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Background: Traumatic brain injury (TBI) is a major health concern for older adults 

aged 65 and older. Older TBI patients are at increased risk of primary injury (in-hospital 

and all-cause mortality) and secondary injury (stroke, depression, and Alzheimer’s 

disease and related dementias (ADRD)). There is limited research regarding optimal 

pharmacotherapeutic options and management of TBI patients; however, several studies 

have highlighted statins, used to treat hyperlipidemia, as potential pharmacologic agents 

to reduce inflammation and improve impaired cerebral blood flow associated with 

primary and secondary injury. The objectives of the study are to: 1) quantify statin 

utilization, and 2) determine the associations between statin use and primary and 

secondary injury among TBI patients. Methods: Statin use (atorvastatin, fluvastatin, 

lovastatin, pravastatin, rosuvastatin, and simvastatin), primary injury, and secondary 

injury were examined among Medicare beneficiaries hospitalized with a TBI between 

2006 and 2010. Logistic regression was used to investigate the relationship between pre-

TBI statin use and in-hospital mortality, while discrete time analysis was used to 

investigate the relationship between statin use following TBI and all-cause mortality and 



 
 

secondary injury. Results: Among the 75,698 beneficiaries who met study criteria, 

37,874 (50.0%) beneficiaries used a statin at least once during the study period.  The 

most common statin used was simvastatin, followed by atorvastatin. Fluvastatin was the 

least used statin. Pre-TBI use of atorvastatin (odds ratio (OR) 0.88; 95% confidence 

interval (CI) 0.82, 0.96), simvastatin (OR 0.84; 95% CI 0.79, 0.91), and rosuvastatin (OR 

0.79; 95% CI 0.67, 0.94) were associated with significant decreases in the risk of in-

hospital mortality. Any statin use was associated with reduced all-cause mortality 

following TBI-hospitalization discharge. Atorvastatin and simvastatin use also were 

associated with reductions in all secondary injury outcomes. Conclusion: Tens of 

thousands of older adults are hospitalized annually with TBI and experience disabling 

primary and secondary injury; findings from these analyses have salient implications for 

reducing the risk of TBI complications among older adults. The evidence generated 

suggests that preemptive use of statins may decrease the risk of in-hospital and all-cause 

mortality, as well as reduce the likelihood of stroke, depression, and ADRD. 
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CHAPTER I: INTRODUCTION 

 

Problem Statement  

 

Traumatic brain injury (TBI) is a major health concern for Americans.1 While 

TBI impacts all age groups, the impact is greatest among adults aged 65 and older.2-5 In 

this population, TBI is associated with increased mortality and decreased life 

expectancy.3,6  Older TBI patients also frequently experience secondary injury following 

TBI, such as stroke, neurological disorders, and mood disorders.7  

 TBI is characterized by damage to brain tissue, which can lead to inflammation 

and abnormal cerebral blood flow (CBF).8 TBI patients also may experience sustained 

inflammation.7 Inflammation and abnormal CBF can lead to mortality, and sustained 

inflammation puts older adults at risk for secondary injury, which may occur in the 

months and years following TBI.9-11 Secondary injury includes stroke, Alzhe imer’s 

disease and related dementias (ADRD), and depression.10,12,13 

There is limited research regarding ideal pharmacological treatment for TBI 

patients to reduce the impact of primary injury or to reduce the likelihood of secondary 

injury, although several studies have suggested new uses of pharmacological agents.14-17 

Since TBI is characterized by inflammation and abnormal CBF, an optimal 

pharmacological agent would be multifunctional; that is, it would target both 

inflammation and CBF associated with TBI.9,10 One such multifunctional drug class is 3-

hydroxy-3methyl-glutaryl-CoA reductase inhibitors, or statins. Statins possess anti-
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inflammatory and vasoprotective properties, which may help improve survival rates 

among TBI patients and help prevent secondary injury following TBI.8-11    

 

Goal, Purpose, Objectives and Aims of Study 

 

The long-term goals of this research are to: 1) provide a better understanding of 

the potential pharmacological management for older TBI patients; and 2) improve the 

quality of life (QOL) and health outcomes among TBI patients. The purpose of this 

research is to assess the potential beneficial impact of statin therapy in older adults prior 

to and after TBI. The study objectives of the study are to quantify statin utilization and to 

determine the associations between statin use and mortality and secondary injury among 

TBI patients. To achieve these objectives, this study used a large sample of Medicare 

beneficiaries aged 65 and older suffering a TBI to address three specific aims: 

Aim 1: To characterize statin utilization patterns among older adults prior to and 

following TBI. 

Aim 1a: To quantify statin use pre-and-post-TBI; and 

Aim 1b: To identify factors associated with statin use pre-and-post-TBI. 

Aim 2: To assess TBI-specific inpatient mortality rates, comparing statin users 

with non-users prior to TBI. 

Aim 3: To assess the incidence of mortality rates following TBI hospitalization 

discharge, comparing statin users with non-users BI. 
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Aim 3a: To assess the incidence of secondary injury, including stroke, 

ADRD, and depression following TBI hospitalization discharge, 

comparing statin users with non-users. 

There is little research regarding statin utilization patterns among older Medicare 

beneficiaries with TBI. Therefore, findings from Aim 1 characterize statin utilization 

patterns prior to and after TBI. Aim 1 identifies and compares the disease and 

sociodemographic characteristics of statin users with non-users. Results from Aim 1 

provide an essential understanding of statin utilization in older Medicare beneficiaries 

with TBI. 

 The results from Aim 2 examine the impact of statin use and non-use in older TBI 

patients. As previously indicated, statin use prior to TBI may help increase survival. 

Therefore, findings from Aim 2 provide an understanding of the impact of statin use in a 

large sample of Medicare beneficiaries with TBI. Thus, the hypothesis for Aim 2 is: 

H1: TBI-specific inpatient mortality rates will be greater in patients without prior 

statin utilization, relative to patients with prior statin utilization. 

 The results from Aim 3 assess the impact of statin use prior to and following TBI 

by comparing statin users to non-users. As previously stated, long-term statin use 

following TBI may increase survival while statin discontinuation following TBI may 

decrease survival rates. Therefore, findings from Aim 3 explore the potential benefits of 

long-term statin use in TBI patients regarding mortality and secondary injury. Results 

from Aim 3 help provide a fundamental understanding for the novel application of 

statins. The specific hypotheses for Aim 3 are: 
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H1: Mortality rates following TBI hospitalization discharge will be greater in 

patients without statin use following TBI, relative to patients with statin use 

following TBI, while controlling for pre-TBI statin use; and  

H2: Secondary injury rates following TBI hospitalization discharge will be greater 

in patients without statin use following TBI, relative to patients with statin use 

following TBI, while controlling for pre-TBI statin use. 

 

Conceptual Framework  

 

The conceptual framework of the study is based on the Anderson Model of Health 

Care Utilization (Figure 1.1). The Anderson Model of Health Care Utilization model 

incorporates population, environmental, and health behavior characteristics of health 

services research.18  The framework illustrates the relationships between environmental, 

population, and health behavior characteristics with mortality and secondary injury in 

older TBI patients. This study explores the potential of statins for the pharmacological 

management of TBI in older adults by assessing pre-and post-TBI statin therapy and its 

impact on post-TBI mortality and secondary injury. Aim 1 explores pre-and post-TBI 

statin utilization patterns, and describes the demographic and disease characteristics of 

statin users and non-users. Additionally, Aim 1 investigates factors associated with statin 

use pre-and post-TBI.  
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Figure 1.1: Conceptual framework highlighting the relationship between environmental, 

population, and health behavior characteristics with mortality and secondary injury 

 

 

 

Aim 2 investigates in-hospital mortality following TBI, comparing statin users 

and non-users because TBI is associated with an increase in in-hospital mortality.3 

Approximately 9% of Medicare beneficiaries hospitalized with a TBI die during TBI 

hospitalization.19 Pre-TBI statin use may lessen the impact of the primary injury by 

reducing in-hospital mortality.20,21 
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Aim 3 assesses mortality following TBI-hospitalization discharge due to the 

continued increase in risks of mortality and secondary injury following hospital 

discharge. Among Medicare beneficiaries, 23%, 32%, and 46% of adults aged 65-74, 75-

84, and 85 and older, respectively, die within one year of head injury.22 TBI also is 

associated with secondary injury in the months and years following TBI.9-11 Thus, Aim 3 

also assesses the incidence of secondary injury following TBI, comparing statin users and 

non-users.  

 

Rationale and Innovation of Current Study 

 

TBI is characterized by inflammation and cerebral damage.23-25 The initial insult 

to the brain, referred to as primary injury, initiates a sequence of events including 

inflammation and impaired CBF.24 This is due to the breakdown of the blood brain 

barrier (BBB) and the increase in reactive oxygen species (ROS) following injury.23-26 

Immediately following injury, pro-inflammatory cytokines are released to repair the 

injured brain tissue; however, an unintentional consequence of this release is the increase 

in inflammation.23 Additionally, due to the initial injury, the BBB becomes more 

permeable, allowing toxins and pro-inflammatory cytokines to enter the brain, further 

causing inflammation.23,26,27 The structural damage from TBI can cause cerebral and 

microvascular damage.25 Furthermore, the increase of ROS can lead to lipid peroxidation 

and the lack of oxygenated cells in the brain can impair CBF and increase the risk of 

ischemia.23,24 Inflammation and impaired CBF caused by the primary injury often lead to 

mortality, either immediately or within a few days of the initial insult.20,21,28 
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If they survive primary injury, TBI patients are then at risk for secondary injury, 

which is the delayed impact caused by the neuroinflammatory cascade following the 

initial injury.9,10,29 After the primary injury, microglia cells are activated. This activation 

causes inflammation and releases pro-inflammatory cytokines. Following injury, the 

microglia cells may not deactivate, causing the chronic release of pro-inflammatory 

cytokines and inflammation.10 Furthermore, the chronic inflammation is more prominent 

in older adults as natural aging can also cause microglia cell activation. Therefore, an 

aging brain with trauma is more susceptible to sustained microglia activation and ensuing 

inflammation.10  

Secondary injury includes a variety of events and illnesses such as stroke, 

neurological disorders, and mood disorders.10,12 TBI patients are at an increased risk of 

stroke in the year following TBI, and this may be linked to a damaged cerebrovascular 

structure.10,30 Neurological disorders caused by chronic neuroinflammation include 

dementias such as ADRD.10,12,31 Moreover, TBI also has been linked to mood disorders 

including depression, possibly due to chronic neuroinflammation.12,32  

This research is innovative because it investigates long-term treatment following 

TBI. Current pharmacological guidelines for TBI focus on either acute care to treat the 

primary injury or long-term symptomatic care for secondary injury following TBI.33,34 

Acute pharmacological treatment includes the administration of analgesics, sedatives, 

barbiturates, and steroids.35,36 Unfortunately, due to an increased risk of mortality and 

bleeding, both steroidal and non-steroidal anti-inflammatory drug (NSAID) treatments 

are considered less than satisfactory in reducing inflammation following TBI.35-38 Due to 

secondary injury, long-term treatment has focused on alleviating symptoms from the 
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conditions that follow TBI.33,34 While acute treatment may not adequately treat primary 

injury and symptomatic treatment can be used after developing secondary injury, there is 

a gap in research exploring the effectiveness of a pharmacological agent that may both, 

reduce mortality after primary injury and help prevent, rather than treat, secondary injury 

following TBI.  

Statin therapy following TBI may prove to be a promising option for the 

pharmacological treatment of TBI.8 The rationale of the study is based on the multiple 

properties of statins. While statins are recommended for the treatment of hyperlipidemia, 

statins also may help TBI patients because of their impact on the reduction of 

inflammatory cytokines and oxidative stress.16 Statins also may decrease platelet 

aggregation, thereby reducing the likelihood of thrombosis following TBI.17 With their 

vasoprotective and anti-inflammatory properties, statins are multifunctional drugs that 

may reduce the impact of primary injury and prevent secondary injury.9,10 

There is limited research conducted in older TBI patients investigating statin 

utilization patterns, and the relationships between statin use and mortality and secondary 

injury.20,21,39 However, several animal studies indicate the potential of statins to treat TBI 

that this study will build upon.40-46 The proposed research will use Medicare 

administrative data from 2006 to 2010 to identify statin utilization patterns pre-and post-

TBI and assess the relationships between statin use and mortality and secondary injury 

following TBI in older adults. 

This research produces the first study in older adults examining the potential 

beneficial impact of statins following TBI in a real world setting, guiding future research 

and practice. The findings provide a foundation needed to enhance care for TBI patients 
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and will help foster future research that can be used to develop evidence-based guidelines 

to treat older TBI patients.  
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CHAPTER II: BACKGROUND 

 

Traumatic Brain Injury 

 

There are over a million cases of TBI in the US every year.47 In 2010, the rate of 

TBI-related emergency department (ED) visits, hospitalizations, or deaths was 823.7 per 

100,000 people.48  The rate of ED visits, hospitalizations, and deaths is greater among 

males than females (932.1 per 100,000 males compared to 720.3 per 100,000 females).49 

Most TBI hospitalizations are among whites.2,50 However, TBI-related death rates are 

greatest among ethnic and racial minorities.3  

TBI disproportionately impacts older adults.1,2,50 More than half of TBIs in the US 

are in adults 50 or older.50 TBI causes more than 80,000 emergency visits every year for 

adults over 65.4 The leading cause of TBI among the elderly is falls.4 TBI among older 

adults is more prevalent in males and white Americans when compared to females and 

other races/ethnicities, respectively.4,5 

Mortality rates for TBI are greater across all ages compared to the general 

population without TBI.51,52 TBI among adults 65 and older decreases life expectancy by 

approximately 3-7 years. For adults 85 and older, life expectancy following TBI is three 

years.6,52,53 The increased mortality decreased life expectancy highlights the need to 

explore pharmacological treatment options for older TBI patients. Considering the 

vasoprotective and anti-inflammatory properties of statins, statin use may reduce 

mortality and secondary injury following TBI.  
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Pharmacological Management of TBI 

 

There are no standard pharmacological treatment guidelines following TBI.33,54,55 

Pharmacotherapy guidelines largely focus on acute care, followed by secondary injury.35 

Primary acute care includes the administration of corticosteroids to reduce inflammation 

and intracranial pressure.35 Trials assessing the impact of corticosteroids in TBI patients 

have been less than satisfactory.23,54,56 The large scale Corticosteroid Randomization after 

Significant Head Injury (CRASH) trial indicated that corticosteroids were associated with 

an increased risk of mortality following TBI.36 The CRASH trial investigated the efficacy 

of methylprednisolone following head injury but had to be discontinued after 10,000 

patients were enrolled because mortality rates were higher in the methylprednisolone 

group (21.1%) when compared to the placebo group (17.9%) (p < 0.0001).57 Although, 

the mechanisms that caused an increase in mortality remain unclear, the increase is 

unlikely due to gastrointestinal bleeding or infections.35,58 The Brain Trauma 

Foundation’s “Guidelines for the Management of Severe Traumatic Brain Injury,” 

indicates that some studies have suggested that treatment with steroids have shown no 

significant benefit while others have suggested that steroid treatment has been 

deleterious.35  It should be noted that while corticosteroids are not recommended to treat 

TBI, literature suggests that progesterone, a neurosteroid, may improve survival among 

TBI patients.36,59 Progesterone has neuroprotective properties and may also decrease 

cerebral edema.36 
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NSAID treatment also is considered suboptimal, as NSAIDs may increase the risk 

of adverse events, such as hemorrhage.37,38 The use of over-the-counter NSAIDs such as 

ibuprofen and aspirin have shown little efficacy in treating TBI.27,37,38  

Since TBI is typically followed by secondary injury, pharmacological treatment 

also may be geared toward alleviating symptoms of secondary injury.33,34 For instance, 

older adults face an increased risk of depression following TBI; therefore, treatment may 

be focused on alleviating depressive symptoms.33,60 However, symptomatic treatment 

does not prevent the secondary injury. In addition to symptomatic treatment, long-term 

use of beta-blockers, which are used to treat hypertension, have been suggested to 

improve survival following TBI.8,61,62 This is because TBI patients may develop 

hypertension following TBI, which may lead to cardiovascular events and mortality.61,63 

Because TBI is a complex event that has multiple targets, including inflammation 

and CBF,14 treatment for TBI should both inflammation and CBF.9,10 Statins have been 

highlighted as multifunctional drugs that target multiple pathways and have the potential 

to decrease mortality and secondary injury following TBI.8-10 

 

Statins 

 

Statins are a candidate to decrease the burden of primary injury and to reduce the 

likelihood of secondary injury associated with TBI.7,8,14,16,17,55,64-66 In addition to reducing 

serum cholesterol, statins decrease inflammation, ROS, and improve CBF, which may 

decrease mortality.20,21  
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Statin therapy has been approved for the treatment of hyperlipidemia and is used 

for the primary and secondary prevention of cardiovascular events among older adults 

with cardiovascular disease (CVD).67-69 Currently, the statins approved for use in the US 

include Lipitor (atorvastatin), Lescol(fluvastatin), Mevacor and Altoprev (lovastatin), 

Livalo (pitavastatin), Pravachol (pravastatin), Crestor (rosuvastatin), and Zocor 

(simvastatin).70  While all statins help reduce cholesterol, each statin varies with regards 

to pharmacology.71 For instance, lovastatin, simvastatin, fluvastatin, and atorvastatin have 

greater potential to cross the BBB while pravastatin, pitavastatin, and rosuvastatin, and 

are less likely to enter non-hepatic cells than lipophilic statins.71-73 Though there are 

variations in the pharmacology of statins, statins can be titrated and/or switched in order 

to lower cholesterol.74 

Statins are associated with few adverse events.75-78 The most common adverse 

events associated with statin use are myopathy and diabetes.75,77 Myopathy is defined as 

unexplained muscle pain and weakness that may cause muscle damage.77 Fortunately, 

myopathy is a rare adverse event.77 Patients who develop diabetes following statin use are 

often at a higher risk of developing diabetes due to other pre-existing risk factors.75,77 

When considering older adults, statin therapy offers great benefits for patients with and 

without CVD, because the risk of adverse events is low.76,78  

Considering the protective impact of statins among patients with CVD or CVD 

risk factors, only two-thirds of adults take statins.79 Among elderly Medicare 

beneficiaries, the implementation of Medicare Part D has increased the use of statins; 

however adherence to statins is suboptimal among patients with CVD or recovering from 

cardiovascular events.80-83  
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Statins and Trauma 

 

Animal Studies 

Several animal studies have examined the impact of statin use prior to and after 

TBI. These studies simulated TBI on rats and mice. The animals in these placebo-

controlled studies were exposed to simvastatin, lovastatin, rosuvastatin, or atorvastatin, in 

order to examine the impact of statins on inflammation,42,44-46,84,85 CBF,46,86 and 

neurological function (Chapter II Appendix, Table A.2.1).87,88   

Six studies have assessed the impact of statin therapy on inflammation following 

TBI, of which one study assessed the impact of pre-TBI statin therapy and five studies 

investigated the post-TBI impact of statin therapy.42,44-46,84,85 Results from these studies 

found that statin use was associated with a significant decrease in inflammation following 

TBI.  

Two studies investigated the impact of statin use on CBF.46,86 While one study 

found that pretreatment with simvastatin increased CBF following injury,46 another study 

indicated that rosuvastatin treatment following injury did not significantly impact blood 

flow following TBI.86 The authors of the rosuvastatin study suggest that the findings of 

their study were different from previous studies assessing the impact of statins on TBI 

because the vascular effects of statins may depend on the dissolvability of the drugs. The 

authors suggest that rosuvastatin may be less amenable to BBB permeability than other 

statins such as simvastatin and atorvastatin.86  

Two studies investigated the impact of long-term statin use on neurological 

function following TBI.87,88 Both studies indicated that simvastatin treatment 
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significantly improved neurological function up to three months following TBI.87,88 

Neurological deficits are considered secondary injury following TBI and are caused by 

chronic inflammation.9,10 These studies suggest that the multifunctional properties of 

statins may be neuroprotective in the long-term.87,88  

These animal studies indicate that statins may help decrease inflammation and 

improve CBF following TBI, which may help reduce the burden of primary injury and 

reduce secondary injury.42,44-46,84-86 The encouraging results from animal studies highlight 

the need for translational research in human subjects. 

 

Human Studies  

Human Studies Assessing Statin Use Prior to TBI 

Three studies have assessed the relationship between pre-injury statin use and in-

hospital survival among older adults. Two of these studies utilized the National Study on 

the Costs and Outcomes of Trauma (NSCOT) data from July 2001 to November 2002, 

and excluded patients younger than 65  and those who died within 24 hours of 

hospitalization.20,21 The NSCOT data provides pre-injury statin utilization through 

medical charts; however, the NSCOT dataset does not collect medication utilization 

information during follow-up, so long-term statin use cannot be ascertained.89  

The first study using NSCOT data statin use analyzed 1,224 TBI patients, of 

whom 22% used statins prior to injury.21 The authors stratified their analysis by CVD 

status in order to understand the role of CVD between the relationship of statin use and 

mortality. Approximately 44% of patients had CVD.21 Stratified analysis based on CVD 

suggested that among patients without CVD, pre-injury statin use was associated with a 
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7% absolute risk reduction in mortality, relative to non-users. However, among TBI 

patients with CVD, the relationship between statin use and mortality was not 

significant.21  

The second study using NSCOT data analyzed 523 TBI patients and found 25% 

had used statins prior to injury.20 Statin use was significantly associated with decreased 

in-hospital mortality (relative risk (RR): 0.24, 95% confidence interval (CI): 0.08-0.69), 

relative to non-users.20 The authors also conducted additional analyses stratified by CVD 

status.  Similar to the Efron et al (2008) study,21 this study suggested the relationship 

between statin use and mortality was modified by CVD. Stratified analysis among TBI 

patients with CVD indicated that statin use was associated with a RR of 0.87 (95% CI: 

0.50-1.50) for in-hospital mortality. Among TBI patients without CVD, statin use was 

associated with a RR of 0.17 (95% CI: 0.05-0.63) for in-hospital mortality.20 

A third study assessed pre-TBI statin use and 14 day mortality following TBI 

among severe trauma patients in Singapore.90 This study included 59 statin users matched 

with 59 non-users and found that pre-injury statin use was not associated with reduced 

14-day mortality.90   

Two of the three studies suggest statin use may be associated with decreased 

mortality; however, the relationship may be modified by the presence of CVD.20,21 A 

major limitation of the three studies is that pre-injury statin use was not quantified. 

Additionally, the type of statin use was not specified. The current research quantified 

statin use, as well as specified specific statin(s) taken prior to TBI.  
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Human Studies Assessing Statin Use Following TBI 

One study assessed the relationship between statin discontinuation during TBI-

hospitalization and in-hospital mortality.39  Orlando et al (2013) conducted a  

retrospective study of data collected from two Level I Trauma Centers during 2007 to 

2009 which included patients 55 and older with pre-injury statin use.39 Patients who were 

not administered statins within 48 hours of hospitalization were considered to be 

discontinued from therapy.39  Only 61 patients were included in the study, of whom 46 

continued statin therapy during hospitalization. Mortality was greater among patients 

who discontinued; however, this relationship was not statistically significant (p = 

0.055).39  

 A clinical trial focused on the effect of rosuvastatin on inflammatory cytokines 

after TBI; however, the study did not restrict the patient population to older adults.91 The 

objective of this placebo-controlled, double blind randomized clinical trial (RCT) was to 

examine whether rosuvastatin reduced inflammatory cytokine plasma levels following 

TBI.91 The study recruited 39 patients from a hospital in Mexico, where 19 patients 

received 20 mg rosuvastatin for ten days following TBI. Inflammatory cytokines were 

measured on the day of TBI and three days following TBI. The study found that 

rosuvastatin reduced inflammation following TBI.91  

A major limitation of both studies was the small sample size of patients whose 

type of pre-injury statin use was not identified. Additionally, adherence and persistence to 

statins, and long-term statin use following TBI were not addressed. Furthermore, the 

clinical trial was limited because of the omission of other factors that could reduce 

cytokine plasma levels, such as low hemoglobin.91,92 
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Conclusion 

The scarcity and major limitations of human studies examining the relationship 

between pre-and post-TBI statin use and mortality highlights the need for observational 

research. This study addresses the limitations of previous research by examining 

characterizing statin use pre-and post-TBI, (Aim 1). After characterizing statin use, this 

study assesses the relationship between pre-injury statin use and hospital mortality (Aim 

2); and pre-and post-TBI statin use and mortality and secondary injury following TBI 

hospitalization discharge (Aim 3). The aims of this study are fulfilled by using Medicare 

administrative data, a rich dataset that includes multiple covariates and confounders, 

monthly statin use, hospitalizations, and mortality.  
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CHAPTER III: DATA & SAMPLE 

 

Data 

 

Centers of Medicare & Medicaid Services 

The Centers of Medicare & Medicaid Services (CMS) data was used to 

investigate statin utilization following TBI and the impact of pre-and post-TBI statin use 

on mortality and secondary injury. This data contains 100% of Medicare beneficiaries 

who were hospitalized with a TBI during 2006 to 2010 and who had Medicare Parts A, B, 

and D. This study will be able to assess statin utilization patterns pre-and post-TBI (Aim 

1) through Medicare Part D claims, which will allow the assessment of monthly statin 

utilization. Medicare administrative data also was used to investigate the relationship 

between in-hospital mortality following TBI and pre-injury statin use (Aim 2), and the 

relationship between pre-and post-TBI statin use and mortality and secondary injury 

(Aim 3). 

The data includes demographic, healthcare utilization (inpatient and outpatient 

claims), and prescription drug information.93 The Medicare administrative data includes 

the master beneficiary summary file (MBSF), chronic conditions, inpatient, outpatient, 

skilled nursing facility (SNF), hospice, home health care, carrier, durable medical 

equipment (DME), and Medicare Part D event (PDE) files.  

The MBSF will be used to create monthly Medicare coverage analytic files. These 

files will also be used to capture date of death and demographic characteristics including 

age, sex, and race. The chronic conditions data warehouse (CCW) file identifies 27 
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chronic conditions that are identified through inpatient claims using International 

Classification of Diseases, Ninth Revision-Clinical Modification (ICD-9-CM) diagnosis 

codes. Each inpatient claim contains up to ten ICD-9-CM diagnosis codes.93 A chronic 

condition is identified through a mid-year flag, yearly flag, and a flag for the first 

occurrence of the said condition.93 This file was used to capture comorbidities and also 

was used to define overall beneficiary health and disease burden.  

The inpatient, outpatient, SNF, hospice, home health care, carrier, and DME files 

were used to capture information regarding health status, outcomes, and confounders, 

such as inpatient claims for diseases, adverse events, or discharge to a SNF or hospice.  

The PDE data file includes prescription claims for all Medicare beneficiaries 

enrolled in Medicare Part D. The prescription claims are submitted by pharmacies at the 

point of service; this means that once a prescription is filled, the claim will be submitted 

to a Medicare Part D health plan.94 Thus, the PDE file does not contain prescribing 

information; rather it contains filled prescription information. The PDE file was used to 

determine Medicare Part D coverage status and to create monthly analytic files of statin 

and other medication usage.  

 

Area Health Resource File 

 Data from the 2008 Area Health Resource File (AHRF) was used to augment 

CMS data. Data from the 2008 file was selected as it is the center point of the study 

(2006 – 2010). This dataset is a compendium of sociodemographic and healthcare 

variables.95 The dataset comprises over 6,000 variables from multiple sources including 

the census and the American Health Association.95 The dataset includes demographic 
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variables such as education and income levels, healthcare profession variables such as 

number of physicians, and healthcare facility variables such as number of hospitals and 

beds, among a variety of other variables.95,96 

 A selection of sociodemographic, health professional and health facility variables 

were extracted from the AHRF dataset to supplement the CMS data. These data were 

then linked to CMS data through beneficiaries’ Social Security Administration county 

codes. Therefore, the CMS data was augmented by county level sociodemographic, 

health professional and health facility information.  

 

Study Sample 

 

The cohort for the three aims will be selected from Medicare beneficiaries with 

claims for a TBI between 01/01/2006 to 12/31/2010. Table 3.1 lists the ICD-9-CM codes 

that used to define head trauma. These codes have been used in prior research, and the 

CDC also defines adult TBI through these codes.30,97,98 Multiple TBI admissions 

occurring within 14 days were counted as a single TBI, with the admission date for the 

first TBI being the index date and index TBI. This approach has been previously used to 

account for the likelihood of multiple TBI claims being made for the care of a single 

TBI.19,30,99 From this sample of TBI patients, the cohorts for the three aims were created. 
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Table 3.1: ICD-9-CM codes to define head trauma 
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CHAPTER IV: DESIGN & MEASURES 

 

Study Design  

 

The current research is a longitudinal, retrospective study of Medicare 

beneficiaries hospitalized with a TBI between 2006 and 2010. The longitudinal 

component of the study permits multiple observations per beneficiary. Beneficiaries’ 

exposure, and certain covariates, and confounders are observed per 30-day period pre-and 

post-TBI. The observation for the outcome begins at TBI-hospital admission for Aim 2 

and at TBI-hospital discharge for Aim 3.  

 

Measures 

 

Measures for this study include the independent (exposure) and dependent 

(outcome) measures of interest. Since the proposed study is longitudinal, some measures 

are observed multiple times per beneficiary and are time-varying. 

 

Independent Measure 

The exposure of interest for Aims 1, 2, and 3 is statin therapy. Specifically, Aims 

1 and 3 observes statin use prior to and following TBI, while Aim 2 observes statin use 

only prior to TBI. Statin use was defined if a beneficiary has a PDE claim for any of the 

following statins: atorvastatin, fluvastatin, lovastatin, pravastatin, rosuvastatin, and 

simvastatin. These statins are selected based on guidelines for the treatment of blood 
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cholesterol, prior research, and availability of statins during the study period.82,100-102 

Combination drugs that contained a statin were classified as that individual statin; for 

instance, beneficiaries using ezetimibe/simvastatin were classified as using simvastatin. 

Exposure to these statins are ascertained per 30-day period (henceforth referred to as 

month) relative to the TBI. For Aims 1 and 3, the exposure is time-varying as it is 

ascertained per month following TBI.  

Proportion of days covered (PDC) was used to determine monthly statin 

adherence. The PDC is a measure that assesses medication adherence for a specified time 

period.103 PDC is calculated by dividing the number of days the drug is available (days of 

use covered per prescriptions filled) by the total number of days in a specified time 

period.103 The specified time period for the PDC calculation is 30-days. PDC is 

calculated at both the specific drug level and class level. The PDC measure of adherence 

is a widely used method for studying adherence in all age groups.103,104 

Beneficiaries were flagged as having statin use in a period if there was a fill for a 

statin in the period or a PDC greater than zero. Both prescriptions filled and PDC 

information were used to classify statin use because of the possibility of beneficiaries 

being prescribed multiple months’ worth of statins in one prescription, which will cause 

beneficiaries to have a prescription filled in only one period, while a PDC lasting 

multiple months.19  

 

Dependent Measures 

Aim 1 is descriptive and assesses statin utilization prior to and following TBI. The 

outcome for Aim 2 is primary injury (in-hospital mortality). The outcomes for Aim 3 are 
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mortality following hospitalization discharge and secondary injury including stroke, 

ADRD and depression.  

The CCW inpatient claims file includes beneficiary date of death.93 Aim 2 

observes TBI-specific mortality by observing the discharge status following the index 

TBI. If a beneficiary is discharged dead following TBI hospitalization, then it is assumed 

that the mortality is TBI-specific. For Aim 2, beneficiaries are observed until they are 

discharged from the hospital. Beneficiaries may be discharged either alive or dead and 

are censored following discharge.  

Aim 3 observes mortality following hospital discharge, making the outcome all-

cause mortality rather TBI-specific, as cause of death in settings other than inpatient 

settings cannot be assessed in the CCW data. For Aim 3, beneficiaries are followed until 

they experience the outcome or until the end of the study period, whichever comes first.  

Aim 3 also observes secondary injury following TBI-hospitalization discharge. 

Stroke will be defined by inpatient claims using ICD-9-CM codes 430.xx-432.xx 

(hemorrhagic stroke) and 433.xx, 434.xx, 435.xx, 437.0x, 437.1x (ischemic stroke). 

ADRD and depression were defined through the CCW flags of ADRD and depression, 

respectively. The codes for stroke and the CCW flags for ADRD and depression have 

been used in prior claims data analysis.19,60,105,106  
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CHAPTER V: TBI SEVERITY 

 

A major confounder between the relationship of statin use and mortality is TBI 

severity. TBI severity is measured through varying scales such as the Abbreviated Injury 

Score (AIS) and the Injury Severity Score (ISS). The ISS is derived from the AIS.33 The 

AIS and ISS are considered the gold-standards in measuring injury severity.107 

Unfortunately, Medicare administrative data does not provide this information. However, 

several proxy injury severity measures have been developed to determine injury severity 

using ICD-9-CM codes available in Medicare administrative data108 Measures of injury 

severity based on ICD-9-CM codes have demonstrated to be valuable in administrative 

claims research.108 

One such measure is the ICD-9-CM -based ISS (ICISS).  The ICISS can measure 

injury severity through two multiplicative models. The first multiplicative model 

calculates the survival risk ratios (SRR) for each injury and then multiplies the SRRs 

together to obtain an ISS.109 SRR are calculated by dividing the number of survivors in 

each injury by the total number of patients with the same injury.109,110 The second 

multiplicative model calculates independent survival risk ratios (SRRi), which calculates 

the SRR for each individual ICD-9-CM code in an injury event.111  

Another measure that predicts mortality following injury is the trauma mortality 

prediction model based on ICD-9-CM codes (TMPM).112 This model utilizes a two-stage 

logistic regression to determine injury severity. The model first predicts mortality based 

on ICD-9-CM codes and then estimates injury severity for each injury.112 When 
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compared to the ICISS, the TMPM model has a better predictive value in predicting 

mortality in injury patients.112  

Assessing TBI severity is vital for the aims of this study; therefore, prior to 

investigating the aims of this study, this study first examined the appropriate measure to 

utilize to determine TBI severity. This was done by examining the receiver operating 

characteristic (ROC) curves for all three: SRR, SRRi, and TMPM. The ROC curves help 

assess the predictive probability of a binary event, in this case mortality, by plotting the 

sensitivity and specificity of a measure.113,114 The area under the curve (AUC) represents 

the amount of the sample for which mortality was correctly predictive; therefore, a higher 

AUC is indicative of a higher predictive capability of a measure.113,114 A chi-square p-

value is given to determine if differences in AUC are different for the TBI severity 

measures.113,114 

CCW study data (refer to Chapter III) was used to examine the AUC for the TBI 

severity measures. As done with the aims of the study, all TBIs occurring within 14 days 

of the first TBI were collapsed and classified as a single TBI event. However, for the 

purpose of identifying the best TBI severity measure, beneficiaries were allowed to have 

multiple TBIs as long as they were more than 14 days apart. Therefore, 123,691 TBIs 

were observed among 116,193 Medicare beneficiaries during 2006 to 2010.  

Since Aim 2 examines in-hospital mortality and Aim 3 examines post-

hospitalization mortality, SRR, SRRi, and TMPM were calculated for both in-hospital 

mortality and post-hospitalization mortality. Then the AUC for the TBI severity measures 

were compared for both in-hospital and post-hospitalization mortality.  
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A total of 10,304 beneficiaries died during TBI-hospitalization and 43,279 died 

post-hospitalization. Figure 5.1 displays the ROC curves for in-hospital mortality while 

Table 5.1 provides corresponding ROC statistics. The SRRi has a significantly better 

predictive capability (higher AUC) than the SRR and TMPM. 

 

Figure 5.1: Area under the curve for in-hospital mortality, comparing SRR, SRRi, and 

TMPM 
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Table 5.1: Area under the curve statistics for in-hospital mortality, comparing SRR, 

SRRi, and TMPM 

 
a Chi-square 

Abbreviations: AUC, area under the curve; ROC, receiver operating characteristic; CI, confidence interval; 

SE, standard error 

 

Figure 5.2 displays the ROC curves for post-hospitalization mortality while Table 

5.2 provides corresponding ROC statistics. Similarly, to inpatient mortality, SRRi also 

has significantly greater predictive capabilities than the SRR and TMPM for post-

hospitalization mortality. 
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Figure 5.2: Area under the curve for in-hospital mortality, comparing SRR, SRRi, and 

TMPM 
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Table 5.2: Area under the curve statistics for in-hospital mortality, comparing SRR, 

SRRi, and TMPM 

 
a Chi-square 

Abbreviations: AUC, area under the curve; ROC, receiver operating characteristic; CI, confidence interval; 

SE, standard error 

  

Based on the AUC, the SRRi model of the ICISS performed better in predicting 

mortality than the SRR model of ICISS and the TMPM. While the differences between 

the AUCs were small for both in-hospital and post-hospitalization mortality, these 

differences were statistically significant. Considering SRRi’s better predictive probability 

to predict mortality over SRR and TMPM, the SRRi measure was used as a TBI severity 

proxy for the study aims.  



32 
 

CHAPTER VI: STATIN USE IN OLDER MEDICARE BENEFICIARIES WITH 

TBI 
 

Abstract 

 

Background: There are approximately 30 million statin users in the US. While the lipid 

lowering effects of statin therapy for older adults with and without CVD is established, 

statins also may be beneficial for older adults sustaining a TBI. There is limited research 

regarding statin use among older adults, especially among TBI patients. 

Objective: To characterize and investigate factors associated with statin use among older 

adults with TBI.  

Methods: A retrospective drug utilization study was conducted among 75,698 Medicare 

beneficiaries 65 and older with continuous Medicare Parts A, B, and D coverage six 

months prior and 12 months following TBI among beneficiaries hospitalized with a TBI 

during 2006 to 2010. The exposure of interest was statin use prior to and following TBI. 

Logistic regression was used to investigate the factors associated with statin use.  

Results: 37,874 (50%) of beneficiaries used a statin at least once during the study period.  

The most common statin used was simvastatin, followed by atorvastatin. Fluvastatin was 

the least used statin, with approximately 1% of beneficiaries using fluvastatin per 30-day 

period throughout the study period. Statin users were more likely to have cardiovascular 

diseases when compared to non-users. Hyperlipidemia was a major factor associated with 

statin use and had the greatest impact on statin use compared to non-use (odds ratio (OR) 

9.54; 95% confidence interval (CI) 9.07, 10.03).  
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Discussion: This study provides valuable information on the extent of statin use in older 

TBI patients and future studies will examine the association between statin use and 

mortality.    
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Introduction 

 

There are approximately 200 million statin users worldwide, 30 million of whom 

live in the US.115 Statins are FDA-approved therapy for the treatment of hyperlipidemia 

and are used for the primary and secondary prevention of cardiovascular events among 

older adults with CVD.67-69 Also, statins offer a favorable safety profile as the risk of 

adverse events associated with use is low.75-78 

While the lipid lowering effects of statin therapy for older adults with and without 

CVD is established,76,78 it has been suggested that statins also may be beneficial for older 

adults sustaining a TBI.7,64 Among older adults, TBI is associated with increased 

mortality and decreased life expectancy.3,6 Older patients with TBI also frequently 

experience secondary injury following TBI, such as stroke, neurological disorders, and 

mood disorders.7 Currently, there is no ideal pharmacological treatment for older adults 

with TBI, as most treatments are for symptoms of secondary injury occurring after TBI.35  

However, statin use prior to trauma may decrease in-hospital mortality in the elderly 

following injury.20,21 Additionally, statin use following TBI also has been suggested to 

decrease secondary injury, possibly due to statins’ anti-inflammatory properties.8-11,116   

Despite statins’ potential to reduce in-hospital mortality if taken prior to TBI and 

their promise as an option for the pharmacological treatment following TBI in older 

adults,8,116 there is limited research regarding statin use among older adults. Among 

elderly Medicare beneficiaries, the implementation of the Medicare Part D drug benefit 

program has increased the use of statins; however, adherence to statins is suboptimal 

among many patients with CVD or recovering from cardiovascular events.80-83 With 
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regards to TBI, only a few observational studies have examined statin use in trauma 

patients; of these, three assessed statin use prior to trauma20,21,90 and a fourth assessed 

statin continuation following trauma.39 Another study examined the impact of 

hyperlipidemia on depression following TBI, in which secondary analyses examined the 

role of statins.117 Regardless, these studies were limited due to small sample sizes and 

poor identification of statin use, as the statin used was not specified. Furthermore, none 

of these studies assessed persistence and factors associated with statin use. Lastly, these 

studies did not seek to characterize statin use prior to and following TBI; rather, they 

sought to examine the beneficial impact of statin therapy on trauma.   

Given the potential protective effect statins may have in older patients with TBI, it 

is important to understand the extent of statin use in this population. Yet, the data are 

relatively scant despite myriad data on statins. Therefore, it is important to characterize 

the extent of statin use in older adults with TBI prior to examining the potential beneficial 

impact of statins on in-hospital mortality and secondary injury following TBI; this study 

would provide important information that will lay the foundation for studies examining 

their protective effect. The objective of this study is to characterize statin use before and 

after TBI in a nationally representative sample of older Medicare beneficiaries and to 

identify the factors associated with that use.  
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Methods 

 

Data and sample 

 This study used Medicare administrative claims data from the CMS. These data 

include all Medicare beneficiaries 65 years and older who suffered a TBI between 2006 

and 2010. Codes used to define TBI have been explained in Chapter III.  

Beneficiaries were required to have Medicare parts A, B, and D coverage six 

months prior to TBI and 12 months following TBI. These data include inpatient, 

outpatient, and prescription drug claims.93 Beneficiaries with Medicare Part C coverage 

were excluded because prescription drug claims were not available for those 

beneficiaries. 

 

Measures 

The exposure of interest for this drug utilization study was statin use. Statins 

included in the study were atorvastatin, fluvastatin, lovastatin, pravastatin, rosuvastatin, 

and simvastatin. Exposure to statins was determined using Medicare Part D prescription 

drug claims.  

Detailed information regarding exposure can be found under ‘Measures’ in Chapter IV. 

Briefly, both prescriptions filled and PDC information was used to flag statin use in 

periods.   

Beneficiaries had six periods of coverage to examine exposure prior to the index 

TBI and 12 periods of coverage to examine exposure following the index TBI. Therefore, 

proportion of statin use by drug class and individual statins was calculated per 30-day 
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period six periods prior to and 12 periods following TBI. Average duration of use, and 

average number of and duration of gaps among statin users were calculated. A gap in use 

was defined as a period without a prescription fill of a statin and a PDC of 0. Average 

statin dose per 30-day period also was calculated for individual statins. Lastly, statin use 

by lipophilicity and hydrophilicity per 30-day period also was calculated. This is because 

while all statins help reduce hyperlipidemia, their pharmacology differs with regards to 

lipophilicity and hydrophilicity. Atorvastatin, lovastatin, fluvastatin and simvastatin are 

considered lipophilic statins and have greater potential to cross the BBB, which may be 

related to a statins ability to reduce cerebral inflammation.71-73  

Covariates examined included demographic characteristics (age, race, and sex), 

and conditions associated with CVD (hypertension, hyperlipidemia, ischemic heart 

disease (IHD), congestive heart failure (CHF), acute myocardial infarction (AMI), 

valvular heart disease (VHD), and history of stroke/transient ischemic attack (TIA)). 

ADRD, diabetes, and a count of CMS’s CCW chronic conditions, excluding the above 

mentioned cardiovascular and chronic conditions (Chapter VI Appendices, Table A.6.1). 

Lastly, covariates associated with injury severity, including length of hospital stay (LOS) 

and SRRi were examined. SRRi is part of the ICISS, which is used to assess injury 

severity based on ICD-9-CM diagnosis codes.109,110 More information on SRRi can be 

found in Chapter V. It should be noted that injury severity covariates were only examined 

for beneficiaries that used statins only following TBI as injury severity cannot be related 

to statin use prior to injury. 
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Data analysis 

 Associations with covariates between statin users and non-users were tested using 

Chi-square test for categorical variables and Student’s t-tests for continuous variables. 

Additionally, the Wilcoxon rank sum test was used to test differences between two 

medians. Logistic regression was used to identify factors associated with any statin use. 

Statin use was first categorized as use or non-use, and then as no use, less than or equal to 

50% use throughout study period, and greater than 50% use throughout study period. 

Additional sensitivity analyses were conducted by stratifying factors associated with 

statin use among beneficiaries that only used statins prior to TBI and beneficiaries that 

only used statins following TBI. Odds ratios (OR) and 95% CI were reported.  

All analyses were performed with SAS version 9.2 (Cary, NC). This study was approved 

by the University of Maryland Baltimore’s Institutional Review Board.  

 

Results 

 

 A total of 116,170 Medicare beneficiaries 65 years and older without Medicare 

Part C were hospitalized with a TBI during 2006 to 2010. Of these beneficiaries, 83,461 

had continuous Medicare Parts A, B, and D coverage six months prior to TBI. The final 

sample included 75,698 beneficiaries that also had continuous Medicare Parts A, B, and 

D coverage 12 months following TBI. Of the 75,698 beneficiaries in the study sample, 

37,874 (50%) used at least one statin during the study period.  

The study population was predominately white (87%) and female (67%). The 

mean age of statin users was less than that of non-users (81.3 years compared to 83.3 

years, p <0.001). Statin users were more likely to have a diagnosis of hyperlipidemia 
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recorded when compared to non-users (94% vs 59%, p <0.001). Additionally, statin users 

were more likely to have CVD, including AMI, IHD, CHF, and VHD (All p <0.001) 

(Table 6.1).  
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Table 6.1: Descriptive characteristics of statin users and non-users among Medicare 

beneficiaries with TBI (n=75,698) 

 
a Beneficiaries were categorized as non-users if they did not use statins at any time during study period, 

while beneficiaries were categorized as users if they had any statin use at any time during study period. 
b P-value from chi-square for categorical variables and Student’s t-test for mean age and reflects 

comparison between statin users and non-users. 
c Other races include Native American, other and unknown race 
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d Chronic conditions present at time of traumatic brain injury  
e Count of CCW chronic conditions excluding cardiovascular conditions  

Abbreviations: TBI, traumatic brain injury; SD, standard deviation; SNF, skilled nursing facility; ADRD, 

Alzheimer’s disease and related dementias  

 

Of the 37,874 statin users, there were 30,378 (80%) beneficiaries who used statins 

prior to and following TBI; 1,969 (5%) only used statins prior to TBI and 5,527 (15%) 

used statins only following TBI. Among statin users, the average duration of use was 

12.4 months. There were 14,475 (38.2%) users with at least one gap in use. Among these 

users, the average number of gaps was 1.5 and the average gap duration was 3.3 months 

(Table 6.2).  

 

Table 6.2: Statin use characteristics among statin users (n=37,874) 

 
a Number of 30-day periods 

Abbreviations: TBI, traumatic brain injury; SD, standard deviation 

 

Figure 6.1 illustrates trends in statin use throughout the study period and the dip 

associated with TBI hospitalization (a period when statin use would not be recorded by 

Medicare Part D claims). Statin use per 30-day period ranged from 35% to 40%, prior to 

and following TBI with no sudden increase post discharge. The most common statin used 

was simvastatin, followed by atorvastatin. Fluvastatin was the least used statin, with 

approximately one percent of the sample using fluvastatin per 30-day period throughout 

the study duration.  
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Figure 6.1: Statin use per month relative to TBI among older Medicare beneficiaries 

(n=75,698) 
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The average dose of statins per 30-day period fluctuated 1 to 4mg throughout the 

study duration (Figure 6.2).  

 

Figure 6.2: Statin dose changes per month relative to TBI among older Medicare 

beneficiaries (n=75,698) 
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When stratified by statin lipophilicity and hydrophilicity, 30% to 35% of 

beneficiaries used lipophilic statins prior to and following TBI, while approximately 5% 

of beneficiaries used hydrophilic statins prior to and following TBI (Figure 6.3).  

 

Figure 6.3: Statin use per month relative to TBI among older Medicare beneficiaries, by 

statin lipophilicity (n=75,698) 

 
a Lipophilic statins: Atorvastatin, lovastatin, fluvastatin and simvastatin; hydrophilic statins: pravastatin, 

rosuvastatin 

 

When comparing any statin use to non-use, increasing age was associated with 

decreased use (OR 0.52; 95% CI 0.50, 0.55 for beneficiaries 85 years or older, compared 

with beneficiaries aged 65-75 years). Additionally, female sex was associated with lower 

odds of using statins (OR 0.91; 95% CI 0.88, 0.94) than males. Among chronic 

conditions, hyperlipidemia had the greatest association with statin use (OR 9.54; 95% CI 

9.07, 10.03). Hypertension, IHD, AMI, VHD, diabetes and prior stroke/TIA also were 

significantly associated with statin use (Table 6.3). Logistic regression comparing less 
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than 50% statin use to no use, and comparing greater than 50% statin use to no use 

showed similar associations (Table 6.3).  

 

Table 6.3: Odds ratios (95% CI) of factors associated with statin use among older 

Medicare Beneficiaries with TBI (n=75,813)  

 
a Other races include Native American, other and unknown race  
b Count of CCW chronic conditions excluding cardiovascular conditions  

 

Sensitivity analyses among beneficiaries with statin use only prior to TBI 

indicated similar results as the primary analysis. However, when examining beneficiaries 
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who only used statins following TBI, the association with hyperlipidemia lessened when 

compared to the primary analysis for beneficiaries that used statins prior to and following 

TBI.  While still a significant factor associated with statin use, the OR for hyperlipidemia 

was 2.39 (95% CI 2.22, 2.53), comparing any statin use to no use; 2.27 (95% CI 2.04, 

2.53) comparing 50% use to no use; and 2.48 (95% CI 2.26, 2.74) comparing greater than 

50% use to no use (Chapter VI Appendices, Tables A.6.2, A.6.3). 

 

Discussion 

 

 This national sample of older adults with TBI suggests that statins are commonly 

used. Among the 75,698 beneficiaries in the study sample, 50% of beneficiaries (37,874) 

used statins at some point during the study period. The data suggest that among users, the 

average statin use duration was 12.4 months (69% of study period), and users had an 

average of 0.9 gaps in statin treatment. Of statin users, 85% (32,347) of beneficiaries 

used statins prior to TBI. Of these, 6% (1,969) of beneficiaries who used statins prior to 

TBI stopped using statins following injury, suggesting that most statin users continued 

statin therapy following TBI.  

The three observational studies that assessed statin use prior to trauma found that 

20% - 22% of the participants took statins prior to injury.20,21,90 It should be noted that 

one study examining pre trauma statin use did not limit their study population to older 

adults and included all trauma patients.21 One study assessed statin continuation 

following trauma found that among adults 55 years or older, approximately 50% 

continued to receive statins during trauma hospitalization.39 Our results suggest greater 
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statin use prior to injury among older Medicare beneficiaries with TBI. This may be 

because our study includes Medicare beneficiaries with Medicare Part D and availability 

of prescription drug insurance is associated with statin use.118 The previous studies did 

not examine the drug insurance status of trauma patients.  Nonetheless, no previous study 

has examined trends in statin utilization prior to and following TBI.  

 Findings indicate that 76% of the study population had hyperlipidemia, of which 

62% (35,667) used statins at some point in the study period. Previous research utilizing 

National Ambulatory Medical Care Survey and the National Hospital Ambulatory 

Medical Care Survey suggests that 41% of participants with hyperlipidemia use statins.119 

Furthermore, previous research also has indicated that two-thirds of patients with CVD or 

CVD risk factors take statins.79   

 Results also suggest that older Medicare beneficiaries use lipophilic statins more 

than hydrophilic statins. Lipophilic statins are more likely to enter the BBB, which may 

help decrease cerebral inflammation following TBI.71-73 This characteristic may lead to 

decreased mortality following TBI.  

The biggest factor associated with statin use was hyperlipidemia. Comparing any 

statin use to non-use, beneficiaries with hyperlipidemia were nine times more likely to 

take statins. When comparing statin use for greater than 50% of the study period to no 

use, beneficiaries with hyperlipidemia were more than 13 times more likely to use statins. 

CVD such as IHD and AMI also were significantly associated with statins. This data 

supports previous research indicating that hyperlipidemia and CVD are major factors 

associated with statin use.119 However, no previous study has examined factors associated 

with statin use in an older Medicare population with TBI. 
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Among beneficiaries that only used statins following TBI (n=5,527), beneficiaries 

with hyperlipidemia were approximately 2.5 times more likely to use statins. The low 

impact of hyperlipidemia among beneficiaries that only took statins following TBI, when 

compared to beneficiaries that took statins prior to and following TBI may suggest that 

beneficiaries may have been prescribed statins following injury in order to protect against 

adverse events associated with TBI, rather than for hyperlipidemia. Beneficiaries that 

started using statins following TBI were significantly younger and had fewer 

cardiovascular conditions at the time of injury than non-statin users. However, new-users 

following TBI had longer LOS and greater injury severity than non-users (Chapter VI 

Appendices, Table A.6.3). Several animal studies have indicated that statin use following 

trauma may help reduce physiological changes associated with secondary injury.44,84,87,88 

Therefore, it is possible that clinicians prescribed statins following injury to protect 

against secondary injury associated with TBI. 

 While this is the first study to examine statin use in older Medicare beneficiaries 

with TBI, there are limitations to this study. This study uses prescription fill and PDC 

information to assess statin use. However, given the data, it is not possible to assess statin 

consumption by beneficiaries. Furthermore, the indication for statin use cannot be 

assessed in this data. Indications of statin use can help in better understanding the factors 

associated with statin use. Another limitation of the study is that this study excluded 

beneficiaries with Medicare Part C because their prescription drug information was not 

available; thus, study findings are only generalizable to Medicare beneficiaries with fee-

for-service coverage.  
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 Strengths of this study include a large sample of older Medicare beneficiaries with 

TBI. This large sample allowed researchers to assess statin utilization by class and by 

individual statins. This is the first study to examine statin use by lipophilicity and 

hydrophilicity, as well as statin dose changes over time in older adults with TBI. Another 

strength of this study is that statin use both prior to and following to TBI was examined. 

This allowed researchers to examine average duration and gaps in statin use prior to and 

following TBI.  

 Results of this study provide valuable information regarding statin use in a 

vulnerable population of older adults with TBI. The current study indicated that more 

than 76% of the study sample has hyperlipidemia; however, 50% of the sample took 

statins. Additionally, 15% of users started statin therapy following TBI, which may 

potentially have been given to reduce secondary injury following TBI.  Given the 

potential protective impact of statins in reducing primary and secondary injury, clinicians 

can look to prescribe and encourage statin use among vulnerable older adults. Clinicians 

also can look to prescribe statins to patients with a history of or risk of falls as more than 

80% of TBIs among adults 65 and older have TBIs due falls.120  While this study 

provides understanding on the extent of statin use, future studies will next examine the 

impact of statin use on mortality and secondary injury in order to shape pharmacological 

therapy guidelines following TBI.  
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CHAPTER VII: IN-HOSPITAL MORTALITY FOLLOWING TBI IN OLDER 

MEDICARE STATIN USERS 

 

 

Abstract 

 

Background: TBI disproportionately impacts older adults as hospitalization rates in the 

US are more than three times greater in adults over 65, compared to adults aged 45 to 64. 

Mortality rates for adults 65 and older from 2009 to 2010 was 45.2 per 100,000 people. 

There are few pharmacotherapeutic options to decrease in-hospital TBI mortality. Statins 

have been highlighted as a potential option to decrease in-hospital mortality following 

TBI.  

Objective: To assess the relationship between pre-TBI statin uses and non-users and 

subsequent in-hospital mortality.  

Methods: Atorvastatin, fluvastatin, lovastatin, pravastatin, rosuvastatin, and simvastatin 

use for Medicare beneficiaries 65 and older hospitalized with a TBI during 2006 through 

2010 was assessed six months prior to TBI. Beneficiaries were classified as current, 

recent, past, and non-users of statins prior to TBI. The outcome of interest was in-hospital 

mortality. Logistic regression was used to obtain odds ratios (OR) and 95% confidence 

interval (CI) for mortality, comparing current, recent, and prior statin use to non-use.  

Results: Current atorvastatin (OR 0.88; 95% CI 0.82, 0.96), simvastatin (OR 0.84; 95% 

CI 0.79, 0.91) and rosuvastatin (OR 0.79; 95% CI 0.67, 0.94) use were associated with a 

significant decrease in the risk of in-hospital mortality following TBI.  

Discussion: In addition to being the most used statins, current use of atorvastatin, 

rosuvastatin, and simvastatin was associated with at least a 10% decrease in-hospital 
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mortality following TBI. Clinicians can look to prescribe statins, when appropriate to 

older adults at risk of TBIs. These statins may help prolong survival following TBI.  
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Introduction 

 

In 2010, TBI caused more than 50,000 deaths in the US.120 While a concern for all 

Americans, TBI disproportionately impacts older adults due to their higher risk of 

falls.1,2,50,120 The rate of TBI hospitalization in the US is more than three times greater in 

adults over 65, compared to adults aged 45 to 64.121  Among older adults 65 and older, 

TBI mortality rates from 2009 to 2010 was 45.2 per 100,000 people.121 Furthermore, 

mortality rates for TBI in older adults also increase with age.3  

TBI is characterized by damage to brain tissue, which can lead to inflammation 

and abnormal CBF.8 The inflammation and abnormal CBF from the primary injury, the 

initial insult, can lead to mortality.9-11 Currently, there are no universally accepted 

pharmacological treatment guidelines to decrease mortality following TBI.33,54,55 The lack 

of treatment options for TBI led to the creation of the Operation Brain Trauma Therapy 

(OBTT), a research consortium created to screen and advance novel biomarkers and 

therapies for TBI, from animal studies to human clinical trials.122 The OBTT has 

highlighted several therapies that can potentially be used for TBI patients, including 

statins.122  

In addition to their primary utility in reducing serum cholesterol, statins decrease 

inflammation, and increase CBF.16 Statins accomplish this by limiting the production of 

inflammatory cytokines and promoting BBB integrity.14,16,55 Furthermore, lipophilic 

statins may have a greater potential to cross the BBB than hydrophilic statins, which in 

turn may potentially have a greater impact in reducing mortality.71-73 These properties 
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may help pre-injury statin use to decrease in-hospital mortality and a few studies have 

suggested this relationship.20,21   

Currently, three small-scale human studies have assessed the relationship between 

pre-injury statin use and mortality survival among older adults with TBI, two conducted 

in the US and one in Singapore.20,21,90 Both US studies found a significant decrease of in-

hospital mortality comparing pre-injury statin users to non-users. It should be noted that 

these studies also stratified patients by CVD and found that the protective effect of statins 

was only statistically significant among TBI patients without CVD.20,21 The third study, 

among Asian TBI patients, examined pre-injury statin use and 14-day mortality and did 

not find any association between statin use mortality.90 All three of these studies were 

limited due to small sample sizes and non-differentiation of statins.20,21,90 In addition to 

the two human studies indicating a protective effect of statins, one animal study has 

shown that prior statin use reduced inflammation following simulated TBI on rats and 

mice, postulating that statin use may lead to decreased mortality.84  

Given the potential of statins to reduce mortality indicated in prior small-scale 

human and animal research, the objective of this study was to assess the relationship 

between pre-TBI statin uses and non-users who suffer a TBI and subsequent in-hospital 

mortality in a large-scale population of older Medicare beneficiaries.  
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Methods 

 

Data and sample 

 CMS data was used to investigate pre-injury statin utilization and in-hospital 

mortality following hospital admission for TBI. Detailed information on the data and the 

ICD-9-CM codes used to define TBI is available in Chapter III.  

 Beneficiaries were required to be at least 65 at the time of their first TBI and have 

at least six months of continuous Medicare Parts A, B, and D coverage prior to TBI. 

Medicare Parts A, B, and D include inpatient, outpatient, and prescription drug claims, 

respectively.93 Beneficiaries with Medicare Part C are part of managed care programs and 

their medical claims are not available; therefore, these beneficiaries were excluded.  

 

Exposure 

The exposure of interest was statins, which comprised atorvastatin, fluvastatin, 

lovastatin, pravastatin, rosuvastatin, and simvastatin. These statins were approved and 

available for use in the US during the study period.70 More information on the exposure 

of interest can be found in Chapter IV. Since beneficiaries were required to have six 

months of coverage prior to TBI, each beneficiary had six periods (hereafter referred to 

as months) of statin use information prior to TBI. Statin use was examined by class and 

by individual statins. 

 Statin users (by class and by individual statins) and non-users was classified into 

four mutually exclusive categories: current use (use in any of the two months 

immediately prior to TBI); recent use (use in three or four months and no use in one or 
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two months prior to TBI); prior use (use in five or six months and no use in one to four 

months prior to TBI); and no use in any month prior to TBI. Duration of statin use and 

total statin use was measured in order to obtain a duration/total use effect of statins. Statin 

duration was measured by examining consecutive use of statins in the months prior to 

TBI.  Statin duration was categorized if beneficiaries used statins consecutively for 1-2 

months, 3-4 months, and 5-6 months immediately prior to TBI. Similarly, total use was 

categorized if beneficiaries used statins for a total of 1-2 months, 3-4 months, and 5-6 

months prior to TBI. Statin use also was classified per individual months prior to TBI. 

Lastly, statin use was classified by lipophilicity and hydrophilicity. Lipophilic statins 

included atorvastatin, lovastatin, fluvastatin and simvastatin while hydrophilic statins 

included pravastatin and rosuvastatin. 

 

Outcome 

 The outcome of interest was in-hospital mortality, which was observed through 

inpatient Medicare claims data. In-hospital mortality was flagged if beneficiaries were 

discharged dead following index TBI. Beneficiaries were censored following 

hospitalization discharge. Mortality was assessed by any statin use, individual statins, and 

statins classified as either lipophilic or hydrophilic.  

 

Covariates 

 Covariates included demographic characteristics (age, race, and sex) and chronic 

conditions, which were obtained through the CCW. More information on CCW can be 

found in Chapter III. Overall health was determined by including a comorbidity count 
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excluding CVD (hypertension, hyperlipidemia, IHD, CHF, AMI, VHD, and diabetes), 

and ADRD, as these conditions were included separately. CVD and ADRD were added 

separately because of their association with statin use and mortality.123,124 A SNF stay in 

the month prior to TBI also was included to determine overall health as a SNF stay may 

be indicative of poor health.19,99  

Medication use that may help improve survival following TBI, such as 

antiplatelets, anticoagulants, and beta-blockers also were included as covariates. 

Additionally, other statin use also was included. For instance, when assessing the impact 

of atorvastatin on in-hospital mortality, other statins used also were included as 

covariates.  

TBI severity was measured using SRRi. More information on SRRi can be found 

in Chapter V. Additionally, LOS also was included as a TBI severity proxy measure.  

Lastly, AHRF was used to include demographic and healthcare related 

geographical characteristics. The AHRF database contains over 6,000 variables from over 

50 sources including population, healthcare professional and healthcare facility data.95,96 

Given the amount of variables, correlations between selected geographical variables were 

calculated and variables correlated 0.80 or more were excluded (Chapter VII Appendices, 

Table A.7.1).125 AHRF data was linked to CMS data through Social Security 

Administration’s county codes. Therefore, county-level demographic covariates (median 

income and geographical region), and provider and hospital characteristics per 100,000 

people (total physicians, hospitals, hospitals with trauma services, hospitals with 

neurological services, and beds) were included. 
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Data analysis 

 Bivariate analysis was conducted to compare the baseline descriptive and socio-

demographic characteristics of statin users and non-users. Chi-square and t-tests were 

used to assess significant differences for categorical and continuous variables, 

respectively. Additionally, a Wilcoxon signed rank sum test was used to assess 

differences in medians between statin users and non-users. Logistic regression was used 

to obtain OR and 95% CI for mortality, comparing current, recent, and prior statin use to 

non-use. Furthermore, additional analysis was conducted comparing statin use per each 

individual month prior to TBI with non-use, rather than comparing the categorical use 

variables of current use, recent use, and prior use with non-use. 

 To better understand the impact of statin use and in-hospital mortality, the 

relationship between different statin doses and in-hospital mortality was examined among 

statin users for the statins that indicated a significant protective effect against in-hospital 

mortality. This analysis was conducted by comparing statin doses at the monthly level 

among statin users prior to TBI for only the months that statin use indicated a protective 

effect against in-hospital mortality. Statin doses for comparison were selected by 

examining the distribution of statin doses.  

 Secondary analysis was conducted to examine the duration-effect relationship 

between statin use and mortality; that is to assess if consecutive use and total use prior to 

TBI is associated with reduced in-hospital mortality. Therefore, analysis was conducted 

to examine if: 1) consecutive statin use for 1-2 months, 3-4 months, and 5-6 months prior 

to TBI; and 2) 1-2 months, 3-4 months, and 5-6 of total statin use prior to TBI was 

associated with reduced in-hospital mortality.  
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 Lastly, a sensitivity analysis was conducted to assess robustness of results by 

conducted all analyses after excluding beneficiaries who died within 24 hours of TBI 

hospitalization. This approach has been used in prior studies in order to exclude the most 

severe TBIs.20,21   

 All analyses were performed with SAS version 9.2 (Cary, NC). This study was 

approved by the University of Maryland Baltimore’s Institutional Review Board.  

 

Results 

  

A total of 116,193 Medicare beneficiaries had a TBI during 2006 to 2010; of 

these individuals, 116,170 were at least 65 year old at the time of their TBI. Among those 

65 and older, 112,716 beneficiaries had continuous coverage of Medicare Parts A, B and 

D six months prior to their index TBI. An additional 607 beneficiaries were excluded due 

to missing prescription drug information because these beneficiaries had a hospital or 

SNF stays throughout the study month and prescription drug claims are not available 

during facility stays. Thus, the final sample included 112,109 beneficiaries.  

 Of the 112,109 beneficiaries in the study sample, 45,752 (41%) used statins at 

some point prior to TBI. Overall, the majority of the sample was white (87%) and female 

(64%). Statin users were younger (80 years compared to 82 years, p <0.0001) and had 

slightly higher median income ($50,660 compared to $49,518, p <0.0001). When 

comparing provider characteristics, statin users lived in areas with a greater density of 

physicians per 100,000 people (239 compared 231, p <0.0001) but a lesser density of 

hospital beds per 100,000 population (301 compared to 304, p <0.0001). The majority of 
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the sample had hypertension (91%) and hyperlipidemia (75%). Statin users were 

significantly more likely to have cardiovascular conditions including IHD and CHF. 

While 97% of statin users had hyperlipidemia, the majority (60%) of non-users also had 

hyperlipidemia. There were no significant differences in the TBI severity measures 

(Table 7.1). 
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Table 7.1: Descriptive characteristics of statin users and non-users among Medicare 

beneficiaries with TBI (n=112,109) 
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Table 7.1 (continued): Descriptive characteristics of statin users and non-users among 

Medicare beneficiaries with TBI (n=112,109) 

 
a Beneficiaries were categorized as non-users if they did not use statins at any time during study period, 

while beneficiaries were categorized as users if they had any statin use at any time during study period. 
b P-value from chi-square for categorical variables, Student’s t-test for continuous variables and Wilcoxon 

signed rank sum test to test differences between medians reflects comparison between statin users and non -

users. 
c Other races include Native American, other and unknown race 
d SNF stay in the month immediately preceding TBI  
e Count of CCW chronic conditions excluding cardiovascular conditions (hypertension, hyperlipidemia, 

ischemic heart disease, congestive heart failure, acute myocardial infarction, valvular heard disease) and 

diabetes and ADRD 

Abbreviations: TBI, traumatic brain injury; SD, standard deviation; SNF, skilled nursing facility; ADRD, 

Alzheimer’s disease and related dementias  

 

Most statin users were classified as current users 41,174 (90%), while 2,852 (8%) 

were classified as recent users and 930 (2%) were classified as past users. The most 

commonly used statins were simvastatin and atorvastatin (Table 7.2).  
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Table 7.2: Statin use among Medicare beneficiaries prior to TBI 

 
a Lipophilic statins: Atorvastatin, lovastatin, fluvastatin and simvastatin; hydrophilic statins: pravastatin, 

rosuvastatin  

 

When examining statin use per prior month relative to TBI, most statin users 

(84%) used statins in the month immediately prior to TBI (Chapter VII Appendices, 

Table A.7.2). With regard to the outcome of interest, a total of 9,810 (9%) of 

beneficiaries were discharged dead following TBI hospitalization.   

In adjusted analysis, current use of any statins was associated with decreased in-

hospital mortality (OR 0.87; 95% CI 0.82, 0.92). When assessing individual statins, 

current use of the lipophilic statins atorvastatin (OR 0.88; 95% CI 0.82, 0.96), and 

simvastatin (OR 0.84; 95% CI 0.79, 0.91) and hydrophilic rosuvastatin (OR 0.79; 95% CI 

0.67, 0.94), were associated with a significant decrease in the risk of in-hospital mortality 

following TBI. Recent use and past use of any statin was not associated with a decreased 

risk of in-hospital mortality. Current use of both lipophilic (OR 0.87; 95% CI 0.83, 0.93) 

and hydrophilic (OR 0.87; 95% CI 0.78, 0.98) statins was associated with a significant 

decrease in in-hospital mortality (Table 7.3).  
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Table 7.3: Odds ratios (95% CI) of in-hospital mortality following TBI comparing statin 

users and non-users 

 
a Lipophilic statins: Atorvastatin, lovastatin, fluvastatin and simvastatin; hydrophilic statins: pravastatin, 

rosuvastatin  

b Adjusted for: demographic characteristics (age, sex, race, income, region); medications (antiplatelets, 

anticoagulants, beta blockers, other statins); cardiovascular disease (CHF, AMI, IHD, VHD, 

hyperlipidemia, hypertension, prior stroke); diabetes; Alzheimer’s disease and related dementia; count of 

CCW chronic conditions excluding cardiovascular conditions (hypertension, hyperlipidemia, ischemic 

heart disease, congestive heart failure, acute myocardial infarction, valvular heard disease) and diabetes and 

ADRD; SNF stay in month prior to TBI; injury severity (SRRi, length of hospital stay); provider and 

hospital characteristics per 100,000 population (physicians, hospitals, hospitals with trauma services, 

hospitals with neurological services, beds) 
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Analysis assessing statin use per month prior to TBI indicated that any statin use, 

atorvastatin use, rosuvastatin use, and simvastatin use in the month immediately prior to 

TBI was associated with a decreased risk of in-hospital mortality when compared to non-

use (Table 7.4).  

The relationship between statin dose in the two months prior to TBI and in-

hospital mortality was assessed for these three statins. Statin doses were categorized by 

examining the most prominent doses among beneficiaries (Chapter VII Appendices, 

Table A.7.3). This analysis, conducted only among statin users, found no relationship 

between atorvastatin and rosuvastatin dose and mortality. However, higher doses of 

simvastatin were significantly associated with a decrease in in-hospital mortality (Chapter 

VII Appendices, Table A.7.4). 
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Table 7.4: Odds ratios (95% CI) of in-hospital mortality following TBI comparing statin 

users and non-users by individual months prior to TBI 
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The findings indicated that 1-2 months of consecutive use of rosuvastatin (OR 

0.57; 95% CI 0.35, 0.91) and simvastatin (OR 0.84; 95% CI 0.71, 0.98) immediately 

prior to TBI was associated with a significant decrease in in-hospital mortality. 

Additionally, 5-6 months of consecutive use of these statins immediately prior to TBI 

also was associated with a significant reduction of in-hospital mortality. Similarly, 5-6 

months of total use of rosuvastatin and simvastatin prior to TBI was significantly 

associated with a decrease in in-hospital mortality (Table 7.5). 

 Sensitivity analysis restricted to beneficiaries who did not die with 24 hours of 

hospitalization showed similar results as the primary analysis (Chapter VII Appendices, 

Table A.7.5 – A.7.8). 
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Table 7.5: Odds ratios (95% CI) of in-hospital mortality following TBI comparing statin 

users and non-users, by consecutive and total use prior to TBI 
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Discussion 

 

 Results from this national sample of Medicare beneficiaries indicate that statin 

use in the months prior to TBI is associated with reduced in-hospital TBI mortality. 

Specifically, current statin use, defined as statin use in any of two months immediately 

preceding TBI, was linked to decreased in-hospital mortality. The decrease in mortality 

appears to be driven by atorvastatin, rosuvastatin, and simvastatin use, all of which are 

associated with a greater than 10% reduction in mortality. The greatest reduction in 

mortality is associated with current use of rosuvastatin (21%), followed by simvastatin 

(16%) and atorvastatin (12%). Fluvastatin, lovastatin and pravastatin also are associated 

with decreased mortality; however, these relationships were not statistically significant. 

This may be due to insufficient number of beneficiaries taking these statins or channeling 

bias, where different treatments are given for patients with difference prognoses.126 More 

research is required, particularly clinical trials, to investigate the differences in mortality 

among statin users.  

 Atorvastatin, rosuvastatin, and simvastatin use in the month immediately prior to 

TBI was associated with decreased in-hospital mortality. This may because of the lasting 

impact of reduced inflammation associated with statin use. While statins’ impact on 

lipids is apparent four to six weeks following use, there is limited research regarding 

statins’ duration of impact on inflammation.72 No study has examined the length of time 

it takes for statins to impact inflammation following TBI; however, some studies have 

examined secondary endpoints and inflammation associated with other chronic 

conditions.71,127 One clinical trial among atherosclerosis patients found that atorvastatin 
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treatment reduced atherosclerotic plaque inflammation starting at four weeks after 

treatment.127 Another clinical trial found that simvastatin use reduced oxidative stress, 

which is associated with inflammation, four weeks following treatment among heart 

failure patients.71 These studies indicate that, similar to its impact on lipids, statin therapy 

may impact inflammation at least four weeks after initiation. Therefore, the reduced in-

hospital mortality associated with statin therapy may be due to the lasting anti-

inflammatory impact of statins as the reduction of in-hospital mortality is mainly 

witnessed among patients with statin use in the month immediately prior to TBI, rather 

than several months prior to TBI.  

The results also indicated that in addition to being protective against in-hospital 

mortality, atorvastatin and simvastatin are the most commonly used statins. A total of 

21,598 beneficiaries used simvastatin, of which 19,194 were classified as current users, 

and 15,597 beneficiaries used atorvastatin, of which 13,156 were classified as current 

users (Chapter VII Appendices, Table A.7.2).  

 Three previous human studies assessing pre-TBI statin use and in-hospital 

mortality; however, these studies did not distinguish between statins.20,21 Although these 

studies were limited due to small sample size and poor determination of statin use, both 

studies among US TBI patients did indicate the protective effect of statins.20,21 While a 

few animal studies have assessed the impact of specific statins, most studies administered 

statins following simulated TBI.42,44-46,85 The results of these animal studies significantly 

demonstrated that atorvastatin, rosuvastatin, and simvastatin reduced cerebral 

inflammation and improved CBF following TBI.42,44-46,85   
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 In secondary analysis examining the impact of duration of statin use, the greatest 

reduction of in-hospital mortality (43%) was associated among beneficiaries that 

consecutively used rosuvastatin 1-2 months immediately prior to TBI.  Additionally, 

there was a 31% reduction of in-hospital mortality among beneficiaries that consecutively 

used rosuvastatin 5-6 months immediately prior to TBI. The results are similar for 

analysis considering total month use prior to TBI. These results indicate a potential 

duration-effect of statin use on mortality, with beneficiaries using statins consecutively 

and more often witnessing the greatest reduction of in-hospital mortality. No previous 

human study has examined a duration effect of statin use on in-hospital mortality among 

TBI patients. However, a few meta-analyses have examined the impact of statin duration 

on cardiovascular events.128,129 One meta-analysis found that longer duration of statin use 

was associated with greater reduction in IHD, while another found that CVD patients that 

used statins for longer durations had lower risks of atrial fibrillation following cardiac 

surgery.128,129 More research is required examining the impact of statin duration in older 

TBI patients to corroborate the results of this study. 

 Our results also indicate that current use of both lipophilic and hydrophilic statins 

reduce in-hospital mortality following TBI by 13%. A total of 39,812 beneficiaries used 

lipophilic statins and 6,831 used hydrophilic statins. Of the statins studied, atorvastatin 

and simvastatin are the most lipophilic statins, making them most susceptible to cross the 

BBB.130 While it is expected that lipophilic statins may have a greater impact in reducing 

mortality due to their ability to cross the BBB, there are multiple mechanisms that make 

statins neuroprotective following TBI, including lowering brain cholesterol and reducing 

neuronal cell death.130 Rosuvastatin helps lower brain cholesterol and reduce neuronal 
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cell death, which may be why rosuvastatin, a hydrophilic statin, reduced in-hospital 

mortality along with atorvastatin and simvastatin.130 

 There are several limitations to consider when interpreting the results of this 

study. First, this study excluded Medicare Part C beneficiaries. Therefore, the study 

results cannot be generalized to the entire Medicare population. Furthermore, the 

administrative nature of the data made it impossible to capture injury severity, which 

could have been possible with medical chart reviews. However, injury severity was 

ascertained through the ICD-9-CM code-based SRRi. Measures of injury severity based 

on ICD-9 codes, such as the SRRi, have been demonstrated to be valuable in 

administrative claims research.108 Another limitation is that the data only includes 

patients hospitalized with a TBI and excludes patients with less severe TBIs who did not 

experience a hospitalization. While this limitation cannot be overcome within the data, 

sensitivity analysis was conducted by excluding beneficiaries who died within 24 hours 

of hospitalization, as this is indicative of most severe TBI.20,21  

Lastly, the data does not capture medication usage during TBI hospitalization. 

This is a major limitation as other medications given in-hospital that may improve 

survival could not be adjusted in the analysis. Furthermore, it is not known whether 

statins were continued during hospitalization. However, one study examined statin 

discontinuation during TBI hospitalization and found that 39% of pre-TBI statin users did 

not receive statins within 48 hours of hospitalization.39 Of those that discontinued, 58% 

discontinued due to severity of injury.39 It is unclear why non-severe patients 

discontinued statins; however, it may be due to medical oversight.39 Future studies can 
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further investigate statin discontinuation rates while hospitalized and explore potential 

reasons for discontinuation.  

Despite the limitations, the study found that atorvastatin, rosuvastatin, and 

simvastatin use, possibly due to their lasting anti-inflammatory effects, in one or two 

months immediately prior to TBI reduced in-hospital mortality while consecutive use of 

rosuvastatin and simvastatin in the two months immediately prior to TBI had the greatest 

impact in reducing in-hospital mortality. 

 There also are numerous strengths of this study. This is the first large-scale 

observational study assessing pre-TBI statin use and mortality. This is the first study to 

distinguish between individual and lipophilic and hydrophilic statins. Furthermore, this 

study is the first to examine the impact of the duration of statin therapy on in-hospital 

mortality. This study also was able to include a myriad of covariates from CCW and 

AHRF data to reduce bias. The CCW dataset included health-related characteristics such 

as comorbidities and medication use. The AHRF dataset included sociodemographic and 

geographical characteristics including income, and region. This study also was able to 

control for healthcare characteristics including the density of physicians, hospitals, and 

hospital beds in the beneficiaries’ geographic area. Adjusting for these covariates helped 

reduce confounding associated with beneficiary health, sociodemographic, and 

geographical characteristics. Additionally, a strength of this study is the large sample that 

allowed sensitivity analysis to assess the robustness of the results by excluding 

beneficiaries that died within 24 hours of hospitalization. The results from the sensitivity 

analyses supported primary analyses indicating that current use of atorvastatin, 

rosuvastatin, and simvastatin and use in the month immediately prior to TBI significantly 
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reduced in-hospital TBI mortality. Furthermore, sensitivity analysis regarding the impact 

of statin dose on mortality showed similar results.  

 More research is required examining the impact of statin duration in older TBI 

patients to corroborate the results of this study. However, the results of this study make 

an important contribution for clinicians treating older adults with TBI. They indicate that 

with atorvastatin, rosuvastatin, or simvastatin use, there is the potential to reduce the 

death rate among older adults that suffer a TBI. Furthermore, the results also indicate that 

consecutive use of rosuvastatin and simvastatin in the two months immediately prior to 

TBI had the greatest impact in reducing in-hospital mortality.   

The current translational research has serious implications for healthcare 

providers. If appropriate, clinicians could prescribe statin therapy, especially among those 

with hyperlipidemia, to not only treat hyperlipidemia but to potentially reduce the risk of 

mortality in the event of a TBI. Furthermore, among patients with pre-injury statin use, 

healthcare providers can look to continue statin use during hospitalization. Discontinuing 

statins in hospital after injury may have deleterious effects on mortality.39 Statins’ anti-

inflammatory benefits abrogate within 72 hours of statin discontinuation, which may 

increase mortality.131,132 Additionally, several animal studies also have shown that statins 

administered in the hours immediately following TBI significantly reduce 

inflammation.42,44-46,85 The quick reversal of the anti-inflammatory properties of statins 

following discontinuation and animal studies suggesting the immediate benefit of statins 

following injury highlight the need for quality clinical trials investigating the impact of 

statin use in-hospitalization and mortality. However, given available evidence and statins’ 

positive safety profile, clinicians can look to administer statins in-hospital for all older 
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TBI patients. Such preventative measures can potentially reduce the death rate due to TBI 

in older adults. This study provides valuable information to clinicians providing care for 

older adults and its results can be used to help patients and families make informed 

healthcare decisions.  
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CHAPTER VIII: MORTALITY AND SECONDARY INJURY FOLLOWING TBI 

IN OLDER MEDICARE STATIN USERS 

 

 

Abstract 

 

Background: TBI is a major health concern, especially older adults. TBI among older 

adults is associated with an increase in mortality and secondary injury, including stroke, 

depression, and ADRD following TBI. There are no universally accepted 

pharmacological treatment guidelines following TBI. Statins are highlighted as a 

potential therapy for primary and secondary injury associated with TBI.  

Objective: To assess the relationship between post-TBI statin use and: 1) mortality; and 

2) the incidence of secondary injury.  

Methods: Atorvastatin, fluvastatin, lovastatin, pravastatin, rosuvastatin, and simvastatin 

use was assessed following TBI among for Medicare beneficiaries 65 and older 

hospitalized with a TBI during 2006 through 2010. Outcomes of interest included 

mortality, stroke, depression, and ADRD. RR were obtained using discrete time analysis 

and generalized estimating equations.  

Results: Statin use of any kind was associated with decreased mortality following TBI-

hospitalization discharge. Any statin use also was associated with a decrease in any 

stroke (RR, 0.86; 95% CI, 0.81, 0.91), depression (RR, 0.85; 95% CI, 0.79, 0.90), and 

ADRD (RR, 0.77; 95% CI, 0.73, 0.81).  

Discussion: While all statins were associated with a decrease in mortality, only 

atorvastatin and simvastatin use was associated with a decrease in all secondary injury 

outcomes. Both atorvastatin and simvastatin also were the most commonly used statins. 
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These findings provide valuable information for clinicians treating older adults with TBI 

as clinicians can prescribe atorvastatin and simvastatin to all beneficiaries with TBI in 

order to decrease primary and secondary injury. 
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Introduction 

  

TBI impacts millions of adults in the US and accounts for almost one-third of all 

injury-related deaths.120 The rates of TBI-related hospitalizations and deaths is highest 

among adults 65 years of age and older, and TBI mortality rates are estimated at 24.5, 

51.4, and 103.8 per 100,000 for adults aged 65-74, 75-84, and 85 and older, 

respectively.3,120  

 In addition to an increase in mortality for older adults, there also is a chronic 

neuroinflammation following injury. This sustained inflammatory cascade can lead to 

several unfavorable outcomes including stroke, depression, and ADRD.10,12,13,30,60,133 

These events are commonly referred to as secondary injury and can occur in the days, 

months, and years following TBI.9,10,29 Furthermore, natural aging also contributes to 

chronic neuroinflammation; therefore, older adults with TBI are particularly susceptible 

to both chronic neuroinflammation and ensuing secondary injury.10  

There are no universally accepted pharmacological treatment guidelines following 

TBI.33,54,55 Pharmacotherapy guidelines have focused largely on treating the primary or 

acute injury.35 These pharmacotherapies include corticosteroids, analgesics, and sedatives 

and barbiturates, which are used to either reduce intracranial pressure or to treat pain and 

agitation.35,36 Since TBI is typically followed by secondary injury, pharmacological 

treatment also may be geared toward alleviating symptoms of secondary injury.33,34 For 

instance, older adults face an increased risk of depression following TBI; therefore, 

treatment may be focused on alleviating depressive symptoms.33,60,134 
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The OBTT consortium was established to highlight acute and long-term potential 

pharmacotherapies for TBI.122 The consortium has suggested statins, typically used to 

treat CVD, as a potential therapy for primary and secondary injury associated with TBI 

because animal studies have suggested that statins may help to reduce chronic 

neuroinflammation and increase CBF following TBI.122,135 Furthermore, lipophilic statins 

may have greater potential as they are more likely to cross the BBB.71-73 

There are currently only two human studies investigating the impact of statin use 

following TBI on either inflammation or mortality.39,91 One study consisted of 39 TBI 

patients, of which 19 received statins for only ten days following TBI. The results of this 

study indicated that statin use decreased inflammation following TBI.91 Another study 

examined statin discontinuation among 61 TBI patients that used statins prior to TBI and 

found that statin discontinuation was not significantly associated with increased 

mortality.39 It should be noted that multiple animal studies have examined inflammatory 

biomarkers after TBI and have indicated that statin use may decrease inflammation and 

improved CBF following TBI.42,44-46,85   

 No study has investigated the relationship between statin use following TBI and 

mortality or secondary injury. This, the objective of this study is to assess the relationship 

between post-TBI statin use and: 1) mortality; and 2) the development of secondary 

injury, including stroke, depression, and ADRD among older Medicare beneficiaries 
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Methods 

 

Data and sample  

CCW data from CMS was used to investigate the relationship between post-TBI 

statin use and mortality or secondary injury following TBI. These data include all TBIs 

occurring among Medicare beneficiaries from 2006 through 2010. TBI was identified by 

inpatient claims using ICD-9-CM diagnosis codes 800.xx, 801.xx, 803.xx, 804.xx, 

850.xx- 854.1x, 950.1-950.3, and 959.01. More information regarding the identification 

of TBI and the index date/index TBI can be found in Chapter III.  

To be included in the study, beneficiaries were required to be at least 65 years of 

age at the time of TBI, have six months of observation time prior to TBI, and continuous 

coverage of Medicare Parts A, B, and D throughout the study period following TBI. 

Therefore, beneficiaries could have up to 54 months of follow-up. Medicare Parts A, B, 

and D were used to identify inpatient, outpatient, and medication claims, respectively, 

throughout the study period.93 Beneficiaries with Medicare Part C (private insurance) 

were excluded because their inpatient, outpatient, and medication claims were not 

available. 

 

Exposure 

 The exposure of interest was use of statins, including atorvastatin, fluvastatin, 

lovastatin, pravastatin, rosuvastatin, and simvastatin were identified using PDE claims. 

Individual and any statin use was determined per 30-day period (henceforth referred to as 
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month) prior to and following TBI. More information on the exposure of interest can be 

found in Chapter IV.  

Since beneficiaries had six months of coverage prior to TBI, pre-TBI statin use 

was divided into four categories: 1) use in the first or second month immediately prior to 

TBI; 2) use that was three or four months prior to TBI; 3) use that was over four months 

prior to TBI; and 4) no use prior to TBI. Following TBI, beneficiaries were classified as 

users or non-users on a monthly basis, creating a time-varying exposure. 

 In addition to examining any statin and individual statin use, statin use also was 

categorized by lipophilicity and hydrophilicity status. Lipophilic statins included 

atorvastatin, lovastatin, fluvastatin, and simvastatin; hydrophilic statins included 

pravastatin and rosuvastatin. 

     

Outcomes 

 The two outcomes of interest included primary injury (mortality) and secondary 

injury (stroke, depression, or ADRD). Mortality was determined through CCW data and 

assessed following hospital discharge, making the outcome all-cause mortality rather than 

TBI-specific. Different variables were created to assess 30-day, 60-day, 90-day and 

mortality at any time following TBI hospitalization discharge. The 30-day, 60-day, and 

90-day mortality variables were mutually exclusive in order to examine the time period 

for when statin use may have been protective for primary injury. For instance, 

beneficiaries who died within 30 days were excluded when analyzing 60-day or 90-day 

mortality to avoid biasing the results. 
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 Secondary injury comprised stroke, depression, and ADRD. Stroke was 

categorized as any stroke, ischemic stroke, and hemorrhagic stroke. More information on 

the codes used to define stroke can be found in Chapter IV. Depression and ADRD were 

defined through the CCW flags for chronic conditions. CCW data includes the date of 

first diagnosis of depression and ADRD; therefore, beneficiaries with their first diagnosis 

of depression or ADRD following TBI were flagged as having incident depression or 

ADRD, respectively.  

 

Covariates 

 This study incorporated covariates including sociodemographic, health, drug 

utilization, and geographical characteristics. CCW data includes demographic 

characteristics such as age, sex, race, and low income subsidy (LIS) status. The data flags 

beneficiaries that received LIS during a month, making it a time-varying covariate. The 

data also identifies the first occurrence of 27 chronic conditions through inpatient claims 

using ICD-9-CM diagnosis codes. These chronic conditions include CVD such as IHD, 

CHF, and AMI. Other health covariates included LOS, discharge status, and TBI injury 

severity. LOS was a continuous variable and discharge status was dichotomized to either 

being discharged to the beneficiaries’ home or a healthcare facility, including nursing 

home, SNF, or another hospital. TBI injury severity was measured through the ICD-9-

CM based SRRi measure, previously used to determine injury severity in a study of older 

Medicare patients with injury, including TBI.136 More information on the SRRi measure 

can be found in Chapter V.   
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 In addition to pre-TBI statin use, drug utilization covariates include anticoagulant, 

antiplatelet, and beta-blocker use following TBI. These pharmacotherapies were included 

because they may impact primary and secondary injury, or have been indicated as 

potential treatments for TBI.134,137-139 Post-TBI drug variables were made to be time-

varying as their monthly use was assessed following TBI. 

 Geographic covariates were included by linking AHRF data with the CCW data 

by beneficiaries’ county codes. The AHRF data repository includes several thousand 

variables from multiple sources. These variables include demographic variables such as 

income and region, and healthcare provider characteristics such as total number of 

physicians, hospitals, and beds.95,96  

 

Data Analysis 

 Bivariate analysis examining associations between statin use and demographic, 

health, and geographic characteristics were tested using chi-squared test of proportions 

for categorical variables, Student’s t-tests for continuous variables, and the Wilcoxon 

Rank Sum test when comparing medians between statin users and non-users. Trends in 

statin use were examined by any statin use, individual statin use, and use based on statin 

lipophilicity status. 

 Given the longitudinal nature of the data, discrete time analysis was used to assess 

the relationship between statin use and primary and secondary injury. This relationship 

was assessed using generalized estimating equations (GEE) with a binomial distribution 

and complimentary log-log link. This modelling approach is appropriate for survival 

analysis given multiple observations per beneficiary and a time-varying exposure.140 
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 Since it was important to confirm that meaningful exposure occurs prior to the 

outcomes, statin use was lagged one month for secondary injury outcomes to ensure the 

exposure preceded the outcome. This approach also has been used in longitudinal 

Medicare data.19,99 Statin use was not lagged for the mortality models because 

observation time for beneficiaries ends at death; therefore, mortality will always follow 

the exposure. This is not necessarily true for beneficiaries who experience secondary 

injury events because beneficiaries are censored following the month an event is 

experienced. For instance, it is possible that a beneficiary experiences an event in the 

beginning of the month, and continues to receive statins in the same month following the 

event. In this case, the outcome precedes the exposure.  

Separate GEE models were used for each outcome and each beneficiary was 

censored after experiencing the outcome of interest. In order to narrow down the multiple 

geographic AHRF variables and to build parsimonious models, correlations between 

geographic covariates were examined. If a variable was correlated more than 0.80 were 

with another variable, then one of the variables was excluded  from the analysis (Chapter 

VIII Appendices, Table A.8.1).125 All final models included sociodemographic variables 

(age, race, sex, county-level income, LIS status, and region); comorbidities 

(hyperlipidemia, hypertension, CHF, IHD, AMI, ADRD, valvular heart disease, and 

diabetes); count of CCW chronic conditions, excluding the above mentioned 

comorbidities due to their relationship with the exposure and outcomes; history of stroke; 

injury severity (LOS, discharge status, SRRi); healthcare provider characteristics (total 

physicians, hospitals, hospitals with trauma services, hospitals with neurological services, 

and beds per 100,000 people); and pre-TBI statin use. The mortality and stroke models 
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also included anticoagulant, antiplatelet, and beta-blocker use in the month due to their 

relationship with statin use and mortality and stroke.134,137-139 Additionally, the model 

assessing any stroke included history of any stroke in the six months prior to TBI. 

Similarly, the models assessing ischemic and hemorrhagic stroke included history of 

ischemic and hemorrhagic stroke, (respectively), six months prior to TBI. Lastly, the 

depression model also included monthly beta-blocker use.  

  Secondary analyses on secondary injury was conducted after excluding 

beneficiaries with less than 12 months of observation time following TBI. This was done 

to allow beneficiaries greater time to experience or be diagnosed with secondary injury 

events. For instance, beneficiaries may develop depression and ADRD following TBI, 

but may experience death before diagnosis. Sensitivity analyses were conducted by 

including inverse probability of treatment weights (IPTW). IPTW create a pseudo 

population that predicts the probability of a beneficiary to receive treatment based on the 

beneficiary’s treatment and confounder history.141,142 The treatment weights decrease bias 

caused by non-random assignment of treatment.141 IPTWs were constructed by modelling 

any post-TBI statin use following hospitalization discharge as a function of the risk 

factors (baseline and time-varying) for the outcomes of interest. The risk factors included 

the covariates mentioned above for each model. The final sensitivity analysis models 

included their IPTW in addition to their individual covariates IPTW. 

 RR and 95% CI were reported. All analyses were performed using SAS (Cary, 

North Carolina). This study was approved by the University of Maryland Baltimore’s 

Institutional Review Board. 
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Results 

  

A total of 116,170 Medicare beneficiaries 65 and older were hospitalized with a 

TBI from 2006 through 2010. Of these, 115,334 beneficiaries had six months of 

observation time prior to TBI and 110,500 had continuous Medicare Parts A, B, and D 

coverage following TBI. After excluding beneficiaries who had missing prescription drug 

information for the entire follow-up period (due to facility stays) and who died during 

hospitalization, the final study sample comprised 100,515 beneficiaries. Approximately 

50% (50,173) of these beneficiaries used statins either prior to and/or following TBI, 

while 41% (41,651) only used statins at any time following hospitalization discharge.  

The study sample was predominately white (87%) and female (65%) and the 

mean age of the sample was 81 years of age (standard deviation (SD), 8.1). Statin users 

were more likely to have CVD (p < 0.0001). While 93% of statin users had 

hyperlipidemia, the majority (57%) of non-users also had hyperlipidemia (p < 0.0001). 

Statin users also were more likely to have hypertension and diabetes (p < 0.0001). There 

were no significant differences with regards to the ICD-9-CM based injury severity 

measure (SRRi 0.90 for users and non-users, p= 0.72). However, while likely not 

clinically significant, statin users had a mean LOS of 6.4 days while non-users had a 

mean LOS of 6.3 days (p=0.0043) (Table 8.1). 
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Table 8.1: Descriptive characteristics of statin users and non-users among Medicare 

beneficiaries with TBI (n=100,515) 
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Table 8.1 (continued): Descriptive characteristics of statin users and non-users among 

Medicare beneficiaries with TBI (n=100,515) 

 
a Beneficiaries were categorized as non-users if they did not use statins at any time during study period, 

while beneficiaries were categorized as users if they had any statin use at any time during study period  
b P-value from chi-square for categorical variables, Student’s t-test for continuous variables and Wilcoxon 

signed rank sum test to test differences between medians reflects comparison between statin users and non -

users 
c Other races include Native American, other and unknown race 
d Comorbidity burden: count of chronic conditions excluding cardiovascular conditions (hypertension, 

hyperlipidemia, ischemic heart disease, congestive heart failure, acute myocardial infarction, valvular heard 

disease) and diabetes and ADRD 

Abbreviations: TBI, traumatic brain injury; SD, standard deviation; SNF, skilled nursing facility; ADRD, 

Alzheimer’s disease and related dementias  

 

Figures 8.1 and 8.2 display trends in post-TBI statin use by individual statins 

(Figure 8.1) and by statin lipophilicity status (Figure 8.2). Statin use remained stable 

throughout the study period. The most commonly used statin was simvastatin, followed 

by atorvastatin. Fluvastatin was the least used statin (Figure 8.1). Lipophilic statins were 

more commonly used than hydrophilic statins, as the two most used statins (simvastatin 

and atorvastatin) are lipophilic statins (Figure 8.2). 
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Figure 8.1: Statin use per month following TBI among older Medicare 

beneficiaries (n=100,515) 
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Figure 8.2: Statin use per month following TBI among older Medicare beneficiaries, by 

statin lipophilicity (n=100,515) 

 
a Lipophilic statins: atorvastatin, fluvastatin, lovastatin, and simvastatin; hydrophilic statins: pravastatin and 

rosuvastatin 

 

A total of 41,650 beneficiaries died following TBI hospitalization discharge, of 

whom 8,507 died within 30 days, 3,348 died after 30 days but within 60 days, and 2,439 

died after 60 days but within 90 days of hospitalization discharge. With regard to 

secondary injury, 9,420 beneficiaries developed ischemic stroke, 3,841 had hemorrhagic 

stroke, 10,748 had incident depression and 14,907 had incident ADRD. 

The adjusted GEE models showed that post-TBI statin use of any kind was 

associated with lower mortality following TBI-hospitalization discharge. The greatest 

difference is seen in 30-day mortality following TBI, with lovastatin (RR, 0.05; 95% CI, 

0.01, 0.14) and rosuvastatin (RR, 0.10; 95% CI, 0.05, 0.23). Additionally, both lipophilic 

and hydrophilic statins were associated with lower mortality (Table 8.2). 
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Table 8.2: Relative risks (95% CI) of mortality following TBI among Medicare 

beneficiaries, comparing statin use to non-use 
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Adjusted analysis of secondary injury indicated that any statin use was associated 

with a lower risk of any stroke (RR, 0.86; 95% CI, 0.81, 0.91), ischemic stroke (RR, 

0.91; 95% CI, 0.85, 0.96), hemorrhagic stroke (RR, 0.75; 95% CI, 0.67, 0.83), depression 

(RR, 0.85; 95% CI, 0.79, 0.90), and ADRD (RR, 0.77; 95% CI, 0.73, 0.81). With regard 

to individual statins, both atorvastatin and simvastatin use was associated with a lower 

risk of all secondary injury outcomes (Table 8.3).  

Secondary analysis among beneficiaries with at least 12 months of observation 

time following TBI showed similar associations as the primary analysis of secondary 

injury following TBI (Table 8.4). 

Sensitivity analyses incorporating IPTW showed similar results for primary and 

secondary injury, with the exception of the relationship between hydrophilic statin use 

and depression not being statistically significant when incorporating IPTW (Chapter VII 

Appendices, Tables A.8.2 – A.8.4). 
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Table 8.3: Relative risks (95% CI) of secondary injury following TBI among Medicare 

beneficiaries, comparing statin use to non-use 
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Table 8.4: Relative risks (95% CI) of secondary injury following TBI among Medicare 

beneficiaries, comparing statin use to non-use among beneficiaries with at least 12 

months of observation time following TBI (n=74,386) 
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Discussion 

 

This is the first study to investigate the relationship of statin use following TBI 

and mortality post TBI-hospitalization discharge. In this sample of older Medicare 

beneficiaries with TBI, statin use following injury was associated with major decreases in 

30-day, 60-day, and 90-day mortality, as well as a reduction in ischemic and hemorrhagic 

stroke, incident depression, and ADRD. Specifically, atorvastatin and simvastatin were 

associated with significant decreases in all secondary injury outcomes. Furthermore, 

these statins were the most commonly used statins. These results are especially 

encouraging because statin users were more likely to have illnesses prior to TBI, such as 

history of stroke, and can be viewed as having higher risk of mortality and secondary 

injury. However, even with a history of stroke and other CVD, these beneficiaries 

witnessed lower mortality and secondary injury events. 

 One study previously examined the association with statin discontinuation during 

hospitalization and found that statin discontinuation among pre-injury statin users was 

associated with an approximately four-fold higher mortality than patients that continued 

statin use during hospitalization.39 However, this relationship was not significant 

(p=0.055), potentially due to their small sample size (n=61).39  

 This is also the first study to investigate the relationship between statin use 

following TBI and secondary injury, including stroke, depression, and ADRD. The 

results indicate that any statin use was associated with 9% lower risk of ischemic stroke, 

25% lower risk of hemorrhagic stroke, and 14% lower risk of any stroke, controlling for 

pre-TBI comorbidity. Atorvastatin and simvastatin were the only statins associated with 

lower risk of both ischemic and hemorrhagic stroke. One study among older Medicare 
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beneficiaries compared rates of ischemic and hemorrhagic prior to and following TBI and 

found that rate of ischemic stroke following TBI was 1.3 times greater than pre-TBI and 

the rate of hemorrhagic stroke following TBI was 6.5 times greater than pre-TBI.30 The 

greater increase in the rate of hemorrhagic stroke make the findings from this study 

especially encouraging as statin use is associated with significantly lower risk of 

hemorrhagic stroke. 

 All statins except fluvastatin were associated with lower incident depression and 

ADRD following TBI. These statins were all associated at least 15% lower incident 

depression and at least 17% lower incident ADRD. One study examined the rates of 

depression among older Medicare beneficiaries with TBI and found the rates of 

depression almost doubled following TBI.60 Furthermore, moderate and severe TBI also 

has been linked to a 2.3 and 4.5 times increase in the risk of ADRD, respectively, as TBI 

can fasten the natural cognitive decline among older adults.143,144 The increase in the risk 

of depression and ADRD following TBI is partially due to chronic neuroinflammation, 

which is a common physiological consequence of TBI.10,13,32 

 While this is the first study to investigate the relationship between statin use 

following TBI and post-TBI hospitalization discharge mortality and secondary injury, it 

is not without limitations. Primarily, the mortality observed in this study is all-cause 

mortality rather than TBI-specific mortality. The CCW data includes a date of death, 

which indicates if a beneficiary died during the study period, but does not indicate cause 

of death. However, we examined multiple mortality models in which the relationship 

between 30-day, 60-day, and 90-day mortality and statin use was assessed. It is possible 

that 30-day mortality is more likely to be TBI-specific than other mortality models and it 
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is in this model that beneficiaries witnessed the greatest difference in mortality. 

Additionally, it is possible that beneficiaries discontinued statin use during end-of-life 

care and died a few months following discontinuation. This analysis classifies such 

beneficiaries as non-users at the time of death, potentially artificially inflating the impact 

of statin use on mortality. Similarly, statins could have only been prescribed to less 

severe TBI patients with a greater anticipated life expectancy, as compared to more 

severe patients with a decreased life expectancy. This healthy user effect may have biased 

the results as healthy statin users were potentially compared to less healthy non-users.145 

Lastly, potentially life-saving medications given during hospitalization is not availab le in 

the data, and could not be accounted for in the analysis. 

Another limitation is that depression is episodic as beneficiaries may experience 

relapses from remission, therefore they may be misclassified as depressed or non-

depressed.146 To counter this limitation, in the examination of depression as an outcome, 

beneficiaries with a prior CCW diagnosis of depression were excluded. This helped in 

creating a cleaner cohort in which beneficiaries did not have prevalent depression, and 

therefore mitigating possible misclassification. Similarly, in the examination of ADRD as 

an outcome, beneficiaries with prior ADRD were excluded from the analysis. However, it 

was not possible to exclude beneficiaries with undiagnosed depression and ADRD prior 

to TBI.  

There are multiple strengths to this study. The longitudinal study design allowed 

for the assessment of a time-varying exposure, which mimics a “real-world” setting. This 

study also was able to differentiate the impact between statins and by statin lipophilicity. 

Additionally, this study was able to incorporate several covariates by linking CCW and 
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AHRF data. Including sociodemographic, health, drug utilization, and geographical 

covariates helped reduce confounding. Furthermore, sensitivity analysis with IPTW was 

incorporated to reduce selection bias.  

While this study had methodological strengths, the most salient strength of this 

study is that it provides precious information regarding statin use and outcomes following 

TBI. No prior study has investigated the relationship between statin use following TBI 

and mortality and secondary injury. Previous animal studies have examined secondary 

endpoints such as neuroinflammation and other biomarkers and have found that statin use 

following TBI decreases neuroinflammation and improves neurological function 

following injury.42,44-46,84-88 It should be noted that some previous human clinical trials 

have failed after encouraging results from animal studies, potentially due to inadequate 

biomarkers.147 However, this translational retrospective study sets the platform for human 

clinical trial by examining primary endpoints. Unlike previous studies human clinical 

trials examining pharmacologic treatments for TBI following encouraging animal 

research, future clinical trials investigating the impact of statins on TBI patients can 

utilize the information gained from this large observational study. 

 This large-scale study of older Medicare beneficiaries highlights the potential of 

statins to treat primary and secondary injury associated with TBI. The study found that 

atorvastatin and simvastatin are not only the most commonly used statins, but are also the 

only two statins that were associated with a significant risk lowering in all outcomes 

observed. Findings provide valuable information for clinicians treating older adults with 

TBI. As this study finds, the majority of non-statin users had also had hyperlipidemia and 

clinicians can encourage, when appropriate, statin use among TBI patients with and 
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without hyperlipidemia. While this study provides a foundation, more research is needed 

to investigate primary and secondary injury associated with TBI in order to corroborate 

these results.  
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CHAPTER IX: SUMMARY, IMPLICATIONS, & CONCLUSION 

 

Summary 

 

TBI is a major health concern for Americans, especially older adults.1 More than 

half of TBIs in the US are in adults 50 or older, and TBI causes over 80,000 

hospitalizations among adults 65 and older.4,50 TBI is associated with primary injury, the 

initial insult, and secondary injury, including stroke, depression and ADRD.10,12,13 

Currently, care is focused on primary injury (aimed to reduce inflammation, primarily 

with corticosteroids) followed by symptomatic treatment of secondary injury.34,35 

Unfortunately, there is no pharmacotherapy to treat both primary and secondary injury 

associated with TBI.54,55 Statins have been highlighted as a potential multifunctional 

medication for the treatment of primary and secondary injury associated with TBI.8-10  

These investigations of statins as a pharmacotherapeutic option provide valuable 

information to healthcare professionals providing care to TBI patients. This series of 

studies conducted found nearly 40% of study beneficiaries take statins prior to and 

following TBI, namely simvastatin and atorvastatin. The studies also found that statin 

use, particularly rosuvastatin, simvastatin, and atorvastatin use, in the one to two months 

immediately prior to TBI was associated with decreased in-hospital mortality following 

TBI.  Lastly, these studies found that any statin use following TBI-hospitalization 

discharge was associated with decreased all-cause mortality following TBI, and 

simvastatin and atorvastatin use following TBI also were associated with decreased risk 

of stroke, depression, and ADRD.  
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Aim 1: Statin use in older Medicare beneficiaries with TBI 

The results from Aim 1 fill a gap in the literature regarding statin use in older 

adults with TBI. Prior to this study, only four observational studies assessed statin use 

prior to TBI, of which one also examined statin continuation during TBI 

hospitalization.20,21,39,90 Additionally, no study assessed statin use following TBI. 

Furthermore, no study differentiated between statins, nor did they assess duration of 

statin use. Thus, this study provides important information regarding statin use both prior 

to and following TBI as it examined statin duration, individually and as a class, prior to 

and following TBI. Additionally, this study examined statin dose changes prior to and 

following TBI.  

The Aim 1 study found that 35% to 40% of beneficiaries used a statin per month 

prior to or following TBI. Among users, simvastatin and atorvastatin were the most used 

statins, while fluvastatin was the least used statin. More than 76% of beneficiaries had 

hyperlipidemia, of which 38% did not use statins at any time during the study period. The 

study also found that the average statin dose remained stable throughout the study period. 

Among statin users, the average duration of use was 12.4 months and 38% of users had at 

least a one month gap in use. In addition to examining statin use, this study also assessed 

factors associated with overall statin use, pre-TBI statin use, and post-TBI statin use. 

Beneficiaries with CVD, namely hyperlipidemia, were more likely to use statins both pre-

and post-TBI. By characterizing statin use and factors associated with statin use pre-and 

post-TBI, results from Aim 1 provide essential contextual information regarding statin 

use among older Medicare beneficiaries with TBI. 
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Aim 2: In-hospital mortality following TBI in older Medicare statin users 

 Results from Aim 2 provide the first large-scale findings regarding the impact of 

statins, as a class and individually, on in-hospital mortality. This study found that 75% of 

the study sample had hyperlipidemia at TBI hospitalization; however, of these 

beneficiaries, only 53% of beneficiaries used statins prior to TBI. Approximately 90% of 

statin users used statins in either the first or second month immediately prior to TBI and, 

similar to Aim 1 findings, simvastatin was the most commonly used statin, followed by 

atorvastatin. Fluvastatin was the least used statin with only 535 beneficiaries using the 

drug in the six months prior to TBI. While simvastatin and atorvastatin were the most 

commonly used statins, these statins also were associated with the second greatest and 

third greatest reductions, respectively, in in-hospital mortality following TBI. 

Rosuvastatin was associated with the greatest reduction in in-hospital mortality. 

Additionally, when examining total use of statins in the months prior to TBI, five to six 

months of use of rosuvastatin, simvastatin, and atorvastatin were associated with 

significant reductions in in-hospital mortality. 

 The results of this study provide valuable information regarding which statins 

have the greatest impact in reducing in-hospital mortality. These results suggest that 

clinicians can recommend, when appropriate, the use of rosuvastatin, simvastatin, and 

atorvastatin to older adults at high risk for TBI. For instance, since falls are the leading 

cause of TBI among older adults, clinicians can recommend these statins to patients with 

a history or risk of falls.120 
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Aim 3: Mortality and secondary injury following TBI in older Medicare statin users 

Results from Aim 3 build upon Aim 2 and deliver information regarding the 

impact of statin use following TBI on mortality and secondary injury. No previous study 

has investigated long-term statin use following TBI nor its impact on mortality and 

secondary injury in the months and years following TBI. The study found that 41% of 

beneficiaries used statins at any time following TBI and similar to Aims 1 and 2, 

simvastatin and atorvastatin were the most commonly used statins. However, 38% of 

beneficiaries with hyperlipidemia did not use statins at any time during the study period.  

 Results indicated that all statins were significantly associated with a decreased 

mortality, with the greatest reductions witnessed in 30-day mortality. In addition to being 

the most commonly used statins, both simvastatin and atorvastatin were associated with a 

significant reduction in all secondary injury outcomes including stroke (ischemic, 

hemorrhagic, and overall), depression, and ADRD. These results provide crucial 

information regarding the beneficial impact of statins, namely simvastatin and 

atorvastatin, following TBI. Clinicians treating older TBI patients can look to statins as a 

potential pharmacotherapy to help reduce mortality and secondary injury associated with 

TBI. However, as stated in Chapter VIII, these results should be interpreted with caution 

as the mortality investigated is all-cause mortality, rather than TBI-specific mortality. 

Furthermore, while statin use was associated with fewer ADRD and depression events, 

the causality of these associations is unclear due to unknown magnitude of undiagnosed 

ADRD and depression prior to and following TBI. Thus, there are unmeasured 

confounders that may bias the results regarding secondary injury events. 
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 These series of investigations into statin use and its impact on primary and 

secondary injury give insight on the potential of statin use and its beneficial impact. 

These studies show that while almost three-fourths of the study population has 

hyperlipidemia, only approximately 40% of beneficiaries take statins every month. 

However, the beneficiaries that used statins were associated with increased survival and 

decreased stroke, depression, and ADRD.  

 

Strengths and limitations 

Secondary data analysis for a pharmacoepidemiology study has several 

advantages, the most important being the collection of reimbursed prescription data 

without the pitfalls of recall bias. This large dataset allowed for the assessment of statin 

utilization prior to and following TBI and the examination of the relationships between 

statin use and mortality and secondary injury following TBI.  

A major strength of this research is the differentiation of statins. Prior research did 

not differentiate the impact of different statins on mortality.20,21,39,90 This is first research 

to examine statin use, individually and as a class, and its impact on primary and 

secondary injury. Furthermore, this research is first to measure statin dose changes 

among older TBI patients and to examine statin use by lipophilicity status. Additionally, 

the longitudinal nature of the data allowed for the assessment of monthly statin use. 

Another strength of this current research is the inclusion of AHRF data to 

supplement Medicare data. By including AHRF data, it was possible to assess 

geographical socioeconomic, and healthcare facility and profession characteristics in 

relation to primary and secondary injury.  Furthermore, by including multiple covariates 
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and incorporating IPTW, this research was able to decrease confounding and selection 

bias associated with non-random assignment of treatment (statin use).   

While this research highlights the potential of statins in treating TBI, there are 

several limitations to address. First, TBI severity is widely measured through varying 

scales such as the ISS and the AIS, considered the gold-standards in measuring injury 

severity.107 Unfortunately, Medicare administrative data does not provide this 

information. However, several proxy injury severity measures have been developed to 

determine injury severity using ICD-9 codes available in Medicare administrative data108 

These studies utilize the ICISS to measure TBI severity. When comparing the ICISS to 

the AIS and the ISS, the ICISS injury severity measure performed better when predicting 

mortality following injury.107 The ICISS has been used to determine injury severity in a 

study of older Medicare patients with injury, including TBI.136  In addition to using the 

ICISS, LOS following TBI was used a proxy measure of TBI severity as it may be 

indicative of TBI severity.19 

In addition to not including injury severity scales, the data also may be biased as 

only patients who are hospitalized with TBI are included. This may exclude patients with 

less severe TBIs who are not hospitalized. Therefore, the results of this study indicating 

the benefits of statins use to decrease mortality and secondary injury events may only 

apply to TBI patients severe enough to be hospitalized. While this data limitation cannot 

be overcome, sensitivity analyses were conducted by excluding beneficiaries who died 

within 24 hours of TBI-hospitalization, an indication of severe TBI.20,21  

Another limitation of the research is that the data may not accurately capture 

ADRD and depression. First, ADRD and depression may develop several years following 
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TBI and may not be captured in a dataset with limited observation time following injury. 

Second, the data does not capture undiagnosed ADRD and depression. Thus, the 

incidence of ADRD and depression may be underestimated because of limited 

observation time following injury and due to the cases of undiagnosed ADRD and 

depression.  

Lastly, the research findings are generalizable to Medicare fee-for-service 

beneficiaries who are enrolled in Medicare Part D. Due to data limitations, the findings 

are not generalizable to beneficiaries in Medicare Advantage plans. Lastly, medications 

taken during TBI-hospitalizations are not captured in the data. This is because medication 

use during hospitalization is enclosed inpatient coverage (Medicare Part A), rather than 

prescription drug coverage (Medicare Part D).93 Regardless of the limitations, these 

studies address a significant health problem and inform future research and 

pharmacological management of older adults with TBI. 

 

Implications 

 

Clinical 

Findings from this research have significant clinical and societal implications. 

Foremost, this study has striking clinical implications. This research indicates that a 

majority of older adults have hyperlipidemia; however, a substantial amount of such 

beneficiaries do not take statins. Findings from Aims 1, 2, and 3 show that 38%, 47%, 

and 38%, respectively, of beneficiaries that have hyperlipidemia do not take statins either 

prior to or following TBI. There may be several reasons why beneficiaries with 
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hyperlipidemia did not take statins. First, beneficiaries often discontinue statins following 

treatment initiation.148 One study among adults 65 and older found that statin therapy 

declined significantly six months following initiation.148 Therefore, it is possible that 

Medicare beneficiaries in this research discontinued statin therapy prior to their 

observation start time, while still retaining their CCW flag for hyperlipidemia. Second, 

statin use is associated with adverse events including myopathy, which may prevent 

beneficiaries with hyperlipidemia to use statins.77 Lastly, beneficiaries may not receive 

statins due to their poor health and limited life expectancy after suffering a TBI. Statin 

therapy is recommended for older adults with at least one year of life-expectancy.145 

Similarly, physicians may discontinue statins for end-of-life care. Consequently, it is 

possible that beneficiaries with hyperlipidemia may not receive statins due to their 

limited life-expectancy following TBI. Therefore, when appropriate for the patients, 

clinicians can look prescribe statins to all beneficiaries to potentially reduce the risk of in-

hospital mortality in the event of a TBI. Furthermore, clinicians can look to prescribe 

statins to all TBI-patients following TBI to potentially lower secondary injury rates 

following TBI.  

Findings from Aim 2 suggest that pre-TBI statin use is associated with decreased 

in-hospital mortality. Therefore, clinicians can proactively prescribe statins to older 

adults that are at a high risk of TBIs. Most TBIs among older adults are caused by falls.4 

Therefore, clinicians can prescribe statins to older adults with a history of falls. 

Furthermore, statins have a positive safety profile as there are a few adverse events with 

low risks associated with statin use.75-78 Given their protective effect against mortality 

following TBI and favorable safety profile, clinicians can, when appropriate, prescribe 
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statins to all older adults. Additionally, clinicians can administer statins during 

hospitalization to all TBI patients. Several animal studies have shown that statin 

administration in the hours following injury may suppress inflammation.42,44-46,85 

Findings from Aim 3 suggest that statin use following TBI is associated with 

decrease all-cause mortality following hospitalization discharge, while also being 

associated with a reduction in stroke, depression, and ADRD. Therefore, clinicians can 

prescribe statins to older adults immediately following TBI. This may help reduce their 

mortality following discharge. Furthermore, such beneficiaries may be at a lower risk to 

experience secondary injury events.  

The clinical implications of these studies are noteworthy, and healthcare 

professionals can look to implement these findings into their practices.  This research 

helps define pharmacological guidelines for the treatment of TBI and improve health 

outcomes and QOL following TBI. 

 

Research 

These studies have paved the way for future research. While this study has shown 

the effectiveness of statin use in a large, real-world sample of older adults, the next step 

in would be to conduct a RCT or a prospective cohort study examining the relationship of 

statin use and primary and secondary injury. Currently, a single RCT has examined statin 

use.91 This study only examined the impact of rosuvastatin on inflammatory cytokines 

following TBI.91  Future RCTs or prospective cohort studies can assess the impact of all 

statins on primary and secondary injury. Future studies can also investigate the impact of 

different statin doses. 
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Future research can also address the limitations of the current studies. Due to data 

limitations, this study could not examine statin use during hospitalization; therefore, 

future studies can assess the impact of statin use during hospitalization. Additionally, due 

to data limitations, the findings are of this research are only generalizable to Medicare 

fee-for-service beneficiaries and not beneficiaries who are enrolled Medicare Advantage 

plans. Thus, future research can include persons with private health insurance.  

In addition to addressing the limitations of this research, future studies can also 

build upon this research by exploring the impact of statins on veterans and younger 

populations. Furthermore, research can focus on the impact of statins on persons with 

multiple TBIs.  

 

Societal  

Societal implications from this study include improved QOL and the decrease of 

costs associated with TBI. Older adults experience poor QOL following TBI, potentially 

due to emotional and cognitive deficits caused by TBI.149,150 TBI can cause stroke, 

depression, and ADRD, all of which can decrease QOL. 13,30,60,149,151 As the evidence 

suggests, statin use can prevent secondary injury outcomes; therefore, potentially help 

improve QOL following TBI. Furthermore, it may be possible that statin use following 

injury can delay the onset of depression and ADRD, which can also improve QOL 

following TBI. 

In addition to reducing QOL, TBI can cost patients thousands of dollars.152 TBI 

hospitalization among patients 65 and older can cost over $20,000.153 Statin use prior to 

TBI is associated decreased in-hospital mortality. It is also possible that statin use may be 
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associated with other favorable TBI-hospitalization outcomes, such as a decreased LOS. 

Therefore, if given prior to TBI, statin use can potentially reduce hospitalization costs by 

decreasing LOS. 

The findings may help reduce secondary injury events, and thus decrease costs 

associated with secondary injuries. Care for stroke cost more than $18 billion in the US 

during 2008.154 The mean cost per stroke patient in the first year after stroke is over 

$11,000 while lifetime costs can be over $100,000.155 Depression among older adults also 

is associated with increased healthcare costs, especially outpatient costs.156-158 

Furthermore, general health services costs can be up to 50% higher for depressed older 

adults than non-depressed older adults.156,157 Lastly, the economic burden of ADRD also 

is significant.133 Among Medicare beneficiaries, cost of care for ADRD is over $100 

billion, with an average annual healthcare costs of $22,206 per beneficiary 65 and 

older.133 Additionally, ADRD is associated with caregiver costs, with direct and indirect 

caregiver costs being over $10 billion in 2015.133 With treatment of TBI with statins 

following injury, these costs can significantly decrease given the reductions of stroke, 

depression, and ADRD associated with statin use following TBI. 

 

Conclusion 

 

Government and academic institutions have highlighted the need to explore 

pharmacological management of TBI and have suggested researching statins as a 

potential pharmacological agent.55,122 This research follows such recommendations and 

findings show simvastatin, atorvastatin and rosuvastatin use are associated with a 
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decrease in mortality and secondary injury. This research addresses a significant health 

problem and sets a platform for clinical practice and future research on the 

pharmacological management of all populations with a TBI.  

Given that thousands of older adults are hospitalized with TBI every year and that 

TBI is associated with increased mortality, these investigations into statin use have 

salient implications for older adults suffering from TBI.4,22 Almost a quarter of adults 65 

and older die within one year of TBI, while almost half of adults 85 and older die within 

one year of TBI.22 Therefore, the evidence generated can help save lives if patients 

preemptively take statins to decrease in-hospital mortality and continue to take statins 

following TBI to decrease all-cause mortality following hospitalization discharge. 

Furthermore, patients can take statins following TBI to reduce their risks of secondary 

injury including stroke, depression, and ADRD.  

This research sought to assess the impact of statins in older TBI patients and 

found that statin use is protective against primary and secondary injury. Implementation 

of this research into clinical practice can help in accomplishing the research’s long-term 

goal of improving the health outcomes and lives of all populations suffering from a TBI.  
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CHAPTER II APPENDIX  

 
 

Table A.2.1: Animal studies assessing the impact of statins on TBI 
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CHAPTER VI APPENDICES  

 

Table A.6.1: List of CCW chronic conditions excluding CVD conditions and ADRD 
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Table A.6.2: Odds ratios (95% CI) of factors associated with statin users only prior to 

TBI among older Medicare Beneficiaries (n=1,969)  

 
a Other races include Native American, other and unknown race  
b Count of CCW chronic conditions excluding cardiovascular conditions  
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Table A.6.3: Odds ratios (95% CI) of factors associated with statin users only following 

TBI among older Medicare Beneficiaries (n=5,527)  

 
a Other races include Native American, other and unknown race  
b Count of CCW chronic conditions excluding cardiovascular conditions  
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CHAPTER VII APPENDICES 

 

Table A.7.1: Correlation matrix between AHRF variables, Aim 2 
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Table A.7.2: Beneficiaries with monthly statin use prior to TBI (n=112,109) 
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Table A.7.3: Frequency of atorvastatin, rosuvastatin, and simvastatin doses per month, 

two months prior to TBI 

 
a Beneficiaries only had one dose per month. Dose for beneficiaries that changed doses within a month 

were averaged to get a single dose.  
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Table A.7.4: Odds ratios (95% CI) of in-hospital mortality following TBI comparing 

atorvastatin, rosuvastatin, and simvastatin doses two months prior to TBI 

 
 a Adjusted for: demographic characteristics (age, sex, race, income, region); medications (antiplatelets, 

anticoagulants, beta blockers, other statins); cardiovascular disease (CHF, AMI, IHD, VHD, 

hyperlipidemia, hypertension, prior stroke); diabetes; Alzheimer’s disease and related dementia; count of 

CCW chronic conditions excluding cardiovascular conditions (hypertension, hyperlipidemia, ischemic 

heart disease, congestive heart failure, acute myocardial infarction, valvular heard disease) and diabetes and 

ADRD; SNF stay in month prior to TBI; injury severity (SRRi, length of hospital stay); provider and 

hospital characteristics per 100,000 population (physicians, hospitals, hospitals with trauma serv ices, 

hospitals with neurological services, beds) 
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Table A.7.5: Odds ratios (95% CI) of in-hospital mortality following TBI comparing 

statin users and non-users among beneficiaries that died within 24 hours of 

hospitalization (n=110,970) 

 
a Lipophilic statins: Atorvastatin, lovastatin, fluvastatin and simvastatin; hydrophilic statins: pravastatin, 

rosuvastatin  

b Adjusted for: demographic characteristics (age, sex, race, income, region); medications (antiplatelets, 

anticoagulants, beta blockers, other statins); cardiovascular disease (CHF, AMI, IHD, VHD, 

hyperlipidemia, hypertension, prior stroke); diabetes; Alzheimer’s disease and related dementia; count of 

CCW chronic conditions excluding cardiovascular conditions (hypertension, hyperlipidemia, ischemic 

heart disease, congestive heart failure, acute myocardial infarction, valvular heard disease) and diabetes and 

ADRD; SNF stay in month prior to TBI; injury severity (SRRi, length of hospital stay); provider and 

hospital characteristics per 100,000 population (physicians, hospitals, hospitals with trauma services, 

hospitals with neurological services, beds) 
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Table A.7.6: Odds ratios (95% CI) of in-hospital mortality following TBI comparing 

statin users and non-users, by individual months prior to TBI among beneficiaries who 

did not die within 24 hours of hospitalization (n=110,970) 
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Table A.7.7: Odds ratios (95% CI) of in-hospital mortality following TBI comparing 

statin users and non-users, by consecutive and total use prior to TBI among beneficiaries 

that died within 24 hours of hospitalization (n=110,970) 
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Table A.7.8: Odds ratios (95% CI) of in-hospital mortality following TBI comparing 

statin doses among atorvastatin, rosuvastatin, and simvastatin users, among beneficiaries 

that died within 24 hours of hospitalization  

 
a Adjusted for: demographic characteristics (age, sex, race, income, region); medications (antiplatelets, 

anticoagulants, beta blockers, other statins); cardiovascular disease (CHF, AMI, IHD, VHD, 

hyperlipidemia, hypertension, prior stroke); diabetes; Alzheimer’s disease and related dementia; count of 

CCW chronic conditions excluding cardiovascular conditions (hypertension, hyperlipidemia, ischemic 

heart disease, congestive heart failure, acute myocardial infarction, valvular heard disease) and diabetes and 

ADRD; SNF stay in month prior to TBI; injury severity (SRRi, length of hospital stay); provider and 

hospital characteristics per 100,000 population (physicians, hospitals, hospitals with trauma services, 

hospitals with neurological services, beds) 
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CHAPTER VIII APPENDICES 

 
Table A.8.1: Correlation matrix between AHRF variables, Aim 3 
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Table A.8.2: Relative risks (95% CI) of Mortality following TBI among Medicare 

beneficiaries, comparing statin use to non-use, IPTW adjusted 

 
a Adjusted for sociodemographic characteristics (age, race, sex, county-level income, LIS status, region); 

CVD (CHF, AMI, IHD, valvular heart disease, hyperlipidemia, hypertension); diabetes; ADRD; count of 

CCW chronic conditions excluding CVD and ADRD and diabetes; injury severity (LOS, discharge status, 

SRRi); medication use in month (anticoagulant use, antiplatelet use, beta-blocker); healthcare provider 

characteristics per 100,000 population (physicians, hospitals, hospitals with trauma services, hospitals with 

neurological services, beds); pre-TBI statin use; IPTW 
b N/A—estimate is too small and unreliable 
c Lipophilic statins: atorvastatin, fluvastatin, lovastatin, and simvastatin; hydrophilic statins: pravastatin and 

rosuvastatin 
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Table A.8.3: Relative risks (95% CI) of secondary injury following TBI among Medicare 

beneficiaries, comparing statin use to non-use, IPTW adjusted 
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Table A.8.4: Relative risks (95% CI) of secondary injury following TBI among Medicare 

beneficiaries, comparing statin use to non-use among beneficiaries with at least 12 

months of observation time following TBI, IPTW adjusted (n=74,386) 
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