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Abstract
Background: Neurodegenerative processes in the elderly damage the brain, leading to progressive, incapacitating
cognitive, behavioral, and motor dysfunctions which culminate in dementia. Fully manifest dementia is likely to be
preceded by the presence of neurological signs, which could serve as early determinants of dementia and
predictors of mortality. The aims of this study were to assess the construct validity of a neurological battery
assessed among older adults living in Latin America, and to test the association of groups of neurological signs
with dementia cross-sectionally, and mortality longitudinally.
Methods: The 10/66 Dementia Research Group collected information on neurological symptoms via the NEUROEX
assessment in population based surveys of older adults living in low and middle-income countries. Data from
10,856 adults participating in the baseline assessment of the 10/66 study and living in Cuba, Dominican Republic,
Peru, Venezuela and Mexico were analysed. Exploratory and confirmatory analysis were used to explore
dimensionality of neurological symptoms. Poisson regression analyses were used to link groups of neurological
signs with dementia at baseline. Cox hazard regression models were used to explore the predictive validity of
neurological signs with mortality at follow up.
Results: Exploratory and confirmatory factor analyses revealed four dimensions of neurological signs, which
are associated with lesions of specific brain regions. The identified factors showed consistency with groups
of neurological signs such as frontal, cerebellar, extrapyramidal, and more generalized gait disturbance signs.
Regression analyses revealed that all groups of neurological signs were positively associated with dementia at
baseline and predicted mortality at follow up.
Conclusions: Our findings support the construct and predictive validity of the NEUROEX assessment, linking
neurological and gait impairments with dementia at baseline, and with mortality at follow up among older adults
living in five Latin American countries.
Keywords: Dementia, Epidemiology, Low and middle-income countries, Mortality, Neurological signs

* Correspondence: lorenzo.pasquini@ucsf.edu
1
Memory and Aging Center, Department of Neurology, University of
California San Francisco, 675 Nelson Rising Lane, San Francisco, CA 94143,
USA
Full list of author information is available at the end of the article
© The Author(s). 2018 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Pasquini et al. BMC Neurology (2018) 18:163

Background
As demographic ageing advances, many low and middle-income countries (LMICs) are experiencing a health transition, where non-communicable diseases assume a
progressively greater significance. Non-communicable
diseases are already the leading cause of death in all
world regions apart from sub-Saharan Africa [1]. Given
the dynamic interaction of mental health and physical
illnesses, neurological and mental disorders need particular attention [2]. Among all mental health disorders,
dementia accounts for a large proportion of mortality
and years lived-with-disability targeting older adults in
LMICs [3, 4]. In neurological disorders such as dementia, early neurological signs are also common in advanced
age [5, 6], and are likely to be the result of the ongoing
neurodegenerative brain processes taking place several
years before first cognitive symptoms appear [7, 8]. Distinct neurological signs are typically anchored on distinct
brain regions, and relate to lesions of specific brain structures [9–11]. For example, sequencing tasks and frontal
“release” signs are commonly associated with lesions in
the frontal lobes as found in frontotemporal and vascular
dementia [10, 12]. The inability to perform fast alternating
movements̶ e.g. dysdiadochinesia̶ is commonly related to
lesions of the cerebellum, while symptoms such as tremor
and rigidity are indicators of extrapyramidal lesions in the
striatopallidonigral system as found in Parkinson’s disease
[13]. Finally, diffuse disorders of motor function may contribute to impairments of stance and gait.
Notably, a consistent link between several neurological
signs, dementia and mortality has been reported in several studies from high income countries [14–19]. Such
findings indicate a potential use of neurological symptoms as early determinants of dementia and predictors
of mortality among older adults. This may be particular
relevant to LMICs, where the older population may experience limited access to advanced diagnostic tools of
dementia such as cerebrospinal fluid and neuroimaging
biomarkers [7].
The 10/66 Dementia Research Group, a collective of
researchers carrying out population-based research into
dementia, non-communicable diseases and ageing in
LMICs, has started tackling this issue by carrying out
population-based surveys using standardised methodology
across a large number of LMICs (Cuba, China, Dominican
Republic, India, Mexico, Nigeria, Peru, Puerto Rico, &
Venezuela). 10/66 refers to the fact that when the group
was created in the late 90s, two-thirds (66%) of people
with dementia were living in LMICs, and that 10% or
less of population-based research had been carried out
in those regions. The 10/66 Dementia Research Group
included an assessment of neurological symptoms (NEUROEX) as part of population-based surveys investigating
dementia and ageing in LMICs [20, 21]. In order to
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generate evidence about the construct and predictive validity of the NEUROEX assessment, the purposes of this
study are to (i) explore the dimensionality of neurological
symptoms and their link to groups of neurological signs;
(ii) provide evidence for a positive association relating
groups of neurological signs with dementia at baseline,
and mortality at follow up in older adults living in five
Latin American countries.

Methods
Design

Secondary analyses were performed on data from the 10/
66 Dementia Research Group surveys of representative
samples of older people living in five Latin American
countries (urban sites in Cuba, Dominican Republic and
Venezuela, and rural and urban sites in Mexico and Peru).
Full details of the study protocol can be found elsewhere
[20, 21]. Briefly, a cross-sectional one phase survey was
carried out in geographically defined catchment areas. All
residents aged 65 years and over were included in the
survey and an informant was also interviewed. The sample
size for each country was between 2000 and 3000 participants. All participants underwent a comprehensive interview, including a structured clinical interview, a physical
examination, an assessment of neurological symptoms
and an informant interview. The interviews generally took
place at the participant’s home and were translated in
Spanish. Vital status was determined 3–5 years after baseline survey. A detailed account reporting mortality assessment, causes and rates has been provided in previous
studies [22]. All studies were approved by local ethical
committees and by the King’s College London ethical
committee.
Measurements
10/66 dementia

Dementia was ascertained according to the Diagnostic
and Statistical Manual of Mental Disorders IV (DSM-IV)
[23] and the cross-culturally validated 10/66 dementia
diagnosis algorithm [24]. For 10/66 dementia diagnosis, a
logistic regression model was used to calculate coefficients
linked to outputs from a structured clinical mental-state
interview [25]. The battery included: a) the Geriatric
Mental State [26], b) two cognitive tests; the Community
Screening Instrument for Dementia (CSI’D’) COGSCORE
[27] and the modified CERAD 10 word list learning task
with delayed recall [28], and c) informant reports of cognitive and functional decline from the CSI’D’ RELSCORE
[27]. 10/66 dementia diagnosis has been shown to be
highly sensitive and specific and was given to participants
scoring above a cut-point of predicted probability for
dementia derived from the aforementioned calculated
coefficients [24].
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Socio-demographical variables and general health
indicators

Beside the NEUROEX assessment, socio-demographical
and general health indicators were assessed for each country by the interviewers asking participants or a key informant. Socio-demographical variables included gender,
educational level, food insecurity (yes no; assessed by the
interviewer by asking “have you ever gone hungry because
of lack of food?”), income (yes or no; combined measure
derived by the interviewer’s question asking whether participants received any income, any pension or proxy measure of household income), number of assets and age.
General health indicators were assessed by the interviewer
if not specified differently and included depression
(EURO-D depression scale) [29], care dependence (based
on open-ended questions administered by the interviewer
to the key informant) [30], having had a stroke diagnosed
(yes or no), having had a diagnosis of diabetes (yes or no),
hypertension (blood pressure > =140/90 or antihypertensive treatment, assessed by the interviewer) and dementia
(yes or no; based on the 10/66 dementia algorithm) [24].
NEUROEX assessment

The NEUROEX assessment was conducted by local
trained health workers and health professionals and generally took place within participants’ homes and included a
brief fully structured neurological assessment with quantifiable measures of lateralising signs, parkinsonism, ataxia,
apraxia and primitive “release” reflexes [20] (see Appendix
in the Additional file 1 for more details). Based on data
completeness, the following NEUROEX items were included in the analyses: vertical gaze; glabellar and pout
reflexes; tremor; rigidity; cogwheeling; fist-palm-side
sequencing and reciprocal coordination sequencing;
fine finger movement; dysdiadochokinesis (speed and
coordination); ataxia; bradykinesia; bilateral armswing;
gait steps and time needed to walk five metres. Only
the presence of bilateral impairments was considered as
pathological, since our main interest was to test the link
between neurological symptoms and fully manifest dementia or mortality, rather than explore the association to
incipient dementia. Bilateral items where dichotomised
and testlets were then created to combine these highly
correlated bilateral items, which would have likely created
multicollinearity issues in further analyses. The only exceptions were for tremor, where items where summed
after dichotomisation, and rigidity and cogwheeling, where
items where just summed without dichotomisation.
Statistical analyses

All statistical analyses were performed in STATA v.12.
We estimated the prevalence of neurological symptoms
based on the testlets derived from the NEUROEX assessment battery for each country and across sites. For
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the only continuous NEUROEX variables used in the
analysis, gait steps and time, the median (Q2) and interquartile range (Q1-Q3) were reported.
Exploratory and confirmatory factor analysis

In order to avoid circular analysis, the whole dataset
was randomly divided in two samples, a smaller one
containing 30% of the data, and a bigger one containing
70% of the data. Exploratory factor analysis was used to
estimate dimensionality of the selected NEUROEX
items on the smaller containing 30% of the data. A
four-factor solution principal component analysis was
performed on the selected NEUROEX items based on
the correlation matrix [31, 32]. Bartlett’s test of sphericity,
the Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy, Kaiser’s criterion, scree tests and Horn’s parallel
analysis were used as additional criteria to estimate exploratory factor analysis reliability. The cut off used for
item loading on a given factor was 0.3. A varimax rotation
was carried out and an eigenvalue of one was chosen
as initial extraction criterion [33] (see Additional file
1: Supplementary methods).
Based on the output of the exploratory factor analysis
across sites, we subsequently tested and compared the
goodness-of-fit of a four-factor solution model between
sites using confirmatory factor analysis on the second
sample containing 70% of the data [33]. All further analyses were performed on this sample. Absolute and relative indices were used to test goodness-of-fit: the Akaike’s
Information Criterion (AIC) – the lower the AIC value,
the better the fit of the model [34]; the Tucker–Lewis
Index (TLI) [35] – values greater than 0.80 are considered
acceptable; and the root mean square error of approximation (RMSEA) [36] – values between 0.05 to 0.08 indicate
reasonable fit for the model.
Factor scores

Individual factor scores were derived from the confirmatory factor analysis across sites via regression analysis. Independent variables in the regression equation
were the standardised observed values of the items in
the estimated factors. These predictor variables were
weighted by regression coefficients, obtained by multiplying the inverse of the observed variable correlation
matrix by the matrix of factor loadings. The factor
scores were the dependent variables in the regression
equation. The computed factor scores were subsequently standardised to a mean of zero with a standard
deviation of 1.0 [37]. Factor scores were finally trichotomised based on the empirical distribution of the continuous regression, with half of the standard deviation
of 1.0 (0.5 z-value) used as threshold to define three
categories reflecting a clinical continuum of respectively neurologically less-impaired (z-values ≤0.0; coded
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as 0), mildly-impaired (0.0 < z-values ≥0.5; coded as 1) and
severely-impaired (0.5 < z-values; coded as 2) subjects.
Because of the unusual distribution of factor scores belonging to the latent factor later identified as gait disturbance signs, we carried out additional sensitivity analyses
where data binning procedures were applied on these
factor scores. One categorisation was based on the 90th
percentile resulting in two categories of less-impaired
(z-values ≤90th percentile) and impaired (z-values >90th
percentile) subjects. A second binning was applied by dividing the factors scores in five bins by steps of 2 z-values
resulting in five categories of less-impaired (z-values ≤0.0),
mildly-impaired (0.0 < z-values ≥2.0), moderately-impaired
(2.0 < z-values ≥4.0), heavily-impaired (4.0 < z-values ≥6.0)
and severely-impaired (6.0 < z-values) subjects.
Regression analyses

Poisson regression analyses were used to investigate the
relationship between 10/66 dementia and neurological domains. For each latent variable, three types of models were
run: a) an unadjusted model with only the factor scores as
categorical variables; b) a second model correcting for
socio-demographical variables including gender, educational level, food insecurity, income insecurity, number of
assets and age as additional covariates in each model; c) a
final fully adjusted model including the former variables

and general indicators of health status such as depression
(EURO-D depression scale), care dependence, clinically
diagnosed stroke, diabetes and hypertension.
Finally, Cox proportional hazard regression analyses
were run to predict mortality at follow up from the factor
scores [22, 38]. Identical adjustments as in the Poisson regression analysis were carried out. The final models were
also adjusted for 10/66 dementia. For the later identified
gait disturbance signs, additional sensitivity analyses were
carried out by using alternative data binning procedures
as explained above. All regression analyses were performed on the dataset across sites.

Results
Socio-demographic characteristics (Table 1) were comparable across countries. Participants tended to be
younger in the sample from Venezuela, and to have
fewer years of education when coming from Mexico
and the Dominican Republic. The number of assets was
lower in the Dominican Republic, where participants
also experienced the highest food and income insecurity. Participants from Cuba experienced the lowest food
and income insecurity. At baseline, 9.5% of participants
were diagnosed with 10/66 dementia; 17.0% of participant assessed at baseline died before the follow-up
interview.

Table 1 Socio-demographic characteristics by individual countries and over pooled countries
Absolute values (%)

Across sites

Cuba

Dominican Republic

Peru

Venezuela

Mexico

Number of subjects

10,856 (100.0)

2941 (27.1)

2000 (18.5)

1931 (17.8)

1534 (18.1)

2002 (27.1)

65–69

3230 (29.8)

760 (25.9)

533 (26.4)

554 (28.6)

839 (41.8)

544 (27.1)

70–74

2852 (26.3)

789 (26.9)

520 (25.9)

493 (25.5)

469 (23.6)

581 (29.0)

75–79

2206 (20.3)

639 (21.7)

397 (19.7)

399 (207)

345 (18.4)

426 (21.3)

> 79

2555 (23. 6)

749 (25.5)

561 (27.9)

486 (25.2)

308 (16.3)

451 (22.5)

Female

6941 (62.9)

1913 (65.0)

1325 (65.9)

1183 (61.2)

1252 (64.6)

1268 (63.3)

Age

Educational level
None

1298 (12.0)

75 (2.5)

392 (19.7)

121 (6.3)

156 (8.1)

554 (27.7)

Some, did not complete primary

3217 (29.9)

655 (22.3)

1022 (51.3)

231 (12.0)

445 (23.1)

864 (43.2)

Completed primary

3392 (31.5)

979 (33.3)

370 (18.6)

727 (37.9)

965 (50.1)

351 (17.5)

Completed secondary

1770 (16.4)

728 (24.8)

135 (6.8)

517 (27.0)

266 (13.8)

124 (6.2)

Tertiary

1094 (10.2)

499 (17.0)

73 (3.7)

321 (16.7)

93 (4.8)

108 (5.4)

Number of assets
0–3 assets

1673 (15.4)

451 (15.4)

643 (32.0)

155 (8.0)

48 (2.4)

376 (18.8)

4–5 assets

4596 (42.4)

876 (29.8)

444 (22.1)

1134 (58.7)

0 (0.0)

844 (42.1)

6 assets

2152 (19.8)

1073 (36.5)

733 (36.5)

181 (9.4)

1298 (66.1)

165 (8.2)

More than 6 assets

2422 (22.3)

536 (18.3)

186 (9.3)

463 (23.9)

619 (31.5)

618 (30.8)

Food insecurity

752 (7.0)

140 (4.8)

240 (12.1)

137 (7.2)

111 (6.0)

124 (6.2)

Income insecurity

4433 (40.8)

527 (17.9)

1400 (69.6)

668 (34.6)

818 (41.6)

1020 (50.9)
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Prevalence and distribution of neurological symptoms

There was considerable variation in the prevalence and
distribution of neurological symptoms (Table 2). Overall, Cuba had the lowest prevalence of neurological
symptoms while the Dominican Republic had the highest. For instance, the prevalence of decreased armswing
and bradykinesia was respectively of 14.8% and 13.0%
in Cuba and 36.8% and 33.4% in the Dominican Republic.
The most common neurological symptoms across sites
were the glabellar reflex (29.0%) and first palm side sequencing (34.4%), whereas the least common were cogwheeling (9.9%), dysdiadochokinesia speed (9.3%) and
coordination (8.7%).
Exploratory and confirmatory factor analysis

Exploratory factor analysis was performed through a
four-factor principal component analysis on randomly
selected 30% of the data (see Additional file 1: Table
S1). Qualitative and statistical criteria confirmed analysis suitability. All factors together explained 51.0% of
the total variance. The loading structure of the dataset
across sites classified vertical gaze as not consistently
loading on any factor (factor loading threshold < 0.3);
armswing, bradykinesia, ataxia, gait speed and steps
loaded on factor one (eigenvalue of 2.4) which we
interpreted as a gait disturbance sign; fine finger
movement, dysdiadochokinesia speed and coordination on factor two (eigenvalue of 2.0) interpreted as a
cerebellar sign;; tremor, cogwheeling and rigidity on
factor three (eigenvalue of 1.8) interpreted as an extrapyramidal sign; pout and glabellar reflexes, fist palm
side sequencing and reciprocal sequencing on factor

four (eigenvalue of 1.8) interpreted as a frontal sign.
We next tested the goodness-of-fit of the four-factor solution arising from the exploratory factor analysis in both individual countries on 70% of the remaining data. For this
purpose, a model derived from the four-factor solution was
derived and tested on 70% of the remaining data pooled
over countries and at the individual site level using confirmatory factor analysis (see Table 3 and Fig. 1).
Importantly, the variable vertical gaze was excluded from
further analyses as it did not consistently load on any factor. A schematic illustration of the model used in our confirmatory factor analysis can be seen in Fig. 1.
Across sites, a good fit was found for the variables
derived from the NEUROEX assessment in our proposed four-factor model (χ2 = 1072.0.1; p < 0.001; df =
81; AIC = 216,584.0; TLI = 0.94; RMSEA = 0.04). Moderate to high factor loadings were found for all variables on the respective four factors (Table 3 and Fig. 1).
Reasonable goodness-of-fit of the model was found as
well for individual countries, with RMSEA varying between 0.05 and 0.06 with the highest value found in the
Dominican Republic, while TLI varied between 0.91
and 0.95 with the highest value found in Peru and
Venezuela and the lowest in the Dominican Republic.
Overall moderate to high factor loadings were found
across all countries. Measurement invariance analysis
over all sites, revealed an acceptable fit of the constrained model (TLI = 0.89; RMSEA = 0.07).
Poisson regression analyses

Poisson regression analyses were run to explore the association between 10/66 dementia at baseline and trichotomised

Table 2 Prevalence of neurological symptoms derived from the NEUROEX assessment by individual country and for pooled countries
NEUROEX Absolute numbers (%)

Across sites

Cuba

Dominican Republic

Peru

Venezuela

Mexico

Glabellar reflex more than 4 taps

3011 (29.0)

1095 (37.3)

367 (18.4)

252 (13.1)

536 (35.2)

761 (38.3)

Pout reflex present

1575 (15.2)

244 (8.0)

382 (19.2)

95 (4.9)

181 (11.9)

673 (33.6)

FPS sequencing unsuccessful after 5 demonstration

3513 (34.4)

750 (26.0)

823 (42.0)

277 (14.5)

431 (28.7)

1232 (62.8)

Reciprocal sequencing unsuccessful after 5 tries

2911 (28.2)

796 (27.2)

385 (19.6)

229 (11.9)

442 (29.6)

1059 (52.9)

Tremor at least one limb

1348 (13.0)

222 (7.8)

224 (11.2)

213 (11.0)

264 (17.4)

425 (21.2)

Cogwheeling at least one limb

832 (9.9)

183 (6.2)

96 (4.8)

221 (11.5)

106 (7.2)

226 (11.3)

Rigidity at least one limb

1549 (15.0)

374 (12.7)

272 (13.7)

278 (14.5)

291 (19.6)

334 (16.7)

Fine finger movement

1214 (11.7)

207 (7.1)

236 (12.0)

184 (9.6)

221 (14.8)

336 (18.3)

Dysdiadochokinesia Speed

970 (9.3)

242 (8.2)

160 (8.1)

231 (12.0)

99 (6.6)

238 (12.0)

Dysdiadochokinesia coordination

910 (8.7)

187 (6.4)

143 (7.3)

168 (8.7)

90 (6.0)

322 (16.1)

Armswing

2160 (21.2)

432 (14.8)

702 (36.8)

276 (14.3)

215 (15.3)

535 (26.7)

Ataxia

1413 (13.9)

234 (8.0)

428 (22.4)

266 (13.8)

125 (8.8)

360 (18.0)

Bradykinesia

1949 (19.1)

382 (13.0)

637 (33.4)

328 (17.0)

178 (12.6)

424 (21.2)

Gait steps Q2 (Q1-Q3) in steps

18 (14–22)

20 (17–24)

20 (18–24)

18 (15–20)

17 (11–20)

12 (10–15)

Gait time Q2 (Q1-Q3) in seconds

14 (10–18)

15 (12–20)

17 (15–23)

14 (10–18)

12 (9–15)

8 (7–11)

FPS fist palm side
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Table 3 Confirmatory factor analysis
Frontal signs

Extrapyramidal signs

Cerebellar signs

NEUROEX items factor loadings

Cuba

Dominican Republic Peru

Venezuela Mexico

Across sites

Pout reflex

0.3

0.5

0.3

0.3

0.5

0.4

Glabellar reflex

0.3

0.3

0.3

0.3

0.5

0.4

FPS sequencing

0.6

0.5

0.4

0.5

0.3

0.5

Reciprocal sequencing

0.5

0.3

0.4

0.4

0.4

0.5

Tremor

0.4

0.4

0.5

0.5

0.4

0.5

Cogwheeling

0.5

0.3

0.6

0.4

0.4

0.5

Rigidity

0.8

0.4

0.6

0.3

0.3

0.5

Fine finger movement

0.7

0.6

0.7

0.6

0.5

0.6

Dysdiadochokinesia speed

0.8

0.9

0.7

0.7

0.6

0.7

Dysdiadochokinesia coordination 0.7

0.8

0.8

0.5

0.7

0.7

0.4

0.6

0.7

0.6

0.6

0.6

Gait –steps

0.5

0.6

0.3

0.4

0.4

0.3

Gait –time

0.3

0.5

0.3

0.4

0.4

0.4

Ataxia

0.7

0.5

0.9

0.7

0.8

0.7

Bradykinesia

0.9

0.8

0.9

0.9

0.9

0.9

χ2 (81)

531.0

480.5

418.0

323.6

291.0

1072.0

TLI

0.91

0.90

0.95

0.95

0.93

0.94

RMSEA

0.05

0.06

0.05

0.05

0.05

0.04

AIC

58,147.3

40,061.3

51,287.9 35,137.0

41,058.3

216,584.0

Measurement invariance model

Without constraints With constraints

Difference

χ2

1942.7

3342.3

χ2 change

1399.7

Df

405

449

df change

44

TLI

0.92

0.89

p-value

p < 0.0001

RMSEA

0.05

0.07

AIC

200,452.1

289,429.0

Gait disturbance signs Armswing

Goodness of fit

Confirmatory factor analysis with four-factor solution on 70% of the data, derived from the exploratory factor analysis on randomly selected 30% of the data.
Goodness of fit parameters and loading coefficients by country, pooled over countries, and test of measurement invariance over countries. AIC Akaike’s
Information Criterion, FPS fist palm side, RSMA Root mean square error of approximation, TLI Tucker-Lewis index

factor scores respectively reflecting less-impaired, mildlyimpaired and severely-impaired levels for the four groups of
neurological signs (Table 4). Three models, one unadjusted,
one adjusted for socio-demographical variables and
one adjusted for socio-demographical variables and
general indicators of health status were run separately
for each group of neurological signs. In all models, factor scores of latent neurological signs were significantly
associated with dementia at baseline. After full adjustment for confounders, the highest prevalence ratios
were found for frontal (PRheavily-impaired = 6.7 [5.0–8.9]),
followed by extrapyramidal (PRheavily-impaired = 3.3 [2.5–
4.3]), cerebellar (PRheavily-impaired = 2.9 [2.9–3.7]), and
gait disturbance signs (PRheavily-impaired = 2.0 [1.7–2.4]).
Prevalence ratios were progressively increased in
heavily-impaired subjects compared to mildly-impaired
subjects.

Cox proportional hazard regression analyses

Cox proportional hazard regression analyses were run
to predict mortality at follow up from trichotomised
factor scores, respectively reflecting less-impaired,
mildly-impaired and severely-impaired levels for the
four neurological signs (Table 5). As for the Poisson
regression analysis, adjusted and unadjusted models
were run. In all models, factor scores of all latent
neurological signs significantly predicted mortality at
follow up. Hazard-ratios were progressively increased in
heavily-impaired subjects compared to mildly-impaired
subjects. For the fully adjusted model, the highest-hazard
ratios were found for frontal (HRheavily-impaired = 1.6 [1.4–
1.8), followed by extrapyramidal (HRheavily-impaired = 1.4
[1.3–1.6]), and cerebellar signs (HRheavily-impaired = 1.3
[1.1–1.5]). Gait disturbance signs predicted mortality in
the unadjusted model (HRheavily-impaired = 1.1 [1.0–1.2]),
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Fig. 1 Schematic representation of the model used for confirmatory factor analysis with corresponding loading coefficients from the analysis
pooled across sites. Rectangles reflect observed variables; ovals reflect latent variables and circles error terms of the model (ε). Simple arrows and
corresponding values reflect the factor paths and loadings of observed variables to the latent variables and of the error terms to the
corresponding observed variable; double arrows and corresponding values reflect covariance between latent variables or error terms. Bradykin. =
Bradykinesia; Cogwheel. = Cogwheeling; Dys.coord = Dysdiadochokinesia coordination; Dys.speed = Dysdiadochokinesia speed; ε = Error term; FPS
= Fist palm side; Extrapyr. = Extrapyramidal; Gait disturb. = Gait disturbance

but not in the fully adjusted models (HRheavily-impaired = 1.0
[0.9–1.0]). Sensitivity analyses were carried out using distinct data binning on the gait disturbance signs: a) based on
the 90th percentile; b) by dividing the factor scores in five
bins. The analysis based on the 90th percentile binarisation
showed that gait disturbance predicted mortality at follow
up in both the unadjusted (HRimpaired = 1.3 [1.2–1.4]) and
the fully adjusted model (HRimpaired = 1.1 [1.1–1.3]). The
second sensitivity analysis also revealed that higher gait
disturbance predicted mortality at follow up both in the unadjusted (HRheavily-impaired = 1.4 [1.2–1.5]; HRseverely-impaired
= 1.3 [1.2–1.4]) and fully adjusted model (HRheavily-impaired
= 1.1 [1.0–1.2]; HRseverely-impaired = 1.1 [1.0–1.2]).

Discussion
In this project, we aimed to investigate the construct and
predictive validity of the NEUROEX battery assessing
neurological symptoms among older adults in five Latin
American countries. Dimensionality estimation of neurological symptoms from the NEUROEX assessment, revealed four groups of neurological signs which are in part
anchored on vulnerability of distinct brain regions: frontal,
extrapyramidal, cerebellar, and gait disturbance signs.
Poisson and Cox regression models provided evidence for

the predictive validity of all groups of signs on dementia
and mortality.
Prevalence of neurological symptoms among older adults
in LMICs

The prevalence of neurological symptoms was in the
range expected from previous works assessing the same
question in high income countries [39]. However, variation in prevalence was observed for different sites (see
Table 1). Distinct reasons could explain this finding: differences could be caused by diversity in the medical coverage
and in the medical service found in the countries examined, as exemplified by Cuba’s health care system, which is
considered one of the most effective in Latin America
[40]. Moreover, the setting and the background of the
community health worker could affect the variance found
for the prevalence of neurological symptoms across sites
(e.g.: training level of the community health worker; medical student versus practitioner).
Exploratory factor analysis and confirmatory factor analysis

A four-factor principal component analysis on 30% randomly selected data consistently loaded neurological
symptoms on four latent factors (see results and table in
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Table 4 Poisson regression analysis
Prevalence ratios (PR) with 95% CI
Unadjusted
model

Adjusted
model 1

Adjusted
model 2

PR

PR

PR

Mildly-impaired

4.7 (3.8–5.8)

3.9 (3.1–4.9)

3.8 (2.9–4.9)

Heavily-impaired

15.0 (12.1–18.6)

9.5 (7.4–12.1)

6.7 (5.0–8.9)

Frontal signs

Extrapyramidal signs
Mildly-impaired

4.2 (3.4–5.0)

2.9 (2.4–3.6)

2.5 (2.0–3.1)

Heavily-impaired

10.0 (8.1–12.3)

5.4 (4.3–6.9)

3.3 (2.5–4.3)

Mildly-impaired

4.2 (3.6–5.0)

2.8 (2.4–3.4)

2.4 (2.0–3.0)

Heavily-impaired

8.9 (7.2–10.7)

4.8 (3.9–6.0)

2.9 (2.2–3.7)

Mildly-impaired

3.5 (2.3–5.1)

2.5 (1.7–3.7)

2.1 (1.3–3.3)

Heavily-impaired

3.9 (3.3–4.5)

2.3 (1.9–2.7)

2.0 (1.7–2.4)

Cerebellar signs

Gait disturbance signs

Multivariate regression analysis of dementia at baseline by four factor scores
derived from the NEUROEX assessment at baseline. Prevalence ratios (PR) in
the sample pooled across countries (with 95% CI) are shown for an unadjusted
model, a model adjusted for socio-demographical variables (adjusted for
gender, educational level, food insecurity, income insecurity, number of assets
and age; adjusted model 1) and a model adjusted for socio-demographical
variables and general indicators of health status (adjusted for gender,
educational level, food insecurity, income insecurity, number of assets, age,
depression, care dependence, clinically diagnosed stroke, diabetes and
hypertension; adjusted model 2)

Table 5 Cox proportional hazard model regression analysis
Hazard ratios (HR) with 95% CI
Unadjusted
model

Adjusted
model 1

Adjusted
model 2

HR

HR

HR

Mildly-impaired

1.2 (1.1–1.2)

1.1 (1.1–1.2)

1.1 (1.1–1.2)

Heavily-impaired

2.1 (2.0–2.3)

1.9 (1.7–2.1)

1.6 (1.4–1.8)

Mildly-impaired

1.3 (1.2–1.3)

1.2 (1.1–1.2)

1.1 (1.1–1.2)

Heavily-impaired

1.9 (1.7–2.1)

1.7 (1.5–1.9)

1.4 (1.3–1.6)

Mildly-impaired

1.5 (1.4–1.6)

1.4 (1.3–1.5)

1.3 (1.2–1.4)

Heavily-impaired

1.7 (1.5–1.9)

1.6 (1.4–1.7)

1.3 (1.1–1.5)

Mildly-impaired

1.1 (1.0–1.3)

1.0 (0.9–1.2)

1.0 (0.8–1.1)

Heavily-impaired

1.1 (1.0–1.2)

1.1 (1.0–1.1)

1.0 (0.9–1.0)

Frontal signs

Extrapyramidal signs

Cerebellar signs

Gait disturbance signs

Multivariate prediction analysis of mortality at follow up by four factor scores
derived from the NEUROEX assessment at baseline. Hazard ratios (HR) pooled
over countries (with 95% CI) are shown for an unadjusted model, a model
adjusted for socio-demographical variables (adjusted for gender, educational
level and age; adjusted model 1) and a model adjusted for sociodemographical variables and general indicators of health status (adjusted for
gender, educational level, age, depression, clinically diagnosed stroke,
diabetes, hypertension and dementia; adjusted model 2)

the Additional file 1 on exploratory factor analysis). A
subsequent confirmatory factor analysis on the remaining
70% of the data confirmed suitability of four dimensions
of neurological sings that can be associated with failure of
distinct brain systems showing partial overlap with frontal,
extrapyramidal, cerebellar, and gait disturbance signs
[9–11]. For example, the pout reflex is a frontal release
sign related to impaired inhibitory function of the
frontal lobes, and is common in neurodegenerative diseases targeting the frontal lobes, such as frontotemporal lobar degeneration and vascular dementia [10].
Sequencing impairments and related executive dysfunctions are also related to damage of the frontal lobes
[41], and are found in distinct dementia types ranging
from Alzheimer’s disease, to frontotemporal and vascular dementia [41, 42]. Tremor, cogwheeling and rigidity
are typical symptoms of extrapyramidal deficits of the
striatopallidonigral system as encountered in Parkinson’s disease [13]. Difficulties in fine finger movements
and dysdiadochinesia are well known impairments
related to cerebellar dysfunction as found in multiple
system atrophy or multiple sclerosis [12]. However, we
advise caution in the interpretation of the findings as
neurological symptoms are not exclusive to one specific
neurological syndrome and may result from lesions in
different brain areas. This inconsistency might result
from different aetiologies underlying related neurological signs or by a more distributed failure of several
brain structures involved in the manifestation of specific
symptoms. For example, a positive glabellar reflex is believed to be caused by a lack of inhibitory function from
the frontal lobes, but has been mainly associated with
extrapyramidal diseases such as Parkinson’s disease [43].
Gait ataxia, commonly considered a cerebellar sign, can
also be caused by frontal dysfunctions or disorders of the
peripheral nervous system [13], but was associated with
the gait disturbance sign in our study. Bradykinesia, which
is considered an extrapyramidal sign, consistently loaded
on the gait disturbance sign in our study, and may indicate
a measurement artifact rather reflecting general slowing of
the locomotor system than true bradykinesia. In particular,
the latent variable gait disturbance sign might include
mixed types of symptoms related to locomotion dysfunction with more complex diffuse contributions – also of
non-neurological origin, e.g. arthritis, or impairments of
the respiratory and vascular system among others.
Link between neurological signs and dementia at baseline

All neurological signs had high prevalence ratios and were
positively associated with dementia at baseline, even after
adjustment for socio-demographics factors and general
indicators of health status. These results are in line with
previous research associating neurological symptoms such
as primitive reflexes and parkinsonism with Alzheimer’s
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disease and other dementias [14, 15, 17]. Notably, in a
prospective, longitudinal study of community-dwelling
older people who did not have dementia or Parkinson
disease at baseline, Louis and colleagues showed that
baseline mild extrapyramidal signs can be used as a
predictor of incident dementia [17]. In our study,
frontal signs had the highest association with dementia,
in line with both cross-sectional and longitudinal studies
reporting deficits in frontal functioning which are associated with dementia in a variety of conditions ranging from
vascular dementia, to Alzheimer’ disease, Parkinson’s disease dementia, and frontotemporal dementia [44–48] .
Our findings support the notion that neurological signs,
could be used as non-cognitive, education-independent,
and culture-independent determinants of dementia. Importantly, our findings pave the way for a whole new line
of research questions, which aim at investigating the
predictive validity of neurological signs on longitudinal
general health indicators and mental health disorders, including among others hypertension, alcohol abuse, head
injury, major depression, Parkinson’s disease and distinct
dementia subtypes such as Alzheimer’s disease, frontotemporal, and vascular dementia.
Link between neurological signs and mortality at follow up

Cox hazard regression models revealed a positive association of neurological signs with mortality at follow up.
These results remained statistically significant after adjustment and are in line with other longitudinal studies
reporting a robust association of neurological symptoms
such as parkinsonism and primitive reflexes with mortality
at follow up [15, 16, 18]. In general, our findings are in line
with the well-known association between frailty and mortality, particularly in advanced adulthood, suggesting that
neurological symptoms might increase vulnerability of
older adults and act as frailty and disability indicators increasing the risk of mortality [49, 50]. A level of uncertainty remains for gait disturbance signs, were only
modest associations were found with mortality at follow
up, as shown by the unadjusted model and the sensitivity
analyses. Longitudinal findings from the Sidney Memory
and Aging Study revealed a strong association of gait and
motor abnormalities with dementia and mortality among
older adults [51]. This difference might be caused by a
suboptimal trichotomisation of the corresponding factor
scores in our study, which may primarily result in the detection of individuals without gait impairments and or by
the possibility that gait disturbance signs in our study
might reflect symptoms with mixed aetiology rather than
specific neurological dysfunctions.
Limitations

Several limitations need to be addressed when interpreting
our findings. Fully trained neurologists and psychiatrists
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assessed the participant in Cuba, medical students performed most of the assessment in Venezuela and Dominican Republic, while in Peru social workers and in Mexico
General Practitioners were mainly involved. Although all
the interviewers received the same training, we cannot
exclude that interobserver variability could influence the
differences in prevalence of neurological symptoms across
countries. Findings cannot be generalised to higher income countries or to other LMICs, as the study was only
conducted in a selected group of Latin American countries. High response rate was achieved by the use of catchment areas but with a general loss of generalisability, as
the findings might not be applicable outside these areas
and similar districts. Moreover, we did not explore differences between rural and urban areas. Although measurement of invariance across sites was acceptable, our results
might be influenced by general methodological issues such
as systematic differences in the way in which measures are
being administered or coded, in the way in which participants are responding to interviews, and in misclassification of neurological symptoms and clinical diagnoses
across sites.

Conclusions
In conclusion, our results support construct and predictive
validity of the NEUROEX assessment. Our findings relate
neurological symptoms to groups of neurological signs,
with dementia at baseline, and with mortality at follow
up in older adults living in five Latin American countries. This study informs about the feasibility and utility
of including a structured assessment of neurological
signs as part of a survey of health and ageing in LMICs,
and how this assessment can be used as a research tool
to explore determinants of dementia and predictors of
mortality [52, 53].
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