Supplemental Materials: Behavioral Impairments and Increased Risk of Cortical Atrophy Among World Trade Center Responders

Fit statistics from the CFA model estimated using robust maximum likelihood indicated significant model-data discrepancy 2 (P < 0.05); CFI = 0.869 only approached adequate fit, and RMSEA = 0.086 indicated relatively poor fit to the data. When estimated using diagonally weighted least squares, which better accounts for skewed item scores, 2 (P < 0.05) indicated significant discrepancy between the observed and model-implied matrices, but RMSEA < 0.05 and CFI > 0.90 indicated good fit to the data. Regardless of the model estimator, all factor loadings were greater than 0.30 (p-values < 0.001), and factor correlations were positive and high (range of r = 0.73 to 0.95, p-values < 0.001), a finding that provides little evidence for discriminant validity among subscale clusters but consistent with evidence for general factor saturation. Therefore, the data was randomly split into two equally sized samples (n1 & n2 = 366) and an exploratory factor analysis (EFA) was conducted using different factor extraction methods to determine the optimal number of factors to retain, focusing on 1 through 5 factor solutions. Specifically, we considered traditional and revised parallel analysis, the Hull method, the empirical kaiser criterion (EKC), and sequential model tests (SMTs). In the supplemental material, Appendix Table S1 reports the number of factors retained across different factor extraction techniques. Across both split samples, there was considerable variation in the recommended number of factors to retain across different methods of factor extraction, but the averages were 4.13 and 4.30. Moreover, for the five-factor solution, all standardized loadings on the fifth factor were less than 0.30 across both split samples. Therefore, four factors were retained, all with eigenvalues exceeding 0.75. 
Appendix Table S2 reports standardized factor loadings from the preferred exploratory factor analysis (EFA) model. Most items from the SB-MBI-SR loaded onto the first (generalized) factor, whereas the second, third, and fourth factors were characterized by high loadings from items related to disinhibition, erratic behaviors, and sensory dysfunction related to psychosis. For subsequent analyses, we examined associations between cortical atrophy risk and behavioral impairments using the SB-MBI-SR total and subscale scores based on the traditional coding scheme to facilitate comparison of findings with past studies (see supplemental materials; Appendix Tables S3-4), while focusing on the 4 dimensions that were empirically derived from factor analysis, which might be unique to WTC responders but better accounts for the general factor saturation observed in the present study. 
We also quantified the odds ratios for reporting deficits in each behavioral cluster for responders at high risk of cortical atrophy, based on the established coding scheme for the MBI-C. Appendix Table S4 reports multivariable-adjusted associations (i.e., odds ratios) between high atrophy risk and behavioral impairments. Across the motivation cluster, the high atrophy risk group exhibited a loss of curiosity (P=0.007), loss of interest (P=0.080), loss of spontaneity (P=0.004), and loss of motivation (P=0.007). These data together indicated an increased odds of developing motivational deficits for responders with high cortical atrophy risk (overall, P=0.007). Correspondingly, the high atrophy risk group also demonstrated a variety of impairments in the mood behavioral cluster (overall, P<0.001). the disinhibition cluster (overall, P=0.001), the empathy cluster (overall, P=0.035) and the psychosis cluster (overall, P=0.004). Thus, bivariate analyses were consistent with diffuse or generalized impairments across behavioral clusters, with particularly pronounced associations found for two sensory-related symptoms of psychosis, specifically “hear voices” and “see things that are not there”.  Finally, Appendix Tables S5-S7 reports differences in exploratory latent factor scores across high and low atrophy risk groups stratified by exposure severity and PTSD status (Appendix Table S5), stratified by occupational and service-related factors of the WTC recovery efforts (Appendix Table S6), and stratified by medication use (Appendix Table S7). Appendix Table S8 described the demographics of the  WTC responder population who survived to 2019 (N=6,969).


	Appendix Table S1. Number of Factors Retained Across Different Methods of Factor Extraction 

	Method of Extraction
	Type of Correlation
	Type of Eigenvalue
	Decision
Rule
	Number of Factors Retained (Sample 1)
	Number of Factors Retained (Sample 2)

	Parallel Analysis
	Spearman
	PCA
	Mean
	2
	2

	Parallel Analysis
	Spearman
	EFA
	Mean
	3
	3

	Parallel Analysis
	Pearson
	PCA
	Mean
	2
	2

	Parallel Analysis
	Pearson
	EFA
	Mean
	4
	4

	Parallel Analysis
	Spearman
	PCA
	95th Percentile
	2
	2

	Parallel Analysis
	Spearman
	EFA
	95th Percentile
	3
	3

	Parallel Analysis
	Pearson
	PCA
	95th Percentile
	2
	2

	Parallel Analysis
	Pearson
	EFA
	95th Percentile
	4
	4

	Parallel Analysis
	Spearman
	PCA
	Crawford
	2
	2

	Parallel Analysis
	Spearman
	EFA
	Crawford
	3
	3

	Parallel Analysis
	Pearson
	PCA
	Crawford
	2
	2

	Parallel Analysis
	Pearson
	EFA
	Crawford
	4
	4

	Method of Extraction
	
Estimation Method
	Goodness 
of Fit
	Number of Factors Retained (Sample 1)
	Number of Factors Retained (Sample 2)

	Hull Method
	ML
	CFI
	1
	1

	Hull Method
	ML
	RMSEA
	1
	1

	Hull Method
	ULS
	CAF
	3
	3

	Hull Method
	ULS
	CFI
	2
	2

	Hull Method
	ULS
	RMSEA
	2
	2

	Hull Method
	PAF
	CAF
	3
	2

	EKC
	ML
	Eigenvalue
	2
	2

	SMT
	ML
	2
	18
	21

	SMT
	ML
	RMSEA
	10
	11

	SMT
	ML
	AIC
	17
	18

	Hull Method
	ML
	
	3 Average = 4.13
	Average = 4.30

	Notes. PCA = principal components analysis. EFA = exploratory factor analysis. EKC = Empirical Keiser Criterion. SMT = sequential model tests. ML = maximum likelihood. ULS = unweighted least squares. PAF = principal axis factoring. CFI = comparative fit index. RMSEA = root mean squared error of approximation. CAF = common part accounted for.  2 = model chi-square. AIC = Akaike information criteria. 





Appendix Table S2. Factor loadings from exploratory factor analysis examining dimensions of behavioral dysfunction
	SB-MBI-SR Items
	General Factor
	Disinhibition
	Erratic Behavior
	Sensory
	Uniqueness

	Loss of interest
	0.81
	0.22
	0.24
	0.15
	0.21

	Loss of curiosity
	0.79
	0.23
	0.28
	0.17
	0.22

	Loss of spontaneity
	0.79
	0.22
	0.35
	0.12
	0.19

	Loss of motivation
	0.79
	0.30
	0.23
	0.14
	0.21

	Less affectionate
	0.80
	0.21
	0.33
	0.09
	0.21

	Less caring
	0.67
	0.38
	0.11
	0.28
	0.32

	More tearful
	0.56
	0.19
	0.42
	0.21
	0.44

	Less pleasure
	0.79
	0.21
	0.33
	0.14
	0.19

	More discouraged
	0.71
	0.34
	0.19
	0.21
	0.29

	More of a burden
	0.63
	0.38
	0.17
	0.27
	0.36

	More anxious
	0.65
	0.17
	0.46
	0.22
	0.29

	More tense
	0.68
	0.09
	0.51
	0.25
	0.21

	More agitated
	0.51
	0.22
	0.68
	0.15
	0.21

	More argumentative
	0.49
	0.31
	0.65
	0.13
	0.22

	Loss of impulse control
	0.50
	0.43
	0.50
	0.19
	0.28

	Disinhibition
	0.29
	0.59
	0.32
	0.26
	0.40

	More frustrated
	0.51
	0.22
	0.71
	0.13
	0.17

	More trouble coping
	0.48
	0.28
	0.61
	0.16
	0.29

	More erratic
	0.33
	0.49
	0.53
	0.17
	0.34

	More stubborn
	0.41
	0.43
	0.61
	0.11
	0.27

	Overeating
	0.42
	0.41
	0.37
	0.20
	0.48

	Choking while eating
	0.24
	0.41
	0.26
	0.32
	0.60

	Hoarding behaviors
	0.46
	0.47
	0.20
	0.29
	0.44

	Loss of interest in food
	0.38
	0.54
	0.22
	0.34
	0.39

	More repetitive behaviors
	0.44
	0.41
	0.34
	0.31
	0.42

	Trouble regulating
	0.22
	0.56
	0.26
	0.35
	0.46

	Less concerned with social
	0.41
	0.48
	0.45
	0.16
	0.37

	Less sensitive
	0.43
	0.52
	0.45
	0.19
	0.31

	Open about private things
	0.35
	0.60
	0.31
	0.20
	0.38

	Crude behaviors
	0.25
	0.70
	0.20
	0.28
	0.33

	Lack of social judgement
	0.37
	0.69
	0.24
	0.22
	0.29

	Acting as though strange things are normal
	0.28
	0.68
	0.28
	0.26
	0.31

	Paranoid beliefs
	0.37
	0.44
	0.32
	0.38
	0.42

	Suspicion
	0.40
	0.27
	0.50
	0.28
	0.45

	Unrealistic beliefs
	0.10
	0.31
	0.27
	0.15
	0.80

	Hearing voices
	0.24
	0.24
	0.15
	0.79
	0.24

	Seeing things that are not there
	0.20
	0.30
	0.14
	0.81
	0.20

	Note. Standardized loadings greater than 0.30 are printed in bold.



	Appendix Table S3. Differences in Mild Behavioral Impairments Across High & Low Cortical Atrophy Risk Groups

	
	
	
	
	Percentages
	

	
	
	
	
	Score
	Score 
	Low
	High
	

	Subscales & Items
	Mean
	SD
	
	≥3
	≥4
	Risk
	Risk
	P-Value

	Motivation 
	1.84
	0.95
	
	17.2
	3.1
	13.9
	26.1
	<0.001

	Loss of Interest
	1.88
	1.12
	
	25.8
	12.3
	23.3
	32.7
	0.010

	Loss of Curiosity
	1.89
	1.11
	
	24.6
	12.8
	21.4
	33.2
	<0.001

	Loss of Spontaneity
	2.08
	1.20
	
	32.2
	18.2
	28.3
	42.7
	<0.001

	Loss of Motivation
	1.84
	1.05
	
	23.0
	10.1
	19.7
	31.7
	<0.001

	Less Affectionate
	1.92
	1.13
	
	26.2
	13.5
	22.7
	35.7
	<0.001

	Less Caring
	1.44
	0.75
	
	9.4
	2.3
	6.6
	17.1
	<0.001

	Mood 
	1.89
	0.94
	
	17.2
	2.5
	13.1
	28.3
	<0.001

	More Tearful
	2.03
	1.20
	
	29.5
	20.0
	25.4
	40.4
	<0.001

	Less Pleasure
	2.02
	1.16
	
	28.7
	17.0
	24.9
	38.9
	<0.001

	More Discouraged
	1.65
	0.92
	
	16.4
	5.9
	13.1
	25.3
	<0.001

	More of a Burden
	1.48
	0.78
	
	10.5
	3.0
	8.3
	16.2
	0.002

	More Anxious
	1.98
	1.17
	
	27.7
	16.7
	23.1
	39.9
	<0.001

	More Tense
	2.17
	1.28
	
	34.7
	22.0
	29.9
	47.5
	<0.001

	Disinhibition 
	1.77
	0.75
	
	7.7
	0.1
	5.1
	14.8
	<0.001

	More Agitated
	2.17
	1.23
	
	34.8
	20.4
	31.0
	45.1
	<0.001

	More Argumentative
	2.03
	1.10
	
	31.3
	13.3
	27.7
	40.8
	<0.001

	Loss of Impulse Control
	1.72
	0.90
	
	16.6
	5.3
	14.2
	23.1
	0.005

	Change in Affect
	1.42
	0.62
	
	5.8
	0.6
	4.7
	8.7
	0.044

	More Frustrated
	2.22
	1.25
	
	36.4
	22.9
	33.3
	44.8
	0.004

	More Troubles Coping
	2.07
	1.16
	
	30.4
	16.7
	27.1
	39.3
	0.002

	More Erratic
	1.69
	0.90
	
	16.2
	5.7
	14.8
	19.9
	0.096

	More Stubborn
	1.79
	0.96
	
	20.2
	6.9
	18.2
	25.5
	0.029

	Overeating
	1.80
	1.05
	
	20.2
	10.1
	18.9
	23.5
	0.177

	Choking while eating
	1.66
	0.96
	
	16.0
	7.3
	12.3
	26.0
	<0.001

	Hoarding behaviors
	1.58
	0.86
	
	11.9
	4.7
	9.1
	19.4
	<0.001

	Loss of interest in food
	1.48
	0.74
	
	8.3
	2.5
	6.3
	13.8
	0.001

	More repetitive Behaviors
	1.68
	0.91
	
	16.9
	5.9
	13.6
	25.5
	<0.001

	Trouble Regulating
	1.41
	0.70
	
	6.9
	2.1
	5.9
	9.7
	0.071

	Empathy 
	1.58
	0.67
	
	4.3
	0.6
	2.7
	8.9
	<0.001

	Less concerned with social rules
	1.82
	0.98
	
	20.6
	8.7
	18.4
	26.6
	0.016

	Less sensitive
	1.73
	0.91
	
	18.3
	5.5
	16.4
	23.4
	0.032

	Open about private things
	1.60
	0.82
	
	12.3
	3.5
	9.2
	20.8
	<0.001

	Crude behaviors
	1.39
	0.63
	
	5.2
	1.1
	4.0
	8.3
	0.021

	Lack social judgement
	1.47
	0.74
	
	7.6
	2.5
	5.2
	14.1
	<0.001

	Acts as though strange things are normal
	1.47
	0.67
	
	7.4
	1.0
	5.7
	12.0
	0.005

	Psychosis 
	1.53
	0.58
	
	1.8
	0.3
	1.1
	3.7
	0.025

	Paranoid beliefs
	1.46
	0.75
	
	8.4
	2.5
	6.7
	13.2
	0.006

	Suspicious
	1.87
	1.08
	
	25.0
	11.8
	23.8
	28.6
	0.190

	Unrealistic Beliefs
	1.81
	0.94
	
	24.4
	4.8
	25.2
	22.2
	0.408

	Hear voices
	1.28
	0.60
	
	3.9
	1.3
	2.5
	7.9
	<0.001

	See things that are not there
	1.23
	0.50
	
	2.3
	0.3
	1.3
	4.8
	0.007

	Overall Score
	1.74
	0.72
	
	6.8
	1.4
	3.9
	14.6
	<0.001

	Note: Two-tailed p-values were derived from tests of proportions. High risk and low risk columns reflect the percentage of respondents who scored >3 for each row. Subscales are based on the original MBI-C coding scheme. 




	Appendix Table S4. Multivariable-adjusted odds ratios between high atrophy risk and behavioral symptoms in 730 World Trade Center Responders, to accompany Figure 1

	 
	
	OR
	95% C.I.
	P

	[bookmark: _Hlk74496653]Motivation
	Cluster A
	1.540
	1.12–2.11
	0.007

	[bookmark: _Hlk74494495]
	Loss of interest
	1.348
	0.97–1.88
	0.080

	[bookmark: _Hlk74494565]
	Loss of curiosity
	1.434
	1.03–2.00
	0.035

	[bookmark: _Hlk74494618]
	Loss of spontaneity
	1.606
	1.16–2.22
	0.004

	[bookmark: _Hlk74494676]
	Loss of motivation
	1.573
	1.13–2.19
	0.007

	
	Less affectionate
	1.659
	1.20–2.30
	0.003

	
	Less caring
	1.641
	1.13–2.38
	0.009

	[bookmark: _Hlk74496935]Mood
	Cluster B
	1.982
	1.45–2.72
	<0.001

	
	More tearful
	1.719
	1.23–2.40
	0.001

	
	Less pleasure
	1.805
	1.30–2.50
	<0.001

	
	More discouraged
	1.749
	1.24–2.47
	0.002

	
	More of a burden
	1.780
	1.24–2.55
	0.002

	
	More anxious
	2.020
	1.45–2.82
	<0.001

	
	More tense
	1.997
	1.44–2.77
	<0.001

	[bookmark: _Hlk74497154]Disinhibition
	Cluster C
	1.727
	1.27–2.36
	0.001

	
	More agitated
	1.789
	1.29–2.47
	<0.001

	
	More argumentative
	1.742
	1.26–2.41
	0.001

	
	Loss of impulse control
	1.840
	1.31–2.58
	<0.001

	
	Disinhibition
	1.523
	1.07–2.18
	0.021

	
	More frustrated
	1.419
	1.03–1.96
	0.035

	
	More trouble coping
	1.434
	1.04–1.98
	0.029

	
	More erratic
	1.321
	0.94–1.85
	0.108

	
	More stubborn
	1.344
	0.96–1.87
	0.081

	
	Overeating
	1.436
	1.03–2.00
	0.033

	
	Choking while eating
	1.918
	1.36–2.70
	<0.001

	
	Hoarding behaviors
	1.657
	1.17–2.35
	0.005

	
	Loss of interest in food
	1.773
	1.24–2.53
	0.002

	
	More repetitive behaviors
	1.904
	1.36–2.67
	<0.001

	
	Trouble regulating
	1.574
	1.09–2.26
	0.015

	[bookmark: _Hlk74497263]Empathy
	Cluster D
	1.417
	1.03–1.96
	0.035

	
	Less concerned with social
	1.192
	0.85–1.67
	0.304

	
	Less sensitive
	1.295
	0.92–1.81
	0.133

	
	Open about private things
	1.746
	1.23–2.47
	0.002

	
	Crude behaviors
	1.575
	1.09–2.28
	0.016

	
	Lack of social judgement
	1.723
	1.2–2.47
	0.003

	
	Acting as though strange things are normal
	1.455
	1.02–2.07
	0.038

	[bookmark: _Hlk74497563]Psychosis
	Cluster E
	1.627
	1.17–2.26
	0.004

	
	Paranoid beliefs
	1.669
	1.15–2.42
	0.007

	
	Suspicion
	1.306
	0.93–1.83
	0.121

	
	Unrealistic beliefs
	1.061
	0.76–1.48
	0.726

	
	Hearing voices
	2.515
	1.68–3.76
	<0.001

	
	Seeing things that are not there
	2.656
	1.75–4.03
	<0.001

	Overall
	Total score
	1.751
	1.29–2.38
	<0.001



Appendix Table S5. Associations between behavioral domains and cortical atrophy risk stratified across WTC exposure severity and PTSD.  
	
	Overall Behaviors
	
	Disinhibitory Behaviors
	
	Erratic Behaviors
	
	Sensory Behaviors

	 
	Low Atrophy Risk
	High Atrophy Risk
	P
	 
	Low Atrophy Risk
	High Atrophy Risk
	P
	 
	Low Atrophy Risk
	High Atrophy Risk
	P
	 
	Low Atrophy Risk
	High Atrophy Risk
	P

	On Pile or in Enclosed Spaces
	1.38 (0.47)
	1.44 (0.48)
	0.101
	
	1.54 (0.38)
	1.62 (0.46)
	0.026
	
	1.99 (0.47)
	2.08 (0.47)
	0.031
	
	1.04 (0.38)
	1.04 (0.39)
	0.963

	Torch Cutting
	1.39 (0.48)
	1.52 (0.45)
	0.101
	
	1.57 (0.41)
	1.53 (0.47)
	0.648
	
	2.01 (0.47)
	2.19 (0.52)
	0.045
	
	1.03 (0.37)
	1.23 (0.59)
	0.035

	Working with Concrete
	1.40 (0.48)
	1.39 (0.47)
	0.940
	
	1.56 (0.41)
	1.58 (0.43)
	0.660
	
	2.01 (0.47)
	2.10 (0.49)
	0.101
	
	1.03 (0.39)
	1.07 (0.37)
	0.393

	Human Remains
	1.38 (0.49)
	1.41 (0.46)
	0.337
	
	1.57 (0.42)
	1.57 (0.41)
	0.984
	
	2.02 (0.48)
	2.02 (0.46)
	0.942
	
	1.05 (0.41)
	1.03 (0.37)
	0.640

	Blood
	1.39 (0.48)
	1.41 (0.46)
	0.520
	
	1.57 (0.42)
	1.56 (0.40)
	0.672
	
	2.03 (0.48)
	2.01 (0.45)
	0.524
	
	1.05 (0.39)
	1.02 (0.37)
	0.417

	Dust
	1.40 (0.52)
	1.40 (0.47)
	0.898
	
	1.50 (0.37)
	1.58 (0.42)
	0.085
	
	1.94 (0.45)
	2.03 (0.47)
	0.074
	
	1.04 (0.40)
	1.04 (0.39)
	0.914

	Mold
	1.41 (0.49)
	1.38 (0.45)
	0.510
	
	1.58 (0.41)
	1.55 (0.42)
	0.455
	
	1.99 (0.44)
	2.07 (0.50)
	0.033
	
	1.04 (0.37)
	1.04 (0.40)
	0.976

	Chemicals
	1.39 (0.49)
	1.41 (0.46)
	0.668
	
	1.57 (0.39)
	1.56 (0.43)
	0.673
	
	1.98 (0.46)
	2.05 (0.47)
	0.036
	
	1.04 (0.36)
	1.03 (0.41)
	0.673

	Fumes
	1.39 (0.50)
	1.40 (0.47)
	0.785
	
	1.57 (0.39)
	1.57 (0.42)
	0.876
	
	1.99 (0.46)
	2.03 (0.48)
	0.222
	
	1.01 (0.35)
	1.05 (0.40)
	0.230

	Sewage
	1.38 (0.47)
	1.43 (0.48)
	0.198
	
	1.56 (0.39)
	1.57 (0.44)
	0.883
	
	2.00 (0.46)
	2.05 (0.49)
	0.250
	
	1.04 (0.4)
	1.03 (0.36)
	0.687

	Hydrogen Sulfide
	1.39 (0.47)
	1.41 (0.48)
	0.601
	
	1.59 (0.41)
	1.55 (0.41)
	0.220
	
	2.00 (0.46)
	2.03 (0.48)
	0.406
	
	1.04 (0.39)
	1.04 (0.38)
	0.922

	Smoke
	1.35 (0.48)
	1.41 (0.47)
	0.201
	
	1.55 (0.40)
	1.57 (0.41)
	0.486
	
	1.93 (0.46)
	2.04 (0.47)
	0.006
	
	1.02 (0.35)
	1.04 (0.39)
	0.612

	Diesel Exhaust
	1.40 (0.48)
	1.40 (0.47)
	0.948
	
	1.55 (0.39)
	1.57 (0.42)
	0.493
	
	1.97 (0.47)
	2.04 (0.47)
	0.093
	
	1.01 (0.35)
	1.05 (0.40)
	0.221

	Non-Diesel Exhaust
	1.40 (0.49)
	1.40 (0.47)
	0.963
	
	1.58 (0.39)
	1.56 (0.42)
	0.429
	
	1.98 (0.46)
	2.05 (0.48)
	0.077
	
	1.03 (0.37)
	1.04 (0.40)
	0.833

	Ergonomic
	1.37 (0.48)
	1.41 (0.47)
	0.295
	
	1.54 (0.39)
	1.58 (0.42)
	0.141
	
	2.01 (0.46)
	2.03 (0.47)
	0.567
	
	1.02 (0.36)
	1.05 (0.40)
	0.293

	Temperatures
	1.38 (0.49)
	1.41 (0.46)
	0.440
	
	1.57 (0.40)
	1.57 (0.42)
	0.982
	
	2.02 (0.48)
	2.02 (0.46)
	0.894
	
	1.02 (0.38)
	1.05 (0.39)
	0.332

	Noise
	1.41 (0.52)
	1.39 (0.46)
	0.732
	
	1.54 (0.37)
	1.58 (0.42)
	0.315
	
	1.96 (0.46)
	2.04 (0.47)
	0.056
	
	1.00 (0.35)
	1.05 (0.40)
	0.140

	Predominantly Outside
	1.44 (0.49)
	1.39 (0.47)
	0.428
	
	1.63 (0.42)
	1.56 (0.41)
	0.155
	
	2.05 (0.45)
	2.02 (0.47)
	0.543
	
	1.02 (0.41)
	1.04 (0.38)
	0.664

	≥5 weeks on-site
	1.42 (0.48)
	1.38 (0.47)
	0.238
	
	1.55 (0.37)
	1.67 (0.56)
	0.029
	
	2.00 (0.44)
	2.04 (0.50)
	0.298
	
	1.06 (0.41)
	1.02 (0.37)
	0.284

	Lost Anyone at 9/11
	1.37 (0.45)
	1.40 (0.47)
	0.446
	
	1.99 (0.47)
	2.08 (0.47)
	0.031
	
	2.00 (0.46)
	2.05 (0.48)
	0.206
	
	1.02 (0.34)
	1.05 (0.41)
	0.378

	Post-Traumatic Stress Disorder
	1.29 (0.36)
	1.99 (0.53)
	<0.001
	 
	2.01 (0.47)
	2.19 (0.52)
	0.045
	 
	1.96 (0.43)
	2.36 (0.50)
	0.000
	 
	1.03 (0.35)
	1.13 (0.55)
	0.065


 Note: Numbers expressed as Mean (SD). Unadjusted P-values from Welch’s t-tests are reported. In bold are significant differences between high and low atrophy risk groups.
Appendix Table S6. Associations between behavioral domains and cortical atrophy risk stratified by occupational and service-related factors at the WTC site
	
	Overall Behaviors
	
	Disinhibition
	
	Erratic Behaviors
	
	Sensory Changes

	 
	Low Atrophy Risk
	High Atrophy Risk
	P
	 
	Low Atrophy Risk
	High Atrophy Risk
	P
	 
	Low Atrophy Risk
	High Atrophy Risk
	P
	 
	Low Atrophy Risk
	High Atrophy Risk
	P

	Body-bagging
	1.41 (0.48)
	1.35 (0.46)
	0.295
	
	1.56 (0.41)
	1.60 (0.42)
	0.350
	
	2.03 (0.47)
	1.99 (0.45)
	0.484
	
	1.04 (0.4)
	1.04 (0.32)
	0.873

	Bucket brigade
	1.40 (0.48)
	1.36 (0.39)
	0.821
	
	1.57 (0.41)
	1.68 (0.56)
	0.605
	
	2.01 (0.47)
	2.53 (0.59)
	0.061
	
	1.04 (0.39)
	1.01 (0.42)
	0.885

	Cable installation/repair/splicing, excluding manhole work
	1.39 (0.47)
	1.56 (0.56)
	0.221
	
	1.56 (0.4)
	1.86 (0.58)
	0.043
	
	2.02 (0.47)
	2.12 (0.55)
	0.440
	
	1.03 (0.37)
	1.37 (0.73)
	0.066

	Cable installation/repair/splicing, including manhole work
	1.40 (0.48)
	1.27 (0.28)
	0.630
	
	1.57 (0.41)
	1.35 (0.12)
	0.232
	
	2.02 (0.47)
	1.73 (0.08)
	0.102
	
	1.04 (0.39)
	0.96 (0.00)
	0.000

	Canteen services
	1.39 (0.47)
	1.84 (0.64)
	0.195
	
	1.57 (0.41)
	1.62 (0.35)
	0.745
	
	2.02 (0.47)
	1.74 (0.37)
	0.161
	
	1.04 (0.39)
	0.83 (0.14)
	0.030

	Counseling
	1.40 (0.48)
	1.20 (0.13)
	0.274
	
	1.57 (0.41)
	1.39 (0.03)
	0.016
	
	2.02 (0.47)
	1.57 (0.09)
	0.068
	
	1.04 (0.39)
	0.94 (0.02)
	0.009

	Dog handling
	1.40 (0.48)
	1.69 (0.15)
	0.216
	
	1.57 (0.41)
	1.82 (0.10)
	0.158
	
	2.02 (0.47)
	1.62 (0.20)
	0.208
	
	1.04 (0.39)
	1.57 (0.14)
	0.108

	Dust suppression
	1.40 (0.47)
	1.79 (0.85)
	0.420
	
	1.57 (0.41)
	1.23 (0.39)
	0.186
	
	2.02 (0.47)
	1.85 (0.23)
	0.247
	
	1.04 (0.39)
	0.84 (0.19)
	0.136

	Emergency Medical
	1.40 (0.48)
	1.37 (0.45)
	0.612
	
	1.57 (0.41)
	1.56 (0.36)
	0.906
	
	2.02 (0.47)
	1.98 (0.44)
	0.511
	
	1.03 (0.39)
	1.09 (0.40)
	0.338

	Escorting
	1.40 (0.48)
	1.45 (0.48)
	0.839
	
	1.57 (0.41)
	1.69 (0.72)
	0.753
	
	2.02 (0.47)
	2.24 (0.64)
	0.541
	
	1.04 (0.39)
	0.99 (0.44)
	0.828

	Excavation/Confined space work
	1.40 (0.48)
	1.56 (0.50)
	0.454
	
	1.57 (0.41)
	1.74 (0.68)
	0.557
	
	2.02 (0.47)
	1.98 (0.20)
	0.638
	
	1.03 (0.38)
	1.57 (0.92)
	0.216

	Fire Fighting
	1.40 (0.47)
	1.48 (1.07)
	0.930
	
	1.57 (0.41)
	2.01 (0.71)
	0.534
	
	2.02 (0.47)
	2.57 (0.85)
	0.531
	
	1.04 (0.39)
	1.40 (0.16)
	0.187

	Industrial Hygiene
	1.41 (0.48)
	1.26 (0.38)
	0.030
	
	1.57 (0.42)
	1.54 (0.32)
	0.673
	
	2.02 (0.47)
	1.97 (0.44)
	0.471
	
	1.04 (0.39)
	1.06 (0.28)
	0.583

	Morgue work
	1.41 (0.49)
	1.35 (0.44)
	0.119
	
	1.59 (0.42)
	1.51 (0.37)
	0.017
	
	2.01 (0.48)
	2.04 (0.44)
	0.585
	
	1.05 (0.41)
	1.00 (0.29)
	0.094

	General Security or Police
	1.43 (0.49)
	1.31 (0.42)
	0.001
	
	1.57 (0.43)
	1.57 (0.37)
	0.975
	
	2.04 (0.49)
	1.96 (0.41)
	0.030
	
	1.05 (0.42)
	1.00 (0.30)
	0.082

	Perimeter security
	1.40 (0.48)
	1.29 (0.55)
	0.726
	
	1.57 (0.41)
	1.65 (0.23)
	0.540
	
	2.02 (0.47)
	2.31 (0.55)
	0.366
	
	1.04 (0.38)
	1.27 (0.65)
	0.530

	Sanitation work
	1.39 (0.48)
	1.43 (0.47)
	0.290
	
	1.57 (0.42)
	1.55 (0.38)
	0.668
	
	2.02 (0.48)
	2.01 (0.44)
	0.842
	
	1.04 (0.37)
	1.04 (0.44)
	0.952

	Search and rescue
	1.40 (0.48)
	1.33 (0.46)
	0.406
	
	1.57 (0.41)
	1.52 (0.32)
	0.408
	
	2.03 (0.47)
	1.86 (0.34)
	0.012
	
	1.04 (0.39)
	1.03 (0.38)
	0.917

	Sifting, excluding conveyer-belt
	1.40 (0.48)
	1.27 (0.28)
	0.012
	
	1.57 (0.41)
	1.53 (0.34)
	0.564
	
	2.03 (0.47)
	1.84 (0.36)
	0.004
	
	1.04 (0.39)
	1.02 (0.36)
	0.780

	Sifting, including conveyer-belt
	1.40 (0.47)
	2.46 (1.28)
	0.448
	
	1.56 (0.41)
	2.30 (0.66)
	0.360
	
	2.02 (0.47)
	2.24 (1.26)
	0.846
	
	1.04 (0.39)
	1.03 (0.84)
	0.994

	Towing
	1.40 (0.48)
	1.47 (0.38)
	0.429
	
	1.56 (0.41)
	1.77 (0.41)
	0.059
	
	2.02 (0.47)
	1.94 (0.40)
	0.427
	
	1.03 (0.39)
	1.27 (0.38)
	0.025

	Truck loading/unloading
	1.40 (0.48)
	1.06 (0.00)
	<0.001
	 
	1.57 (0.41)
	1.36 (0.03)
	0.020
	 
	2.02 (0.47)
	1.85 (0.01)
	0.000
	 
	1.04 (0.39)
	0.94 (0.04)
	0.099


Note: Numbers expressed as Mean (SD). Unadjusted P-values from Welch’s t-tests are reported. In bold are significant differences between high and low atrophy risk groups.


Appendix Table S7. Associations between behavioral domains and cortical atrophy risk stratified by psychiatric medications 
	
	Overall Behaviors
	
	Disinhibition
	
	Erratic Behaviors
	
	Sensory Changes

	 
	Low Atrophy Risk
	High Atrophy Risk
	P
	 
	Low Atrophy Risk
	High Atrophy Risk
	P
	 
	Low Atrophy Risk
	High Atrophy Risk
	P
	 
	Low Atrophy Risk
	High Atrophy Risk
	P

	[bookmark: _Hlk105055735]Antihistamine
	1.40 (0.48)
	1.42 (0.46)
	0.665
	
	1.56 (0.41)
	1.65 (0.40)
	0.049
	
	2.02 (0.47)
	2.03 (0.49)
	0.869
	
	1.04 (0.38)
	1.04 (0.41)
	0.957

	Anti-Vertigo Medication
	1.40 (0.47)
	1.53 (0.76)
	0.565
	
	1.57 (0.41)
	1.35 (0.49)
	0.161
	
	2.02 (0.47)
	1.80 (0.27)
	0.023
	
	1.04 (0.39)
	0.96 (0.21)
	0.250

	Atypical Antidepressant
	1.36 (0.45)
	1.88 (0.62)
	<0.001
	
	1.56 (0.40)
	1.71 (0.52)
	0.066
	
	2.01 (0.46)
	2.10 (0.59)
	0.345
	
	1.03 (0.38)
	1.10 (0.47)
	0.378

	Benzodiazepines
	1.35 (0.44)
	1.71 (0.56)
	<0.001
	
	1.56 (0.39)
	1.60 (0.51)
	0.523
	
	2.01 (0.47)
	2.10 (0.49)
	0.113
	
	1.03 (0.36)
	1.08 (0.54)
	0.412

	BRA
	1.38 (0.46)
	1.63 (0.56)
	0.004
	
	1.57 (0.41)
	1.53 (0.44)
	0.594
	
	2.01 (0.47)
	2.16 (0.43)
	0.026
	
	1.03 (0.38)
	1.12 (0.47)
	0.196

	B-Blocker
	1.39 (0.47)
	1.46 (0.55)
	0.310
	
	1.56 (0.40)
	1.62 (0.48)
	0.286
	
	2.02 (0.46)
	2.03 (0.54)
	0.888
	
	1.03 (0.37)
	1.09 (0.48)
	0.329

	H2 Receptor Antagonist
	1.39 (0.47)
	1.44 (0.49)
	0.428
	
	1.56 (0.40)
	1.59 (0.47)
	0.678
	
	2.02 (0.47)
	2.01 (0.44)
	0.862
	
	1.03 (0.37)
	1.14 (0.49)
	0.050

	Opioids
	1.37 (0.45)
	1.53 (0.55)
	0.001
	
	1.57 (0.41)
	1.56 (0.40)
	0.725
	
	2.01 (0.48)
	2.04 (0.45)
	0.483
	
	1.03 (0.38)
	1.07 (0.41)
	0.248

	Other
	1.33 (0.45)
	1.43 (0.48)
	0.014
	
	1.55 (0.40)
	1.57 (0.42)
	0.512
	
	2.00 (0.46)
	2.03 (0.47)
	0.454
	
	1.05 (0.40)
	1.04 (0.38)
	0.741

	Proton Pump Inhibitor
	1.35 (0.45)
	1.51 (0.51)
	<0.001
	
	1.56 (0.38)
	1.58 (0.47)
	0.472
	
	2.00 (0.47)
	2.06 (0.46)
	0.152
	
	1.02 (0.36)
	1.08 (0.43)
	0.085

	SNRI
	1.38 (0.46)
	1.83 (0.53)
	0.000
	
	1.56 (0.41)
	1.61 (0.50)
	0.663
	
	2.02 (0.47)
	2.11 (0.51)
	0.373
	
	1.04 (0.38)
	1.08 (0.45)
	0.638

	SSRI
	1.38 (0.47)
	1.64 (0.50)
	0.001
	
	1.55 (0.40)
	1.75 (0.48)
	0.009
	
	2.02 (0.47)
	2.03 (0.49)
	0.877
	
	1.03 (0.38)
	1.20 (0.48)
	0.023

	Second Generation Antipsychotic
	1.39 (0.47)
	1.87 (0.57)
	0.003
	
	1.56 (0.40)
	1.95 (0.54)
	0.008
	
	2.02 (0.47)
	2.13 (0.57)
	0.408
	
	1.03 (0.38)
	1.34 (0.54)
	0.034

	Spinal Muscle Relaxant
	1.39 (0.47)
	1.53 (0.56)
	0.201
	
	1.56 (0.40)
	1.70 (0.54)
	0.185
	
	2.01 (0.47)
	2.15 (0.50)
	0.188
	
	1.04 (0.38)
	1.04 (0.49)
	0.990

	Statin
	1.40 (0.47)
	1.40 (0.49)
	0.987
	 
	1.56 (0.41)
	1.59 (0.42)
	0.371
	 
	2.01 (0.46)
	2.05 (0.52)
	0.424
	 
	1.03 (0.38)
	1.06 (0.40)
	0.494

	Tricyclic Antidepressant
	1.39 (0.47)
	1.80 (0.68)
	0.041
	 
	1.57 (0.41)
	1.56 (0.46)
	0.938
	 
	2.02 (0.47)
	2.06 (0.42)
	0.725
	 
	1.04 (0.39)
	1.01 (0.31)
	0.773


Note: Means and standard deviations are reported, along with unadjusted P-values from Welch’s t-tests. In bold are significant differences between high and low atrophy risk groups.














	Population Characteristics
	Mean
	SD

	Age, years
	55.85
	8.20

	Female sex
	9.08
	

	Race/Ethnicity
	
	

	White
	85.12
	

	Black
	5.24
	

	Hispanic
	3.31
	

	Other
	6.33
	



Appendix Table S8. Population Characteristics of WTC responders who survived to 2019 (N=6,969).

