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INTRODUCTION

hronic exposure to organic solvents has been
associated with adverse events ranging from skin

ABSTRACT

Background: There is no information on the prevalence of symptoms related to
neurotoxicity among carpenters working in underserved populations. To assess the
magnitude of the problem, we conducted a population-based study in Atahualpa,
a rural Ecuadorian village, where most men work as carpenters under poor
safety conditions. Methods: All men aged 40-75 years living in Atahualpa were
identified during a door-to-door survey and evaluated with a general demographic
questionnaire, the Q16 questionnaire, the depression axis of the Depression
Anxiety Stress Scale-21, and the Montreal Cognitive Assessment (MoCA).
Results: Among 230 participants, 63% were carpenters. Seventy participants (30%)
had a positive Q16 questionnaire (>6 points), which suggested neurotoxicity. In a
logistic regression model adjusted for age, education, alcohol intake, symptoms of
depression, and MoCA score, the proportion of Q16 positive persons was 39.1% for
carpenters and 15.9% for noncarpenters (odds ratio: 3.53, 95% confidence interval:
1.75-7.15, P < 0.0001). In a generalized linear model, adjusted mean scores in the
Q16 questionnaire were 4.9 for carpenters and 3.6 for noncarpenters (f: 1.285,
standard error: 0.347, P < 0.0001). There was no correlation between scores in
the Q16 questionnaire and the MoCA (Pearson correlation coefficient = —0.02),
and the only significant covariate in the multivariate linear model was age, with
every 10 years of age difference contributing 0.64 points in the Q16 questionnaire.
Conclusion: This study shows a high prevalence of symptoms associated with
neurotoxicity among carpenters after adjusting for a number of confounders.
Long-term exposure to toxic solvents is the most likely explanation to this finding.
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“minimally exposed group,” being at a lesser risk of
developing adverse effects than painters or construction
workers.[ Most of these studies came from industrialized

reactions to a toxic encephalopathy. Chronic solvent
poisoning is an occupational disease affecting persons
who are in contact with paints, cleaning substances,
pesticides, and liquids used for photographic processing,
among others.! Carpenters are at increased risk for
developing complications related to frequent exposure
to varnish, lacquer, thinner, and other chemicals.”
However, only a few studies have described neurological
manifestations associated with chronic solvent exposure
in carpenters, and many have considered them as a
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countries, where working conditions are different than in
rural settings.

During a door-to-door survey performed by our group
for the assessment of neurological disorders in a rural
village of Ecuador, we noticed that most men work
as carpenters. These individuals have been working
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for years under poor safety conditions, being in daily
contact with a number of organic solvents. In two
preliminary reports, we reported an association between
chronic sawdust exposure and respiratory symptoms
and a probably increased prevalence of Parkinson’s
disease among Atahualpa carpenters.*>) Here, we
aimed to assess the occurrence of symptoms related to
neurotoxicity in this population.

METHODS

As detailed elsewhere, the Atahualpa Project is a
population-based cohort study, designed to reduce the
burden of neurological and cardiovascular diseases
in rural Ecuador.[® The Institutional Review Board
of Hospital-Clinica Kennedy, Guayaquil, Ecuador
(FWA 00006867) approved the protocol and the
informed consent form. Trained field personnel
performed a door-to-door survey to identify all
men aged 40-75 years residing in Atahualpa.
Persons who declining to consent and those unable
to complete the questionnaires were not included
in the study. Field instruments included a general
demographic questionnaire, the Q16 questionnaire,
the Montreal Cognitive Assessment (MoCA), and
the depression axis of the Depression Anxiety Stress
Scale-21 (DASS-21).

The Q16 questionnaire has been widely used for
assessing symptoms suggestive of neurotoxicity.” It
consists of 16 questions, and it is interpreted as positive
if the person responds as affirmative to >6 questions;
four of the questions inquire about memory complaints
and the other 12 about other kinds of neurological and
systemic symptoms [Table 1].

The MoCA assesses different
including attention and concentration, executive
functions, memory, language, visual-constructional
skills, conceptual thinking, calculations, and orientation;
maximum score is 30 points, with an additional point
given to persons with <12 years of education.’®! We did
not use a cutoff score for defining an abnormal MoCA,
but the continuous score to avoid problems related
to poor reliability of specific cutoffs in less educated
populations.”!

cognitive domains

To recognize symptoms of depression, participants were
evaluated with the depression axis of the DASS-21,
a reliable field instrument that measures dysphoria,
hopelessness, devaluation of life, self-deprecation, lack
of interest/involvement, anhedonia, and inertia, with
seven questions that are rated on a four-point Likert
scale ranging from 0 (not at all) to 3 (almost always)
with a maximum total score of 21 and a diagnosis of
depression in persons who have >5 points.['%

As Atahualpa residents speak Spanish, we used validated
Spanish versions of the MoCA and the depression axis
of the DASS-21 previously used in South American
communities  including  Atahualpa.l''!  Bilingual
physicians from our group independently translated the
Q16 questionnaire from its original English version to
Spanish, and disagreements in translation were resolved
through discussion and consensus. Then, the Spanish
version of the Q16 questionnaire was culturally adapted
with the aid of community leaders and tested in a
random sample of the population before the survey.

Descriptive statistics were presented as means with
standard deviations for continuous variables and as

Table 1: Q16 questionnaire for evaluation of chronic toxic encephalopathy (English version with Spanish translation)

. Are you abnormally tired (Ud. se agota - cansa - muy facilmente)?

Do you have palpitations even when you don’t exert yourself (Tiene palpitaciones aunque esté reposando)?

. Do you often have a painful tingling in some part of your body (Siente con frecuencia una molestia dolorosa en alguna parte del cuerpo)?
. Do you often feel irritated without any particular reason (Con frecuencia se irrita - se pone mal genio - sin razén)?

. Do you often feel depressed without any particular reason (Con frecuencia se deprime - se pone triste - sin razon)?

Do you have problems with concentration (Tiene problemas para concentarse)?

. Do you have a short memory (Ha notado que se le olvidan las cosas con facilidad)?

. Do you perspire without any particular reason (Ud. transpira - suda - sin razon)?

. Do you have problems with buttoning and unbuttoning (Tiene problemas para abotonarse o desabotonarse [la camisa])?

10. Do you generally find it hard to get the meaning from reading newspapers and books (Se le hace dificil entender lo que dicen los

periddicos o libros)?

11. Have your relatives told you that you have a short memory (Sus familiares le han dicho que se le olvidan las cosas)?

12 Do you sometimes feel an oppression of your chest (Siente a veces opresion en el pecho)?

13. Do you often have to make notes about what you must remember (Tiene que anotar las cosas para que no se le olviden)?

14. Do you often have to go back and check things you have done such as turned off the stove, locked the door, etc., (Tiene que regresar a
ver si hizo las cosas - como cerrar la puerta - para estar seguro de haberlas hecho)?

15. Do you have a headache at least once a week (Tiene dolor de cabeza por lo menos una vez a la semana)?

16. Are you less interested in sex than what you think is normal (Esta Ud. menos interesado en el sexo [tener relaciones] de lo que Ud. cree

que es normal)?

E Journal of Neurosciences in Rural Practice | Volume 8 | Issue 4 | October-December 2017



Del Brutto, et al.: Neurotoxicity among carpenters in Ecuador

percentages for categorical variables. A logistic regression
model was used to study the relationship between
job (dichotomized in carpenters and noncarpenters) and
positivity in the Q16 questionnaire, after adjusting for
age, education, alcohol intake, depression, and MoCA
score. A generalized linear model assessed the relationship
between job and mean score of the Q16 questionnaire,
after adjusting for the same variables. P < 0.05 is
considered statistically significant. Statistical analyses
were carried out using STATA version 14 (STATA
College Station, TX, USA).

RESuULTS

The door-to-door survey identified 245 men aged
40-75 years. Of these, nine declined to participate,
and six could not perform the Q16 or the MoCA due
to aphasia or severe visual or hearing impairment. The
230 enrolled persons had a mean age of 56.5 + 9.4 years,
a mean level of education of 7.9 + 3.3 years,
146 (63%) were carpenters, 108 (47%) reported
alcohol consumption >50 g/day, and 14 (6%) reported
depressive symptoms according to the DASS-21. Mean
total scores were 4.5 + 2.6 for the Q16 questionnaire
and 21.7 £ 3.9 for the MoCA, with no correlation
between them (Pearson correlation coefficient = —0.02).
A total of seventy persons (30%) had a positive Q16
questionnaire (>6 points).

Table 2 describes characteristics of participants
according to their job. Carpenters were less educated
and had a nonsignificant tendency for drinking more
alcohol than noncarpenters. There were no differences in
age, in the prevalence of depressive symptoms or in the
mean MoCA score across both groups. A positive Q16
questionnaire was recorded in 38% of carpenters and
in 17% of noncarpenters (P = 0.0005). In addition, the
mean score in the Q16 questionnaire was significantly
higher among carpenters (P < 0.0001).

In a logistic regression model, after adjusting for age,
education, alcohol intake, depression, and MoCA
score, the proportion of Q16 positive persons was
39.1% (95% confidence interval [CI]: 31.2%-46.9%)
for carpenters and 15.9% (95% CI: 8.2%-23.6%) for

noncarpenters (odds ratio: 3.53, 95% CI: 1.75-7.15,
P < 0.0001). The only other significant variable in a
multivariate model was age, with older persons being
more likely to have a positive Q16 questionnaire
independently of the other variables (P = 0.013).

In a generalized linear model, after adjusting for the
same variables than in the previous model, mean scores
in the Q16 questionnaire were 4.9 (95% CI: 4.5-5.3) for
carpenters and 3.6 (95% CI: 3.1-4.2) for noncarpenters
(B: 1.285, standard error: 0.347, P < 0.0001). Again,
the only other significant variable in the multivariate
linear model was age (P = 0.002), with every 10 years
of age difference contributing 0.64 points in the Q16
questionnaire.

DiScuUSSION

This study shows a significant increase in the prevalence
of symptoms associated with neurotoxicity as well as
a higher mean score in the Q16 questionnaire among
carpenters living in rural Ecuador. From the many
confounders investigated in our study, only age was
independently associated with a poorer score and
positivity in the Q16 questionnaire. While this could
be related to age itself, it is possible that cumulative
exposure to solvents has accounted — at least in
part — for this association.!”!

We found no correlation between scores in the Q16
questionnaire and the MoCA in our participants,
suggesting that symptoms of neurotoxicity do not
correlate with poor performance in cognitive tests. This
is an expected finding since only 4 of the 16 questions
of the Q16 questionnaire inquire about cognitive
function.”? It has been suggested that other field
instrument, the EuroQuest, may be more reliable than the
Q16 questionnaire for screening persons with suspected
neurotoxicity and memory complaints.'” However,
this test consists of 59 items and may be less feasible
to perform in population-based surveys conducted in
underserved populations.

Studies from industrialized nations have shown that
most carpenters — with the possible exception of

Table 2: Characteristics of Atahualpa men aged 40-75 years according to their job (univariate analyses)

Total series (n=230) Carpenters (n=146) Other jobs (n=84) P
Age (mean+SD) 56.5+9.4 56.1+£9 57.249.8 0.389
Years of education (mean+SD) 7.9+3.3 7.4+2.8 8.7+3.9 0.004*
Alcohol >50 g/day, n (%) 108 (47) 75 (51) 33 (39) 0.08
Depression, n (%) 14 (6) 7(5) 7 (8) 0.279
MoCA score (mean+SD) 21.7£3.9 21.6+3.8 21.9+4 0.572
Q16 score (mean+SD) 4.5£2.6 4.9+£2.7 3.7£2 0.0001*
Q16 positive, n (%) 70 (30) 56 (38) 14 (17) 0.0005*

*Statistically significant result. SD: Standard deviation, MoCA: Montreal Cognitive Assessment
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lacquerers — are not heavily exposed to toxic solvents.
However, there is no information on neurotoxicity in
carpenters living in underserved populations. Atahualpa
carpenters are not specialized in a particular topic of
carpentry. Hence, most of them have been working — at
any point of their lives — as lacquerers, cabinet or
furniture makers, sawyers, or polishers. This, together
with the rudimentary facilities of most carpentry
workshops and the lack of protective measures (glasses
and masks), suggests that most of these persons have
been exposed to the many toxic solvents that are used in
the elaboration of furniture.

The major strengths of this study include its door-to-door
design as well as the homogeneous characteristics of
residents regarding race/ethnicity and socioeconomic
status, together with the criteria used for the evaluation
of potential confounders and the uniqueness of
Atahualpa in that most men work as carpenters.
A potential limitation is that biomarkers of solvent
exposure across carpenters and noncarpenters were not
evaluated. However, the high odds for having a positive
Q16 questionnaire and the difference in mean values of
this field instrument across carpenters and noncarpenters
make it unlikely that unmeasured confounders accounted
for our results.

CONCLUSION

This study shows a high prevalence of symptoms
associated with neurotoxicity among artisans carpenters
living in rural Ecuador. Long-term exposure to toxic
solvents is the most likely explanation to this finding.
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