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Abstract
Purpose This study aimed at describing meal-timing patterns using cluster analysis and explore their association with sleep 
and chronic diseases, before and during COVID-19 mitigation measures in Austria.
Methods Information was collected in two surveys in 2017 (N = 1004) and 2020 (N = 1010) in representative samples of the 
Austrian population. Timing of main meals, nighttime fasting interval, last-meal-to-bed time, breakfast skipping and eating 
midpoint were calculated using self-reported information. Cluster analysis was applied to identify meal-timing clusters. 
Multivariable-adjusted logistic regression models were used to study the association of meal-timing clusters with prevalence 
of chronic insomnia, depression, diabetes, hypertension, obesity and self-rated bad health status.
Results In both surveys, median breakfast, lunch and dinner times on weekdays were 7:30, 12:30 and 18:30. One out of four 
participants skipped breakfast and the median number of eating occasions was 3 in both samples. We observed correlation 
between the different meal-timing variables. Cluster analysis resulted in the definition of two clusters in each sample (A17 
and B17 in 2017, and A20 and B20 in 2020). Clusters A comprised most respondents, with fasting duration of 12–13 h 
and median eating midpoint between 13:00 and 13:30. Clusters B comprised participants reporting longer fasting intervals 
and later mealtimes, and a high proportion of breakfast skippers. Chronic insomnia, depression, obesity and self-rated bad 
health-status were more prevalent in clusters B.
Conclusions Austrians reported long fasting intervals and low eating frequency. Meal-timing habits were similar before and 
during the COVID-19-pandemic. Besides individual characteristics of meal-timing, behavioural patterns need to be evalu-
ated in chrono-nutrition epidemiological studies.

Keywords Meal-timing · Nighttime fasting · Time-restricted eating · Chrono-nutrition · Cluster analysis

Introduction

Circadian misalignment through night shift work has been 
associated with various chronic disease outcomes [1–6]. 
Recently, this research has been expanded to identify other 
sources of circadian disruption in the general population 
that may result from mistimed exposures, such as sleeping 
or eating at the “wrong” time [7–9]. More concretely, the 
adherence to a more diurnal eating pattern has been asso-
ciated with a lower cancer risk [10–12] and an improve-
ment of metabolic function and weight loss [13]. Moreover, 
individual aspects associated with a diurnal eating pattern, 
such as eating breakfast or abstaining from eating at night, 
have been associated with better sleep quality and longer 
sleep duration [8]. On the contrary, individuals experience 
a reduction of sleep duration and an increase of daytime 
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sleepiness during Ramadan, a period of 29–30 days, dur-
ing which healthy adult Muslims abstain from eating and 
drinking from dawn to sunset [14]. These observations stress 
the importance of evaluating timing (in addition to quality, 
quantity and frequency) of diet in epidemiological studies.

In terms of exposure assessment, most epidemiologi-
cal studies have characterized meal-timing through ques-
tionnaires and have tended to analyse single meal-timing 
aspects, e.g. dinner time [10] or breakfast skipping [15–20]. 
However, different meal-timing aspects, such as night-
time fasting interval, interval between the last eating occa-
sion and bed time or breakfast skipping, are interrelated and 
their effects could overlap. Because of that, Khanna et al. 
[21] argued that analysing meal-timing behaviours, rather 
than isolated aspects, using cluster analysis might be a more 
suitable method of assessing the effects of meal-timing.

Moreover, meal-timing patterns have not been previ-
ously described in detail in the Austrian population, and 
we hypothesized that dietary patterns, especially the eating 
frequency, could have been modified in Austria as a con-
sequence of the COVID-19 mitigation measures and lock-
down, as reported for other populations [22–26]. Further-
more, although evidence starts to emerge that meal-timing 
might have an influence on health outcomes, little is known 
in relation to sleep outcomes.

Therefore, the first aim of this study was to describe meal-
timing and meal frequency, as well as fasting patterns, and to 
define predominant meal-timing behaviours in the Austrian 
population. Secondly, we aimed to compare meal-timing 
patterns before and during the first COVID-19 mitigation 
measures and evaluate potential effects of the lockdown 
on meal-timing habits in Austria. Lastly, we explored the 
cross-sectional association of meal-timing behaviours and 
chronic insomnia, chronic disease prevalence and self-rated 
health-status.

Methods

Population and study design

Two online surveys were implemented by Interrogare 
GmbH − a market research institute based in Germany − , 
with the aim of eliciting detailed information on sleep habits 
and its determinants in representative samples of the Aus-
trian general population. We collected information on sleep, 
daily routines, such as meal-times, and lifestyle characteris-
tics. Participants of both surveys were selected to represent 
the age (≥ 18 years), sex and county distribution of Austria’s 
general population. Participation in both surveys was vol-
untary and anonymous, and informed consent was implied 
through participation.

The first survey took place in September 2017, included 
63 questions and took approximately 30 min to complete. 
In total, 1004 participants completed the survey. Of those, 
current night shift workers (n = 52) and one participant 
with missing information in all meal-timing variables 
were excluded from the present analysis (n = 951 partici-
pants included in description of meal-timing). Moreover, 
27 further participants with missing information on key 
meal-timing variables were excluded from the cluster and 
association analysis (n = 924 participants included in the 
cluster analysis).

The second survey was conducted in June 2020, after 
the first COVID-19 wave and the implementation of miti-
gation measures in Austria (March 16 to May 1st, 2020). 
The questionnaire, which included 81 questions and took 
approximately 20 min to complete, was completed by 1010 
participants. Current nightshift workers (n = 55) and three 
additional participants reporting gender other than women 
or men were excluded for the analysis (n = 952 participants 
included in description of meal timing). Additionally, 82 
participants were excluded for the cluster analysis because of 
insufficient information on meal-timing (n = 870 participants 
included in the cluster analysis).

Variables

The surveys collected the following meal-timing information 
during the week and on weekends: timing of breakfast, lunch 
and dinner (as drop down menu with 1-h intervals, e.g., from 
12:00 till 13:00), snacks between meals (“yes”/”no”), snack 
between breakfast and lunch (“yes”/”no”), snack between 
lunch and dinner (“yes”/”no”), snack between dinner and 
breakfast (“yes”/”no”) and timing of last snack of the day 
(hours, minutes). We used the midpoint of the intervals of 
the hourly bins (e.g., “12:00–13:00″ was substituted by 
12:30) to create pseudocontinuous variables for the time of 
breakfast, lunch and dinner. The continuous variable night-
time fasting was defined as the time elapsed between the 
last and the first meal of the day. We created two additional 
continuous variables: last meal to bed time (hours) and eat-
ing midpoint (hours), defined as the midpoint between the 
first and the last meal of the day. We also generated the 
discrete variable number of eating occasions (ranging from 
0 to 6, the maximum number of eating occasions that could 
be reported in the surveys), which included main meals 
and snacks, and a dichotomous variable, breakfast skipping 
(“skipping” vs. “eating”). Each variable was calculated inde-
pendently for weekdays and weekends.

The survey collected detailed information on sleep dura-
tion, sleep timing and sleep quality. We used the 3rd edi-
tion of the International Classification of Sleep Disorders 
(ICSD-III) [27] to define chronic insomnia (“yes”/”no”), as 
explained in Weitzer et al. [28]. The surveys also collected 
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information on self-rated health status (“In your opinion: 
How is your health status in general?”, one answer pos-
sible: “very good”/“good”/“moderate”/“bad”/“very bad”) 
and diagnosed medical conditions (“During the past 
12 months, did you have any of the following diseases or 
conditions?”; multiple answers possible). With this infor-
mation, we defined the following dichotomous (“yes”/“no”) 
outcome variables: depression, diabetes, hypertension and 
bad or very vad self-rated health status. Participants also 
reported their height and weight, which were used to calcu-
late BMI and define obesity [“yes” (BMI ≥ 30 kg/m2)/ “no” 
(BMI < 30 kg/m2)].

The survey also collected information on sex and age 
(“How old are you?”, with respondents asked to fill in 
their age in the 2017 survey, and to choose one of the fol-
lowing categories in the 2020 survey: “ < 20” / “20–24” / 
“25–29” / “30–34” / “35–39” / “40–44” / “45–49” / “50–54” 
/ “55–59” / “60–64” / “65–69” / “ ≥ 70”) and other con-
founders and effect modifiers of interest, i.e. self-rated 
chronotype (“One hears about “morning” and “evening” 
types of people. Which ONE of these types do you consider 
yourself to be?”, one answer possible: “definitely a morn-
ing type”/ “rather more a morning than an evening type”/ 
“rather more an evening than a morning type”/ “definitely an 
evening type”), marital status (“What is your current marital 
status?”, one answer possible: “single”/ “married or in a 
partnership”/ “divorced”/ “widowed”), work status [“What 
is your current work status?”, multiple answers possible: 
“(self-) employed full-time” / “(self-) employed part-time” / 
“retired” / “unemployed” / “student, further training, unpaid 
work experience” / “disabled” / “in compulsory military or 
community service” / “household”], alcohol consumption 
[“How much alcohol do you drink per week? (Please give 
approximate/average amounts)”, with respondents asked to 
fill in the number of glasses of beer and wine and shots of 
liquor/whiskey/gin etc. consumed per week], smoking sta-
tus (“Do you currently smoke?”, one answer possible: “No, 
never”/“No, not anymore”/“Yes, I currently smoke”) and 
history of nightshifts (“Have you ever worked night shifts 
(schedule including ≥ 3 h of work between 12 pm and 6 am 
and at least 3 nights/month)?”, one answer possible: “No” / 
“Yes, in the past” / “Yes, currently”).

Statistical analysis

Summary statistics [medians and interquartile ranges 
(IQRs), and frequency (N and %)] were used to describe 
baseline characteristics and meal-timing patterns, indepen-
dently for each survey. The correlation between numeri-
cal meal-timing variables during the week and during the 
weekend and between different numerical variables in each 
survey was analysed graphically (with matrix scatter plots) 
and the significance of correlation was tested using the 

Pearson correlation coefficient. The association of these 
variables with breakfast skipping was assessed using point 
biserial correlation. The association between breakfast skip-
ping during the week and the weekend was analysed using 
the χ2 test.

Within surveys, cluster analysis was performed to group 
individuals with similar meal-timing behaviours. Nighttime 
fasting, last meal to bed time and eating midpoint during 
the week were standardized and included as indicators. To 
establish the cluster groups, a combination of hierarchical 
and non-hierarchical clustering methods was applied. Firstly, 
we used Ward’s method (hierarchical method) removing uni-
variate outliers (values > 3 SD above or below the mean) and 
generated the resulting dendrogram, in order to select the 
optimum number of clusters (two for each survey). Using 
the initial cluster centres obtained by hierarchical clustering 
and including also outliers of the variables, an iterative non-
hierarchical K-means clustering procedure was applied. The 
Cohen’s ҡ coefficient for the solutions obtained by hierarchi-
cal methods and by non-hierarchical methods (final cluster 
solution) was 0.96 for the 2017 survey, indicating almost 
perfect agreement, and 0.77 for the 2020 survey (substantial 
agreement).

To describe characteristics or predictors of the different 
cluster groups, as well as participants’ sociodemographic 
and lifestyle characteristics, summary statistics [medians and 
interquartile ranges (IQRs), and frequency (N and %)] were 
used. Differences on the indicators between cluster groups 
were analysed using the Wilcoxon rank-sum test. Within 
surveys and using the largest cluster as reference category, 
unconditional logistic regression analysis was performed to 
study the association of meal-timing behaviours and chronic 
insomnia, depression, obesity, diabetes, hypertension and 
self-rated health status. Logistic regression models were 
used and odds ratios (OR) with 95% confidence intervals 
were calculated. Age and sex-adjusted ORs (AORs) and mul-
tivariable-adjusted ORs (MV-ORs) are presented. In addi-
tion to age and sex and based on a directed acyclic graph, 
we considered the following potential confounders for the 
multivariable adjusted model: self-rated chronotype, marital 
status, work status, alcohol consumption, smoking status and 
history of nightshifts.

Risk estimates were compared across strata of sex and 
chronotype profiles (early/late). In sensitivity analyses, only 
participants without report of heavy alcohol drinking (drink-
ing ≤ 12 standard glasses of alcohol a week) or those who 
had no history of nightshift were included.

All statistical analyses were performed using STATA 16.
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Results

The respondents of both surveys, as well as the sub-samples 
of participants allocated to cluster groups, had similar base-
line characteristics, which are shown in Suppl. table 1.

Meal‑timing in the Austrian population in 2017 
and 2020

Participants reported similar timing of the main meals dur-
ing the week (median times of breakfast, lunch and dinner: 
7:30, 12:30 and 18:30, respectively) and long nighttime fast-
ing intervals during the week (median: 13 h) in both sur-
veys. Some participants (8.8% in 2017 and 10.1% in 2020) 
had a snack after dinner around 21:00. The time elapsed 
between last meal and bedtime during the week was longer 
in 2020 (6.0 h in 2020 vs. 4.0 h in 2017) and the number of 
eating occasions decreased slightly. During the weekend, 
participants generally reported later breakfast times and 
longer fasting intervals compared to weekdays; in 2020, 
participants also reported later lunch and dinner times dur-
ing the weekend. Furthermore, eating breakfast was more 
frequently reported during the weekends than on weekdays 
(2017: 83.9% vs. 75.4%; 2020: 81.1% vs. 74.9%; Table 1 
and Suppl. Figure 1).

Analysis of collinearity and association 
among meal‑timing variables

We found moderate to strong correlation between individual 
meal-timing variables (nighttime fasting, last meal to bed 
time or number of eating occasions) during the week and 
during the weekend in both surveys (r ≥ 0.58 in 2017 and 
r ≥ 0.67 in 2020; see Fig. 1). Breakfast skipping during the 
week was also correlated with breakfast skipping in the 
weekend (p < 0.001) in both surveys: the majority of those 
skipping breakfast during the week also reported skipping 
it during the weekend (2017: n = 130/234, 55.6%; 2020: 
n = 158/239, 66.1%). Because of these associations, we used 
only meal-timing patterns during the week to generate the 
cluster solutions and in association analyses.

Furthermore, we found evidence of correlation among 
the aforementioned meal-timing variables. For example, we 
found a negative correlation between nighttime fasting and 
the number of eating occasions, which was consistent during 
week and weekend in both surveys, and moderate positive 
correlation between nighttime fasting and last meal to bed 
time, which was particularly strong during the weekends in 
2017 (r = 0.60). (Fig. 1) In addition, we found a correlation 
between breakfast patterns and nighttime fasting and num-
ber of eating occasions, with participants skipping breakfast 
reporting longer nighttime fasting periods and eating less 
frequently (Suppl. Figure 2 and 3 for meal timing patterns 
during the week; similar results were obtained for the week-
end, but are not shown).

Table 1  Meal timing, fasting intervals and number of eating occasions in two representative samples of the general Austrian population

Survey 2017 (n = 951) Survey 2020 (n = 952)

N/n (%) Median (IQR) N/n (%) Median (IQR)
Weekdays
 Breakfast time 717 (75.4) 7:30 (6:30–8:30) 713 (74.9) 7:30 (6:30–8:30)
 Lunch time 814 (85.6) 12:30 (12:30–13:30) 836 (87.8) 12:30 (12:30–13:30)
 Dinner time 880 (92.5) 18:30 (18:30–19:30) 864 (90.8) 18:30 (18:30–19:30)
 Snack after dinner time 84 (8.8) 21:00 (20:00–21:45) 96 (10.1) 21:01 (20:01–22:01)
 Nighttime fasting (h) 944 (99.3) 13.0 (12.0–15.0) 887 (93.2) 13.0 (12.0–17.0)
 Last meal to bed time (h) 924 (97.2) 4.0 (3.0–5.3) 913 (95.9) 6.0 (5.0–7.5)
 Number of eating occasions 951 (100.0) 3.0 (3.0–4.0) 952 (100.0) 3.0 (2.0–4.0)

Weekend
 Breakfast time 798 (83.9) 8:30 (7:30–9:30) 772 (81.1) 8:30 (7:30–9:30)
 Lunch time 830 (87.3) 12:30 (12:30–13:30) 831 (87.3) 13:30 (12:30–13:30)
 Dinner time 872 (91.7) 18:30 (18:30–19:30) 847 (89.0) 19:30 (18:30–19:30)
 Snack after dinner time 143 (15.0) 21:00 (20:15–22:00) 135 (14.2) 21:01 (20:01–22:01)
 Nighttime fasting (h) 938 (98.6) 14.0 (13.0–15.0) 887 (93.2) 14.0 (13.0–16.0)
 Last meal to bed time (h) 890 (93.6) 4.5 (3.5–5.5) 885 (93.0) 6.5 (5.5–7.5)
 Number of eating occasions 951 (100.0) 3.0 (3.0–4.0) 952 (100.0) 3.0 (3.0–4.0)
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(a)

(b)

Fig. 1  Correlation of meal timing variables in a the 2017 survey b the 2020 survey. Pearson’s r correlation coefficient is shown in the upper panels of the matrix
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Cluster analysis

In each survey, cluster analysis resulted in the definition 
of two cluster groups [2017: A17 (n = 720; 77.9%) and 
B17 (n = 204; 22.1%); 2020: A20 (n = 576; 66.2%) and 
B20 (n = 294; 33.8%)] with different meal-timing patterns 
(Table 2). Participants in cluster groups B ate later and less 
frequently, were more likely to skip breakfast and reported 
longer nighttime fasting intervals and time elapsed from last 
meal to bed time compared to this in cluster A.

The sociodemographic and lifestyle characteristics of the 
different groups are shown in Table 3. In both surveys, par-
ticipants in cluster groups B were more likely to be single, 
divorced or widowed and current smokers, later chronotypes 
and not to engage in any type of physical activity. Addition-
ally, in 2017, participants in cluster B had a significantly 
higher BMI. Besides, in 2020, participants in cluster A were 
more likely to be employed.

Meal‑timing patterns and health status

The self-reported prevalence of common chronic diseases 
and self-rated health status across cluster groups and sur-
vey is shown in Table 4. Subjects in clusters B were more 
likely to report chronic insomnia [AOR (95% CI) = 2.43 
(1.46–4.05) in 2017; AOR (95% CI) = 1.70 (1.00–2.90) in 
2020], although this effect was reduced after adjusting for 
lifestyle and sociodemographic confounders [MV-OR (95% 
CI) = 2.23 (1.29–3.87) in 2017; MV-OR (95% CI) = 1.49 
(0.84–2.63) in 2020]. Participants in groups B17 and B20 
were also more likely to report having been diagnosed with 
depression than subjects in A17 and A20, respectively, 
but risk estimates were only significant in 2020 [MV-OR 
(95% CI) = 1.55 (1.02–2.36)]. Participants in clusters A 
were less likely to report obesity, but risk estimates were 
not significant [MV-OR (95% CI) = 1.18 (0.75–1.85) in 

2017 and MV-OR = 1.25 (0.84–1.86) in 2020]. Prevalence 
of diabetes was similar across surveys and cluster groups, 
and we did not found any consistent trend for hypertension. 
Finally, we observed also a higher risk of reporting a bad 
or very bad health status among subjects in cluster B [AOR 
(95% CI) = 2.21 (1.27–3.84) in 2017; AOR (95% CI) = 2.86 
(1.58–5.20) in 2020], which was reduced after adjusting for 
confounders [MV-OR (95% CI) = 1.68 (0.92–3.08) in 2017; 
MVOR (95% CI) = 2.48 (1.29–4.74)].

Stratification resulted in low numbers and, thus, only a 
model adjusted for age and sex was calculated (Suppl. table 2 
and 3). Some differences by sex categories were observed 
(Suppl. Table 2). The increased risk of chronic insomnia 
was stronger among men [AOR (95% CI) = 2.63 (1.24–5.62) 
in 2017 and AOR (95% CI) = 2.78 (1.22–6.38) in 2020] 
than among women [AOR (95% CI) = 2.41 (1.20–4.86) in 
2017 and AOR (95% CI) = 1.17 (0.57–2.41) in 2020]. In 
turn, the effect of meal-timing on depression was only sig-
nificant among women [AOR (95% CI) = 1.87 (1.01–3.49) 
in 2017 and AOR (95% CI) = 1.91 (1.15–3.19) in 2020] 
and the effect on self-rated health status was also stronger 
among them [AOR (95% CI) = 3.16 (1.44–6.94) in 2017 and 
AOR (95% CI) = 3.02 (1.27–7.18) in 2020]. In the analysis 
stratified by chronotypes (Suppl. Table 3), the higher risk of 
depression in cluster groups B was stronger among subjects 
with early chronotypes [AOR (95% CI) = 2.01 (0.95–4.22) in 
2017 and AOR (95% CI) = 1.98 (1.12–3.50) in 2020], while 
the effect on health-status was stronger among those with 
late chronotype [AOR (95% CI) = 2.51 (1.22–5.17) in 2017 
and AOR (95% CI) = 3.35 (1.51–7.43) in 2020].

Results from analysis restricting to never night shift work-
ers (Suppl. table 4) and to participants without report of 
heavy alcohol drinking (Suppl. table 5) were similar to the 
main analysis.

Table 2  Distribution of meal timing patterns in cluster groups

* Variables used to generate cluster solution. a. p-values calculated using Wilcoxon rank-sum test

Survey 2017 (n = 924) Survey 2020 (n = 870)

Cluster A17 (n = 720)
Median (IQR)

Cluster B17 (n = 204)
Median (IQR)

p (cluster 
differences)a

Cluster A20 (n = 576)
Median (IQR)

Cluster B20 (n = 294)
Median (IQR)

p (cluster 
differences)a

Nighttime fasting* 
(h)

12.0 (11.0–13.3) 18.0 (17.0–20.0)  < 0.001 13.0 (12.0–13.0) 18.0 (16.0–19.0)  < 0.001

Last meal to bed 
time* (h)

4.0 (3.0–5.0) 4.5 (3.5–5.5)  < 0.001 5.5 (4.5–6.5) 7.4 (5.8–9.0)  < 0.001

Breakfast skipping 
(yes); N(%)

46 (6.4) 184 (90.2)  < 0.001 10 (1.74) 175 (59.5)  < 0.001

Eating midpoint* 
(hh:mm)

13:00 (12:30–14:00) 16:00 (15:00–17:00)  < 0.001 13:30 (12:30–14:00) 15:30 (13:30–16:30)  < 0.001

Number of eating 
occasions

3.0 (3.0–4.0) 2.0 (2.0–2.5)  < 0.001 3.0 (3.0–4.0) 2.0 (2.0–3.0)  < 0.001
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Table 3  Sociodemographic 
characteristics across cluster 
groups in 2017 and 2020

Differences in the distribution between cluster groups were evaluated using Pearson’s χ2

a. In the survey in 2017 information on moderate and vigorous physical activity is available; in 2020 only 
on vigorous physical activity

Survey 2017 (n = 924) Survey 2020 (n = 870)

Cluster A17
(n = 720)

Cluster B17
(n = 204)

Cluster A20
(n = 576)

Cluster B20
(n = 294)

N(%) N(%) N(%) N(%)

Age
 18–24 98 (13.6) 21 (10.3) 71 (12.3) 37 (12.6)
 25–34 119 (16.5) 42 (20.6) 117 (20.3) 45 (15.3)
 35–44 164 (22.8) 46 (22.5) 131 (22.7) 65 (22.1)
 45–54 177 (24.6) 61 (29.9) 138 (24.0) 78 (26.5)
  ≥ 55 162 (22.5) 34 (16.7) 119 (20.7) 69 (23.5)
 Sex (Women) 376 (52.2) 97 (47.5) 298 (51.7) 158 (53.7)
 BMI median(IQR)* 24.5 (21.8–27.7) 25.6 (22.2–28.7) 24.2 (21.6–27.7) 24.9 (21.5–29.0)

Education
 High school or less 289 (40.1) 82 (40.2) 197 (34.2) 104 (35.4)
 Matura 260 (36.1) 84 (41.2) 206 (35.8) 116 (39.5)

University degree or above 171 (23.8) 38 (18.6) 173 (30.0) 74 (25.2)
Marital status *,**
 Single 207 (28.8) 72 (35.3) 175 (30.4) 113 (38.4)
 Married/ in a partnership 427 (59.3) 98 (48.0) 352 (61.1) 139 (47.3)
 Divorced 75 (10.4) 29 (14.2) 42 (7.3) 35 (11.9)
 Widowed 11 (1.5) 5 (2.5) 7 (1.2) 7 (2.4)

Work status **
 Employed full time 363 (50.4) 105 (51.5) 304 (52.8) 145 (49.3)
 Employed part time 85 (11.8) 18 (8.8) 79 (13.7) 32 (10.9)
 Retired 97 (13.5) 24 (11.8) 61 (10.6) 34 (11.6)
 Unemployed and disabled 50 (6.9) 19 (9.3) 38 (6.6) 37 (12.6)
 Student, further training… 81 (11.3) 23 (11.3) 70 (12.2) 38 (12.9)
 Household 44 (6.1) 15 (7.4) 24 (4.2) 8 (2.7)

Area of residence
Urban 328 (45.6) 98 (48.0) 286 (49.7) 154 (52.4)
Rural < 50.000 inhabitants 305 (42.4) 84 (41.2) 211 (36.6) 99 (33.7)
Rural > 50.000 inhabitants 87 (12.1) 22 (10.8) 79 (13.7) 41 (13.9)
Drinking alcohol
 No standard glasses 285 (39.6) 83 (40.7) 226 (39.2) 113 (38.4)
 1–6 standard glasses/week 245 (34.0) 56 (27.5) 259 (45.0) 126 (42.9)
 7–12 standard glasses/week 95 (13.2) 36 (17.6) 53 (9.2) 32 (10.9)
  > 12 standard glasses/week 95 (13.2) 29 (14.2) 38 (6.6) 23 (7.8)

Smoking  status*, **

 No, never 333 (46.3) 65 (31.9) 274 (47.6) 110 (37.4)
 No, not anymore 204 (28.3) 43 (21.1) 158 (27.4) 74 (25.2)
 Yes, I currently smoke 183 (25.4) 96 (47.1) 144 (25.0) 110 (37.4)

Time of physical  activitya,*,**
 No physical activity 247 (34.3) 96 (47.1) 132 (22.9) 90 (30.6)
 Before 12 pm 90 (12.5) 14 (6.9) 109 (18.9) 38 (12.9)
 12.00–18.00 176 (24.4) 37 (18.1) 144 (25.0) 70 (23.8)
 After 18.00 207 (28.8) 57 (27.9) 191 (33.2) 96 (32.7)

Self-rated chronotype*,**
 Definitely a morning person 151 (21.0) 33 (16.2) 137 (23.8) 52 (17.7)
 Rather a morning person 216 (30.0) 42 (20.6) 160 (27.8) 75 (25.5)
 Rather an evening person 238 (33.1) 65 (31.9) 165 (28.7) 85 (28.9)
 Definetely an evening person 115 (16.0) 64 (31.4) 114 (19.8) 82 (27.9)
 Ever worked on nightshifts 199 (27.6) 51 (25.0) 180 (31.3) 104 (35.4)
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Discussion

In this study, we provide a description of meal-timing pat-
terns in the Austrian population in 2017 (prepandemic) and 
in 2020 (during the first COVID-19 mitigation measures), 
and explored the associations between meal-timing patterns 
and health outcomes. In both surveys, participants reported 
eating between 7:30 (median breakfast time) and 18:30 
(median dinnertime) or, for those who reported having a 
snack after dinner, around 21:00 (median snack after din-
ner time) during the week. Lunch was eaten around 12:30 
(median) and breakfast was skipped by about 25% of Austri-
ans on weekdays. In 2020, all main meals were eaten later on 
weekends than during the week. We observed long nighttime 
fasting periods and a frequency of 3 eating occasions a day 
in both surveys. We found correlation between meal-timing 
variables, and therefore, performed cluster analysis in each 
survey to group participants according to different meal tim-
ing behavioural patterns. The results of the cluster analysis 
were similar in 2017 and 2020: one group (A17 or A20) was 
formed by the majority of the participants, who reported 
long fasting periods and early mealtimes; the remaining 
participants comprised groups B17 and B20, characterized 
by even longer fasting intervals, later mealtimes and a high 
proportion of breakfast skippers.

Huseinovic et al. [29] described a north–south gradient 
of meal-times in Europe, with Scandinavian countries eating 

earlier and Mediterranean countries later. According to this, 
meal-times in the Austrian population are similar to those 
reported for countries like Germany or Denmark. On the 
other hand, differences in meal-timing between countries 
could also be explained by differences in longitude between 
countries within the same time zone. Austria is located in 
the extreme east of the Central European time zone, with 
earlier sunrise and sunset throughout the year. This could 
explain why Austrian meal-times are earlier compared to 
countries that are in the same latitude but situated in the 
western extreme of their time zone and, thus, experience 
later sun time (e.g. France, Spain). Huseinovic et al. [29] 
also showed that countries in Central and Northern Europe 
tend to consume more calories later in the day than earlier 
on. This is in line with our finding that around one quarter of 
the Austrians skip breakfast during the week and around one 
fifth during weekends. However, this proportion is strikingly 
higher than the one described in a cross-sectional study in 
Poland during the COVID-19 mitigation measures [22]. In 
this study, with a younger study population than ours and an 
under-representation of men, and in which individuals work-
ing on a regular basis during the lockdown were excluded, 
only 1.2% of the participants reported never eating breakfast.

The number of eating occasions (median = 3 in both sur-
veys) reported in our samples was rather low, compared to 
the numbers described in other countries. Based on self-
reported data, Americans have about 5.6 meals a day [30] 

* p < 0.05 in the survey 2017
** p < 0.05 in the survey 2020

Table 3  (continued)

Table 4  Association of meal timing behaviour and self-rated health status and chronic diseases in 2017 and 2020 (OR: Odds Ratio, 95%CI: 95% 
confidence interval)

ORs calculated using unconditional logistic regression
a. AOR = Adjusted OR. Adjusted for age and sex
b.MV-OR = multivariable-adjusted OR. Adjusted for age, sex, self-rated chronotype, marital status, work status, alcohol consumption, smoking 
status and history of nightshifts

Survey 2017 (n = 924) Survey 2020 (n = 870)

Cluster A17 
(n = 720)
N(%)

Cluster 
B17 
(n = 204)
N(%)

AOR (95% CI)a MV-OR (95% 
CI)b

Cluster A20 
(n = 576)
N(%)

Cluster B20 
(n = 294)
N(%)

AOR (95% CI)a MV-OR (95% 
CI)b

Chronic insom-
nia

43 (6.0) 27 (13.2) 2.43 (1.46–4.05) 2.23 (1.29–3.87) 32 (5.6) 27 (9.2) 1.70 (1.00–2.90) 1.49 (0.84–2.63)

Depression 80 (11.1) 29 (14.2) 1.32 (0.83–2.08) 1.14 (0.70–1.87) 65 (11.3) 56 (19.0) 1.84 (1.25–2.72) 1.55 (1.02–2.36)
Obesity 117 (16.3) 35 (17.2) 1.11 (0.73–1.70) 1.18 (0.75–1.85) 91 (15.8) 60 (20.4) 1.34 (0.92–1.94) 1.25 (0.84–1.86)
Diabetes 33 (4.6) 10 (4.9) 1.20 (0.56–2.54) 1.27 (0.57–2.84) 25 (4.3) 14 (4.8) 1.06 (0.54–2.11) 0.99 (0.47–2.07)
Hypertension 106 (14.7) 25 (12.3) 0.86 (0.53–1.41) 0.81 (0.48–1.36) 77 (13.4) 49 (16.7) 1.26 (0.84–1.89) 1.10 (0.71–1.70)
Bad or very 

bad self-rated 
health status

38 (5.3) 22 (10.8) 2.21 (1.27–3.84) 1.68 (0.92–3.08) 20 (3.5) 28 (9.5) 2.86 (1.58–5.20) 2.48 (1.29–4.74)
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and a study carried out in five European countries reported 
an eating frequency that ranked between 4.3 (France) and 7.1 
(The Netherlands) eating occasions/day [31]. According to 
Huseinovic et al. [29], people living in Northern and Central 
Europe eat more frequently than those in southern, Mediter-
ranean countries do. The low eating frequency reported in 
our study might be partly explained by the way we assessed 
exposure. In our survey, information on maximal 6 eating 
episodes was obtained (3 main meals and 3 snacks) and 
participants could not report having two or more snacks 
between two main meals or after dinner, which could have 
resulted in underreporting of eating occasions.

Suprisingly, meal-timing and frequency during the 
COVID-19 mitigation measures was very similar to in 2017. 
The results on eating frequency oppose studies from other 
countries that have described an increase in snacking fre-
quency during lockdowns [23, 25]. In a survey conducted 
in a representative sample of the population of Jordan [24], 
participants were more likely to have breakfast, lunch and 
dinner during the lockdown than before mitigation measures. 
Furthermore, a study conducted among students in Peru 
[26] found delays in meal-times and eating-midpoint and 
a reduction of the nighttime fasting interval after 12 weeks 
of lockdown measures. Some of these inconsistent findings 
might be due to differences in the formulation of the meal-
timing questions and the fact that we compared the results 
of the 2020 survey with prepandemic information collected 
in a different population sample and, thus, intra-individual 
comparisons could not be performed. Besides, lockdown 
measures differed among countries and these differences 
might also explain the discrepancies with our findings.

We also explored the interrelationship between meal-
timing and frequency variables and observed moderate cor-
relation between the different variables considered in our 
study. The association between longer nighttime fasting and 
skipping breakfast or having an earlier last meal of the day 
is evident, and this interdependence of meal-timing aspects 
has also been described previously [32, 33]. Therefore, there 
has been a claim for analysis focusing on behaviours rather 
than isolated aspects [21]. This was our motivation for using 
cluster analysis to group participants according to their com-
bined patterns of meal-timing. Indeed, by doing so, we iden-
tified two distinct meal-timing clusters in both surveys that 
were associated with different insomnia and chronic disease 
prevalences.

Our exploratory analysis across clusters revealed that 
insomnia symptoms were more prevalent among participants 
in groups B17 and B20. Prevalence of depression was also 
consistently higher in clusters B than A. Besides, in both 
surveys, participants with later mealtimes and longer fast-
ing periods were slightly more likely to report being obese. 
There was also an association of meal-timing behaviours 
with self-rated health status, which was weaker in 2017 

than in 2020. These results suggest that longer fasting inter-
vals are not beneficial under all circumstances and that, in 
everyday life, longer fasting intervals might be the conse-
quence of skipping mealtimes earlier in the day, such as 
breakfast. Therefore, some of the beneficial health effects 
usually attributed to fasting in controlled conditions might 
be reduced or reverted in real-life settings.

Althoug any study had evaluated meal-timing behavioural 
clusters in relation to chronic diseases before, several studies 
have analysed the association between individual aspects 
of meal-timing and chronic disease outcomes. Tradition-
ally, eating breakfast and having several smaller meals in a 
day have been considered healthy behaviours [34]. Indeed, 
recent meta-analyses of observational studies concluded 
that skipping breakfast might be associated with higher risk 
of diabetes [35], depression [36], overweight and obesity 
[37]. However, this last assumption has been challenged by a 
meta-analysis of randomized trials, in which breakfast skip-
ping was associated with modest weight loss [38]. Moreover, 
Schwingshackl et al. [39] showed that the evidence from 
randomized control trials did not support the belief that a 
higher meal frequency contributes to weight control. Con-
currently, there has been a shift of paradigm and evidence 
from experimental studies is emerging, showing prolonged 
fasting intervals (≥ 12 h), like the ones reported in our sam-
ples, might be a successful strategy to reduce body weight 
[40] or blood pressure [41]. On top of that, not only the 
duration of the fasting window, but also aligning the eat-
ing window with the day and the fasting window with the 
night might contribute to better health outcomes, through 
the synchronization of central and peripheral clocks [34]. 
Eating during the dark phase might also negatively affect 
sleep, as signalled by a meta-analysis of studies conducted 
during Ramadan [14]. However, it is unclear how all these 
interrelated meal-timing aspects interact with each other and 
affect human health, and studies analysing the combined 
effects of fasting and meal-frequency and timing are lacking.

To our knowledge, this is the first study to analyse 
meal-timing as a behaviour, rather than isolated aspects of 
meal-timing, using cluster analysis to characterize meal-
timing behaviours in real-life settings. It is also the first 
study to describe meal-timing in a representative sample 
of the Austrian population. Another strength is that our 
results are consistent in the two samples analysed. The 
inclusion of two identical surveys administered at two 
time points in representative samples of Austrians, allowed 
the comparison of data obtained before and during the 
pandemic. The analysis was carefully adjusted for a wide 
range of potential confounders. An additional strength is 
the definition used for chronic insomnia, which was based 
on criteria suggested by the ISCD-III [27]. Our analysis 
also has several limitations. First, as this is a cross sec-
tional study, we are unable to comment on the direction 
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of the described associations. Second, we performed sev-
eral statistical analysis and, therefore, our results on the 
association between meal-timing and health outcomes are 
subject to multiple testing errors. This was an exploratory 
analysis and results should be interpreted with caution. 
Third, our surveys did not collect information on food 
content, liquid intake or diet type. Fourth, we might have 
underestimated the number of eating occasions, as a maxi-
mum of one snack could be reported between two main 
meals in our surveys. Last, information on meal-times was 
self-reported. Studies using objective meal-timing meas-
ures show that human eating patterns are erratic and not 
well captured through self-reports [42, 43], so under- or 
over-reporting of eating occasions cannot be discarded 
in our study and the long fasting intervals observed in 
our sample might be a consequence of this. Moreover, the 
questions used for exposure assessment had not been vali-
dated against objective measures, as, to our knowledge, at 
the time the surveys were conducted, no validated meal-
timing questionnaire existed. This lack of validated tools 
also limits the comparability of our results with other stud-
ies. Recently, some studies have been published showing 
moderate agreement between short meal-timing question-
naires and the Automated Self-Administered 24-h recall 
(ASA24®) Dietary Assessment tool [44] and prospective 
food records [45]. Future studies on meal-timing with 
improved and validated reporting methods are, therefore, 
necessary to confirm our results.

In conclusion, our results suggest that Austrians have ear-
lier meal-times, longer fasting intervals and lower eating fre-
quency than most European countries, although these results 
might be partly due to an under-reporting of eating occa-
sions. In Austria, meal-timing habits barely changed during 
the first COVID-19 mitigation measures. Individual meal-
timing aspects were highly correlated between them and 
cluster analysis revealed two well-differentiated groups with 
different meal-timing behaviours in both surveys. Future epi-
demiologic studies with improved reporting (e.g. validated 
questionnaires and objective measures of meal-timing) and 
analytical methods (e.g. cluster analysis of behavioural pat-
terns) are warranted to evaluate the impact of meal-timing 
on chronic disease risk.
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