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Abstract

Traumatic brain injury (TBI) is thought to be a risk factor for dementia, including dementia due to 

Alzheimer’s disease (AD). However, the influence of TBI history on the neuropsychological 

course of AD is unknown and, more broadly, the effect of TBI history on age-related cognitive 

change is poorly understood. We examined the relationship between history of TBI with loss of 

consciousness (LOC) history and cognitive change in participants with normal cognition and 

probable AD, stratified by APOE ε4 allele status. The sample included 706 participants (432 with 

normal cognition; 274 probable AD) from the National Alzheimer’s Coordinating Center (NACC) 

dataset that completed the Uniform Data Set evaluation between 2005 and 2014. Normal and 

probable AD participants with a history of TBI were matched to an equal number of 

demographically and clinically similar participants without a TBI history. In this dataset, TBI with 

LOC was defined as brain trauma with brief or extended unconsciousness. For the normal and 

probable AD cohorts, there was an average of 3.2 ± 1.9 and 1.8 ± 1.1 years of follow-up, 

respectively. 30.8% of the normal cohort were APOE ε4 carriers, whereas 70.8% of probable AD 

participants were carriers. Mixed effects regressions showed TBI with LOC history did not affect 

rates of cognitive change in APOE ε4 carriers and non-carriers. Findings from this study suggest 

that TBI with LOC may not alter the course of cognitive function in older adults with and without 

probable AD. Future studies that better characterize TBI (e.g., severity, number of TBIs, history of 

subconconcussive exposure) are needed to clarify the association between TBI and long-term 

neurocognitive outcomes.
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INTRODUCTION

More than 10 million individuals worldwide are affected annually by traumatic brain injury 

(TBI), and the annual incidence of TBI in the United States is over 1.7 million [1, 2]. The 

true prevalence of TBI is likely even greater given that a majority of TBIs are mild in 

severity and may not be recognized or reported [3, 4]. TBI is indeed a major public health 

and socioeconomic concern. In 2010, TBI resulted in $11.5 billion in direct medical costs 

and $64.8 billion in indirect costs to the US health system [5, 6]. In 2009, TBI accounted for 

at least 2.4 million emergency department visits, hospitalizations, or deaths in the US alone 

[5].

TBI ranges in severity from mild to moderate to severe, categories that are differentiated by 

the immediate clinical symptoms following the blow to the head (e.g., loss of consciousness 

[LOC] duration). Post-TBI clinical sequelae are heterogeneous and include a range of acute 

and chronic neurological, psychiatric, and physical symptoms. Moderate to severe TBIs are 

generally associated with unfavorable outcomes, including death, vegetative state, severe 

disability [7], and long-term clinical impairment, with the greatest recovery occurring during 

the first 6- to 18-months post-injury [8]. In contrast, clinical sequelae following a single mild 

TBI are often short-lived, lasting from several days to a few weeks [9], but in some instances 

symptoms can be prolonged to over several months and, in rare cases, longer than one year 

[10, 11].

The chronic and progressive effects of TBI have received increasing investigation, with 

several studies examining TBI as a possible risk factor for dementia from neurodegenerative 

diseases, such as Alzheimer’s disease (AD). TBI (mild to severe) has been reported to 

elevate risk for dementia, but the literature on its association with AD, in particular, is not 

entirely consistent and may be dependent on TBI severity [12, 13]. Moderate to severe TBIs 

are generally believed to confer increased risk for dementia, though the specific risk for 

dementia due to AD remains unclear because a majority of studies rely on clinical 

diagnoses, without biomarker or neuropathological confirmation of etiology. The evidence 

for mild TBI as a risk factor for dementia (due to AD or not) is less conclusive [14–17]. It is 

plausible that the association between TBI and AD risk may be moderated by factors such as 

the Apolipoprotein E (APOE) ε4 allele [18–20] that were not considered in negative studies. 

Moreover, there is an overlap of symptoms between i) combat personnel with a history of 

TBI and co-occurring post-traumatic stress disorder and ii) contact-sport athletes with 

chronic traumatic encephalopathy (CTE) diagnosed at autopsy, which raises the possibility 

of clinical misdiagnosis [21]. In fact, because CTE is often clinically similar to AD and 

believed to be partially caused by recurrent head trauma, it is possible that CTE is 

misdiagnosed as AD in the setting of head trauma [22–24]. A further complication of any 
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study investigating the effects of TBI on AD is the possibility of reverse causation, where 

undiagnosed AD results in TBI [25].

Even though the effect of severe TBI is associated with increased risk of dementia, its 

association with accelerated age-related cognitive decline has received less attention. The 

extant longitudinal studies show TBI, across the severity spectrum, is associated with 

persistent impairments on speeded neuropsychological tasks [8, 26, 27]. One study [28] 

found mild cognitive decline over a 30-year period among people with varying TBI severity, 

with age at injury and gender influencing the effect, suggesting that increases in the 

plasticity capacity of the brain and the presence of estrogen and progesterone may be 

neuroprotective. The relationship between TBI and long-term cognitive trajectories remains 

poorly understood due to study methodological limitations of the literature, including small 

sample sizes, short follow-up periods, biased samples, high attrition rates, limited or no 

reports of exposure to repetitive head impacts, and very brief cognitive test batteries. 

Moreover, to our knowledge, no study has examined whether TBI influences the cognitive 

trajectory of AD.

The purpose of the current study was to examine the effect of previous TBI on the rate of 

cognitive change in healthy older adult controls and participants with probable AD from the 

National Alzheimer’s Coordinating Center (NACC) database [29–31]. We hypothesized that 

the presence of previous TBI with LOC will have a negative effect on the rate of cognitive 

change among older adults with normal cognition or diagnosed with AD dementia. We 

assessed the effect of TBI on specific cognitive domain scores derived by dynamic factor 

analysis. We minimized the possibility of reverse causality by carefully designing a case-

controlled study comparing participants with a history of TBI versus demographically and 

clinically matched participants without a TBI history. All participants were stratified by 

APOE ε4 allele presence/absence status in order to examine whether this genetic factor 

modified the association between TBI and cognitive change. Although NACC has a large 

sample size, follows participants annually over several years, and administers a standardized 

cognitive test battery, TBI in the NACC dataset is only defined as brain trauma with brief 

LOC (<5 min) or with extended LOC (≥5 min). There is no variable in the NACC UDS 2.0 

related to TBI without LOC. Our exclusion criteria did not preclude participants with TBI 

without LOC to be included in the study as controls. Additional data about the severity of 

the TBI (e.g., Glasgow Coma Scale), the type and duration of residual symptoms, the age of 

the subject at time of TBI, or additional exposure to previous TBIs or to repetitive head 

impacts through contact sports or other activities, are not ascertained. Consequently, the 

present study concentrated in investigating retrospective TBI with a history of LOC.

MATERIALS AND METHODS

Study sample

We designed a case-control study using data from the NACC dataset using Uniform Data Set 

version 1.0–2.0 (UDS) visits between September 2005 and September 2014. For the design 

of the case-control study, we followed the STROBE guidelines for observational studies 

[32]. The current sample included 706 participants (432 with normal cognition; 274 

diagnosed with probable AD). The NACC was established by the National Institute on 
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Aging in 1999 to promote collaborative AD research. It is a publicly accessible database of 

standardized clinical data gathered from 34 past and present Alzheimer’s Disease Centers 

(ADCs) across the U.S. The regional ADCs are composed of universities and other 

institutions, and participants come from clinic samples, public recruitment efforts, other 

ongoing studies, and occasionally population-based samples. Beginning in 2005, the 

regional ADCs have contributed participant cognitive, behavioral, and functional data to 

form the NACC-UDS database. The NACC-UDS database has been previously described 

[29–31, 33].

The current study sample was restricted to participants 50 years or older, with English as 

their primary language, available APOE genotype data, no history of alcohol or substance 

abuse, and at least two UDS visits. To minimize the possibility of reverse causality where 

cognitive decline causes a TBI, we only included participants with no reported TBI after 

their first visit. All participants were evaluated according to standardized protocols that 

included a trained clinician interviewing the participant and an informant. Data queried 

included the UDS test battery, demographic variables, Clinical Dementia Rating – Sum of 

Boxes (CDR-SB) score, APOE genotype, and diagnosis. At the time of data collection for 

this study, AD was diagnosed via the National Institute of Neurological and Communicative 

Disorders and Stroke and the Alzheimer’s Disease and Related Disorders Association 

criteria [34]. MCI diagnosis was based on criteria defined by Petersen [35].

Standard protocol approvals registrations and patients’ consent

The Institutional Review Boards at the individual ADCs approved this study in accord with 

the Helsinki Declaration of 1975. Informed consent was obtained from all participants and 

informants at the individual ADCs.

Traumatic brain injury history

There are two variables in NACC UDS 1.0–2.0 that are related to TBI: a) brain trauma with 

brief LOC (<5 min) and b) brain trauma with extended LOC (≥5 min). These variables were 

combined into a single dichotomous TBI exposure variable (history of TBI with LOC versus 

no history of TBI with LOC). We excluded participants with unknown history or recent/

active history of TBI to minimize effects of reverse causality. We identified two matched 

cohorts: a) a “normal” cohort included 432 participants with normal cognition at all visits; 

and b) an “AD cohort” included 274 participants diagnosed with probable AD diagnosis at 

all visits. In the NACC dataset, 216 participants with normal cognition and a history of TBI 

with LOC were randomly matched to an equal number of TBI-absent NACC participants 

with normal cognition who satisfied all the inclusion criteria by age, sex, and education. 

When participants in the “normal cohort” converted to MCI or dementia, their observations 

after conversion were not considered in analyzing their cognitive trajectory, in order to 

estimate the effect of TBI with LOC during a period with no objective evidence of cognitive 

decline (i.e., preclinical). Similarly for the “AD cohort”, 137 participants who had a history 

of TBI with LOC were randomly matched to an equal number of TBI-absent NACC 

participants with probable AD by age, sex, education, number of UDS visits, and dementia 

severity at baseline (measured by CDR-SB). All participants had no other neurological 

conditions.
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Measures

The main outcomes were demographically-corrected normative standardized scores of 

neuropsychological tests that form the UDS battery (see Weintraub et al. [33] for a full 

description of the battery). All neuropsychological tests are widely used in clinical and 

research settings and have established psychometric data. The neuropsychological tests used 

and their respective theoretical cognitive domains that they operationalize included: 1) 

episodic memory (Wechsler Memory Scale [WMS] Logical Memory subtest: Immediate and 

Delayed recall); 2) attention and psychomotor speed (WMS Digit Span Forward and 

Backward: total correct and longest span; Trail Making Test part A [time]; Wechsler Adult 

Intelligence Scale-Revised [WAIS-R] Digit Symbol subtest); 3) executive function (Trail 

Making Test part B [time]); and 4) language (Animal and Vegetable fluency; Boston Naming 

Test). Lastly, the Mini-Mental State Examination (MMSE) as a measure of general cognitive 

function (score out of 30), and the CDR-SB as a measure of dementia severity were 

examined separately in the AD cohort.

Statistical analysis

Aggregate cognitive domain scores were first estimated using dynamic factor analysis given 

a fixed structure shown in Fig. 1 that follows the structure described in Morris et al. [31]. 

Dynamic Factor analysis is a statistical technique that attempts to explain co-movement 

among trajectories of observed test scores by introducing latent common trends that are 

presumed to drive the change of the test scores. Conditional on the unobserved variables and 

their past history, the observed scores are assumed to be uncorrelated. Similar to simple 

factor analysis, factor loadings show the relationship between test scores and their common 

trends. Similar to simple factor analysis, we assume that the estimated factors follow a 

standard normal distribution. Consequently, all factors are standardized and effects are 

directly comparable across domains. To estimate the parameters in the dynamic factor 

model, we used maximum likelihood estimated with a 2-step modified Expectation/

Conditional Maximization Either (ECME) algorithm [36] implemented in Ox Programming 

Language [37].

For analyses of baseline characteristics, the Chi-Square test was used to compare 

proportions for binary and categorical variables. Continuous variables are presented in the 

results in Table 1 as mean ± SD and compared using T-tests. The domain scores calculated 

from dynamic factor analysis were used as outcomes in mixed effects regression models. 

These models included the following as covariates: age at first visit, sex, education, the 

presence of any APOE ε4 allele, the presence of diagnostic history of depression in the last 

2 years and conversion status at the last NACC visit (for the normal cohort) as main effects. 

Moreover, a two-way interaction with time in the study was created of each of the following 

covariates: age at first visit, sex, education, conversion status at the last NACC visit (for the 

normal cohort). This was performed in order to adjust for the effect of these covariates on 

the rate of cognitive decline. Rates of change by exposure and by the presence of any APOE 
ε4 allele were estimated by including a three-way interaction term of time in the study, TBI 

with LOC exposure, and APOE ε4 allele presence/absence status. Missing data were 

handled through the mixed effect model framework, which has been shown superior to other 

method due to the use of maximum likelihood estimation procedures [38]. Mixed effects 
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regression models were performed using SAS (version 9.3). The dynamic factor model 

results in higher power for a given sample size compared to non-dynamic factor models and 

to individual observed scores [36]. In order to assess statistical power, we followed a 

bootstrapping scheme using already collected NACC data. For a given effect size, error 

level, and sample size, we simulate 1000 subsamples with replacement. We then run mixed 

effect regressions and calculate the percentage of statistically significant effects among all 

subsamples. For a sample size of 274 with similar distribution of length of follow-up visits 

to the current study, we calculated through simulations that we have 80% power to detect 

small differences in the rate of change in all domains. For episodic memory, we can detect 

differences in the rates of changes of observed scores for this domain (i.e., Logical Memory: 

Immediate and Delayed recall) as small as 0.08 SDs, with age, sex, and education 

adjustments. Similarly, for attention and psychomotor speed, language, and executive 

function, we can detect differences in the adjusted observed scores for each domain as small 

as 0.05, 0.06, and 0.03 SDs respectively.

RESULTS

For the normal cohort (N = 432), the average age was 72.2 ± 8.5 years with 3.2 ± 1.9 (range: 

0.8–7.4) years of follow-up with normal cognition. The majority were not APOE ε4 allele 

carriers (72.9%) and did not convert to MCI or dementia (86.3%). For the AD cohort (N = 

274), the average age was 74.9 ± 7.8 years with 1.8 ± 1.1 (range: 0.7–7.5) years of follow-up 

with probable AD. The majority were men (61.3%) and were APOE ε4 allele carriers 

(70.8%). On average, participants in the AD cohort had mild dementia with a mean CDR-SB 

of 4.9 ± 1.9. Table 1 shows comparisons of the main demographic variables by exposure 

category (TBI versus no TBI). There were no significant differences between the exposure 

groups within cohorts for all demographic variables.

Table 2 shows all factor loading estimates for both the normal and AD cohorts. All factor 

loadings were statistically significant. The model had excellent fit with = 0.996 for both the 

normal and AD cohorts. Table 3 shows the rates of change and their differences between 

exposure groups (TBI with LOC present versus absent) stratified by APOE ε4 allele 

presence/absence group for the main cognitive factors as well as for the MMSE and CDR-

SB. Figures 2 and 3 show spaghetti plots of individual linear trajectories and average 

unadjusted rates of change by TBI exposure history and APOE ε4 allele presence/absence 

group from a simple linear regression model. Additional results are provided in 

Supplementary Tables 1–3, showing rates of change and their differences for each individual 

neuropsychological score used as an input variable in the dynamic factor analysis

Normal cognition group

For both APOE ε4 carriers and non-carriers, there was significant improvement in the 

change of episodic memory over time with or without history of TBI with LOC. 

Furthermore, among APOE ε4 non-carriers, those with a TBI history exhibited a faster 
improvement in episodic memory over time compared to those without TBI history. For the 

language domain, all groups exhibited improvement over time, but a statistically significant 

slope was only present for APOE ε4 non-carriers without TBI history. No group showed a 
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significant improvement over time in attention or executive function, or for the MMSE and 

CDR-SB. Sex did not significantly affect the rate of change in any cognitive domain. 

Education had a significant effect in executive function (p = 0.0286), with more years of 

schooling resulting in slower improvement. Age at baseline was negatively associated with 

the rate of change for memory (p = 0.0001), executive function (p = 0.0001), and language 

(p = 0.0078), with older participants improving at a slower rate. There were no significant 

differences at baseline by TBI group or APOE ε4 allele presence/absence status. There were 

no significant differences in the effects of sex, education, APOE ε4 allele presence/absence 

status, and age by TBI group.

AD cohort

There were no significant differences in the rate of decline in any domain between those 

with and those without TBI history, irrespective of the presence of APOE ε4 allele. 

Attention and language significantly declined for both APOE ε4 carriers and non-carriers 

irrespective of exposure to TBI with LOC. Both APOE ε4 groups declined over time in 

executive function, but it was only statistically significant for APOE ε4 carriers with TBI 

history. Although both APOE ε4 groups with and without TBI history showed decline in 

episodic memory performance, it was not statistically significant. Rates of change between 

APOE ε4 carrier groups were compared, but no difference in slope were statistically 

significant, for subjects with and without TBI history across all domains. Sex and education 

did not significantly affect the rate of decline in any cognitive domain. When stratified by 

TBI group, education was significant in language, only among those with TBI history (p = 

0.0062), with more years of schooling resulting in faster decline. No other significant 

differences in the effects of sex and education by exposure group were found. Age at 

baseline was significant for attention (p = 0.0013), executive function (p = 0.0047) and 

language (p = 0.0003) with younger participants declining faster. There were no significant 

differences at baseline by TBI group or by the presence of APOE ε4 allele for all domains 

except for attention, where those with no TBI with LOC history had significantly higher 

scores at baseline (difference = 0.17 std. units, p = 0.0424). Moreover, when stratified by 

TBI group, the effect of age at baseline on the rate of change for attention was significant 

only among those with no TBI history (p = 0.0184), but not among those with history of TBI 

with LOC (p = 0.5174). The effects of age at baseline on the changes of memory, executive 

function and language were similar in the two exposure groups.

MMSE scores declined over time for APOE ε4 carriers with TBI history (change = −4.2 

points per years, p = 0.0044) and without TBI history (change = −4.1 points per years, p = 

0.0064). Similarly, there was significant decline in the MMSE scores for non-carriers with 

TBI history (change = −4.1 points per years, p = 0.0086) and without TBI history (change = 

−4.5 points per years, p = 0.0033). For CDR-SB, there was no significant decline over time 

in any APOE ε4 allele presence/absence group for subjects with and without TBI history.

DISCUSSION

Although much research has examined TBI as a possible risk factor for AD [12], little is 

known regarding how TBI influences the rate of age-related cognitive change. We conducted 
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a retrospective matched case-control study using participants with normal cognition and 

probable AD from the large, longitudinal, NACC database to examine the relationship 

between TBI with LOC history and the rate of cognitive change. Our findings show that 

history of TBI with LOC did not affect the rate of cognitive change over time for 

participants with normal cognition or probable AD. Despite the large NACC sample, our 

findings should still be interpreted cautiously due to the crude and limited assessment of TBI 

history available through the NACC database. The operationalization of TBI in this study 

was assessed via self-report, which can be accompanied by subjective recall bias, or 

confounded by poor memory recall, particularly in this sample. More importantly, details 

regarding TBI exposure of this sample are unknown, including when the injury occurred, 

severity, or whether participants had a single TBI or repeated TBIs with LOC. Current 

evidence shows that there may be a dose-response relationship between TBI and risk of 

neurodegenerative disease [39]. Repetitive mild TBI is common among athletes participating 

in amateur contact sports such as American football [40], as well as in military veterans 

[41]. Moreover, a history of participating in contact sports, even without a reported TBI 

history, may be a risk factor for long-term neurological consequences [42]. NACC does not 

collect information on participants’ athletic or military history

The current results are inconsistent with some longitudinal structural and functional imaging 

studies in participants with a history of TBI (with or without LOC). Specifically, multiple 

studies have found an association between TBI and acute structural and functional brain 

alterations, which persist and possibly progress over time [43–50]. TBI history has been 

theorized to decrease an individuals’ ability to cope with age- and/or AD-related pathology 

and to accelerate cognitive decline [51]. Indeed, this hypothesis is supported by research that 

links TBI with increased AD-related pathology such as amyloid-β[50, 52–54], even though 

it has not been confirmed in the NACC dataset previously [55]. TBI may indeed increase the 

risk for probable AD [17, 45–47], even if, TBI with LOC may not affect its course after 

onset.

The presence of the APOE ε4 allele has been shown to increase the risk of AD [48, 49], but 

it may not have an effect on disease course after dementia diagnosis [56]. In our study, 

among APOE ε4 negative normal controls, those with a history of TBI with LOC showed a 

significant improvement in the memory domain over time compared to those with no history 

of TBI. It is possible that those without an ε4 allele may have a better ability to return to 

their corresponding baseline after injury, which may be reflected in this finding. No other 

significant differences were found in any domain between those with a history and no 

history of TBI stratified by the presence of APOE ε4 allele. Although a meta-analysis of 14 

observational studies, Zhou et al. [34] show that the presence of APOE ε4 increased the risk 

of unfavorable outcome at 6-months after injury, our results suggest that the long-term 

effects of APOE ε4 on cognitive change may be minimal.

Although the study was adequately powered to detect clinically significant differences, there 

are methodological limitations, which may have contributed to the observed null findings. 

Although participants had a remote history of TBI with LOC, the time since TBI was 

unknown. The role of time-since-TBI on cognitive decline has not been investigated in the 

literature and should be the target of future work, as it is possible that individuals who 
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sustain a TBI at a younger age may be more resilient to the long-term effects of TBI. 

Furthermore, we did not test the effect on the rate of cognitive change immediately after 

diagnosis since our AD matched sample included incident (participants who were 

cognitively normal when they entered the NACC study and converted to AD dementia) and 

prevalent cases (participants who entered the NACC study while already being diagnosed 

with AD dementia). If cognitive changes are non-linear after diagnosis, then some 

participants may already have experienced the majority of cognitive decline before 

enrollment in NACC. Additionally, despite our case-control matched design, exposure to 

TBI remains non-randomized, which may limit the generalizability of the results. Lastly, a 

major limitation in the study is the lack of neuropathological confirmation of AD diagnosis; 

only a subset of participants from NACC agree to brain donation to form the 

Neuropathology Data Set and inclusion of this subset would significantly reduce the sample 

size. Similarly, inclusion of in vivo biomarkers of AD (e.g., hippocampal atrophy, PET 

amyloid imaging) would have provided key insight into the present findings, however, only a 

subset of NACC ADCs have contributed imaging data and thus inclusion of any imaging 

variables would also significantly reduce the sample size of the study and limit statistical 

power. Despite these limitations, our results are consistent with recently published clinical 

and neuropathological studies [24] that indicate that TBI with LOC is not associated with 

AD dementia.

In this study, we investigated the effect of exposure to TBI with LOC on the rates of 

cognitive change among normal controls and participants diagnosed with probable AD. 

Although we expected the rates of cognitive change to differ significantly between those 

with a history of TBI compared to those with no history of TBI, we found no significant 

difference between the groups, even when we stratified by the presence of APOE ε4. Future 

studies should collect information on the number of past TBIs (including mild TBIs, as well 

as exposure to subconcussive trauma through contact sports and other activities) along with 

time since TBI, which may play a significant role in cognitive change.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Structure of the dynamic factor analysis model. Arrows show how observed 

neuropsychological scores load into specific domains and dotted lines show imposed 

correlation between scores or domains.
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Fig. 2. 
Fig. 2A. Spaghetti plots of individual linear trajectories and unadjusted mean trajectory lines 

(SD per year) of standardized factor scores (Memory and Executive Function) from simple 

linear regressions for the “Normal cohort” by TBI exposure and APOE ε4 groups.

Fig. 2B. Spaghetti plots of individual linear trajectories and unadjusted mean trajectory lines 

(SD per year) of standardized factor scores (Attention and Language) from simple linear 

regressions for the “Normal cohort” by TBI exposure and APOE ε4 groups.
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Fig. 3. 
Fig. 3A. Spaghetti plots of individual linear trajectories and unadjusted mean trajectory lines 

(SD per year) of standardized factor scores (Memory and Executive Function) from simple 

linear regressions for the “AD cohort” by TBI exposure and APOE ε4 groups.

Fig. 3B. Spaghetti plots of individual linear trajectories and unadjusted mean trajectory lines 

(SD per year) of standardized factor scores (Attention and Language) from simple linear 

regressions for the “AD cohort” by TBI exposure and APOE ε4 groups.
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Table 1

Group comparisons

Variable History of TBI with LOC No history of TBI with LOC test statistic p-value

Normal cohort (N = 432) n = 216 n = 216

 Age at baseline-mean (st.dev.) 72.2 (8.6) 72.3 (8.4) 0.14 0.8875

 Education Years-mean (st.dev.) 16.3 (2.5) 16.3 (2.4) −0.08 0.9372

 Sex (n (%) women) 115 (53.2%) 115 (53.2%) 0.00 1.000

 Years of follow-up-mean (st.dev.) 3.1 (1.9) 3.2 (2.0) 0.39 0.6982

 APOE ε4 + n (%) 64 (33.3%) 53 (28.3%) 1.1 0.2930

 Conversion to MCI or Dementia n (%) 27 (12.5%) 32 (14.8%) 0.49 0.4836

 Thyroid disease n (%) 38 (17.7%) 39 (18.1%) 0.02 0.8999

 Diabetes n (%) 19 (8.8%) 20 (9.3%) 0.02 0.8666

 Stroke n (%) 5 (2.3%) 2 (0.9%) 1.32 0.2504

 Transient ischemic attack n (%) 12 (5.7%) 11 (5.1%) 0.07 0.7855

 Congestive heart failure n (%) 4 (1.9%) 6 (2.8%) 0.41 0.5222

 Hypertension n (%) 102 (47.4%) 112 (51.9%) 0.84 0.3599

AD cohort (N = 274) n = 137 n = 137

 Age at baseline-mean (st.dev.) 74.8 (7.9) 75.0 (7.7) 0.20 0.8403

 Education Years-mean (st.dev.) 15.3 (2.8) 15.4 (2.8) 0.16 0.8735

 Sex (n (%) women) 53 (38.7%) 53 (38.7%) 0.00 1.00

 Years of follow-up-mean (st.dev.) 1.8 (1.1) 1.8 (1.0) 0.00 0.9973

 APOE ε4 + n (%) 96 (70.1%) 98 (71.5%) 0.07 0.7904

 CDR-SB at baseline-mean (st.dev.) 4.9 (1.9) 4.8 (1.9) −0.02 0.9837

 Thyroid disease n (%) 26 (19.0%) 23 (17.0%) 0.17 0.6771

 Diabetes n (%) 16 (11.7%) 16 (11.6%) 0.00 0.9824

 Stroke n (%) 4 (2.9%) 7 (5.2%) 0.85 0.3558

 Transient ischemic attack n (%) 5 (3.7%) 8 (5.9%) 0.75 0.3863

 Congestive heart failure n (%) 4 (2.9) 1 (0.7%) 1.79 0.1810

 Hypertension n (%) 66 (48.5%) 77 (57.5%) 2.16 0.1414
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Table 2

Factor loadings estimates (p-value)

Normal cohort AD cohort

Memory

 Logical Memory: Immediate 1 (constrained) 1 (constrained)

 Logical Memory: Delayed 0.52 (<0.0001) 0.45 (<0.0001)

Attention

 Digits Span Forward: Number Correct 1 (constrained) 1 (constrained)

 Digits Span Forward: Series Length 0.20 (<0.0001) 0.17 (<0.0001)

 Digits Span Backward: Number Correct 0.13 (<0.0001) 0.18 (<0.0001)

 Digits Span Backward: Series Length 0.15 (<0.0001) 0.18 (<0.0001)

 Trailmaking A Time 0.04 (<0.0001) 0.09 (<0.0001)

 Digit Symbol 0.05 (<0.0001) 0.10 (<0.0001)

Executive Function

 Trailmaking B Time 1 (constrained) 1 (constrained)

Language

 Semantic Fluency: Animals 1 (constrained) 1 (constrained)

 Semantic Fluency: Vegetables 0.21 (<0.0001) 0.31 (<0.0001)

 Boston Naming Test 0.19 (<0.0001) 0.29 (<0.0001)
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