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SUMMARY

Using a cross-sectional probability sample with actigraphy data and two 24 hr dietary recalls, we
quantified the association between sleep duration, continuity, variability and timing with the
Alternative Healthy Eating Index-2010 diet quality score and its components in 2,140 Hispanic
Community Health Study/Study of Latinos participants. The Alternative Healthy Eating Index diet
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quality-2010 score ranges from 0-110 with higher scores indicating greater adherence to the
dietary guidelines and lower risk from major chronic disease.

None of the sleep measures was associated with total caloric intake as assessed using dietary
recalls. However, both increase in sleep duration and sleep efficiency were associated with
healthier diet quality. Each standard deviation increase in sleep duration (1.05 hr) and sleep
efficiency (4.99%) was associated with a 0.30 point increase and 0.28 point increase respectively
in the total AHEI-2010 score. The component of AHEI-2010 most strongly associated with longer
sleep duration was increased nuts & legumes intake. The components of AHEI-2010 most strongly
associated with higher sleep efficiency were increased whole fruit intake and decreased sodium
intake.

Both longer sleep duration and higher sleep efficiency were significantly associated with better
diet quality among US Hispanic/Latino adults. The dietary components most strongly associated
with sleep duration and sleep efficiency differed suggesting potentially independent mechanisms
by which each aspect of sleep impacts dietary choices. Longitudinal research is needed to
understand directionality of these identified relationships and the generalizability of these data
across other ethnic groups.
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INTRODUCTION

Adequate sleep and a healthy diet are important foundations for healthy living. Sleep is
increasingly recognized as a third pillar of health (Watson et al., 2015). While short term
physiologic data suggest perturbations in sleep can impact appetite and diet, (Spaeth et al.,
2015) (Weiss et al., 2010) there are limited data on real world associations between sleep
and diet and much of these data are self-reported. Furthermore, the evidence base is weak
for minority populations such as Hispanics/Latinos in the US, who are at elevated risk for
adverse health consequences such as obesity, diabetes, and stroke related to poor health
behaviors (Daviglus et al., 2012, Schneiderman et al., 2014, Kaplan et al., 2014). Existing
data show that Hispanics/Latinos living in the US are also more likely to report extremes of
sleep duration compared to non-Hispanic US whites (Patel et al., 2006, Stamatakis et al.,
2007).

Short sleep, in particular, is associated with unfavorable metabolic factors such as impaired
glucose tolerance, insulin resistance, increased ghrelin, decreased leptin and increased body
mass as well as preference for low nutrient energy dense foods such as sweets, salty snacks
and starchy foods (Ayas et al., 2003, Spiegel et al., 2004, Patel and Hu, 2008). There is
evidence that other aspects of sleep patterns such as sleep efficiency and sleep latency may
also be associated with diet quality and obesity risk (Patel et al., 2014, Crispim et al., 2011,
Stern et al., 2014) . However information on objective methods to assess other dimensions of
sleep as they might relate to diet is limited. The purpose of this study is to explore
associations between objectively measured sleep using actigraphy and diet quality in the
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METHODS

Suefio Study (n=2,189), an ancillary study of the Hispanic Community Health Study/Study
of Latinos (HCHS/SOL) focused on sleep.

Study population

The HCHS/SOL is a community-based cohort study of 16,415 Hispanic/Latino adults aged
18-74 years living in four US cities (Bronx NY, Chicago IL, Miami FL, and San Diego CA)
with baseline clinic examination from 2008-2011. The baseline clinical examination
included comprehensive biological, behavioral and socio-demographic assessments (Sorlie
et al., 2010, Lavange et al., 2010). This included use of a home sleep monitor (ARES
Unicorder 5.2, Carlshad CA) to measure the apnea hypopnea index (AHI) as previously
described (Redline et al., 2014). HCHS/SOL selected households with a stratified 2-stage
probability sampling design. Further details of the sample design and cohort selection have
been previously described (Lavange et al., 2010).

As part of the baseline exam, all participants were asked to complete two 24 hour dietary
recalls, the first in person at the time of the baseline exam and the second done by telephone
five days to three months later (Siega-Riz et al., 2014). Completion rates were high with
97% and 91% of participants completing the first and second recalls, respectively.
Participants with at least one completed 24 hour recall were included in this analysis. Of the
total of 2,189 SOL participants recruited for the Suefio ancillary study, 2,156 had at least 5
days of valid actigraphy data. Of these, 16 participants were excluded due to missing or
unreliable dietary recall data leaving 2,140 subjects for this analysis.

Suefio Ancillary Study

Actigraphy

The Suefio ancillary study recruited a subset of 2,189 HCHS/SOL participants aged 18-64
years free of severe sleep disorders (AHI < 50 events/hr, no treatment for sleep apnea, and
no diagnosis of narcolepsy) between December, 2010 and December, 2013 (Redline et al.,
2014). Further details of Suefio recruitment have been previously published (Patel et al.,
2015). The study protocol was approved by the Institutional Review Boards at each of the
participating sites and all participants provided written informed consent.

At the Suefio study visit, participants completed questionnaires with respect to employment
status, work schedule, and use of caffeine and sleep medications. Depressive symptoms were
assessed using a 10-item version of the Center for Epidemiological Studies — Depression
(CESD-10) questionnaire (Andresen et al., 1994). Depressive symptoms were defined as a
CESD-10 score = 10 (Li et al., 2012). Height and weight were measured and body mass
index (BMI) was calculated.

As part of the Suefio exam, an Actiwatch Spectrum (Philips Respironics, Murrysville, PA)
wrist actigraph was placed on the non-dominant wrist and participants were asked to wear
the device continuously for 7 days. Activity and light data were collected throughout this
period in 30-second epochs. Participants also completed a sleep diary upon awakening each
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day. A centralized reading center scored all records. Rest periods where the participant was
trying to sleep were identified following a standardized protocol that made use of event
markers, sleep diaries, light exposure and activity levels (Patel et al., 2015). Sleep-wake
status for each 30 second epoch within each rest period was computed using the Actiware
5.59 scoring algorithm with sleep onset defined based on 5 immobile minutes, 0 immobile
minutes for sleep offset, and a wake threshold of 40 counts. The scoring algorithm has been
validated against polysomnography on an epoch-by-epoch basis (Kushida et al., 2001,
Marino et al., 2013). Each day of actigraphy was considered valid if there was a minimum of
20 hours of data including the entire sleep period. Participants with at least 5 days of valid
actigraphy data were included for analysis.

Sleep duration was defined as the total amount of time scored as sleep during the main rest
period. Sleep efficiency was calculated as the number of epochs scored as sleep divided by
the total number of epochs between sleep onset and sleep offset expressed as a percentage.
The sleep fragmentation index was calculated as the sum of the proportion of all epochs
from sleep onset to sleep offset with an activity count of 2 or greater and the proportion of
all bouts of immobility (activity count less than 2 in every epoch) that were 1 minute or less
in duration (van den Berg et al., 2008). Midpoint of sleep time was calculated as the halfway
point between sleep onset and offset. Average sleep duration, efficiency and fragmentation
index were obtained by averaging nightly results across all days of the recording. Sleep
variability was assessed using the standard deviation of nightly sleep duration. Sleep
duration was modelled both continuously as well as using pre-specified categorization into
short (< 6 hours), intermediate (6= and <8 hours) and long (= 8 hours) sleep duration.

Diet Variables

Dietary variables were derived from the two 24-hour dietary recalls collected by certified
bilingual interviewers using the Nutrition Data System for Research (NDSR) from the
University of Minnesota. The Alternative Healthy Eating Index-2010 (AHEI-2010), a
validated food based dietary scoring system was used to assess diet quality based on usual
dietary intake (Liu et al., 2012, Chiuve et al., 2012). Usual dietary intake was estimated
using the National Cancer Institute (NCI) method with valid dietary recalls (Tooze et al.,
2010). This method accounts for intra-person variability by taking into account multiple 24-
hour dietary recalls and covariates. For this analysis, adjustments were made for age, sex,
Hispanic/Latino background, clinical center, weekend vs. weekday sequence, and self-
reported intake amount (more or less than usual intake). Further details on processing of the
dietary recalls have been previously reported (Siega-Riz et al., 2014).

The AHEI-2010 score was computed from the dietary recalls. This index is a widely used
measure of dietary quality that has been shown to predict risk of diet-related chronic disease
including diabetes and cardiovascular disease (Chiuve et al., 2012). It is the sum of 11
individual components (vegetables, whole fruit, whole grains, sugar sweetened beverages
and fruit juice, nuts and legumes, red/processed meat, trans fats, long-chain fats,
polyunsaturated fatty acids, sodium, and alcohol). Each component score ranges from 0 to
10 with 10 being the healthiest score. Among adults, the AHEI-2010 score has been shown
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to be stable within an individual for as long as 24 years reflecting that individual’s
underlying dietary choices and preferences (Hagan et al., 2016).

Statistical Analysis

We considered sleep measures as the independent variable and dietary variables as the
dependent variables of interest. Survey linear regression was used to estimate age- and sex-
adjusted means for each dietary variable by sleep duration category (short, intermediate, and
long) normalized to age and sex distributions from the 2010 US Census. Survey linear
regression was also used to model the association of sleep measures with each of the dietary
measures adjusting for age, sex, site, ethnic background, employment status, depression and
log daily energy intake.

Except for the sample characteristics (Table 1), all other statistical procedures accounted for
the clustering and stratification and to incorporate the sampling weights in the Suefio
ancillary study. All analyses were performed using SAS version 9.3 (Cary, NC).

RESULTS

Characteristics of study population

The mean (SD) age for the analytic sample was 47.0 (11.6) years and over 52.4%% were
female; 81.4% were overweight or obese; 41.7% were not employed and 79.4% indicated
Spanish as the language of preference (Table 1). Overall, 22.1% of the cohort had a mean
sleep duration <6 hours, 67.7% slept 6= and <8 hours and 10.3% slept = 8 hours.

Sleep and Diet Quality

In age and sex-adjusted analyses, no association was found between total caloric intake and
sleep duration (p=0.31). In contrast, increased sleep duration was associated with improved
dietary quality as assessed with the AHEI-2010. In age and sex-adjusted analyses, the mean
(SEM) total AHEI-2010 score was 47.2 (0.3) in participants with long sleep duration, 47.0
(0.8) in participants with intermediate sleep duration and 45.4 (0.4) in participants with short
sleep duration (p<0.001). As displayed in Figure 1, the component scores that differed
significantly between the three groups were whole grains and whole fruit scores. There were
also non-significant trends seen with alcohol, sodium, and nut & legume scores where in all
cases those with the shortest sleep duration had the most unhealthy diets. In contrast, no
associations were seen between sleep duration and red/processed meat, long chain fats, trans
fats, and polyunsaturated fats.

Table 2 shows that after adjustment for ethnic background, site, employment, depression,
AHI, and log total daily energy intake, higher overall AHEI-2010 scores remained
associated with longer sleep durations. Each standard deviation increase in sleep duration
(corresponding to 1.05 hrs) was associated with a 0.30 point increase in the overall
AHEI-2010 score (p=0.02). The component that contributed most strongly to this healthier
diet was the nut & legumes score (f =0.12, SE= 0.05, P=0.02). The components that
contributed next most strongly to the overall improvement in AHEI-2010 score were whole
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fruits and whole grains, but neither regression coefficient met the threshold for statistical
significance.

A positive association was also identified between sleep efficiency and the overall
AHEI-2010 score where each standard deviation increase in sleep efficiency (corresponding
to 4.99%) was associated with a 0.28 point increase in overall AHEI-2010 score (p=<0.05).
Unlike the data on sleep duration, nut & legume intake played no part in the relationship
between better sleep efficiency and higher diet quality. Rather, the component that
contributed the most to this relationship was whole fruit intake (f =0.15, SE= 0.04,
P<0.001). A higher component score for sodium (B =0.09, SE= 0.04, P=0.02)
corresponding to a lower intake of sodium was also associated with greater sleep efficiency
and contributed to the overall trend for improved dietary quality. The results for the sleep
fragmentation index were fairly similar. Although the association between sleep
fragmentation index and overall AHEI-2010 score was not statistically significant, the effect
size per 1 standard deviation improvement in sleep fragmentation index was fairly similar to
the magnitude seen with sleep efficiency and lower sleep fragmentation index was most
strongly associated with improvements in whole fruit and sodium intake. Variability in sleep
patterns as assessed by the standard deviation in nightly sleep duration was not significantly
associated with overall dietary quality but greater stability in patterns or lower standard
deviation of sleep duration was associated with a higher whole fruit intake. Sleep timing as
assessed by midpoint of sleep time by contrast was not associated with total AHEI-2010 or
any of the component scores (data not shown).

DISCUSSION

Contrary to a recent study in the parent study of same cohort (n=11,888) (Mossavar-
Rahmani et al., 2015a) where self-reported sleep duration was not associated with dietary
quality, we found that short actigraphic sleep duration was associated with worse dietary
quality as assessed by the AHEI-2010 score. This discrepancy may be related to biases in the
self-reporting of habitual sleep duration (Cespedes et al., 2016). While the increase in the
AHEI-2010 score was small, over the life course the cumulative effects of small changes in
dietary patterns could have substantial downstream effects on risk of obesity, diabetes and
other nutrition-associated chronic diseases.

An interesting finding of our work is that there were slightly different dietary patterns
associated with longer sleep duration as opposed to greater sleep efficiency. The dietary
component most strongly associated with longer sleep durations was greater nut and legume
intake while there was no evidence for an association between sleep efficiency, sleep
fragmentation index, or sleep variability with nut and legume intake. In contrast, increased
sleep efficiency, reduced sleep fragmentation index, and reduced standard deviation of
nightly sleep duration were all associated with greater whole fruit scores and both increased
sleep efficiency and reduced sleep fragmentation index were associated with higher sodium
scores corresponding to lower intake of sodium. This pattern of findings suggests that
different aspects of sleep may impact different aspects of dietary choices.
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While our study focused on a free-living cohort that likely has been following these food
patterns long-term, our findings are consistent with a study on short term sleep restriction in
a controlled laboratory setting that indicated increased preference for foods high in sweets,
salty snacks, and starchy foods with preference for fruits, vegetables and high protein foods
less affected in the sleep restricted group (Spiegel et al., 2004) . Additionally a novel finding
from our study is that increased sleep duration was related to increased nuts and legume
consumption, foods that are high in healthy vegetable proteins. Nuts and legumes are also
nutrient rich and have a wide variety of cardiovascular and metabolic benefits (Aune et al.,
2016). Legumes and nuts overall scored favorably in HCHS/SOL parent study according to
AHEI-2010 criteria (Mattei et al., 2016).

Because of the cross-sectional nature of our study, we cannot exclude the possibility that
dietary patterns influence sleep. Nuts are high in B vitamins such as folate, magnesium and
fiber, nutrients that are associated with synthesis of serotonin and melatonin which may
influence sleep (Peuhkuri et al., 2012). Similarly, prior studies have related intake of specific
fruits such as kiwi and cherries to improvements in sleep quality (Garrido et al., 2013, Lin et
al., 2011).

The absence of an association between total caloric intake and sleep duration may be related
to the underreporting of energy intake that has been demonstrated in a validation study in the
HCHS/SOL (Mossavar-Rahmani et al., 2015b). Future studies that apply error-free
biomarker-calibrated energy intake may yield more definitive associations between sleep
and total caloric intake.

Overall our findings strengthen evidence for the association between longer sleep duration
and healthier eating patterns (Mossavar-Rahmani et al., 2015a, Kant and Graubard, 2014).
Unexpectedly, there was no significant association of sleep duration with total sugar intake
in this cohort as was previously reported in NHANES which could relate to underreporting.
The lack of any signals from sleep measures on the important healthy fats such as the omega
3 fatty acids: eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) is noteworthy
and may relate to overall low usual fish intake in this cohort (mean intake of 0.7 oz./day) or
that underestimation occurred because quantity and type of oils used in cooking were not
fully captured (Siega-Riz et al., 2014).

Limitations of the study relate to both wrist actigraphy and diet measures. Wrist actigraphy
uses motion to infer sleep/wake status and so does not actually measure sleep and cannot
provide information on sleep stages. However, actigraphy has been well validated against the
gold standard of polysomnography for the determination of sleep/wake status on an epoch
by epoch level (Ancoli-Israel et al., 2003). An advantage of actigraphy over
polysomnography is the absence of a first night effect and the ability to record over multiple
nights to better assess habitual sleep patterns. We utilized a standardized scoring algorithm
for actigraphy in this study which resulted in sleep measures that we have previously shown
to be highly reproducible (Patel et al., 2015).

Limitations with respect to diet relate to measurement error and timing. Due to the known
measurement error associated with self-report measures of diet (Mossavar-Rahmani et al.,
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2015b) , we used the NCl-adjusted method to estimate usual dietary intake from the 24 hr
dietary recalls and adjusted the models by log energy intake. As mentioned earlier, diet
quality is relatively stable over time such that the two year period between dietary and sleep
assessments would not be a significant limitation. If anything, associations may be stronger
than presented here and our results may underestimate the true strength of associations. In
addition, we note that our focus was on general categories that contribute to dietary quality
rather than specific foods. As such, we do not have more granular details on for example the
specific kinds of nuts and legumes that contributed to the associations observed with this
overall category.

Another limitation of our work is the inability to determine causality. Our results cannot
differentiate whether healthy sleep improves dietary quality or healthy diet improves sleep.
Another possibility is that a third underlying factor such as greater interest in health leads to
both healthier diet and sleep. Longitudinal studies are needed to better elucidate these
relationships.

Nevertheless, this study highlights an association between sleep patterns and diet quality,
specifically the AHEI-2010 score and its components in a large Hispanic/Latino cohort. The
specific associations identified, in particular greater nut and legume intake with greater sleep
duration and greater whole fruits and less sodium with greater sleep efficiency should be
further investigated in other cohorts.
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Maximum AHEI

5.2 component score is 10
Alcohol 5.0

5.6
Sodium 5.6
3

6.0
PUFA 6.1
6.0

EPA+DHA 33

8.0
Trans Fat 8.0
8.0

Red/processed meat 2.8

Nuts & legumes 6.3

0.7

Sweetened beverages & fruit juice** 0.8
5

Whole grains* 29

Whole fruit** 23 m28hrs 6-8hrs
I . m<6hrs
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0.0 1.0 20 3.0 4.0 5.0 6.0 7.0 8.0 9.0 1C‘:.0

Figure 1.
Age- and sex-adjusted means of Alternative Healthy Eating Index -2010 component scores

by short, intermediate and long sleep

AHEI-2010 score= Alternative Healthy Eating Index-2010 measures adherence to 2010
Dietary Guidelines for Americans for the following 11 components: vegetables without
potatoes, whole fruit, whole grains, sugar sweetened beverages and fruit juice, nuts and
legumes, red/processed meat, trans fat, long-chain fats, polyunsaturated fatty acids, sodium
and alcohol. Each AHEI component score ranges from 0 to 10. Total score range: 0 to 110.
Abbreviations: EPA + DHA: eicosapentaenoic and docosahexaenoic (long chain) fatty acids;
PUFA: polyunsaturated fatty acids; trans fats: trans unsaturated fatty acids.

*P-=0.01; **P=0.02
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Demographic & lifestyle characteristics of participants in the HCHS/SOL Suefio Ancillary Study (n=2,140)

Characteristic Level %
Sex Female 52.4%
Male 47.6%
Age (yrs) <30 10.9%
30-39 12.5%
40-49 29.2%
50-59 33.0%
60-65 14.5%
BMI (kg/m?) Underweight (BMI < 18.5)  0.7%
Normal (BMI 18.5-25) 18.0%
Overweight (BMI 25-30) 38.3%
Obese (BMI = 30) 43.1%
Employment Not employed 41.7%
Employed 58.3%
Background
Central American 13.5%
Cuban 18.0%
Dominican 12.4%
Mexican 26.9%
Puerto Rican 20.9%
South American 8.3%
Language of preference  Spanish 79.4%
English 20.6%
Annual household
Income < $20,000 45.4%
> 20,000 47.0%
Missing 7.6%
Education Less than high school 32.2%
At least high school 67.8%
Depressive symptoms~ Not Depressed 70.3%
Depressed 29.7%

Abbreviations and definitions: BMI, body mass index;

*

Depressive symptoms defined as a 10 item Center for Epidemiology Study Depression Scale = 10.
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