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Summary 

Weight gain and the Metabolic syndrome (MetS) are worldwide public health problems, 

due to their increased incidence as well as their deleterious effect on health. Both metabolic 

conditions lead to the incidence of a variety of disorders, mainly diabetes, cardiovascular 

diseases, different types of cancer, disability, as well as an increase in premature mortality. 

Weight gain and the MetS are relevant not only among adults, but also among the elderly. We 

are interested in investigating novel determinants of these metabolic conditions such as the role 

of food timing in their development. On the other hand, among older adults, obesity could be 

also associated with falls, and fall requiring medical care, which are major public health issues 

with enormous health and economic implications. 

Therefore, this doctoral thesis first evaluates the association between energy intake (EI) 

throughout the day and weight gain in adults aged ≥ 18 from Spain. Second, we assess the 

association between EI throughout the day and the incidence of the metabolic syndrome in a 

population of adults aged 60 and older coming from the same cohort. Finally, we examine the 

association between obesity, both general and abdominal obesity, and the risk of falls and fall 

requiring medical care in older women aged 60 and older. 

Data at baseline were obtained from the ENRICA study (Study on Nutrition and 

Cardiovascular Risk in Spain; Estudio de Nutrición y RIesgo CArdiovascular en España) and from 

the Senior-ENRICA cohort. 

The ENRICA study is a cohort of 12,883 individuals representing the non-institutionalized 

population of Spain aged ≥ 18, established between 2008 and 2010. At baseline, we conducted 

a telephone interview to collect information on health status, lifestyle, morbidity, and the use 

of health services; a first home visit to obtain blood and urine samples, and a second home visit 

to perform a physical examination and to record habitual diet. After a mean follow-up of 3.5 

years, in 2012, we conducted a telephone interview to update lifestyle, diet, and morbidity data 

in a subsample of 4,887 individuals. 

To examine the association between the % EI consumed (%EI) throughout the day and 

weight gain, we contacted in 2012 a total of 4,887 participants who accepted to update their 

information. After excluding those who had died, those who had no data on weight variation, 

diet, and other variables, a final analysis was performed on 4,243 individuals. During follow-up, 

16.3% of participants gained > 3 kg, with no significant differences between men and women. 

Logistic regression models were built after adjusting for main confounders. Compared with the 

first quartile (lowest) of the %EI at lunch, the multivariate odds ratio (OR) and 95% confidence 

interval (CI) of weight gain > 3 kg were 0.79 (95% CI 0.63 - 0.99) in the second quartile, 0.82 (95% 
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Summary 

CI 0.64 - 1.04) in the third quartile and 0.62 (95% CI 0.47 - 0.80) in the highest quartile (p for 

trend: 0.001). This association was stronger in women, and participants who were overweight 

or obese, although it was only statistically significant for the former. No association was found 

between the %EI at the rest of the eating occasions and weight gain. 

The Senior-ENRICA cohort was derived from the ENRICA study with 3,518 community-

dwelling adults aged ≥ 60. In 2012, the information was updated, including data on falls and fall-

related consequences. In 2015, the information was updated again for participants who were 

still alive and agreed to a new blood collection. 

To assess the association between the %EI throughout the day and the MetS, we 

followed 3,518 people aged ≥60 (Senior-ENRICA subcohort). In 2015, we updated the data on 

1,821 older participants. After excluding 676 individuals with MetS at baseline, 72 with missing 

values in variables to estimate the MetS at baseline, 453 participants lacking data to calculate 

the incidence of the MetS in 2015, and 13 with missing values for covariates, we performed the 

final analysis on a sample of 607 participants. There were 101 (16.6%) cases of the MetS during 

follow-up. Logistic models were used to calculate adjusted OR. Compared to the lowest quartile 

of the %EI at dinner, the multivariate OR (95% CI) were: 1.71 (0.85 - 3.46) for the second, 1.70 

(0.81 - 3.54) for the third, and 2.57 (1.14 - 5.79) for the highest quartile (p for trend: 0.034). We 

found no associations for the %EI at any other eating occasion. Elevated waist circumference 

and triglycerides were the MetS components that most contributed to this association. 

Isocaloric replacement of the %EI at breakfast with the same amount of %EI at dinner was 

associated with an increased risk of the MetS. Thus, compared to the lowest quartile, the OR 

(95% CI) of the MetS was 2.73 (1.31 - 5.68; p for trend: 0.011) for the fourth quartile. Similarly, 

replacing the %EI at any other time of the day with the same %EI at dinner was associated with 

a higher risk of the MetS (OR: 2.42; 95% CI: 1.22 - 4.81; p for trend: 0.019). 

We used the Senior-ENRICA cohort to analyze the association between general obesity 

and abdominal obesity and the risk of falls and fall requiring medical care. Data on falls were 

updated in 2012. After excluding 675 participants who were lost and 95 who died, we collected 

information on a sample of 2,519 older adults. After excluding those participants who had 

missing values for the analysis variables, 2,246 participants remained in the cohort. Finally, due 

to fewer falls among men, we performed the analyses with 1,185 women. A total of 336 women 

experienced falls, 168 of them had falls requiring medical care, and 64 had falls with fractures. 

Adjusted ORs were calculated by using logistic regression models. No association was found 

between falls with general obesity or abdominal obesity. Compared with those of normal 
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Summary 

weight, overweight women had a decreased risk of falls requiring medical attention (OR 0.57; 

95% CI 0.34 - 0.94) and of falls with fractures (OR 0.27; 95% CI 0.12 - 0.63). Similarly, general 

obesity was a protective factor for these types of falls. The corresponding OR and 95% CI for 

general obesity were 0.44 (0.24–0.81) and 0.30 (0.11–0.82). Conversely, abdominal obesity 

increased the risk of falls requiring medical attention (OR 1.82; 95% CI 1.12 - 2.94) and falls with 

fractures (OR 2.75; 95% CI 1.18 - 6.44). 

These results provide evidence that a higher EI at lunch decreases the risk of weight gain. 

In addition, these results contribute to the evidence that higher EI at dinner increases the risk of 

the MetS in older adults. Finally, among older women, it was shown that overall obesity 

decreases the risk of falls requiring medical attention and the risk of falls with fractures, and 

abdominal obesity increases the risk of these types of falls. 
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Resumen 

El aumento de peso y el síndrome metabólico (SM) son problemas de salud pública en 

todo el mundo, debido a su mayor incidencia y a su efecto nocivo para la salud. Ambas 

condiciones metabólicas conducen a una variedad de trastornos, principalmente diabetes, 

enfermedades cardiovasculares, diferentes tipos de cáncer, discapacidad, así como un aumento 

de la mortalidad prematura. El aumento de peso y el SM son relevantes no sólo entre los adultos, 

sino también entre los ancianos. Nosotros estamos interesados en investigar nuevos 

determinantes de estas condiciones metabólicas, como el papel del momento del día de la 

ingesta de la comida en su desarrollo. Por otra parte, entre los adultos mayores, la obesidad 

también podría estar asociada a las caídas, y a las caídas que requieren atención médica, los 

cuales son importantes problemas de salud pública con enormes implicaciones sanitarias y 

económicas. 

Por ello, en esta tesis doctoral se evalúa en primer lugar, la asociación entre la ingesta 

de energía (IE) a lo largo del día y el aumento de peso en adultos de ≥ 18 años de España/ En 

segundo lugar, evaluamos la asociación entre la IE a lo largo del día y la incidencia del síndrome 

metabólico en una población de adultos de 60 años o más procedentes de la misma cohorte. 

Por último, examinamos la asociación entre la obesidad, tanto general como abdominal, y el 

riesgo de caídas y de caídas que requieren atención médica en mujeres mayores de 60 años. 

Los datos basales se obtuvieron del estudio ENRICA (Estudio de Nutrición y RIesgo 

CArdiovascular en España) y de la cohorte Senior-ENRICA. 

El estudio ENRICA es una cohorte de 12883 individuos que representan a la población 

no institucionalizada de España de ≥ 18 años, establecida entre 2008 y 2010/ !l inicio, se realizó 

una entrevista telefónica para recoger información sobre el estado de salud, el estilo de vida, la 

morbilidad y el uso de servicios sanitarios; una primera visita domiciliaria para obtener muestras 

de sangre y orina, y una segunda visita domiciliaria para realizar una exploración física y registrar 

la dieta habitual. Tras un seguimiento medio de 3,5 años, en 2012, realizamos una entrevista 

telefónica para actualizar los datos de estilo de vida, dieta y morbilidad en una submuestra de 

4887 individuos. 

Para examinar la asociación entre el % de IE consumida (%IE) a lo largo del día y el 

aumento de peso, contactamos en 2012 con un total de 4887 participantes que aceptaron 

actualizar su información. Tras excluir a los que habían fallecido, a los que no tenían datos sobre 

la variación de peso, la dieta y otras variables, se realizó un análisis final con 4243 individuos. 

Durante el seguimiento, el 16,3% de los participantes ganó más de 3 kg, sin diferencias 

significativas entre hombres y mujeres. Se construyeron modelos de regresión logística tras 
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Resumen 

ajustar los principales factores de confusión. En comparación con el primer cuartil (el más bajo) 

del %IE en el almuerzo, el odds ratio (OR) multivariante y el intervalo de confianza (IC) del 95% 

de aumento de peso > 3 kg fueron de 0,79 (IC del 95%: 0,63 - 0,99) en el segundo cuartil, de 0,82 

(IC del 95%: 0,64 - 1,04) en el tercer cuartil y de 0,62 (IC del 95%: 0,47 - 0,80) en el cuartil más 

alto (p de tendencia: 0,001). Esta asociación fue mayor en las mujeres y en los participantes con 

sobrepeso u obesidad, aunque sólo fue estadísticamente significativa en el primer caso. No se 

encontró ninguna asociación entre el %IE y el aumento de peso en el resto de las comidas del 

día. 

La cohorte Senior-ENRI�! se derivó del estudio ENRI�! con 3518 adultos de ≥ 60 años 

residentes en la comunidad. En 2012, se actualizó la información, incluyendo datos sobre caídas 

y consecuencias relacionadas con las mismas. En 2015, la información se actualizó de nuevo para 

los participantes que seguían vivos y accedieron a una nueva extracción de sangre. 

Para evaluar la asociación entre el %IE a lo largo del día y el SM, hicimos un seguimiento 

de 3518 personas ≥60 años (subcohorte Senior-ENRICA). En 2015, actualizamos los datos de 

1821 participantes mayores. Después de excluir a 676 individuos con SM en el momento de la 

inclusión, 72 con valores faltantes en las variables para estimar el SM al inicio del estudio, 453 

participantes que carecían de datos para calcular la incidencia del SM en 2015 y 13 con valores 

faltantes para las covariables, realizamos el análisis final en una muestra de 607 participantes. 

Hubo 101 (16,6%) casos de SM durante el seguimiento. Se utilizaron modelos de regresión 

logística para calcular el OR ajustado. En comparación con el cuartil más bajo del %IE en la cena, 

los OR multivariantes (IC del 95%) fueron: 1,71 (0,85 - 3,46) para el segundo, 1,70 (0,81 - 3,54) 

para el tercero y 2,57 (1,14 - 5,79) para el cuartil más alto (p de tendencia: 0,034). No se 

encontraron asociaciones para el %IE y el resto de las comidas. El perímetro de la cintura y los 

triglicéridos elevados fueron los componentes del SM que más contribuyeron a esta asociación. 

La sustitución isocalórica del %IE en el desayuno por la misma cantidad de %IE en la cena se 

asoció con un mayor riesgo de padecer SM. Así, en comparación con el cuartil más bajo, la OR 

(IC del 95%) del SM fue de 2,73 (1,31 - 5,68; p de tendencia: 0,011) para el cuarto cuartil. Del 

mismo modo, la sustitución del %IE en cualquier otro momento del día por el mismo %IE en la 

cena se asoció a un mayor riesgo de padecer el SM (OR: 2,42; IC del 95%: 1,22 - 4,81; p de 

tendencia: 0,019). 

Se utilizó la cohorte Senior-ENRICA para analizar la asociación entre la obesidad general 

y obesidad abdominal y el riesgo de caídas y de caídas que requieren atención médica. Los datos 

sobre caídas se actualizaron en 2012. Tras excluir a 675 participantes que se perdieron y a 95 
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Resumen 

que fallecieron, se recogió información sobre una muestra de 2519 adultos mayores. Después 

de excluir a los participantes que tenían valores faltantes para las variables de análisis, quedaron 

2246 participantes en la cohorte. Por último, debido al menor número de caídas entre los 

hombres, realizamos los análisis con 1185 mujeres. Un total de 336 mujeres sufrieron caídas, 

168 de ellas tuvieron caídas que requirieron atención médica y 64 tuvieron caídas con fracturas. 

Se calcularon los OR ajustados mediante modelos de regresión logística. No se encontró ninguna 

asociación entre las caídas y la obesidad general o la obesidad abdominal. En comparación con 

las de peso normal, las mujeres con sobrepeso tenían un menor riesgo de caídas que requirieran 

atención médica (OR 0,57; IC 95%: 0,34 - 0,94) y de caídas con fracturas (OR 0,27; IC 95%: 0,12 -

0,63). Asimismo, la obesidad general fue un factor de protección para estos tipos de caídas. El 

OR correspondiente y el IC del 95% para la obesidad general fueron 0,44 (0,24-0,81) y 0,30 (0,11-

0,82). Por el contrario, la obesidad abdominal aumentó el riesgo de caídas que requieren 

atención médica (OR 1,82; IC del 95%: 1,12 - 2,94) y de caídas con fracturas (OR 2,75; IC del 95%: 

1,18 - 6,44). 

Estos resultados proporcionan pruebas de que una mayor IE en la comida disminuye el 

riesgo de aumento de peso. Además, estos resultados contribuyen a la evidencia de que una 

mayor IE en la cena aumenta el riesgo de padecer el SM en los adultos mayores. Por último, 

entre las mujeres mayores, se demostró que la obesidad general disminuye el riesgo de caídas 

que requieren atención médica y el riesgo de caídas con fracturas, y la obesidad abdominal 

aumenta el riesgo de este tipo de caídas. 
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1. General introduction 

This doctoral thesis is focused on two main areas. On the one hand, how timing in energy 

consumption is associated with obesity and the metabolic syndrome (MetS). On the other hand, 

how obesity is associated with falls and falls requiring medical care among older adults. 

1.1 The metabolic syndrome and obesity 

The metabolic syndrome (MetS) is a chronic non-infectious low-grade inflammatory 

syndrome consisting of the aggregation of several clinical findings that occur together, more 

often than would happen by chance.1,2 

In recent decades, the MetS has been called by various names such as Reaven's 

syndrome, syndrome X, dysmetabolic syndrome X, plurimetabolic syndrome, the deadly 

quartet, as well as the insulin resistance syndrome,3-7 all of which tried to describe a cluster of 

metabolic disorders. In 2009, a committee formed by several major international organizations 

published a harmonized definition to unify criteria, thus facilitating comparability between 

studies.8 The criteria considered for the harmonized definition of the MetS were abdominal 

obesity, hypertriglyceridemia, diabetes, arterial hypertension, and low HDL-cholesterol. 

The prevalence of the MetS worldwide varies depending on the criteria used to define 

it. Still, an estimated one-quarter to one-third of adults meet the criteria for the MetS.1 Thus, in 

the United States, between 2009 and 2010, the prevalence of the MetS was 22.9% in adults aged 

≥ 20.9 According to the ENRICA study in Spain, the frequency of the MetS in 2008-2010 was 

22.7%.10 

Individuals with the MetS have an increased risk of developing diabetes mellitus and 

cardiovascular diseases.1,11 The importance of recognizing the MetS lies in the fact that we can 

intervene both, pharmacologically and through lifestyle changes. So, though early diagnosis we 

can promote primary prevention of diabetes as well as cardiovascular disease.1 

Obesity, which is one of the most relevant factors of the MetS, is also a systemic low-

grade inflammatory disease whose prevalence has doubled worldwide between 1980 and 

2015.12 In 2015, the prevalence of obesity was 5.0% in children and 12% in adults globally.12 

Spain is one of the countries with the highest prevalence of obesity. In 2008-2010 the prevalence 

of obesity among Spanish adults was 22.9%, increasing with age, and reaching 35% in those over 

65 .13 Obesity is a risk factor for developing many diseases such as type 1 and type 2 diabetes,14,15 

cardiovascular disease,16 different types of cancer,17 autoimmune diseases,18 and among the 
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1. General introduction 

elderly is also associated with the development of other health problems, such as frailty19 and 

fractures.20 

Weight gain and body mass index (BMI) are the measurements most commonly used to 

assess obesity in clinical practice, and have been associated with increased premature 

mortality.21,22 It is also important to assess body fat distribution as a main component of the 

MetS.23 A simple way to know body fat distribution is through abdominal or central obesity 

measurements calculated as waist circumference (WC) or waist-to-hip ratio.24 Like weight gain 

and BMI, abdominal obesity is associated with increased cardiovascular morbidity and 

mortality.25 Therefore, these three parameters should be used in clinical practice.26 

In summary, weight gain and the MetS are metabolic disorders with enormous health 

relevance. We would like to explore in more detail some novel determinants of these two 

metabolic disorders. On the other hand, obesity could operate as a determinant of other health 

conditions like falls. 

1.2 Falls 

Falls are one of the major public health problems among the elderly.27,28 According to 

the World Health Organization, falls are the second leading cause of unintentional injury deaths 

worldwide, and it is estimated that every year 684,000 people die due to falls globally.29 

Approximately, one-third of adults aged ≥ 65 and living in the community will fall at least once 

a year,27,30 and this incidence may be substantially higher among people aged ≥ 85.31 

Falls are also the most common cause of injuries in this population of older adults.32 

Around 20% of falls require medical attention, 5% result in fractures or other serious injuries,33 

including subdural hematoma as well as head and facial injuries.34,35 Falls can also result in severe 

functional and psychological consequences such as severe post-fall syndrome.36 

The risk factors associated with falls are very varied, such as the lack of balance, poor 

vision, poor gait, motor weakness, joint disorders, cognitive decline (especially attention and 

executive dysfunction), the use of anti-hypertensive drugs, sedatives, environmental factors, 

history of previous falls, as well as obesity.27,37-40 

Identifying the risk factors associated with falls is essential to implement effective 

measures to prevent falls and related injuries, particularly fractures. Among the measures that 

are effective we can considered: physical activity,41 vitamin D supplementation if deficiency,42 

and home modifications.43 
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1. General introduction 

In summary, falls are a major public health issue. Their causes are very diverse and we 

want to look more deeply into the role of obesity in the occurrence of falls, falls requiring 

medical care, as well as falls with fractures. 

1.3 Timing of food intake 

‘�reakfast like a king, lunch like a prince, dine like a pauper’- this is an old proverb that 

has gained relevance in recent years due to the existence of research supporting the relationship 

between food timing, the circadian rhythm, and the presence of metabolic disorders. 

According to the National Cancer Institute, the circadian rhythm can be defined as the 

natural cycle of physical, mental, and behavioral changes that the body goes through in a 24-

hour cycle.44 A more comprehensive definition of the circadian rhythm is biological rhythms that 

meet the following criteria. (1) they persist, or “free-run”, with a period of about 24 h in the 

absence of external time cues, and (2) they are reset, or entrained, by environmental cues, in 

particular, light and temperature.45 

The first published work demonstrating that a circadian rhythm exists in plants was 

presented in 1729 by Jean-Jacques d'Ortous, squire and lord of Mairan (1678-1771). He 

observed that the Mimosa plant opened its leaves during the day and closed them at night. He 

put the plant under a total absence of light and showed that it continued to open its leaves 

depending on whether it was night or day.46 Two centuries later, genetic studies with Drosophila 

mutants that had an altered 24-hour rhythm led to the discovery of the first clock gene.47-49 

Through a genetics screen of mice with altered circadian rhythm, a later study paved the way 

for discovering the first mammalian core clock gene, Clock.50 The CLOCK protein and BMAL1 

form a heterodimer that activates the transcription of the clock genes. Thus, CLOCK-BMAL1 

controls the positive component of transcriptional oscillations, which underlie circadian 

rhythmicity.51 

The circadian clock in mammals is located in the neurons of the suprachiasmatic nucleus 

and synchronizes the rest of the clocks present in the peripheral tissues.52 The light-dark cycle 

and timing of food intake are among the external cues that can synchronize the central and 

peripheral clocks.53 Evidence from animal and human models shows that under certain 

conditions, the disruption of the circadian rhythm may contribute to obesity and other 

metabolic disease development.54 Thus, it is known that the timing of food intake is associated 

with the development of these disorders.55,56 
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1. General introduction 

In short, the circadian rhythm is a biological rhythm that lasts approximately 24 hours, 

regulated by a central clock as well as by external exposures such as light and food timing. 

Disruption of the circadian rhythm might be associated with metabolic disorders. We want to 

investigate if food timing is associated with weight gain and the MetS and if this novel exposure 

could be considered as a determinant for these metabolic conditions. 
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2. Objectives 

We pursue three main objectives in this doctoral thesis. 

Objective 1: 

To evaluate the association between EI distribution throughout the day and weight gain of more 

than 3 kg among Spanish adults. 

We want also to assess this association according to sex, BMI, dieting, and the adherence to the 

Mediterranean diet. 

Objective 2: 

To examine the association between the distribution of EI throughout the day and the incidence 

of the MetS in a population of adults aged ≥ 60. 

In addition, we want to evaluate separately the association between EI distribution throughout 

the day and each component of the MetS. We also aim to assess if the isocaloric substitution of 

the energy consumed at breakfast, lunch, or at other occasion with the energy consumed at 

dinner is associated with the incidence of the MetS. 

Objective 3: 

To assess the longitudinal association of both general and abdominal obesity with falls and falls 

requiring treatment, in a population-based sample of women aged ≥ 60. 

More specifically, we want to evaluate separately the associations with falls, falls requiring 

medical care, and falls with fractures. 
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3. Distribution of energy intake throughout the day and weight gain: a population-based cohort study in Spain 

3.1 Introduction 

Weight gain results from an imbalance between energy intake (EI) and energy 

expenditure. However, it has been recently postulated that factors beyond the net energy 

balance may also contribute to weight regulation. Among these factors are differences in the 

metabolic response between proteins, carbohydrates and fats57as well as the circadian 

rhythm58, light exposure59 and the timing of EI throughout the day.55,58 

Experimental research on animals suggests that the timing of feeding may be associated 

with weight gain. Nocturnal mice fed for 6 weeks with a high-fat diet during the 12-h light phase 

gained significantly more weight than mice fed during the 12-h dark phase, despite consuming 

an equivalent amount of energy (mice fed during the light phase had a higher fat percentage of 

7.8). Therefore, simply modifying the time of feeding can affect body weight.60 

In humans, clinical trials with dietary interventions among overweight patients suggest 

that the distribution of EI throughout the day and the timing of meals may affect weight loss. 

Among ninety-three women with metabolic syndrome who were randomised to an isoenergetic 

‘breakfast’ (2929 kJ/700 kcal breakfast, 2092 kJ/500 kcal lunch and 837 kJ/200 kcal dinner) or 

‘dinner’ group (837 kJ/200 kcal breakfast, 2092 kJ/500 kcal lunch and 2929 kJ/700 kcal dinner) 

during 12 weeks, those in the ‘breakfast’ group showed greater weight loss and waist 

circumference reduction. Moreover, BMI was significantly different between the groups, with a 

10 % reduction in the ‘breakfast’ group and only a 5 % reduction in the ‘dinner’ group.61 In 

another study with a 20-week dietary intervention in obese individuals, late lunch eaters (who 

had lunch around 15.00 hours) lost less weight and displayed a slower weight-loss rate than 

early lunch eaters (with lunch around 13.00 hours). Late eaters only lost 9.0 (SD 7.1) % of their 

initial weight, whereas early eaters lost 11.3 (SD 5.8) %. In this study, EI, dietary composition, 

estimated energy expenditure, appetite hormones and sleep duration were similar in late and 

early lunch eaters.62 

In recent years, some studies have focused on the association between food timing and 

the metabolic syndrome,63 hypertension64 or diabetes.65 However, the association between the 

daily distribution of EI and weight gain is still uncertain. To our knowledge, this is the first study 

to evaluate the role of the distribution of EI throughout the day on weight gain in adults from 

the general population. 
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3. Distribution of energy intake throughout the day and weight gain: a population-based cohort study in Spain 

3.2 Methods 

3.2.1 Study design and participants 

Data were obtained from the ENRICA study (Study on Nutrition and Cardiovascular Risk 

in Spain; Estudio de Nutrición y RIesgo CArdiovascular en España), methods of which have been 

reported elsewhere.66,67 In brief, this study was conducted among 12 883 persons representative 

of the non-institutionalised population of Spain aged ≥18 years/ Participants were selected in 

2008–2010 by stratified cluster sampling. First, the sample was stratified by province and size of 

the municipality. Second, clusters were chosen randomly in two stages: municipalities and 

census sections. Finally, the households within each section were selected by random telephone 

dialing; subjects in the households were chosen proportionally to the sex and age distribution 

of the Spanish population. Information was collected in three stages: a phone interview to 

collect information on health status, lifestyle, morbidity and healthcare services use; a first 

home visit to obtain blood and urine samples; and a second home visit to perform a physical 

examination and to record habitual diet. For this study, we selected 6207 individuals aged ≥18 

years through random sampling of participants in the ENRICA study, with over-representation 

of older adults. In 2012 (after a mean of 3.5 years of follow-up), we conducted a phone interview 

to update information on lifestyle, diet and morbidity in a subsample of 4887 (78.7 %) 

participants. The socio-demographic, lifestyle and clinical characteristics were similar in subjects 

lost to follow-up and in those contacted. All the people who collected information at baseline 

and at the end of follow-up (nurses to obtain biological samples and non-health personnel for 

the rest of the tasks) received specific training in the study procedures. 

All study participants gave their informed written consent. The Clinical Research Ethics 

�ommittee of ‘La Paz’ University Hospital in Madrid approved both the baseline and the follow-

up study. 

3.2.2 Food consumption 

At baseline, food consumption during a typical week of the previous year was collected; 

the interviewers helped the study participants in reporting food intake during a typical week 

accounting for both seasonal and weekend food consumption. To this end, a validated 

computerised diet history, developed from that used in the EPIC-Spain cohort, was used67-70 . 

Data collection was structured according to the occasions of food intake: breakfast, mid-

morning meal, lunch, mid-afternoon meal, dinner and snacking, which was defined as eating at 

any other moment. A set of pictures was used to help in estimating the portion size. Nutrients 

and EI were calculated using Spanish food composition tables.71-74 
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3. Distribution of energy intake throughout the day and weight gain: a population-based cohort study in Spain 

3.2.3 Anthropometry 

Weight was recorded at baseline and at the end of follow-up by answering the following 

question. ‘How much do you weigh without clothes or shoes on?’/ Weight gain was defined as 

an increase of >3 kg during follow-up, based on re-reported weight. We chose this cut-off point 

because 3 kg represents about 5 % of body weight among normal-weight people, and it has been 

related to worse cardiovascular risk factors. At baseline, height and waist circumference were 

also measured using standardised procedures. BMI was calculated as weight (kg) divided by 

squared height (m2), and obesity was defined as a �MI≥30 kg/m2. 

3.2.4 Potential confounders 

Study participants reported socio-demographic and lifestyle variables, including 

baseline age, sex, educational level and tobacco consumption as well as quitting tobacco during 

follow-up. Leisure time physical activity (PA) and PA at home were obtained at baseline with the 

questionnaire developed by the EPIC group of Spain and were expressed in metabolic 

equivalents (MET)-h/week.75 PA at work was assessed asking the participants to classify their PA 

into one of the following categories: sedentary occupation, standing occupation, manual or 

heavy manual labour or unemployed.76 Baseline information on the time spent watching TV, 

night sleep and daytime sleep was also obtained.66 Dieting was assessed using the following 

question. ‘!re you on a diet to lose weight?’/ Diet quality was defined according to the 

Mediterranean dietary pattern estimated using the Mediterranean Diet Adherence Screener 

(MEDAS).77 This index consists of fourteen items, and twelve of them include food consumption 

targets: use of olive oil as the principal source of fat for cooking, consumption of >3 tablespoons 

of olive oil/d, ≥2 serving/d of vegetables, ≥3 servings/d of fruit, <1 serving/d of red meat, <1 

serving/d of butter or margarine, <1 serving/d of sugar-sweetened beverages, ≥1 cup/d of wine, 

≥3 servings/week of legumes, ≥3 servings/week of fish, <2 servings/week of commercial pastry 

and ≥3 servings/week of nuts/ The other two items are targets for consumption habits 

characteristic of the Mediterranean diet in Spain: preference for white meat over red meat and 

≥2 times/week consumption of dishes with sofrito (a tomato sauce with garlic, onion or leeks 

sautéed in olive oil). A value of +1 was assigned for each target achieved. A higher MEDAS score 

(range 0–14) indicates better adherence to the Mediterranean diet. 

Finally, individuals reported at baseline and at the end of follow-up if they had ever been 

diagnosed by a physician with any of the following conditions: coronary disease, stroke, chronic 

respiratory disease, cancer at any site, osteoarthritis/arthritis or diabetes. 
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3. Distribution of energy intake throughout the day and weight gain: a population-based cohort study in Spain 

3.2.5 Statistical analysis 

Of the 4887 participants who were contacted during follow-up, 4780 were alive at the 

time of the interview. Of these, twenty-one were excluded for not providing valid information 

on diet, 451 for lacking data on weight change and sixty-five for missing values for other 

variables. Thus, the final analyses were performed with 4243 individuals. 

Study associations were summarised with OR and their 95 % CI obtained from logistic 

regression, where the dependent variable was weight gain of >3 kg during follow-up, and the 

main independent variable was baseline %EI at each eating occasion. Percentage of EI was 

modelled in sex-specific quartiles, using the lowest as the reference group. Two logistic 

regression models were developed. Model 1 was adjusted for age, sex and total EI. Model 2 was 

additionally adjusted for the rest of potential confounders (level of education, tobacco 

consumption, quitting smoking during follow-up, leisure time PA, PA at home, PA at work, 

watching TV, night sleep, daytime sleep, BMI at baseline, dieting, MEDAS score, chronic coronary 

disease, stroke, chronic respiratory disease, cancer, osteoarthritis/arthritis, diabetes and 

incident disease during follow-up). 

To assess the robustness of the results, we conducted several sensitivity analyses. 

Specifically, we re-ran the models using weight gain of >5 kg as the dependent variable. 

Moreover, given that eating three or more times per day has been linked to higher weight gain,78 

we further adjusted the analyses for the number of eating occasions (≤3, 4, 5 and 6)- individuals 

were considered to have skipped an eating occasion when they reported that they did not eat 

any food at that occasion at least once every 15 d. In addition, as some foods that may protect 

from weight gain, such as vegetables and fruits, are mostly consumed at lunch and dinner, the 

analyses were additionally adjusted for vegetables, fruit and fibre intakes. 

Finally, we assessed whether the study association varied with sex, BMI, dieting and the 

MEDAS score, by using likelihood ratio tests, which compared models with and without 

interaction terms. 

Statistical significance was set at p < 0.05. Analyses were performed with Stata 11.2 for 

Windows (StataCorp LP). 

3.3 Results 

Lunch was the eating occasion with the highest %EI (40 %), followed by the dinner (28%), 

breakfast (16%) and snacking (6%). The frequency of meal skipping was very low for the main 

eating occasions. Men skipped the mid-afternoon meal more often than women. No substantial 
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3. Distribution of energy intake throughout the day and weight gain: a population-based cohort study in Spain 

differences were found between men and women in the distribution of the %EI throughout the 

day (Table 1). 

Cut-off points for the sex-specific quartiles of %EI at the six eating occasions are 

presented in Table 2. The cut-off points for increasing quartiles of %EI at lunch in men were 34.4, 

40.8 and 47.7%, and the corresponding values in women were 33.2, 39.4 and 46.1%. Participants 

in lower quartiles of %EI at breakfast and at lunch tended to be younger. Those in lower quartiles 

of %EI at lunch and at dinner had a worse diet quality according to the MEDAS score. Finally, 

those in lower quartiles of %EI at the main meals (breakfast, lunch and dinner) had a greater EI. 

Other socio-demographic, lifestyle or clinical variables showed only small differences across 

quartiles of %EI (Table 2). When under-reporting status was considered, there were only small 

differences in %EI at each eating occasion when comparing under-reporters and non-under-

reporters. On the other hand, the %EI at each eating occasion decreased across increasing 

quartiles of EI at lunch, except for snacking, which remained similar throughout the lunch 

quartiles (data not shown). 

During follow-up, 16.3% of participants gained >3 kg, without substantial differences 

between men and women. Model 1 and 2 provided similar results for the association between 

%EI throughout the day and gaining >3 kg. In fully adjusted analyses (model 2), compared with 

those in the lowest quartile of %EI at lunch, the OR of weight gain >3 kg were 0.79 (95% CI 0.63, 

0.99) in the second quartile, 0.82 (95% CI 0.64, 1.04) in the third quartile and 0.62 (95% CI 0.47, 

0.80) in the highest quartile; p for trend 0.001 (Table 3). During follow-up, 8.4% of participants 

gained >5 kg. Similar results were obtained for weight gain >5 kg; the corresponding figures for 

the quartiles of %EI at lunch were 0.71 (95% CI 0.52, 0.96), 0.75 (95% CI 0.54, 1.03) and 0.69 

(95% CI 0.50, 0.97); p for trend 0.047. Further adjustment for the number of eating occasions, 

as well as for vegetable, fruit and fibre intakes, did not materially change the results. In analyses 

stratified by sex, the results were in the same direction, although the association between %EI 

at lunch and lower risk of weight gain remained statistically significant only in women; p for 

interaction 0.43 (Fig. 1). After stratification by BMI, the association was stronger in those with 

overweight or obesity, although again the interaction did not reach statistical significance; p for 

interaction 0.72. Finally, the association remained similar in strata defined by dieting and the 

MEDAS score (Fig. 2). 

A higher %EI at lunch was associated with a lower %EI at the rest of eating occasions, 

and with an increased frequency of skipped mid-morning and mid-afternoon meals and 

snacking; moreover, the %EI from carbohydrates decreased, whereas the %EI from lipids and 
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3. Distribution of energy intake throughout the day and weight gain: a population-based cohort study in Spain 

alcohol increased (Table 4). No association was found between the %EI at the rest of the eating 

occasions and weight gain (Table 3). 
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3. Distribution of energy intake throughout the day and weight gain: a population-based cohort study in Spain 

Table 1. Energy intake at each eating occasion and percentage of participants who skipped each eating occasion among study participants at baseline, overall and 
stratified by sex.  Data correspond to a typical week in the preceding year* 

(Mean values and standard deviations) 

% of energy 
intake 

Total 
(n= 4243) 

Energy intake 
(kJ/day) 

mean SD Skipped eating 
occasion (%) 

% of energy 
intake 

Men 
(n= 2119) 

Energy intake 
(kJ/day) 

mean SD Skipped eating 
occasion (%) 

% of energy 
intake 

Women 
(n =2124) 

Energy intake 
(kJ/day) 

mean SD Skipped eating 
occasion (%) 

Breakfast (from 7.00 to 9.00 hours) 15.9 1423.0 893.3 1.3 15,2 1540.5 1000.0 2.0 16,5 1306.2 754.4 0.7 

Mid-morning meal (around 11.00 hours) 5.1 495.4 761.5 35.7 5,4 581.6 868.2 38.7 4,8 408.8 625.9 32.6 

Lunch (from 13.30 to 15.30 hours) 40.4 3643.0 1258.5 0.0 41,1 4125.4 1269.8 0.0 39,8 3161.8 1045.2 0.0 

Mid-afternoon meal (around 18.00 hours) 4.6 431.8 620.5 35.5 3,8 410.9 679.5 44.5 5,4 452.3 555.2 26.4 

Dinner (from 18.30 to 23:00 hours) 28.0 2556.0 1120.5 0.4 28,5 2898.7 1180.3 0.3 27,5 2214.2 941.0 0.5 

Snacking (at any other moment) 6.0 592.5 787.8 32.1 6,0 658.6 880.7 32.7 6,1 525.9 680.7 31.5 

Total energy 100 9141.2 2635.9 - 100 10215.7 2610.4 - 100 8069.3 2186.6 -

* For each meal, the parenthesis includes the time at which it is usually consumed in Spain. 
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3. Distribution of energy intake throughout the day and weight gain: a population-based cohort study in Spain 

Table 2. Age-adjusted baseline characteristics of study participants according to quartiles of percentage of energy intake (EI) in each eating 
occasion*. (Percentages; mean values; n 4243) 

% EI at % EI at mid- % EI at % EI at mid- % EI at % EI at 
breakfast morning meal lunch afternoon meal dinner snacking 

Q1 Q4 Q1 Q4 Q1 Q4 Q1 Q4 Q1 Q4 Q1 Q4 
Sex (% of women) 50.4 49.9 45.5 53.0‡ 50.4 49.7 37.2 57.6‡ 50.0 50.1 48.8 51.0 
Age, year (mean) 51.1 55.7‡ 55.7 49.4‡ 49.7 51.4‡ 53.9 51.2† 54.0 53.3 56.7 48.4‡ 
Level of education (%) 

Primary or less 33.9 29.4 31.6 31.0 28.4 31.2 26.6 32.4 29.8 30.3 31.7 29.0 
Secondary 40.5 37.9 40.5 39.8 38.3 39.9 40.4 41.2 39.2 37.5 37.9 41.8‡ 
University 25.7 32.6† 27.9 29.2 33.2 28.4* 32.9 26.0‡ 31.0 30.2 30.4 29.2 

Tobacco consumption (%) 
Non smoker 42.7 50.8‡ 48.0 52.6 50.2 49.3 44.7 53.6 52.4 45.9 49.5 47.2 
Former smoker 27.7 29.2 28.6 26.8 27.4 28.1 31.9 25.3‡ 26.7 27.6 29.0 27.1 
Current smoker 29.7 20.0 23.4 20.5 22.4 26.7 23.3 21.1 20.8 26.5† 21.5 25.7‡ 

Quitting tobacco during follow-up (%) 5.9 4.6 5.6 6.0 5.7 4.9 5.3 4.9 4.8 6.8 6.0 5.9 
Leisure time physical activity, 25.4 28.9‡ 26.9 25.4 26.0 26.3 27.9 25.9* 27.3 25.4 26.8 26.3 
MET-hour/week (mean) 
Physical activity at home, MET- 39.5 38.2 35.6 39.7‡ 38.4 39.1 34.0 40.4‡ 37.4 39.7 39.2 38.1 
hour/week (mean) 
Physical activity at work (%) 

Sedentary 27.5 24.4 23.1 25.1 24.4 24.3 29.1 22.2 22.7 29.0 25.8 24.2 
Standing 38.3 35.6 35.5 39.7 37.0 39.8 34.4 37.6 38.8 36.2† 36.9 37.9 
Manual or heavy manual labor 4.3 3.8 4.1 5.8 4.7 3.7 4.4 4.5 4.5 4.4 3.6 4.2 
Unemployed 29.9 36.3† 37.3 29.3‡ 33.9 32.2 31.9 35.7‡ 34.0 30.4† 33.7 33.6 

Watching TV, hour/week (mean) 15.4 14.2† 15.3 14.5* 15.2 14.3* 14.2 15.7‡ 14.4 15.0 14.24 15.0* 
Night sleep, hour/day (mean) 6.9 7.0 7.1 6.9‡ 7.0 7.0 7.0 7.0 6.9 7.0 7.0 7.0 
Daytime sleep, minute/day (mean) 17.2 15.2 17.8 16.8 17.7 16.5 17.7 17.8 16.8 16.9 17.0 17.2 
Body mass index, kg/m2 (mean) 27.4 26.7‡ 27.2 26.9 26.7 27.4‡ 27.1 26.8 27.0 27.1 26.8 27.3‡ 
Dieting (%) 8.2 6.6 6.2 6.6 5.8 8.1 4.0 6.7‡ 7.3 6.9 7.7 8.2 
MEDAS score (mean) 7.0 6.6‡ 6.8 6.0‡ 5.9 7.2‡ 6.9 6.1‡ 6.6 6.8‡ 6.8 6.8 
Total energy intake, kcal/day (mean) 2187 2110‡ 2119 2303‡ 2383 2046‡ 2163 2278‡ 2197 2129† 2004 2356‡ 
Coronary disease (%) 0.8 0.6 0.8 1.0 0.5 1.1 0.8 0.9 0.5 0.7 1.0 0.4 
Stroke (%) 0.4 0.2 0.6 0.6 0.4 0.7 0.8 0.6 0.4 0.9 0.6 0.2 
Chronic respiratory disease (%) 6.9 7.1 7.1 6.5 7.1 7.0 5.8 7.5 7.9 6.0 6.3 6.5 



   
 

 

 

   
 

   
  

   
 

   
 

   
 

   
 

                  
                  

                   
                  

                   
 

                  
      

           
          

         
           

          
        

 

3. Distribution of energy intake throughout the day and weight gain: a population-based cohort study in Spain 

Table 2. Cont. 

% EI at % EI at mid- % EI at % EI at mid- % EI at % EI at 
breakfast morning meal lunch afternoon meal dinner snacking 

Q1 Q4 Q1 Q4 Q1 Q4 Q1 Q4 Q1 Q4 Q1 Q4 
Cancer (%) 1.2 1.3 1.1 1.6 1.4 1.2 1.2 1.4 0.8 1.2 1.4 0.4 
Osteoarthritis/Arthritis (%) 25.0 26.7 25.5 26.1 26.0 28.7† 24.8 29.1† 27.5 28.0 28.1 31.6 
Diabetes (%) 10.5 7.1† 7.0 10.6‡ 9.3 8.1 7.5 10.5* 9.3 8.8 8.6 8.4 
Incident disease during follow-up (%) 14.0 15.4 14.9 14.7 14.8 13.5 14.2 15.4 14.9 14.0 14.7 13.9 

Q1: Quartile 1 (lowest); Q4: Quartile 4 (highest); MET, metabolic equivalents; MEDAS, Mediterranean Diet Adherence Screener. * p for trend < 0.05; † p for trend <  
0.01; ‡ p for trend < 0.001.  
*Cut-off points for the quartiles in men: Breakfast Q1:(0-29.3), Q2:(9.4-14.2), Q3:(14.3-20.1), Q4:(20.2-80.1); Mid-morning meal Q1:(0), Q2:(0.1-3.4), Q3:(3.5-10.0),  
Q4:(10.1-62.6); Lunch Q1:(0-34.4), Q2:(34.5-40.8), Q3:(40.9-47.7), Q4:(47.8-81.8); Mid-afternoon meal Q1:(0), Q2:(0.1-3.1), Q3:(3.2-7.7), Q4:(7.8-47.3); Dinner  
Q1:(0-22.4), Q2:(22.5-28.1), Q3:(28.2-34.2), Q4:(34.3-84.5); Snacking Q1:(0), Q2:(0.1-4.5), Q3:(4.6-10.2), Q4:(10.3-47.2).  
*Cut-off points for the quartiles in women: Breakfast Q1:(0-10.8), Q2:(10.9-15.4), Q3:(15.5-20.1), Q4:(20.2-68.7); Mid-morning meal Q1:(0), Q2:(0.1-3.2), Q3:(3.3-
7.1), Q4:(7.2-66.6); Lunch Q1:(0.5-33.2), Q2:(33.3-39.4), Q3:(39.5-46.1), Q4:(46.2-85.6); Mid-afternoon meal Q1:(0), Q2:(0.1-3.9), Q3:(4.0-8.1), Q4:(8.2-45.3); Dinner  
Q1:(0-21.5), Q2:(21.6-27.2), Q3:(27.3-32.6), Q4:(32.7-75.7); Snacking Q1:(0), Q2:(0.1-4.7), Q3:(4.8-9.9), Q4:(10.0-53.8).  



  
 

 
 

    
  

  
 
   
   

   
   
   
   
   

   
     

   
   
   
   

   
     

   
   
   
   

   
      

   
   
   
   

   
     

    
   
   
   

   
     

   
   
   
   

   
 

            
 

             
        

            
           

             
             

           
           

  
  

3. Distribution of energy intake throughout the day and weight gain: a population-based cohort study in Spain 

Table 3. Weight gain (>3 kg) during follow-up according to quartiles of percentage of 
energy intake (EI) in each eating occasion at baseline 
(Odds ratios and 95% confidence intervals) 

OR (95% CI) 
Model 1 

OR (95% CI) 
Model 2 

% EI at breakfast 
Quartile 1 
Quartile 2 
Quartile 3 
Quartile 4 

Ref. 
1.01 (0.80-1.23) 
0.83 (0.65-1.05) 
1.11 (0.88-1.40) 

Ref. 
1.01 (0.79-1.27) 
0.81 (0.63-1.03) 
1.13 (0.89-1.43) 

% EI at mid-morning meal 
Quartile 1 
Quartile 2 
Quartile 3 
Quartile 4 

Ref. 
1.00 (0.79-1.26) 
0.98 (0.78-1.24) 

1.35 (1.10-1.71)* 

Ref. 
1.00 (0.79-1.26) 
1.00 (0.79-1.27) 
1.28 (0.98-1.63) 

% EI at lunch 
Quartile 1 
Quartile 2 
Quartile 3 
Quartile 4 

Ref. 
0.77 (0.62-0.96)* 
0.76 (0.61-0.95)* 
0.57 (0.45-0.73)‡ 

Ref. 
0.79 (0.63-0.99)* 
0.82 (0.64-1.04) 
0.62 (0.47-0.80)‡ 

% EI at mid-afternoon meal 
Quartile 1 
Quartile 2 
Quartile 3 
Quartile 4 

Ref. 
1.02 (0.81-1.28) 
1.05 (0.84-1.32) 
1.09 (0.86-1.36) 

Ref. 
0.96 (0.76-1.21) 
0.95 (0.75-1.20) 
0.94 (0.75-1.19) 

% EI at dinner 
Quartile 1 
Quartile 2 
Quartile 3 
Quartile 4 

Ref. 
1.02 (0.81-1.29) 
0.96 (0.76-1.22) 
1.01 (0.80-1.27) 

Ref. 
1.01 (0.80-1.27) 
0.96 (0.76-1.22) 
1.02 (0.81-1.30) 

% EI at snacking 
Quartile 1 
Quartile 2 
Quartile 3 
Quartile 4 

Ref. 
0.88 (0.70-1.11) 
1.05 (0.84-1.31) 
0.94 (0.74-1.18) 

Ref. 
0.88 (0.70-1.11) 
1.06 (0.84-1.33) 
0.93 (0.73-1.18) 

* p < 0.05; † p < 0.01; ‡ p < 0.001 

Model 1: Adjusted for sex, age (18-29 years, 30-44 years. 45-64 years. ≥65 years) and total energy intake. 
Model 2: Further adjustment for education level (≤primary, secondary, ≥university), tobacco consumption 
(never, former, current), quitting smoking during follow-up (yes/no), leisure time physical activity in MET-
h/week (quartiles), physical activity at home in MET-h/week (quartiles), physical activity at work (sedentary, 
standing, manual or heavy manual labour, unemployed), watching TV in hours/day (quartiles), night sleep in 
hours/day (quartiles), daytime sleep in min/day (quartiles), body mass index at baseline (quartiles), dieting 
(yes/no), MEDAS score, chronic coronary disease (yes/no), stroke (yes/no), chronic respiratory disease 
(yes/no), cancer (yes/no), osteoarthritis/arthritis (yes/no), diabetes (yes/no), and incident disease during follow-
up (yes/no). 
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3. Distribution of energy intake throughout the day and weight gain: a population-based cohort study in Spain 

Table 4. Distribution of percentage of energy intake (EI) at several eating occasions,  
frequency of skipped eating occasions and %EI from macronutrients and alcohol,  
according to quartiles (Q) of %EI at lunch*  
(Mean values; percentages)  

% EI at lunch 
Q1 Q2 Q3 Q4 

% of energy intake from: 
Breakfast (mean) 18.3 17.0 15.4 12.8 
Mid-morning meal (mean) 8.9 5.1 3.6 2.7 
Lunch (mean) 28.1 37.1 43.4 53.3 
Mid-afternoon meal (mean) 7.2 4.8 3.9 2.5 
Dinner (mean) 29.0 29.3 28.5 25.1 
Snacking (mean) 8.5 6.7 5.3 3.6 

Frequency of skipped eating occasion 
Breakfast (%) 1.4 0.4 1.1 2.7 
Mid-morning meal (%) 24.5 31.0 40.0 46.9 
Mid-afternoon meal (%) 24.5 29.9 37.1 50.4 
Dinner (%) 0.3 0.0 0.1 1.3 
Snacking (%) 24.7 27.0 31.7 44.5 

% of EI from macronutrients and alcohol 
Proteins (mean) 20.6 21.0 20.9 20.6 
Lipids (mean) 35.8 36.3 36.9 38.5 
Carbohydrates (mean) 41.0 39.7 38.2 36.4 
Alcohol (mean) 2.5 2.9 3.9 4.5 

* All values were age-adjusted. 
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3. Distribution of energy intake throughout the day and weight gain: a population-based cohort study in Spain 

Figure 1: Association between the quartiles of percentage of energy intake at lunch and >3 kg weight gain stratified by sex. Odds ratios and their 
95 % confidence interval are presented. Analyses were adjusted as in model 2. 



   
 

 

       
  

 

 

3. Distribution of energy intake throughout the day and weight gain: a population-based cohort study in Spain 

Figure 2: Association between quartiles of percentage of energy intake at lunch and >3 kg weight gain stratified by BMI, dieting and Mediterranean 
Diet Adherence Screener (MEDAS) score. Odds ratios and their 95 % confidence interval are presented. Analyses were adjusted as in model 2. 



  
 

 
 

  

    

       

          

      

    

         

         

        

        

   

  

     

         

        

     

      

         

        

 

    

         

     

     

         

       

    

       

           

 

       

        

        

3. Distribution of energy intake throughout the day and weight gain: a population-based cohort study in Spain 

3.4 Discussion 

In this adult population of a Mediterranean country, where lunch is the main meal of 

the day, a higher %EI at lunch was associated with a lower risk of weight gain. This association 

was stronger in women and in those with overweight or obesity. Those with higher %EI at lunch 

also had higher intake of fat but lower intake of carbohydrates. Finally, we did not find an 

association between %EI at dinner or at any other eating occasion and weight gain. 

Our results are consistent with those from a cross-sectional analysis including 239 

subjects – the ‘Los !ngeles Energetics Study’/ In this study, participants with ≥33% of their EI at 

12/00 hours were less likely to be overweight or obese/ However, having ≥33% of EI at dinner 

was associated with a greater frequency of weight gain, although the association lost statistical 

significance when the analysis was restricted to true reporters (based on doubly labelled water 

to measure EI).79 

Our results are in line with pioneering studies of the association between chronobiology 

and chronic diseases. A study among seventy women found that the presence of 

chronodisruption was related to obesity and the metabolic syndrome.63 Moreover, in another 

study, obese women had lower sleep efficiency, ate more quickly and spent more time eating 

and sleeping during daytime than women with normal weight. Moreover, a higher EI in obese 

women was related to a higher frequency of snacking at night.64 Finally, a common type 2 

diabetes risk variant in MTNR1B has been linked to a worse effect of melatonin on glucose 

tolerance.65 

Most studies on the health effects of the distribution of EI during the day have focused 

on night-eaters, skipping breakfast and on the number of eating occasions. In a study with 117 

healthy non-diabetic Pima Indians and forty-five white participants, 36% were night-eaters. 

After 6 months of follow-up, night-eaters gained more weight than non-night-eaters.80 In 

another prospective study in Copenhagen with 2111 individuals, night eating was not associated 

with subsequent weight gain, except among obese women who further increased their weight.81 

Unfortunately, in our study, night eating was included as part of snacking, and therefore we 

cannot distinguish night-eaters from people who have a snack at any other moment. However, 

given that snacking represented only 6% of EI, and that snacking was not associated with weight 

gain, it is unlikely that night-time snacking could have influenced weight gain. 

With regard to breakfast, most data on its weight effects derive from cross-sectional and 

a few longitudinal studies, which do not provide definite causal evidence;82 however, most data 

suggest that having breakfast on almost all or all of the days is associated with a reduced 
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3. Distribution of energy intake throughout the day and weight gain: a population-based cohort study in Spain 

frequency of overweight or obesity.83,84 One possible mechanism of this association is that 

breakfast skippers overcompensate EI by consuming higher amounts of high energy-dense food 

later in the day due to a poor appetite control.82 In our study, only 1.3% of individuals skipped 

breakfast. Thus, it is unlikely to represent an important risk factor for weight gain in our 

population. 

There is also uncertain evidence about the effect of the number of eating occasions on 

body weight. It has been suggested that a high number of meals and snacks may be linked to a 

higher total EI, and that eating more than three meals a day may be associated with overweight 

and obesity.78 A reduction in satiety response to dietary fibre has been postulated as a possible 

mechanism.78 On the other hand, reducing the number of eating occasions has been related to 

a better lipid profile in obese individuals.85 In our study, the main results also held after 

additional adjustment for the number of eating occasions, and no association was found 

between the number of eating occasions and weight gain (data not shown). 

There is also recent interest on whether the timing of food intake may affect weight 

regulation. In one study with animals, an unusual food timing was associated with weight gain.60 

Moreover, in animals, results from another study suggest that timed feeding v. ad 

libitum feeding could prevent obesity and even reverse the harmful effects of a high-fat diet.86 

In addition, experimental studies on circadian misalignment in humans (e.g. jet-lag and night-

shift work) have shown decreased leptin concentrations, increased glucose and insulin levels, 

reversed daily cortisol rhythm and increased mean arterial pressure.87 Moreover, there is some 

evidence that light at night increases body mass by shifting the time of food intake59 and that 

short sleep duration or sleep deprivation are related to obesity.88-90 Finally, the timing of dessert 

consumption can also be of relevance. In a randomised, cross-over study with children aged 2– 

5 years, serving the dessert with the main course reduced total EI, regardless of the portion size 

of the main course.91 

A large part of the biological activity shows a circadian rhythm, and it has been suggested 

that between 10 and 30 % of the human genome is under the circadian clock control.92 There is 

evidence of the existence of a central circadian clock that synchronises peripheral circadian 

clocks (e.g. in the liver, intestine, pancreas and peripheral fat tissue), and that these peripheral 

clocks are sensitive to food timing. Indeed, timing of food along with sleeping and light/dark 

conditions59 are considered natural synchronisers of peripheral and central clocks.93 Of 

particular relevance is the effect of food timing on peripheral fat because many genes expressed 

in adipose tissue follow a circadian rhythm, which appears to be critical in accumulating or 
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3. Distribution of energy intake throughout the day and weight gain: a population-based cohort study in Spain 

mobilising fat.94 In addition, hormonal secretion and hunger are under circadian control.93,95 

Thus, a significant EI at the ‘wrong time’ of the day may alter peripheral circadian clocks, 

resulting in dysregulation of metabolism and weight.96 However, despite substantial research on 

the effect of food timing on weight regulation,97 we still lack a complete understanding of its 

mechanisms. These may nonetheless include changes in satiety,79 decreased insulin sensitivity 

and glucose tolerance,61 changes in the circadian regulation of adipose tissue94 and alterations 

in the circadian rhythm of cortisol and other hormones.55 

The main strength of this study is that participants were selected from the general 

population. Moreover, the analyses were adjusted for an important number of potential 

confounders including total EI, time devoted to sleep at night and during daytime, diet quality 

and many other lifestyle factors. The main limitation is that weight was self-reported. However, 

at baseline, we obtained both measured and self-reported weight and they showed high 

correlation (r 0.98), with a mean under-reporting of 0.74 kg. In addition, there was substantial 

cohort attrition, particularly because of individuals with missing data on weight change; 

however, it is difficult to know its possible effect on the study results. However, we did not find 

important differences in socio-demographic, lifestyle and clinical characteristics between 

subjects lost to follow-up and those contacted. Another limitation could be under-reporting of 

EI, but there is no reason to suggest that it was different across eating occasions. Moreover, 

although food consumption data were collected with a valid diet history, EI throughout the day 

has not been validated. Finally, the results may not apply to countries where lunch is not the 

main meal, and therefore specific studies are needed in such populations. 

In conclusion, a higher %EI at lunch, the main meal of the day in Spain, was associated 

with a lower risk of weight gain. If this finding is confirmed in future studies, it may help improve 

the effectiveness of weight-control interventions,98 by emphasising the appropriate distribution 

of EI throughout the day. 
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4. A Higher Intake of Energy at Dinner Is Associated with Incident Metabolic Syndrome: A Prospective Cohort 

Study in Older Adults 

4.1 Introduction 

The understanding of circadian rhythm and its impact on health has increased 

substantially in the last decade. The circadian system is regulated by a central clock located in 

the suprachiasmatic nucleus and various peripheral tissues located in other brain regions, as 

well as in the liver, pancreas, gut, white adipose tissue, and skeletal muscle, which act as 

peripheral clocks. The suprachiasmatic nucleus acts via the autonomic nervous system, and is 

responsible for the circadian secretion of hormones, as well as the regulation of the temperature 

throughout the day.99 Neural and endocrine, as well as behavioral, functions have 24 h rhythms 

and are major determinants of human metabolism.100 

Some external exposures act as synchronizers of the central and the peripheral clocks. 

These synchronizers are also known as time-givers (“zeitgebers” in German)/53 The most relevant 

of them are the cycles of light and dark exposure.101 However, there is increasing evidence that 

nutritional timing, specifically the time of day when energy is consumed, is also part of this 

regulation.56,100 

The interest in chronobiology has increased from the 1990s due to the identification of 

relevant genetic determinants of circadian rhythmicity (e.g., the CLOCK gene and its association 

with obesity).92,102 Along with this, the detrimental influence of the misalignment of clocks (such 

as eating late, shift work, or jet lag) on metabolic risk has contributed further to the emerging 

body of evidence.79,103 

A higher energy intake (EI) at night is associated with a higher risk of obesity,79 while a 

higher EI at lunch protects against weight gain.104 In addition, it has been suggested that avoiding 

eating late could be a strategy to help prevent obesity and the metabolic syndrome (MetS).56 

Accordingly, this study aimed to assess, for the first time in the literature, the prospective 

association between the distribution of EI throughout the day and MetS among community-

living older adults in Spain who are at high risk of developing MetS. 

4.2 Materials and Methods 

4.2.1 Study Design and Participants 

Data at baseline were taken from the ENRICA Study, which is a representative sample of 

the noninstitutionalized Spanish population aged 18 and over, recruited in 2008–2010.67 Those 

aged 60 years or older formed the Seniors-ENRICA-1 cohort which was established at baseline 

with 3518 participants who were followed up until 2015. 
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4. A Higher Intake of Energy at Dinner Is Associated with Incident Metabolic Syndrome: A Prospective Cohort 
Study in Older Adults 

Baseline information was collected in three stages: a telephone interview to obtain data 

on health status, lifestyle, morbidity, and use of health services; a first home visit, performed by 

a nurse, to obtain blood samples; and a second home visit by trained staff to obtain information 

on diet and to perform a physical examination. In 2015, the information was updated for those 

participants who were still alive and agreed to a new blood collection, constituting a subsample 

of 1821 older adults. Of these, we excluded 676 individuals with MetS at baseline, 72 with 

missing values that were unable to estimate MetS at baseline, 453 lacking data to calculate the 

incidence of MetS in 2015, and 13 with missing values for covariates. Thus, the final analytical 

sample comprised 607 individuals. 

All study participants gave written informed consent. The Clinical Research Ethics 

Committee of the La Paz University Hospital approved the study. 

4.2.2 Dietary Assessment 

Food consumption in the previous year was collected using a validated computerized 

dietary history.70 This tool allowed for the collection of 860 foods, as well as 184 recipes for 

dishes commonly eaten in Spain, and includes 127 sets of digitized photographs to better 

estimate the size of food portions. It automatically converts the food into nutrients and energy 

using standard Spanish food composition tables.71 

Participants were asked to report all the food consumed and when it was eaten at least 

once every 15 days. Participants were questioned about food consumed at each eating occasion, 

as follows. “What do you usually eat for breakfast, lunch, dinner, etc/?”/ ! total of six eating 

occasions were considered: breakfast, mid-morning snack, lunch, afternoon snack, dinner, and 

snacking (food consumed between the previous occasions, including before bedtime and when 

going out for a drink). To facilitate reporting of the food eaten at lunch and dinner, we asked 

about the first and second courses, desserts, and beverages consumed, as well as about bread 

and wine. The mean time to complete the diet history was 54 min. 

4.2.3 Metabolic Syndrome 

MetS is defined, according to the harmonized definition,8 as having at least three of the 

following five criteria. abdominal obesity (waist circumference of ≥102 cm in men and ≥88 cm 

in women)- fasting blood glucose of ≥100 mg/dL or receiving antidiabetic drugs- systolic/diastolic 

blood pressure of ≥130/ 85 mmHg or receiving antihypertensive drugs; serum triglycerides of 

≥150 mg/dL- and serum HDL-cholesterol of <40 mg/dL in men and <50 mg/dL in women. 

Waist circumference was measured with a flexible inelastic belt-type tape at the 

midpoint between the last rib and the iliac crest, at the end of a normal exhalation.13 Blood 
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4. A Higher Intake of Energy at Dinner Is Associated with Incident Metabolic Syndrome: A Prospective Cohort 

Study in Older Adults 

glucose was determined in 12 h fasting blood samples by the glucose oxidase method.105 Blood 

pressure was measured using standard procedures with a validated automatic blood pressure 

device.106 Serum triglycerides were measured by the glycerol phosphate oxidase method, and 

serum HDL-cholesterol by direct elimination/catalase method. 

4.2.4 Potential Confounders 

At baseline, study participants reported sociodemographic and lifestyle variables, 

including age, sex, level of education (primary or less, secondary, or university), smoking status 

(never, former, current), and being an ex-drinker. Physical activity at leisure time and in the 

household was obtained with the questionnaire used in the EPIC-cohort of Spain and was 

expressed in metabolic equivalents (MET-h/week).75 Participants also reported the number of 

hours spent watching TV and sleeping (summing up sleeping time at night and during the day). 

Weight and height were measured using standard procedures, and the body mass index (BMI) 

was calculated dividing weight by squared height (kg/m2). Dieting was evaluated with the 

question. “!re you on a weight loss diet?”/ Diet quality was assessed using the MED!S index of 

adherence to the Mediterranean diet. To obtain a high MEDAS index indicates a high adherence 

to the Mediterranean diet.77 Finally, participants reported if they had been diagnosed with 

coronary heart disease, chronic respiratory disease, cancer at any site, osteoarthritis, or arthritis. 

4.2.5 Statistical Analysis 

Logistic regression models were built to assess the risk of incident MetS. The main 

independent variables were the percentage of EI at each eating occasion, and the study 

associations were expressed with odds ratios (OR) and their 95% confidence interval (CI). The 

percentage of EI was modelled as sex-specific quartiles, and the lowest quartile was the 

reference group. Two logistic models were built. Model 1 was adjusted for sex, age, education 

level, and total EI (kcal/day). Model 2 was additionally adjusted for smoking status, ex-drinker 

status, leisure-time physical activity, physical activity in the household, hours/day spent 

watching TV, total sleeping time (hours/day), BMI, dieting, ethanol intake (g/day), and MEDAS 

score, as well as the baseline chronic diagnosed diseases: coronary disease, chronic respiratory 

disease, cancer at any site, osteoarthritis, or arthritis. 

The same type of analysis was performed for each component of the MetS. In addition, 

an isocaloric substitution model was built to evaluate the effect of replacing the percentage of 

EI at breakfast by same amount of EI at dinner on the risk of incident MetS.107 Similar analyses 

were performed for replacing EI% at lunch or at any other occasion with the same EI% at dinner. 
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4. A Higher Intake of Energy at Dinner Is Associated with Incident Metabolic Syndrome: A Prospective Cohort 
Study in Older Adults 

All analyses were performed with STATA software v.13.1 (College Station, TX, USA: 

StataCorp LP). p-Values of <0.05 were considered as statistically significant. 

4.3 Results 

Among the 607 participants, 312 (51.4%) were women, and mean age was 67.3 years 

(SD 5.3). The main eating occasions were breakfast, lunch, and dinner, with an EI% of 17.1%, 

41.9%, and 27.8%, respectively (Table 5). Compared with participants in the lowest quartile of 

EI% at breakfast, those in the highest quartile were less frequently current smokers, had less 

total EI, spent less time watching TV, had a lower BMI, and showed lower ethanol intake. 

Participants in the highest quartile of EI% at lunch were less educated, with lower total EI, and 

higher adherence to a Mediterranean diet, and those in the highest quartile of EI% at dinner 

were more frequently current smokers (Table 6). 

At the end of the follow-up period, 101 (16.6%) of the participants developed MetS. Of 

them, 50 were men and 51 were women. The risk of MetS increased across quartiles of EI% at 

dinner: the OR (95% CI) of MetS was 1 for the lowest quartile, 1.71 (0.85–3.46) for the second, 

1.70 (0.81–3.54) for the third, and 2.57 (1.14–5.79) for the highest quartile (p for trend: 0.034). 

No associations were found for EI% any other eating occasion (Table 7). 

Isocaloric replacement of EI at breakfast with the same amount of EI at dinner was 

associated with a higher risk of MetS, so that the OR (95% CI) of MetS was 2.73 (1.31–5.68; p for 

trend: 0.011) for the highest vs. lowest quartile of EI at dinner. Likewise, replacement of EI at 

any other time of the day with the same percentage of EI at dinner was associated with a higher 

risk of MetS (OR: 2.42; 95% CI: 1.22–4.81; p for trend: 0.019) (Table 8). 

With regard to the five components of the MetS, we found that participants in the 

highest vs. lowest quartile of EI at dinner had a higher risk of abdominal obesity (OR 2.15; (95% 

CI: 1.08–4.25; p for trend: 0.013), as well as a significant tendency for elevated triglyceridemia 

(p for trend: 0.025) (Table 9). 
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4. A Higher Intake of Energy at Dinner Is Associated with Incident Metabolic Syndrome: A Prospective Cohort 

Study in Older Adults 

Table 5. Energy intake at each eating occasion, and percentage of individuals who 
skipped each eating occasion, among the study participants at baseline. Seniors-
ENRICA-1 cohort study, 2008-2010. N=607 

Energy intake (kcal/d) 
Eating occasions % of energy Mean SD Skipping eating 

intake occasion (%) 
Breakfast 17.1 339.2 210.5 0.7 
Mid-morning snack 4.2 89.0 151.8 41.5 
Lunch 41.9 840.4 284.7 0.0 
Afternoon snack 4.0 82.3 118.2 38.4 
Dinner 27.8 563.2 235.7 0.3 
Snacking 5.0 108.3 165.9 37.7 
Total energy 100.0 2022.5 559.4 -
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4. A Higher Intake of Energy at Dinner Is Associated with Incident Metabolic Syndrome: A Prospective Cohort 
Study in Older Adults 

Table 6. Baseline characteristics of the participants in the Seniors-ENRICA-1 cohort 
study according to sex-specific quartiles of the percentage of energy intake at breakfast, 
lunch, and dinner. (N = 607) 

(Standard deviation for continuous variables) 

Breakfast† Lunch† Dinner† 
Q4 Q1 Q4 

51.7 51.3 51.7 
67.7 67.4 67.2 
(5.6) (5.8) (5.6) 

45.7 39.5 42.4 
31.8 30.9 31.1 
22.5* 29.6 26.5 

58.9 62.5 53.0 
33.1 30.3 30.5 
8.0 7.2 16.6** 
6.0 7.9 6.0 

1924*** 2016 2001 
(501) (609) (516) 
22.3 23.9 24.4 

(16.6) (18.5) (15.3) 
38.6 38.0 33.8 

(28.8) (32.2) (28.4) 
15.9 16.4 17.7 

(11.2) (12.6) (10.1) 
7.3 7.2 7.2 

(1.5) (1.4) (1.3) 
27.6 26.7 27.2 
(4.0) (3.6) (3.2) 
9.3 6.6 8.6 

12.7 11.2 14.6 
(16.7) (16.8) (22.2) 
7.8*** 7.3 7.6 
(1.7) (1.9) (1.6) 

0 1.3 0 
8.0 6.6 6.0 
1.3 2.0 2.7 

41.7 37.5 38.4 
6.0 7.2 13.9 

Q1, quartile 1 (lowest); Q4, quartile 4 (highest); MET, metabolic equivalents; MEDAS, Mediterranean Diet 
Adherence Screener.* p for trend <0.05, ** p for trend <0.01, *** p for trend < 0.001. 

† Cut-off points for the quartiles in men: breakfast Q1: (0–11.0), Q2: (11.0–15.2), Q3: (15.2–21.0), Q4: (21.2–62.1); 
lunch Q1: (14.8–36.5), Q2: (36.6–43.4), Q3: (43.4–49.6), Q4: (49.7–71.0); dinner Q1: (0–22.4), Q2: (22.5–28.6), Q3: 
(28.6–34.1), Q4: (34.1–59.8). Cut-off points for the quartiles in women: breakfast Q1: (0.1–11.5), Q2: (11.7–17.0), 
Q3: (17.1–21.5), Q4: (21.5–67.4); lunch Q1: (11.0–34.0), Q2: (34.1–40.8), Q3: (40.8–46.0), Q4:(46.1–78.4); dinner 
Q1: (0–21.0), Q2: (21.1–27.4), Q3: (27.5–32.0), Q4: (32.0–53.8). 

Q1 Q4 Q1 

Sex, % of women 51.3 51.7 51.3 
Age (years), mean 67.0 67.6 66.9 

(5.6) (6.2) (5.9) 
Level of education, % 

Primary or less 42.1 41.1 35.5 
Secondary 31.6 31.8 30.9 
University 26.3 27.2 33.6 

Smoking status, % 
Never smoker 53.3 66.2 53.3 
Former smoker 32.2 27.8 33.6 
Current smoker 14.5 6.0** 13.2 

Ex-drinker, % 11.2 6.0 12.5 
Energy (kcal/day), mean 2095 1951** 2184 

(562) (591) (637) 
Physical activity during leisure time 23.2 25.7 24.1 
(MET-hour/week), mean (14.6) (18.1) (17.2) 
Physical activity in the household 37.8 35.6 37.4 
(MET-hour/week), mean (31.2) (28.2) (30.9) 
Watching TV (hour/week), mean 18.2 15.4* 15.4 

(11.6) (10.4) (10.3) 
Sleeping time (hour/day), mean 7.2 7.2 7.1 

(1.2) (1.3) (1.5) 
Body mass index (kg/m2), mean 27.5 26.8* 26.7 

(3.4) (3.6) (3.3) 
Dieting, % 10.5 6.0 7.2 
Ethanol intake (g/day), mean 15.6 8.6** 9.8 

(22.1) (15.1) (17.9) 
MEDAS score, mean 7.8 7.4 6.8 

(1.8) (1.7) (2.0) 
Coronary disease, % 0 2.0 0.7 
Chronic respiratory disease, % 9.2 6.6 5.9 
Cancer, % 2.6 2.0 2.0 
Osteoarthritis, % 33.6 38.4 36.8 
Arthritis, % 12.5 7.3 11.2 
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4. A Higher Intake of Energy at Dinner Is Associated with Incident Metabolic Syndrome: A Prospective Cohort 

Study in Older Adults 

Table 7. Odds ratios (95% confidence interval) for incident metabolic syndrome (2008/10 
to 2015) according to sex-specific quartiles of the percentage of energy at each eating 
occasion among participants in the Seniors-ENRICA-1 cohort study. (N=607) 

Model 1 Model 2 
N/cases OR (95% CI) OR (95%CI ) 

Breakfast† 607/101 
Quartile 1 (lowest) 152/25 Ref Ref 
Quartile 2 152/33 1.51 (0.83 – 2.73) 1.46 (0.78 – 2.75) 
Quartile 3 152/26 1.12 (0.58 – 2.17) 1.28 (0.64 – 2.55) 
Quartile 4 (higest) 151/17 0.79 (0.35 – 1.80) 0.84 (0.35 – 1.97) 
p for trend 0.619 0.815 

Mid-morning snack† 607/101 
Quartile 1 (lowest) 252/43 Ref Ref 
Quartile 2 119/23 1.32 (0.73 – 2.41) 1.26 (0.67 – 2.37) 
Quartile 3 118/18 0.98 (0.51 – 1.86) 0.97 (0.50 – 1.91) 
Quartile 4 (higest) 118/17 1.14 (0.55 – 2.36) 1.09 (0.51 - 2.34) 
p for trend 0.838 0.910 

Lunch† 607/101 
Quartile 1 (lowest) 152/22 Ref Ref 
Quartile 2 152/24 0.99 (0.51 – 1.91) 1.05 (0.53 – 2.08) 
Quartile 3 152/24 0.99 (0.50 – 1.98) 1.10 (0.53 – 2.29) 
Quartile 4 (higest) 151/31 1.62 (0.73 – 3.58) 1.71 (0.73 – 3.97) 
p for trend 0.300 0.258 

Afternoon snack† 607/101 
Quartile 1 (lowest) 233/39 Ref Ref 
Quartile 2 125/25 1.34 (0.74 – 2.41) 1.31 (0.71 – 2.43) 
Quartile 3 125/19 0.96 (0.51 – 1.81) 1.12 (0.58 – 2.17) 
Quartile 4 (higest) 124/18 1.07 (0.53 – 2.15) 1.05 (0.50 – 2.19) 
p for trend 0.978 0.871 

Dinner† 607/101 
Quartile 1 (lowest) 152/16 Ref Ref 
Quartile 2 152/27 1.76 (0.89 – 3.46) 1.71 (0.85 – 3.46) 
Quartile 3 152/26 1.69 (0.84 – 3.41) 1.70 (0.81 – 3.54) 
Quartile 4 (higest) 151/32 2.31 (1.06 – 5.03)* 2.57 (1.14 – 5.79)* 
p for trend 0.054 0.034 

Snacking† 607/101 
Quartile 1 (lowest) 229/38 Ref Ref 
Quartile 2 127/22 1.09 (0.60 – 2.00) 1.17 (0.62 – 2.19) 
Quartile 3 126/24 1.30 (0.71 – 2.37) 1.15 (0.61 – 2.16) 
Quartile 4 (higest) 125/17 1.00 (0.48 – 2.10) 1.07 (0.49- 2.34) 
p for trend 0.723 0.748 

*p < 0.05. 

Model 1 were mutually adjusted for the percentage of energy intake consumed at each eating occasions as appropriate, 
as well as sex, age, level of education (primary or less, secondary or university), and total energy intake (kcal/day). 

Model 2 was adjusted as model 1 plus smoking status (never, former and current smokers), ex-drinker status, leisure-
time physical activity (MET-hour/week), physical activity in the household (MET-hour/week), watching TV 
(hours/week), sleeping time (hours/day), body mass index (kg/m2), dieting, ethanol intake (g/day), Mediterranean Diet 
Adherence Screener score, coronary diseases, chronic respiratory disease, cancer, osteoarthritis, and arthritis 
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4. A Higher Intake of Energy at Dinner Is Associated with Incident Metabolic Syndrome: A Prospective Cohort 
Study in Older Adults 

† Cut-off points for the quartiles in men: breakfast Q1: (0–11.0), Q2: (11.0–15.2), Q3: (15.2–21.0), Q4: (21.2–62.1); 
mid-morning snack Q1: (0), Q2: (0.1–3.0), Q3: (3.1–8.9), Q4: (9.0–51.8); lunch Q1: (14.8–36.5), Q2: (36.6–43.4), Q3: 
(43.4–49.6), Q4: (49.7–71.0); Afternoon snack Q1: (0), Q2: (0–2.9), Q3: (3.0–6.6), Q4: (6.7–34.9); dinner Q1: (0– 
22.4), Q2: (22.5–28.6), Q3: (28.6–34.1), Q4: (34.1–59.8); snacking Q1: (0), Q2: (0.2–3.9), Q3: (3.9–8.2), Q4: (8.3– 
40.2). Cut-off points for the quartiles in women: breakfast Q1: (0.1–11.5), Q2: (11.7–17.0), Q3: (17.1–21.5), Q4: (21.5– 
67.4); mid-morning snack Q1: (0), Q2: (0.2–3.3), Q3: (3.3–6.8), Q4: (6.9–32.1); lunch Q1: (11.0–34.0), Q2: (34.1– 
40.8), Q3: (40.8–46.0), Q4:(46.1–78.4); afternoon snack Q1: (0), Q2: (0.3–3.5), Q3: (3.5–7.5), Q4: (7.5–31.3); dinner 
Q1: (0–21.0), Q2: (21.1–27.4), Q3: (27.5–32.0), Q4: (32.0–53.8); snacking Q1: (0), Q2: (0.2–3.7), Q3: (3.7–9.7), Q4: 
(9.7–53.8). 
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4. A Higher Intake of Energy at Dinner Is Associated with Incident Metabolic Syndrome: A Prospective Cohort 

Study in Older Adults 

Table 8: Odds ratios (95% confidence interval) for incident metabolic syndrome among 
participants in the Seniors-ENRICA-1 cohort study (2008/10 to 2015) when iso-caloric 
substitution of breakfast, lunch, or all other occasions of energy intake for energy intake 
at dinner. (N=607) 

Model 1 Model 2 
n/events OR (95% CI) OR (95% CI) 

Iso-caloric substitution of energy 607/101 
consumed at breakfast for dinner 
Quartile 1 (lowest) 152/16 Ref Ref 
Quartile 2 152/27 1.79 (0.92 – 3.52) 1.76 (0.87 – 3.55) 
Quartile 3 152/26 1.76 (0.89 – 3.49) 1.75 (0.85 – 3.57) 
Quartile 4 (highest) 151/32 2.53 (1.26 – 5.07)** 2.73 (1.31 – 5.68)** 

p for trend 0.014 0.011 

Iso-caloric substitution of energy 
consumed at lunch for dinner 
Quartile 1 (lowest) 152/16 Ref Ref 
Quartile 2 152/27 1.72 (0.87 – 3.37) 1.70 (0.84 - 3.43) 
Quartile 3 152/26 1.58 (0.80 – 3.15) 1.57 (0.76 – 3.22) 
Quartile 4 (highest) 151/32 1.97 (0.97- 4.01) 2.17 (1.03 – 4.54)* 

p for trend 0.095 0.065 

Iso-caloric substitution of energy 
consumed at all other occasions for 
dinner 
Quartile 1 (lowest) 152/16 Ref Ref 
Quartile 2 152/27 1.79 (0.92 – 3.49) 1.76 (0.88 – 3.53) 
Quartile 3 152/26 1.70 (0.87 – 3.32) 1.66 (0.82 – 3.36) 
Quartile 4 (highest) 151/32 2.26 (1.18 – 4.35)* 2.42 (1.22 – 4.81)* 

p for trend 0.024 0.019 

* p <0.05, ** p <0.01.  

Models 1 and 2 were adjusted as in Table 7.  
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4. A Higher Intake of Energy at Dinner Is Associated with Incident Metabolic Syndrome: A Prospective Cohort 
Study in Older Adults 

Table 9: Odds ratios (95% confidence interval) for the incidence of each component of 
metabolic syndrome according to sex-specific quartiles of percentage of energy intake at 
dinner among participants in the Seniors-ENRICA-1 cohort study (2008/10 to 2015) 

Model 1 Model 2 
n/events OR (95% CI) n/ events OR (95% CI) 

Abdominal Obesity 647/176 647/176 
Quartile 1 (lowest) 162/36 Ref 162/36 Ref 
Quartile 2 162/40 1.18 (0.69 – 2.02) 162/40 1.10 (0.61 – 2.00) 
Quartile 3 162/48 1.62 (0.93 – 2.81) 162/48 1.82 (0.98 -3.36) 
Quartile 4 (higest) 161/52 1.99 (1.06 – 3.74)* 161/52 2.15 (1.08 – 4.25)* 

p for trend 0.020 0.013 

Hyperglucemia/diabetes 834/150 834/150 
Quartile 1 (lowest) 209/37 Ref 209/37 Ref 
Quartile 2 209/29 0.75 (0.44 – 1.30) 209/29 0.75 (0.43 – 1.30) 
Quartile 3 209/38 1.04 (0.61 – 1.77) 209/38 1.00 (0.58 – 1.73) 
Quartile 4 (higest) 207/46 1.40 (0.75 – 2.59) 207/46 1.34 (0.72 – 2.50) 

p for trend 0.239 0.308 

Arterial hypertension 241/102 241/102 
Quartile 1 (lowest) 61/28 Ref 61/28 Ref 
Quartile 2 60/23 0.81 (0.37 – 1.74) 60/23 0.79 (0.36 – 1.76) 
Quartile 3 61/23 0.73 (0.33 – 1.58) 61/23 0.75 (0.33 -1.70) 
Quartile 4 (higest) 59/28 0.87 (0.36 – 2.11) 59/28 0.86 (0.33 – 2.22) 

p for trend 0.656 0.671 

Hypertriglyceridemia 1141/98 1141/98 
Quartile 1 (lowest) 286/24 Ref 286/24 Ref 
Quartile 2 285/18 0.80 (0.42 – 1.52) 285/18 0.82 (0.42 – 1.60) 
Quartile 3 286/28 1.53 (0.82 – 2.87) 286/28 1.66 (0.87 – 3.19) 
Quartile 4 (higest) 284/28 1.92 (0.93 – 3.97) 284/28 2.07 (0.98 – 4.35) 

p for trend 0.038 0.025 

Low HDL-cholesterol 1109/156 1109/156 
Quartile 1 (lowest) 278/36 Ref 278/36 Ref 
Quartile 2 277/43 1.20 (0.74 – 1.96) 277/43 1.18 (0.71 -1.95) 
Quartile 3 277/40 1.06 (0.64 – 1.77) 277/40 1.12 (0.66 – 1.92) 
Quartile 4 (higest) 277/37 0.86 (0.47- 1.57) 277/37 0.89 (0.48 – 1.67) 

p for trend 0.626 0.773 

*p < 0.05.  

Models 1 and 2 were adjusted as in Table 7  

52  



   

 

 
 

  

          

         

            

         

           

       

 

     

      

         

     

      

       

      

         

     

   

        

     

          

    

        

          

  

         

  

     

        

       

        

          

4. A Higher Intake of Energy at Dinner Is Associated with Incident Metabolic Syndrome: A Prospective Cohort 

Study in Older Adults 

4.4 Discussion 

In this prospective cohort of older adults, a higher percentage of EI at dinner was 

associated with an increased risk of MetS. Replacing the EI consumed at breakfast or at any 

other eating occasion with the same amount of energy at dinner also increased the risk of the 

MetS. Elevated waist circumference and triglycerides were the MetS components that most 

contributed to this association. In Spain, a country where dinner is usually eaten later than in 

other countries (generally after 9:00 p.m.108), to eat more energy at this eating occasion was 

detrimental and associated with the development of the MetS. 

Previous studies are in line with these findings. However, the exposures were measured 

differently, and it is difficult to establish comparisons. The association between meal timing and 

MetS has been previously studied in Japan and Korea. In a cross-sectional study of Japanese 

people aged 20–75 years, late-night dining habits were associated with a higher risk of the 

MetS.109 In another cross-sectional study of Korean adults aged 19 or older (KNHANES Study), 

night eating (≥25% of total EI at night) was associated with a higher frequency of MetS among 

males.110 Finally, in a prospective study of Japanese adults aged 40–54 years, a positive 

association between dining immediately before going to bed and the risk of incident MetS did 

not reach statistical significance; however, women who had both the habits of dining just before 

going to bed and of snacking after dinner had an increased risk of MetS.111 

Our results are in line with current knowledge on nutritional chronobiology53,56 as well 

as with previous findings in observational studies.109 However, the different ways to assess 

eating timing in relation to MetS, which mainly depends on data availability, make the studies 

difficult to compare. For instance, some studies considered only two time bands, daytime and 

evening eating,103,110 while we considered six eating occasions, including snacking, during each 

24 h period. Likewise, in some previous studies, the exposure was an intake of at least 25% of 

energy after 9:00 p.m.,110 or as having dinner just before going to bed.111 

Regarding MetS components, there is some evidence that chronobiology and timing in 

EI are associated with obesity.79,112 Specifically, a higher EI during the night was associated with 

a higher risk of obesity.112 Of note is that abdominal obesity is a central component of MetS, and 

can lead to lipid abnormalities, alterations of glucose metabolism, and elevated blood 

pressure.113 However, although energy intake timing seems to be relevant in the development 

of obesity, some inconsistencies have also been observed concerning energy intake at dinner. A 

previous study conducted in participants 18 years old and over found that while a higher energy 
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4. A Higher Intake of Energy at Dinner Is Associated with Incident Metabolic Syndrome: A Prospective Cohort 
Study in Older Adults 

intake at lunch was associated with a lower risk of weight gain, no association was found 

between the energy consumed at dinner and weight gain (>3 kg after 3 years of follow-up).104 

Regarding hypertriglyceridemia, an experiment with mice found that a high-fat diet at 

the end of their active period was associated with hypertriglyceridemia, weight gain, increased 

body adiposity, decreased glucose tolerance, and hyperleptinemia.114 In addition, another study 

with mice that were CLOCK gene mutants (with hyperphagia during their sleep/inactivity phase) 

showed increased weight gain and hypertriglyceridemia.115 In humans, timing misalignments 

(i.e., shift work) have been frequently studied, and an association with hypertriglyceridemia was 

also found; a study among night-shift nurses showed a higher EI at night as well as higher levels 

of triglycerides, LDL-cholesterol, and total cholesterol. Night shift was also associated with 

higher levels of HDL-cholesterol.103 

In our analyses, EI at dinner was not associated with other components of the MetS, 

such as hyperglycemia, high blood pressure, or low HDL-cholesterol. However, these 

associations were found in some cross-sectional studies. For example, night-shift nurses showed 

elevated fasting glucose103 In addition, in the KNHANES Study, an association between eating at 

night and reduced HDL-cholesterol was found among men.110 

Although having a regular breakfast has been suggested to decrease adiposity,116 in our 

analyses no association was found between EI at breakfast and risk of MetS. However, skipping 

breakfast, which could influence energy balance throughout the day, was very rare (0.7%) in our 

sample. Furthermore, our results did not show an association between snacking and MetS, 

although the association was positive, again not reaching statistical significance. Of note is that 

snacking varies greatly among different populations,117 and in our sample it accounted for only 

5% of total EI. 

The increasing body of evidence on the influence of EI throughout the day and its impact 

on metabolic health makes the association between EI timing and the development of MetS 

plausible.100 For example, it has been suggested that insulin (the hormone that is altered in 

MetS) is involved in the post-prandial synchronization of the circadian clocks throughout the 

body.118 Another factor that could be acting is the proximity of food intake to the nocturnal rise 

in melatonin. Calorie intake closer to this nocturnal rise was associated with increased adiposity 

and impaired glucose homeostatic.119 It is also known that circadian clocks influence both 

appetite and energy expenditure, which are ultimately linked to metabolic disorders.120 Finally, 

the present study also contributes to the epidemiological and population-based support for the 

influence of energy timing on cardiometabolic risk management.117 
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4. A Higher Intake of Energy at Dinner Is Associated with Incident Metabolic Syndrome: A Prospective Cohort 

Study in Older Adults 

4.4.1 Importance and Practical Consequences 

Our findings suggest that reducing %EI at dinner may serve to lower the risk of MetS. 

This is important for a number of reasons. First, because of the high prevalence of MetS 

syndrome (>40%) in our older population.121 Second, because MetS has been associated with an 

increased risk of diabetes1,11 and is a major contributor to the epidemic of cardiovascular disease 

in the Western world.122 Third, because MetS does not easily revert. Fourth, because metabolic 

conditions associated with misalignments do not seem to have a clear genetic component and 

are based on unhealthy lifestyles.56 Fifth, because misalignments are becoming more frequent 

due to long working days and the use of electronic devices at bedtime before sleeping. Finally, 

because changes in EI timing might be easier to follow than just caloric restrictions. Similar 

approaches have been proposed to prevent obesity.123,124 

4.4.2 Strengths and Limitations 

The main strength of this study is its longitudinal design. However, although the cohort 

was initially representative of the older adult population in Spain, attrition bias does not allow 

us to ensure representativeness. Moreover, analyses were adjusted for a significant number of 

potential confounders, such as total energy, physical activity during leisure time and in the 

household, watching TV, sleeping, dieting, and alcohol consumption. In addition, certified 

personnel performed all measurements following standardized protocols. 

The main limitation is that diets were self-reported, so recall bias or social desirability 

bias cannot be ruled out. In addition, despite each participant reporting the food consumed on 

each eating occasion, the time of the meals was not collected. A diet history validation was 

performed for food groups with many nutrients and total energy,70 but a specific validation for 

eating occasions was not performed. On the other hand, the specific time of the six eating 

occasions was not recorded, although these are quite characteristic of the dietary habits in the 

Spanish population. Additionally, the influence of sleep preferences was not considered in the 

analyses. Finally, we cannot rule out some selection bias due to the exclusion of participants 

with lacking data. 

4.4.3 Conclusions 

In this study of older adults, a higher percentage of EI at dinner was associated with a 

higher incidence of MetS, mostly due to abdominal obesity and hypertriglyceridemia. These 

findings suggest that a reduction of energy intake at dinner may be useful to prevent MetS. 

However, the efficacy of this strategy must be proven in future clinical trials with populations. 
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5. General and central obesity operate differently as predictors of falls requiring medical care in older women: a 

population-based cohort study in Spain 

5.1 Introduction 

Data from large studies have shown that there is a gradual increase in weight and body 

mass index (BMI) throughout adult life, reaching a peak at 50–60 years old125,126 and decreasing 

later in life. Ageing is also associated with a redistribution of body fat, with a greater increase in 

intraabdominal fat than in subcutaneous fat or total body fat.127 In line with this, the prevalence 

of general obesity is 23% for the Spanish population older than 18 and 35% for older adults≥60, 

whereas the prevalences of abdominal obesity for the same two groups are 36 and 62%, 

respectively.13 These prevalences could become even higher in the future due to population 

ageing.128 

Approximately, one-third of older adults have at least one fall per year129 and, as a result, 

a substantial proportion of them could suffer serious consequences,130 such as fractures. 

Regardless of whether the fall produces a serious injury or not, it may still have important 

functional consequences,129 such as developing a fear of falling. This could lead to a decrease in 

physical activity that reduces physical condition and increases the risk of falls, completing the 

vicious circle. In addition, falls are much more frequent in women,131 constituting an important 

cause of morbidity and mortality especially among the older female population. 

Previous studies report several factors associated with falls in older adults such health 

status,130,131 131 physical activity,130 age, history of stroke,131 sleeping duration,132 alcohol 

consumption131 and obesity.125,133 Thus, several studies have evaluated the association between 

obesity and falls or fall-related fractures in older adults. Some of these studies were cross-

sectional,134-136 one was not population based,137 two did not considered abdominal obesity137,138 

and one analysis conducted with US participants from the Health and Retirement Study used a 

very selected sample from the initial cohort.139 Finally, in a longitudinal study performed with 

women only the risk of fractures was considered.140 

Therefore, the aim of this study was to evaluate the longitudinal association of falls, falls 

requiring medical care and falls with fractures in a population-based sample of older women 

considering both general and abdominal obesity concurrently. 

5.2 Methods 

Study design and participants Baseline data were taken from the Senior-ENRICA cohort, 

which was established with 3,289 community-dwelling adults aged 60 and older. The cohort was 

derived from the ENRICA study, performed with participants aged 18 years or older selected by 

random sampling. The baseline information was obtained between 2008 and 2010 in three 

steps: a telephone interview to collect information on health status, lifestyles, morbidity and 
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use of health services; a first home visit to obtain blood and urine samples and a second home 

visit to conduct a physical examination. In 2012, we updated information including data on falls 

and fall-related consequences. During follow-up, a total of 675 individuals were lost, 95 died and 

we collected information in a subsample of 2,519 older adults. After excluding data from 

participants with missing values for confounders, 2,246 participants remained in the cohort. 

Finally, due to the fewer number of falls among men, we performed the analyses with 1,185 

women. 

Interviewers involved in data collection received specific training according to the study 

procedures. Study participants gave written informed consent. The Clinical Research Ethics 

�ommittee of ‘La Paz’ University Hospital in Madrid (Spain) approved both, the baseline and 

follow-up studies. Study participants gave written informed consent. 

5.2.1 Study variables 

5.2.1.1 Main variables 

BMI and abdominal obesity were the main independent variables. At baseline, BMI 

(weight in kilograms divided by height in metres squared [kg/m2]) was calculated and divided 

into three categories: <25 kg/m2, 25–29.9 kg/m2 and ≥30 kg/m2 labelled as ‘normal weight’, 

overweight’ and ‘general obesity’, respectively/ !bdominal obesity was calculated based on the 

abdominal perimeter in centimetres and defined as an abdominal circumference >88 cm. 

The main dependent variables were: to have fallen at least once in the last year (named 

simply as falls), falls requiring medical care and falls with fractures. These variables were 

obtained in 2012. Data were obtained with the following questions. ‘How many times have you 

fallen in the last 12 months?’ Participants who had fallen were asked this question. ‘!s a 

consequence of the fall, did you need to go to the doctor or nurse, go to the emergency room 

or to be hospitalised or was no medical attention needed?’ and ‘What injury resulted from your 

most serious fall?’ The responses were recorded as the following: bruising, sprain, contusion, 

superficial wound, deep wound, hip/leg fracture, shoulder/arm fracture, dizziness/headache, 

loss of consciousness or others. Multiple choices were allowed. Participants who did not fall 

were considered the reference group in all the analyses. 

5.2.2 Potential confounders 

Information on potential confounders was abstained, such as sociodemographic 

variables: age, marital status, living alone and educational level and lifestyle variables: tobacco 

consumption, ex-drinker status, alcohol consumption, caffeine consumption, vitamin D intake, 

time spent sleeping during the night (hours), time spent sleeping during the day (minutes) and 
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time spent watching TV (hours). Physical activity at leisure time and housework-related physical 

activity [in metabolic equivalent (MET)-hours/week] were obtained with the questionnaire 

developed by the EPIC group.75 We also collected data on self-reported prevalent diseases 

diagnosed by a physician (chronic respiratory disease, coronary heart disease, stroke, 

arthritis/osteoarthritis, cancer, diabetes, hypertension, depression and cataracts), and as well 

as the use of sleeping medications and number of daily medications. 

5.2.3 Statistical analysis 

Logistic models were used to evaluate the potential associations and odds ratios (OR) 

and their corresponding 95% confidence intervals (CI) were calculated. Three dependent 

variables were considered: falls, falls requiring medical care and falls with fractures. Model 1 

was adjusted for age. Model 2 was further adjusted for general or abdominal obesity as 

appropriate. Model 3 was additionally adjusted for sociodemographic and lifestyle variables. 

Finally, Model 4 was adjusted for variables in Model 3 plus prevalent diseases, use of sleeping 

medications and number of daily medications. Statistical significance was set at two-sided p 

<0.05. The analyses were performed with STATA 13.1 for Windows (Stata, College Station, TX, 

USA). 

5.3 Results 

At baseline, the mean age of the cohort was 68.6 years. Of the total sample of 1,185 

women, 45.2% were overweight (BMI 25–29.9 kg/m2), 33.7% had general obesity (BMI ≥30 

kg/m2) and 65% had abdominal obesity (waist circumference >88 cm). In 2012, 336 (28.4%) 

reported at least one fall in the preceding year, 168 (50.0%) of them required medical care and 

64 (13.4%) reported falls with fractures. 

Women who fell and those who fell requiring medical care (versus not) were older, spent 

more time watching TV and suffered from chronic conditions more frequently (stroke, 

arthritis/osteoarthritis, depression and cataracts). They also used sleeping medications more 

frequently and had a greater number of daily medications (Table 10). 

For falls, no association was found with general obesity nor abdominal obesity. 

However, general obesity was inversely associated with falls requiring medical care. Compared 

with women with normal weight, those overweight had a 43% lower risk of suffering from falls 

requiring medical care (Model 4: OR 0.57; 95% CI 0.34–0.94), and those with general obesity had 

a 56% lower risk for these types of falls (Model 4: OR 0.44; 95% CI 0.24–0.81; p for trend: 0.01). 

The association was also protective for falls with fractures. Compared with women with normal 

weight, those overweight had a 73% lower risk of suffering from falls with fractures (Model 4: 
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OR 0.27; 95% CI 0.12–0.63) and those with general obesity had a 70% lower risk for these type 

of falls (Model 4: OR 0.30; 95% CI 0.11–0.82; p for trend: 0.04). In contrast, abdominal obesity 

was a positive risk factor with an increased risk of falls requiring medical care of 82% (Model 4: 

OR 1.82; 95% CI 1.12–2.94, p <0.05) and an increased risk of falls with fractures of 175% (Model 

4: OR2.75; 95% CI 1.18–6.44, p <0.05) (Table 11). Results remained similar after excluding 17 

women participants with a BMI <20 kg/m2 (Supplementary Tables 1 and 2). 
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5. General and central obesity operate differently as predictors of falls requiring medical care in older women: a population-based cohort study in Spain 

Table 10. Baseline characteristics of women participants in the Seniors-ENRICA cohort study. (N=1,185) 

Total Fall No falls p value Falls requiring No falls requiring p value 
(N=1,185) (n=336) (n=849) medical care medical care 

(n=168) (n=1,017) 
Age (mean) 68.8 69.6 68.6 0.012 70.1 68.6 0.003 
Body mass index (%) 0.75 0.69 
<25 kg/m2 22.2 22.6 22.0 24.4 21.8 
25-29.9 kg/m2 45.2 43.5 45.8 45.2 45.1 
≥30 kg/m2 32.7 33.9 32.2 30.4 33.0 
Abdominal obesity (%) 65.0 66.1 64.6 0.62 70.2 64.1 0.12 
Marital status (%) 0.31 0.69 
Single 7.3 9.5 6.5 8.3 7.2 
Married 58.3 56.3 59.1 54.2 59.0 
Divorced/separated 4.1 4.5 3.9 4.8 3.9 
Widower 30.3 29.8 30.5 32.7 29.9 
Living alone 24.0 25.9 23.2 0.33 25.0 23.8 0.74 
Level of education (%) 0.79 0.86 
Primary or less 63.0 69.4 62.9 64.9 62.7 
Secondary 21.6 22.3 21.3 20.8 21.7 
University 15.4 14.3 15.8 14.3 15.5 
Tobacco consumption (%) 0.35 0.19 
Never smoker 80.8 83.3 79.7 85.1 80.0 
Former smoker 12.7 11.3 13.2 8.3 13.4 
Current smoker 6.6 5.4 7.1 6.6 6.6 
Ex-drinker status (%) 8.9 10.1 8.4 0.34 10.1 8.7 0.54 
Alcohol consumption, g/day, (mean) 4.2 4.5 4.0 0.47 5.1 4.0 0.16 
Caffeine consumption, mg/day, 69.7 69.4 69.8 0.95 62.5 70.9 0.39 
(mean) 
Vitamin D consumption, µg/day, 3.1 3.2 3.1 0.44 2.5 3.1 0.33 
(mean) 
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Table 10. Cont. 

Total 
(N=1,185) 

Falls 
(n=336) 

No falls 
(n=849) 

p value Falls requiring 
medical care 

(n=168) 

No falls requiring 
medical care 

(n=1,017) 

p value 

Physical activity at leisure time, 18.6 18.1 18.8 0.42 18.9 18.5 0.69 
MET-hour/week, (mean) 
Housework physical activity, MET- 54.0 54.8 53.7 0.61 54.8 58.9 0.74 
hour/week, (mean) 
Sleeping during the night, hours, 6.8 6.8 6.8 0.84 6.8 6.8 0.60 
(mean) 
Sleeping during the day, minutes, 12.5 12.4 12.5 0.98 11.7 12.6 0.69 
(mean) 
Time watching TV, hours, (mean) 19.0 20.7 18.4 0.003 21.4 18.6 0.006 
Chronic respiratory disease (%) 8.6 10.7 7.8 0.10 10.1 8.4 0.45 
Coronary disease (%) 1.2 0.6 1.4 0.24 0.6 1.3 0.45 
Stroke (%) 0.8 2.1 0.4 0.003 3.0 0.5 0.001 
Osteoarthritis/Arthritis (%) 63.7 70.5 61.0 0.002 78.0 61.4 0.000 
Cancer (%) 1.4 1.5 1.4 0.92 1.8 1.4 
Diabetes (%) 12.9 14.3 12.4 0.38 14.9 12.6 0.41 
Hypertension (%) 60.3 63.7 59.0 0.14 63.7 59.8 
Depression (%) 13.2 18.8 11.0 0.000 20.2 12.0 0.003 
Cataracts (%) 19.6 22.9 18.3 0.07 26.8 18.4 0.011 
Sleeping medications (%) 27.2 33.0 24.9 0.004 39.3 25.2 0.000 
Number of daily medications 1.9 2.2 1.9 0.016 2.3 1.9 0.011 
(mean) 



  

 

        
  

 
                                 
   

  
 
  

 
  

 
  

 

  
 

 
 

         
         

                     
                     
                     
                     

         
         

         
                     
                     
                      
                     

         
         

         
                     
                     
                     
                      

 

               
            
                   

                   
             

 

5. General and central obesity operate differently as predictors of falls requiring medical care in older women: a population-based cohort study in Spain 

Table 11. Odds Ratios (95% confidence intervals) for the risk of falls and falls requiring medical care among women participants in the Seniors-
ENRICA cohort study according to body mass index (BMI) and abdominal obesity. (N=1,185) 

BMI Abdominal obesity 

<25 kg/m2 25-29.9 kg/m2 ≥30 kg/m2 p value for No Yes 
trend 

Falls 
n/cases 263/76 535/146 387/114 415/114 770/222 

Model 1 OR (95% CI) 1 (Ref.) 0.91 (0.66 – 1.27) 1.00 (0.71 – 1.41) 0.92 1 (Ref.) 1.03 (0.78 – 1.34) 
Model 2 OR (95% CI) 1 (Ref.) 0.90 (0.63 – 1.29) 0.97 (0.63 – 1.49) 0.98 1 (Ref.) 1.04 (0.74 – 1.45) 
Model 3 OR (95% CI) 1 (Ref.) 0.91 (0.62 – 1.32) 0.96 (0.61 – 1.52) 0.94 1 (Ref.) 1.05 (0.74 – 1.49) 
Model 4 OR (95% CI) 1 (Ref.) 0.82 (0.56 – 1.21) 0.86 (0.54 – 1.39) 0.63 1 (Ref.) 1.06 (0.75 – 1.52) 

Falls requiring medical care 
n/cases 263/41 535/76 387/51 415/50 770/118 

Model 1 OR (95% CI) 1 (Ref.) 0.88 (0.58 – 1.33) 0.79 (0.51 – 1.24) 0.30 1 (Ref.) 1.25 (0.87 – 1.79) 
Model 2 OR (95% CI) 1 (Ref.) 0.70 (0.44 – 1.11) 0.54 (0.31 – 0.94)* 0.03 1 (Ref.) 1.65 (1.06 – 2.57)* 
Model 3 OR (95% CI) 1 (Ref.) 0.67 (0.41 – 1.08) 0.55 (0.31 - 0.98)* 0.05 1 (Ref.) 1.70 (1.07 – 2.69)* 
Model 4 OR (95% CI) 1 (Ref.) 0.57 (0.34 – 0.94)* 0.44 (0.24 – 0.81)† 0.01 1 (Ref.) 1.82 (1.12 – 2.94)* 

Falls with fractures 
n/cases 263/17 535/20 387/17 415/16 770/38 

Model 1 OR (95% CI) 1 (Ref.) 0.56 (0.29 – 1.08) 0.65 (0.33 – 1.30) 0.26 1 (Ref.) 1.26 (0.69 – 2.29) 
Model 2 OR (95% CI) 1 (Ref.) 0.40 (0.19 – 0.85)* 0.39 (0.16 – 0.91)* 0.06 1 (Ref.) 2.05 (0.97 – 4.35) 
Model 3 OR (95% CI) 1 (Ref.) 0.35 (0.16 – 0.78)* 0.40 (0.16 – 1.00) 0.08 1 (Ref.) 2.16 (0.98 – 4.74) 
Model 4 OR (95% CI) 1 (Ref.) 0.27 (0.12 – 0.63) † 0.30 (0.11 – 0.82)* 0.04 1 (Ref.) 2.75 (1.18 – 6.44)* 

*p < 0.05; †p < 0.01 Model 1: Adjusted for age. Model 2: Additionally, adjusted for BMI or abdominal obesity, as appropriate. Model 3: Further adjusted for marital status, living alone, level of 
education (primary or less; secondary; university), tobacco consumption (never smoker, former smoker, current smoker), ex-drinker status, alcohol consumption (quartiles), caffeine consumption 
(quartiles), vitamin D intake (quartiles), physical activity at leisure time (quartiles), housework-related physical activity (quartiles), (quartiles), time spent sleeping during the night (quartiles), 
time spent sleeping during the day (quartiles), time spent watching TV (quartiles). Model 4: Adjusted for those in model 3 plus prevalent diseases (chronic respiratory disease, coronary disease, 
stroke, osteoarthritis/arthritis, cancer, diabetes, depression, and cataracts), use of sleeping medications, and number of daily medications. 



   

 

  
 

  
 

 
 

 
 

  

  

  

        
        

        
        

        
        

        
        

        
        

        
        

        
        

        
        

        
        
        
        

        
        

        
        

 

 

5. General and central obesity operate differently as predictors of falls requiring medical care in older women: a population-based cohort study in Spain 

Supplementary Table 1. Baseline characteristics of women participants in the Seniors-ENRICA cohort study. (N=1,168) 

Total Falls No falls p value Falls No falls p value 
(n = 1,168) (n = 326) (n = 842) requiring requiring 

medical care medical care 
(n = 163) (n = 1,005) 

Age (mean) 68.8 69.5 68.6 0.018 70.1 68.6 0.005 
Body mass index (%) 0.703 0.853 
>20 -<25 Kg/m2 21.1 20.3 21.4 22.1 20.9 
25-29.9 Kg/m2 45.8 44.8 46.2 46.6 45.7 
≥30 Kg/m2 33.1 35.0 32.4 31.3 33.4 
Abdominal obesity (%) 65.9 68.1 65.1 0.329 72.4 64.9 0.060 
Marital status (%) 0.419 0.803 
Single 7.0 8.9 6.3 7.4 7.0 
Married 58.6 56.8 59.3 55.2 59.1 
Divorced/separated 4.1 4.6 3.9 4.9 4.0 
Widower 30.3 29.8 30.5 32.5 30.0 
Living alone (%) 23.8 25.5 23.2 0.408 24.5 23.7 0.811 
Level of education (%) 0.592 0.844 
Primary or less 63.6 64.7 63.2 65.6 63.3 
Secondary 21.5 22.1 21.3 20.3 21.7 
University 14.9 13.2 15.6 14.1 15.0 
Tobacco consumption (%) 0.211 0.142 
Never smoker 80.9 84.1 79.7 85.9 80.1 
Former smoker 12.7 11.0 13.3 8.0 13.4 
Current smoker 6.4 4.9 7.0 6.1 6.5 
Ex-drinker status (%) 8.9 10.4 8.3 0.255 10.4 8.7 0.461 
Alcohol consumption, g/d, (mean) 4.2 4.5 4.1 0.474 5.3 4.0 0.129 
Caffeine consumption, mg/d, (mean) 70.0 69.7 70.1 0.960 63.1 71.1 0.413 
Vitamin D consumption, µg/d, (mean) 3.1 3.2 3.1 0.493 2.9 3.1 0.357 
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Supplementary Table 1. Cont. 

Total Falls No  falls p value Falls No falls p value 
(n = 1,168) (n = 326) (n = 842) requiring requiring 

medical care medical care 
(n = 163) (n = 1,005) 

Physical activity at leisure time, MET- 18.5 18.1 18.7 0.460 19.0 18.4 0.614 
h/week, (mean) 
Housework physical activity, MET- 54.2 54.9 53.9 0.662 55.1 54.0 0.708 
h/week, (mean) 
Sleeping during the night, h, (mean) 6.8 6.7 6.8 0.611 6.8 6.8 0.762 
Sleeping during the day, min, (mean) 12.5 12.5 12.5 0.993 11.7 12.6 0.689 
Time watching TV, h, (mean) 19.1 21.0 18.4 0.001 21.6 18.7 0.004 
Chronic respiratory disease (%) 8.7 11.0 7.7 0.070 10.4 8.4 0.383 
Coronary disease (%) 1.2 0.6 1.4 0.253 0.6 1.3 0.459 
Stroke (%) 0.9 2.2 0.4 0.003 3.1 0.5 0.001 
Osteoarthritis/Arthritis (%) 63.8 71.2 60.9 0.001 78.5 61.4 0.000 
Cancer (%) 1.5 1.5 1.4 0.889 1.8 1.4 0.658 
Diabetes (%) 12.9 14.4 12.4 0.345 14.7 12.6 0.461 
Hypertension (%) 61.0 65.0 59.4 0.076 65.0 60.3 0.251 
Depression (%) 13.2 19.0 10.9 0.000 20.3 12.0 0.004 
Cataracts (%) 19.5 22.7 18.3 0.088 26.4 18.4 0.017 
Sleeping medications (%) 27.0 33.1 24.6 0.003 39.3 25.0 0.000 
Number of daily medications (mean) 2.0 2.2 1.9 0.009 2.3 1.9 0.011 



   

 

      
 

 
    
   

 
 

 
 

  
  

 
 

 
 

         
            
            
            
            

 
 

 
 

       

         
         

            
            
            
             

         
 

 

 

 

5. General and central obesity operate differently as predictors of falls requiring medical care in older women: a population-based cohort study in Spain 

Supplementary Table 2. Odds Ratios (95% confidence interval) for falls and falls requiring medical attention among participants women in the 
Seniors-ENRICA (2008/10 to 20012/13) cohort study according to body mass index and abdominal obesity. (N=1,168) 

Body Mass Index Abdominal Obesity 
>20 - <24,9 p for 

Kg/m2 25-29.9 Kg/m2 ≥30 Kg/m2 trend No Yes 
Falls 

n/ events 246/66 535/146 387/114 398/104 770/222 
Model 1 OR (95% CI) 1 (Ref.) 1.01 (0.72 – 1.42) 1.11 (0.78 – 1.59) 0.53 1 (Ref.) 1.10 (0.84 – 1.45) 
Model 2 OR (95% CI) 1 (Ref.) 0.98 (0.68 – 1.42) 1.05 (0.68 – 1.63) 0.78 1 (Ref.) 1.08 (0.77 – 1.51) 
Model 3 OR (95% CI) 1 (Ref.) 0.99 (0.67 – 1.45) 1.03 (0.65 – 1.63) 0.89 1 (Ref.) 1.10 (0.77 – 1.56) 
Model 4 OR (95% CI) 1 (Ref.) 0.89 (0.60 – 1.33) 0.91 (0.56 – 1.47) 0.76 1 (Ref.) 1.11 (0.77 – 1.59) 

Falls requiring 
medical attention 

n/ events 246/36 535/76 387/51 398/45 770/118 
Model 1 OR (95% CI) 1 (Ref.) 0.95 (0.62 – 1.46) 0.85 (0.54 – 1.35) 0.48 1 (Ref.) 1.34 (0.93 – 1.94) 
Model 2 OR (95% CI) 1 (Ref.) 0.75 (0.46 – 1.20) 0.57 (0.33 – 1.01) 0.05 1 (Ref.) 1.72 (1.10 – 2.68)* 
Model 3 OR (95% CI) 1 (Ref.) 0.72 (0.44 – 1.19) 0.58 (0.32 – 1.04) 0.07 1 (Ref.) 1.80 (1.13 – 2.87)* 
Model 4 OR (95% CI) 1 (Ref.) 0.61 (0.37 – 1.02) 0.46 (0.25 – 0.86)* 0.02 1 (Ref.) 1.91 (1.18 – 3.12) † 
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Supplementary Table 2. Cont. 

Body Mass Index Abdominal Obesity 
>20 - <24,9 p for 

Kg/m2 25-29.9 Kg/m2 ≥30 Kg/m2 trend No Yes 
Falls with 
fractures 

n/ events 246/15 535/20 387/17 398/14 770/38 
Model 1 OR (95% CI) 1 (Ref.) 0.59 (0.30 – 1.17) 0.69 (0.34 – 1.41) 0.37 1 (Ref.) 1.37 (0.73 – 2.58) 
Model 2 OR (95% CI) 1 (Ref.) 0.42 (0.19 – 0.91)* 0.40 (0.17 – 0.96)* 0.08 1 (Ref.) 2.15 (0.99 – 4.64) 
Model 3 OR (95% CI) 1 (Ref.) 0.39 (0.17 – 0.86)* 0.41 (0.16 – 1.05) 0.11 1 (Ref.) 2.26 (1.01 – 5.06)* 
Model 4 OR (95% CI) 1 (Ref.) 0.29 (0.13 – 0.69) † 0.30 (0.11 – 0.83)* 0.04 1 (Ref.) 2.81 (1.18 – 6.67)* 

*p < 0.05; †p < 0.01 
Model 1: Adjusted for sex and age.  
Model 2: Adjusted for those in model 1 plus body mass index or abdominal obesity as appropriate.  
Model 3: Adjusted for those in model 2 plus marital status, living alone, level of education (primary or less; secondary; university), tobacco consumption (never, former  
and current smokers), ex-drinker status, ethanol consumption (quartiles), caffeine consumption (quartiles), vitamin D intake (quartiles), leisure-time physical activity  
(quartiles), physical activity in the household (quartiles), sleeping at night (quartiles), sleeping at daytime (quartiles), watching TV in hours/day (quartiles).  
Model 4: Adjusted for those in model 3 plus prevalent diseases (chronic respiratory diseases, coronary disease, stroke, osteoarthritis/arthritis, cancer, diabetes, depression  
and cataracts), sleeping medication and number of drugs per day.  
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population-based cohort study in Spain 

5.4 Discussion 

In this prospective population-based cohort of older women, general obesity was a 

potential protective factor for falls requiring medical care and for falls with fractures. On the 

contrary, abdominal obesity was positively associated with suffering from these types of falls. 

For many years, it has been believed that BMI had a positive relationship with bone 

mineral density and, thus, an inverse relationship with fracture risk, especially in 

postmenopausal women.140-142 It was argued that the fatty tissue found around the hips would 

have a cushioning effect in the cases of falls, reducing the risk of fracture.143 In addition, a greater 

body fat mass increases the load on bones, therefore increasing bone mineral density and 

decreasing the risk of fractures. Also, the conversion of androgens to estrogens fosters bone 

mineralisation.144 

Our findings also support the increasing evidence that abdominal obesity is a risk factor 

for osteoporosis and fractures. Hsu et al.20 found that the risk of osteoporosis and non-vertebral 

fractures was greater in individuals with a greater percentage of body fat, independently of body 

weight and age. Also, an inverse association was found between visceral fat and bone mineral 

density.145,146 Currently, the mechanisms by which abdominal obesity increases the risk of 

fractures are not entirely clear. One possible mechanism is that abdominal obesity, now 

considered a state of systemic inflammation, increases pro-inflammatory cytokines such as 

interleukin-6 and tumour necrosis factor-α that can stimulate bone osteoclastogenesis, thereby 

increasing bone resorption147 and, subsequently, the risk of fractures. In addition, secretion of 

these cytokines is greater in abdominal fat than in subcutaneous fat;148 so, abdominal obesity 

represents an increased risk of bone frailty. 

In the old person, due to a decrease in peripheral fat mass and a relative increase in 

abdominal fat mass, BMI, once adjusted for abdominal obesity, could be a good estimator of 

lean mass,148,149 which seems directly related to bone mineral density,146,150 and, therefore, 

inversely related to the risk of fractures. In addition, in older people with general obesity, greater 

lean mass can counteract the deleterious effects of fat mass on bone mineral density.149 

Additionally, a longitudinal study with postmenopausal women found that lean mass was 

inversely associated with the risk of fractures,151 and Gonnelli et al.152 found that the greater the 

lean mass, the greater the bone mineral density. This is consistent with our findings where BMI, 

adjusted for abdominal obesity, was inversely related to the risk of fractures. Although many 

hypotheses have been proposed to explain the relationship between lean mass and bone 
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mineral density, the most widely accepted explanation involves the innervations and mechanical 

interactions of lean mass with bone.153 

Ren et al.154 found a greater risk of falls resulting in injuries among those with greater 

BMI, although their sample was younger. In addition, amore recent study reported an increased 

risk of falls resulting in injuries again among those with greater BMI. However, after adjusting 

for health status and lifestyles, the association remained significant only in middle-aged 

women.136 The mechanism by which obesity increases the risk of falls resulting in injuries is not 

clear but it has been suggested by Rosenblatt and Grabiner155 that obesity does not increase the 

risk of falls but the risk of injuries after falling, although, in these cases BMI was not adjusted for 

abdominal obesity. 

Abdominal obesity may reduce the muscle power, manoeuvering ability and/or the 

speed to completely recover footing during a fall. This can increase the impact force of falling, 

predisposing those with abdominal obesity to fall-related injuries. This supports our findings 

regarding women with abdominal obesity, which had a higher risk of falls requiring medical care. 

Our findings also support longitudinal results showing that increasing muscle strength, which is 

directly associated with the amount of lean mass, reduces the risk of fractures and falls resulting 

in injuries in postmenopausal women.156 

Our analyses failed to find a statistically significant association between falls and obesity, 

which is not entirely surprising given that the relationship itself is highly debatable. The 

inconsistency found in the literature is mainly based on the lack of a uniform methodological 

approach. Some studies have found a positive association,132,133,136 others have found an inverse 

association,157 whereas others have found no association.130,131 However, most of these studies 

are cross-sectional, most use BMI as the only measure of obesity, and those using abdominal 

perimeter fail to adjust for BMI.158 

The limitations of this study include the self-reported data on the main dependent 

variables. Even though, self-reporting is considered a standard method to collect information on 

falls among older adult, some recall bias cannot be ruled out. Another possible limitation is the 

lack of data on body composition measured with accurate methods such as the dual-energy X-

ray absorptiometry. Finally, some residual confounding cannot be ruled out. 

The main strength of our study is that the participants were part of a population-based 

and non-selected sample of older people living in Spain. Second, general as well as abdominal 

obesity were measured using standardized techniques. Third, our analyses included both 

general and abdominal obesity in the models, which could better captured the association 
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between these variables and the risk of falls with clinical consequences. Finally, a relatively high 

number of confounding variables were considered. 

5.4.1 Conclusions and implications 

In summary, among women, the greater the general obesity, the lower the risk of falls 

requiring medical care and falls with fractures. On the contrary, abdominal obesity was 

positively associated with these types of falls. Therefore, older women with abdominal obesity 

should receive advice on how to prevent falls and their clinical consequences. 

72  



6. CONCLUSIONS  

73



  

 

 
 

 

 

 

      

  

 

        

        

       

    

 

        

      

  

 

6. Conclusions 

We draw three main conclusions, one for each objective. 

Conclusion 1: 

A higher percentage of EI at lunch was associated with a lower risk of weight gain of more than 

3 kg in community-dwelling adults from Spain. 

Conclusion 2: 

In a population of adults aged ≥ 60, a higher percentage of EI at dinner was associated with a 

higher incidence of the MetS, mainly due to increased incidence of abdominal obesity and 

hypertriglyceridemia. In addition, replacing EI at breakfast or at any other occasion with the 

same amount of energy consumed at dinner increased the risk of the MetS. 

Conclusion 3: 

In a population of older women aged ≥60, general obesity was associated with a lower risk of 

falls requiring medical attention and falls with fractures. In addition, abdominal obesity was 

associated with a higher risk of these types of falls in this same population. 
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6. Conclusions 

Obtuvimos tres conclusiones principales, una para cada objetivo. 

Conclusión 1: 

Un mayor porcentaje de IE en el almuerzo se asoció con un menor riesgo de aumento de peso 

de más de 3 kg en adultos españoles residentes en comunidad. 

Conclusión 2: 

En una población de adultos de edad ≥ 60 años, un mayor porcentaje de IE en la cena se asoció 

con una mayor incidencia del SM, principalmente debido a una mayor incidencia de obesidad 

abdominal e hipertrigliceridemia. Además, la sustitución de la IE en el desayuno o en cualquier 

otra ocasión por la misma cantidad de energía consumida en la cena aumentó el riesgo de 

padecer el SM. 

Conclusión 3: 

En mujeres mayores de ≥60 años, la obesidad general se asoció con un menor riesgo de caídas 

que requieren atención médica y de caídas con fracturas. Además, la obesidad abdominal se 

asoció con un mayor riesgo de estos tipos de caídas en esta misma población. 
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Abstract 
Experimental research suggests that food timing is associated with weight regulation. However, the association between the distribution of 
energy intake (EI) throughout the day and weight gain in the population is uncertain. A cohort of 4243 individuals (49·9 % men, 50·1 % women) 
aged ≥18 years was selected in 2008–2010 and followed-up through 2012. At baseline, food consumption for a typical week in the previous year 
was collected with a validated dietary history, and EI was assessed at six eating occasions: breakfast, mid-morning meal, lunch, mid-afternoon 
meal, dinner and snacking (at any other moment). Individuals were classified into sex-specific quartiles of %EI for each eating occasion. The cut
off points for increasing quartiles of %EI at lunch were 34·4, 40·8 and  47·7 % in men and 33·2, 39·4 and  46·1 % in women. Weight was self
reported at baseline and at the end of follow-up. During a 3·5-year follow-up, 16·3 % of study participants gained >3 kg. Compared with those in 
the lowest quartile of %EI at lunch, the multivariate OR of gaining >3 kg  was  0·79 (95% CI 0·63, 0·99) in the second quartile, 0·82 (95% CI 0·64, 
1·04) in the third quartile and 0·62 (95% CI 0·47, 0·80) in the highest quartile (Ptrend: 0·001). The association was stronger among women and 
those with overweight or obesity. No association was found between the %EI at the rest of the eating occasions and weight gain. In conclusion, a 
higher %EI at lunch was associated with a lower risk of weight gain; this may help weight control through the appropriate distribution of daily EI. 

Key words: Energy intake: Weight gain: Circadian timing: Cohort studies: Spain 

Weight gain results from an imbalance between energy intake group (837 kJ/200 kcal breakfast, 2092 kJ/500 kcal lunch and 
(EI) and energy expenditure. However, it has been recently 2929 kJ/700 kcal dinner) during 12 weeks, those in the ‘breakfast’ 
postulated that factors beyond the net energy balance may group showed greater weight loss and waist circumference 
also contribute to weight regulation. Among these factors are reduction. Moreover, BMI was significantly different between the 
differences in the metabolic response between proteins, groups, with a 10 % reduction in the ‘breakfast’ group and only a 
carbohydrates and fats(1) as well as the circadian rhythm(2), light 5 % reduction in the ‘dinner’ group(6). In another study with a 20
exposure(3) and the timing of EI throughout the day(2,4). week dietary intervention in obese individuals, late lunch eaters 
Experimental research on animals suggests that the timing of (who had lunch around 15.00 hours) lost less weight and dis

feeding may be associated with weight gain. Nocturnal mice fed played a slower weight-loss rate than early lunch eaters (with 
for 6 weeks with a high-fat diet during the 12-h light phase lunch around 13.00 hours). Late eaters only lost 9·0 (SD 7·1)% of 
gained significantly more weight than mice fed during the 12-h their initial weight, whereas early eaters lost 11·3 (SD 5·8) %. In this 
dark phase, despite consuming an equivalent amount of energy study, EI, dietary composition, estimated energy expenditure, 
(mice fed during the light phase had a higher fat percentage of appetite hormones and sleep duration were similar in late and 
7·8). Therefore, simply modifying the time of feeding can affect early lunch eaters(7). 
body weight(5). In recent years, some studies have focused on the association 
In humans, clinical trials with dietary interventions among between food timing and the metabolic syndrome(8), hyperten

overweight patients suggest that the distribution of EI throughout sion(9) or diabetes(10). However, the association between the daily 
the day and the timing of meals may affect weight loss. Among distribution of EI and weight gain is still uncertain. To our 
ninety-three women with metabolic syndrome who were rando- knowledge, this is the first study to evaluate the role of the dis
mised to an  isoenergetic  ‘breakfast’ (2929 kJ/700 kcal breakfast, tribution of EI throughout the  day on weight gain in adults from  
2092 kJ/500 kcal lunch and 837 kJ/200 kcal dinner) or ‘dinner’ the general population. 

Abbreviations: EI, energy intake; PA, physical activity; MEDAS, Mediterranean Diet Adherence Screener. 
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Methods 

Study design and participants 

Data were obtained from the ENRICA study (Study on Nutrition 
and Cardiovascular Risk in Spain; Estudio de Nutrición y RIesgo 
CArdiovascular en España), methods of which have been 
reported elsewhere(11,12). In brief, this study was conducted 
among 12 883 persons representative of the non-institutionalised 
population of Spain aged ≥18 years. Participants were selected in 
2008–2010 by stratified cluster sampling. First, the sample was 
stratified by province and size of the municipality. Second, 
clusters were chosen randomly in two stages: municipalities and 
census sections. Finally, the households within each section were 
selected by random telephone dialing; subjects in the households 
were chosen proportionally to the sex and age distribution of the 
Spanish population. Information was collected in three stages: a 
phone interview to collect information on health status, lifestyle, 
morbidity and healthcare services use; a first home visit to obtain 
blood and urine samples; and a second home visit to perform a 
physical examination and to record habitual diet. For this study, 
we selected 6207 individuals aged ≥18 years through random 
sampling of participants in the ENRICA study, with over
representation of older adults. In 2012 (after a mean of 3·5 
years of follow-up), we conducted a phone interview to update 
information on lifestyle, diet and morbidity in a subsample of 
4887 (78·7 %) participants. The socio-demographic, lifestyle and 
clinical characteristics were similar in subjects lost to follow-up 
and in those contacted. All the people who collected information 
at baseline and at the end of follow-up (nurses to obtain biolo
gical samples and non-health personnel for the rest of the tasks) 
received specific training in the study procedures. 
All study participants gave their informed written consent. 

The Clinical Research Ethics Committee of ‘La Paz’ University 
Hospital in Madrid approved both the baseline and the 
follow-up study. 

Food consumption 

At baseline, food consumption during a typical week of the pre
vious year was collected; the interviewers helped the study parti
cipants in reporting food intake during a typical week accounting 
for both seasonal and weekend food consumption. To this end, a 
validated computerised diet history, developed from that used in 

used(13,14,15)the EPIC-Spain cohort, was . Data collection was 
structured according to the occasions of food intake: breakfast, mid
morning meal, lunch, mid-afternoon meal, dinner and snacking, 
which was defined as eating at any other moment. A set of pictures 
was used to help in estimating the  portion size.  Nutrients  and  EI  
were calculated using Spanish food composition tables(16–19). 

Anthropometry 

Weight was recorded at baseline and at the end of follow-up by 
answering the following question: ‘How much do you weigh 
without clothes or shoes on?’. Weight gain was defined as an 
increase of >3 kg during follow-up, based on re-reported 
weight. We chose this cut-off point because 3 kg represents 
about 5 % of body weight among normal-weight people, and 
it has been related to worse cardiovascular risk factors. At 

baseline, height and waist circumference were also measured 
using standardised procedures. BMI was calculated as weight 
(kg) divided by squared height (m2), and obesity was defined as 
a BMI ≥30 kg/m2. 

Potential confounders 

Study participants reported socio-demographic and lifestyle vari
ables, including baseline age, sex, educational level 
and tobacco consumption as well as quitting tobacco during 
follow-up. Leisure time physical activity (PA) and PA at home 
were obtained at baseline with the questionnaire developed by 
the EPIC group of Spain and were expressed in metabolic 
equivalents (MET)-h/week(20). PA at work was assessed asking 
the participants to classify their PA into one of the following 
categories: sedentary occupation, standing occupation, manual or 
heavy manual labour or unemployed(21). Baseline information on 
the time spent watching TV, night sleep and daytime sleep was 
also obtained(12). Dieting was assessed using the following 
question: ‘Are you on a diet to lose weight?’. Diet quality was 
defined according to the Mediterranean dietary pattern estimated 
using the Mediterranean Diet Adherence Screener (MEDAS)(22). 
This index consists of fourteen items, and twelve of them include 
food consumption targets: use of olive oil as the principal source 
of fat for cooking, consumption of >3 tablespoons of olive oil/d, 
≥2 serving/d of vegetables, ≥3 servings/d of fruit, <1 serving/d of 
red meat, <1 serving/d of butter or margarine, <1 serving/d of 
sugar-sweetened beverages, ≥1 cup/d of wine, ≥3 servings/week 
of legumes, ≥3 servings/week of fish, <2 servings/week of 
commercial pastry and ≥3 servings/week of nuts. The other two 
items are targets for consumption habits characteristic of the 
Mediterranean diet in Spain: preference for white meat over red 
meat and ≥2 times/week consumption of dishes with sofrito (a 
tomato sauce with garlic, onion or leeks sautéed in olive oil). A 
value of +1 was  assigned  for each target achieved.  A higher  
MEDAS score (range 0–14) indicates better adherence to the 
Mediterranean diet. 

Finally, individuals reported at baseline and at the end of 
follow-up if they had ever been diagnosed by a physician with 
any of the following conditions: coronary disease, stroke, 
chronic respiratory disease, cancer at any site, osteoarthritis/ 
arthritis or diabetes. 

Statistical analysis 

Of the 4887 participants who were contacted during follow-up, 
4780 were alive at the time of the interview. Of these, twenty
one were excluded for not providing valid information on diet, 
451 for lacking data on weight change and sixty-five for missing 
values for other variables. Thus, the final analyses were 
performed with 4243 individuals. 

Study associations were summarised with OR and their 95 % 
CI obtained from logistic regression, where the dependent 
variable was weight gain of >3 kg during follow-up, and the 
main independent variable was baseline %EI at each eating 
occasion. Percentage of EI was modelled in sex-specific quar
tiles, using the lowest as the reference group. Two logistic 
regression models were developed. Model 1 was adjusted for 
age, sex and total EI. Model 2 was additionally adjusted for the 
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Energy throughout the day and weight gain 

rest of potential confounders (level of education, tobacco  
consumption, quitting smoking during follow-up, leisure time  
PA, PA at home, PA at work, watching TV, night sleep, daytime  
sleep, BMI at baseline, dieting, MEDAS score, chronic coronary  
disease, stroke, chronic respiratory disease, cancer, osteoar
thritis/arthritis, diabetes and incident disease during follow-up).  

To assess the robustness of the results, we conducted several  
sensitivity analyses. Specifically, we re-ran the models using  
weight gain of >5 kg as the dependent variable. Moreover,  
given that eating three or more times per day has been linked to  
higher weight gain(23), we further adjusted the analyses for the  
number of eating occasions (≤3, 4, 5 and 6); individuals were  
considered to have skipped an eating occasion when they  
reported that they did not eat any food at that occasion at least  
once every 15 d. In addition, as some foods that may protect  
from weight gain, such as vegetables and fruits, are mostly  
consumed at lunch and dinner, the analyses were additionally  
adjusted for vegetables, fruit and fibre intakes.  
Finally, we assessed whether the study association varied  

with sex, BMI, dieting and the MEDAS score, by using like
lihood ratio tests, which compared models with and without  
interaction terms.  
Statistical significance was set at P < 0·05. Analyses were  

performed with Stata 11.2 for Windows (StataCorp LP).  

Results 

Lunch was the eating occasion with the highest %EI (40 %),  
followed by the dinner (28 %), breakfast (16 %) and snacking  
(6 %). The frequency of meal skipping was very low for the  
main eating occasions. Men skipped the mid-afternoon meal  
more often than women. No substantial differences were found  
between men and women in the distribution of the %EI  
throughout the day (Table 1).  
Cut-off points for the sex-specific quartiles of %EI at the six 

eating occasions are presented in Table 2. The cut-off points for 
increasing quartiles of %EI at lunch in men were 34·4, 40·8 and 
47·7 %, and the corresponding values in women were 33·2, 39·4 
and 46·1 %. Participants in lower quartiles of %EI at breakfast 
and at lunch tended to be younger. Those in lower quartiles of 
%EI at lunch and at dinner had a worse diet quality according to 
the MEDAS score. Finally, those in lower quartiles of %EI at the 
main meals (breakfast, lunch and dinner) had a greater EI. 
Other socio-demographic, lifestyle or clinical variables showed 
only small differences across quartiles of %EI (Table 2). When 
under-reporting status was considered, there were only small 
differences in %EI at each eating occasion when comparing 
under-reporters and non-under-reporters (online Supplementary 
Table S1). On the other hand, the %EI at each eating occasion 
decreased across increasing quartiles of EI at lunch, except for 
snacking, which remained similar throughout the lunch quartiles 
(data not shown). 

During follow-up, 16·3 % of participants gained >3 kg, without  
substantial differences between men and women. Model 1 and 2  
provided similar results for the association between %EI  
throughout the day and gaining >3 kg. In fully adjusted analyses  
(model 2), compared with those in the lowest quartile of %EI at  
lunch, the OR of weight gain >3 kg were 0·79 (95% CI 0·63,  
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Table 2. Age-adjusted baseline characteristics of the study participants according to quartiles of percentage of energy intake (EI) in each eating occasion* 
(Percentages; mean values; n 4243) 
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%EI at breakfast %EI at mid-morning meal %EI at lunch %EI at mid-afternoon meal %EI at dinner %EI at snacking 

Q1 Q4 Q1 Q4 Q1 Q4 Q1 Q4 Q1 Q4 Q1 Q4 

Sex (% of women) 50·4  49·9  45·5  53·0*** 50·4  49·7  37·2  57·6*** 50·0  50·1  48·8  51·0 
Age (years) (mean) 51·1  55·7*** 55·7  49·4*** 49·7  51·4*** 53·9  51·2** 54·0  53·3  56·7  48·4*** 
Level of education (%) 

Primary or less 33·9  29·4  31·6  31·0  28·4  31·2  26·6  32·4  29·8  30·3  31·7  29·0 
Secondary 40·5  37·9  40·5  39·8  38·3  39·9  40·4  41·2  39·2  37·5  37·9  41·8*** 
University 25·7  32·6** 27·9  29·2  33·2  28·4* 32·9  26·0*** 31·0  30·2  30·4  29·2 

Tobacco consumption (%) 
Non smoker 42·7  50·8*** 48·0  52·6  50·2  49·3  44·7  53·6  52·4  45·9  49·5  47·2 
Former smoker 27·7  29·2  28·6  26·8  27·4  28·1  31·9  25·3*** 26·7  27·6  29·0  27·1 
Current smoker 29·7  20·0  23·4  20·5  22·4  26·7  23·3  21·1  20·8  26·5** 21·5  25·7*** 

Quitting tobacco during follow-up (%) 5·9 4·6 5·6 6·0 5·7 4·9 5·3 4·9 4·8 6·8 6·0 5·9 
Leisure time physical activity (MET-h/week) (mean) 25·4  28·9*** 26·9  25·4  26·0  26·3  27·9  25·9* 27·3  25·4  26·8  26·3 
Physical activity at home (MET-h/week) (mean) 39·5  38·2  35·6  39·7*** 38·4  39·1  34·0  40·4*** 37·4  39·7  39·2  38·1 
Physical activity at work (%) 

Sedentary 27·5  24·4  23·1  25·1  24·4  24·3  29·1  22·2  22·7  29·0  25·8  24·2 
Standing 38·3  35·6  35·5  39·7  37·0  39·8  34·4  37·6  38·8  36·2** 36·9  37·9 
Manual or heavy manual labour 4·3 3·8 4·1 5·8 4·7 3·7 4·4 4·5 4·5 4·4 3·6 4·2 
Unemployed 29·9  36·3** 37·3  29·3*** 33·9  32·2  31·9  35·7*** 34·0  30·4** 33·7  33·6 

Watching TV (h/week) (mean) 15·4  14·2** 15·3  14·5* 15·2  14·3* 14·2  15·7*** 14·4  15·0  14·24 15·0* 
Night sleep (h/d) (mean) 6·9 7·0 7·1 6·9*** 7·0 7·0 7·0 7·0 6·9 7·0 7·0 7·0 
Daytime sleep (min/d) (mean) 
BMI (kg/m2) (mean) 

17·2 
27·4  

15·2 
26·7*** 

17·8 
27·2  

16·8 
26·9  

17·7 
26·7  

16·5 
27·4*** 

17·7 
27·1  

17·8 
26·8  

16·8 
27·0  

16·9 
27·1  

17·0 
26·8  

17·2 
27·3*** 

Dieting (%) 8·2 6·6 6·2 6·6 5·8 8·1 4·0 6·7*** 7·3 6·9 7·7 8·2 
MEDAS score (mean) 7·0 6·6*** 6·8 6·0*** 5·9 7·2*** 6·9 6·1*** 6·6 6·8*** 6·8 6·8 
Total energy intake (kJ/d) (mean) 9150 8828*** 8866 9636*** 9970 8560*** 9050 9531*** 9192 8908** 8385 9858*** 
Total energy intake (kcal/d) (mean) 2187 2110*** 2119 2303*** 2383 2046*** 2163 2278*** 2197 2129** 2004 2356*** 
Coronary disease (%) 0·8 0·6 0·8 1·0 0·5 1·1 0·8 0·9 0·5 0·7 1·0 0·4 
Stroke (%) 0·4 0·2 0·6 0·6 0·4 0·7 0·8 0·6 0·4 0·9 0·6 0·2 
Chronic respiratory disease (%) 6·9 7·1 7·1 6·5 7·1 7·0 5·8 7·5 7·9 6·0 6·3 6·5 
Cancer (%) 1·2 1·3 1·1 1·6 1·4 1·2 1·2 1·4 0·8 1·2 1·4 0·4 
Osteoarthritis/arthritis (%) 25·0  26·7  25·5  26·1  26·0  28·7** 24·8  29·1** 27·5  28·0  28·1  31·6 
Diabetes (%) 10·5 7·1** 7·0  10·6*** 9·3 8·1 7·5  10·5* 9·3 8·8 8·6 8·4 
Incident disease during follow-up (%) 14·0  15·4  14·9  14·7  14·8  13·5  14·2  15·4  14·9  14·0  14·7  13·9 

Q1, quartile 1 (lowest); Q4, quartile 4 (highest); MET, metabolic equivalents; MEDAS, Mediterranean Diet Adherence Screener. 
* Pfor trend < 0·05, ** Pfor trend < 0·01, *** Pfor trend < 0·001. 
† Cut-off points for the quartiles in men: breakfast Q1: (0–29·3), Q2: (9·4–14·2), Q3: (14·3–20·1), Q4: (20·2–80·1); mid-morning meal Q1: (0), Q2: (0·1–3·4), Q3: (3·5–10·0), Q4: (10·1–62·6); lunch Q1: (0–34·4), Q2: (34·5–40·8), Q3: (40·9– 

47·7), Q4: (47·8–81·8); mid-afternoon meal Q1: (0), Q2: (0·1–3·1), Q3: (3·2–7·7), Q4: (7·8–47·3); dinner Q1: (0–22·4), Q2: (22·5–28·1), Q3: (28·2–34·2), Q4: (34·3–84·5); snacking Q1: (0), Q2: (0·1–4·5), Q3: (4·6–10·2), Q4: (10·3–47·2). Cut-off 
points for the quartiles in women: breakfast Q1: (0–10·8), Q2: (10·9–15·4), Q3: (15·5–20·1), Q4: (20·2–68·7); mid-morning meal Q1: (0), Q2: (0·1–3·2), Q3: (3·3–7·1), Q4: (7·2–66·6); lunch Q1: (0·5–33·2), Q2: (33·3–39·4), Q3: (39·5–46·1), Q4: 
(46·2–85·6); mid-afternoon meal Q1: (0), Q2: (0·1–3·9), Q3: (4·0–8·1), Q4: (8·2–45·3); dinner Q1: (0–21·5), Q2: (21·6–27·2), Q3: (27·3–32·6), Q4: (32·7–75·7); snacking Q1: (0), Q2: (0·1–4·7), Q3: (4·8–9·9), Q4: (10·0–53·8). 
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0·99) in the second quartile, 0·82 (95% CI 0·64, 1·04) in the third 
quartile and 0·62 (95% CI 0·47, 0·80) in the highest quartile; 
Pfor trend 0·001 (Table 3). During follow-up, 8·4 % of participants 
gained >5 kg. Similar results were obtained for weight gain 

Table 3. Weight gain (>3 kg) during follow-up according to quartiles of 
percentage of energy intake (EI) in each eating occasion at baseline 
(Odds ratios and 95 % confidence intervals) 

Model 1† Model 2‡  

OR 95% CI OR 95% CI  

%EI at breakfast 
Quartile 1 (lowest) Ref. Ref. 
Quartile 2 1·01 0·80, 1·23 1·01 0·79, 1·27 
Quartile 3 0·83 0·65, 1·05 0·81 0·63, 1·03 
Quartile 4 (highest) 1·11 0·88, 1·40 1·13 0·89, 1·43 

%EI at mid-morning meal 
Quartile 1 (lowest) Ref. Ref. 
Quartile 2 1·00 0·79, 1·26 1·00 0·79, 1·26 
Quartile 3 0·98 0·78, 1·24 1·00 0·79, 1·27 
Quartile 4 (highest) 1·35* 1·10, 1·71 1·28 0·98, 1·63 

%EI at lunch 
Quartile 1 (lowest) Ref. Ref. 
Quartile 2 0·77* 0·62, 0·96 0·79* 0·63, 0·99 
Quartile 3 0·76* 0·61, 0·95 0·82 0·64, 1·04 
Quartile 4 (highest) 0·57*** 0·45, 0·73 0·62*** 0·47, 0·80 

%EI at mid-afternoon meal 
Quartile 1 (lowest) Ref. Ref. 
Quartile 2 1·02 0·81, 1·28 0·96 0·76, 1·21 
Quartile 3 1·05 0·84, 1·32 0·95 0·75, 1·20 
Quartile 4 (highest) 1·09 0·86, 1·36 0·94 0·75, 1·19 

%EI at dinner 
Quartile 1 (lowest) Ref. Ref. 
Quartile 2 1·02 0·81, 1·29 1·01 0·80, 1·27 
Quartile 3 0·96 0·76, 1·22 0·96 0·76, 1·22 
Quartile 4 (highest) 1·01 0·80, 1·27 1·02 0·81, 1·30 

%EI at snacking 
Quartile 1 (lowest) Ref. Ref. 
Quartile 2 0·88 0·70, 1·11 0·88 0·70, 1·11 
Quartile 3 1·05 0·84, 1·31 1·06 0·84, 1·33 
Quartile 4 (highest) 0·94 0·74, 1·18 0·93 0·73, 1·18 

Ref., referent value; MET, metabolic equivalents. 
* P < 0·05, *** P < 0·001. 
† Model 1: adjusted for sex, age (18–29, 30–44, 45–64, ≥65 years) and total EI. 
‡ Model 2: adjusted as model 1 plus for level of education (primary or less, secondary, 

university), tobacco consumption (never, former and current smoker), quitting 
smoking during follow-up (no/yes), leisure time physical activity in MET-h/week 
(quartiles), physical activity at home in MET-h/week (quartiles), physical activity at 
work (sedentary, standing, manual or heavy manual labour, unemployed), watching 
TV in h/d (quartiles), night sleep in h/d (quartiles), daytime sleep in min/d 
(quartiles), BMI at baseline (quartiles), dieting (no/yes), Mediterranean 
Diet Adherence Screener score, chronic coronary disease (no/yes), stroke 
(no/yes), chronic respiratory disease (no/yes), cancer (no/yes), osteoarthritis/ 
arthritis (no/yes), diabetes (no/yes) and incident disease during follow-up 
(no/yes). 

Men, n 2119 

OR 

Quartile 1 
Quartile 2 
Quartile 3 
Quartile 4 

Quartile 1 
Quartile 2 
Quartile 3 
Quartile 4 

0.1 0.2 0.5 1  2  5  10  

>5 kg; the corresponding figures for the quartiles of %EI at 
lunch were 0·71 (95% CI 0·52, 0·96), 0·75 (95% CI 0·54, 1·03) 
and 0·69 (95% CI 0·50, 0·97); Pfor trend 0·047. Further adjustment 
for the number of eating occasions, as well as for vegetable, 
fruit and fibre intakes, did not materially change the results. In 
analyses stratified by sex, the results were in the same direction, 
although the association between %EI at lunch and lower risk of 
weight gain remained statistically significant only in women; 
Pfor interaction 0·43 (Fig. 1). After stratification by BMI, the asso
ciation was stronger in those with overweight or obesity, 
although again the interaction did not reach statistical sig
nificance; Pfor interaction 0·72. Finally, the association remained 
similar in strata defined by dieting and the MEDAS score (Fig. 2). 

A higher %EI at lunch was associated with a lower %EI at the 
rest of eating occasions, and with an increased frequency of 
skipped mid-morning and mid-afternoon meals and snacking; 
moreover, the %EI from carbohydrates decreased, whereas the 
%EI from lipids and alcohol increased (Table 4). No association 
was found between the %EI at the rest of the eating occasions 
and weight gain (Table 3). 

Discussion 

In this adult population of a Mediterranean country, where 
lunch is the main meal of the day, a higher %EI at lunch was 
associated with a lower risk of weight gain. This association was 
stronger in women and in those with overweight or obesity. 
Those with higher %EI at lunch also had higher intake of fat but 
lower intake of carbohydrates. Finally, we did not find an 
association between %EI at dinner or at any other eating 
occasion and weight gain. 

Our results are consistent with those from a cross-sectional 
analysis including 239 subjects – the ‘Los Angeles Energetics 
Study’. In this study, participants with ≥33 % of their 
EI at 12.00 hours were less likely to be overweight or obese. 
However, having ≥33 % of EI at dinner was associated 
with a greater frequency of weight gain, although the associa
tion lost statistical significance when the analysis was 
restricted to true reporters (based on doubly labelled water to 
measure EI)(24). 

Our results are in line with pioneering studies of the 
association between chronobiology and chronic diseases. 
A study among seventy women found that the presence of 
chronodisruption was related to obesity and the metabolic 
syndrome(8). Moreover, in another study, obese women had 
lower sleep efficiency, ate more quickly and spent more time 

Women, n 2124 

OR 

0.1 0.2 0.5 1  2  5  10  

Fig. 1. Association between the quartiles of percentage of energy intake at lunch and >3 kg weight gain stratified by sex. Odds ratios and their 95 % confidence 
interval are presented. Analyses were adjusted as in model 2. 
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BMI≤ 25 kg/m 2, n 1445 
OR 

Quartile 1 
Quartile 2 
Quartile 3 
Quartile 4 

0.1 0.2 0.5 1  2  

Dieting, n 308 
OR 

Quartile 1 
Quartile 2 
Quartile 3 
Quartile 4 

0.1 0.2 0.5 1  2  

MEDAS ≥ 9, n 743 
OR 

Quartile 1 
Quartile 2 
Quartile 3 
Quartile 4 

0.1 0.2 0.5 1  2  

Y. Hermengildo et al. 

BMI> 25 kg/m 2 , n 2798 
OR 

Quartile 1 
Quartile 2 
Quartile 3 
Quartile 4 

5  10  0.1 0.2 0.5 1  2  5  10  

No dieting, n 3931 
OR 

Quartile 1 
Quartile 2 
Quartile 3 
Quartile 4 

5  10  0.1 0.2 0.5 1  2  5  10  

MEDAS < 9, n 3500 
OR 

Quartile 1 
Quartile 2 
Quartile 3 
Quartile 4 

5  10  0.1 0.2 0.5 1  2  5  10  

Fig. 2. Association between quartiles of percentage of energy intake at lunch and >3 kg weight gain stratified by BMI, dieting and Mediterranean Diet Adherence 
Screener (MEDAS) score. Odds ratios and their 95 % confidence interval are presented. Analyses were adjusted as in model 2. 

Table 4. Distribution of percentage of energy intake (EI) at several eating type 2 diabetes risk variant in MTNR1B has been linked to a  
occasions, frequency of skipped eating occasions and %EI from macro- worse effect of melatonin on glucose tolerance(10).  
nutrients and alcohol, according to quartiles (Q) of %EI at lunch*  Most studies on the health effects of the distribution of EI 
(Mean values; percentages) 

during the day have focused on night-eaters, skipping breakfast 
%EI at lunch and on the number of eating occasions. In a study with 117 

healthy non-diabetic Pima Indians and forty-five white partici
Q1 Q2 Q3 Q4 pants, 36 % were night-eaters. After 6 months of follow-up, 

%EI 
Breakfast (mean) 18·3 
Mid-morning meal (mean) 8·9 
Lunch (mean) 28·1 
Mid-afternoon meal (mean) 7·2 
Dinner (mean) 29·0 
Snacking (mean) 8·5 

Frequency of skipped eating occasion 
Breakfast (%) 1·4 
Mid-morning meal (%) 24·5 
Mid-afternoon meal (%) 24·5 
Dinner (%) 0·3 
Snacking (%) 24·7 

%EI from macronutrients and alcohol 
Proteins (mean) 20·6 
Lipids (mean) 35·8 
Carbohydrates (mean) 41·0 
Alcohol (mean) 2·5 

night-eaters gained more weight than non-night-eaters(25). In  
17·0 
5·1 

37·1  

15·4 
3·6 

43·4  

12·8 
2·7 

53·3 

another prospective study in Copenhagen with 2111 indivi
duals, night eating was not associated with subsequent weight 

4·8 3·9 2·5 gain, except among obese women who further increased their 
29·3  28·5  25·1 weight(26). Unfortunately, in our study, night eating was inclu
6·7 5·3 3·6 ded as part of snacking, and therefore we cannot distinguish 
0·4 1·1 2·7 night-eaters from people who have a snack at any other 

31·0  40·0  46·9 moment. However, given that snacking represented only 6 % of 
29·9 
0·0 

27·0  

37·1 
0·1 

31·7  

50·4 
1·3 

44·5 

EI, and that snacking was not associated with weight gain, it is 
unlikely that night-time snacking could have influenced 
weight gain. 

21·0  20·9  20·6 With regard to breakfast, most data on its weight effects 
36·3  
39·7 
2·9 

36·9 
38·2 
3·9 

38·5 
36·4 
4·5 

derive from cross-sectional and a few longitudinal studies, 
which do not provide definite causal evidence(27); however, 
most data suggest that having breakfast on almost all or all of 

* All values were age-adjusted. the days is associated with a reduced frequency of overweight 
or obesity(28,29). One possible mechanism of this association is 

eating and sleeping during daytime than women with normal that breakfast skippers overcompensate EI by consuming 
weight. Moreover, a higher EI in obese women was related to a higher amounts of high energy-dense food later in the day due 
higher frequency of snacking at night(9). Finally, a common to a poor appetite control(27). In our study, only 1·3%  of  
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individuals skipped breakfast. Thus, it is unlikely to represent
an important risk factor for weight gain in our population.
There is also uncertain evidence about the effect of the

number of eating occasions on body weight. It has been
suggested that a high number of meals and snacks may be
linked to a higher total EI, and that eating more than three meals
a day may be associated with overweight and obesity(23).
A reduction in satiety response to dietary fibre has been
postulated as a possible mechanism(23). On the other hand,
reducing the number of eating occasions has been related to a
better lipid profile in obese individuals(30). In our study, the main
results also held after additional adjustment for the number of
eating occasions, and no association was found between the
number of eating occasions and weight gain (data not shown).

There is also recent interest on whether the timing of food
intake may affect weight regulation. In one study with animals,
an unusual food timing was associated with weight gain(5).
Moreover, in animals, results from another study suggest that
timed feeding v. ad libitum feeding could prevent obesity
and even reverse the harmful effects of a high-fat diet(31).
In addition, experimental studies on circadian misalignment in
humans (e.g. jet-lag and night-shift work) have shown
decreased leptin concentrations, increased glucose and insulin
levels, reversed daily cortisol rhythm and increased mean
arterial pressure(32). Moreover, there is some evidence that light
at night increases body mass by shifting the time of food
intake(3) and that short sleep duration or sleep deprivation are
related to obesity(33–35). Finally, the timing of dessert
consumption can also be of relevance. In a randomised, cross-
over study with children aged 2–5 years, serving the dessert
with the main course reduced total EI, regardless of the portion
size of the main course(36).

A large part of the biological activity shows a circadian rhythm,
and it has been suggested that between 10 and 30% of the human
genome is under the circadian clock control(37). There is evidence of
the existence of a central circadian clock that synchronises periph-
eral circadian clocks (e.g. in the liver, intestine, pancreas and per-
ipheral fat tissue), and that these peripheral clocks are sensitive to
food timing. Indeed, timing of food along with sleeping and light/
dark conditions(3) are considered natural synchronisers of peripheral
and central clocks(38). Of particular relevance is the effect of food
timing on peripheral fat because many genes expressed in adipose
tissue follow a circadian rhythm, which appears to be critical in
accumulating or mobilising fat(39). In addition, hormonal secretion
and hunger are under circadian control(38,40). Thus, a significant EI at
the ‘wrong time’ of the day may alter peripheral circadian clocks,
resulting in dysregulation of metabolism and weight(41). However,
despite substantial research on the effect of food timing on weight
regulation(42), we still lack a complete understanding of its
mechanisms. These may nonetheless include changes in satiety(24),
decreased insulin sensitivity and glucose tolerance(6), changes in the
circadian regulation of adipose tissue(39) and alterations in the cir-
cadian rhythm of cortisol and other hormones(4).
The main strength of this study is that participants were

selected from the general population. Moreover, the analyses
were adjusted for an important number of potential con-
founders including total EI, time devoted to sleep at night and
during daytime, diet quality and many other lifestyle factors.

The main limitation is that weight was self-reported. However,
at baseline, we obtained both measured and self-reported
weight and they showed high correlation (r 0·98), with a mean
under-reporting of 0·74 kg. In addition, there was substantial
cohort attrition, particularly because of individuals with missing
data on weight change; however, it is difficult to know its
possible effect on the study results. However, we did not find
important differences in socio-demographic, lifestyle and clin-
ical characteristics between subjects lost to follow-up and those
contacted. Another limitation could be under-reporting of EI,
but there is no reason to suggest that it was different across
eating occasions. Moreover, although food consumption data
were collected with a valid diet history, EI throughout the day
has not been validated. Finally, the results may not apply to
countries where lunch is not the main meal, and therefore
specific studies are needed in such populations.

In conclusion, a higher %EI at lunch, the main meal of the day
in Spain, was associated with a lower risk of weight gain. If this
finding is confirmed in future studies, it may help improve the
effectiveness of weight-control interventions(43), by emphasising
the appropriate distribution of EI throughout the day.
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Abstract: A higher energy intake (EI) at night has been associated with a higher risk of obesity, while
a higher EI at lunch may protect against weight gain. This study examined the association between
EI throughout the day and incident metabolic syndrome (MetS) among older adults. A cohort of
607 individuals aged � 60 free from MetS at baseline was followed from 2008–2010 until 2015. At
baseline, habitual EI was assessed on six eating occasions: breakfast, mid-morning snack, lunch,
afternoon snack, dinner, and snacking. MetS was defined according to the harmonized definition.
Statistical analyses were performed with logistic regression and adjusted for the main confounders,
including total EI, diet quality, and physical activity/sedentary behavior. During follow-up, 101 new
MetS cases occurred. Compared to the lowest sex-specific quartile of EI at dinner, the OR (95%
confidence interval) for incident MetS were: 1.71 (0.85–3.46) in the second, 1.70 (0.81–3.54) in the
third, and 2.57 (1.14–5.79) in the fourth quartile (p-trend: 0.034). Elevated waist circumference and
triglycerides were the MetS components that most contributed to this association. A higher EI at
dinner was associated with a higher risk of MetS in older adults. Reducing EI at dinner might be a
simple strategy to prevent MetS.

Keywords: metabolic syndrome; chronobiology; timing of food, older adults; intake of energy;
food intake; dinner intake; eating occasions
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1. Introduction

The understanding of circadian rhythm and its impact on health has increased sub-
stantially in the last decade. The circadian system is regulated by a central clock located in
the suprachiasmatic nucleus and various peripheral tissues located in other brain regions,
as well as in the liver, pancreas, gut, white adipose tissue, and skeletal muscle, which act as
peripheral clocks. The suprachiasmatic nucleus acts via the autonomic nervous system,
and is responsible for the circadian secretion of hormones, as well as the regulation of the
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temperature throughout the day [1]. Neural and endocrine, as well as behavioral, functions
have 24 h rhythms and are major determinants of human metabolism [2].

Some external exposures act as synchronizers of the central and the peripheral clocks.
These synchronizers are also known as time-givers (“zeitgebers” in German) [3]. The most
relevant of them are the cycles of light and dark exposure [4]. However, there is increasing
evidence that nutritional timing, specifically the time of day when energy is consumed, is
also part of this regulation [2,5].

The interest in chronobiology has increased from the 1990s due to the identification
of relevant genetic determinants of circadian rhythmicity (e.g., the CLOCK gene and its
association with obesity) [6,7]. Along with this, the detrimental influence of the misalign-
ment of clocks (such as eating late, shift work, or jet lag) on metabolic risk has contributed
further to the emerging body of evidence [8,9].

A higher energy intake (EI) at night is associated with a higher risk of obesity [10],
while a higher EI at lunch protects against weight gain [11]. In addition, it has been
suggested that avoiding eating late could be a strategy to help prevent obesity and the
metabolic syndrome (MetS) [5]. Accordingly, this study aimed to assess, for the first time
in the literature, the prospective association between the distribution of EI throughout
the day and MetS among community-living older adults in Spain who are at high risk of
developing MetS.

2. Materials and Methods
2.1. Study Design and Participants

Data at baseline were taken from the ENRICA Study, which is a representative sample
of the noninstitutionalized Spanish population aged 18 and over, recruited in 2008–2010 [12].
Those aged 60 years or older formed the Seniors-ENRICA-1 cohort which was established
at baseline with 3518 participants who were followed up until 2015.

Baseline information was collected in three stages: a telephone interview to obtain
data on health status, lifestyle, morbidity, and use of health services; a first home visit,
performed by a nurse, to obtain blood samples; and a second home visit by trained staff to
obtain information on diet and to perform a physical examination. In 2015, the information
was updated for those participants who were still alive and agreed to a new blood collection,
constituting a subsample of 1821 older adults. Of these, we excluded 676 individuals with
MetS at baseline, 72 with missing values that were unable to estimate MetS at baseline,
453 lacking data to calculate the incidence of MetS in 2015, and 13 with missing values for
covariates. Thus, the final analytical sample comprised 607 individuals.

All study participants gave written informed consent. The Clinical Research Ethics
Committee of the La Paz University Hospital approved the study.

2.2. Dietary Assessment

Food consumption in the previous year was collected using a validated computerized
dietary history [13]. This tool allowed for the collection of 860 foods, as well as 184 recipes
for dishes commonly eaten in Spain, and includes 127 sets of digitized photographs to
better estimate the size of food portions. It automatically converts the food into nutrients
and energy using standard Spanish food composition tables [14].

Participants were asked to report all the food consumed and when it was eaten at
least once every 15 days. Participants were questioned about food consumed at each eating
occasion, as follows: “What do you usually eat for breakfast, lunch, dinner, etc.?”. A total
of six eating occasions were considered: breakfast, mid-morning snack, lunch, afternoon
snack, dinner, and snacking (food consumed between the previous occasions, including
before bedtime and when going out for a drink). To facilitate reporting of the food eaten at
lunch and dinner, we asked about the first and second courses, desserts, and beverages
consumed, as well as about bread and wine. The mean time to complete the diet history
was 54 min.
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2.3. Metabolic Syndrome

MetS is defined, according to the harmonized definition [15], as having at least three
of the following five criteria: abdominal obesity (waist circumference of �102 cm in men
and �88 cm in women); fasting blood glucose of �100 mg/dL or receiving antidiabetic
drugs; systolic/diastolic blood pressure of �130/ 85 mmHg or receiving antihypertensive
drugs; serum triglycerides of �150 mg/dL; and serum HDL-cholesterol of <40 mg/dL in
men and <50 mg/dL in women.

Waist circumference was measured with a flexible inelastic belt-type tape at the
midpoint between the last rib and the iliac crest, at the end of a normal exhalation [16].
Blood glucose was determined in 12 h fasting blood samples by the glucose oxidase
method [17]. Blood pressure was measured using standard procedures with a validated
automatic blood pressure device [18]. Serum triglycerides were measured by the glycerol
phosphate oxidase method, and serum HDL-cholesterol by direct elimination/catalase
method.

2.4. Potential Confounders

At baseline, study participants reported sociodemographic and lifestyle variables,
including age, sex, level of education (primary or less, secondary, or university), smoking
status (never, former, current), and being an ex-drinker. Physical activity at leisure time
and in the household was obtained with the questionnaire used in the EPIC-cohort of Spain
and was expressed in metabolic equivalents (MET-h/week) [19]. Participants also reported
the number of hours spent watching TV and sleeping (summing up sleeping time at night
and during the day). Weight and height were measured using standard procedures, and
the body mass index (BMI) was calculated dividing weight by squared height (kg/m2).
Dieting was evaluated with the question: “Are you on a weight loss diet?”. Diet quality
was assessed using the MEDAS index of adherence to the Mediterranean diet. To obtain
a high MEDAS index indicates a high adherence to the Mediterranean diet [20]. Finally,
participants reported if they had been diagnosed with coronary heart disease, chronic
respiratory disease, cancer at any site, osteoarthritis, or arthritis.

2.5. Statistical Analysis

Logistic regression models were built to assess the risk of incident MetS. The main
independent variables were the percentage of EI at each eating occasion, and the study
associations were expressed with odds ratios (OR) and their 95% confidence interval (CI).
The percentage of EI was modelled as sex-specific quartiles, and the lowest quartile was
the reference group. Two logistic models were built. Model 1 was adjusted for sex, age,
education level, and total EI (kcal/day). Model 2 was additionally adjusted for smoking
status, ex-drinker status, leisure-time physical activity, physical activity in the household,
hours/day spent watching TV, total sleeping time (hours/day), BMI, dieting, ethanol intake
(g/day), and MEDAS score, as well as the baseline chronic diagnosed diseases: coronary
disease, chronic respiratory disease, cancer at any site, osteoarthritis, or arthritis.

The same type of analysis was performed for each component of the MetS. In addition,
an isocaloric substitution model was built to evaluate the effect of replacing the percentage
of EI at breakfast by same amount of EI at dinner on the risk of incident MetS [21]. Similar
analyses were performed for replacing EI% at lunch or at any other occasion with the same
EI% at dinner.

All analyses were performed with STATA software v.13.1 (College Station, TX, USA:
StataCorp LP). p-Values of <0.05 were considered as statistically significant.

3. Results

Among the 607 participants, 312 (51.4%) were women, and mean age was 67.3 years
(SD 5.3). The main eating occasions were breakfast, lunch, and dinner, with an EI% of 17.1%,
41.9%, and 27.8%, respectively (Table 1). Compared with participants in the lowest quartile
of EI% at breakfast, those in the highest quartile were less frequently current smokers, had
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less total EI, spent less time watching TV, had a lower BMI, and showed lower ethanol
intake. Participants in the highest quartile of EI% at lunch were less educated, with lower
total EI, and higher adherence to a Mediterranean diet, and those in the highest quartile of
EI% at dinner were more frequently current smokers (Table 2).

Table 1. Energy intake at each eating occasion, and percentage of individuals who skipped each
eating occasion, among the study participants at baseline. Seniors-ENRICA-1 cohort study, 2008–2010.
N = 607.

Energy Intake
(kcal/day)

Eating Occasions % of Energy Intake Mean SD Skipping Eating Occasion (%)

Breakfast 17.1 339.2 210.5 0.7
Mid-morning snack 4.2 89.0 151.8 41.5

Lunch 41.9 840.4 284.7 0.0
Afternoon snack 4.0 82.3 118.2 38.4

Dinner 27.8 563.2 235.7 0.3
Snacking 5.0 108.3 165.9 37.7

Total energy 100.0 2022.5 559.4 -

Table 2. Baseline characteristics of the participants in the Seniors-ENRICA-1 cohort study according to sex-specific quartiles
of the percentage of energy intake at breakfast, lunch, and dinner. N = 607.

Breakfast † Lunch † Dinner †

Q1 Q4 Q1 Q4 Q1 Q4

Sex, % of women
Age (years), mean

51.3
67.0 (5.6)

51.7
67.6 (6.2)

51.3
66.9 (5.9)

51.7
67.7 (5.6)

51.3
67.4 (5.8)

51.7
67.2 (5.6)

Breakfast † Lunch † Dinner †
Level of education, %

Primary or less 42.1 41.1 35.5 45.7 39.5 42.4
Secondary 31.6 31.8 30.9 31.8 30.9 31.1
University 26.3 27.2 33.6 22.5 * 29.6 26.5

Smoking status, %
Never smoker 53.3 66.2 53.3 58.9 62.5 53.0
Former smoker 32.2 27.8 33.6 33.1 30.3 30.5
Current smoker 14.5 6.0 ** 13.2 8.0 7.2 16.6 **

Ex-drinker, % 11.2 6.0 12.5 6.0 7.9 6.0
Energy (kcal/day), mean 2095 (562) 1951 ** (591) 2184 (637) 1924 *** (501) 2016 (609) 2001 (516)
Physical activity during leisure time 23.2 (14.6) 25.7 (18.1) 24.1 (17.2) 22.3 (16.6) 23.9 (18.5) 24.4 (15.3)(METs h/week), mean
Physical activity in the household 37.8 (31.2) 35.6 (28.2) 37.4 (30.9) 38.6 (28.8) 38.0 (32.2) 33.8 (28.4)(METs h/week), mean
Watching TV (h/week), mean 18.2 (11.6) 15.4 * (10.4) 15.4 (10.3) 15.9 (11.2) 16.4 (12.6) 17.7 (10.1)
Sleeping time (hour/day), mean 7.2 (1.2) 7.2 (1.3) 7.1 (1.5) 7.3 (1.5) 7.2 (1.4) 7.2 (1.3)
Body mass index (kg/m2), mean 27.5 (3.4) 26.8 * (3.6) 26.7 (3.3) 27.6 (4.0) 26.7 (3.6) 27.2 (3.2)
Dieting, % 10.5 6.0 7.2 9.3 6.6 8.6
Ethanol intake (g/day), mean 15.6 (22.1) 8.6 ** (15.1) 9.8 (17.9) 12.7 (16.7) 11.2 (16.8) 14.6 (22.2)
MEDAS score, mean 7.8 (1.8) 7.4 (1.7) 6.8 (2.0) 7.8 *** (1.7) 7.3 (1.9) 7.6 (1.6)
Coronary disease, % 0 2.0 0.7 0 1.3
Chronic respiratory disease, % 9.2 6.6 5.9 8.0 6.6 6.0
Cancer, % 2.6 2.0 2.0 1.3 2.0 2.7
Osteoarthritis, % 33.6 38.4 36.8 41.7 37.5 38.4
Arthritis, % 12.5 7.3 11.2 6.0 7.2 13.9

Q1, quartile 1 (lowest); Q4, quartile 4 (highest); MET, metabolic equivalents; MEDAS, Mediterranean Diet Adherence Screener. * p for
trend <0.05, ** p for trend < 0.01, *** p for trend < 0.001. † Cut-off points for the quartiles in men: breakfast Q1: (0–11.0), Q2: (11.0–15.2),
Q3: (15.2–21.0), Q4: (21.2–62.1); lunch Q1: (14.8–36.5), Q2: (36.6–43.4), Q3: (43.4–49.6), Q4: (49.7–71.0; dinner Q1: (0–22.4), Q2: (22.5–28.6),
Q3: (28.6–34.1), Q4: (34.1–59.8). Cut-off points for the quartiles in women: breakfast Q1: (0.1–11.5), Q2: (11.7–17.0), Q3: (17.1–21.5), Q4:
(21.5–67.4); lunch Q1: (11.0–34.0), Q2: (34.1–40.8), Q3: (40.8–46.0), Q4: (46.1–78.4); dinner Q1: (0–21.0), Q2: (21.1–27.4), Q3: (27.5–32.0), Q4:
(32.0–53.8).

0
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At the end of the follow-up period, 101 (16.6%) of the participants developed MetS.
Of them, 50 were men and 51 were women. The risk of MetS increased across quartiles
of EI% at dinner: the OR (95% CI) of MetS was 1 for the lowest quartile, 1.71 (0.85–3.46)
for the second, 1.70 (0.81–3.54) for the third, and 2.57 (1.14–5.79) for the highest quartile
(P-trend: 0.034). No associations were found for EI% any other eating occasion (Table 3).

Table 3. Odds ratios (95% confidence interval) for incident metabolic syndrome (2008/10 to 2015) according to sex-specific
quartiles of the percentage of energy at each eating occasion among participants in the Seniors-ENRICA-1 cohort study.
N = 607.

Model 1 Model 2
N/Cases OR (95% CI) OR (95% CI)

Breakfast † 607/101
Quartile 1 (lowest) 152/25 Ref Ref
Quartile 2 152/33 1.51 (0.83–2.73) 1.46 (0.78–2.75)
Quartile 3 152/26 1.12 (0.58–2.17) 1.28 (0.64–2.55)
Quartile 4 (highest) 151/17 0.79 (0.35–1.80) 0.84 (0.35–1.97)

p for trend 0.619 0.815
Mid-morning snack † 607/101
Quartile 1 (lowest) 252/43 Ref Ref
Quartile 2 119/23 1.32 (0.73–2.41) 1.26 (0.67–2.37)
Quartile 3 118/18 0.98 (0.51–1.86) 0.97 (0.50–1.91)
Quartile 4 (highest) 118/17 1.14 (0.55–2.36) 1.09 (0.51–2.34)

p for trend 0.838 0.910
Lunch † 607/101
Quartile 1 (lowest) 152/22 Ref Ref
Quartile 2 152/24 0.99 (0.51–1.91) 1.05 (0.53–2.08)
Quartile 3 152/24 0.99 (0.50–1.98) 1.10 (0.53–2.29)
Quartile 4 (highest) 151/31 1.62 (0.73–3.58) 1.71 (0.73–3.97)

p for trend 0.300 0.258
Afternoon snack † 607/101
Quartile 1 (lowest) 233/39 Ref Ref
Quartile 2 125/25 1.34 (0.74–2.41) 1.31 (0.71–2.43)
Quartile 3 125/19 0.96 (0.51–1.81) 1.12 (0.58–2.17)
Quartile 4 (highest) 124/18 1.07 (0.53–2.15) 1.05 (0.50–2.19)

p for trend 0.978 0.871
Dinner † 607/101
Quartile 1 (lowest) 152/16 Ref Ref
Quartile 2 152/27 1.76 (0.89–3.46) 1.71 (0.85–3.46)
Quartile 3 152/26 1.69 (0.84–3.41) 1.70 (0.81–3.54)
Quartile 4 (highest) 151/32 2.31 (1.06–5.03) * 2.57 (1.14–5.79) *

p for trend 0.054 0.034
Snacking † 607/101
Quartile 1 (lowest) 229/38 Ref Ref
Quartile 2 127/22 1.09 (0.60–2.00) 1.17 (0.62–2.19)
Quartile 3 126/24 1.30 (0.71–2.37) 1.15 (0.61–2.16)
Quartile 4 (highest) 125/17 1.00 (0.48–2.10) 1.07 (0.49–2.34)

p for trend 0.723 0.748

* p < 0.05. Model 1 was mutually adjusted for the percentage of energy intake consumed at each eating occasion as appropriate, as well as
sex, age, level of education (primary or less, secondary, or university), and total energy intake (kcal/day). Model 2 was adjusted as per
model 1, plus smoking status (never, former, and current smokers), ex-drinker status, leisure-time physical activity (METs h/week), physical
activity in the household (METs h/week), watching TV (hours/week), sleeping time (hours/day), body mass index (kg/m2), dieting,
ethanol intake (g(day), Mediterranean Diet Adherence Screener score, coronary diseases, chronic respiratory disease, cancer, osteoarthritis,
and arthritis. † Cut-off points for the quartiles in men: breakfast Q1: (0–11.0), Q2: (11.0–15.2), Q3: (15.2–21.0), Q4: (21.2–62.1); mid-morning
snack Q1: (0), Q2: (0.1–3.0), Q3: (3.1–8.9), Q4: (9.0–51.8); lunch Q1: (14.8–36.5), Q2: (36.6–43.4), Q3: (43.4–49.6), Q4: (49.7–71.0); afternoon
snack Q1: (0), Q2: (0–2.9), Q3: (3.0–6.6), Q4: (6.7–34.9); dinner Q1: (0–22.4), Q2: (22.5–28.6), Q3: (28.6–34.1), Q4: (34.1–59.8); snacking Q1:
(0), Q2: (0.2–3.9), Q3: (3.9–8.2), Q4: (8.3–40.2). Cut-off points for the quartiles in women: breakfast Q1: (0.1–11.5), Q2: (11.7–17.0), Q3:
(17.1–21.5), Q4: (21.5–67.4); mid-morning snack Q1: (0), Q2: (0.2–3.3), Q3: (3.3–6.8), Q4: (6.9–32.1); lunch Q1: (11.0–34.0), Q2: (34.1–40.8),
Q3: (40.8–46.0), Q4:(46.1–78.4); afternoon snack Q1: (0), Q2: (0.3–3.5), Q3: (3.5–7.5), Q4: (7.5–31.3); dinner Q1: (0–21.0), Q2: (21.1–27.4), Q3:
(27.5–32.0), Q4: (32.0–53.8); snacking Q1: (0), Q2: (0.2–3.7), Q3: (3.7–9.7), Q4: (9.7–53.8).

http:1.14�5.79
http:0.81�3.54
http:0.85�3.46
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Isocaloric replacement of EI at breakfast with the same amount of EI at dinner was
associated with a higher risk of MetS, so that the OR (95% CI) of MetS was 2.73 (1.31–5.68;
p-trend: 0.011) for the highest vs. lowest quartile of EI at dinner. Likewise, replacement of
EI at any other time of the day with the same percentage of EI at dinner was associated
with a higher risk of MetS (OR: 2.42; 95% CI: 1.22–4.81; p-trend: 0.019) (Table 4).

With regard to the five components of the MetS, we found that participants in the
highest vs. lowest quartile of EI at dinner had a higher risk of abdominal obesity (OR
2.15; (95% CI: 1.08–4.25; p-trend: 0.013), as well as a significant tendency for elevated
triglyceridemia (p-trend: 0.025) (Table 5).

Table 4. Odds ratios (95% confidence interval) for incident metabolic syndrome among participants in the Seniors-ENRICA-1
cohort study (2008/10 to 2015) when isocaloric substitution of breakfast, lunch, or all other occasions of energy intake for
energy intake at dinner. N = 607.

Model 1 Model 2
N/Events OR (95% CI) OR (95% CI)

Isocaloric substitution of
energy consumed at breakfast 607/101
for dinner
Quartile 1 (lowest) 152/16 Ref Ref
Quartile 2 152/27 1.79 (0.92–3.52) 1.76 (0.87–3.55)
Quartile 3 152/26 1.76 (0.89–3.49) 1.75 (0.85–3.57)
Quartile 4 (highest) 151/32 2.53 (1.26–5.07) ** 2.73 (1.31–5.68) **

p for trend 0.014 0.011
Isocaloric substitution of
energy consumed at lunch for
dinner
Quartile 1 (lowest) 152/16 Ref Ref
Quartile 2 152/27 1.72 (0.87–3.37) 1.70 (0.84–3.43)
Quartile 3 152/26 1.58 (0.80–3.15) 1.57 (0.76–3.22)
Quartile 4 (highest) 151/32 1.97 (0.97–4.01) 2.17 (1.03–4.54) *

p for trend 0.095 0.065

Isocaloric substitution of
energy consumed at all other
occasions for dinner
Quartile 1 (lowest) 152/16 Ref Ref
Quartile 2 152/27 1.79 (0.92–3.49) 1.76 (0.88–3.53)
Quartile 3 152/26 1.70 (0.87–3.32) 1.66 (0.82–3.36)
Quartile 4 (highest) 151/32 2.26 (1.18–4.35) * 2.42 (1.22–4.81) *

p for trend 0.024 0.019

* p < 0.05, ** p < 0.01. Models 1 and 2 were adjusted as in Table 3.

Table 5. Odds ratios (95% confidence interval) for the incidence of each component of metabolic syndrome according to
sex-specific quartiles of percentage of energy intake at dinner among participants in the Seniors-ENRICA-1 cohort study
(2008/10 to 2015).

Model 1 Model 2
N/Events OR (95% CI) N/Events OR (95% CI)

Abdominal Obesity 647/176 647/176
Quartile 1 (lowest) 162/36 Ref 162/36 Ref
Quartile 2 162/40 1.18 (0.69–2.02) 162/40 1.10 (0.61–2.00)
Quartile 3 162/48 1.62 (0.93–2.81) 162/48 1.82 (0.98–3.36)
Quartile 4 (highest) 161/52 1.99 (1.06–3.74) * 161/52 2.15 (1.08–4.25) *

p for trend 0.020 0.013
Hyperglycemia/diabetes 834/150 834/150
Quartile 1 (lowest) 209/37 Ref 209/37 Ref
Quartile 2 209/29 0.75 (0.44–1.30) 209/29 0.75 (0.43–1.30)

http:1.08�4.25
http:1.22�4.81
http:1.31�5.68
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Table 5. Cont.

Model 1 Model 2
N/Events OR (95% CI) N/Events OR (95% CI)

Quartile 3 209/38 1.04 (0.61–1.77) 209/38 1.00 (0.58–1.73)
Quartile 4 (highest) 207/46 1.40 (0.75–2.59) 207/46 1.34 (0.72–2.50)

p for trend 0.239 0.308
Arterial hypertension 241/102 241/102
Quartile 1 (lowest) 61/28 Ref 61/28 Ref
Quartile 2 60/23 0.81 (0.37–1.74) 60/23 0.79 (0.36–1.76)
Quartile 3 61/23 0.73 (0.33–1.58) 61/23 0.75 (0.33–1.70)
Quartile 4 (highest) 59/28 0.87 (0.36–2.11) 59/28 0.86 (0.33–2.22)

p for trend 0.656 0.671
Hypertriglyceridemia 1141/98 1141/98
Quartile 1 (lowest) 286/24 Ref 286/24 Ref
Quartile 2 285/18 0.80 (0.42–1.52) 285/18 0.82 (0.42–1.60)
Quartile 3 286/28 1.53 (0.82–2.87) 286/28 1.66 (0.87–3.19)
Quartile 4 (highest) 284/28 1.92 (0.93–3.97) 284/28 2.07 (0.98–4.35)

p for trend 0.038 0.025
Low HDL-cholesterol 1109/156 1109/156
Quartile 1 (lowest) 278/36 Ref 278/36 Ref
Quartile 2 277/43 1.20 (0.74–1.96) 277/43 1.18 (0.71 -1.95)
Quartile 3 277/40 1.06 (0.64–1.77) 277/40 1.12 (0.66 –1.92)
Quartile 4 (highest) 277/37 0.86 (0.47–1.57) 277/37 0.89 (0.48–1.67)

p for trend 0.626 0.773

* p < 0.05. Models 1 and 2 were adjusted as in Table 3.

4. Discussion

In this prospective cohort of older adults, a higher percentage of EI at dinner was
associated with an increased risk of MetS. Replacing the EI consumed at breakfast or at any
other eating occasion with the same amount of energy at dinner also increased the risk of
the MetS. Elevated waist circumference and triglycerides were the MetS components that
most contributed to this association. In Spain, a country where dinner is usually eaten later
than in other countries (generally after 9:00 p.m. [22]), to eat more energy at this eating
occasion was detrimental and associated with the development of the MetS.

Previous studies are in line with these findings. However, the exposures were mea-
sured differently, and it is difficult to establish comparisons. The association between meal
timing and MetS has been previously studied in Japan and Korea. In a cross-sectional
study of Japanese people aged 20–75 years, late-night dining habits were associated with a
higher risk of the MetS [23]. In another cross-sectional study of Korean adults aged 19 or
older (KNHANES Study), night eating (�25% of total EI at night) was associated with a
higher frequency of MetS among males [24]. Finally, in a prospective study of Japanese
adults aged 40–54 years, a positive association between dining immediately before going
to bed and the risk of incident MetS did not reach statistical significance; however, women
who had both the habits of dining just before going to bed and of snacking after dinner
had an increased risk of MetS [25].

Our results are in line with current knowledge on nutritional chronobiology [3,5], as
well as with previous findings in observational studies [23]. However, the different ways to
assess eating timing in relation to MetS, which mainly depends on data availability, make
the studies difficult to compare. For instance, some studies considered only two time bands,
daytime and evening eating [9,24], while we considered six eating occasions, including
snacking, during each 24 h period. Likewise, in some previous studies, the exposure was
an intake of at least 25% of energy after 9:00 p.m. [24], or as having dinner just before going
to bed [25].

Regarding MetS components, there is some evidence that chronobiology and timing
in EI are associated with obesity [10,26]. Specifically, a higher EI during the night was
associated with a higher risk of obesity [26]. Of note is that abdominal obesity is a central
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component of MetS, and can lead to lipid abnormalities, alterations of glucose metabolism,
and elevated blood pressure [27]. However, although energy intake timing seems to be
relevant in the development of obesity, some inconsistencies have also been observed
concerning energy intake at dinner. A previous study conducted in participants 18 years
old and over found that while a higher energy intake at lunch was associated with a lower
risk of weight gain, no association was found between the energy consumed at dinner and
weight gain (>3 kg after 3 years of follow-up) [11].

Regarding hypertriglyceridemia, an experiment with mice found that a high-fat diet
at the end of their active period was associated with hypertriglyceridemia, weight gain,
increased body adiposity, decreased glucose tolerance, and hyperleptinemia [28]. In addi-
tion, another study with mice that were CLOCK gene mutants (with hyperphagia during
their sleep/inactivity phase) showed increased weight gain and hypertriglyceridemia [29].
In humans, timing misalignments (i.e., shift work) have been frequently studied, and an
association with hypertriglyceridemia was also found; a study among night-shift nurses
showed a higher EI at night as well as higher levels of triglycerides, LDL-cholesterol, and
total cholesterol. Night shift was also associated with higher levels of HDL-cholesterol [9].

In our analyses, EI at dinner was not associated with other components of the MetS,
such as hyperglycemia, high blood pressure, or low HDL-cholesterol. However, these
associations were found in some cross-sectional studies. For example, night-shift nurses
showed elevated fasting glucose [9]. In addition, in the KNHANES Study, an association
between eating at night and reduced HDL-cholesterol was found among men [24].

Although having a regular breakfast has been suggested to decrease adiposity [30], in
our analyses no association was found between EI at breakfast and risk of MetS. However,
skipping breakfast, which could influence energy balance throughout the day, was very
rare (0.7%) in our sample. Furthermore, our results did not show an association between
snacking and MetS, although the association was positive, again not reaching statistical
significance. Of note is that snacking varies greatly among different populations [31], and
in our sample it accounted for only 5% of total EI.

The increasing body of evidence on the influence of EI throughout the day and its
impact on metabolic health makes the association between EI timing and the development
of MetS plausible [2]. For example, it has been suggested that insulin (the hormone that is
altered in MetS) is involved in the post-prandial synchronization of the circadian clocks
throughout the body [32]. Another factor that could be acting is the proximity of food
intake to the nocturnal rise in melatonin. Calorie intake closer to this nocturnal rise was
associated with increased adiposity and impaired glucose homeostatic [33]. It is also
known that circadian clocks influence both appetite and energy expenditure, which are
ultimately linked to metabolic disorders [34]. Finally, the present study also contributes to
the epidemiological and population-based support for the influence of energy timing on
cardiometabolic risk management [31].

4.1. Importance and Practical Consequences

Our findings suggest that reducing %EI at dinner may serve to lower the risk of MetS.
This is important for a number of reasons. First, because of the high prevalence of MetS
syndrome (>40%) in our older population [35]. Second, because MetS has been associated
with an increased risk of diabetes [36,37] and is a major contributor to the epidemic of
cardiovascular disease in the Western world [38]. Third, because MetS does not easily
revert. Fourth, because metabolic conditions associated with misalignments do not seem
to have a clear genetic component and are based on unhealthy lifestyles [5]. Fifth, because
misalignments are becoming more frequent due to long working days and the use of
electronic devices at bedtime before sleeping. Finally, because changes in EI timing might
be easier to follow than just caloric restrictions. Similar approaches have been proposed to
prevent obesity [39,40].
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4.2. Strengths and Limitations

The main strength of this study is its longitudinal design. However, although the
cohort was initially representative of the older adult population in Spain, attrition bias
does not allow us to ensure representativeness. Moreover, analyses were adjusted for
a significant number of potential confounders, such as total energy, physical activity
during leisure time and in the household, watching TV, sleeping, dieting, and alcohol
consumption. In addition, certified personnel performed all measurements following
standardized protocols.

The main limitation is that diets were self-reported, so recall bias or social desirability
bias cannot be ruled out. In addition, despite each participant reporting the food consumed
on each eating occasion, the time of the meals was not collected. A diet history validation
was performed for food groups with many nutrients and total energy [13], but a specific
validation for eating occasions was not performed. On the other hand, the specific time
of the six eating occasions was not recorded, although these are quite characteristic of the
dietary habits in the Spanish population. Additionally, the influence of sleep preferences
was not considered in the analyses. Finally, we cannot rule out some selection bias due to
the exclusion of participants with lacking data.

5. Conclusions

In this study of older adults, a higher percentage of EI at dinner was associated with
a higher incidence of MetS, mostly due to abdominal obesity and hypertriglyceridemia.
These findings suggest that a reduction of energy intake at dinner may be useful to prevent
MetS. However, the efficacy of this strategy must be proven in future clinical trials with
populations.
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Abstract 

Objectives: to examine the association of general and abdominal obesity with falls, falls requiring medical care and falls with  
fractures in older women.  
Design: a population-based prospective cohort of 1,185 women aged ≥60 in Spain, followed up from 2008 to 2010 through  
2012.  
Measures: weight, height and waist circumference were measured at baseline using standardised techniques. Participants were  
classified according to body mass index as normal weight (<25), overweight (25–29.9) and general obesity (≥30). Abdominal  
obesity was defined as waist circumference >88 cm. In 2012, participants reported the falls experienced in the previous year.  
Logistic regression models were mutually adjusted for general and abdominal obesity and for main confounders.  
Results: in this cohort of older women, a total of 336 women experienced falls, 168 of them had falls requiring medical  
care and 64 falls with fractures. For falls, no association was found with general obesity nor abdominal obesity. However,  
compared with normal weight, overweight women had a decreased risk for falls requiring medical care [odds ratio (OR) 0.57;  
95% confidence interval (CI) 0.34–0.94] and for falls with fractures (OR 0.27; 95% CI 0.12–0.63). �e corresponding  
values for general obesity were 0.44 (0.24–0.81) and 0.30 (0.11–0.82). Abdominal obesity was positively associated with falls  
requiring medical care (OR 1.82; 95% CI 1.12–2.94) and falls with fractures (OR 2.75; 95% CI 1.18–6.44).  
Conclusions: in older women, general obesity may protect from falls requiring medical care and falls with fractures. On the  
contrary, abdominal obesity increased the risk of suffering from types of falls.  

Keywords: falls, falls requiring medical care, falls with fracture, general obesity, abdominal obesity, older women 

Key Points 

• In older women, general obesity may protect from falls requiring medical care and falls with fractures. 
• In older women, abdominal obesity increased the risk of suffering from types of falls. 
• Women with abdominal obesity should receive preventive advice to avoid falls and their consequences. 
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Introduction 

Data from large studies have shown that there is a gradual 
increase in weight and body mass index (BMI) throughout 
adult life, reaching a peak at 50–60 years old [1,2] and  
decreasing later in life. Ageing is also associated with a 
redistribution of body fat, with a greater increase in intra-
abdominal fat than in subcutaneous fat or total body fat [3]. 
In line with this, the prevalence of general obesity is 23% 
for the Spanish population older than 18 and 35% for older 
adults≥60, whereas the prevalences of abdominal obesity for 
the same two groups are 36 and 62%, respectively [4]. �ese 
prevalences could become even higher in the future due to 
population ageing [5]. 

Approximately, one-third of older adults have at least one 
fall per year [6] and, as a result, a substantial proportion of 
them could suffer serious consequences [7], such as fractures. 
Regardless of whether the fall produces a serious injury or 
not, it may still have important functional consequences [6], 
such as developing a fear of falling. �is could lead to a 
decrease in physical activity that reduces physical condition 
and increases the risk of falls, completing the vicious circle. 
In addition, falls are much more frequent in women [8], 
constituting an important cause of morbidity and mortality 
especially among the older female population. 

Previous studies report several factors associated with falls 
in older adults such health status [7,8], physical activity [7], 
age [8], history of stroke [8], sleeping duration [9], alcohol 
consumption [8] and obesity [1,10]. �us, several studies 
have evaluated the association between obesity and falls or 
fall-related fractures in older adults. Some of these studies 
were cross-sectional [11–13], one was not population based 
[14], two did not considered abdominal obesity [14,15] and  
one analysis conducted withUS participants from theHealth 
and Retirement Study used a very selected sample from the 
initial cohort [16]. Finally, in a longitudinal study performed 
with women only the risk of fractures was considered [17]. 

�erefore, the aim of this study was to evaluate the 
longitudinal association of falls, falls requiring medical care 
and falls with fractures in a population-based sample of older 
women considering both general and abdominal obesity 
concurrently. 

Methods 

Study design and participants 

Baseline data were taken from the Senior-ENRICA cohort, 
which was established with 3,289 community-dwelling 
adults aged 60 and older. �e cohort was derived from 
the ENRICA study, performed with participants aged 
18 years or older selected by random sampling. �e baseline 
information was obtained between 2008 and 2010 in three 
steps: a telephone interview to collect information on health 
status, lifestyles, morbidity and use of health services; a 
first home visit to obtain blood and urine samples and a 
second home visit to conduct a physical examination. In 

2012, we updated information including data on falls and 
fall-related consequences. During follow-up, a total of 675 
individuals were lost, 95 died and we collected information 
in a subsample of 2,519 older adults. After excluding data 
from participants withmissing values for confounders, 2,246 
participants remained in the cohort. Finally, due to the fewer 
number of falls among men, we performed the analyses with 
1,185 women. 

Interviewers involved in data collection received specific 
training according to the study procedures. Study partici-
pants gave written informed consent. �e Clinical Research 
Ethics Committee of ‘La Paz’ University Hospital in Madrid 
(Spain) approved both, the baseline and follow-up studies. 
Study participants gave written informed consent. 

Study variables 

Main variables 
BMI and abdominal obesity were the main independent 
variables. At baseline, BMI (weight in kilograms divided 
by height in metres squared [kg/m2]) was calculated and 
divided into three categories: <25 kg/m2, 25–29.9 kg/m2 

and ≥30 kg/m2 labelled as ‘normal weight’, ‘overweight’ 
and ‘general obesity’, respectively. Abdominal obesity was 
calculated based on the abdominal perimeter in centimetres 
and defined as an abdominal circumference >88 cm. 

�e main dependent variables were: to have fallen at least 
once in the last year (named simply as falls), falls requiring 
medical care and falls with fractures. �ese variables were 
obtained in 2012. Data were obtained with the following 
questions: ‘How many times have you fallen in the last 
12 months?’ Participants who had fallen were asked this 
question: ‘As a consequence of the fall, did you need to 
go to the doctor or nurse, go to the emergency room or 
to be hospitalised or was no medical attention needed?’ 
and ‘What injury resulted from your most serious fall?’ �e 
responses were recorded as the following: bruising, sprain, 
contusion, superficial wound, deep wound, hip/leg fracture, 
shoulder/arm fracture, dizziness/headache, loss of conscious-
ness or others. Multiple choices were allowed. Participants 
who did not fall were considered the reference group in all 
the analyses. 

Potential confounders 
Information on potential confounders was abstained, such 
as sociodemographic variables: age, marital status, living 
alone and educational level and lifestyle variables: tobacco 
consumption, ex-drinker status, alcohol consumption, caf-
feine consumption, vitamin D intake, time spent sleeping 
during the night (hours), time spent sleeping during the 
day (minutes) and time spent watching TV (hours). Phys-
ical activity at leisure time and housework-related physical 
activity [in metabolic equivalent (MET)-hours/week] were 
obtained with the questionnaire developed by the EPIC 
group [18]. We also collected data on self-reported prevalent 
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diseases diagnosed by a physician (chronic respiratory dis-
ease, coronary heart disease, stroke, arthritis/osteoarthritis, 
cancer, diabetes, hypertension, depression and cataracts), 
and as well as the use of sleeping medications and number of 
daily medications. 

Statistical analysis 
Logistic models were used to evaluate the potential associ-
ations and odds ratios (ORs) and their corresponding 95% 
confidence intervals (CIs) were calculated. �ree dependent 
variables were considered: falls, falls requiring medical care 
and falls with fractures. Model 1 was adjusted for age. 
Model 2 was further adjusted for general or abdominal 
obesity as appropriate. Model 3 was additionally adjusted 
for sociodemographic and lifestyle variables. Finally,Model 4 
was adjusted for variables in Model 3 plus prevalent diseases, 
use of sleeping medications and number of daily medica-
tions. Statistical significance was set at two-sided P < 0.05. 
�e analyses were performed with STATA 13.1 forWindows 
(Stata, College Station, TX, USA). 

Results 

At baseline, the mean age of the cohort was 68.6 years. Of 
the total sample of 1,185 women, 45.2% were overweight 
(BMI 25–29.9 kg/m2), 33.7% had general obesity (BMI 
≥30 kg/m2) and 65% had abdominal obesity (waist circum-
ference > 88 cm). In 2012, 336 (28.4%) reported at least 
one fall in the preceding year, 168 (50.0%) of them required 
medical care and 64 (13.4%) reported falls with fractures. 

Womenwho fell and those who fell requiringmedical care 
(versus not) were older, spent more time watching TV and 
suffered from chronic conditions more frequently (stroke, 
arthritis/osteoarthritis, depression and cataracts). �ey also 
used sleeping medications more frequently and had a greater 
number of daily medications (Table 1). 

For falls, no association was found with general obe-
sity nor abdominal obesity. However, general obesity was 
inversely associated with falls requiring medical care. Com-
pared with women with normal weight, those overweight 
had a 43% lower risk of suffering from falls requiringmedical 
care (Model 4: OR 0.57; 95% CI 0.34–0.94), and those 
with general obesity had a 56% lower risk for these types 
of falls (Model 4: OR 0.44; 95% CI 0.24–0.81; P for 
trend: 0.01).�e association was also protective for falls with 
fractures. Compared with women with normal weight, those 
overweight had a 73% lower risk of suffering from falls with 
fractures (Model 4: OR 0.27; 95% CI 0.12–0.63) and those 
with general obesity had a 70% lower risk for these type of 
falls (Model 4: OR 0.30; 95% CI 0.11–0.82; P for trend: 
0.04). In contrast, abdominal obesity was a positive risk 
factor with an increased risk of falls requiring medical care 
of 82% (Model 4: OR 1.82; 95% CI 1.12–2.94, P < 0.05) 
and an increased risk of falls with fractures of 175% (Model 
4: OR 2.75; 95%CI 1.18–6.44, P < 0.05) (Table 2). Results 

remained similar after excluding 17 women participants with 
a BMI  <20 kg/m2 (Supplementary Materials A1 and A2). 

Discussion 

In this prospective population-based cohort of older women, 
general obesity was a potential protective factor for falls 
requiring medical care and for falls with fractures. On the 
contrary, abdominal obesity was positively associated with 
suffering from these types of falls. 

For many years, it has been believed that BMI had a 
positive relationship with bone mineral density and, thus, 
an inverse relationship with fracture risk, especially in post-
menopausal women [17,19,20]. It was argued that the fatty 
tissue found around the hips would have a cushioning effect 
in the cases of falls, reducing the risk of fracture [21]. In 
addition, a greater body fat mass increases the load on bones, 
therefore increasing bone mineral density and decreasing 
the risk of fractures. Also, the conversion of androgens to 
estrogens fosters bone mineralisation [22]. 

Our findings also support the increasing evidence that 
abdominal obesity is a risk factor for osteoporosis and frac-
tures. Hsu et al . [23] found that the risk of osteoporosis 
and non-vertebral fractures was greater in individuals with a 
greater percentage of body fat, independently of body weight 
and age. Also, an inverse association was found between 
visceral fat and bone mineral density [24,25]. Currently, the 
mechanisms by which abdominal obesity increases the risk 
of fractures are not entirely clear. One possible mechanism 
is that abdominal obesity, now considered a state of sys-
temic inflammation, increases pro-inflammatory cytokines 
such as interleukin-6 and tumour necrosis factor-α that can 
stimulate bone osteoclastogenesis, thereby increasing bone 
resorption [26] and, subsequently, the risk of fractures. In 
addition, secretion of these cytokines is greater in abdominal 
fat than in subcutaneous fat [27]; so, abdominal obesity 
represents an increased risk of bone frailty. 

In the old person, due to a decrease in peripheral fat mass 
and a relative increase in abdominal fat mass, BMI, once 
adjusted for abdominal obesity, could be a good estimator 
of lean mass [28], which seems directly related to bone 
mineral density [24,29], and, therefore, inversely related to 
the risk of fractures. In addition, in older people with general 
obesity, greater lean mass can counteract the deleterious 
effects of fat mass on bone mineral density [28]. Addi-
tionally, a longitudinal study with postmenopausal women 
found that lean mass was inversely associated with the risk 
of fractures [30], and Gonnelli et al . [31] found that the 
greater the lean mass, the greater the bone mineral density. 
�is is consistent with our findings where BMI, adjusted 
for abdominal obesity, was inversely related to the risk of 
fractures. Although many hypotheses have been proposed to 
explain the relationship between lean mass and bone mineral 
density, the most widely accepted explanation involves the 
innervations and mechanical interactions of lean mass with 
bone [32]. 
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Table 1. Baseline characteristics of women participants in the Seniors-ENRICA cohort study (N = 1,185).  

Total Fall (n = 336) No falls P-value Falls requiring No falls P-value 
(N = 1,185) (n = 849) medical care requiring 

(n = 168) medical care 
(n = 1,017) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   
Age (mean) 68.8 69.6 68.6 0.012 70.1 68.6 0.003 
BMI (%) 0.75 0.69 
<25 kg/m2 22.2 22.6 22.0 24.4 21.8 
25–29.9 kg/m2 45.2 43.5 45.8 45.2 45.1 
≥30 kg/m2 32.7 33.9 32.2 30.4 33.0 
Abdominal obesity (%) 65.0 66.1 64.6 0.62 70.2 64.1 0.12 
Marital status (%) 0.31 0.69 
Single 7.3 9.5 6.5 8.3 7.2 
Married 58.3 56.3 59.1 54.2 59.0 
Divorced/separated 4.1 4.5 3.9 4.8 3.9 
Widower 30.3 29.8 30.5 32.7 29.9 
Living alone 24.0 25.9 23.2 0.33 25.0 23.8 0.74 
Level of education (%) 0.79 0.86 
Primary or less 63.0 69.4 62.9 64.9 62.7 
Secondary 21.6 22.3 21.3 20.8 21.7 
University 15.4 14.3 15.8 14.3 15.5 
Tobacco consumption (%) 0.35 0.19 
Never smoker 80.8 83.3 79.7 85.1 80.0 
Former smoker 12.7 11.3 13.2 8.3 13.4 
Current smoker 6.6 5.4 7.1 6.6 6.6 
Ex-drinker status (%) 8.9 10.1 8.4 0.34 10.1 8.7 0.54 
Alcohol consumption, g/d (mean) 4.2 4.5 4.0 0.47 5.1 4.0 0.16 
Caffeine consumption, mg/day (mean) 69.7 69.4 69.8 0.95 62.5 70.9 0.39 
Vitamin D consumption, µg/day (mean) 3.1 3.2 3.1 0.44 2.5 3.1 0.33 
Physical activity at leisure time, 18.6 18.1 18.8 0.42 18.9 18.5 0.69 
MET-hours/week (mean) 
Housework physical activity, 54.0 54.8 53.7 0.61 54.8 58.9 0.74 
MET-hours/week (mean) 
Sleeping during the night, hours (mean) 6.8 6.8 6.8 0.84 6.8 6.8 0.60 
Sleeping during the day, minutes (mean) 12.5 12.4 12.5 0.98 11.7 12.6 0.69 
Time watching TV, hours (mean) 19.0 20.7 18.4 0.003 21.4 18.6 0.006 
Chronic respiratory disease (%) 8.6 10.7 7.8 0.10 10.1 8.4 0.45 
Coronary disease (%) 1.2 0.6 1.4 0.24 0.6 1.3 0.45 
Stroke (%) 0.8 2.1 0.4 0.003 3.0 0.5 0.001 
Osteoarthritis/arthritis (%) 63.7 70.5 61.0 0.002 78.0 61.4 0.000 
Cancer (%) 1.4 1.5 1.4 0.92 1.8 1.4 
Diabetes (%) 12.9 14.3 12.4 0.38 14.9 12.6 0.41 
Hypertension (%) 60.3 63.7 59.0 0.14 63.7 59.8 
Depression (%) 13.2 18.8 11.0 0.000 20.2 12.0 0.003 
Cataracts (%) 19.6 22.9 18.3 0.07 26.8 18.4 0.011 
Sleeping medications (%) 27.2 33.0 24.9 0.004 39.3 25.2 0.000 
Number of daily medications (mean) 1.9 2.2 1.9 0.016 2.3 1.9 0.011 

Ren et al . [33] found a greater risk of falls resulting in 
injuries among those with greater BMI, although their sam-
ple was younger. In addition, a more recent study reported an 
increased risk of falls resulting in injuries again among those 
with greater BMI. However, after adjusting for health status 
and lifestyles, the association remained significant only in 
middle-aged women [13]. �e mechanism by which obesity 
increases the risk of falls resulting in injuries is not clear 
but it has been suggested by Rosenblatt and Grabiner [34] 
that obesity does not increase the risk of falls but the risk of 
injuries after falling, although, in these cases BMI was not 
adjusted for abdominal obesity. 

Abdominal obesity may reduce the muscle power, 
manoeuvering ability and/or the speed to completely recover 

footing during a fall. �is can increase the impact force 
of falling, predisposing those with abdominal obesity to 
fall-related injuries. �is supports our findings regarding 
women with abdominal obesity, which had a higher risk 
of falls requiring medical care. Our findings also support 
longitudinal results showing that increasing muscle strength, 
which is directly associated with the amount of lean mass, 
reduces the risk of fractures and falls resulting in injuries in 
postmenopausal women [35]. 

Our analyses failed to find a statistically significant asso-
ciation between falls and obesity, which is not entirely sur-
prising given that the relationship itself is highly debatable. 
�e inconsistency found in the literature is mainly based 
on the lack of a uniform methodological approach. Some 
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General and central obesity as predictors of falls 

Table 2. ORs (95% CIs) for the risk of falls and falls requiring medical care among women participants in the Seniors-
ENRICA cohort study according to BMI and abdominal obesity (N = 1,185). 

BMI  Abdominal obesity 

<25 kg/m2 25–29.9 kg/m2 ≥30 kg/m2  P-value for No Yes 
trend 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   
Falls 

n/cases 263/76 535/146 387/114 415/114 770/222 
Model 1 OR (95% CI) 1 (Ref.) 0.91 (0.66–1.27) 1.00 0.92 1 (Ref.) 1.03 

(0.71–1.41) (0.78–1.34) 
Model 2 OR (95% CI) 1 (Ref.) 0.90 (0.63–1.29) 0.97 0.98 1 (Ref.) 1.04 

(0.63–1.49) (0.74–1.45) 
Model 3 OR (95% CI) 1 (Ref.) 0.91 (0.62–1.32) 0.96 0.94 1 (Ref.) 1.05 

(0.61–1.52) (0.74–1.49) 
Model 4 OR (95% CI) 1 (Ref.) 0.82 (0.56–1.21) 0.86 0.63 1 (Ref.) 1.06 

(0.54–1.39) (0.75–1.52) 
Falls requiring medical care 

n/cases 263/41 535/76 387/51 415/50 770/118 
Model 1 OR (95% CI) 1 (Ref.) 0.88 (0.58–1.33) 0.79 0.30 1 (Ref.) 1.25 

(0.51–1.24) (0.87–1.79) 
Model 2 OR (95% CI) 1 (Ref.) 0.70 (0.44–1.11) 0.54 

(0.31–0.94)∗ 
0.03 1 (Ref.) 1.65 

(1.06–2.57)∗ 

Model 3 

Model 4 

OR (95% CI) 

OR (95% CI) 

1 (Ref.) 

1 (Ref.) 

0.67 (0.41–1.08) 

0.57 (0.34–0.94)∗ 

0.55 
(0.31–0.98)∗ 

0.44 
(0.24–0.81)† 

0.05 

0.01 

1 (Ref.) 

1 (Ref.) 

1.70 
(1.07–2.69)∗ 

1.82 
(1.12–2.94)∗ 

Falls with fractures 
n/cases 263/17 535/20 387/17 415/16 770/38 

Model 1 OR (95% CI) 1 (Ref.) 0.56 (0.29–1.08) 0.65 0.26 1 (Ref.) 1.26 

Model 2 

Model 3 

OR (95% CI) 

OR (95% CI) 

1 (Ref.) 

1 (Ref.) 

0.40 (0.19–0.85)∗ 

0.35 (0.16–0.78)∗ 

(0.33–1.30) 
0.39 
(0.16–0.91)∗ 

0.40 

0.06 

0.08 

1 (Ref.) 

1 (Ref.) 

(0.69–2.29) 
2.05 
(0.97–4.35) 
2.16 

(0.16–1.00) (0.98–4.74) 
Model 4 OR (95% CI) 1 (Ref.) 0.27 (0.12–0.63)† 0.30 

(0.11–0.82)∗ 
0.04 1 (Ref.) 2.75 

(1.18–6.44)∗ 

∗P < 0.05. †P < 0.01;Model 1: Adjusted for age.Model 2: Additionally, adjusted for BMI or abdominal obesity, as appropriate.Model 3: Further adjusted formarital 
status, living alone, level of education (primary or less; secondary; university), tobacco consumption (never smoker, former smoker, current smoker), ex-drinker 
status, alcohol consumption (quartiles), caffeine consumption (quartiles), vitamin D intake (quartiles), physical activity at leisure time (quartiles), housework-related 
physical activity (quartiles), (quartiles), time spent sleeping during the night (quartiles), time spent sleeping during the day (quartiles), time spent watching TV 
(quartiles). Model 4: Adjusted for those in Model 3 plus prevalent diseases (chronic respiratory disease, coronary disease, stroke, osteoarthritis/arthritis, cancer, 
diabetes, depression and cataracts), use of sleeping medications and number of daily medications. 

studies have found a positive association [9,10,13], others 
have found an inverse association [36], whereas others have 
found no association [7,8]. However, most of these studies 
are cross-sectional, most use BMI as the only measure of 
obesity, and those using abdominal perimeter fail to adjust 
for BMI [37]. 

�e limitations of this study include the self-reported 
data on the main dependent variables. Even though, self-
reporting is considered a standard method to collect infor-
mation on falls among older adult, some recall bias cannot be 
ruled out. Another possible limitation is the lack of data on 
body composition measured with accurate methods such as 
the dual-energy X-ray absorptiometry. Finally, some residual 
confounding cannot be ruled out. 

�e main strength of our study is that the participants 
were part of a population-based and non-selected sample 
of older people living in Spain. Second, general as well 
as abdominal obesity were measured using standardised 

techniques. �ird, our analyses included both general 
and abdominal obesity in the models, which could better 
captured the association between these variables and the risk 
of falls with clinical consequences. Finally, a relatively high 
number of confounding variables were considered. 

Conclusions and implications 

In summary, among women, the greater the general obesity, 
the lower the risk of falls requiring medical care and falls with 
fractures. On the contrary, abdominal obesity was positively 
associated with these types of falls. �erefore, older women 
with abdominal obesity should receive advice on how to 
prevent falls and their clinical consequences. 

Supplementary Data: Supplementary data mentioned in  
the text are available to subscribers in Age and Ageing online.  
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