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Background
• There is strong interest in comparing prevalence of cognitive 

impairment across countries around the world
• HRS leads a family of international partner studies, however 

deep cognitive phenotyping is lacking
• Harmonized Cognitive Assessment Protocol (HCAP) projects are 

designed to facilitate collaborative efforts aimed at cross-national 
comparisons

• To date, HCAP surveys have been completed in India, Mexico, 
England, China, EU, and S. Africa

• LASI-DAD (N=4,096) is a substudy of the Indian LASI study 
(N~70,000)
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Outline
• Establish algorithmic criteria for MCI based on available 

information in LASI-DAD
• Apply an approach based on comprehensive neuropsychological 

criteria using robust norms developed for MexCog
• We have studied 30 adaptations of Petersen’s original and 

revised criteria (Petersen, 2004) to LASI-DAD
• Not the focus of this talk



© 2014, Johns Hopkins University. All rights reserved.

Adjudication did not work well for MCI
• Thus, we are interested in algorithmic approaches
• Clinicians rated LASI-DAD participants on a CDR using an online 

website
• Dementia assignment corresponds with in-person clinical assessment, 

kappa=0.76 (Lee et al., in review)
----------------------
Final CDR |
rating    |      Freq.
----------+-----------

0 |        748
.5 |      1,537
1 |        161
2 |         25
3 |          5

----------------------

1537/2476 cases (62%) with CDR=0.5
Believable? Probably not.
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Challenges to Online Diagnosis
Insufficient information, e.g.,

• Nature and severity of physical disability which might explain some of the 
functional deficits that might otherwise be cognitive in origin;

• Underlying medical conditions and how they may affect cognition
Inconsistent information, e.g.,

• Participant performs perfectly on brief memory test but reports subjective 
difficulties

• Participant and informant provide contradictory information
• Informant provides inconsistent information on different scales

Illiterate participants
When memory is intact but other domains are impaired
Different language than interviewer
High scores on depression scale
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Information available in LASI-DAD
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Factor structure of cognition in LASI-DAD

Gross et al., JAGS, 2020
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Adaptation of Petersen’s original and revised criteria (Petersen, 
2004)
• We have studied 30 adaptations to LASI-DAD

Comprehensive neuropsychological criteria using robust norms 
(Arce et al., in review)
• We followed procedures set forth by MexCog researchers

How to operationalize MCI criteria in LASI-DAD?
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How to operationalize MCI criteria in LASI-DAD?

• Comprehensive neuropsychological criteria using robust norms
• Identified a robust normative group (N=403, 10% of sample)

• No cognitive impairment, no history of stroke, low depressive symptom count, no 
informant-reported functional decline or impairment based on CSID, no evidence of 
functional decline based on 10/66 items

• In the robust subsample, regress domain-specific cognitive factors on 
age, sex, education

• Estimated residuals
• MCI defined as 1.5 SD below the mean of any domain-specific residual
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Identifying a normative group: Work in progress

• No history of dementia or low cognition
• Leverage data from the parent LASI study

• No history of stroke
• Easy to implement

• Low depressive symptom count
• Difficult! Translation problem for some items?

• No informant/self-reported functional decline
• Only asked in phases 2,3, not phase 1

• No impairment based on CSID
• Complicated

• No evidence of functional decline based on 10/66 items
• Easy to implement (problems handling money; stopped hobbies)
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Next step: regress domain-specific cognitive 
factors 

We’ll just use factor scores directly 
from that published hierarchical CFA!

Right?

Gross et al., JAGS, 2020
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Prevalence of MCI, based on factors from 
hierarchical CFA
• Domain-specific 

prevalences of MCI 
are similar, but overall 
prevalence of any MCI 
is much lower in 
LASI-DAD

• How?
• The factor scores are all correlated at r>0.9

• Let’s look back at the hierarchical CFA and its assumptions

MCI subtype LASI-DAD MexCog
Any 12.5 34.4
orientation 6.3
Memory 5.7 5.9
Language 6.1 4.3
Visuospatial 6.5 7.7
Executive 5.8 4.2
Multiple domain, not memory 6.8 5.3


Mayo1

				Criterion number		Original Mayo criteria (Petersen 2004)		Expanded Mayo criteria (Petersen 2004)		Criterion

				1		X				Objective Memory impairment for age

				2				X		Objective Cognitive (non memory) impairment for age

				3		X				Self- or informant-reported memory complaint

				4				X		Self- or informant-reported cognitive complaint

				5		X				Essentially preserved general cognitive functioning

				6		X		X		Preserved independence in functional abilities

				7		X		X		Not demented





Mayo2

				Criterion number		Original Mayo criteria (Petersen 2004)		Expanded Mayo criteria (Petersen 2004)		Criterion		How to operationalize?

				1		X				Objective Memory impairment

												Factor score for memory items *		Impairment in 2+ memory tests, where "impairment" is defined as performing 1SD below the test mean among LASI-DAD participants with CDR==0

				2				X		Objective Cognitive (non memory) impairment

												Factor score for non-memory items *		Impairment in 2+ non-memory tests, where "impairment" is defined as performing 1SD below the test mean among LASI-DAD participants with CDR==0

				3		X				Self- or informant-reported memory complaint

		inf_compmem1										Informant memory complaints: IQCODE items 1-7 *		r1csi2: w1 CSI- remembering things a serious problems (yes/no)

		inf_compmem2										Informant memory complaints: CSI items 2-6,11-13 *		r1i_memory:w1 R self rated memory,present time(1-5) (very good; good; average; poor; very poor)

		r1i_memory										Self-rated memory, present time(1-5)(higher is worse); impaired is poor/very poor

		r1i_compmem										r1i_compmem:w1 R self rated memory compared to two years ago(1-3); impaired is worse now

				4				X		Self- or informant-reported cognitive complaint

		inf_compnotmem1										Informant non-memory complaints: IQCODE items 8-16 *

		inf_compnotmem2										Informant non-memory complaints: CSI items 1,7-10,14-15 *

		dropped										Informant-reported ability loss (1066) *

				5		X				Essentially preserved general cognitive functioning

												With cross-sectional data we cannot measure this.

		fgcp										Factor score for all tests;  "preserved" is a score above 1SD above the mean score among those with CDR==0		With cross-sectional data we can't measure this. In lieu of that, compute a general cognitive factor score, define participants as "preserved" if their score is above 1SD below the mean factor score among those with CDR==0

				6		X		X		Preserved independence in functional abilities

		r1bl2score										Blessed Test part 2 average score (ADLs) **		r1iadlza_d:w1 r Count of Some Diff-IADLs(0-7)

		r1bl1score										Blessed Test part 1 total score (IADLs) **

		r1bl1_1										Blessed test part 1-performing household tasks (NO or SOME loss)

				7		X		X		Not demented

												Adjudicated CDR of 0 or 0.5, not 1,2,3

				* impairment is >=1SD above (worse than) the mean among CDR=0

				** Preservation is defined as below (better than) the mean among CDR=0





Mayo3

				Criterion number		Original Mayo criteria		Expanded Mayo criteria		Criterion		How to operationalize?		Shorthand notation

				1		X				Objective Memory impairment

												Factor score for memory items *		objmem		Impairment in 2+ memory tests, where "impairment" is defined as performing 1SD below the test mean among LASI-DAD participants with CDR==0

				2				X		Objective Cognitive (non memory) impairment

												Factor score for executive functioning items *		objnonmem		Impairment in 2+ non-memory tests, where "impairment" is defined as performing 1SD below the test mean among LASI-DAD participants with CDR==0

				3		X				Self- or informant-reported memory complaint

		inf_compmem1										Informant memory complaints: IQCODE items 1-7 *		infmem1		r1csi2: w1 CSI- remembering things a serious problems (yes/no)

		inf_compmem2										Informant memory complaints: CSI items 2-6,11-13 *		infmem2		r1i_memory:w1 R self rated memory,present time(1-5) (very good; good; average; poor; very poor)

				4				X		Self- or informant-reported cognitive complaint

		inf_compnotmem1										Informant non-memory complaints: IQCODE items 8-16 *		infnonmem1

		inf_compnotmem2										Informant non-memory complaints: CSI items 1,7-10,14-15 *		infnonmem2

				5		X				Essentially preserved general cognitive functioning

		fgcp										Factor score for all tests *		gencog		With cross-sectional data we can't measure this. In lieu of that, compute a general cognitive factor score, define participants as "preserved" if their score is above 1SD below the mean factor score among those with CDR==0

				6		X		X		Preserved independence in functional abilities

		r1bl2score										Blessed Test part 2 average score (ADLs) **		adlpreserved		r1iadlza_d:w1 r Count of Some Diff-IADLs(0-7)

		r1bl1score										Blessed Test part 1 total score (IADLs) **		iadlpreserved

				7		X		X		Not demented

												Adjudicated CDR of 0 or 0.5, not 1,2,3		nodem

				* impairment is below (worse than) the mean among CDR=0

				** Preservation is defined as below (better than) the mean among CDR=0





AlgorithmicAUC

						Criterion combination		Unweighted prevalence		MCI vs normal						MCI vs dementia

										AUC		Sensitivity, Specificity				AUC		Sensitivity, Specificity

				mcio1		inf_compmem1, r1bl2score 		0.19		0.64		30.24, 97.36  				0.65		30.24, 100.00 

				mcio2		inf_compmem1, r1bl1score 		0.06		0.54		8.89, 99.12  				0.54		8.89, 100.00 

				mcio3		inf_compmem1, BlessedHousehold 		0.16		0.61		25.30, 97.36  				0.63		25.30, 100.00 

				mcio4		inf_compmem2, r1bl2score 		0.11		0.58		17.59, 99.12  				0.59		17.59, 100.00 

				mcio5		inf_compmem2, r1bl1score 		0.03		0.52		3.95, 99.56  				0.52		3.95, 100.00 

				mcio6		inf_compmem2, BlessedHousehold 		0.09		0.57		14.43, 99.12  				0.57		14.43, 100.00 

				mcio10		r1i_memory, r1bl2score 		0.08		0.56		12.85, 98.68  				0.56		12.85, 100.00 

				mcio11		r1i_memory, r1bl1score 		0.03		0.52		4.54, 99.12  				0.52		4.54, 100.00 

				mcio12		r1i_memory, BlessedHousehold 		0.06		0.54		9.88, 98.68  				0.55		9.88, 100.00 

				mcio13		r1i_compmem, r1bl2score 		0.17		0.59		24.51, 93.39  				0.62		24.51, 100.00 

				mcio14		r1i_compmem, r1bl1score 		0.06		0.52		8.70, 96.03  				0.54		8.70, 100.00 

				mcio15		r1i_compmem, BlessedHousehold 		0.14		0.57		20.36, 93.39  				0.60		20.36, 100.00 

				mcir1		inf_compnotmem1, r1bl2score 		0.27		0.68		41.70, 94.71  				0.71		41.70, 100.00 

				mcir2		inf_compnotmem1, r1bl1score 		0.10		0.56		14.82, 96.92  				0.57		14.82, 100.00 

				mcir3		inf_compnotmem1, BlessedHousehold 		0.24		0.66		37.15, 94.71  				0.69		37.15, 100.00 

				mcir4		inf_compnotmem2, r1bl2score 		0.25		0.63		36.17, 89.43  				0.68		36.17, 100.00 

				mcir5		inf_compnotmem2, r1bl1score 		0.07		0.53		9.09, 96.03  				0.55		9.09, 100.00 

				mcir6		inf_compnotmem2, BlessedHousehold 		0.21		0.60		30.24, 90.75  				0.65		30.24, 100.00 

				mcir10		inf_abilityloss, r1bl2score 		0.07		0.52		8.50, 94.71  				0.54		8.50, 100.00 

				mcir11		inf_abilityloss, r1bl1score 		0.03		0.50		3.16, 96.92  				0.52		3.16, 100.00 

				mcir12		inf_abilityloss, BlessedHousehold 		0.07		0.52		8.30, 94.71  				0.54		8.30, 100.00 

								0.03		0.50						0.52

								0.27		0.68						0.71

								0.09





AlgorithmicAUC2

						Criteria combination		Unweighted prevalence		MCI vs normal

										AUC		Sensitivity, Specificity

						Original criteria

				mcio10		objmem AND gencog AND (infmem1 OR infmem2) AND adlpreserved		0.18		0.63		(28.46, 97.36) 

				mcio11		objmem AND gencog AND (infmem1 OR infmem2) AND iadlpreserved		0.16		0.61		(25.30, 97.36) 

				mcio12		objmem AND gencog AND (infmem1 OR infmem2) AND (iadl AND adl)		0.15		0.61		(24.11, 97.36) 

						Revised criteria

				mcir10		objnonmem AND (infnonmem1 OR infnonmem2) AND adlpreserved		0.31		0.68		(45.85, 90.75) 

				mcir11		objnonmem AND (infnonmem1 OR infnonmem2) AND iadlpreserved		0.28		0.66		(41.11, 91.19) 

				mcir12		objnonmem AND (infnonmem1 OR infnonmem2) AND (iadl AND adl)		0.26		0.65		(39.13, 91.19) 

				mcix1		Novel 1		0.40		0.67		(56.13, 78.86) 

				mcix2		Novel 2		0.21		0.64		(32.21, 96.03)

						Novel 3		0.24		0.67		(37.35, 96.03)

								0.15		0.61

								0.40		0.68

								0.24

						MCI - crit3or, crit61 		0.18		0.63		(28.46, 97.36) 

						MCI - crit3or, crit62 		0.16		0.61		(25.30, 97.36) 

						MCI - crit3or, crit61 AND crit62 		0.15		0.61		(24.11, 97.36) 

						MCI - crit4or, crit61 		0.31		0.68		(45.85, 90.75) 

						MCI - crit4or, crit62 		0.28		0.66		(41.11, 91.19) 

						MCI - crit4or, crit61 AND crit62 		0.26		0.65		(39.13, 91.19) 

						MCI - crit3or OR crit4or, crit61 AND crit62 		0.4		0.67		(56.13, 78.86) 

						MCI - crit3or OR crit4or, GCP preserved, crit61 AND crit62 		0.21		0.64		(32.21, 96.03)





CriterionAUC

						Individual criteria		MCI vs normal						MCI vs dementia

								AUC		Sensitivity, Specificity				AUC		Sensitivity, Specificity

						Criterion 1 		0.63		77.27, 48.46		  		0.40		77.27, 2.08		 

						Criterion 2 		0.62		77.87, 46.70		  		0.39		77.87, 0.00		 

						Criterion 31 		0.76		65.42, 86.34		  		0.36		65.42, 6.25		 

						Criterion 32 		0.64		37.75, 90.31		  		0.38		37.75, 38.54		 

						Criterion 33 		0.58		23.91, 92.07		  		0.36		23.91, 47.92		 

						Criterion 34		0.58		52.57, 64.32		  		0.36		52.57, 19.79		 

						Criterion 41 		0.74		56.72, 90.75		  		0.30		56.72, 3.13		 

						Criterion 42 		0.66		50.99, 81.06		  		0.35		50.99, 19.79		 

						Criterion 43		0.53		11.27, 93.83		  		0.54		11.27, 96.88		 

						Criterion 5 		0.69		53.76, 84.58		  		0.29		53.76, 5.21		 

						Criterion 61 		0.53		10.67, 94.71		  		0.32		10.67, 53.13		 

						Criterion 62 		0.67		62.65, 70.92		  		0.41		62.65, 18.75		 

						Criterion 63 		0.44		83.79, 4.85		  		0.75		83.79, 65.63

								0.44						0.29

								0.76						0.75





BiasPredictors

										Illiteracy		Judgement		Informant relation

										(illiterate vs literate)		(higher is better)		(higher is closer)		lin k

		r1bl2score     				Blessed Test part 2 average score (ADLs)				1.02 (0.89, 1.18) 		0.95 (0.89, 1.02) 		1.00 (0.92, 1.08)		poisson 

		r1bl1score     				Blessed Test part 1 total score (IADLs)				1.36 (1.19, 1.56) 		0.73 (0.68, 0.78) 		1.08 (1.00, 1.17)		poisson 

		inf_compmem1   				Informant memory complaints: IQCODE items 1-7				1.48 (0.86, 2.09) 		-1.49 (-1.79, -1.18) 		-0.14 (-0.49, 0.22) 		regress 

		inf_compmem2   				Informant memory complaints: CSI items 2-6,11-13				0.33 (0.07, 0.58) 		-0.25 (-0.38, -0.12) 		-0.05 (-0.20, 0.10)		regress 

		inf_compmem3   				Informant memory complaints: Blessed part 1				0.33 (0.15, 0.50) 		-0.39 (-0.48, -0.30) 		0.01 (-0.09, 0.12) 		regress 

		inf_compnotmem1				Informant non-memory complaints: IQCODE items 8-16				2.95 (2.10, 3.80) 		-2.59 (-3.01, -2.18) 		-0.17 (-0.67, 0.34)		regress 

		inf_compnotmem2				Informant non-memory complaints: CSI items 1,7-10,14-15				0.27 (0.00, 0.54) 		-0.38 (-0.52, -0.25) 		0.05 (-0.10, 0.21) 		regress 

		inf_compnotmem3				Informant non-memory complaints: Blessed Part 1				0.71 (0.38, 1.04) 		-0.69 (-0.85, -0.52) 		0.03 (-0.17, 0.22) 		regress 

		inf_abilityloss				Informant-reported ability loss (1066)				0.01 (-0.24, 0.27) 		0.26 (0.13, 0.39) 		0.19 (0.04, 0.34) 		regress 

		r1bl1_1        				Blessed test part 1-performing household tasks										mlogit 

								Some vs no loss		1.07 (0.77, 1.49) 		0.90 (0.75, 1.07) 		1.36 (1.12, 1.65) 

								Severe vs no loss		2.29 (1.45, 3.63) 		0.51 (0.41, 0.65) 		1.17 (0.91, 1.50)

		r1i_memory     				Self-rated memory, present time(1-5)(higher is worse)				0.03 (-0.10, 0.16) 		-0.17 (-0.24, -0.10) 		-0.04 (-0.11, 0.04) 		regress 

		r1i_compmem    				r1i_compmem:w1 R self rated memory compared to two years ago(1-3)										mlogit

								Same vs better now		1.37 (0.62, 3.03) 		1.04 (0.68, 1.60) 		1.03 (0.65, 1.64) 

								Worse vs better now		1.41 (0.64, 3.11) 		0.79 (0.51, 1.21) 		1.03 (0.65, 1.64)

						conclusions				greater illiteracy is associated with more IADL impairment, more INF memory complaints, more non-memory complaints, severe loss in performing HH tasks.		lower judgement is associated with more INF memory and nonmemory complaints.





Results - MexCogLASIDAD

										single domain factors

						MCI subtype		LASI-DAD		LASI-DAD		MexCog

						Any		12.5		22.0		34.4		comparable

						orientation		6.3		7.5				not comparable yet

						Memory		5.7		5.9		5.9		not comparable yet

						Language		6.1		7.0		4.3		not comparable yet

						Visuospatial		6.5		7.7		7.7		not comparable yet

						Executive		5.8		6.2		4.2		not comparable yet

						Multiple domain, not memory		6.8		7.5		5.3		comparable

						multiple domain, including mem imp				6.05		7.1		comparable

								mcix3		mciany

						Covariate		Augmented Petersen approach		Comprehensive neuropsychological approach

								OR (p-value)		OR (p-value)

						Age		1.01 (0.58)		1.01 (0.13)

						Female sex		0.64 (<0.001)		1.01 (0.89)

						Education (any vs none)		2.80 (<0.001)		1.32 (0.002)

						Rural residence		1.21 (0.03)		1.42 (<0.001)

						CESD depressive symptoms		1.03 (<0.001)		1.05 (<0.001)

						Cardiovascular conditions

						High blood pressure		1.03 (0.68)		1.03 (0.72)

						History of stroke		1.32 (0.09)		1.32 (0.09)

												Approach		Prevalence

														N		%

										mcix3		Augmented Petersen		881		21.5%

										mciany		Comprehensive neuropsychological		909		22.2%
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Confirmatory factor analysis

• This is a single common factor model for a specific domain
• Latent variables in circles, represent common covariation 

among the observed indicators, in boxes
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Confirmatory factor analysis

• A single common factor model could be estimated for a 
particular domain, or for general cognition

• The latter does not give us domain scores



© 2014, Johns Hopkins University. All rights reserved.

Confirmatory factor analysis

• We can augment this second model with narrow domains
• Such a hierarchical model is nested within the common 

factor model
• However, latent variables for narrow domains from the 

hierarchical common factor model are not the same as 
those at far left - unless we force the residual variance of 
the narrow factors to be 0 and for the loadings on the broad 
general cognition factor to be 1 (perfect relationship)
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Confirmatory factor analysis
• That is to say, if we assume that 

• (1) the loadings of the broad “General cognition” 
factor in each narrow factor was 1, 

• (2) the residual variance of the narrow factors was 0, 
• (3) the loadings and thresholds of indicators are the same as those in 

domain-specific single common factor models
• Then the single common factor model and the hierarchical 

common factor model would be identical. 
• We typically would not impose such restrictions; to go to such 

lengths would return us to domain-specific single common factor 
models. 

• So why don’t we just use the single factor model
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Prevalence of MCI

MCI subtype LASI-DAD - 
hierarchical 

factors

LASI-DAD - 
single 

domain 
factors

MexCog

Any 12.5 22.0 34.4
orientation 6.3 7.5
Memory 5.7 5.9 5.9
Language 6.1 7.0 4.3
Visuospatial 6.5 7.7 7.7
Executive 5.8 6.2 4.2
Multiple domain, not memory 6.8 7.5 5.3


Mayo1

				Criterion number		Original Mayo criteria (Petersen 2004)		Expanded Mayo criteria (Petersen 2004)		Criterion

				1		X				Objective Memory impairment for age

				2				X		Objective Cognitive (non memory) impairment for age

				3		X				Self- or informant-reported memory complaint

				4				X		Self- or informant-reported cognitive complaint

				5		X				Essentially preserved general cognitive functioning

				6		X		X		Preserved independence in functional abilities

				7		X		X		Not demented





Mayo2

				Criterion number		Original Mayo criteria (Petersen 2004)		Expanded Mayo criteria (Petersen 2004)		Criterion		How to operationalize?

				1		X				Objective Memory impairment

												Factor score for memory items *		Impairment in 2+ memory tests, where "impairment" is defined as performing 1SD below the test mean among LASI-DAD participants with CDR==0

				2				X		Objective Cognitive (non memory) impairment

												Factor score for non-memory items *		Impairment in 2+ non-memory tests, where "impairment" is defined as performing 1SD below the test mean among LASI-DAD participants with CDR==0

				3		X				Self- or informant-reported memory complaint

		inf_compmem1										Informant memory complaints: IQCODE items 1-7 *		r1csi2: w1 CSI- remembering things a serious problems (yes/no)

		inf_compmem2										Informant memory complaints: CSI items 2-6,11-13 *		r1i_memory:w1 R self rated memory,present time(1-5) (very good; good; average; poor; very poor)

		r1i_memory										Self-rated memory, present time(1-5)(higher is worse); impaired is poor/very poor

		r1i_compmem										r1i_compmem:w1 R self rated memory compared to two years ago(1-3); impaired is worse now

				4				X		Self- or informant-reported cognitive complaint

		inf_compnotmem1										Informant non-memory complaints: IQCODE items 8-16 *

		inf_compnotmem2										Informant non-memory complaints: CSI items 1,7-10,14-15 *

		dropped										Informant-reported ability loss (1066) *

				5		X				Essentially preserved general cognitive functioning

												With cross-sectional data we cannot measure this.

		fgcp										Factor score for all tests;  "preserved" is a score above 1SD above the mean score among those with CDR==0		With cross-sectional data we can't measure this. In lieu of that, compute a general cognitive factor score, define participants as "preserved" if their score is above 1SD below the mean factor score among those with CDR==0

				6		X		X		Preserved independence in functional abilities

		r1bl2score										Blessed Test part 2 average score (ADLs) **		r1iadlza_d:w1 r Count of Some Diff-IADLs(0-7)

		r1bl1score										Blessed Test part 1 total score (IADLs) **

		r1bl1_1										Blessed test part 1-performing household tasks (NO or SOME loss)

				7		X		X		Not demented

												Adjudicated CDR of 0 or 0.5, not 1,2,3

				* impairment is >=1SD above (worse than) the mean among CDR=0

				** Preservation is defined as below (better than) the mean among CDR=0





Mayo3

				Criterion number		Original Mayo criteria		Expanded Mayo criteria		Criterion		How to operationalize?		Shorthand notation

				1		X				Objective Memory impairment

												Factor score for memory items *		objmem		Impairment in 2+ memory tests, where "impairment" is defined as performing 1SD below the test mean among LASI-DAD participants with CDR==0

				2				X		Objective Cognitive (non memory) impairment

												Factor score for executive functioning items *		objnonmem		Impairment in 2+ non-memory tests, where "impairment" is defined as performing 1SD below the test mean among LASI-DAD participants with CDR==0

				3		X				Self- or informant-reported memory complaint

		inf_compmem1										Informant memory complaints: IQCODE items 1-7 *		infmem1		r1csi2: w1 CSI- remembering things a serious problems (yes/no)

		inf_compmem2										Informant memory complaints: CSI items 2-6,11-13 *		infmem2		r1i_memory:w1 R self rated memory,present time(1-5) (very good; good; average; poor; very poor)

				4				X		Self- or informant-reported cognitive complaint

		inf_compnotmem1										Informant non-memory complaints: IQCODE items 8-16 *		infnonmem1

		inf_compnotmem2										Informant non-memory complaints: CSI items 1,7-10,14-15 *		infnonmem2

				5		X				Essentially preserved general cognitive functioning

		fgcp										Factor score for all tests *		gencog		With cross-sectional data we can't measure this. In lieu of that, compute a general cognitive factor score, define participants as "preserved" if their score is above 1SD below the mean factor score among those with CDR==0

				6		X		X		Preserved independence in functional abilities

		r1bl2score										Blessed Test part 2 average score (ADLs) **		adlpreserved		r1iadlza_d:w1 r Count of Some Diff-IADLs(0-7)

		r1bl1score										Blessed Test part 1 total score (IADLs) **		iadlpreserved

				7		X		X		Not demented

												Adjudicated CDR of 0 or 0.5, not 1,2,3		nodem

				* impairment is below (worse than) the mean among CDR=0

				** Preservation is defined as below (better than) the mean among CDR=0





AlgorithmicAUC

						Criterion combination		Unweighted prevalence		MCI vs normal						MCI vs dementia

										AUC		Sensitivity, Specificity				AUC		Sensitivity, Specificity

				mcio1		inf_compmem1, r1bl2score 		0.19		0.64		30.24, 97.36  				0.65		30.24, 100.00 

				mcio2		inf_compmem1, r1bl1score 		0.06		0.54		8.89, 99.12  				0.54		8.89, 100.00 

				mcio3		inf_compmem1, BlessedHousehold 		0.16		0.61		25.30, 97.36  				0.63		25.30, 100.00 

				mcio4		inf_compmem2, r1bl2score 		0.11		0.58		17.59, 99.12  				0.59		17.59, 100.00 

				mcio5		inf_compmem2, r1bl1score 		0.03		0.52		3.95, 99.56  				0.52		3.95, 100.00 

				mcio6		inf_compmem2, BlessedHousehold 		0.09		0.57		14.43, 99.12  				0.57		14.43, 100.00 

				mcio10		r1i_memory, r1bl2score 		0.08		0.56		12.85, 98.68  				0.56		12.85, 100.00 

				mcio11		r1i_memory, r1bl1score 		0.03		0.52		4.54, 99.12  				0.52		4.54, 100.00 

				mcio12		r1i_memory, BlessedHousehold 		0.06		0.54		9.88, 98.68  				0.55		9.88, 100.00 

				mcio13		r1i_compmem, r1bl2score 		0.17		0.59		24.51, 93.39  				0.62		24.51, 100.00 

				mcio14		r1i_compmem, r1bl1score 		0.06		0.52		8.70, 96.03  				0.54		8.70, 100.00 

				mcio15		r1i_compmem, BlessedHousehold 		0.14		0.57		20.36, 93.39  				0.60		20.36, 100.00 

				mcir1		inf_compnotmem1, r1bl2score 		0.27		0.68		41.70, 94.71  				0.71		41.70, 100.00 

				mcir2		inf_compnotmem1, r1bl1score 		0.10		0.56		14.82, 96.92  				0.57		14.82, 100.00 

				mcir3		inf_compnotmem1, BlessedHousehold 		0.24		0.66		37.15, 94.71  				0.69		37.15, 100.00 

				mcir4		inf_compnotmem2, r1bl2score 		0.25		0.63		36.17, 89.43  				0.68		36.17, 100.00 

				mcir5		inf_compnotmem2, r1bl1score 		0.07		0.53		9.09, 96.03  				0.55		9.09, 100.00 

				mcir6		inf_compnotmem2, BlessedHousehold 		0.21		0.60		30.24, 90.75  				0.65		30.24, 100.00 

				mcir10		inf_abilityloss, r1bl2score 		0.07		0.52		8.50, 94.71  				0.54		8.50, 100.00 

				mcir11		inf_abilityloss, r1bl1score 		0.03		0.50		3.16, 96.92  				0.52		3.16, 100.00 

				mcir12		inf_abilityloss, BlessedHousehold 		0.07		0.52		8.30, 94.71  				0.54		8.30, 100.00 

								0.03		0.50						0.52

								0.27		0.68						0.71

								0.09





AlgorithmicAUC2

						Criteria combination		Unweighted prevalence		MCI vs normal

										AUC		Sensitivity, Specificity

						Original criteria

				mcio10		objmem AND gencog AND (infmem1 OR infmem2) AND adlpreserved		0.18		0.63		(28.46, 97.36) 

				mcio11		objmem AND gencog AND (infmem1 OR infmem2) AND iadlpreserved		0.16		0.61		(25.30, 97.36) 

				mcio12		objmem AND gencog AND (infmem1 OR infmem2) AND (iadl AND adl)		0.15		0.61		(24.11, 97.36) 

						Revised criteria

				mcir10		objnonmem AND (infnonmem1 OR infnonmem2) AND adlpreserved		0.31		0.68		(45.85, 90.75) 

				mcir11		objnonmem AND (infnonmem1 OR infnonmem2) AND iadlpreserved		0.28		0.66		(41.11, 91.19) 

				mcir12		objnonmem AND (infnonmem1 OR infnonmem2) AND (iadl AND adl)		0.26		0.65		(39.13, 91.19) 

				mcix1		Novel 1		0.40		0.67		(56.13, 78.86) 

				mcix2		Novel 2		0.21		0.64		(32.21, 96.03)

						Novel 3		0.24		0.67		(37.35, 96.03)

								0.15		0.61

								0.40		0.68

								0.24

						MCI - crit3or, crit61 		0.18		0.63		(28.46, 97.36) 

						MCI - crit3or, crit62 		0.16		0.61		(25.30, 97.36) 

						MCI - crit3or, crit61 AND crit62 		0.15		0.61		(24.11, 97.36) 

						MCI - crit4or, crit61 		0.31		0.68		(45.85, 90.75) 

						MCI - crit4or, crit62 		0.28		0.66		(41.11, 91.19) 

						MCI - crit4or, crit61 AND crit62 		0.26		0.65		(39.13, 91.19) 

						MCI - crit3or OR crit4or, crit61 AND crit62 		0.4		0.67		(56.13, 78.86) 

						MCI - crit3or OR crit4or, GCP preserved, crit61 AND crit62 		0.21		0.64		(32.21, 96.03)





CriterionAUC

						Individual criteria		MCI vs normal						MCI vs dementia

								AUC		Sensitivity, Specificity				AUC		Sensitivity, Specificity

						Criterion 1 		0.63		77.27, 48.46		  		0.40		77.27, 2.08		 

						Criterion 2 		0.62		77.87, 46.70		  		0.39		77.87, 0.00		 

						Criterion 31 		0.76		65.42, 86.34		  		0.36		65.42, 6.25		 

						Criterion 32 		0.64		37.75, 90.31		  		0.38		37.75, 38.54		 

						Criterion 33 		0.58		23.91, 92.07		  		0.36		23.91, 47.92		 

						Criterion 34		0.58		52.57, 64.32		  		0.36		52.57, 19.79		 

						Criterion 41 		0.74		56.72, 90.75		  		0.30		56.72, 3.13		 

						Criterion 42 		0.66		50.99, 81.06		  		0.35		50.99, 19.79		 

						Criterion 43		0.53		11.27, 93.83		  		0.54		11.27, 96.88		 

						Criterion 5 		0.69		53.76, 84.58		  		0.29		53.76, 5.21		 

						Criterion 61 		0.53		10.67, 94.71		  		0.32		10.67, 53.13		 

						Criterion 62 		0.67		62.65, 70.92		  		0.41		62.65, 18.75		 

						Criterion 63 		0.44		83.79, 4.85		  		0.75		83.79, 65.63

								0.44						0.29

								0.76						0.75





BiasPredictors

										Illiteracy		Judgement		Informant relation

										(illiterate vs literate)		(higher is better)		(higher is closer)		lin k

		r1bl2score     				Blessed Test part 2 average score (ADLs)				1.02 (0.89, 1.18) 		0.95 (0.89, 1.02) 		1.00 (0.92, 1.08)		poisson 

		r1bl1score     				Blessed Test part 1 total score (IADLs)				1.36 (1.19, 1.56) 		0.73 (0.68, 0.78) 		1.08 (1.00, 1.17)		poisson 

		inf_compmem1   				Informant memory complaints: IQCODE items 1-7				1.48 (0.86, 2.09) 		-1.49 (-1.79, -1.18) 		-0.14 (-0.49, 0.22) 		regress 

		inf_compmem2   				Informant memory complaints: CSI items 2-6,11-13				0.33 (0.07, 0.58) 		-0.25 (-0.38, -0.12) 		-0.05 (-0.20, 0.10)		regress 

		inf_compmem3   				Informant memory complaints: Blessed part 1				0.33 (0.15, 0.50) 		-0.39 (-0.48, -0.30) 		0.01 (-0.09, 0.12) 		regress 

		inf_compnotmem1				Informant non-memory complaints: IQCODE items 8-16				2.95 (2.10, 3.80) 		-2.59 (-3.01, -2.18) 		-0.17 (-0.67, 0.34)		regress 

		inf_compnotmem2				Informant non-memory complaints: CSI items 1,7-10,14-15				0.27 (0.00, 0.54) 		-0.38 (-0.52, -0.25) 		0.05 (-0.10, 0.21) 		regress 

		inf_compnotmem3				Informant non-memory complaints: Blessed Part 1				0.71 (0.38, 1.04) 		-0.69 (-0.85, -0.52) 		0.03 (-0.17, 0.22) 		regress 

		inf_abilityloss				Informant-reported ability loss (1066)				0.01 (-0.24, 0.27) 		0.26 (0.13, 0.39) 		0.19 (0.04, 0.34) 		regress 

		r1bl1_1        				Blessed test part 1-performing household tasks										mlogit 

								Some vs no loss		1.07 (0.77, 1.49) 		0.90 (0.75, 1.07) 		1.36 (1.12, 1.65) 

								Severe vs no loss		2.29 (1.45, 3.63) 		0.51 (0.41, 0.65) 		1.17 (0.91, 1.50)

		r1i_memory     				Self-rated memory, present time(1-5)(higher is worse)				0.03 (-0.10, 0.16) 		-0.17 (-0.24, -0.10) 		-0.04 (-0.11, 0.04) 		regress 

		r1i_compmem    				r1i_compmem:w1 R self rated memory compared to two years ago(1-3)										mlogit

								Same vs better now		1.37 (0.62, 3.03) 		1.04 (0.68, 1.60) 		1.03 (0.65, 1.64) 

								Worse vs better now		1.41 (0.64, 3.11) 		0.79 (0.51, 1.21) 		1.03 (0.65, 1.64)

						conclusions				greater illiteracy is associated with more IADL impairment, more INF memory complaints, more non-memory complaints, severe loss in performing HH tasks.		lower judgement is associated with more INF memory and nonmemory complaints.





Results - MexCogLASIDAD

										single domain factors

						MCI subtype		LASI-DAD - hierarchical factors		LASI-DAD - single domain factors		MexCog

						Any		12.5		22.0		34.4		comparable

						orientation		6.3		7.5				not comparable yet

						Memory		5.7		5.9		5.9		not comparable yet

						Language		6.1		7.0		4.3		not comparable yet

						Visuospatial		6.5		7.7		7.7		not comparable yet

						Executive		5.8		6.2		4.2		not comparable yet

						Multiple domain, not memory		6.8		7.5		5.3		comparable

						multiple domain, including mem imp				6.05		7.1		comparable

								mcix3		mciany

						Covariate		Augmented Petersen approach		Comprehensive neuropsychological approach

								OR (p-value)		OR (p-value)

						Age		1.01 (0.58)		1.01 (0.13)

						Female sex		0.64 (<0.001)		1.01 (0.89)

						Education (any vs none)		2.80 (<0.001)		1.32 (0.002)

						Rural residence		1.21 (0.03)		1.42 (<0.001)

						CESD depressive symptoms		1.03 (<0.001)		1.05 (<0.001)

						Cardiovascular conditions

						High blood pressure		1.03 (0.68)		1.03 (0.72)

						History of stroke		1.32 (0.09)		1.32 (0.09)

												Approach		Prevalence

														N		%

										mcix3		Augmented Petersen		881		21.5%

										mciany		Comprehensive neuropsychological		909		22.2%
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Conclusions
Main conclusions
• Hierarchical factor analysis is useful for describing the factor 

structure of a test battery
• Conforms to CHC theory of human cognitive abilities

• BUT, for empirical estimation of factor scores, use domain-
specific single domain models

Other
• Much still needs to be done in developing cross-nationally 

comparable algorithms to compare MCI
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Conclusions
• Ultimately, any approach will have advantages and 

disadvantages
• Our overall strategy will be to evaluate a variety of methods using 

data for criterion validation from future study waves
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