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Abstract

Sleep is an important pillar of health and a modifiable risk factor for diabetes, stroke and obesity. 

Little is known of diet and sleep patterns of Hispanics/Latinos in the US. Here we examine eating 

behavior as a function of sleep duration in a sub-sample of 11,888 participants from the Hispanic 

Community Health Study/Study of Latinos, a community-based cohort study of Hispanics aged 

18–74 years in four US cities. Using a cross-sectional probability sample with self-report data on 

habitual sleep duration and up to two 24-hour dietary recalls, we quantified the Alternative 

Healthy Eating Index (AHEI-2010) score, a measure of diet quality, and intake of selected 

nutrients related to cardiovascular health. Linear regression models were fit to estimate least-

square means of usual nutrient intake of saturated fats, potassium density, fiber, calcium, caffeine 

and the AHEI-2010 score by sleep duration adjusting for age, sex, Hispanic/Latino background, 

income, employment status, education, depressive symptomology, and years lived in the US. 

Distribution of calories over the day and association with sleep duration and BMI were also 

examined.

Short sleepers (≤ 6 hr) had significantly lower intake of potassium, fiber and calcium and long 

sleepers (≥9 hr) had significantly lower intake of caffeine compared to others sleepers after 

adjusting for covariates. However no difference in the AHEI-2010 score was seen by sleep 

duration. Significantly more long sleepers, compared to intermediate and short sleepers, reported 

having ≥30% total daily calories before bedtime. Not consuming a snack or meal within three 

hours before bedtime was associated with higher AHEI-2010 scores. These findings identify novel 

differences in dietary patterns by sleep duration in a Hispanic/Latino population in the U.S.

INTRODUCTION

There is limited information on the impact of dietary patterns on sleep duration and vice 

versa in the mainstream US population (Grandner, Jackson, Gerstner & Knutson, 2013; 

Grandner, Jackson, Gerstner & Knutson, 2014; Kant & Graubard, 2014). Studies examining 

diet and sleep duration in US Hispanics are sparse and especially lacking for non-Mexican-

American Hispanics. It is not known, for example, whether diet and sleep patterns change as 

Hispanics migrate to the US; how length of residency in the US can impact sleep and diet 

patterns and how in turn these factors can impact health.

Recent data from NHANES suggest that the architecture of eating behavior differs by sleep 

duration with short sleepers skipping main meals and consuming more energy from snacks; 

additionally consumption of sugars, fiber, caffeine and alcohol also differs by sleep duration 

(Kant & Graubard, 2014). As Mexicans in the US were the only group included in the afore-

mentioned NHANES study and data on their eating behavior are not separately described, 

little is known as to whether there are differences in eating behavior by sleep duration 

between minority groups such as Hispanics/Latinos and non-Hispanics in the US. This 

information is of importance as Hispanics/Latinos living in the US are at increased risk for 

obesity, diabetes and stroke and are more likely to report extremes of sleep duration 
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compared to non-Hispanic US whites (Daviglus et al., 2012; Kaplan et al., 2014; Patel, 

Malhotra, Gottlieb, White & Hu, 2006; Schneiderman et al., 2014; Stamatakis, Kaplan & 

Roberts, 2007). According to epidemiologic data short sleep duration is associated with 

unfavorable metabolic factors such as impaired glucose tolerance, insulin resistance, 

increased ghrelin, decreased leptin and increased body mass index (Ayas et al., 2003; 

Knutson, Spiegel, Penev & Van Cauter, 2007; Patel & Hu, 2008; Spiegel, Tasali, Penev & 

Van Cauter, 2004). Untreated sleep-disordered breathing is associated with diabetes and 

hypertension and decreased quantity and quality of sleep, especially short sleep duration and 

insomnia which are linked to diabetes among a diverse cohort of Hispanics/Latinos in the 

U.S. (Cespedes et al., 2015; Redline et al., 2014). Short sleep duration is also significantly 

associated with obesity in same population (Patel et. al., 2015). Diet-related associations 

with short sleep include low-nutrient energy-dense foods and hunger for high fat, high 

carbohydrate foods and snacks (Grandner, Kripke, Naidoo & Langer, 2010; Shi, McEvoy, 

Luu & Attia, 2008; Stern et al., 2014; Weiss et al., 2010.) Prolonged sleep (≥ 9hrs) is 

associated with significant morbidity as well as mortality; however its association with 

calorie intake and food patterns is less consistent (Patel & Hu, 2008).

Timing of intake may also impact sleep duration; calorie intake after 8 pm for example is 

associated with obesity (Baron, Reid, Kern & Zee, 2011). Eating a meal that is heavier than 

usual is associated with onset of acute coronary syndrome a few hours later (Lipovetzky et 

al., 2004; Nawrot, Perez, Kunzli, Munters & Nemery, 2011).

Overall there appears to be a bi-directionality in the association between sleep and diet. 

Possible mechanisms by which dietary intake may disturb sleep include metabolism, body 

temperature and respiratory quotient (Gluck et al., 2011). This study explores the association 

of self-reported sleep duration with diet quality and meal size before bed-time among 

participants in the Hispanic Community Health Study/Study of Latinos (HCHS/SOL), an 

NIH-funded study of Hispanics/Latinos in four urban US cities: Bronx, NY, Chicago, IL, 

Miami, FL, and San Diego, CA.

MATERIALS & METHODS

Sample

The HCHS/SOL is a community-based cohort study of 16,415 Hispanic/Latino participants 

aged 18–74 years living in four US cities including the following backgrounds: Central 

American, Dominican, Cuban, Mexican, Puerto Rican and South American. The goals of the 

HCHS/SOL are to describe the prevalence of risk and protective factors for chronic 

conditions (e.g. cardiovascular disease (CVD), diabetes and pulmonary disease), and to 

quantify all-cause mortality, fatal and non-fatal CVD and pulmonary disease, and pulmonary 

disease exacerbation over time. The baseline clinical examination (2008–2011) included 

comprehensive biological (e.g., anthropometrics, blood draw, oral glucose tolerance test, 

ankle brachial pressure index, electrocardiogram), behavioral (e.g. dietary intake assessed 

with two 24-hour recalls, sleep habits, overnight sleep exam for apneic events) and socio-

demographic (e.g., socio-economic status, migration history) assessments (Lavange et al., 

2010; Sorlie et al., 2010). HCHS/SOL selected households with a stratified 2-stage 

probability sampling design. The first stage randomly sampled census blocks by Hispanic/
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Latino concentration and proportion of high and low socioeconomic status. The second stage 

randomly selected households within the census blocks from stage one by US Postal Service 

registries. Further details of the sample design and cohort selection have been previously 

described (Lavange et al., 2010). The Institutional Review Boards of the participating 

institutions approved the study protocol and all participants provided written informed 

consent.

This analysis describes results from 11,888 participants as reflected in Tables 1–3; 4,527 

participants were excluded for the following non-exclusive reasons: missing self-reported 

sleep data (n = 885), invalid dietary data [includes participants for whom energy intakes are 

considered implausible ((< 600 kcal for women and < 800 kcal for men) (Subar et al., 2001) 

or considered unreliable by interviewer (n = 149)). In this sample exclusions were not made 

at the upper end as the highest calorie intake was 2,813 kcal for women and 3,996 kcal for 

men, which was deemed plausible since two-thirds of the sample were overweight or obese. 

Participants did not have to have both dietary recalls to be included in the analyses; those 

with at least one valid dietary recall were included. In general completion rate of the two 24 

hr dietary recalls was extremely high with 97% of the participants completing the first recall 

and 91% of participants completing the second recall.

Additionally participants with missing Hispanic/Latino background (n = 25) were excluded 

(See Figure 1.) To minimize confounding relating to physiological or unusual sleep, 

participants classified as having moderate or more severe sleep apnea [n = 1,535; apnea 

hypopnea index ≥ 15 events/hour] based on overnight home sleep apnea testing (Redline et 

al, 2014), and shift workers (n = 1,933) were also excluded. Shift-workers were defined as 

individuals who self-reported their usual work schedule as being night shift, split shift, 

irregular shift/on-call, or rotating shift. Because Tables 4–8 focus on distribution of calorie 

intake during the day and also the association of BMI, sleep timing and meal size, 

individuals who had unknown sleep apnea status (n=1,422) and those who reported eating in 

the middle of the night (n = 1,714), i.e. eat during the reported sleep period, were 

additionally excluded from analyses done in Tables 4–8.

Covariates

Demographic factors, socioeconomic factors, employment information, and screening 

information about depressive symptoms from the shortened Center for Epidemiologic 

Studies Depression Scale (CES-D10) (Andresen, Malmgren, Carter & Patrick, 1994) were 

obtained from questionnaires at the baseline examination. Consistent with prior studies, the 

distribution of CES-D10 scores was dichotomized for analysis, with elevated depressive 

symptomology defined where participants scored ≥ 10 on the CES-D10 (Li et al., 2012). 

This cut-point denotes elevated depressive symptoms, which may reflect clinical depression, 

but is not equivalent to a clinical diagnosis. Analyses were not adjusted for self-reported 

physical activity because no association was seen between self-reported physical activity 

and a composite diet score related to cardiovascular disease that included fiber, calcium, 

saturated fats and potassium. Physical activity related accelerometry data were not used for 

this analysis as they had high missingness rate of 22.3%.
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Sleep duration

Information on sleep duration was based on the Sleep Heart Health Study Sleep 

Questionnaire (Lind et al., 2003). This questionnaire was translated and back-translated into 

Spanish by certified translators. Participants were asked about bedtimes and wake-times on 

both week-days and week-ends. [Questions consisted of the following: “What time do you 

usually go to bed? (On weekdays? On weekends?) What time do you usually wake up? (On 

weekdays? On weekends?”)] Sleep duration was computed as the difference between wake 

up time and bedtime and a weighted average of weekday and weekend durations was 

computed for habitual sleep duration. Habitual sleep duration was categorized as short (≥3 

and ≤ 6 hours), intermediate (> 6 and ≤ 9 hours) and long (>9 and ≤ 14 hours). The cut-off 

of 6 hr represents approximately the 10th percentile in the analytic sample and has been 

associated with increased risk of adverse health outcomes and 9 hr the 80th percentile in 

sleep duration in this cohort. These extreme values are associated with increased risk of 

chronic disease in adults (Patel & Hu, 2008).

Dietary variables

As this is an exploratory study to investigate eating behavior by sleep duration we examined 

both nutrients and a healthy dietary pattern score. Dietary variables were derived from two 

24-hour dietary recalls (one in-person at baseline and a second telephone recall performed 

five days to three months later) collected at the baseline examination (Siega-Riz et al., 

2014). The 24-hour dietary recalls were collected using Nutrition Data System for Research 

(NDSR) (University of Minnesota). Certified bilingual interviewers conducted the dietary 

interviews at each site. Usual intake of total energy and micronutrients was estimated using 

the National Cancer Institute (NCI)-method with valid recalls only, which accounts for intra-

person variability by taking into account multiple 24-hour dietary recalls and covariates. For 

this analysis these include: adjustment for age, sex, Hispanic/Latino background, clinical 

center, week-end (including Friday) sequence (1st recall-conducted in person or 2nd recall 

majority conducted by phone), self-reported intake amount (more or less than usual intake) 

(Tooze et al., 2010; 2006). Nutrients were assessed per 1,000 kcal to control for calories and 

mitigate effects of measurement error that might result in misreporting of energy. Of all the 

dietary data of interest only two pairs of dietary variables as expected correlated highly: 

predicted percentage of calories from saturated fats plus predicted percentage of calories 

from total fats correlated positively and predicted percentage of calories for carbohydrates 

plus predicted percentage of calories from total fats correlated negatively. Therefore all 

dietary data of interest are presented.

A food based dietary scoring system the Alternative Healthy Eating Index-2010 

(AHEI-2010) was used to provide a comprehensive view of dietary quality (Liu et al., 2012; 

Chiuve et al., 2012). The AHEI-2010 score 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 fat, long-chain fats, polyunsaturated fatty acids, sodium, 

and alcohol) which each has a range from 0 to 10 with 10 being the best score. The 

AHEI-2010 score ranges from 0 – 110 and a higher score represents healthier eating habits 

and has been associated with reduced risks for diabetes and coronary heart disease (Chiuve 

et al., 2012).
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Calories eaten outside the home (work, deli/take-out store, restaurant/cafeteria/fast food, 

etc.) were summed by dietary recall. Only data on location where meals and snacks were 

eaten were available; it was not possible to ascertain whether meals and snacks purchased 

outside the home were eaten at home. If the percentage of calories consumed outside the 

home was ≥ 50%, then the participant was classified as “frequent” for the day. The “eating 

out” variable is a 3-level variable: not frequent both recalls; frequent, 1 recall only; frequent, 

both recalls.

In addition to the 24 hour dietary recall, participants were asked about their tendencies to eat 

more Hispanic versus American foods as they defined them. This question consisted of the 

following: “How often do you or your family usually eat: mainly Hispanic/Latino foods; 

mostly Hispanic/Latino and some American food; equal amounts of both Hispanic/Latino 

and American foods; mainly American foods and some Hispanic/Latinos foods; mostly 

American foods.” The 5-level response was dichotomized into a binary variable as low food 

acculturation when a participant reported mainly or mostly eating Hispanic/Latino foods, or 

high acculturation when otherwise.

Meal timing

More than 30% of our analytic sample reported eating and/or drinking during their self-

reported sleep times. Since awakening time and bed time on the day of the dietary recall 

were not collected and these times are based on data from a separate questionnaire that 

assessed usual awakening time and bed times, a buffer of one hour was created to tolerate 

plausible eating and or drinking surrounding the sleep period on the specific day of the 

dietary recall. For example, a participant may indicate eating at 10:30 pm on the 24 hr recall, 

but report usual bed time as 10 pm on the sleep questionnaire. For this person the acceptable 

buffer of time for meal or snack intake was 1 hour after bedtime (up to 11 pm) and the meal 

or snack consumed at 10:30 pm was included in the analysis. Beyond this window, 

participants who reported eating during sleep hours were excluded from the meal and snack 

timing analysis since they may have been (1) eating during reported sleep period, (2) could 

have had suspect meal and snack timing data due to data entry error or (3) have highly 

variable mealtimes. We also explored whether participants had consumed a meal or snack 

with a relatively large percentage of daily calories near bedtime as indicated by ≥ 30% of 

total daily calorie intake. Near bedtime was defined as three hours before bedtime not 

including the one hour buffer mentioned earlier because eating after 8 pm is linked to risk 

for obesity and median sleep time in our sample was approximately 11 pm. (Baron, Reid, 

Van Horn & Zee, 2013).

In order to explore the association of meal and snack timing with sleep duration, calorie 

intake distribution over the 24-hour period was quantified over four bins a day that indicate 

six hour intervals during which meals and snacks could be consumed: morning (6:00 am – < 

12:00 pm), afternoon (12:00 pm – < 18:00 pm), evening (18:00 pm – < 24:00 pm) and night 

(0:00 am – < 6:00 am). The mean percentage of kilocalories consumed during each time bin 

was adjusted for midpoint of sleep to account for differences in bedtime. This accounting 

was done using data from the sleep questionnaire. The midpoint for sleep time was defined 

as the average time midpoint (time between wake and sleep time) during the week. Midpoint 
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of sleep for weekday and weekend days was derived using the sleep questionnaire data. The 

weighted mean (i.e. 2/7 for weekend days and 5/7 for weekdays) of the two midpoints was 

used in the analysis. In order to preserve the sleep midpoint as a continuous covariate within 

a 24 hr clock, each person’s midpoint of sleep was converted to a distance from 3:30 am—

the average midpoint of sleep for this population.

Statistical analysis

Unadjusted means of usual intake of saturated fat, potassium, calcium, fiber and other 

nutrients as well as the AHEI-2010 score were calculated by socio-demographic and health 

characteristics. Differences in mean usual intake were calculated using t-tests; level of 

significance was calculated with a Bonferroni correction to account for multiple 

comparisons. Linear regression was used to estimate least-square means of usual nutrient 

intakes related to cardiovascular health and the AHEI-2010 score by sleep duration adjusting 

for age, sex, Hispanic/Latino background, education, income, employment status, depressive 

symptomology, and years lived in mainland US. Only the measures of saturated fat, 

potassium, calcium and fiber-dietary variables related to cardiovascular health (Liu et al., 

2012), the AHEI-2010 score and caffeine were adjusted by this larger set of covariates.

Eating any food near bedtime and ≥ 30 % total daily calories near bed-time by socio-

demographic characteristics, sleep duration and BMI category were calculated using cross-

tabulations. Differences in the percent of any meal or snack or eating ≥30% total daily 

calories at a meal or snack before bedtime by socio-demographic characteristics were 

quantified with Chi-square tests. To estimate the distribution of meals and snacks eaten 

during time of day, defined as time bin, the percentage of total calories consumed during 

each time bin for each person was calculated; then the mean proportion of kilocalories per 

day was estimated within each time bin by sleep duration and BMI category using linear 

regression models. Differences in the proportion of kilocalories per day between short and 

long sleep duration sleepers compared to intermediate sleep duration sleepers were 

quantified using t-tests in separate linear regression models by time bin. Differences 

between non-normal weight BMI category compared to normal weight by this method were 

also assessed. All statistical tests were considered significant at P <0.05. All analyses were 

performed on SAS (version 9.3, 2011, SAS Institute Inc.) and SAS-callable SUDAAN 

(version 11.0, 2012, Research Triangle Institute) to account for the complex survey design 

and the sampling weights in HCHS/SOL.

RESULTS

Characteristics of the Sample

From the 16,415 HCHS/SOL cohort, 11,888 participants were included in this analysis. The 

excluded (n=4,527) and analytic sample (n = 11,888) differed in the following manner: the 

analytic sample had a significantly higher proportion of females (63.6% versus 50.2% in 

excluded group, P < 0.0001). BMI also differed significantly (P < 0.0001) between the two 

samples with the analytic sample having a higher percentage of normal and overweight 

participants (21.0% and 38.9% respectively) and lower percentage of obese participants 

(39.3%) compared with normal weight (15.7%), overweight (33.4%) and obese (50.1%) 
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participants in the excluded sample. Age distribution was similar between the excluded and 

the included participants.

Mean age of participants in the analytic sample was 45 years, SD=14 and mean BMI was 

29.4 kg/m2, SD=5.9. Overall, 56.5% were not employed (including retired); 35.4% had 

more than a high school education, 17.8% were US mainland born, 76.6% described their 

diet as mainly or mostly Hispanic/Latino foods and 33.8% ate out frequently (half or more 

of their calories) at least on one diet recall.

Variation of diet by demographics, depression symptoms, and eating out

Mean sleep duration was 8.0 (SE=0.02) hours in the analytic sample: 8.2% were short 

sleepers (≤ 6 hours), 71.7% were intermediate sleepers (> 6 and ≤ 9 hours) and 20.1% were 

long sleepers (> 9 hours). Table 1 shows the variation of dietary quality by socio-

demographic characteristics. AHEI-2010 scores (per 1,000 kcal) were higher in older 

participants with the youngest group (18–29 yr) having the lowest score [18–29 yr: 22.41 

(95% CI, 21.99, 22.82)] vs.[70–74 yr: 32.55 (95% CI, 31.09, 34.00)]. Participants who did 

not eat out frequently in either dietary recall had significantly lower usual saturated fat 

intake compared to those who ate out frequently in either recall. Additionally Dominicans 

had the highest AHEI-2010 scores per 1,000 kcal and higher AHEI-2010 scores per 1,000 

kcal were associated with being female, having < high school education, being a 

homemaker, being obese and foreign-born (outside of US mainland) versus born in 

mainland US. The AHEI-2010 scores were slightly higher in participants with low income 

and higher among individuals who were retired. Intakes of potassium density (mg/1,000 

kcal) also tracked patterns seen with AHEI-2010. Saturated fats density (proportion of total 

daily calories from saturated fats) was highest in Puerto Ricans, 30–39 yr olds, participants 

with > high school education, income ($40,0001–$75,000), US Born and eating mainly 

Hispanic foods. Caffeine intake (mg/1,000 kcal) was highest among Cubans, females, 50–59 

yr olds, income >$75,000, retired and individuals in professional occupations as well as 

participants not living with a partner, obese individuals, individuals with no depressive 

symptomology, and who were foreign born and lived ≥ ten years in the U.S.

Variation of diet by sleep duration

There were no statistically significant differences in total energy, saturated fat intake, 

percentage of calories from carbohydrates or from protein by sleep duration (Table 2). 

Further, there were no differences in these aforementioned variables by sleep duration 

stratified by sex. Table 2 additionally illustrates differences in the quality of the diet by sleep 

duration. Short sleepers had a lower quality diet compared to intermediate sleepers with 

significantly lower intakes per 1,000 kcal of fiber, calcium, pectin, vegetables, nuts & 

legumes, dietary folacin, vitamins B6, B12, C and potassium and a higher sodium-to-

potassium ratio. Long sleepers, on the other hand, differed from intermediate sleepers by 

having significantly lower intakes per 1,000 kcal of calcium, magnesium, fruits, vegetables, 

alpha-tocopherols, vitamin B6 and also higher sodium-to-potassium ratio. After adjusting 

for sex, education, years lived in mainland US, age, income, employment status, depressive 

symptomology and Hispanic/Latino background AHEI-2010 scores were not significantly 

different by sleep duration (Table 3). The differences in mean measures expressed as density 
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(per 1,000 kcal) for potassium, calcium and fiber by sleep duration, however, persisted in 

adjusted analyses with short sleepers having lower intakes than intermediate sleepers. 

Caffeine intake was significantly lower in long sleepers [47.9 mg/1,000 kcal (95% CI: 45.2, 

50.6)] after adjustment by full set of covariates, compared to other sleep duration groups. No 

significant differences were seen in alcohol or sugar intakes by sleep duration.

Meals and snacks before bedtime & sleep duration

The sample was 8,752 after exclusions (see Figure 1). Overall 74.6% (95% CI, 73.1, 76.1) 

of participants and more participants who were foreign-born and <10 yrs in US 78.7%: (95% 

CI, 76.0, 81.2) ate near bed-time (data not shown). Overall 16.5% (95% CI, 15.4, 17.8) 

reported consuming ≥30% calories of total daily calories at the last meal or snack (Table 4). 

Cubans: 23.9% (95% CI, 21.0, 27.1), men: 19.7% (95% CI, 17.9,21.8), participants with 

lower levels of income ($10,000 – $20,000): 18.4% (95% CI, 16.0, 21.0) and foreign-born 

participants who had been in mainland US <10 yrs: 20.8% (95% CI, 18.5, 23.3) were 

significantly more likely to consume ≥30% calories of total daily calories near bedtime 

compared to other Hispanics/Latinos, women, other income categories and US or foreign-

born participants who had resided ≥10 yr in the US.

Table 5 shows that significantly more long sleepers: 23.1% (95% CI, 20.1, 26.4) consumed 

≥30% total daily calories near bedtime compared to other sleepers and that eating ≥ 30% 

total daily calories near bedtime was not associated with BMI. Table 6 shows statistically 

significant differences in consumption of the following nutrients when comparing 

individuals who consume a meal or snack within three hours of bedtime to individuals who 

do not consume a meal or snack during this period: higher calories: 1986 kcal (95% CI, 

1974, 1998) vs. 1877 kcal (95% CI, 1856,1898), lower percentage of calories from protein: 

16.9% (95% CI, 16.8,16.9) vs. 17.0 (95% CI, 16.9, 17.1), lower cholesterol intake: 146.3 

mg/1,000 kcal (95% CI, 145.6, 147.1) vs. 151.8 mg/1,000 kcal (95% CI 150.4, 153.1), 

higher percentage of total calories from carbohydrates: 51.5% (95% CI 51.4, 51.6) vs. 

51.3% (95% CI, 51.1,51.5) and lower AHEI-2010 score (per 1,000 calories): 25.5 (95% CI, 

25.4, 25.7) vs. 27.1 (95% CI, 26.8, 27.5) and lower vegetable intake: 1.01 svg/day per 1,000 

kcal (95% CI, 1.01, 1.02) vs. 1.05 svg/day per 1,000 kcal (95% CI 1.03, 1.06). By 

comparison Table 7 indicates that there are few differences in nutrient consumption between 

individuals who consume >30% of total daily calories near bedtime versus those who do not. 

These are in intakes of fiber: 9.07 g/1,000 kcal (95% CI, 8.96, 9.19) vs. 9.24 g/1,000 kcal 

(95% CI, 9.18, 9.30), and fruit: 0.54 svg/day per 1,000 kcal (95% CI, 0.52, 0.56) vs. 0.57 

svg/day per 1,000 kcal (95% CI 0.56, 0.58).

Lastly Table 8 shows that long sleepers consumed a significantly lower proportion of their 

daily calories during the morning compared to intermediate sleepers: 19.6% (95% CI, 18.6, 

20.5) vs. 21.0% (95% CI, 20.5, 21.5). Overweight participants consumed a significantly 

higher mean proportion of daily calories in the morning compared to normal weight 

participants: 21.1% (95% CI, 20.4, 21.8) vs. 19.8% (95% CI, 19.0, 20.6). Obese participants 

consumed a significantly lower mean proportion of daily calories in the evening compared 

to normal weight participants: 27.0%, (95% CI: 26.1, 27.9) vs. 29.3% (CI, 28.1, 30.5)
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DISCUSSION

We have studied for the first time the association between sleep patterns and diet quality in a 

large and diverse cohort of Hispanics/Latinos in the U.S. and have identified several novel 

associations regarding a) dietary quality and sleep duration; and b) meal or snack timing, 

bedtime and sleep duration.

Dietary quality and sleep duration

Short sleepers reported significantly lower intakes of calcium, fiber and potassium (per 

1,000 kcal) compared to other sleepers, although differences were small. Of note, the overall 

mean potassium intake in the analytic sample of 2,454.2 mg/day (95% CI, 2,431.9, 2,476.5) 

is considerably lower than the USDA dietary recommendation of 4,700 mg/day. This 

nutrient is often overestimated via self-report possibly because of social desirability related 

to over-reporting of healthy foods such as fruits and vegetables, therefore the extent of 

deficiency of this nutrient may be even greater (Huang et al., 2014). While the intermediate 

sleepers have slightly higher intake of vegetables, vitamin B6 and lower sodium-to-

potassium ratio compared to both the short and long sleepers, all groups had sub-optimal 

intake of vegetables with mean intake below two servings per day compared to USDA 

dietary recommendation of 2–3 servings per day. The low intake of dietary folacin, 

especially among short sleepers, is noteworthy indicating low intake of green leafy 

vegetables and other foods high in folate. This is particularly worrisome for individuals with 

the 677C-T polymorphism in the MTHFR gene that leads to lower serum folate levels (Yang 

et al., 2008). In sum, novel differences in alternative food selection patterns were identified 

and may inform nutrients worthy of studying in future research on sleep and diet.

A second novel finding was lower intake of caffeine in long sleepers. This conclusion 

supports a role for caffeine in modulating alertness and sleep behaviors, and possibly in 

setting circadian rhythms (Sherman et al., 2011). Contrary to prior studies (Kant & 

Graubard, 2014) no significant differences were seen in alcohol or sugars intake by sleep 

duration

Despite differences in nutrient intake, there were no differences in the AHEI-2010 scores by 

sleep duration when adjusted for covariates. Overall the AHEI-2010 scores were somewhat 

lower in this analytic sample (47.9 for male short and 46.0 for female long sleepers) 

compared with 52.4 for men in the Health Professionals Follow-Up Study and 47.6 for 

women in the Nurses’ Health Study (Chiuve et al., 2012). Likely the differences in scores 

reflect the different background of participants in the cohorts—both the Health Professionals 

Follow-Up Study and the Nurses’ Health Study are composed primarily of a highly educated 

and health conscious group of Euro-Americans that differ from the HCHS/SOL participants 

who are of diverse Hispanic/Latino and educational backgrounds. Additionally the 

AHEI-2010 scores from the Nurses’ Health Study were derived from food frequency 

questionnaires which assess longer term intakes (3 months to 1 yr) compared to 24 hr dietary 

recalls which assess intake in the past 24 hr which may explain the lower scores. The finding 

of no difference between the AHEI scores by sleep duration once adjusted by income, 

depressive symptomology, Hispanic/Latinos background, age, sex, education, years in 

mainland US and employment status may relate to the challenges in identifying the 
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independent contributions of specific risk factors that are highly correlated with numerous 

covariates.

Meal or snack timing, bedtime & sleep duration

The finding that men, Cubans, participants with lower levels of income and those who have 

been in the mainland US < 10 years consumed higher calorie meals and snacks near bed-

time is noteworthy and may indicate persistence of cultural dietary patterns related to eating 

late in the evening or that the evening meal or snack may be prioritized as a means of 

spending time together after a long work day (Sliwa, Must, Perea & Economus, 2015). 

Overall there is a paucity of data on patterns of meal and snack consumption among US 

Hispanics, particularly for recent immigrants such as the Cubans in this study who may be 

undergoing changes in eating behavior as they settle in the US. It is likely that certain 

cultural patterns such as eating near bed-time persist, while other aspects such as eating a 

large meal at mid-day change because of limitations relating to the workplace.

An important finding is that participants who did not consume a snack or meal three hours 

before bedtime had a lower energy intake, a slightly higher protein intake and higher 

AHEI-2010 scores. This finding could indicate that eating a healthy diet, for example one 

high in fruits/vegetables keeps appetites satiated so there is no need to eat right before 

bedtime.

More long sleepers also reported consuming ≥30% daily calories before bedtime compared 

to short sleepers. This high percentage may be related to the fact that long sleepers have an 

early bedtime and that the average bedtime is within 3 hours of typical meal time. High 

consumption of calories before bed-time has been noted in relation to longer duration of 

sleep in toddlers (Diethelm, Remer, Jilani, Kunz & Buyke, 2011). Additionally the 

distribution of calories consumed during the 24-hour period differed by sleep duration and 

BMI; however under-reporting of calories that vary by participant characteristics such as 

body size may have biased the results. For example the finding that overweight participants 

consumed a greater proportion of their meals and snacks in the morning and obese 

participants were less likely to have large meals and snacks at night compared to normal 

weight participants may reflect under-reporting of calories. A recent ancillary study of this 

cohort noted that higher body size was related to under-estimation of calories when self-

reported energy was compared to the biomarker doubly labeled water (Mossavar-Rahmani et 

al., 2015).

Strengths and limitations

The study had several strengths. This is the most comprehensive study of diverse Hispanic/

Latino backgrounds in the US to date with a wealth of data on diet, sleep and health 

outcomes. A novel finding is that recent immigrants compared to immigrants residing longer 

in the US and, men compared to women, were more likely to report a diet higher in calories 

before bedtime. These findings suggest possible targets for clinical intervention given that 

eating a high calorie meal or snack before bedtime is associated with sub-optimal health 

outcomes. As these are exploratory findings additional research is needed to validate 

differences in eating behavior in relation to sleep duration in this diverse sample of US 
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Hispanics/Latinos. Objective measures such as actigraphy and polysomnography for sleep 

duration and doubly labeled water, a biomarker for energy intake, are needed to support 

these findings.

Despite the strengths, the study also had several limitations. Sleep data were based on self-

report data which are prone to measurement error; for example short sleep durations may be 

viewed as socially undesirable to report, leading to biased responding. However in a sample 

of middle-aged adults in Chicago, subjective reports of habitual sleep were moderately 

correlated with actigraphy based measures of sleep (Lauderdale, Knutson, Yan, Liu & 

Rathouz, 2008). Additionally because sleep was self-reported and sleep latency- the time 

interval measured from “lights out,” or bedtime to the beginning of sleep- was not assessed, 

it is possible that sleep duration was overestimated (Mallon, Broman & Hetta, 2002; 

Qureshi, Giles, Croft & Bliwise, 1997). Also participants may not accurately recall the time 

that it takes to fall asleep or awakenings during the night. Future studies should incorporate 

sleep and wake-times in the 24 hr dietary recall in order to improve our understanding of 

sleep duration and diet.

Another limitation of the present study is the timing of the 24-hour dietary recall and sleep 

questionnaire. The 24-hour dietary recalls focused on foods eaten the previous day, whereas 

the sleep questionnaire was designed to query participants about usual sleep times. However 

we did use the NCI-adjusted method to estimate usual dietary intake from the 24 hr dietary 

recalls and the first diet recall and the sleep questionnaire were queried on the same day at 

baseline. Also past conceptual framework has focused primarily on the impact of sub-

optimal sleep on unhealthy eating habits. Here the association between sleep and diet was 

investigated cross-sectionally thereby precluding assessment of direction of association or 

causality.

CONCLUSIONS

In summary caffeine, calcium, fiber and potassium intakes differed significantly by sleep 

duration, but not the AHEI-2010 score in this cohort of diverse Hispanics/Latinos in the US. 

The persistence of cultural patterns related to eating a greater proportion of daily calories 

before bedtime, especially among new immigrants, Cubans and men in particular, offer 

important avenues for dietary intervention.
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• This study identified novel differences in dietary patterns by sleep duration in a 

Hispanic/Latino population in the US.

• Not consuming a snack or meal within three hours before bedtime was 

associated with higher AHEI-2010 scores and lower energy intake

• Short sleepers (≤ 6 hr) had significantly lower intake of potassium, fiber and 

calcium

• Long sleepers (≥9 hr) had significantly lower intake of caffeine compared to 

others sleepers

• No difference in the AHEI-2010 score was seen by sleep duration
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Figure 1. 
Flow diagram of analytic sample, Hispanic Community Health Study/Study of Latinos
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Table 2

Adjusted mean nutrient or food group density intake by sleep duration (n=11,888), HCHS/SOLa,b

Short Sleeper
(≤6 hours)
(n=1,059)

Intermediate Sleeper
(6–9 hours)
(n=8,588)

Long Sleeper
(≥9 hours)
(n=2,241)

Nutrient or Food group Mean (95% CI)b Mean (95% CI) b Mean (95% CI) b

Calories (kcal) 1983.3 (1945.5, 2021.2) 1956.0 (1943.4, 1968.6) 1937.3 (1916.2, 1958.5)

Protein density (% total energy) 16.9 (16.7, 17.0) 16.9 (16.9, 17.0) 16.8 (16.8, 16.9)

Total fats density (% total energy) 30.5 (30.3, 30.7) 30.6 (30.6, 30.7) 30.7 (30.5, 30.8)

Saturated fats density (% total energy) 10.0 (9.9, 10.1) 10.1 (10.1, 10.2) 10.1 (10.0, 10.1)

Cholesterol (mg/1000 kcal) 146.4 (144.3, 148.6) 148.3 (147.4, 149.2) 149.1 (147.5, 150.7)

Total carbohydrates density (% total energy) 51.5 (51.2, 51.7) 51.4 (51.3, 51.6) 51.5 (51.3, 51.7)

AHEI-2010 (per 1,000 kcal) 25.8 (25.2, 26.4) 26.1 (25.9, 26.3) 26.1 (25.8, 26.5)

Fiber (g per 1,000 kcal) 8.95 (8.80, 9.11)*** 9.25 (9.18, 9.31) 9.18 (9.08, 9.28)

Calcium (mg per 1,000 kcal) 408.8 (400.6, 416.9)** 422.2 (419.5, 424.9) 416.9 (412.1, 421.6)*

Phosphorus density (mg per 1,000 kcal) 616.0 (599.6, 632.4) 623.7 (619.2, 628.1) 618.5 (610.2, 626.8)

Pectin (g per 1,000 kcal) 1.18 (1.12, 1.23)* 1.24 (1.22, 1.26) 1.21 (1.18, 1.25)

Sucrose (g per 1,000 kcal) 25.5 (23.9, 27.0) 24.3 (23.9, 24.7) 23.7 (23.1, 24.4)

Lycopene (micrograms per 1,000 kcal) 2894.3 (2843.1, 2945.4) 2947.9 (2929.9, 2965.9) 2959.6 (2928.9, 2900.2)

Magnesium (mg per 1,000 kcal) 146.1 (141.7, 150.6) 148.5 (147.1, 149.9) 144.3 (142.0, 146.7)**

Fruits (svg/day per 1,000 kcal) 0.56 (0.53, 0.58) 0.57 (0.56, 0.58) 0.55 (0.53, 0.57)*

Vegetables (svg/day per 1,000 kcal) 0.99 (0.96, 1.02)* 1.03 (0.02, 1.04) 1.01 (0.99, 1.02)*

Nuts and legumes (svg/day per 1,000 kcal) 0.32 (0.30, 0.33)* 0.33 (0.32, 0.33) 0.33 (0.32, 0.34)

Dietary folacin (microgram / 1,000 kcal) 265.7 (261.8, 269.7)*** 274.4 (272.6, 276.2) 273.1 (270.2, 276.0)

Alpha-tocopherols (mg/1,000 kcal) 3.95 (3.70, 4.20) 4.00 (3.93, 4.08) 3.83 (3.73, 3.93)**

Vitamins B6 (mg/1,000 kcal) 1.00 (0.99, 1.02)** 1.03 (1.02, 1.03) 1.01 (1.00, 1.02)*

Vitamin B12 density (micrograms/1,000 kcal) 2.39 (2.33, 2.46)** 2.50 (2.47, 2.52) 2.50 (2.44, 2.55)

Vitamin C density (mg/1,000 kcal) 48.2 (46.8, 49.7)* 50.0 (49.5, 50.6) 49.5 (48.7, 50.3)

Zinc density (mg/1,000 kcal) 5.74 (5.54, 5.93) 5.79 (5.73, 5.85) 5.67 (5.56, 5.78)

Sodium density (mg per 1,000 kcal) 1702.6 (1684.0, 1721.2) 1699.7 (1692.5, 1707.0) 1711.1 (1698.5, 1723.7)

Potassium density (mg per 1,000 kcal) 1263.4 (1246.6, 1280.2)** 1287.9 (1281.2, 1294.6) 1279.0 (1281.2, 1294.6)

Sodium-to-potassium ratio 1.39 (1.37, 1.41)* 1.36 (1.35, 1.37) 1.38 (1.37, 1.40)**

Caffeine (mg per 1,000 kcal) 58.8 (54.02, 63.5) 56.2 (54.4, 58.0) 46.3 (43.6, 48.9)*

Alcohol (g per 1,000 kcal) 0.13 (0.11, 0.15) 0.12 (0.11, 0.13) 0.12 (0.11, 0.14)

a
All values account for complex survey design;

b
Adjusted for age, sex, and Hispanic/Latino background Bold values indicate the mean is statistically different compared to the reference group of 

intermediate sleepers at

*
for P < 0.05;

**
for P < 0.01;
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***
for P < 0.001
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Table 4

Percent (95% CI) consuming ≥30% total daily kcal at last meal or snack before bedtime by socio-demographic 

characteristics among (n= 8,752), HCHS/SOLa

≥30% of total daily kcal at last meal or snack near
bedtimeb

Socio-demographic
characteristic

Subgroup N % (95% CI) Pc

Overall 8,752 16.5 (15.4, 17.8)

Age Group (years)

    18–29 1,408 15.6 (13.3, 18.1)

    30–39 1,344 15.7 (13.1, 18.8)

    40–49 2,284 19.0 (16.6, 21.7)

    50–59 2,253 16.2 (14.4, 18.3)

    60–69 1,209 15.7 (13.0, 18.9)

    70+ 250 16.3 (10.0, 25.6)

Hispanic/Latino Background ***

    Dominican 759 15.0 (12.0, 18.7)

    Central American 880 18.3 (15.4, 21.6)

    Cuban 1,103 23.9 (21.0, 27.1)

    Mexican 3,848 14.7 (12.9, 16.7)

    Puerto Rican 1,392 13.5 (11.1, 16.3)

    South American 545 14.1 (11.1, 17.6)

    Mixed/Other 225 17.1 (11.3, 25.0)

Sex ***

    Women 5,646 14.1 (12.8, 15.5)

    Men 3,106 19.7 (17.9, 21.8)

Education

    Less than HS 3,367 15.9 (14.2, 17.9)

    HS equivalent 2,203 18.6 (16.3, 21.2)

    More than HS 3,018 15.7 (13.9, 17.6)

Yearly household income *

    Less than $10,000 1,275 15.7 (13.3, 18.4)

    $10,001–$20,000 2,628 18.4 (16.0, 21.0)

    $20,001–$40,000 2,718 15.4 (13.6, 17.5)

    $40,001–$75,000 1,039 13.9 (11.0, 17.3)

    More than $75,000 344 12.7 (8.3, 18.9)

    Missing 748 21.6 (18.3, 25.4)

Nativity/Years in US ***

    US Born 1,487 15.2 (12.9, 17.9)

    FB, ≥ 10 yrs in US 4,823 14.5 (13.2, 16.0)

    FB, < 10 yrs in US 2,080 20.8 (18.5, 23.3)

a
All values except subgroup N account for complex survey design and incorporate sample weights.
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b
Near bedtime is defined as being within 3 hours of bedtime with a buffer of one hr

c
P value obtained from Chi-square tests at

*
for P < 0.05;

**
for P < 0.01;

***
for P < 0.001.

Abbreviations and definitions: CI = confidence interval; HS = high school; US born = born within 50 US states; FB = foreign-born, born outside 50 
US states.
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Table 5

Percent (95% CI) consuming ≥ 30% total daily kcal at last meal or snack before bedtime by sleep duration and 

BMI group a

≥30% of total daily kcal at last meal or snack near bedtimeb
(n= 8,752)

Characteristic Subgroup N % (95% CI) Pc

Sleep duration ***

    Short 787 9.9 (7.2, 13.3)

    Intermediate 6,501 15.7 (14.4, 17.1)

    Long 1,464 23.1 (20.1, 26.4)

BMI

    Underweight 70 16.1 (6.2, 35.7)

    Normal weight 1,810 17.8 (15.5, 20.4)

    Overweight 3,506 16.3 (14.4, 18.3)

    Obese 3,345 16.0 (14.3, 17.9)

a
All values except subgroup N account for complex survey design and incorporate sample weights.

b
Near bedtime is defined as being within 3 hours of bedtime with a buffer of one hr

c
P value obtained from Chi-square tests at

*
for P < 0.05;

**
for P < 0.01;

***
for P < 0.001.

Definitions: CI = confidence interval; sleep duration - short is ≤ 6 hours; intermediate is > 6 and ≤ 9 hours; long is > 9 hours; underweight is BMI < 
18.5; normal weight is BMI ≥ 18.5 and < 25; overweight is BMI ≥ 25 and < 30; obese is BMI ≥ 30.

Appetite. Author manuscript; available in PMC 2016 December 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Mossavar-Rahmani et al. Page 27

Table 6

Adjusted mean nutrient intakea by consuming meal or snack near bedtimeb status

Consuming a meal or snack near bedtime?

No
N=2,082

Yes
N=6,670

Nutrient or food group Adj. mean (95% CI)a Adj. mean (95% CI)a Pc

Total energy (g) 1877 (1856, 1898) 1986 (1974, 1998) ***

Protein density (% total energy) 17.0 (16.9, 17.1) 16.9 (16.8, 16.9) **

Total fats density (% total energy) 30.7 (30.6, 30.8) 30.7 (30.6, 30.7)

Cholesterol (mg/1000 kcal)` 151.8 (150.4, 153.1) 146.3 (145.6, 147.1) ***

Total carbohydrates density (% total energy) 51.3 (51.1, 51.5) 51.5 (51.4, 51.6) *

AHEI-2010 (per 1,000 kcal) 27.1 (26.8, 27.5) 25.5 (25.4, 25.7) ***

Fiber (g per 1,000 kcal) 9.17 (9.08, 9.27) 9.22 (9.16, 9.29)

Fruits (svg/day per 1,000 kcal) 0.57 (0.55, 0.59) 0.57 (0.56, 0.58)

Vegetables (svg/day per 1,000 kcal) 1.05 (1.03, 1.06) 1.01 (1.01, 1.02) **

Nuts and legumes (svg/day per 1,000 kcal) 0.33 (0.32, 0.34) 0.33 (0.32, 0.33)

All values, except subgroup N, account for complex survey design.

a
Adjusted for age, sex and Hispanic/Latino background.

b
Near bedtime is defined as being within 3 hours of bedtime with a buffer of one hr

c
P value obtained from Chi-square tests at

*
for P < 0.05;

**
for P < 0.01;

***
for P < 0.001.

Definitions: CI = confidence interval
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Table 7

Adjusted mean nutrient intakea by eating a heavy (>30% of total energy) meal or snack near bedtimeb status

Consuming a heavy (>30% of total energy) meal or snack near bedtime?

No
N=7,350

Yes
N= 1,402

Nutrient or food group Adj. mean (95% CI)a Adj. mean (95% CI)a Pc

Total energy (g) 1959 (1948, 1970) 1949 (1922, 1975)

Protein density (% total energy) 16.9 (16.9, 16.9) 16.9 (16.8, 17.0)

Total fats density (% total energy) 30.7 (30.6, 30.7) 30.8 (30.6, 30.9)

Cholesterol (mg/1000 kcal)` 147.6 (146.9, 148.4) 148.6 (146.8, 150.3)

Total carbohydrates density (% total energy) 51.5 (51.4, 51.6) 51.3 (51.1, 51.5)

AHEI-2010 (per 1,000 kcal) 26.0 (25.8, 26.2) 25.9 (25.5, 26.3)

Fiber (g per 1,000 kcal) 9.24 (9.18, 9.30) 9.07 (8.96, 9.19) **

Fruits (svg/day per 1,000 kcal) 0.57 (0.56, 0.58) 0.54 (0.52, 0.56) **

Vegetables (svg/day per 1,000 kcal) 1.02 (1.02, 1.03) 1.01 (0.99, 1.03)

Nuts and legumes (svg/day per 1,000 kcal) 0.33 (0.32, 0.33) 0.33 (0.32, 0.34)

All values, except subgroup N, account for complex survey design.

a
Adjusted for age, sex and Hispanic/Latino background.

b
Near bedtime is defined as being within 3 hours of bedtime with a buffer of one hr

c
P value obtained from Chi-square tests at

*
for P < 0.05;

**
for P < 0.01;

***
for P < 0.001.

Definitions: CI = confidence interval
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