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Abstract 101 

Objective: To examine timing of eating across ten European countries.    102 

  103 

Design: Cross-sectional analysis of the European Prospective Investigation into Cancer and 104 

nutrition (EPIC) calibration study using standardized 24h diet recalls collected during 1995-105 

2000. Eleven predefined food consumption occasions were assessed during the recall 106 

interview. We present time of consumption of meals and snacks as well as the ratio of 107 

later:earlier energy intake, with earlier and later intakes defined as 06:00-14:00 and 15:00-108 

24:00, respectively. Type III tests were used to examine associations of socio-demographic, 109 

lifestyle and health variables with timing of energy intake.   110 

 111 

Setting: Ten Western European countries. 112 

 113 

Subjects: In total, 22 985 women and 13 035 men aged 35-74 years (N=36 020). 114 

 115 

Results: A south-north gradient was observed for timing of eating, with a later consumption 116 

of meals and snacks in Mediterranean countries compared to Central and Northern European 117 

countries. However, the energy load was reversed with the ratio of later:earlier energy intake 118 

ranging from 0.68 (France) to 1.39 (Norway) among women, and from 0.71 (Greece) to 1.35 119 

(The Netherlands) among men. Among women, country, age, education, marital status, 120 

smoking, day of recall and season were all independently associated with timing of energy 121 

intake (all p<0.05). Among men, the corresponding variables were country, age, education, 122 

smoking, physical activity, body mass index and day of recall (all p<0.05).  123 

 124 

Conclusions: We found pronounced differences in timing of eating across Europe, with later 125 

meal timetables but greater energy load earlier during the day in Mediterranean countries 126 

compared to Central and Northern European countries.  127 

 128 

Keywords 129 

Meal patterns, chrono-nutrition, diurnal eating, meals, snacks, standardisation, 24h diet recall, 130 

EPIC 131 

 132 

 133 



5 

 

Introduction 134 

In Europe, cardiovascular disease, diabetes, and cancer are some of the leading causes of 135 

death and account for a large proportion of the disease burden in the region (1). Still, these 136 

conditions are all largely preventable by tackling modifiable risk factors, including unhealthy 137 

diet (2, 3). More recently, the emerging field of “chrono-nutrition” has been emphasized as 138 

research suggests that eating at the “wrong time” may impair metabolism, and that 139 

misalignment between timing of eating and endogenous circadian systems has been associated 140 

with increased inflammation and adverse health outcomes (4-8). For example, observational 141 

studies have shown that later-night eaters have an increased risk of coronary heart disease (9), 142 

and that shift workers have higher risk of developing type 2 diabetes compared to day 143 

workers, which is believed to reflect greater consumption of energy intake during the night (10, 144 
11). Furthermore, high evening- relative to morning-energy intake has been positively 145 

associated with body mass index (BMI) (12), and subjects consuming a larger proportion of 146 

daily calories at dinner (≥48% of total energy intake) have been found to have an increased 147 

risk of obesity, metabolic syndrome, and non-alcoholic fatty liver disease, even after adjusting 148 

for a set of covariates including breakfast skipping, total energy intake, and dietary fiber (13). 149 

Thus, not only the amount and content of food intake, but also elements such as timing of 150 

food intake need to be considered as a potential risk factor for diet-related chronic diseases.   151 

 152 

In the U.S, the American Dietetic Association states that greater consumption of energy intake 153 

during the day may be preferable to evening consumption for weight management (14). In the 154 

European guidelines for obesity management in adults, a general advice is given to avoid 155 

breakfast skipping and eating at night (15). However, despite the potential health implications 156 

of timing of eating, associated individual characteristics and their variation among different 157 

populations, cultures, and geographical regions have rarely been investigated. This is likely 158 

due to the inconsistent approaches used to examine meal patterns, including a lack of 159 

standardized terminology, heterogeneity in how meal patterns are analysed, and the wide 160 

range of assessment methods used, making interpretation and comparability between studies 161 

and countries problematic (16, 17). Nevertheless, from a public health perspective, information 162 

on socio-demographic, sociocultural, and lifestyle characteristics associated with timing of 163 

eating is needed to guide development of evidence-based dietary recommendations, and 164 

identify at-risk groups for preventive actions.   165 



6 

 

In a recent report, we utilized the standardized and homogeneous methodology used in the 166 

European Prospective Investigation into Cancer and nutrition (EPIC) calibration study to 167 

characterize meal patterns across ten European countries. We found distinct differences in 168 

meals patterns across Europe with marked diversity for intake frequency and proportional 169 

energy contribution from meals and snacks between Mediterranean and Central/Northern 170 

European countries (18). However, differences in timing of eating were not covered in that 171 

report. Such analyses have the potential to further map geographical differences in meal 172 

patterns, and provide a valuable resource and benchmark for Europe. Hence, the aim of this 173 

report was to describe meal timetables and to examine timing of eating and its association 174 

with socio-demographic, lifestyle, and health-related characteristics in women and men from 175 

ten European countries.   176 

 177 

 178 

 179 

 180 

 181 

 182 

 183 

 184 

 185 

 186 

 187 

 188 

 189 

 190 

 191 

 192 

 193 

 194 

 195 

 196 

 197 

 198 

 199 
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Methods  200 

Study population   201 

This report is based on data collected within the EPIC calibration study, a nested study within 202 

EPIC undertaken during 1995-2000. Details of the rationale, design, and populations of EPIC, 203 

and of the calibration study have been described elsewhere (19, 20). In short, EPIC is a multi-204 

centre cohort study aimed at investigating the association between dietary, biological, 205 

lifestyle, and environmental factors in the aetiology of cancer and other chronic diseases. The 206 

EPIC project began in 1992 and includes 520 000 participants recruited from 23 207 

administrative centres (reclassified into 27 centres according to geographical region) in 10 208 

Western European countries: Greece, Spain, Italy, France, Germany, The Netherlands, UK, 209 

Denmark, Sweden, and Norway. Participants were mostly recruited from the general 210 

population, with some exceptions: women attending mammography screening (one centre in 211 

the Netherlands and one in Italy), women members of a health insurance for employees of the 212 

National Education System (France), and blood donors (some centres in Italy and Spain). 213 

Hence, 19 of the 27 EPIC regions recruited both women and men while eight regions 214 

recruited women only. In Oxford (UK), most participants were vegetarians or vegans and/or 215 

had a special interest in health, and are therefore evaluated separately (the “UK Health-216 

conscious” in contrast to the “UK General population”). The EPIC project was approved by 217 

the ethical review boards of the International Agency for Research on Cancer (Lyon, France) 218 

and from all local centers. Written informed consent was obtained from all participants.  219 

 220 

The calibration study was designed to account for random and systematic errors from food 221 

frequency-derived dietary data in EPIC, and to enable examination of dietary data according 222 

to the same reference scale. The calibration study population was an age- and sex-stratified 223 

random sample of 36 994 participants from the total EPIC cohort (~8%) and involved a single 224 

24h diet recall to be used as reference calibration method (20-22). The results in this paper are 225 

based on dietary data from the standardized 24h diet recalls.  226 

                                                              227 

Dietary assessment 228 

The 24h diet recalls were collected using the standardized and computerized software EPIC-229 

Soft (now renamed GloboDiet). The structure and functions of the software program have 230 

been described in detail elsewhere (20, 23). In short, EPIC-Soft was administered by trained 231 

interviewers through face-to-face interviews in all countries except in Norway, where 232 
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telephoned interviews were performed. The interviews were structured into two steps; a first 233 

step where participants were asked to recall all foods and drinks consumed during the 234 

previous day, and a second step where they were asked to quantify and describe their intake. 235 

To standardise the memory aids used by the interviewers during the recall, eleven predefined 236 

food consumption occasions (FCO) were asked for, and information on all foods and drinks 237 

consumed were entered as one of the following FCOs according to the participants’ 238 

description: 1) before breakfast, 2) breakfast, 3) during morning, 4) before lunch, 5) lunch, 6) 239 

after lunch, 7) during afternoon, 8) before dinner, 9) dinner, 10) after dinner, and 11) during 240 

evening. These FCOs were defined to chronologically cover the different occasions of 241 

consumption during the day, and consider the different food habits among the participating 242 

countries. Hence, a FCO could consist of single or combined foods and/or drinks. For each 243 

FCO, time of consumption was indicated per hour as integer values (e.g. 08:00, 09:00 etc.) 244 

and each FCO, except for breakfast, lunch, and dinner, could be selected several times during 245 

the day because of intakes in different hours (e.g. FCO “during afternoon” consumed at both 246 

14:00 and 17:00 hours). During the interview, participants were asked to list all foods and 247 

drinks consumed between waking up on the recall day to waking up on the next day, usually 248 

the interview day. However, interviews with regard to diet on Saturdays were conducted on 249 

Mondays in most countries for logistical reasons. The mean duration of the recalled day was 250 

always about 24 hours (20) and interviews were conducted over various seasons and days of 251 

the week. For calculation of energy intake, the EPIC Nutrient Database, developed to 252 

standardize the national nutrient databases across the ten EPIC countries, was used (24, 25).  253 

  254 

Non-dietary variables 255 

The baseline examination in EPIC was performed during 1992-1998 and included detailed 256 

self-administered questionnaires on diet, medical history and lifestyle, which have been 257 

described elsewhere (19, 26, 27). Through these questionnaires, data were collected on education 258 

level (none, primary, technical/professional, secondary, university), marital status (single, 259 

married/living together, divorced/separated and widowed), smoking (never, former, current), 260 

physical activity (inactive, moderately inactive, moderately active, active), diabetes (yes, no), 261 

and hyperlipidaemia (yes, no). To assess physical activity, the Cambridge physical activity 262 

index with four categories was used, which has been validated within the EPIC study and that 263 

showed no significant heterogeneity by country (28). For the calibration study, information on 264 

age, body weight, and height were self-reported during the 24h diet recall, and BMI was 265 

calculated as the weight divided by the square of height. The mean time interval between the 266 
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baseline examination and the 24h diet recall varied between countries, from 1 day to 3 years 267 
(20).  268 

 269 

Meal timetables and temporal distribution of FCO  270 

Meal timetables across the countries are displayed to illustrate time of consumption of meals 271 

(breakfast, lunch and dinner) and snacks (all other FCOs) during the 24h diet recall. Likewise, 272 

the number of FCOs per hour for all EPIC countries are displayed in Figure 1 to demonstrate 273 

temporal distribution. In line with our previous publication (18), we included all FCOs in the 274 

analyses except for FCOs consisting of water only (tap or mineral water), which were 275 

excluded. In addition, we also present Supplementary Figure 1 where only FCOs containing 276 

≥50 kcal are included to enable comparison with other studies using an energy content 277 

criterion to define an intake occasion (16). 278 

 279 

Ratio of later:earlier energy intake    280 

Timing of eating was examined as the ratio of later:earlier energy intake, in line with previous 281 

research (12). Earlier intakes were defined as 06:00-14:00, and later intakes as 15:00-24:00. 282 

These time points were selected after studying the distribution of FCOs and time of 283 

consumption of meals (Figure 1 and Table 1) with the aim to produce two time periods that 284 

could be compared across a broad geographical span. This cut off has previously been used to 285 

distinguish later vs earlier energy consumers (29). Hence, a ratio <1.0 indicates greater energy 286 

load earlier during the day (06:00-14:00), and a ratio >1.0 indicates greater energy load later 287 

during the day (15:00-24:00). To enable calculation of the ratio among all participants, earlier 288 

energy intakes that equalled 0 kcal (i.e. the denominator) were replaced with 1 kcal.   289 

  290 

Statistical analysis  291 

Data are presented as mean (range), median (1st; 3rd quartile) and mode. Type III tests of the 292 

generalized linear model procedure were used to evaluate associations between a priori 293 

selected variables (based on previous research and available data) and the ratio of later:earlier 294 

energy intake, given all covariates in the model. The variables evaluated were country, age, 295 

educational level, marital status, smoking status, physical activity, BMI, prevalence of 296 

hyperlipidaemia and diabetes, day of recall, and season. All variables were entered into the 297 

model as categorical variables except for age and BMI. The ratio was log transformed before 298 

entered into the model to correct for positive skewness. Adjusted R2 is presented to display 299 

the variation in the ratio explained by the model, given all entered variables. Only data on 300 
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participants who had complete covariate information were used in the model. All analyses are 301 

stratified by sex. Data were analysed using SPSS version 21.0 (IBM, Somers, NY, USA). 302 

Statistical significance was considered at p<0.05.  303 

 304 

 305 

 306 

 307 

 308 

 309 

 310 

 311 

 312 

 313 

 314 

 315 

 316 

 317 

 318 

 319 

 320 

 321 

 322 

 323 

 324 

 325 

 326 

 327 

 328 

 329 
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Results 330 

Study participants 331 

A total of 36 020 participants (22 985 women and 13 035 men) with dietary data from the 24h 332 

diet recall were included after exclusion of participants aged under 35 or over 74 years due to 333 

low participation in these age groups (N=960), and individuals with incomplete information 334 

(N=14). Mean (range) age for women and men ranged from 49.0 (35.0-65.5) and 50.0 (35.2-335 

65.2) years (Bilthoven, the Netherlands) to 61.4 (45.3-74.2) and 64.1 (50.5-74.3) years 336 

(Malmö, Sweden), respectively. Mean BMI of women ranged from 22.9 (14.4-37.6) (South of 337 

France, France) to 29.3 (17.9-48.8) kg/m2 (Granada, Spain), and from 23.9 (18.2-31.8) (UK 338 

Health-conscious) to 29.3 (20.9-46.2) kg/m2 (Granada, Spain) for men. For the Type III tests 339 

evaluating the association between the ratio and selected variables, 13 132 women and 5 680 340 

men had complete covariate information.  341 

 342 

Meal timetables  343 

Overall, time of consumption of meals and snacks varied across the countries according to a 344 

south-north gradient (Table 1 and Supplementary Table 1). As for breakfast, this was most 345 

often consumed at 07:00 in Sweden, Norway, and France compared to 09:00 in Spain (Table 346 

1). Following the time of breakfast, lunch was consumed earlier in the Nordic countries 347 

(12:00) compared to Spain and Greece (14:00). The greatest heterogeneity was observed for 348 

dinner, which was most frequently consumed between 16:00-19:00 in the Nordic countries 349 

compared to 20:00-21:00 in the Mediterranean countries. As for snacks, the largest difference 350 

was observed for the FCO “during afternoon”, where the most common time of consumption 351 

ranged from 14:00 in Norway to 18:00 in Spain and Greece, and for the FCO “during 352 

evening”, which ranged from 20:00 in Sweden to 24:00 in Spain.   353 

 354 

Temporal distribution of FCO  355 

In general, more distinct peak times for temporal distribution of FCO were observed in 356 

Mediterranean countries compared to Central/Northern European countries (Figure 1). This 357 

was particularly prominent in France and Italy, where three peak times emerged at 07:00-358 

08:00, 12:00-13:00 and 19:00-20:00 hours. In contrast, less pronounced peaks were observed 359 

in e.g. the Nordic countries, where FCOs were more evenly spread across the day. Across all 360 

countries, the most defined peak time appeared at lunch time, with most countries displaying 361 

high frequency of FCOs at 12:00-14:00 hours. Similar patterns were observed when only 362 
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FCOs consisting of ≥50 kcal were included (Supplementary Figure 1), although the peak 363 

times appeared more distinct after removal of small energy intakes. Temporal distribution of 364 

energy intake is presented in Supplementary Figure 2.   365 

 366 

Ratio of later:earlier energy intake   367 

A south-north gradient for the ratio of later:earlier energy intake emerged with Mediterranean 368 

countries (median ratio of 0.76) demonstrating a lower ratio compared to Central and 369 

Northern European countries (median ratio of 1.13 and 1.15, respectively). For women, the 370 

median ratio ranged from 0.68 in France to 1.39 in Norway (Table 2), and for men from 0.71 371 

in Greece to 1.35 in The Netherlands (Table 3). In addition, geographical differences for the 372 

ratio were observed within countries, with the ratio ranging from e.g. 0.66 (Navarra) to 2.04 373 

(Granada) among women and from 0.72 (Navarra) to 2.58 (Granada) among men in Spain. In 374 

contrast, smaller within-country variations were observed for e.g. women in France (range 375 

0.63-0.72) and men in Italy (range 0.73-0.88), see Supplementary tables 2 and 3. 376 

 377 

Among women, the following variables were associated with the ratio: country (p<0.001), age 378 

(p<0.001), education (p<0.001), marital status (p=0.021), smoking (p<0.001), day of recall 379 

(p<0.001), and season (p=0.024) (Table 2). Importantly, female later energy consumers (i.e. a 380 

ratio >1.0) tended to be from Central/Northern Europe, younger, have higher educational 381 

level, be current smokers, and to have captured a weekend day (i.e. Saturday-Sunday) and the 382 

summer season during the recall interview. For men, statistically significant associations with 383 

the ratio were found for country (p<0.001), age (p<0.001), education (p<0.001), smoking 384 

(p<0.001), physical activity (p=0.020), BMI (p<0.001) and day of recall (p<0.001) (Table 3). 385 

Hence, importantly, male later energy consumers were more likely to be from 386 

Central/Northern Europe, younger, to have higher educational level, current smokers, physical 387 

inactive, and to have captured a weekend day during the recall interview. However, the 388 

models only explained 12.9% and 8.3% of the variation in the ratios among women and men, 389 

respectively.   390 

 391 

 392 

 393 

 394 

 395 

 396 
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Discussion 397 

We set out to examine meal timetables and timing of eating across ten European countries. 398 

We found pronounced geographical differences across the countries, with later timing of 399 

meals and snacks but higher energy load earlier during the day in Mediterranean countries 400 

compared to Central/Northern European countries. Furthermore, among both women and 401 

men, we found that higher later compared to earlier energy load was associated with 402 

Central/Northern European countries, weekend days, and being younger, more educated, and 403 

current smoker. 404 

 405 

These results add to our previous report where we demonstrated that lunch provides 38-45% 406 

of daily energy intake in Mediterranean countries, and 16-27% in Central/Northern European 407 

countries (18). In the current report, we found that main meals are consumed later in most 408 

Mediterranean countries than in Central/Northern Europe (e.g. 09:00, 14:00, and 21:00 in 409 

Spain compared to 07:00, 12:00, and 16:00 in Norway, respectively). Still, within the 410 

Mediterranean countries, breakfast and lunch are consumed earlier in France than in Spain, 411 

Italy, and Greece. This is in line with previous research demonstrating main meals to be 412 

consumed at 07:00, 12:00, and 20:00 in France (30), compared to 09:00, 15:00, and 22.30 in 413 

Spain (31). Furthermore, meal pattern analyses within the European Food Consumption 414 

Validation (EFCOVAL) study, conducted during 2007-2008, confirm our findings of more 415 

distinct peak times of eating in Mediterranean countries (represented by France in the 416 

EFCOVAL study) than in Central/Northern European countries (represented by the 417 

Netherlands, Norway, Belgium, and the Czech Republic), where eating times were more 418 

spread throughout the day (30). This finding is also in agreement with our previous report, 419 

where we found daily energy intake provided by snacks to be 10-20% vs. 23-35% in the two 420 

regions, respectively, and the mean intake frequency to range from 4.9-5.0 (Greece and Italy) 421 

to 6.8-7.0 (the Netherlands) FCO per day (18), indicating more eating occasions between the 422 

main meals in Central/Northern European than in Mediterranean countries.  423 

 424 

Eating behaviour is a complex process influenced by social, cultural, biological, and personal 425 

factors (32, 33). Historically, social constraints have determined the daily number of eating 426 

occasions, and culture has dictated when eating is, or is not, appropriate (17). In our report, we 427 

found a near doubling of the ratio of later:earlier energy intake from lowest to highest 428 

between the EPIC countries. This suggests that cultural habits within a country are stronger 429 
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predictors of temporal eating than any of our measured individual-level characteristics. 430 

Likewise, in the EFCOVAL-study, country was found to be independently associated with all 431 

examined meal pattern aspects and to contribute the most to the variability in meal patterns 432 
(30). Still, in the EPIC data, considerable variation in the ratio was observed across centres 433 

within the same country, for example in Spain. This indicates both between- and within-434 

country variation in timing of eating. Nevertheless, for the two UK centres General population  435 

and Health-conscious, similar results were found for both timing of eating and the ratio of 436 

later:earlier energy intake, although dinner was consumed somewhat later in the UK Health-437 

conscious population. Furthermore, meal patterns have been reported to have seasonal and 438 

weekly variations, and to be influenced by age. For example, meals have been found to be 439 

shifted to the later part of the day on weekends compared to weekdays (34, 35), and elderly have 440 

been reported to eat earlier in the day compared to younger individuals (36). In addition, Leech 441 

et al. recently reported that individuals with a “grazing” meal pattern, characterized by later 442 

and less distinct peak times of eating, were younger, had higher education (women), and were 443 

less likely to be married (men), compared to individuals with a “conventional” or “later 444 

lunch” pattern (37). This is in agreement with our findings demonstrating a higher ratio of 445 

later:earlier energy intake on weekends and among younger and higher educated individuals. 446 

Finally, and interestingly, we found that countries with later meal timetables (e.g. 447 

Mediterranean countries) had lower ratio of later:earlier energy intake compared to countries 448 

with earlier meal timetables. This indicates that later timing of meals and snacks does not 449 

necessarily translate into greater energy load later during the day. However, the suggested 450 

misalignment between timing of eating and endogenous circadian systems (6-7) may still apply, 451 

irrespective of temporal energy load. Future studies should evaluate how timing of eating, 452 

energy load across the day and irregularity in temporal distribution of eating affect metabolic 453 

circadian rhythm and diet-related disease risk.   454 

 455 

We could not distinguish a clear and/or strong association between timing of eating and BMI, 456 

hyperlipidaemia, or diabetes. Although eating behaviours are highly inter-related, consuming 457 

a greater proportion of daily energy intake at dinner and breakfast skipping have both been 458 

independently associated with obesity and the metabolic syndrome, also after adjusting for 459 

total energy intake (13). For example, Aljuraiban et al. found that individuals who ate more 460 

frequently and consumed most of their energy intake earlier in the day (a ratio of 461 

evening:morning energy intake of ≤1.8) had lower energy density and total energy intake, and 462 

higher nutrient quality compared to participants with lower eating frequency and who 463 
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consumed most of their energy intake later in the day (ratio of >1.8). In addition, they found a 464 

positive association between BMI and the ratio of evening:morning energy intake also after 465 

adjusting for total energy intake (12). Furthermore, in a 12-week weight loss trial among 90 466 

women with metabolic syndrome, a high-calorie breakfast was found to reduce weight, 467 

fasting glucose, insulin, and triglycerides, and to increase satiety scores, more than a high-468 

calorie dinner under iso-caloric conditions (38). Also, others have shown that later Spanish 469 

lunch eaters (after 15:00), compared to earlier lunch eaters, lose less weight and have slower 470 

weight-loss trajectory (31), and that eating a later lunch or snack is associated with impaired 471 

metabolism and decreased resting energy expenditure and diet-induced thermogenesis (39, 40). 472 

Thus, this suggests that a high caloric intake earlier in the day may influence health more 473 

favourably than corresponding energy consumed later during the day. Even though high 474 

evening intake might reflect other lifestyle habits and/or food choices compared to high 475 

morning intake, a growing body of evidence indicates that circadian timing of eating affects 476 

body weight irrespective of total energy intake, and may be a modifiable risk factor for diet-477 

induced chronic disease.    478 

 479 

The strengths of this report include a large and diverse population sampled across several 480 

European countries concurrent with standardized and homogeneous dietary assessment 481 

methodology, which enabled an objective comparison of timing of eating across a broad 482 

geographical span. As for the limitations, the data herein were collected during 1995-2000 483 

and are not nationally representative samples of the European general populations. However, 484 

the results may still demonstrate significant geographical differences between the countries 485 

due to the harmonized methodology used. In addition, our findings are confirmed by more 486 

recent analyses of meal patterns in adult European populations (30, 31). Second, the results are 487 

restricted to the methodology and definitions used through the earlier-later dichotomy 488 

approach, with earlier intakes defined as 06:00-14:00. This cut-off was chosen as it 489 

encompasses the time of lunch for most countries and has been used previously to define 490 

earlier energy consumers (29). Nevertheless, for some Mediterranean countries such as Spain, 491 

the cut off was drawn during lunch hours, resulting in a higher ratio than if a later cut off had 492 

been used. Still, the biological and metabolic implications of consuming a large proportion of 493 

daily energy intake later in the day should be the same irrespective of whether the energy load 494 

is labelled later lunch or earlier dinner. Third, participants missing complete covariate 495 

information were excluded. Fourth, the large sample size might have increased the number of 496 

statistically significant findings and the models only explained a small proportion of the 497 
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variance in the ratio. Fifth, due to the use of single 24h diet recalls and the cross-sectional 498 

design, we can only draw conclusions at the group level and interpret the results as 499 

hypothesis-generating that need to be evaluated in longitudinal and experimental settings. 500 

Finally, future research should examine what, and how, specific dietary factors relate to 501 

timing of eating, and could consider using data-driven approaches (37) to examine patterns in 502 

timing of eating across meals and snacks.   503 

 504 

Conclusion 505 

We found pronounced differences in timing of eating across Europe, with later meal 506 

timetables and greater energy load earlier during the day in Mediterranean countries 507 

compared to Central and Northern European countries. More research is needed within the 508 

emerging field of chrono-nutrition to improve our understanding of the health-implication of 509 

timing and patterning of eating throughout the day. 510 

 511 
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Table 1 512 

Time of consumption of food consumption occasions (FCOs) across 10 European countries in the European Prospective Investigation into 513 

Cancer (EPIC) calibration study. Values are mode, similar results were observed for medians, see Supplementary Table 1.  514 

 Before 

breakfast 

Breakfast During 

morning

Before 

lunch 

Lunch After 

lunch

During 

afternoon

Before 

dinner

Dinner After 

dinner

During 

evening

Greece 8:00 8:00 10:00 12:00 14:00 15:00 18:00 20:00 21:00 22:00 23:00 

Spain 8:00 9:00 11:00 14:00 14:00 16:00 18:00 20:00 21:00 23:00 24:00 

Italy 7:00 8:00 10:00 12:00 13:00 15:00 17:00 19:00 20:00 22:00 22:00 

France 7:00 7:00 10:00 12:00 12:00 13:00 16:00 19:00 20:00 21:00 22:00 

Germany 7:00 8:00 10:00 11:00 13:00 14:00 16:00 17:00 19:00 20:00 21:00 

The Netherlands 8:00 8:00 10:00 12:00 13:00 13:00 15:00 18:00 18:00 20:00 20:00 

UK General population 7:00 8:00 11:00 12:00 13:00 14:00 15:00 18:00 18:00 19:00 21:00 

UK Health-conscious 7:00 8:00 11:00 12:00 13:00 14:00 16:00 18:00 19:00 20:00 21:00 

Denmark 7:00 8:00 10:00 12:00 12:00 14:00 15:00 17:00 19:00 20:00 21:00 

Sweden 7:00 7:00 10:00 11:00 12:00 13:00 15:00 17:00 17:00 20:00 20:00 

Norway 7:00 7:00 10:00 11:00 12:00 14:00 14:00 16:00 16:00 18:00 21:00 
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Ratio of later:earlier energy intake 

Table 2 515 

Ratio of later:earlier energy intake across socio-demographic, lifestyle and health variables 516 

for women in the European Prospective Investigation into Cancer and Nutrition (EPIC) 517 

calibration study*.   518 

     

 N (%) Median 1st; 3rd quartile P-value 

Country  

   Greece 

   Spain 

   Italy 

   France 

   Germany 

   The Netherlands 

   UK General population 

   UK Health-conscious 

   Denmark 

   Sweden 

   Norway  

 

1368 (6.0) 

1443 (6.3) 

2510 (10.9) 

4735 (20.6) 

2147 (9.3) 

2946 (12.8) 

571 (2.5) 

196 (0.9) 

1994 (8.7) 

3278 (14.3) 

1797 (7.8) 

 

0.73 

0.91 

0.83 

0.68 

0.93 

1.37 

1.08 

1.04 

1.28 

1.05 

1.39 

 

0.40; 1.76 

0.53; 2.90 

0.57; 1.20 

0.48; 0.99 

0.61; 1.46 

0.93¸1.99 

0.69; 1.64 

0.68; 1.59 

0.87; 1.95 

0.71; 1.62 

0.91; 2.12 

<0.001 

Age 

   35-44 years 

   45-54 years 

   55-64 years 

   65-74 years 

 

2391 (10.4) 

8934 (38.9) 

8958 (38.9) 

2702 (11.8) 

 

1.13 

1.03 

0.92 

0.80 

 

0.74; 1.86 

0.66; 1.72 

0.60; 1.48 

0.51; 1.31 

<0.001 

Educational levela 

   None/primary school 

   Secondary/technical school 

   University 

 

7165 (31.7) 

10534 (46.6) 

4905 (21.7) 

 

0.91 

1.02 

0.95 

 

0.56; 1.54 

0.66; 1.63 

0.61; 1.55 

<0.001 

Marital statusb 

   Married or cohabitant 

   Single, divorced or widowed 

 

15037 (79.0) 

3988 (21.0) 

 

0.94 

0.95 

 

0.60; 1.50 

0.60; 1.54 

0.021 

Smoking statusc 

   Never smoker 

   Former smoker 

   Current smoker 

 

13206 (58.4) 

5235 (23.2) 

4140 (18.3) 

 

0.87 

1.06 

1.20 

 

0.57; 1.41 

0.69; 1.69 

0.77; 2.00 

<0.001 

Physical activityd    0.559 
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*Type III tests of the generalized linear model procedure were used to evaluate associations 519 

between a priori selected variables and the ratio, given all covariates in the model. The ratio 520 

was log transformed before entered into the model to correct for positive skewness. In total, 521 

the following number of women were missing covariate information: 381 women for 522 

educational status, 3960 women for marital status, 398 women for smoking status, 1808 523 

women for physical activity, 6503 women for hyperlipidaemia status, and 841 women for 524 

diabetes status. Only data on participants who had complete covariate information were used 525 

in the model (n=13 132).  526 

 527 

 528 

 529 

 530 

 531 

   Inactive 

   Moderately inactive 

   Moderately active 

   Active 

2715 (13.8) 

7087 (36.1) 

8331 (42.5) 

1480 (7.5) 

0.98 

0.85 

0.95 

1.11 

0.64; 1.59 

0.56; 1.38 

0.60; 1.60 

0.70; 1.73 

Body Mass Index  

   <25 kg/m2 

   ≥25 to <30 kg/m2 

   ≥30 kg/m2 

 

12637 (55.0) 

7135 (31.0) 

3213 (14.0) 

 

0.95 

1.01 

0.95 

 

0.62; 1.53 

0.62; 1.67 

0.59; 1.68 

0.140 

Hyperlipidaemiae  

   Yes 

   No 

 

2992 (18.2) 

13490 (81.8) 

 

0.82 

0.91 

 

0.54; 1.34 

0.58; 1.49 

0.879 

Diabetesf  

   Yes  

   No 

 

583 (2.6) 

21561 (97.4) 

 

0.89 

0.96 

 

0.59; 1.52 

0.61; 1.58 

0.881 

Day of recall 

   Monday-Friday  

   Saturday-Sunday 

 

17124 (74.5) 

5861 (25.5) 

 

0.95 

1.01 

 

0.62; 1.53 

0.59; 1.79 

<0.001 

Season  

   Spring 

   Summer 

   Autumn 

   Winter 

 

6810 (29.6) 

4723 (20.5) 

5179 (22.5) 

6273 (27.3) 

 

0.92 

1.02 

0.98 

0.96 

 

0.59; 1.53 

0.66; 1.66 

0.62; 1.66 

0.61; 1.54 

0.024 
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Ratio of later:earlier energy intake 

Table 3 532 

Ratio of later:earlier energy intake across socio-demographic, lifestyle and health variables 533 

for men in the European Prospective Investigation into Cancer and Nutrition (EPIC) 534 

calibration study*.   535 

     

 N (%) Median 1st; 3rd quartile P-value 

Country  

   Greece 

   Spain 

   Italy 

   France 

   Germany 

   The Netherlands 

   UK General population 

   UK Health-conscious 

   Denmark 

   Sweden 

   Norway  

 

1324 (10.2) 

1777 (13.6) 

1442 (11.1) 

- 

2267 (17.4) 

1020 (7.8) 

406 (3.1) 

113 (0.9) 

1923 (14.8) 

2763 (21.2) 

- 

 

0.71 

0.88 

0.85 

- 

1.00 

1.35 

1.01 

1.03 

1.18 

1.04 

- 

 

0.43; 1.92 

0.54; 2.65 

0.61; 1.24 

- 

0.67; 1.54 

0.93; 2.03 

0.71; 1.54 

0.69; 1.63 

0.81; 1.80 

0.69; 1.61 

- 

<0.001 

Age 

   35-44 years 

   45-54 years 

   55-64 years 

   65-74 years 

 

1198 (9.2) 

4083 (31.3) 

5974 (45.8) 

1780 (13.7) 

 

1.18 

1.12 

0.97 

0.80 

 

0.75; 1.94 

0.73; 1.89 

0.64; 1.58 

0.49; 1.39 

<0.001 

Educational levela 

   None/primary school 

   Secondary/technical school 

   University 

 

5024 (38.9) 

4645 (36.0) 

3233 (25.1) 

 

0.89 

1.08 

1.09 

 

0.57; 1.52 

0.71; 1.74 

0.71; 1.85 

<0.001 

Marital statusb 

   Married or cohabitant 

   Single, divorced or widowed 

 

7717 (84.7) 

1389 (15.3) 

 

0.97 

1.12 

 

0.64; 1.57 

0.72; 1.82 

0.098 

Smoking statusc 

   Never smoker 

   Former smoker 

   Current smoker 

 

4268 (33.1) 

5055 (39.2) 

3570 (27.7) 

 

0.94 

1.01 

1.10 

 

0.62; 1.54 

0.65; 1.66 

0.70; 1.90 

<0.001 

Physical activityd    0.020 
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*Type III tests of the generalized linear model procedure were used to evaluate associations 536 

between a priori selected variables and the ratio, given all covariates in the model. The ratio 537 

was log transformed before entered into the model to correct for positive skewness. In total, 538 

the following number of men were missing covariate information: 133 men for educational 539 

status, 3929 men for marital status, 142 men for smoking status, 1354 men for physical 540 

activity, 3860 men for hyperlipidaemia status, and 392 men for diabetes status. Only data on 541 

participants who had complete covariate information were used in the model (n=5680).  542 

   Inactive 

   Moderately inactive 

   Moderately active 

   Active 

2241 (19.2) 

3596 (30.8) 

4487 (38.4) 

1357 (11.6) 

1.14 

0.97 

0.96 

1.03 

0.69; 2.02 

0.62; 1.67 

0.62; 1.62 

0.69; 1.76 

Body Mass Index 

   <25 kg/m2 

   ≥25 to <30 kg/m2 

   ≥30 kg/m2 

 

4140 (31.8) 

6687 (57.2) 

2208 (18.9) 

 

1.00 

1.01 

1.00 

 

0.68; 1.59 

0.64; 1.73 

0.61; 1.80 

0.002 

Hyperlipidaemiae  

   Yes 

   No 

 

2774 (30.2) 

6401 (69.8) 

 

0.98 

0.97 

 

0.63; 1.65 

0.62; 1.71 

0.542 

Diabetesf  

   Yes  

   No 

 

664 (5.3) 

11979 (94.7) 

 

0.89 

1.01 

 

0.57; 1.41 

0.65; 1.69 

0.084 

Day of recall 

   Monday-Friday  

   Saturday-Sunday 

 

9813 (75.3) 

3222 (24.7) 

 

1.00 

1.04 

 

0.66; 1.63 

0.62; 1.89 

<0.001 

Season  

   Spring 

   Summer 

   Autumn 

   Winter 

 

3553 (27.2) 

2785 (21.4) 

2867 (22.0) 

3830 (29.4) 

 

0.98 

1.05 

1.04 

0.98 

 

0.63; 1.65 

0.69; 1.78 

0.67; 1.78 

0.63; 1.58 

0.586 
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Figure 1 (a-c) 543 

Number of food consumption occasions (FCO) reported per hour throughout the day for the 544 

10 countries in the European Prospective Investigation into Cancer and Nutrition (EPIC) 545 

calibration study. All FCO except for FCO consisting of water only are included.  546 

 547 

 548 

 549 

 550 

 551 

 552 

 553 

 554 

 555 

 556 

 557 

 558 

 559 

 560 

 561 

 562 

 563 

 564 

 565 

 566 

 567 

 568 

 569 

 570 

 571 
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Supplementary figure 1 (a-c) 572 

Number of food consumption occasions (FCO) reported per hour throughout the day for the 573 

10 countries in the European Prospective Investigation into Cancer and Nutrition (EPIC) 574 

calibration study. Only FCOs containing ≥50 kcal are included.  575 

 576 

Supplementary figure 2 (a-c) 577 

Median energy intake reported per hour throughout the day for the 10 countries in the 578 

European Prospective Investigation into Cancer and Nutrition (EPIC) calibration study. 579 

Number of individuals reporting energy intake each hour is provided above each bar.     580 

 581 
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Supplementary table 1 

Time of consumption of food consumption occasions (FCOs) across 10 European countries in the European Prospective Investigation into Cancer 

(EPIC) calibration study (N=22 985). Medians (1st; 3rd quartiles) are presented.   

  

 Before 

breakfast 

Breakfast During 

morning 

Before  

lunch 

Lunch After 

lunch 

During 

afternoon 

Before  

dinner 

Dinner After 

dinner 

During 

evening 

Greece 7 (7; 8) 8 (7; 9) 10 (10; 11) 12 (12; 13) 14 (13; 15) 16 (15; 16) 18 (17; 18) 20 (19; 20) 21 (20; 22) 22 (22; 23) 24 (23; >24) 

Spain 8 (7; 9) 9 (8; 10) 11 (10; 12) 13 (13; 14) 14 (14; 15) 16 (15; 16) 18 (18; 19) 20 (20; 21) 21 (21; 22) 23 (22; 24) 24 (23; >24) 

Italy 7 (7; 8) 8 (7; 8) 10 (10; 11) 12 (11; 12) 13 (13; 13) 15 (14; 15) 17 (16; 17) 19 (18; 19) 20 (20; 20) 22 (21; 22) 22 (22; 23) 

France 7 (6; 8) 8 (7; 8) 10 (10; 10) 12 (12; 12) 12 (12; 13) 13 (13; 14) 16 (16; 17) 19 (18; 19) 20 (19; 20) 21 (20; 21) 22 (22; 22) 

Germany 7 (6; 8) 8 (7; 9) 10 (9; 11) 11 (11; 12) 13 (12; 13) 14 (13; 14) 16 (15; 16) 18 (17; 18) 19 (18; 20) 20 (20; 21) 21 (21; 22) 

The Netherlands 8 (7; 9) 8 (8; 9) 10 (10; 11) 12 (12; 13) 13 (12; 13) 13 (12; 13) 15 (15; 16) 18 (17; 18) 18 (18; 19) 20 (19; 21) 21 (20; 22) 

UK General 

population 

7 (6; 8) 8 (7; 8) 11 (10; 11) 12 (11; 12) 13 (12; 13) 14 (14; 15) 16 (15; 16) 18 (17; 18) 18 (18; 19) 19 (19; 20) 21 (20; 22) 

UK Health-

conscious 

7 (7; 7) 8 (8; 8) 11 (10; 11) 12 (11; 12) 13 (13; 13) 14 (13; 14) 16 (15; 16) 18 (18; 19) 19 (19; 19) 19 (18; 20) 21 (21; 22) 

Denmark 7 (6; 8) 8 (7; 9) 10 (9; 11) 11 (11; 12) 13 (12; 13) 14 (13; 14) 15 (15; 16) 17 (17; 18) 19 (18; 19) 20 (20; 21) 21 (21; 22) 

Sweden 7 (6; 8) 8 (7; 8) 10 (9; 11) 11 (11; 12) 12 (12; 13) 13 (13; 14) 15 (14; 15) 17 (17; 18) 18 (17; 18) 20 (19; 20) 21 (20; 22) 

Norway 7 (7; 9) 8 (7; 9) 10 (9; 11) 11 (10; 12) 12 (11; 13) 14 (13; 15) 15 (14; 16) 16 (15; 17) 17 (16; 18) 18 (17; 20) 21 (20; 22) 



Ratio of later:earlier energy intake 

Supplementary table 2 

Ratio of later:earlier energy intake across the 27 centres for women in the European 

Prospective Investigation into Cancer and Nutrition (EPIC) calibration study (N=22 985).   

 

 

 

     

N Median 1st; 3rd quartile 

Country and center    

Greece 1368 0.73 0.40; 1.76 

Spain 1443 0.91 0.53; 2.90 

  Granada 300 2.04 0.65; 4.23 

  Murcia  304 1.38 0.64; 4.20 

  Navarra 271 0.66 0.41; 1.18 

  San Sebastian 244 0.72 0.48; 1.10 

  Asturias 324 0.94 0.58; 2.66 

Italy 2510 0.83 0.57; 1.20 

  Ragusa 137 0.82 0.56; 1.20 

  Florence 783 0.81 0.54; 1.19 

  Turin 392 0.83 0.60; 1.21 

  Varese 795 0.81 0.58; 1.15 

  Naples 403 0.93 0.56; 1.39 

France 4735 0.68 0.48; 0.99 

  South coast 620 0.67 0.46; 0.97 

  South 1425 0.63 0.45; 0.93 

  North-West 631 0.65 0.48; 0.91 

  North-East 2059 0.72 0.50; 1.05 

Germany 2147 0.93 0.61; 1.46 

  Heidelberg 1087 0.97 0.61; 1.60 

  Potsdam 1060 0.90 0.61; 1.33 

The Netherlands 2946 1.37 0.93; 1.99 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  Bilthoven 1076 1.45 0.96; 2.14 

  Utrecht   1870 1.31 0.92; 1.90 

United Kingdom 767 - - 

  General population 571 1.08 0.69; 1.64 

  Health-conscious 196 1.04 0.68; 1.59 

Denmark 1994 1.28 0.87; 1.95 

  Copenhagen 1484 1.27 0.86; 1.93 

  Aarhus 510 1.31 0.88; 2.01 

Sweden 3278 1.05 0.71; 1.62 

  Malmö 1711 1.09 0.70; 1.79 

  Umeå 1567 1.01 0.71; 1.48 

Norway 1797 1.39 0.91; 2.12 

  South and East 1004 1.32 0.87; 2.04 

  North and West 793 1.48 0.96; 2.27 



Ratio of later:earlier energy intake 

Supplementary table 3 

Ratio of later:earlier energy intake across the 27 centres for men in the European Prospective 

Investigation into Cancer and Nutrition (EPIC) calibration study (N=13 035).   

 
    

N Median 1st; 3rd quartile 

Country and center    

Greece 1324 0.71 0.43; 1.92 

Spain 1777 0.71 0.43; 1.92 

  Granada 214 2.58 0.77; 4.96 

  Murcia  243 1.37 0.59; 3.94 

  Navarra 444 0.72 0.47; 1.40 

  San Sebastian 490 0.78 0.53; 1.39 

  Asturias 386 0.87 0.53; 3.11 

Italy 1442 0.85 0.61; 1.24 

  Ragusa 168 0.73 0.54; 1.07 

  Florence 271 0.88 0.64; 1.35 

  Turin 676 0.87 0.63; 1.33 

  Varese 327 0.85 0.58; 1.12 

  Naples 0 - - 

France 0 - - 

  South coast 0 - - 

  South 0 - - 

  North-West 0 - - 

  North-East 0 - - 

Germany 2267 1.00 0.67; 1.54 

  Heidelberg 1034 1.07 0.67; 1.67 

  Potsdam 1233 0.96 0.67; 1.46 

The Netherlands 1020 1.35 0.93; 2.03 

  Bilthoven 1020 1.35 0.93; 2.03 



   Utrecht   0 - - 

United Kingdom 519 - - 

  General population 406 1.01 0.71; 1.54 

  Health-conscious 113 1.03 0.69; 1.63 

Denmark 1923 1.18 0.81; 1.80 

  Copenhagen 1356 1.17 0.79; 1.82 

  Aarhus 567 1.21 0.84; 1.77 

Sweden 2763 1.04 0.69; 1.61 

  Malmö 1421 1.06 0.67; 1.75 

  Umeå 1342 1.02 0.71; 1.49 

Norway 0 - - 

  South and East 0 - - 

  North and West 0 - - 
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