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Study Objectives: Numerous studies have emphasized the significance of nutrition on the quality of sleep, but few have evaluated the effect of various
coexisting dietary markers on middle-aged adults. We assessed the association between sleep quality and a large array of dietary markers among middle-aged,

community-dwelling participants.

Methods: Data from the first, second, and third follow-ups of CoLaus|PsyColLaus, a population-based study in Lausanne, Switzerland, was used. Sleep quality
was assessed by the Pittsburgh Sleep Quality Index. Dietary intake was assessed by a validated food frequency questionnaire.

Results: Data from 3857 (53% women, 57.2 + 10.4 years), 2370 (52% women, 60.7 + 9.5 years), and 1617 (52% women, 63.5 + 9.0 years) participants from the
first, second, and third follow-ups was used. Bivariate correlations showed fish, vegetables, fruit, and cheese intake to be associated with a better sleep quality
(lower Pittsburgh Sleep Quality Index), while rusks, sugar, and meat intake were associated with a poorer sleep quality (higher Pittsburgh Sleep Quality Index).
After multivariable adjustment, participants reporting poor sleep quality (Pittsburgh Sleep Quality Index > 5) had a lower Mediterranean diet score and a lower
likelihood of complying with the meat and fish recommendations, but the results were inconsistent between surveys. No association was found between sleep

quality and macro- or micronutrients in the three surveys.

Conclusions: No consistent associations were found between a large panel of nutritional markers and sleep quality. Components of the Mediterranean diet such
as dairy, fruits, and vegetables might favor good sleep quality, while increased consumption of sugary foods or meat might favor poor sleep quality.
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BRIEF SUMMARY

based sample.

Mediterranean diet that includes dairy products.

Current Knowledge/Study Rationale: Despite recent research emphasizing the link between diet and sleep quality and the significance of sleep quality
to prevent cardiometabolic diseases, few studies have examined the association of various coexisting dietary markers on middle-aged adults. Our study
assessed the association between a wide range of dietary markers and sleep quality as assessed by the Pittsburgh Sleep Quality Index in a population-

Study Impact: Consumption of healthy foods such as fruits, vegetables, fatty fish, and dairy products was positively associated with sleep quality,
whereas consumption of sugary foods was negatively associated. As a result, patients with poor sleep quality should be encouraged to adopt a

INTRODUCTION

Poor sleep quality is a common issue reported by the adult pop-
ulation' and is a known risk factor for illnesses such as hyper-
tension* and coronary heart disease.” Several studies have
highlighted the importance of dietary intake on sleep quality.®™’
Two large studies found a positive impact of fruits and vegeta-
bles on sleep quality among older adults'® and university stu-
dents."' Smaller studies found positive associations between
sleep quality and other types of food such as milk,*'? cher-
ries,®” and rice'® in older adults. Other studies reported a posi-
tive impact of nutrients like protein'*'> or even dietary patterns
such as the Mediterranean diet'®'” in middle-aged and older
participants. Conversely, no specific benefit has been reported
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for ketogenic diet,'® and the beneficial effect of omega-3 fatty
acids has been questioned."”

Although multiple studies have studied the association between
dietary intake and sleep quality, most studies assessed only a lim-
ited number of nutrients, foods, or dietary patterns, and only a few
assessed them all simultaneously. In addition, most sample sizes
were small and included mainly older individuals. There is a need
for a larger sample sized study to evaluate the impact of multiple
coexistent dietary markers on sleep quality in middle-aged adults.

The objective of this study was to assess the cross-sectional
associations between a wide range of dietary markers and sleep
quality among middle-aged, community-dwelling people. We
aimed to confirm or not confirm the previously published asso-
ciations between dietary intake and sleep quality.
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METHODS

Participants

The CoLaus|PsyCoLaus study is a population-based study
investigating the epidemiology and genetic determinants of
psychiatric and cardiovascular disease in Lausanne, Switzer-
land.?® Briefly, a representative sample was collected through a
simple, nonstratified random sampling of 19,830 individuals
(35% of the source population) ages 35 to 75. The baseline
study was conducted between June 2003 and May 2006 and
included 6733 participants; the first follow-up was performed
between April 2009 and September 2012 and included 5064 of
the initial participants (75.2%), the second follow-up was per-
formed between May 2014 and April 2017 and included 4881
of the initial participants (72.5%), and the third follow-up was
performed between April 2018 and May 2021 and included
3751 of the initial participants (55.7%). As dietary intake was
only assessed in the follow-ups, data from the follow-ups was
included in this study.

Sleep quality

Sleep quality was assessed with the Pittsburgh Sleep Quality
Index (PSQI). The PSQI is used to assess sleep patterns over the
past month and can be completed by the rater alone or with a
sleeping partner. The score varies between 0 and 21, indicative
of overall sleep quality, as well as subscale values, including
self-reported sleep quality, sleep-onset latency, sleep duration,
habitual sleep efficiency, sleep disturbances, use of sleep medica-
tion, and daytime dysfunction. A score > 5 indicates poor sleep
quality.*!

Dietary intake

Dietary intake was assessed using a self-administered, semi-
quantitative food frequency questionnaire (FFQ), which also
included portion size.”> This FFQ has been validated in the
Geneva population.”*** Briefly, this FFQ assesses the dietary
intake of the previous 4 weeks and consists of 97 different food
items that account for more than 90% of the intake of calories,
proteins, fat, carbohydrates, alcohol, cholesterol, vitamin D,
and retinol and 85% of fiber, carotene, and iron. For each item,
consumption frequencies ranging from “less than once during
the last 4 weeks” to “2 or more times per day” were provided,
and the participants also indicated the average serving size
(smaller, equal, or bigger) compared to a reference size.

Dietary intake was computed as follows: first, for each food
item, the daily amount consumed was obtained by multiplying
the daily frequency (converting monthly and weekly frequencies
into fractions, for example “3—4 per week” = 3.5/7=0.5 times
per day) by the portion size (in grams or mL) indicated. The
amounts of individual food items belonging to the same food
group (ie, dairy products or fruits) were added to obtain the total
daily amount consumed. For dairy products, conversion of milli-
liters to grams of milk was performed. Conversion into calories
and nutrients was performed based on the French CIQUAL food
composition table considering each individual food item. Then,
for each individual nutrient (ie, total or animal-derived protein),
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the corresponding caloric intake was computed and divided by
the total energy intake.

Dietary scores
Two dietary scores were computed based on the Mediterranean
diet. The first Mediterranean dietary score (designated as
“Mediterranean score 17) was derived from Trichopoulou
et al.?* The score uses consumption frequencies instead of
amounts. Briefly, a value of 0 or 1 is assigned to each of seven
foods using their sex-specific medians as cut-offs. Participants
whose consumption frequencies for “healthy” foods (vegeta-
bles, fruits, fish, cereal) were above the median were given the
value of 1, while for “unhealthy” foods (meat, dairy products),
consumption frequencies below the median were given the
value of 1. Two other items were considered: ratio of monounsat-
urated to saturated fats and moderate alcohol consumption
(between 5 and 25 g/d for women and 10 and 50 g/d for men).
The score ranges between 0 and 8. The second Mediterranean
dietary score (designated as “Mediterranean score 2”) adapted to
the Swiss population was computed according to Vormund
et al.> It used the same scoring system but considered nine types
of “healthy” foods: fruits, vegetables, fish, cereal, salads, poultry,
dairy products, and wine. The score ranges between 0 and 9. For
both scores, higher values represented a healthier diet.
Participants were dichotomized according to whether they
followed the dietary recommendations for fruits, vegetables,
meat, fish, and dairy products from the Swiss Society of Nutri-
tion.”**” The recommendations were > 2 fruit portions/d, > 3
vegetable portions/d, < 5 meat portions/w, = 1 fish portion/w,
and = 3 dairy products portions/d. In this study, we did not use
portion size to compute adherence but relied on consumption
frequencies. This was done as the portion sizes recommended
by the Swiss Society of Nutrition do not take into account an
individual’s corpulence and caloric needs.’” As the FFQ que-
ried about fresh and fried fish, two categories of adherence
to fish consumption were considered: one included and one
excluded fried fish. For each participant, the number of guide-
lines complied to was computed. Two sums were computed:
one used adherence to fish consumption using all types of fish
preparation (ie, including fried fish); the other used adherence
to fish consumption using fresh fish only.

Other covariates

Smoking was self-reported and categorized as never, former
(irrespective of the time since quitting smoking), and current.
Education was categorized into high (university), middle (high
school), and low (apprenticeship + primary). Marital status was
defined as living alone (single, divorced, widowed) or living
with a partner.

Body weight and height were measured with participants bare-
foot and in light indoor clothes. Body weight was measured in
kilograms to the nearest 100 g using a Seca scale (Hamburg,
Germany). Height was measured to the nearest 5mm using a
Seca height gauge. Body mass index (BMI) was calculated
and categorized as normal (< 25 kg/m?), overweight (= 25 and
<30kg/m?), and obese (= 30 kg/m?).
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Blood pressure was measured using an Omron HEM-907
automated oscillometric sphygmomanometer after at least a
10-minute rest in a seated position, and the average of the last
two measurements was used. Hypertension was defined by
a systolic blood pressure = 140 mm Hg or a diastolic blood
pressure = 90 mmHg or presence of antihypertensive drug
treatment.

Participants reported the medicines prescribed or bought
over the counter. Medicines were further classified according to
the World Health Organization ATC criteria. Presence of sleep-
inducing drugs such as benzodiazepines (ATC code starting
with NOSBA) and hypnotics or sedatives (ATC code starting
with NO5C) were considered.

Inclusion and exclusion criteria

All participants in the different surveys were considered as eli-
gible for analysis. According to the PSQI scoring system, ques-
tions 1 to 9 are not allowed to be missing. Participants were
excluded if they had (1) PSQI completely missing, (2) at least
one answer missing for PSQI questions 1 to 9, (3) at least one
answer missing in PSQI questions 10 to 19, (4) no dietary data,
(5) extreme total energy intake values (defined as < 500 or
> 3500 kcal/d for women and < 800 or > 4000 kcal/d for men),
or (6) any covariate missing.

Ethical statement

The Institutional Ethics Committee of the University of Lau-
sanne, which afterwards became the Ethics Commission of
Canton Vaud (www.cer-vd.ch), approved the baseline CoLaus
study (reference 16/03). The approval was renewed for the first
(reference 33/09), the second (reference 26/14), and the third
(reference PB_2018-000408) follow-ups. The approval for the
entire CoLaus|PsyCoLaus study was confirmed in 2021 (refer-
ence PB_2018-00038, 239/09). The full decisions of the CER-
VD can be obtained from the authors upon request. The study
was performed in agreement with the Helsinki declaration and
its former amendments and in accordance with the applicable
Swiss legislation. All participants gave their signed informed
consent before entering the study.

Statistical analysis

Statistical analyses were conducted using Stata v.16.1 (Stata
Corp, College Station, TX, USA). Descriptive results were
expressed as number of participants (percentage) for categorical
variables and as average + standard deviation or median (inter-
quartile range) for continuous variables. Bivariate analyses
were conducted using chi-square for categorical variables and
student’s ¢ test, analysis of variance, or the Kruskal-Wallis test
for continuous variables. Multivariable analyses were con-
ducted using logistic regression for categorical outcomes, and
results were expressed as odds ratio and 95% confidence inter-
val. Multivariable analyses of continuous outcomes were con-
ducted using analysis of variance and results were expressed as
multivariable-adjusted average + standard error. Multivariable
analyses were adjusted on sex, age (continuous), education
(high, middle, low), marital status (living with partner, living
alone), smoking (never, former, current), presence of a diet
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(yes, no), BMI categories (normal, overweight, obese), and
presence of sleep medicines (yes, no). As smoking might
change dietary intake and increased BMI has been associated
with poor sleep quality, the same analyses were conducted after
stratifying by smoking and by BMI categories. The associations
between the PSQI score (as a continuous variable) and the daily
amounts of each food group were assessed using Spearman
rank correlation.

Several sensitivity analyses were conducted. The first one
used inverse probability weighting to take into account the per-
centage of excluded participants.?® Briefly, logistic regression
was used to estimate the likelihood of being included for each
participant using covariates that were significantly different
between included and excluded participants, ie age, sex, educa-
tional level, BMI categories, hypertension, diabetes, and sleep
medicines. The inverse of the predicted probability was then
used for the analysis of dichotomous outcomes by logistic
regression. The second sensitivity analysis used the data from
all three follow-ups and assessed the association between die-
tary intake and sleep quality using mixed models with repeated
measures for each participant. A third sensitivity analysis was
conducted after excluding participants taking sleep medicines.
Both weighted and unweighted mixed models were applied. All
sensitivity analyses were adjusted for the same covariates as in
the main analyses. Finally, a sensitivity analysis was conducted
including participants who had missing answers for the PSQI
questions 10 to 19 (exclusion criterion 3).

Statistical significance was considered for a two-sided test
with P <.05.

RESULTS

Study population

Of the 5064, 4894 and 3751 participants in the first, second, and
third follow-ups, 3857 (76.2%), 2370 (48.4%), and 1617 (43.1%)
were included, respectively. The reasons for exclusion are sum-
marized in Figure S1 in the supplemental material. The main rea-
son for exclusion was absence of sleep data.

The characteristics of included and excluded participants in
each follow-up are summarized in Table S1. Excluded partici-
pants were more frequently women, older, of a lesser educa-
tional level, obese, presenting with hypertension or diabetes,
and taking sleep medicines.

The characteristics of the participants according to sleep qual-
ity and stratified by study period are summarized in Table 1.
Participants with a lower sleep quality were more frequently
women, older, living alone, and taking sleep medicines.

Associations between dietary intake and poor

sleep quality

The bivariate and multivariable associations between sleep qual-
ity and dietary intake, stratified by study period, are summarized
in Table 2 and Table 3, respectively. No consistent statistically
significant associations were found between the three follow-ups
for any of the dietary variables studied (Table 2). Participants
reporting poor sleep quality had a lower Mediterranean diet score
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as defined by Vormund et al in the first and second follow-ups,
and a similar trend was found for the Mediterranean diet score as
defined by Trichopoulo et al (Table 2).

Multivariate analysis confirmed the lack of consistent asso-
ciations between sleep quality and dietary intake (Table 3). Par-
ticipants reporting poor sleep quality had a lower likelihood of
complying with the meat recommendation in the first and third
follow-ups, and a similar, nonsignificant trend was found in the
second follow-up. Participants reporting poor sleep quality also
had a lower likelihood of complying with the fish recommenda-
tion in the second follow-up. Finally, participants reporting
poor sleep quality tended to present lower Mediterranean diet
scores, but the differences did not reach statistical significance
(Table 3). Slightly similar results for adherence to guidelines
were found after weighting for noninclusion (Table S2).
Including all follow-ups in a single analysis and taking into
account repeated measurements for each participant led to simi-
lar findings (Table S3). Excluding participants taking sleep
medicines led to results close to those using the whole sample
or applying inverse probability weighting (Table S4).

Diet and sleep quality

Stratifying the analysis by smoking status (Table S5, Table
S6, and Table S7) or BMI category (Table S8, Table S9, and
Table S10) did not reveal any consistent association. At most, a
higher Mediterranean diet score among nonsmokers reporting
good sleep quality for study period 20142017 (Table S6) and a
lower compliance to dietary guidelines among overweight parti-
cipants reporting poor sleep quality for study periods 20142017
and 2019-2021 (Table S9 and Table S10) was found.

The results of the sensitivity analysis including participants
with missing data for the PSQI questions 10 to 19 are summarized
in Table S11 and Table S12. Overall, results were comparable to
those restricted to participants with full PSQI data. A higher con-
sumption of fruits, vegetables, and fish; a lower consumption of
meat; and a higher compliance to at least three guidelines was
associated with a lower likelihood of poor sleep quality.

Associations between selected food items and poor
sleep quality

The correlations between the 97 food items of the FFQ (expressed
as daily consumption in grams or milliliters) and sleep quality for

Figure 1—Correlations between the 97 food items of the food frequency questionnaire and sleep quality for the three

follow-ups.
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Volcano plot showing Spearman correlation coefficients on the X-axis and —logso(P) in the Y-axis between sleep quality as defined by the Pittsburgh Sleep Quality
Index and daily consumption of the 97 items composing the food frequency questionnaire for the first (circles), second (triangles), and third (squares) follow-ups
of the Colaus|PsyCoLaus study, Lausanne, Switzerland. Negative correlations indicate a beneficial effect on sleep quality, while positive correlations indicate a
deleterious effect. The horizontal lines indicate the P values of .05 (long dashes) and .01 (short dashes).
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Table 4—Correlations between sleep quality and daily amount consumed of each food group, stratified by study period,
Colaus|PsyCoLaus study, Lausanne, Switzerland.

Food Group 2009-2012 P 2014-2017 P 2018-2021 P

Dairy 0.012 447 0.014 513 0.034 168
Meat 0.034 .036 0.017 410 0.017 495
Processed meat 0.004 799 0.004 .865 —0.009 715
Fish 0.007 661 —0.051 013 —0.004 877
Vegetables 0.010 542 —0.061 .003 0.009 723
Fruit —-0.012 AT6 —0.059 .004 —0.015 559
Alcohol —0.011 482 —0.004 833 —0.033 .188

Results are expressed as Spearman correlation coefficients between the Pittsburg Sleep Quality Index score (as a continuous variable) and the daily amounts

consumed for each food group.

the three follow-ups are depicted in Figure 1. Significant, albeit
nonconsistent negative associations were found for fish, vegeta-
bles, and cheese, while positive associations were found for rusks,
sugar, and milk in coffee. Restricting the analysis to more generic
food groups showed a negative association with fish, vegetables,
and fruit and a positive association with meat (Table 4). Including
participants with missing data for the PSQI questions 10 to 19 led
to similar findings (Table S13).

DISCUSSION

Main findings

In this population-based study, we found few associations between
a large array of dietary intake markers and sleep quality. Overall,
the results suggested that a Mediterranean diet, fruits, vegetables,
and fish were negatively associated with poor sleep quality, while
meat was positively associated with poor sleep quality. Still, the
associations were inconsistent between surveys.

Associations between dietary intake and poor

sleep quality

No association was found between sleep quality and macro- or
micronutrient intake. Those findings do not replicate other stud-
ies reporting an inverse association between sleep quality and
carbohydrate intake” or a positive association with monounsat-
urated®® or polyunsaturated®' fatty acids. Still, the latter find-
ings are subject to controversy, as no association between
polyunsaturated fatty acids and sleep quality was found in a
cross-sectional study,'” and a randomized controlled trial failed
to find any effect of a carbohydrate (55% of total calories) or a
high-fat (60% of total calories) diet on sleep quality as assessed
by the PSQIL.'? Conversely, our findings are in agreement with
a previous study assessing the association between sleep dura-
tion and diet*” and with other studies reporting no association
between sleep quality and long-chain omega-3 fatty acids.'’
Possible explanations include a low sample size leading to a
low statistical power or that our database missed the nutrients
that have been reported to be associated with sleep quality.
Indeed, a recent review reported that zinc, vitamin B6, and

Journal of Clinical Sleep Medicine, Vol. 19, No. 12

polyphenols were associated with sleep quality,® and another
review suggested that low serum levels of vitamin D were asso-
ciated with poorer sleep quality.*”

Participants reporting poor sleep quality had lower scores on
the Mediterranean diet as defined by Vormund et al but not as
defined by Trichopoulou et al. Those findings confirm positive
associations between the Mediterranean diet and sleep quality
as reported previously,®'®!” Interestingly, the Vormund et al
score differs from the original Mediterranean score by giving a
positive effect to dairy products, and it has been suggested that
milk intake improves sleep quality.”**>> Still, no association
was found between dairy products and sleep quality in our
study, suggesting that dairy products alone might not be associ-
ated with sleep quality or that only specific dairy products such
as cheese (Figure 1) are associated with sleep quality. Further
studies are needed to replicate our findings.

Sleep and adherence to dietary guidelines

Participants reporting poor sleep quality had a lower likelihood to
comply with the meat recommendations and, to a lesser degree, a
lower likelihood of complying with the fruits and the fish guide-
lines. Those findings are in agreement with the literature, as a
higher consumption of fruits and vegetables''® and fish®***"*® and
a lower consumption of meat (a source of saturated fat*”) have
been associated with a better sleep quality. Overall, our results indi-
cate that a healthy diet favors sleep quality.

Sleep and food items

The food items with the strongest negative association with poor
sleep quality were carrots, cheese, green salad, pasta, salmon,
fruit tart, white fish, tomatoes, and olive oil. Those findings are
in agreement with the literature, as a higher consumption of dairy
products,”>**° fruits and vegetables,''**>7 and fatty fish***7~*
is associated with better sleep quality. Conversely, foods posi-
tively associated with poor sleep quality were rusks, sugar, lem-
onade, soda, syrups, milk in coffee, cake and dried pastries,
mineral water, margarine, and low-fat products. Those findings
are partly in agreement with the literature, where increased con-
sumption of caffeinated beverages was associated with poor
sleep quality™®; for instance, milk in coffee might be a proxy of
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increased coffee consumption, although no association between
coffee and sleep quality was found. Similarly, as cake and dried
pastries are energy-dense foods, our findings are in agreement
with a study reporting a positive association between higher
energy-dense foods and poor sleep quality.>” Finally, the associa-
tion between sugary foods and poor sleep intake is in agreement
with a study reporting that high sugar intake was associated with
lighter, less restorative sleep.*’

Implications for clinical practice

Our results suggest that consumption of healthy foods such as
fruits, vegetables, fatty fish, and dairy products favorably influ-
ences sleep quality, while the consumption of sugary foods
decreases sleep quality. Hence, patients with poor sleep quality
should be encouraged to adopt a Mediterranean type of diet,
including dairy products, as a component of their treatment.
Further, besides having a favorable effect on sleep quality, the
Mediterranean diet is also beneficial against type 2 diabetes®!
and cardiovascular disease.*”

Strengths and limitations

This study’s principal advantages rest on its sample size, which is
considerably larger than those identified in previous studies.
Additionally, we were able to conduct three interviews with the
same sleep and dietary intake questionnaires. The extensive panel
of dietary markers examined is another significant strength.

There are some limitations to this study. First, many partici-
pants did not complete the sleep questionnaire; therefore, a selec-
tion bias could be present. Still, the results were similar after
weighting for exclusion. Second, sleep quality and dietary intake
were assessed using self-reported questionnaires that could show
different results from reality. Another limitation was the absence
of information regarding the last meal consumed prior to the
examined sleep period, which is likely to have the greatest impact
on sleep quality.** Fourth, our study was cross-sectional, and no
causal effect of diet on sleep can be inferred; similarly, the issue
of reverse causation (ie, sleep quality affecting subsequent die-
tary intake) cannot be excluded.** Still, our results replicate those
of previous studies, where no consistent association was found
between dietary intake and sleep quality.*®*

CONCLUSIONS

No consistent associations were found between a large panel of
nutritional markers and sleep quality. Components of the Medi-
terranean diet such as dairy, fruits, and vegetables might be ben-
eficial, while consumption of sugary foods or meat might favor
poor sleep quality.

ABBREVIATIONS

BMI, body mass index
FFQ, food frequency questionnaire
PSQI, Pittsburgh Sleep Quality Index
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