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Abstract: Sleep disparities exist among Hispanics/Latinos, although little work has characterized
individuals at the United States (US)–Mexico border, particularly as it relates to acculturation.
This study examined the association of Anglo and Mexican acculturation to various facets of
sleep health among those of Mexican descent at the US–Mexico border. Data were collected
from N = 100 adults of Mexican descent in the city of Nogales, Arizona (AZ). Surveys were
presented in English or Spanish. Acculturation was assessed with the Acculturation Scale for
Mexican-Americans (ARSMA-II). Insomnia was assessed with the Insomnia Severity Index (ISI),
sleepiness was assessed with the Epworth Sleepiness Scale (ESS), sleep apnea risk was assessed
with the Multivariable Apnea Prediction (MAP) index, weekday and weekend sleep duration and
efficiency were assessed with the Sleep Timing Questionnaire, sleep quality was assessed with the
Pittsburgh Sleep Quality Index (PSQI), and sleep duration and sleep medication use were assessed
with PSQI items. No associations were found between Mexican acculturation and any sleep outcomes
in adjusted analyses. Anglo acculturation was associated with less weekend sleep duration and
efficiency, worse insomnia severity and sleep quality, and more sleep apnea risk and sleep medication
use. These results support the idea that sleep disparities may depend on the degree of acculturation,
which should be considered in risk screening and interventions.
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1. Introduction

The process of acculturation is multifaceted, focusing on cultural adaptation of groups and
individuals that come into continuous contact with each other. The process of acculturation involves
changes in areas of cultural, psychological, social, economic, and political factors [1]. For example,
cultural changes may exert a positive influence on nutrition, but they may also exhibit negative ones
as well [2].

Acculturation has also been associated with increased engagement in health risk behaviors that
are highly prevalent in the United States. Acculturation was shown to be associated with unhealthy
weight gain [3], lower rates of physical activity, and higher rates of fast-food consumption [4], as well as
increased smoking and alcohol use [5].

Understanding the relationship of acculturation with the burden of health-related chronic
conditions among individuals of Mexican descent is important due to the increasing numbers of these
individuals in the United States and the existence of disparities in chronic diseases in this population.
Mainly, research has shown that greater acculturation to the United States among Hispanic subgroups
leads to multiple adverse health issues, which include increased body mass index [6] especially among
Mexican-Americans [7,8].

Prior studies have examined acculturation and sleep, primarily among Hispanic/Latino
populations. Mexican immigrants, compared to United States (US)-born Mexican-Americans, are about
40% more likely to be short sleepers after adjusting for demographic characteristics [9]. Mexico-born
participants were significantly less likely than those born in the US to report short sleep [10] or
difficulty falling asleep [11]. However, Mexican-Americans were more likely to report difficulties in
maintaining sleep, early morning awakenings, nonrestorative sleep, and daytime sleepiness [11,12].
This suggests that factors such as culture may play a role in the maintenance of good sleep. However,
it should be noted that most of this prior work did not assess acculturation with validated scales; rather,
items measuring issues such as language use served as a proxy.

In a sample of around 300 women of Mexican descent in an urban Northern California community,
positive associations between acculturation and self-reported sleep disturbances were reported [13].
Sleep difficulties were more often reported among women among women whose preferred language
was English and also had earlier socialization to the United States. Similarly, Kachikis and Breitkopf [12]
found that higher acculturation scores (on the basis of language) were associated with self-reported
shorter sleep duration and lower sleep quality, among Hispanic/Latina women. Similar findings
were seen when US-born Hispanic/Latina, Chinese, and Japanese immigrants were compared to their
first-generation immigrant ethnic counterparts [14]. These findings are suggestive that first-generation
immigrants who are less acculturated maintain better sleep, and greater acculturation is associated
with worse sleep. On the other hand, in a study of US acculturation across first and second
generations, working nonmanual labor jobs were associated with more general fatigue and shorter
sleep duration [15,16].

Many prior studies are limited in that acculturation measures rely on single-item proxies
(e.g., language). Although definitions of acculturation refer to changes in values, beliefs, attitudes,
and behaviors as part of the process, it is not clear to what extent these elements are measured. Current
instruments have varying dimensions but mainly capture changes in language use and proficiency [17].
Although changes in language may reflect a deeper acculturative change, they can also arise due to
the necessity of language use and media preference. While language can be used as a measure of
acculturation, it may fail to measure adoption of new values. Additional dimensions of acculturation
should be taken into account such as length of stay in the United States, age of immigration person’s
experience including food preference, media preference, and self-defined acculturation level [18,19].
This will help public health researchers better understand how the process of acculturation may
influence health outcomes of individuals and their communities.

Another limitation of prior studies is that they focused on heterogeneous and often urban samples.
Most sleep epidemiology among Hispanics/Latinos was mainly focused in urban settings [20,21] or
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largely made up of those in urban settings [22]. Less work has been documented in more vulnerable
towns and rural communities. These communities are more insular and may face different challenges
when compared to urban Hispanics/Latinos. Speaking Spanish language (always? In some contexts?)
is identified as being a barrier to work in these regions. Nevertheless, health disparities at the border
are an important public health concern, as identified by Healthy People 2020 [23].

Prior studies on sleep in Mexican-Americans revealed decreased rates of short sleep and insomnia
symptoms. Hale and Rivero-Fuentes found that Mexican Immigrants had healthier sleep patterns
than US-born adults of Mexican descent (i.e., Mexican-Americans), where Mexican-Americans were
more likely to sleep less than 6.5 h daily [9]. Other studies showed that Mexican-Americans may have
lower rates of short sleep [10], insomnia [11], and sleep apnea symptoms [11]. However, other studies
suggested difficulties in sleep among Mexican-Americans, documenting problems in short sleep [24,25],
insomnia [24–26], and sleep apnea risk [25]. This highlights the importance of clarifying measurement
issues using standardized measures and examining the role of acculturation specifically, rather than
just group membership more broadly.

The present study evaluated the role of acculturation related to sleep problems using a
well-validated standardized acculturation rating scale among those of Mexican descent at the US–Mexico
border. We hypothesize that, among participants, a greater degree of Anglo acculturation will be
associated with poor sleep duration, insomnia, daytime sleepiness, and increased sleep medication
use, whereas those of Mexican descent with less Anglo acculturation will have better sleep health.

2. Methods

2.1. Study

This was a pilot survey study of individuals living at the US–Mexico border. The sample was
recruited as a convenience sample and, since this was a pilot study, no power calculations were
performed, in accordance with statistical guidelines [26].

2.2. Participants

Participants included N = 100 adults of Mexican descent, recruited from the US–Mexico border,
Nogales (Santa Cruz county, Arizona (AZ)). Of note, recruitment continued until N = 100 was reached.
These individuals were recruited through in-person solicitations via booths set up outside of local
shopping establishments, parks, and community buildings. Bilingual advertisements, flyers, and social
media were also utilized. Inclusion criteria included (1) fluency in English or Spanish, (2) age over
18 years, (3) identifying as Mexican or Mexican-American, (4) having residence in Santa Cruz county,
AZ, and (5) willingness to complete an extended survey battery. Exclusion criteria included (1) having
a medical condition that would impede their ability to provide consent and/or participate, including
(but not limited to) heart failure, type 1 diabetes, autoimmune conditions such as systemic lupus
erythematosus, or uncontrolled serious mental illness (e.g., schizophrenia), (2) being under the age of
18 years, and (3) not residing in Santa Cruz county, AZ. This study was approved by the University of
Arizona Institutional Review Board (protocol number 1608763580). All participants provided informed
consent for inclusion and were compensated $20.

2.3. Measures

Acculturation was assessed using the Acculturation Rating Scale for Mexican-Americans
II (ARSMA-II) [27]. ARSMA-II is a well-validated, standard measure of acculturation in this
population [27]. It includes separate subscales for “Mexican acculturation” and “Anglo acculturation.”
These subscales are independent of each other and range from 0–4, with higher scores indicating
greater acculturation along each of those dimensions. In this way, an individual may score highly on
either, both, or neither subscale. This approach allows for a separate investigation into the relative
contribution of “Mexican” and “American” components of identity. Previous studies have shown that
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ARSMA-II is a useful measure for characterizing sleep in the context of acculturation [15]. ARSMA-II
was initially developed and validated in both English and Spanish [27].

Insomnia was assessed using the Insomnia Severity Index (ISI) [28], a well-characterized,
standard outcome measure for insomnia [28–30], which assesses the subjective severity of insomnia
experiences. Seven items characterize perceived difficulties initiating, maintaining, and terminating
sleep, satisfaction and worry about sleep, and elements of daytime dysfunction. The ISI, originally
developed in English [28], was translated into Spanish and validated [31].

The Epworth Sleepiness Scale (ESS) is an eight-item measure of daytime sleep propensity,
evaluating the degree of likelihood that an individual will fall asleep in a range of situations [32].
Items range from 0 (no chance of dozing) to 3 (high likelihood of dozing), and total scores range from
0–24, with higher values representing increased daytime sleepiness. The ESS is a standard clinical and
research tool that is well validated [33]. The ESS was previously translated into Spanish [34].

Sleep quality was assessed using the Pittsburgh Sleep Quality Index (PSQI) [35]. The PSQI is a
frequently used screening tool to broadly assess several dimensions of sleep overall good or poor sleep
but is better at actually assessing sleepiness, sleep quality, insomnia symptoms, and sleep medication
use [35,36]. It is a standard outcome measure in sleep research [37]. The PSQI computes an overall
score on the basis of seven subscales, with scores over 5 considered as overall “poor” sleep quality.
In addition to the overall score, the present study examined individual items of the PSQI. To assess
general sleep duration, the item asking, “How many hours of actual sleep do you get at night (this may
be different than the number of hours you spend in bed)?”, was used as a continuous variable. The item,
“How often have you taken medicine (prescribed or over the counter) to help you sleep?”, was used to
determine if individuals had a prior use of sleep medication. Responses that indicated any use in the
past 30 days were coded as “yes.” The PSQI was previously translated into Spanish [38].

The Sleep Timing Questionnaire (STQ) was used to assess habitual computed weekday and
weekend sleep duration and sleep efficiency [39]. This questionnaire was validated against a prospective
sleep diary. The STQ asks individuals for times in and out of bed on weekdays and weekends and also
asks questions related to typical sleep latency (SL) and wake after sleep onset (WASO). On the basis of
these values, mean sleep time is calculated (using time in and out of bed to establish total time in bed
(TIB), then calculating TIB–SL–WASO). Sleep efficiency is calculated as sleep time/TIB.

Sleep apnea risk was assessed using the Multivariable Apnea Prediction (MAP) index [40].
The MAP was developed to assess real-world sleep apnea risk on the basis of clinical variables
(age, body mass index, and sex) and symptom reports (snoring, choking/gasping). On the basis
of a previously published prediction equation, sleep apnea risk is characterized as percentage
(0–100%) likelihood.

2.4. Translation of Measures into Spanish

Previously developed Spanish versions were used where possible, and English-only measures were
translated for the purposes of this study. Guideline-based translation procedures were followed [41,42].
Specifically, an iterative process was followed for English-only measures (STQ and MAP): (1) the
measure was translated by a Spanish-speaking physician, to ensure contextual accuracy; (2) the Spanish
language measure was compared to the English measure by a bilingual non-researcher member of the
community and revised; (3) the revised version was sent to a certified medical translator; (4) this version
was evaluated by a focus group of N = 5 bilingual individuals from the community not involved
with the research study and revised appropriately; (5) this version was then back-translated by an
additional, blinded bilingual member of the community not involved in the study; (6) an additional
focus group was asked to compare both the English and Spanish versions to check for compatibility;
(7) lastly, the medical translator certified the accuracy of the final Spanish version. For previously
translated measures (ISI, ESS, PSQI), steps 2 through 7 were still followed. Of note, this resulted in a
new translation of the ISI, as items #4 and #6 were slightly changed in the process to accommodate
regional language preferences.
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2.5. Statistical Analyses

Linear regression analyses examined associations between acculturation (Mexican or Anglo,
assessed as a continuous independent variable/predictor) and each continuous sleep-related outcome
variable, including ISI score, ESS score, PSQI score, sleep duration (minutes), STQ weekday sleep time
(minutes), STQ weekend sleep time (minutes), STQ weekday sleep efficiency (percent), STQ weekend
sleep efficiency (percent), and MAP sleep apnea risk score (percent). Similarly, ordinal logistic regression
analyses examined the likelihood of sleep medication use (yes vs. no), as predicted by Mexican and
Anglo acculturation. All analyses were computed unadjusted and adjusted for age, sex, and education.
Linear regression analyses examined unstandardized coefficients(B) and logistic regression analyses
are reported as odds ratio (OR), along with 95% confidence intervals (CIs). A p-value below 0.05 was
considered nominally statistically significant. All analyses were computed in STATA 14.0 (STATACORP,
College Station, TX, USA).

3. Results

3.1. Characteristics of the Sample

Sample characteristics are reported in Table 1. The sample had a mean age of 36.5 years (SD = 19.1),
and 47% were female. Among participants, 25% had a college degree. This is similar to US Census
descriptions of the region, which estimated that the population is 52% female and 21% college
graduates [43].

Table 1. Characteristics of the sample.

Variable Category/Units Distribution *

Age Years 36.5 ± 19.1

Sex
Male 53%

Female 47%

Education

College graduate 25%

Some college 25%

High school 23%

Less than high school 27%

Acculturation
Mexican acculturation 2.90 ± 0.75

Anglo acculturation 1.94 ± 0.94

ISI score Points 9.14 ± 4.20

ESS score Points 6.36 ± 4.33

PSQI score Points 7.73 ± 3.47

PSQI sleep duration Minutes 363.6 ± 105.0

STQ weekday sleep duration Minutes 436 ± 144

STQ weekend sleep duration Minutes 469 ± 162

STQ weekday sleep efficiency Percent 88.4 ± 32.7

STQ weekend sleep efficiency Percent 90.0 ± 13.9

MAP sleep apnea risk Percent 30.2 ± 24.6

Sleep medication use No 81%

Yes 19%

* Values reported as percent or mean ± standard deviation (% or M ± SD); ISI, Insomnia Severity Index; ESS, Epworth
Sleepiness Scale; PSQI, Pittsburgh Sleep Quality Index; STQ, Sleep Timing Questionnaire; MAP, Multivariable
Apnea Prediction.

Mean Mexican acculturation was 2.9 points, and mean Anglo acculturation was 1.9 points.
The mean score on the ISI was in the range indicative of mild insomnia, the mean score on the ESS was
not indicative of excessive sleepiness, and the mean score on the PSQI was indicative of overall poor
sleep quality. Sleep duration was self-reported as 6 h and 4 min on the PSQI, but 7 h and 16 min of



Int. J. Environ. Res. Public Health 2020, 17, 7138 6 of 11

computed weekday sleep duration, and 7 h and 49 min of computed weekend sleep duration was
reported on the STQ. Sleep efficiency was estimated to be 88% on weekdays and 90% on weekends,
indicating overall good sleep efficiency. Sleep apnea risk was moderate on average, and about one in
five persons indicated a history of sleep medication use (see Table 1 for details).

3.2. Acculturation and Sleep-Related Outcomes

Results of regression analyses examining relationships between acculturation and sleep outcomes
are reported in Table 2 for continuous outcomes. The odds ratios of sleep medication use are reported
in Table 3, where medication use was the outcome variable/dependent variable with acculturation
scores as the independent variable. In unadjusted analyses, Mexican acculturation was associated with
greater sleep duration (but was no longer significant after adjustment). After adjusted analysis (for age,
sex, and education), the degree of Mexican acculturation was not associated with any sleep outcomes.

Table 2. Association between acculturation and sleep characteristics among individuals of Mexican
descent at the United States (US)–Mexico border.

Acculturation and Sleep Unadjusted Adjusted

Units B 95% CI + p B 95% CI + p

Mexican Acculturation

Insomnia ISI score −0.26 (−1.38, 0.87) 0.651 −0.33 (−1.47, 0.81) 0.567

Sleepiness ESS score −0.08 (−1.24, 1.08) 0.894 −0.01 (−1.21, 1.19) 0.983

Sleep quality PSQI score −0.54 (−1.46, 0.39) 0.253 −0.44 (−1.36, 0.48) 0.348

Sleep duration Minutes 28.44 (0.84. 56.04) 0.043 27.42 (−0.60, 55.44) 0.055

Weekday sleep time Minutes 12.35 (−26.09, 50.79) 0.525 20.40 (−17.74, 58.54) 0.291

Weekend sleep time Minutes 18.07 (−25.28, 61.41) 0.41 26.1 (−15.28, 67.48) 0.214

Weekday sleep efficiency Percent −0.43 (−9.26, 8.40) 0.923 0.50 (−8.64, 9.63) 0.914

Weekend sleep efficiency Percent 2.73 (−0.98, 6.45) 0.147 3.45 (−0.19, 7.08) 0.063

Sleep apnea risk Percent 3.40 (−3.16, 9.96) 0.307 2.95 (−2.08, 7.97) 0.248

Anglo Acculturation

Insomnia ISI score 1.06 (0.18, 1.93) 0.018 1.32 (0.44, 2.20) 0.004

Sleepiness ESS score 0.33 (−0.59, 1.26) 0.476 0.38 (−0.59, 1.34) 0.441

Sleep quality PSQI score 1.01 (0.30, 1.73) 0.006 1.13 (0.42, 1.84) 0.002

Sleep duration Minutes −28.68 (−50.40, −6.90) 0.01 −32.58 (−54.60, −10.50) 0.004

Weekday sleep time Minutes −5.62 (−36.37, 25.14) 0.718 −6.64 (−37.56, 24.29) 0.671

Weekend sleep time Minutes −40.57 (−74.36, −6.78) 0.019 −41.07 (−73.65, −8.49) 0.014

Weekday sleep efficiency Percent 1.225 (−5.78, 8.23) 0.729 0.60 (−6.71, 7.91) 0.871

Weekend sleep efficiency Percent −3.98 (−6.85, −1.11) 0.007 −4.26 (−7.09, −1.43) 0.004

Sleep apnea risk Percent 7.35 (2.29, 12.41) 0.005 5.57 (1.64, 9.49) 0.006
+ CI, confidence interval.

Table 3. Association between acculturation and sleep medication use among individuals of Mexican
descent at the US–Mexico border.

Acculturation and Sleep Medication
Unadjusted Adjusted

OR + 95% CI p OR + 95% CI p

Mexican Acculturation 0.95 (0.49, 1.83) 0.866 0.81 (0.40, 1.66) 0.571

Anglo Acculturation 1.85 (1.02, 3.35) 0.043 2.32 (1.16, 4.62) 0.017
+ OR, odds ratio.
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Anglo acculturation, on the other hand, was associated with several outcomes. In unadjusted
analyses, each point of Anglo acculturation on the ARSMA-II was associated with approximately one
additional point on the ISI (1.3 points after covariate adjustment), one additional point on the PSQI
(1.1 points after adjustment), 29 fewer minutes of sleep duration on the PSQI (33 min after adjustment),
41 fewer minutes of STQ weekend sleep duration (41 min after adjustment), four fewer percentage
points of STQ weekend sleep efficiency (also 4% after adjustment), 7% increased sleep apnea risk
(6% after adjustment), and 85% greater likelihood of prior use of sleep medications (132% greater
likelihood after adjustment).

As a post hoc analysis, we examined whether any of these relationships depended on sex.
Acculturation (Mexican and Anglo) by sex interactions were run for each outcome. The only significant
interaction was seen for Mexican acculturation by sex for PSQI score (p < 0.05). When analyses were
stratified by sex (still adjusted for age and education), greater Mexican acculturation was associated
with lower PSQI score for men (B = −1.75; 95% CI −3.15 to −0.35; p = 0.015), but not women (B = 0.75;
95% CI −0.61 to 2.10; p > 0.05).

4. Discussion

The present study evaluated relationships between Mexican and Anglo acculturation and
sleep variables among adults of Mexican descent at the US–Mexico border. Overall, the results
showed that Mexican acculturation was not associated with sleep variables. Moreover, there was no
association between acculturation and daytime sleepiness or weekday sleep duration or efficiency.
Anglo acculturation was, however, associated with less sleep on weekends, lower weekend sleep
efficiency, worse sleep quality, more insomnia, greater sleep medication use, and increased risk for
sleep apnea.

The main finding of this study was that higher Anglo acculturation was associated with a
variety of measures of poorer sleep health among individuals of Mexican descent at the US–Mexico
border. This finding is consistent with previous work, which showed that those born in Mexico
are less likely to report short sleep or difficulty falling asleep, when compared to those born in the
US [10,11]. Subsequently, people of Mexican descent born in the US are more likely to have difficulties
in sleep [11]. Similarly, US-born Mexican-Americans were more likely to be short sleepers when
compared to Mexican immigrants [9]. Reasons for this association may be that those born in the US
are likely to also engage in unhealthy behaviors including smoking, alcohol use, and lack of physical
activity due to the possibility of having high stress levels as they adjust to living in the US. All these
factors have been linked to poor sleep outcomes [9,44]. Other studies reported that Latinos in general
(particularly Mexican-Americans) may be somewhat protected against sleep disparities seen in other
groups [10,11,45]. It was suggested that this may be due to lack of acculturation, as being born in
Mexico and speaking Spanish at home was protective of sleep quality in a nationally representative
survey [10,11].

It is important to note that these previous studies did not investigate weekday–weekend differences.
Anglo acculturation in this study was associated with less sleep on weekends. There are several
possibilities for this. Those with more Anglo acculturation may be more likely to have employment
schedules more consistent with typical weekday work hours, thus creating consistency in their
schedules during the week. On weekends, they may tend to get less sleep possibly due to completing
tasks left over from their week. It is also possible that, during the weekends, they are more engaged in
social events such as hanging out with friends, going to dinner or clubs, binge-watching television,
and spending time with family. Future studies should examine behavioral and time use patterns that
may explain this.

Anglo acculturation in this population was associated with increased sleep medication use.
This finding suggests that acculturation process has a positive effect on healthcare use and
self-perceptions of health. More Anglo-accultured Hispanics/Latinos are more likely to use preventative
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services [46,47]. Possible explanations of this include higher rates of insurance coverage and improved
healthcare access, enabling better management of chronic illnesses [48].

Findings for lower sleep duration and lower sleep efficiency were seen for weekend but not
weekday sleep for those with greater degree of Anglo acculturation. This finding suggests that
higher Anglo acculturation is associated with less sleep on weekends and, paradoxically, lower sleep
efficiency. This finding highlights the importance of examining weekday and weekend sleep separately.
These findings may also be related to different social behavior patterns, which should be explored in
more detail in future studies.

There are several strengths of this study. The usage of ARSMA-II indicates significant progress
in the sleep field. Compared to the simpler proxy measures (immigration status and language use)
used in the past, ARSMA-II quantifies acculturation to Mexican and US culture along a continuous,
two-dimensional scale. Thus, an individual can be high and/or low for both Mexican and US
acculturation, providing a more informed approach to discussing acculturation in the public health
sciences. Additionally, the participants in this study were selected from the US–Mexico border in
Arizona, an understudied region. Most sleep epidemiology studies were conducted in urban settings
and may miss challenges that those living in rural areas may face. Nogales, AZ is a suitable area for
border health disparities research, particularly sleep epidemiology among Mexican-Americans.

The present study had several important limitations. First, the sample size was generally
small. Despite being one of the largest studies of acculturation in this population using established
measures, prevalence estimates and associations need to be replicated in a larger sample. Second,
sleep measures were self-reported using validated instruments. Other details about sleep habits such
as regularity of sleep schedule and naps, were not assessed. Prospective (e.g., sleep diary) and objective
(e.g., actigraphy) measures were not available. Due to limited access to medical records, no information
regarding the types of sleep medications was obtained. In addition, no previous diagnoses of medical
conditions, specifically, sleep disorders, were available. For future studies, reliable medical records
would be helpful to determine if sleep medication use or diagnosis of sleep disorders impacts the
results obtained in this study.

Our study did not assess the impact of acculturative stress, i.e., the stress associated with
adjusting to a new culture. We also did not measure the impact of stress among our study population,
which may be a direct measure of risk for negative health outcomes associated with the process of
acculturation. In the available literature, the impact of acculturative stress on acculturation varies,
and the present study was not adequately powered to assess these complex relationships. For future
studies, assessing for stress factors that may be associated with acculturation may assess its impact on
sleep parameters, among Mexican-Americans.

The cross-sectional nature of analysis does not allow inference of causality in terms of causes of
sleep outcomes among participants of Mexican descent with greater degree of Anglo acculturation.
Lastly, there is concern for residual confounding that may exist due to unmeasured or poorly measures
factors, such as chronic medical conditions, that tend to exist in most observational studies.

5. Conclusions

The present study identified associations between both Mexican and Anglo (i.e., American)
acculturation and sleep disturbances among individuals of Mexican descent at the US–Mexico border.
Overall, the study found that Mexican acculturation was not significantly associated with sleep,
but Anglo acculturation in this group was associated with less sleep on weekends, worse sleep quality,
more insomnia, greater sleep apnea risk, and more sleeping-pill use. Given the small sample size
and cross-sectional nature, it did not identify mechanisms of these associations; these will need to
be assessed in future work. Yet, these relationships aid in the identification of which individuals
may be at increased risk for sleep problems. Of note, future research is needed to examine whether
existing interventions (e.g., cognitive behavioral therapy for insomnia) are appropriate for this group,
or if they need to be modified. Future studies should examine behavioral, social, and environmental
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mechanisms of these relationships, examine potential resilience factors in this community, and explore
possible intervention strategies for mitigating some of these risks.

Author Contributions: All listed authors contributed to this work. Conceptualization, P.A.-M., O.M.B., S.R.P.,
J.R., S.P., P.L.H. and M.A.G.; methodology, K.G., P.A.-M., S.R.P., J.R., P.L.H. and M.A.G.; formal analysis,
M.A.G.; resources, M.E.D., P.A.-M. and M.A.G.; data curation, M.E.D., K.G., P.A.-M., P.M., P.A.-M. and M.A.G.;
writing—original draft preparation, S.B.G., K.G., A.C.O. and M.A.G.; writing—review and editing, S.B.G., M.E.D.,
K.G., A.C.O., P.A.-M., P.M., O.M.B., S.R.P., J.R., S.P., P.L.H., A.S., N.W., G.J.-L. and M.A.G.; supervision, P.A.-M.
and M.A.G.; project administration, M.E.D., P.A.-M., P.M. and M.A.G.; funding acquisition, M.A.G. All authors
read and agreed to the published version of the manuscript.

Funding: This work was supported by K23 HL110216, R01 DA051321, R01 MD011600, and a grant from the
University of Arizona Health Sciences.

Conflicts of Interest: M.A.G. reports grants from Jazz Pharmaceuticals and Kemin Foods, and consulting from
Fitbit, Natrol, Merck, Casper, SPV, Sunovion, University of Maryland, and New York University. The sponsors
had no role in the design, execution, interpretation, or writing of the study. S.P. has received grant support from
Bayer Pharmaceuticals, Philips Respironics, and Respicardia. The sponsors had no role in the design, execution,
interpretation, or writing of the study.

References

1. Satia, J.A. Dietary acculturation and the nutrition transition: An overview. Appl. Physiol. Nutr. Metab. 2010,
35, 219–223. [CrossRef]

2. Gray, V.B.; Cossman, J.S.; Dodson, W.L.; Byrd, S.H. Dietary acculturation of Hispanic immigrants in
Mississippi. Salud Pública México 2005, 47, 351–360. [CrossRef]

3. Delavari, M.; Sonderlund, A.L.; Swinburn, B.; Mellor, D.; Renzaho, A. Acculturation and obesity among
migrant populations in high income countries—A systematic review. BMC Public Health 2013, 13,
458. [CrossRef]

4. Unger, J.B.; Reynolds, K.; Shakib, S.; Spruijt-Metz, D.; Sun, P.; Johnson, C.A. Acculturation, physical activity,
and fast-food consumption among Asian-American and Hispanic adolescents. J. Community Health 2004, 29,
467–481. [CrossRef]

5. Bethel, J.W.; Schenker, M.B. Acculturation and smoking patterns among Hispanics: A review.
Am. J. Prev. Med. 2005, 29, 143–148. [CrossRef]

6. Hales, C.M.; Carroll, M.D.; Fryar, C.D.; Ogden, C.L. Prevalence of Obesity Among Adults and Youth:
United States, 2015–2016. NCHS Data Brief. 2017, 288, 1–8.

7. Ahluwalia, I.B.; Ford, E.S.; Link, M.; Bolen, J.C. Acculturation, weight, and weight-related behaviors among
Mexican Americans in the United States. Ethn. Dis. 2007, 17, 643–649. [PubMed]

8. Hazuda, H.P.; Haffner, S.M.; Stern, M.P.; Eifler, C.W. Effects of acculturation and socioeconomic status on
obesity and diabetes in Mexican Americans. The San Antonio Heart Study. Am. J. Epidemiol. 1988, 128,
1289–1301. [CrossRef] [PubMed]

9. Hale, L.; Rivero-Fuentes, E. Negative acculturation in sleep duration among Mexican immigrants and
Mexican Americans. J. Immigr. Minor. Health 2011, 13, 402–407. [CrossRef] [PubMed]

10. Whinnery, J.; Jackson, N.; Rattanaumpawan, P.; Grandner, M.A. Short and long sleep duration associated
with race/ethnicity, sociodemographics, and socioeconomic position. Sleep 2014, 37, 601–611. [CrossRef]

11. Grandner, M.A.; Petrov, M.E.; Rattanaumpawan, P.; Jackson, N.; Platt, A.; Patel, N.P. Sleep symptoms,
race/ethnicity, and socioeconomic position. J. Clin. Sleep Med. 2013, 9, 897–905. [CrossRef] [PubMed]

12. Kachikis, A.B.; Breitkopf, C.R. Predictors of sleep characteristics among women in southeast Texas.
Womens Health Issues 2012, 22, e99–e109. [CrossRef] [PubMed]

13. Hale, L.; Troxel, W.M.; Kravitz, H.M.; Hall, M.H.; Matthews, K.A. Acculturation and sleep among a
multiethnic sample of women: The Study of Women’s Health Across the Nation (SWAN). Sleep 2014, 37,
309–317. [CrossRef]

14. Grandner, M.A.; Khader, W.S.; Warlick, C.D.; Fernandez, F. Acculturation and sleep: Implications for sleep
and health disparities. Sleep 2019, 42, zsz059. [CrossRef] [PubMed]

15. Martinez-Miller, E.E.; Prather, A.A.; Robinson, W.R.; Avery, C.L.; Yang, Y.C.; Haan, M.N.; Aiello, A.E.
US acculturation and poor sleep among an intergenerational cohort of adult Latinos in Sacramento,
California. Sleep 2019, 42, zsy246. [CrossRef]

http://dx.doi.org/10.1139/H10-007
http://dx.doi.org/10.1590/S0036-36342005000500005
http://dx.doi.org/10.1186/1471-2458-13-458
http://dx.doi.org/10.1007/s10900-004-3395-3
http://dx.doi.org/10.1016/j.amepre.2005.04.014
http://www.ncbi.nlm.nih.gov/pubmed/18072373
http://dx.doi.org/10.1093/oxfordjournals.aje.a115082
http://www.ncbi.nlm.nih.gov/pubmed/3195568
http://dx.doi.org/10.1007/s10903-009-9284-1
http://www.ncbi.nlm.nih.gov/pubmed/19728094
http://dx.doi.org/10.5665/sleep.3508
http://dx.doi.org/10.5664/jcsm.2990
http://www.ncbi.nlm.nih.gov/pubmed/23997702
http://dx.doi.org/10.1016/j.whi.2011.07.004
http://www.ncbi.nlm.nih.gov/pubmed/21875813
http://dx.doi.org/10.5665/sleep.3404
http://dx.doi.org/10.1093/sleep/zsz059
http://www.ncbi.nlm.nih.gov/pubmed/31222327
http://dx.doi.org/10.1093/sleep/zsy246


Int. J. Environ. Res. Public Health 2020, 17, 7138 10 of 11

16. Coronado, G.D.; Thompson, B.; McLerran, D.; Schwartz, S.M.; Koepsell, T.D. A short acculturation scale for
Mexican-American populations. Ethn. Dis. 2005, 15, 53–62.

17. Chen, J.L.; Wu, Y. Cardiovascular risk factors in Chinese American children: Associations between overweight,
acculturation, and physical activity. J. Pediatr Health Care 2008, 22, 103–110. [CrossRef]

18. Dela Cruz, F.A.; McBride, M.R.; Compas, L.B.; Calixto, P.R.; Van Derveer, C.P. White paper on the health
status of Filipino Americans and recommendations for research. Nurs. Outlook 2002, 50, 7–15. [CrossRef]

19. Bild, D.E.; Bluemke, D.A.; Burke, G.L.; Detrano, R.; Diez Roux, A.V.; Folsom, A.R.; Greenland, P.; Jacob, D.R., Jr.;
Kronmal, R.; Liu, K.; et al. Multi-Ethnic Study of Atherosclerosis: Objectives and design. Am. J. Epidemiol.
2002, 156, 871–881. [CrossRef]

20. Sorlie, P.D.; Aviles-Santa, L.M.; Wassertheil-Smoller, S.; Kaplan, R.C.; Daviglus, M.L.; Giachello, A.L.;
Schneiderman, N.; Raij, L.; Talavera, G.; Allison, M.; et al. Design and implementation of the Hispanic
Community Health Study/Study of Latinos. Ann. Epidemiol. 2010, 20, 629–641. [CrossRef]

21. Centers for Disease Control and Prevention. National Health and Nutrition Examination Survey Data; U.S.
Department of Health and Human Services, National Center for Health Statistics: Hyattsville, MD, USA, 2008.

22. Office of Disease Prevention and Health Promotion. Healthy People 2020 Objective Topic Areas; US Department
of Health and Human Services: Washington, DC, USA, 2011.

23. Cespedes, E.M.; Dudley, K.A.; Sotres-Alvarez, D.; Zee, P.C.; Daviglus, M.L.; Shah, N.A.; Talavera, G.A.;
Gallo, L.C.; Mattei, J.; Qi, Q.; et al. Joint associations of insomnia and sleep duration with prevalent
diabetes: The Hispanic Community Health Study/Study of Latinos (HCHS/SOL). J. Diabetes 2016, 8, 387–397.
[CrossRef] [PubMed]

24. Chen, X.; Wang, R.; Zee, P.; Lutsey, P.L.; Javaheri, S.; Alcantara, C.; Jackson, C.L.; Williams, M.A.; Redline, S.
Racial/Ethnic Differences in Sleep Disturbances: The Multi-Ethnic Study of Atherosclerosis (MESA). Sleep 2015,
38, 877–888. [CrossRef] [PubMed]

25. Kaufmann, C.N.; Mojtabai, R.; Hock, R.S.; Thorpe, R.J., Jr.; Canham, S.L.; Chen, L.Y.; Wennberg, A.M.;
Chen-Edinboro, L.P.; Spira, A.P. Racial/Ethnic Differences in Insomnia Trajectories Among U.S. Older Adults.
Am. J. Geriatr. Psychiatry 2016, 24, 575–584. [CrossRef] [PubMed]

26. Hoenig, J.M.; Heisey, D.M. The Abuse of Power: The Pervasive Fallacy of Power Calculations for Data
Analysis. Am. Stat. 2001, 55, 1–6. [CrossRef]

27. Cuellar, I.; Arnold, B.; Maldonado, R. Acculturation Rating Scale for Mexican Americans-II: A revision of the
original ARSMA Scale. Hisp. J. Behav. Sci. 1995, 17, 275–304. [CrossRef]

28. Bastien, C.H.; Vallieres, A.; Morin, C.M. Validation of the Insomnia Severity Index as an outcome measure
for insomnia research. Sleep Med. 2001, 2, 297–307. [CrossRef]

29. Morin, C.M.; Belleville, G.; Belanger, L.; Ivers, H. The insomnia severity index: Psychometric indicators to
detect insomnia cases and evaluate treatment response. Sleep 2011, 34, 601–608. [CrossRef]

30. Smith, S.; Trinder, J. Detecting insomnia: Comparison of four self-report measures of sleep in a young adult
population. J. Sleep Res. 2001, 10, 229–235. [CrossRef]

31. Fernandez-Mendoza, J.; Rodriguez-Munoz, A.; Vela-Bueno, A.; Olavarrieta-Bernardino, S.; Calhoun, S.L.;
Bixler, E.O.; Vgontzas, A.N. The Spanish version of the Insomnia Severity Index: A confirmatory factor
analysis. Sleep Med. 2012, 13, 207–210. [CrossRef]

32. Johns, M.W. A new method for measuring daytime sleepiness: The Epworth sleepiness scale. Sleep 1991, 14,
540–545. [CrossRef]

33. Lapin, B.R.; Bena, J.F.; Walia, H.K.; Moul, D.E. The Epworth Sleepiness Scale: Validation of One-Dimensional
Factor Structure in a Large Clinical Sample. J. Clin. Sleep Med. 2018, 14, 1293–1301. [CrossRef] [PubMed]

34. Sandoval-Rincon, M.; Alcala-Lozano, R.; Herrera-Jimenez, I.; Jimenez-Genchi, A. Validation of the Epworth
sleepiness scale in Mexican population. Gac. Med. Mex. 2013, 149, 409–416. [PubMed]

35. Buysse, D.J.; Reynolds, C.F., 3rd; Monk, T.H.; Berman, S.R.; Kupfer, D.J. The Pittsburgh Sleep Quality Index:
A new instrument for psychiatric practice and research. Psychiatry Res. 1989, 28, 193–213. [CrossRef]

36. Buysse, D.J.; Hall, M.L.; Strollo, P.J.; Kamarck, T.W.; Owens, J.; Lee, L.; Reis, S.E.; Matthews, K.A.
Relationships between the Pittsburgh Sleep Quality Index (PSQI), Epworth Sleepiness Scale (ESS),
and clinical/polysomnographic measures in a community sample. J. Clin. Sleep Med. 2008, 4,
563–571. [CrossRef]

37. Backhaus, J.; Junghanns, K.; Broocks, A.; Riemann, D.; Hohagen, F. Test-retest reliability and validity of the
Pittsburgh Sleep Quality Index in primary insomnia. J. Psychosom. Res. 2002, 53, 737–740. [CrossRef]

http://dx.doi.org/10.1016/j.pedhc.2007.03.002
http://dx.doi.org/10.1067/mno.2002.121429
http://dx.doi.org/10.1093/aje/kwf113
http://dx.doi.org/10.1016/j.annepidem.2010.03.015
http://dx.doi.org/10.1111/1753-0407.12308
http://www.ncbi.nlm.nih.gov/pubmed/25952169
http://dx.doi.org/10.5665/sleep.4732
http://www.ncbi.nlm.nih.gov/pubmed/25409106
http://dx.doi.org/10.1016/j.jagp.2016.02.049
http://www.ncbi.nlm.nih.gov/pubmed/27212222
http://dx.doi.org/10.1198/000313001300339897
http://dx.doi.org/10.1177/07399863950173001
http://dx.doi.org/10.1016/S1389-9457(00)00065-4
http://dx.doi.org/10.1093/sleep/34.5.601
http://dx.doi.org/10.1046/j.1365-2869.2001.00262.x
http://dx.doi.org/10.1016/j.sleep.2011.06.019
http://dx.doi.org/10.1093/sleep/14.6.540
http://dx.doi.org/10.5664/jcsm.7258
http://www.ncbi.nlm.nih.gov/pubmed/30092893
http://www.ncbi.nlm.nih.gov/pubmed/23999632
http://dx.doi.org/10.1016/0165-1781(89)90047-4
http://dx.doi.org/10.5664/jcsm.27351
http://dx.doi.org/10.1016/S0022-3999(02)00330-6


Int. J. Environ. Res. Public Health 2020, 17, 7138 11 of 11

38. Tomfohr, L.M.; Schweizer, C.A.; Dimsdale, J.E.; Loredo, J.S. Psychometric characteristics of the Pittsburgh
Sleep Quality Index in English speaking non-Hispanic whites and English and Spanish speaking Hispanics
of Mexican descent. J. Clin. Sleep Med. 2013, 9, 61–66. [CrossRef]

39. Monk, T.H.; Buysse, D.J.; Kennedy, K.S.; Pods, J.M.; DeGrazia, J.M.; Miewald, J.M. Measuring sleep habits
without using a diary: The sleep timing questionnaire. Sleep 2003, 26, 208–212. [CrossRef]

40. Maislin, G.; Pack, A.I.; Kribbs, N.B.; Smith, P.L.; Schwartz, A.R.; Kline, L.R.; Schwab, R.J.; Dinges, D.F.
A survey screen for prediction of apnea. Sleep 1995, 18, 158–166. [CrossRef]

41. Hilton, A.; Skrutkowski, M. Translating instruments into other languages: Development and testing processes.
Cancer Nurs. 2002, 25, 1–7. [CrossRef]

42. Van de Vijver, F.; Hambleton, R.K. Translating tests: Some practical guidelines. Eur. Psychol. 1996, 1,
89–99. [CrossRef]

43. US Census Bureau. Quick Facts: Santa Cruz County, Arizona. US Census Bureau: Washington, DC,
USA, 2019.

44. Lara, M.; Gamboa, C.; Kahramanian, M.I.; Morales, L.S.; Bautista, D.E. Acculturation and Latino health in
the United States: A review of the literature and its sociopolitical context. Annu. Rev. Public Health 2005, 26,
367–397. [CrossRef] [PubMed]

45. Seicean, S.; Neuhauser, D.; Strohl, K.; Redline, S. An Exploration of Differences in Sleep Characteristics
between Mexico-born US Immigrants and Other Americans to Address the Hispanic Paradox. Sleep 2011, 34,
1021–1031. [CrossRef] [PubMed]

46. Hu, D.J.; Covell, R.M. Health care usage by Hispanic outpatients as function of primary language. West. J. Med.
1986, 144, 490–493. [PubMed]

47. Marks, G.; Garcia, M.; Solis, J.M. Health risk behaviors of Hispanics in the United States: Findings from
HHANES, 1982–1984. Am. J. Public Health 1990, 80, 20–26. [CrossRef] [PubMed]

48. Leclere, F.B.; Jensen, L.; Biddlecom, A.E. Health care utilization, family context, and adaptation among
immigrants to the United States. J. Health Soc. Behav. 1994, 35, 370–384. [CrossRef]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.5664/jcsm.2342
http://dx.doi.org/10.1093/sleep/26.2.208
http://dx.doi.org/10.1093/sleep/18.3.158
http://dx.doi.org/10.1097/00002820-200202000-00001
http://dx.doi.org/10.1027/1016-9040.1.2.89
http://dx.doi.org/10.1146/annurev.publhealth.26.021304.144615
http://www.ncbi.nlm.nih.gov/pubmed/15760294
http://dx.doi.org/10.5665/SLEEP.1154
http://www.ncbi.nlm.nih.gov/pubmed/21804664
http://www.ncbi.nlm.nih.gov/pubmed/3716414
http://dx.doi.org/10.2105/AJPH.80.Suppl.20
http://www.ncbi.nlm.nih.gov/pubmed/9187577
http://dx.doi.org/10.2307/2137215
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Methods 
	Study 
	Participants 
	Measures 
	Translation of Measures into Spanish 
	Statistical Analyses 

	Results 
	Characteristics of the Sample 
	Acculturation and Sleep-Related Outcomes 

	Discussion 
	Conclusions 
	References

