sessions
Date Discharge

Days from Hospital
Admission to
Discharge

Date of Death
Deceased with a Date
of Death

Binary

Binary
Date
Continuous

Categorical

Continuous

Categorical

Binary
Categorical
Categorical

Continuous

Continuous

Discrete

Discrete

Date

Continuous

Continuous
Date

Date
Binary

Identify dummy variable for
hx and test=0

1= female, 0= male

1-4, higher scores worse

Floor 65 years of age
Asian, Native
Hawaiian/Pacific Islander,
Black/African American,
White, Don’t Know,
Refused, Other

0= White, 1=Black,
American Indian, Other
1= Intertrochanteric, 2=
Femoral Neck, 3=Other
1= Fixation, 2=
Arthroplasty, 3= Other
Lengthsurg*60

Does not include liver
disease (exclusion for
study)

Number of conditions on
CCI (excluding liver disease
and dementia)

daysPT=(Medabq80-
medabg5)

daysLOS=(Medabq83-
medabq5)
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Table M1.1 Continued

DeathCheck

Condition1

Condition2

Condition3

Condition4

Condition5

Condition6

Condition7

Condition8

Condition9

Condition11

RACondition1

RACondition2

RACondition3

RACondition4

RACondition5

RACondition6

RACondition7

RACondition8

RACondition9

RACondition10

Any Cause of Death
Listed on National
Death Index
Primary Cause of
Death

Secondary Cause of
Death

Tertiary Cause of
Death

Quaternary Cause of
Death

5th Contributing
Cause of Death

6th Contributing
Cause of Death

7th Contributing
Cause of Death

8th Contributing
Cause of Death

9th Contributing
Cause of Death
10th Contributing
Cause of Death
Primary Cause of
Death Recoded
Secondary Cause of
Death Recoded
Tertiary Cause of
Death Recoded
Quaternary Cause of
Death Recoded

5th Cause of Death
Recoded

6th Cause of Death
Recoded

7th Cause of Death
Recoded

8th Cause of Death
Recoded

9th Cause of Death
Recoded

10th Cause of Death
Recoded

Binary

Nominal
Nominal
Nominal
Nominal
Nominal
Nominal
Nominal
Nominal
Nominal
Nominal
Nominal
Nominal
Nominal
Nominal
Nominal
Nominal
Nominal
Nominal
Nominal

Nominal
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Table M1.1 Continued

FO1 Vascular Dementia

F02 Dementia

F03 Unspeci_fied
Dementia

FO5 Delirium

FOL1_RA Vascular Dementia

Recoded
FO2_RA Dementia Recoded
FO3_RA Bgrsrg):r?tiifailegecoded
FO5 RA Delirium Recoded
G20 Parkinson’s Disease
G30 Alzheimer’s Disease
G20 RA II;eérCl:)i(rjl:gn’s Disease
G30_RA Alzheimer’s Disease

Recoded

Binary

Binary

Binary

Binary

Binary

Binary

Binary

Binary

Binary

Binary

Binary

Binary

If condition1-11 or
RAconditon1-10 = FO1,
then FO1=1, else FO1=0

If condition1-11 or
RAconditon1-10 = F02,
then F02=1, else FO02=0

If condition1-11 or
RAconditon1-10 = FO3,
then FO3=1, else FO3=0

If condition1-11 or
RAconditon1-10 = FO05,
then FO5=1, else FO5=0

If condition1-11 or
RAconditon1-10 =

FO1 RA, then FO1_RA=1,
else FO1 RA=0

If condition1-11 or
RAconditon1-10 =
FO2_RA, then FO2_RA=1,
else FO2_RA=0

If condition1-11 or
RAconditon1-10 =
FO3_RA, then FO3_RA=1,
else FO3_RA=0

If condition1-11 or
RAconditon1-10 =

FO5 RA, then FO5_RA=1,
else FO5 RA=0

If condition1-11 or
RAconditon1-10 = G20,
then G20=1, else G20=0
If condition1-11 or
RAconditon1-10 = G30,
then G30=1, else G30=0
If condition1-11 or
RAconditon1-10 =
G20_RA, then G20 _RA=1,
else G20 RA=0

If condition1-11 or
RAconditon1-10 =
G30_RA, then G30_RA=1,
else G30 RA=0
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Table M1.1 Continued

R41

CRCOD

Months

CMonths

Cs00dt

dayscog

Cs02q16
Cs06q16
Csl12qgl6
Cs029g9

CS06q9

Cs12q9

Cs00g11
Cs02qg11
Cs06q11
Csl12qgl1
TrailAOO
TrailA02
TrailAO6
TrailAl12
TrailB0O
TrailB02

TrailB0O6
TrailB12
Lpadl00

Lpadl02

Senility

Cognition-Related
Cause of Death

Months from Hospital
Admission to Date of
Death

Months from Hospital
Admission to Date of
Death CR-COD

Date of Baseline
Cognitive Battery
Days from Hospital
Admission to
Baseline Cognitive
Battery

FU Period

FU Period

FU Period

3MS Score

3MS Score

3MS Score

Hooper Score
Hooper Score
Hooper Score
Hooper Score
Baseline Trails A

2 Month Trails A

6 Month Trails A

12 Month Trails A
Baseline Trails B

2 Month Trails B

6 Month Trails B

12 Month Trails B

LPADL

LPADL

Binary

Binary

Continuous

Continuous

Date

Continuous

Number

Number

Number

Continuous
Continuous
Continuous
Continuous
Continuous
Continuous
Continuous
Continuous
Continuous
Continuous
Continuous
Continuous

Continuous
Continuous

Continuous
Continuous

Continuous

If condition1-11 or
RAconditon1-10 = R41,
then R41=1, else R41=0

Any indication of 1 in the
ICD-10 Cognition related
codes
(DATEOFDEATH-
medabq5)/30.25;

(DATEOFDEATH-
medabq5)/30.25; where
CRCOD=1

daysCOG=(cs00dt-
medabq5)

Follow up period, 2 month
Follow up period, 6 month
Follow up period, 12 month
100 max score, 2 month

6 month

12 month

30 max score, Baseline

2 month

6 month

12 month

301 max score, Baseline

2 Month

6 Month

12 Month

301 max score, Baseline

2 Month

6 Month

12 Month

12 max score, Baseline
Asks for pre-fracture
function self-estimate
2 Month
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Table M1.1 Continued

Lpadl06
Lpadl12

SPPBO02

SPPBO06

SPPB12
TtIBal02
TtIBal06
TtIBal12

Gaitspd02
Gaitspd06
Gaitspd12
chairstnd02
Chairstnd06
Chairstnd12
extim00

extim02
extim06
Extim12

Ytime00

Ytime02
Ytime06
Ytimel2

T0

LPADL

LPADL

SPPB score at 2
month, ranges 0-12,
higher is better
SPPB score at 6
month, ranges 0-12,
higher is better
SPPB score at 12
month, ranges 0-12,
higher is better
Total Balance Score
at 2 months

Total Balance Score
at 6 months

Total Balance Score
at 12 months

SPPB Gait speed
SPPB Gait speed
SPPB Gait speed
SPPB Chair Stand
SPPB Chair Stand
SPPB Chair Stand
Yale: total exercise
time baseline, hrs/wk
Yale: total exercise
time 2 mo., hrs/wk
Yale: total exercise
time 6 mo., hrs/wk
Yale: total exercise
time 12 mo., hrs/wk
Yale:Total activity
time at baseline mo,
hrs/wk

Yale:Total activity
time at 2 mo, hrs/wk
Yale:Total activity
time at 6 mo, hrs/wk
Yale:Total activity
time at 12 mo, hrs/wk

Continuous
Continuous
Continuous

Continuous

Continuous

Continuous

Continuous

Continuous

Continuous
Continuous
Continuous
Continuous
Continuous
Continuous
Continuous

Continuous

Continuous

Continuous

Continuous

Continuous

Continuous

Continuous

Number

6 Month
12 Month

2 month, no baseline
assessment done

6 month

12 month

2 Month; 0-4 range
6 Month
12 Month

2 Month
6 Month
12 Month
2 Month
6 Month
12 Month
Baseline

2 Month
6 Month

12 Month

Observation Period:
Baseline
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Table M1.1 continued

T1

T2

T3

Number

Number

Number

Observation Period: 2
Month

Observation Period: 6
Month

Observation Period: 12
Month

Note: Tables title with M are Methods tables. Non-shaded cells are variables created
for analysis, Cells shaded in light grey are original data from BHS7 data sets, cells
shaded in dark grey are original data from NDI.
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Table M1.2 ICD-9-CM Codes for Alzheimer’s disease and other dementias from

Taylor et al. (2009) and the ICD-10-CM equivalent codes

ICD-9- ICD-10-
Diagnosis Diagnosis
CM CM
3310  Alzheimer’s Disease G30.0 Alzheimer’s disease with
early onset
G301 Alzheimer’s disease with late
onset
G30.8 Other Alzheimer’s disease
Alzheimer’s disease,
G30.9 e
unspecified
331.1 Pick’s disease
. . Systemic atrophy primarily
331.7 Ef;ilr:e degeneration of the G13.2 affecting the central nervous
system in myxedema
Systemic atrophy primarily
affecting central nervous
G13.8 > .
system in other diseases
classified elsewhere
G312 Degeneration of nervous
system due to alcohol
G914 Hydr.opephalus in diseases
classified elsewhere
Other disorders of brain in
G94 . e
diseases classified elsewhere
Cerebral degeneration in Unspecified dementia
290.0 . e F03.90 without behavioral
diseases classified elsewhere ;
disturbance
290.1 Senile de_mentla, F03.90
uncomplicated
99010 Presenlle_ dementia, F03.90
uncomplicated
290 11 Pre_sgnlle dementia, w/ F03.90
delirium
99012 Prese_nlle dementia, w/ F03.90
delusional features
Delirium due to known
F05 . ; .
physiological condition
29013 Presenll_e dementia, w/ F03.90
depressive features
290 20 Senllt_a dementia, w/ F03.90
delusional features
FO5
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Table M1.2 continued

290.21
290.3

290.40

290.41

290.42

290.43

294.0

294.1

294.8

797

Senile dementia, w/
depressive features
Senile dementia, w/ delirium

Arteriosclerotic dementia,
uncomplicated
Arteriosclerotic dementia, w/
delirium

Arteriosclerotic dementia, w/
delusional features
Arteriosclerotic dementia, w/
depressive features
Amnestic syndrome
(Korsakoff’s psychosis or
syndrome, nonalcoholic)
Dementia in conditions
classified elsewhere

Other specified organ brain
syndrome (chronic)

Senility without mention of
psychosis

F03.90

F03.90
FO5

F01.50

FO01.51

FO01.51

FO01.51

F04

F06.1

F06.0

F06.8

R54

R41.81

Vascular dementia without
behavioral disturbance
Vascular dementia with
behavioral disturbance

Amnestic disorder due to
known physiological
condition

Catatonic disorder due to
known physiological
condition

Psychotic disorder with
hallucinations due to known
physiological condition
Other specified mental
disorders due to known
physiological condition

Age-related physical debility

Age-related cognitive decline

Note: Tables title with M are Methods tables. Crossover utilizes:
https://www.aapc.com/icd-10/codes/
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Figure S2.2 Missingness of Measures

BHS 7 Sample
N=339
v
Baseline (Missing) Reason Missing Baseline
Overall N=339 Death =0
3MS (8) IRB Audit=0
HVOT  (45) Refused =0
Trails A (60) Scheduling =0
Trails B  (83) Other = 2
LPADL (13) Some but not all missing N = 103
YALE (44)
v
2 Month (Missing) Reason Missing 2 Month
Overall N=257 Death =12
3MS  (86) IRB Audit=5
HVOT (132) Refused = 39
Trails A (142) Scheduling = 39
Trails B (83) Other = 39
SPPB  (135) Some but not all missing N = 93
LPADL (88)
YALE (109)
v
6 Month (Missing) Reason Missing 6 Month
Overall N=199 Death = 23
3MS (141) IRB Audit=5
HVOT (191) Refused = 26
Trails A (190) Scheduling = 26
Trails B (83) Other =39
SPPB  (175) Some but not all missing N = 39
LPADL (144)
YALE (162)
v
12 Month (Missing) Reason Missing 12 Month
Overall N=187 Death = 16
3MS (154) IRB Audit=5
HVOT (199) Refused =4
Trails A (199) Scheduling = 6
Trails B (83) Other =39
SPPB  (185) Some but not all missing N = 22
LPADL (155)
YALE (172)
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