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Community-dwellers aged Z60 years enrolled in the Atahualpa Project underwent brain MRI and were
interviewed with the Pittsburgh Sleep Quality Index. Of 290 participants, 94 (32%) had poor sleep quality
and 143 (49%) had global cortical atrophy (GCA). In a logistic regression model (adjusted for demo-
graphics, cardiovascular risk factor, severe edentulism, symptoms of depression, the MoCA score, and
neuroimaging signatures of cerebrovascular damage), poor sleep quality was associated with GCA
(p¼0.004). A multivariate probability model showed that the probability of moderate-to-severe GCA
significantly increased in individuals with poor sleep quality aged Z67 years. This study provides evi-
dence for an association between poor sleep quality and GCA in older adults and the important inter-
action of age in this association.

& 2016 Brazilian Association of Sleep. Production and Hosting by Elsevier B.V. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Poor sleep quality has been shown to modify cognitive per-
formance [1,2], but whether this association is related to structural
brain damage is controversial. Information about neuroimaging
signatures of poor sleep quality is limited to a few studies re-
cruiting small numbers of participants that might not be re-
presentative of the population at large [3,4]. In addition, the in-
dependent effect of age has not been properly evaluated since age
has only been included as a confounding variable, and no truly
interaction models have been constructed.

The Atahualpa Project is an ongoing population-based study
designed to reduce the increasing burden of non-communicable
diseases – including sleep disorders – in rural Ecuador [5,6]. Pre-
liminary findings from our cohort showed an association between
poor sleep quality and diffuse subcortical damage of vascular ori-
gin [7]. In this study, we aimed to assess whether sleep quality
independently correlates with global cortical atrophy (GCA) in
community-dwelling older adults, and the importance of the in-
teraction of age in this association.
duction and Hosting by Elsevier B.
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2. Methods

Atahualpa is a village representative of rural coastal Ecuador.
More than 95% of the population belong to the Native/Mestizo
ethnic group and their living characteristics are homogeneous, as
detailed elsewhere [5]. Shift work, as well as light and noise pol-
lution are uncommon during nightly hours in the village.

Atahualpa residents aged Z60 years identified during yearly
door-to-door surveys and prospectively registered in the Ata-
hualpa Project were offered a brain MRI. Out of 385 eligible in-
dividuals, 311 (81%) have been enrolled in this imaging sub-study.
Reasons for not performing neuroimaging included refusal to
participate, severe disability and contraindications for MRI. Out of
the 311 individuals with an MRI, 290 were interviewed with the
Pittsburgh Sleep Quality Index (PSQI) and the Montreal Cognitive
Assessment (MoCA). Subjects with aphasia, blindness or deafness
were not interviewed. The Institutional Review Board of Hospital-
Clínica Kennedy, Guayaquil, Ecuador (FWA 00006867) approved
the study.

2.1. Neuroimaging protocol

MRIs were performed with a Philips Intera 1.5T (Philips Medical
Systems, the Netherlands) at Hospital-Clínica Kennedy, Guayaquil.
MRI included two-dimensional multi-slice turbo spin echo T1-
weighted, fluid attenuated inversion recovery (FLAIR), T2-weigh-
ted, and gradient-echo sequences in the axial plane, as well as a
V. This is an open access article under the CC BY-NC-ND license
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Fig. 1. Fluid attenuated inversion recovery MRIs (TR 9000, TE 120, TI 2500) showing severity of global cortical atrophy (GCA) according to the visual rating scale of Pasquier
et al. [8]. From left to right, images represent mild, moderate and severe global GCA respectively. In mild GCA there is sulcal opening peripherally, moderate GCA is
characterized by widening along the length of the sulci, and severe GCA is present when there is gyral thinning. Images correspond to three different individuals aged 60–65
years.
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T1-weighted sequence oriented in the sagittal plane. We used the
pre-established brain imaging package delivered by the manu-
facturer to homogenize applicability by technicians; slice thickness
was 5 mm with 1 mm gap between slices.

Two readers, blinded to clinical data, independently reviewed
all MRIs. Inter-rater agreement was assessed for all findings, and
disagreements were resolved by consensus. For rating GCA, we
used the visual scale of Pasquier et al. [8], as previously described
in detail by our group [9]. In brief, mild GCA was defined as the
visualization of sulcal opening peripherally, moderate GCA was
characterized by widening along the length of the sulci, and severe
GCA was considered to be present when there was gyral thinning
(Fig. 1). In addition, the severity of white matter hyperintensities
(WMH) of presumed vascular origin – rated according to the
modified Fazekas scale [10] – as well as the presence of old strokes
and cerebral microbleeds were assessed to be used as confounding
variables in multivariate models.

2.2. Sleep quality investigation

We used a validated Spanish version of the Pittsburgh Sleep
Quality Index (PSQI) [11]. The questionnaire consists of a combi-
nation of Likert-type and open ended questions assessing sleep
duration (total amount of sleep obtained during the nocturnal
sleep episode), sleep disturbances (symptoms that change sleep-
ing habits), sleep latency (length of time that it takes to sleep), day
dysfunction due to sleepiness (daytime somnolence), sleep effi-
ciency (ratio of time spent asleep to the amount of time in bed),
overall sleep quality (self-perceived satisfaction with sleep), and
medications needed to sleep (use of sedatives, sleep inductors,
etc). The maximum score is 21 points, and the cutoff value for poor
sleep quality is Z6 points.

2.3. Clinical covariates investigated

Demographics, educational status, and cardiovascular risk fac-
tors were assessed through direct interviews and procedures
previously described in the Atahualpa Project. Severe edentulism
was defined in individuals having less than 10 remaining teeth,
symptoms of depression were assessed by the depression axis of
the depression-anxiety-stress-21 scale [12], and cognitive perfor-
mance was assessed by the Spanish version of the Montreal Cog-
nitive Assessment (MoCA) (www.mocatest.org, ©Z. Nasreddine
MD, version 07 November 2004).
2.4. Statistical analyses

Analyses were carried out by using STATA version 14 (College
Station, TX, USA). In univariate analyses, continuous variables were
compared by linear models and categorical variables by x2 or
Fisher exact test as appropriate. A multivariate logistic regression
model was constructed to assess the association between sleep
quality and GCA, after adjusting for demographics, cardiovascular
risk factor, severe edentulism, symptoms of depression, the MoCA
score, and neuroimaging signatures of cerebrovascular damage
(including WMH, strokes and cerebral microbleeds). Due to the
potential effect modification of age, a multivariate interaction
model for the marginal probabilities of moderate-to-severe GCA
was constructed with participants stratified according to the
median age of the population. This model was used to get more
insights on the importance of the interaction of age in the asso-
ciation between GCA and sleep quality, after adjusting for the
other confounders.
3. Results

Mean age of the 290 participants was 6978 years, 168 (58%)
were women and 237 (82%) had primary school education only.
Mean values of the PSQI were 572 points, with 94 (32%) in-
dividuals classified as having poor sleep quality. Neuroimaging
studies revealed moderate-to-severe GCA in 143 (49%) individuals,
moderate-to-severe WMH in 67 (23%), stroke lesion in 47 (16%) and
cerebral microbleeds in 36 (12%). Kappa coefficients for inter-rater
agreements of MRI lesions of interest were 0.90 for WMH, 0.76 for
cerebral microbleeds, 0.90 for old strokes, and 0.82 for GCA.

The mean MoCA score was 1975 points. Overall, 20 (7%) in-
dividuals had poor physical activity, 12 (4%) had a poor diet, 61
(21%) had a body mass index Z30 kg/m2, 139 (48%) had blood
pressure Z140/90 mmHg, 93 (32%) had fasting glucose levels
Z126 mg/dL, 34 (12%) had total cholesterol levels Z240 mg/dL,
142 (49%) had severe edentulism, and 46 (16%) had symptoms of
depression.

Table 1 summarizes the characteristics of participants and
across categories of sleep quality. In univariate analyses, in-
dividuals with poor sleep quality were older, had a lower MoCA
score, and the MRI showed more often moderate-to-severe WMH
than in those with good sleep quality. There was a non-significant
trend for individuals with poor sleep quality to have higher sys-
tolic blood pressure levels and to be edentulous than those with



Table 1
Characteristics of Atahualpa residents aged Z60 years across categories of sleep quality (univariate analyses).

Total series (n¼290) Good sleep quality (n¼196) Poor sleep quality (n¼94) p value

Age, mean7SD 6978 6877 72710 0.001
Women, n (%) 168 (58) 112 (57) 56 (60%) 0.695
Primary school education, n (%) 237 (82) 165 (84) 72 (77) 0.118
Poor physical activity, n (%) 20 (7) 15 (8) 5 (5) 0.463
Poor diet, n (%) 12 (4) 8 (4) 4 (4) 0.945
Body mass index, mean7SD 2675 2675 2675 –

Systolic blood pressure, mean7SD 144725 142723 148728 0.054
Diastolic blood pressure, mean7SD 76712 76711 75712 0.482
Fasting glucose mg/dL, mean7SD 140783 136779 150790 0.178
Total cholesterol mg/dL, mean7SD 200733 200733 199734 0.811
Severe edentulism, n (%) 142 (49) 89 (45) 53 (56) 0.080
Symptoms of depression, n (%) 46 (16) 28 (14) 18 (19) 0.289
MoCA score, mean7SD 1975 1975 1875 0.019
Moderate-to-severe WMH, n (%) 67 (23) 35 (18) 32 (34) 0.002
Stroke lesions, n (%) 47 (16) 29 (15) 18 (19) 0.346
Cerebral microbleeds, n (%) 36 (12) 25 (13) 11 (12) 0.799
Moderate-to-severe GCA, n (%) 143 (49) 89 (45) 54 (57) 0.054
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good sleep quality. In the univariate analysis, the difference in the
prevalence of moderate-to-severe GCA across categories of sleep
quality was only marginal (p¼0.054).

In the logistic regression model (adjusted for demographics,
cardiovascular risk factor, severe edentulism, symptoms of de-
pression, the MoCA score, and neuroimaging signatures of cere-
brovascular damage) – with participants stratified by the median
age (67 years) – covariates independently associated with GCA in
individuals with poor sleep quality were the MoCA score (OR:
0.87; 95% C.I.: 0.81–0.94; p¼0.001) and the presence of moderate-
to-severe WMH (OR: 0.31; 95% C.I.: 0.13–0.74; p¼0.009). In this
model, the association of moderate-to-severe GCA with poor sleep
quality was highly significant (OR: 0.09; 95% C.I.: 0.02–0.46;
p¼0.004).

Among subjects aged r66 years the probability of moderate-
to-severe GCA was significantly lower than among those aged
Z67 years and did not depend on sleep quality. On the other hand,
the probability of moderate-to-severe GCA among subjects aged
Z67 years was significantly higher among those with poor sleep
quality (Fig. 2).
Fig. 2. Probabilities (with 95% confidence intervals) of moderate-to-severe global cortical
the population.
4. Discussion

This study provides evidence for an association between poor
sleep quality and GCA in older adults and the important effect of
age in this association. In addition, cognitive performance and the
presence of diffuse subcortical damage of vascular origin are
variables independently associated with GCA in multivariate lo-
gistic regression models.

As previously noticed, there are few studies addressing the
association between poor sleep quality and cortical atrophy. In one
of them, the authors found a direct association, with the additional
advantage of showing progressive cortical atrophy in poor sleepers
during the follow-up; however, such study recruited 147 partici-
pants through newspaper advertisements, and may not be re-
presentative of the population at large [3]. In another study, 66
healthy individuals underwent MRI and were interviewed with
the PSQI, with no association at baseline; further follow-up of
some of these cases revealed a relationship between short sleep
duration and brain atrophy [4]. Other studies have evaluated the
relationship of single sleep symptoms with the presence of
atrophy according to sleep quality, with participants stratified by the median age of



O.H. Del Brutto et al. / Sleep Science 9 (2016) 147–150150
regional cortical atrophy, thus providing limited information of the
whole spectrum of non-breathing sleep-related symptoms and
structural brain damage [13]. To our knowledge, no population-
based study has addressed the link between poor sleep quality and
MRI-documented GCA and the independent effect of age in this
association.

Limitations of this study are its cross-sectional design and the
fact that we relied on a visual rating scale and not on volumetric
assessment to quantify cortical atrophy. However, the population-
based design with unbiased inclusion of participants and the high
acceptance rate (81%), together with the use of validated field
instruments and the models constructed to assess interaction of
age and other confounding variables, argue for the strengths of our
findings. Further longitudinal studies are warranted to assess
whether improvement in sleep quality make individuals less
prone to develop cortical atrophy in the follow-up.
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