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Time-of-day and nutrient composition of eating occasions:
prospective association with the metabolic syndrome in the

1946 British birth cohort

S Almoosawi', CJ Prynne’, R Hardy? and AM Stephen’

BACKGROUND: Diet is a key modifiable factor in the prevention and treatment of the metabolic syndrome. However, few studies
have examined the prospective association between time-of-day of nutrient intake and the metabolic syndrome.

OBJECTIVE: To examine the association between time-of-day and nutrient composition of eating occasions and the long-term
development of metabolic syndrome in the Medical Research Council (MRC) National Survey of Health and Development (NSHD;
1946 British birth cohort).

METHODS: The analysis comprised 1488 survey members who completed at least 3 days of estimated diet records at age 43 years
(1989) and for whom data on metabolic syndrome at age 53 years (1999) were available. Dietary records were divided into seven
meal slots: breakfast, mid-morning, lunch, mid-afternoon, dinner, late evening and extras. Metabolic syndrome was defined by the
criteria of the adult treatment panel (ATPIII8), and was modified to include glycosylated haemoglobin instead of fasting glucose.
Associations between time-of-day of nutrient intake at age 43 years and prevalence of metabolic syndrome at age 53 years were
assessed using multivariate nutrient density logistic models after adjustment for sex, social class, smoking status, region, alcohol
intake and recreational physical activity.

RESULTS: There were 390 cases of metabolic syndrome at age 53 years. Substituting 5% of energy from carbohydrate for a similar
amount of energy from fat at breakfast (odds ratio = 0.93; 95% confidence interval = 0.89-0.98; P = 0.002) and mid-morning at age
43 years (odds ratio =0.96; 95% confidence interval =0.93-0.99; P=0.011) was associated with lower odds of the metabolic
syndrome at age 53 years. Carbohydrate intake at breakfast or mid-morning was particularly protective against abdominal obesity
(P<0.001). Increasing carbohydrate intake at breakfast while simultaneously decreasing fat intake was also negatively related to
triacylglycerols (P<0.001).

CONCLUSIONS: Increasing carbohydrate intake in the morning while simultaneously reducing fat intake could be protective

against long-term development of the metabolic syndrome and its components.
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INTRODUCTION

The metabolic syndrome is a cluster of risk factors, including
abdominal obesity, glucose intolerance, hypertension and dyslipi-
daemia, that share insulin resistance as a common underlying
pathophysiological disturbance.! This constellation of metabolic
abnormalities has been shown to be related to heightened risk of
type 2 diabetes, cardiovascular disease and all-cause mortality.>*
In recent years, the prevalence of the metabolic syndrome has
increased in parallel to the epidemic rise in obesity,* with
prevalence exceeding 20% of the population in some developed
countries.’ This rise in metabolic syndrome prevalence carries
important clinical implications as the metabolic syndrome
accounts for 12-17% and 30-52% of the population-attributable
risk for cardiovascular disease and diabetes, respectively.®
Multiple environmental and genetic factors have been implicated
in the aetiology of the metabolic syndrome.” Diet is one of the key
modifiable risk factors that may be involved in the prevention and
treatment of metabolic syndrome." Several epidemiological studies

have described associations between single foods?®° individual

nutrients (for example, fat, fibre),'®'" dietary patterns'>'® and
the metabolic syndrome or its individual components. Current
evidence also suggests that the time, nutrient composition,'* '
frequency''® and regularity of meals'”'® can affect insulin
resistance, obesity, dyslipidaemia or the metabolic syndrome
independently of traditional risk factors. In mice, high-fat intake in
the evening has been shown to induce hyperinsulinaemia, hyper-
glycaemia, leptinaemia and weight gain.'* Similarly, consumption
of a high-fibre or high-carbohydrate breakfast, as opposed to a
high-protein, high-fat breakfast, has been linked to lower daily
energy intake and body mass index (BMI)."** In shift workers,
changes in the distribution of meals predict the development of
metabolic syndrome.?' Eating breakfast appears to be protective,
whereas higher energy intake in the evening promotes the
development of metabolic syndrome.?? This effect is thought to
be achieved through circadian misalignment, a condition that
induces metabolic changes that mimic the metabolic syndrome.?’
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Circadian rhythms modulate several physiological and meta-
bolic processes in the human body, including glucose homo-
eostasis and insulin secretion.”*?* Glucose tolerance and insulin
sensitivity decrease progressively through the day reaching a
nadir at night.>>** Similarly, the postprandial concentration of
triacylglycerols is higher at night compared with daytime.?® By
contrast, blood pressure shows a surge in the morning followed
by a decline at night.>® Based on this variability in metabolism, it
could be hypothesised that there are physiological windows of
time when consumption of certain nutrients may be favoured.
Consistent with this, short-term trials have demonstrated
that nutrient composition of meals can influence glucose, insulin
and triacylglycerol responses,®’?® with higher responses being
observed after a night-time meal compared with a day-time
meal.?®

To our knowledge, no epidemiological study has investigated
the association between time-of-day and nutrient composition of
eating occasions and the metabolic syndrome and its individual
components, and there are no published longitudinal associations.
The present study aimed to examine these associations.

MATERIALS AND METHODS
Study population

The study population were members of the Medical Research
Council (MRC) National Survey of Health and Development
(NSHD), a socially stratified longitudinal cohort of 2815 men and
2547 women born in England, Scotland and Wales in 1 week of
March 1946. Survey members have been followed-up from birth
to age 65 years (2011) during which data on lifestyle, education,
occupation and health have been collected. The current analyses
included data from 1488 survey members who completed at
least 3 days of diet records at age 43 years and for whom
information on the metabolic syndrome was available at age 53
years. The population interviewed at ages 43 and 53 vyears
were still representative in most respects of the native-born
population of similar age.3® The present study was conducted
according to the guidelines laid down in the declaration
of helsinki. Ethical approval was obtained from the North
Thames Multicentre Research Ethics Committee. NSHD data
can be obtained from the NSHD Data Archive at http://
www.nshd.mrc.ac.uk/data.aspx.

Dietary assessment

All the food and drink consumed at home and away were
recorded in 5-day estimated diet records. Detailed guidance notes
and photographs were provided at the beginning of the dietary
records to assist cohort members in describing portion sizes using
household measures. Each diary day comprised of eight meal slots
labelled: prebreakfast, breakfast, mid-morning, lunch, mid-after-
noon, dinner, late evening and extras. The ‘extras’ meal slot was
included to permit cohort members to record any food or drink
items that may have been missed in previous meal slots. For the
purpose of our analysis, the prebreakfast and breakfast meal slots
were merged, as only 3% of the population reported eating
> 100 kcal during the prebreakfast meal slot. Diet records at age
43 years were coded at the MRC Dunn Nutrition Unit using the
in-house programme Diet In Data Out (DIDO) and nutrient intakes
were calculated using the in-house suite of programs based on
McCance and Widdowson's The Composition of Foods, taking into
account food composition and portion sizes appropriate to the
period of consumption.?'3?

Metabolic syndrome definition

The metabolic syndrome was defined based on the adult
treatment panel (ATPIII8) 2001 cutoffs.' The definition was
modified to include glycosylated haemoglobin (>5.8% for both
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men and women or use of diabetes medication) instead of fasting
glucose, as data on this measure were not available. Study
members were classified as having the metabolic syndrome if they
fulfilled >3 of the following criteria: (1) high waist circumference
(>102cm for men, >88cm for women); (2) triacylglycerol
>1.7mmoll~" (3); low HDL cholesterol (<1.036mmoll~" for
men, <1.295mmoll~" for women); (4) high blood pressure
(systolic blood pressure >130 or diastolic blood pressure
>85mmHg or the use of antihypertensive medication); and
(5) glycosylated haemoglobin above the top gender-specific
quarter of the distribution (>5.8% for both men and women) or
the use of diabetes medication. Measurements were taken during
a home visit by trained research nurses. Waist circumference
was measured to the nearest T mm midway between the costal
margin and the iliac crest and in line with the mid-axilla. The
measurement was taken with a tape in mid-expiration with
survey members standing straight with their feet together and
arms hanging on the side. Sitting blood pressure was measured
after 5min of rest using an Omron HEM-705 automated
digital oscillometric sphygmomanometer (Omron, Tokyo, Japan).
Duplicate measurements were obtained, but only the second
measurement was used in the definition of the metabolic
syndrome to reduce the effect of white coat hypertension. Non-
fasting venous blood samples were drawn into serum tubes for
measurement of triacylglycerols, high-density cholesterol and into
EDTA tubes for measurement of glycosylated haemoglobin.
Details of the assays used to analyse these samples have been
described elsewhere.®

Covariates

Potential confounders were behavioural factors that have been
related to metabolic syndrome. Occupational social class at age 43
years was defined as non-manual (managerial, professional, skilled
professional ancillaries and service providers) or manual (skilled,
non-skilled and agricultural workers). Smoking status at age 53
years was categorised as current smoker, ex-smoker or non-
smoker. Region of residence was defined as: (1) Scotland and the
North of England; (2) Eastern, Midlands and Wales; and (3) London
and the South of England. Physical activity was estimated as the
frequency of recreational activities assessed by administered
questionnaire. Four categories of frequency of sports or recrea-
tional activities were defined: none, less than once a week, 1-2
times a week or 3 or more times a week. Alcohol consumption was
estimated from dietary records and categorised as: none, 1-2 units
per day or 3 or more units per day. One unit was equivalent to
8 g of alcohol.

Statistical analysis

Differences in socio-demographic characteristics and nutrient
intakes between survey members with or without the metabolic
syndrome were compared using t-test for continuous variables or
x° tests for categorical variables.

Associations between nutrient composition of eating occasions
and the metabolic syndrome were assessed using multivariate
nutrient density models>* which evaluated the effect of
substituting 5% of energy from carbohydrate for a similar
amount of energy from fat (model 1). The odds ratio for these
models can be interpreted as the effect of increasing energy
intake from one nutrient, while simultaneously reducing energy
intake from the nutrient that is excluded from the model.
Thus, in a model that includes energy, percentage energy from
carbohydrate and percentage energy from protein, the odds ratio
is interpreted as the effect of isocaloric substituting carbohydrate
for the same amount of energy from fat. The advantage of using
nutrient density models is that nutrients are expressed as the
percentage of energy intake. This approach allows findings to be
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directly translated to dietary recommendations that are most
often expressed in this way.>*

In addition to including energy intake and macronutrient
densities, we also adjusted for sex, occupational social class and
region in model 1. In model 2, we additionally adjusted for
smoking status, alcohol intake and recreational physical activity.
We chose not to adjust for BMI because of its strong correlation
with waist circumference. According to Skilton et al.*® adjusting
for BMI, in this case, will produce findings that address the
association between macronutrient composition and the non-
obesity components of the metabolic syndrome. We also
conducted analyses controlling for energy intake at each eating
occasion instead of daily energy intake. These models examined
whether the association between time-of-day of nutrient intake
and the metabolic syndrome was independent of energy intake at
the eating occasion.

Sensitivity analyses were performed to determine the effect of
influential points. Points with large residual and leverage were
identified and subsequently removed from models. Removing
influential points did not alter the findings of the initial models.
Analyses were also repeated using multiple imputations to handle
missing covariate information.

Additional regression models were run using the individual
components of the metabolic syndrome as the outcome variables
in the logistic regression. We employed similar models to the ones
described above but focused only on the eating occasions that
showed associations with the metabolic syndrome. This was done
to investigate whether all components were influenced similarly.

All data were analysed using Predictive Analytics SoftWare
version 18 (SPSS Inc., Chicago, IL, USA). Multiple imputations were
conducted in STATA release 11 (Stata Corp., College Station, TX,
USA). Significance level was set at P<0.01 to account for multiple
testing.

RESULTS

Missing data

Out of the 2280 cohort members who had dietary data at age 43
years, 1588 had data for the metabolic syndrome at age 53 years
and 692 had missing data for the metabolic syndrome at age
53 years. Those with missing data for metabolic syndrome were
more likely to be females (P=0.036), have a manual occupation
(P=0.005) and consume more than two units of alcohol per day at
age 43 years (P<0.001) compared with cohort members who had
data on the metabolic syndrome. Cohort members with missing
data also obtained more energy from alcohol at age 43 years
between lunch and dinner (P<0.001) and had lower energy
intake from fat (P<0.05). They also reported higher alcohol intake
(P=0.027) and lower carbohydrate intake in late evening
(P=0.05).

Of the 1588 individuals who had data for metabolic syndrome,
99 had missing data for occupational social class and 1 had
missing data for region. Regression coefficients after multiple
imputations remained similar and no differences in conclusions
were observed, hence only complete case analysis is reported.

General characteristics of the population

General characteristics of the sample are shown in Table 1. Of the
initial 1488 survey members interviewed at age 43 years, 390 had
the metabolic syndrome at age 53 years. Men, ex-smokers,
individuals with lower recreational activity, manual occupation or
those residing in Scotland were more likely to have the metabolic
syndrome. Survey members with the metabolic syndrome also
had higher BMI at ages 36, 43 and 53 years than those without the
metabolic syndrome and differed in terms of their nutrient intake
(Table 1). Individuals with the metabolic syndrome had lower
mean daily calcium, vitamin C and non-starch polysaccharide
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intakes. They also obtained a greater proportion of daily energy
from protein and alcohol, while energy intake from carbohydrate
was lower compared with cohort members without the metabolic
syndrome.

Distribution of energy and nutrient intake

Individuals with the metabolic syndrome obtained a greater
amount of energy from fat at breakfast (Table 2). They also
had lower carbohydrate intake between breakfast and lunch.
Compared with survey members without the metabolic syndrome,
individuals with the metabolic syndrome obtained a greater
proportion of energy from protein at dinner.

Association between time and nutrient composition of eating
occasions and the metabolic syndrome and its individual
components

In energy substitution models, increasing energy intake from
carbohydrate at the expense of a similar amount of energy
from fat at breakfast and at mid-morning was associated with
decreased prevalence of the metabolic syndrome (Table 3). These
associations were hardly altered and remained significant after
adjustment for potential confounders. Adjusting for energy intake
of the eating occasions produced similar findings to models that
adjusted for total energy intake (data not shown).

The metabolic variable that was most influenced by the time
and nutrient composition of eating occasions was waist circum-
ference. Increasing energy intake from carbohydrate at breakfast
or mid-morning, while simultaneously decreasing energy intake
from fat (Table 4), was associated with decreased prevalence of
abdominal obesity. Substituting 5% of energy from carbohydrate
for a similar amount of energy from fat at breakfast was related to
lower odds of having high triacylglycerols. Obtaining a greater
percentage of energy over the day from carbohydrate, while
simultaneously decreasing energy intake from fat, was also related
to lower prevalence of abdominal obesity. Higher carbohydrate
intake over the day was also protective against elevated
glycosylated haemoglobin. Greater energy intake over the day
from protein at the expense of fat, on the other hand, was
positively related to abdominal obesity (odds ratio=1.27; 95%
confidence interval=1.11-1.45; P<0.001). No associations
between nutrient composition of selected eating occasions and
prevalence of hypertension were observed.

DISCUSSION

The present study shows that the time-of-day and macronutrient
composition of eating occasions predicts the development of
the metabolic syndrome, and its individual components, inde-
pendently of total energy intake and socioeconomic and other
behavioural risk factors in a nationally representative birth cohort.
These findings are consistent with previous epidemiological
evidence on shift workers, reporting an association between
breakfast composition and BMI and short-term trials showing an
association between time-of-day of energy intake and the
metabolic syndrome.?'?22%3641" Our study extends current
evidence by demonstrating that the nutrient composition of
different eating occasions predicts metabolic syndrome
development. To our knowledge, this is the first prospective
study that examines the association between the metabolic
syndrome and nutrient composition of all eating occasions, as
opposed to focusing on breakfast or night meals only. Our
findings suggest that the morning period, in particular, is most
critical in terms of maintaining optimum metabolism. Indeed,
previous epidemiological evidence has shown that consumption
of breakfast, particularly high-carbohydrate breakfast, is related to
lower daily energy intake, reduced BMI, improved nutrient
intake'®*? and lower serum cholesterol concentrations.*®
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Table 1. Characteristics of the study sample according to metabolic syndrome status
Metabolic syndrome at age 53 years P-value
No (n=1098) Yes (n=390)
Sex 0.001
Male 512 (46.6%) 226 (57.9%)
Female 586 (53.4%) 164 (42.1%)
Region distribution, 43 years 0.015
Scotland, North 332 (30.2%) 140 (35.9%)
Midlands, Eastern, Wales 266 (24.2%) 105 (26.9%)
London, South, Southwest 500 (45.5%) 145 (37.2%)
Occupational social class, 43 years <0.001
Non-manual 810 (73.8%) 245 (62.8%)
Manual 288 (26.2%) 145 (37.2%)
Smoking history, 53 years 0.032
Current 197 (18%) 87 (22.3%)
Ex 538 (49%) 199 (51%)
Never 363 (33%) 104 (26.7%)
Recreational activity, 43 years 0.019
None 511 (46.6%) 212 (54.4%)
<Once per week 261 (23.8%) 91 (23.3%)
1-2 times per week 233 (21.2%) 58 (14.9%)
>3 times per week 93 (8.4%) 29 (7.4%)
BMI 36 years (kgm ~?) 227 (22.5, 22.8) 25.5 (25.2, 25.9) <0.001
BMI 43 years (kg m~?) 23.7 (23.5, 23.8) 27.1 (26.7, 27.4) <0.001
BMI 53 years (kg m~2) 25.5 (25.3, 25.7) 30 (29.6, 30.5) <0.001
Abdominal circumference (cm) 85.9 (85.3, 86.5) 102.8 (98.2, 107.5) <0.001
Glycosylated haemoglobin (%) 5.5 (5.5, 5.5) 5.9 (5.8, 6) <0.001
Total cholesterol (mmoll~") 5.9 (5.9, 6) 6.3 (6.2, 6.4) <0.001
Triacylglycerol (mmol |~ ") 1.6 (1.5, 1.6) 2.6 (2.5, 2.7) <0.001
High-density lipoproteins (mmoll~ ") 1.8 (1.8, 1.8) 1.4 (1.3, 1.4) <0.001
Low-density lipoproteins 3.7 (3.4, 4.0) 3.7 (3.6, 3.8) 0.835
Systolic blood pressure (mm Hg) 131.7 (130.7, 132.8) 174.7 (124.6, 224.7) 0.093
Diastolic blood pressure (mm Hg) 81.8 (81.2, 82.5) 118.7 (68.4, 169.1) 0.152
Energy (kcals) 2169 (2134, 2205) 2175 (2109, 2241) 0.887
Protein (g) 78.5 (77.3, 79.7) 80.4 (78.2, 82.5) 0.137
Fat (9) 95 (93.1, 96.8) 96 (92.7, 99.3) 0.592
Carbohydrate (g) 241.1 (236.7, 245.4) 232.8 (225.3, 240.4) 0.061
Alcohol (g) 13.1 (12.1, 14.7) 15.9 (13.8, 17.9) 0.017
Calcium (mg) 931.8 (914.4, 949.2) 890.6 (860.2, 921.1) 0.019
Iron (mg) 12.8 (12.5, 13.0) 124 (12.0, 12.8) 0.149
Vitamin C (mg) 70.6 (68.3, 73.0) 63.5 (59.9, 67.1) 0.002
Retinol (ng) 1280.5 (1209.6, 1351.4) 1323.2 (1191.0, 1455.5) 0.557
Non-starch polysaccharides (g) 13.4 (13.1,13.7) 123 (11.9, 12.8) <0.001
Protein (% energy) 14.8 (14.7, 15.0) 15.2 (14.9, 15.5) 0.016
Fat (% energy) 39.2 (38.9, 39.5) 39.6 (39.1, 40.1) 0.215
Carbohydrate (% energy) 41.9 (41.5, 42.2) 40.4 (39.9, 41.0) <0.001
Alcohol (% energy) 4.1 (3.8, 4.4) 4.8 (4.2, 5.3) 0.049
Data presented as means and 95% confidence interval for continuous variables.

The amount of carbohydrate eaten at breakfast has also been
reported to modulate glucose, insulin and free fatty acid responses
at subsequent meals** In mice, consumption of a high-fat diet at
the end of the active phase, the equivalent of evening eating in
humans, impairs metabolic plasticity and increases daily energy
intake leading to weight gain, increased adiposity, impaired
glucose intolerance, hyperinsulinaemia, hypertriglyceridemia and
hyperleptinaemia.'® Although the mechanism by which time-of-day
of nutrient intake influences insulin resistance and other metabolic
parameters remains to be determined; these effects are likely to be
mediated by circadian rhythms.

Circadian rhythms regulate several physiological processes that
influence glucose, cholesterol and blood pressure homoeostasis.
Insulin secretion is generally 50% higher at night.>* However, this
rise in insulin secretion is counterbalanced by an increase in
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insulin clearance, which then translates into lower nocturnal
insulin sensitivity.> Consistent with this, glucose tolerance
decreases progressively through the day reaching a nadir at
night.* These diurnal changes in metabolism may explain why
consumption of a standard meal at lunch or at night produces
greater glucose and insulin responses compared with when the
same meal is consumed at breakfast or lunch, respectively.?¥*¢
This, in turn, may explain why evening or night eating is often
associated with weight gain and obesity.*” Substrate oxidation
also varies according to time-of-day with lower fat oxidation and
higher carbohydrate oxidation being observed in the morning.’
In a series of randomised controlled trials, Frape et al.?” found that
small differences in the fat composition of breakfast produce
profound effects on diurnal levels of circulating non-esterified
fatty acids, which can adversely affect glucose tolerance up to 6 h.?®
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Table 2. Nutrient composition of different eating occasions in

cohort members with and without the metabolic syndrome at age

53 years (1999)

Metabolic syndrome at age 53 years P-value
No (n=1098) Yes (n=390)

Protein (% energy)
Breakfast 14 (13.7, 143) 14.6 (13.9, 15.2) 0.091
Mid-morning 15.6 (14.9,16.3) 16.3 (15, 17.5) 0.367
Lunch 15.4 (15.2, 15.7) 15.8 (15.4, 16.3) 0.111
Mid-afternoon  14.1 (134, 14.8) 14.6 (13.3, 15.9) 0.503
Dinner 17.6 (17.4,17.9) 18.5(18.0, 19.0) 0.002
Late evening 119 (11.3,125) 11.8 (11.0, 12.7) 0.879
Extras 4.1 (3.7, 4.5) 3.5 (3.1, 3.9) 0.057

Fat (% energy)
Breakfast 289 (28.2,29.7) 31.8 (30.4, 33.1) <0.001
Mid-morning 29.6 (28.6, 30.6) 30.7 (28.9, 32.6) 0.298
Lunch 42.8 (42.3,43.3) 43.5 (427, 44.3) 0.170
Mid-afternoon  29.8 (28.9, 30.8) 29.8 (28, 31.6) 0.956
Dinner 423 (41.9,42.8) 426 (41.9, 43.4) 0.465
Late evening 26.6 (25.5, 27.6) 27 (25.3, 28.7) 0.678
Extras 18.4 (17.1,19.7) 16.8 (14.8, 18.7) 0.172

Carbohydrate (% energy)
Breakfast 56.7 (56, 57.5) 53.4 (51.9, 54.8) <0.001
Mid-morning  50.3 (49.2, 51.5) 46.4 (44.5, 48.3) 0.001
Lunch 39.7 (39.2, 40.2) 38.7 (37.9, 39.5) 0.043
Mid-afternoon  50.2 (49.1, 51.3) 48.8 (46.7, 51.0) 0.273
Dinner 36.8 (36.4, 37.3) 35.7 (34.9, 36.5) 0.015
Late evening 45.5 (44.3, 46.7) 449 (42.8, 46.9) 0.588
Extras 32.2 (30.5,34.0) 29.6 (27, 32.2) 0.103

Alcohol (% energy)
Breakfast 0 (0, 0) 0 (0, 0) 0.551
Mid-morning 0.8 (0.5, 1.1) 0.7 (0.3, 1.20.7) 0.847
Lunch 1.9 (1.6, 2.2) 1.7 (1.2, 2.21.7) 0.500
Mid-afternoon 1.7 (1.3, 2.2) 1.9 (1, 2.81.9) 0.745
Dinner 2.9 (2.6, 3.2) 2.6 (2.1, 3.22.6) 0.387
Late evening 11.9 (10.6, 13.2)  10.9 (8.8, 1310.9) 0.449
Extras 13.7 (12.2,15.2) 17.6 (14.8, 20.317.6) 0.015

Data presented as unadjusted means and 95% confidence intervals.

P<0.01 is statistically significant.

Frape et al. also demonstrated that subjects given a fatty breakfast
followed by a fatty lunch produce larger postprandial glucose
responses than individuals given a carbohydrate-rich breakfast
followed by a fatty lunch.?”*® Together, the above findings may
explain why in our study increasing energy intake from carbo-
hydrate in the morning at the expense of fat was associated
with lower development of metabolic syndrome and abdominal
obesity. The combined evidence also supports the concept that
there are physiological windows of time when the human body
favours the consumption of some nutrients but not others, with
the ends of the day having the greatest influence.

In the present study, waist circumference was the component
most influenced by the time of nutrient intake. These findings are
particularly pertinent as elevated waist circumference is an
important determinant of insulin resistance and cardiovascular
disease risk. As a result, further research is required to validate our
findings in other cohorts and in randomised controlled trials. Our
study did not investigate the impact of environmental factors on
nutrient distribution and did not examine whether differences in
the nutrient composition of eating occasions between individuals
with or without the metabolic syndrome may have arisen as a
result of differences in the way the meals are eaten. The context of
a meal is known to influence food choices and nutrient intake,
with meals consumed alone or on the run being more likely to be
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Table 3. The odd ratios and 95% Cl for metabolic syndrome at
age 53 years (1999) for 5% higher energy intake from carbohydrate
(or protein) in place of fat
p 95% Cl P-value
Crude energy-adjusted model
Breakfast
Protein (5% energy) 1.04 0.93, 1.15 0.534
Carbohydrate (5% energy) 0.92 0.88, 0.96 <0.001
Mid-morning
Protein (5% energy) 1.01 0.97, 1.06 0.603
Carbohydrate (5% energy) 0.95 0.92, 0.98 0.001
Lunch
Protein (5% energy) 1.09 0.95, 1.25 0.210
Carbohydrate (5% energy) 0.94 0.88, 1.01 0.113
Mid-afternoon
Protein (5% energy) 1.01 0.97, 1.06 0.609
Carbohydrate (5% energy) 0.98 0.96, 1.01 0.293
Dinner
Protein (5% energy) 1.20 1.05, 1.36 0.006
Carbohydrate (5% energy) 0.94 0.87, 1.01 0.093
Late evening
Protein (5% energy) 1.00 0.94, 1.06 0.909
Carbohydrate (5% energy) 0.99 0.97, 1.02 0.597
Extras
Protein (5% energy) 0.93 0.84, 1.04 0.230
Carbohydrate (5% energy) 0.99 0.97, 1.01 0.254
Total for day
Protein (5% energy) 1.26 0.98, 1.62 0.069
Carbohydrate (5% energy) 0.84 0.76, 0.93 0.001
Multivariable model*
Breakfast
Protein (5% energy) 1.04 0.93, 1.16 0.549
Carbohydrate (5% energy) 0.93 0.89, 0.98 0.002
Mid-morning
Protein (5% energy) 1.03 0.98, 1.08 0.263
Carbohydrate (5% energy) 0.96 0.93, 0.99 0.011
Lunch
Protein (5% energy) 1.08 0.94, 1.24 0.270
Carbohydrate (5% energy) 0.95 0.89, 1.03 0.198
Mid-afternoon
Protein (5% energy) 1.01 0.96, 1.06 0.671
Carbohydrate (5% energy) 1.00 0.97, 1.03 0.949
Dinner
Protein (5% energy) 1.14 1.0, 1.3 0.045
Carbohydrate (5% energy) 0.93 0.86, 1.01 0.078
Late evening
Protein (5% energy) 1.01 0.95, 1.08 0.647
Carbohydrate (5% energy) 1.00 0.97, 1.04 0.774
Extras
Protein (5% energy) 0.95 0.85, 1.06 0.340
Carbohydrate (5% energy) 1.00 0.98, 1.02 0.861
Total for day
Protein (5% energy) 1.24 0.96, 1.6 0.106
Carbohydrate (5% energy) 0.87 0.78, 0.98 0.019
Abbreviation: Cl, confidence interval. *Model was adjusted for total energy
for the day, sex, social occupation, region, smoking, alcohol and
recreational physical activity.

of poorer nutrient content*® This area warrants attention,
particularly when considering differences in the social and
environmental contexts of different meals through the day.

It is important to acknowledge some of the limitations of our
analysis. First, the definition of meals in the diet diaries was
subjective and not based on time. Second, we cannot exclude the
possibility of residual confounding as we did not control for time
of physical activity or variables such as sleep, which can
potentially influence circadian rhythms and body composition.*
Low physical activity levels in the evening, in particular, have been
hypothesised to account for the detrimental effects of evening/
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Table 4. The odd ratios and 95% Cl for individual metabolic syndrome
components at age 53 years (1999) for 5% higher energy intake from
carbohydrate (or protein) in place of fat*
p 95% Cl P-value
Abdominal obesity
Breakfast
Protein (5% energy) 1.03 0.92, 1.15 0.650
Carbohydrate (5% energy) 0.90 0.86, 0.94 <0.001
Mid-morning
Protein (5% energy) 1.03 0.98, 1.08 0.230
Carbohydrate (5% energy) 0.95 0.92, 0.98 0.001
Total for day
Protein (5% energy) 1.46 1.13, 1.88 0.003
Carbohydrate (5% energy) 0.84 0.75, 0.94 0.002
High blood pressure
Breakfast
Protein (5% energy) 0.95 0.85, 1.06 0.355
Carbohydrate (5% energy) 1.02 0.98, 1.06 0.369
Mid-morning
Protein (5% energy) 1.01 0.97, 1.06 0.605
Carbohydrate (5% energy) 1.02 0.99, 1.05 0.284
Total for day
Protein (5% energy) 0.83 0.65, 1.05 0.119
Carbohydrate (5% energy) 1.06 0.95, 1.17 0.328
High glycosylated haemoglobin
Breakfast
Protein (5% energy) 0.96 0.85, 1.08 0.479
Carbohydrate (5% energy) 0.96 0.92, 1.01 0.108
Mid-morning
Protein (5% energy) 1.02 0.97, 1.07 0.398
Carbohydrate (5% energy) 0.98 0.95, 1.01 0.178
Total for day
Protein (5% energy) 1.01 0.78, 1.32 0.925
Carbohydrate (5% energy) 0.83 0.74, 0.94 0.003
High triacylglycerols
Breakfast
Protein (5% energy) 0.99 0.89, 1.1 0.804
Carbohydrate (5% energy) 0.93 0.89, 0.97 <0.001
Mid-morning
Protein (5% energy) 1.00 0.96, 1.05 0.948
Carbohydrate (5% energy) 1.00 0.97, 1.03 0.813
Total for day
Protein (5% energy) 1.20 0.95, 1.52 0.121
Carbohydrate (5% energy) 1.02 0.92, 1.13 0.674
Low high-density lipoproteins
Breakfast
Protein (5% energy) 0.82 0.67, 1 0.047
Carbohydrate (5% energy) 1.02 0.95, 1.09 0.574
Mid-morning
Protein (5% energy) 1.03 0.96, 1.1 0.498
Carbohydrate (5% energy) 1.01 0.96, 1.05 0.777
Total for day
Protein (5% energy) 0.91 0.62, 1.32 0.612
Carbohydrate (5% energy) 1.03 0.87, 1.22 0.731
Abbreviation: Cl, confidence interval. *Model was adjusted for total energy
for the day, sex, social occupation, region, smoking, alcohol and
recreational physical activity.

night eating,*’ although currently no evidence exists to support or
contradict this hypothesis. Underreporting is also a common issue
with all dietary assessment methods. However, we were unaware
of any data that can suggest that underreporting may influence
the timing and nutrient composition of meals. Another limitation
of the current analysis lies in the definition of the metabolic
syndrome, which was defined using a modified ATPIII8 definition
that included non-fasting glycosylated haemoglobin and lipids
instead of fasting glucose and lipids. Finally, it is important to
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highlight that some of the observed protective effects of
increasing carbohydrate at the expense of fat in the morning
could be the result of substituting specific types of fat or
carbohydrate, such as starch and sugars. Unfortunately, it was not
possible to distinguish between the types of carbohydrate or fat in
the present analysis. However, future studies should consider the
types and sources of carbohydrate and fat.

Our study possesses several strengths. First, data were derived
from a large prospective national birth cohort. Although sample
loss is inevitable with long-term cohorts, the responding sample in
NSHD remains in many respects representative of the national
population of the same age.*° Losses due to death and emigration
are similar to those in the national population of similar age,”® and
trends in energy and nutrient intake are comparable to those
reported in the national diet and nutrition survey.’’ Rigorous
dietary assessment methods were used to collect dietary data, and
nutrient intake was estimated using food composition databases
appropriate for the period of consumption. We used nutrient-
density substitution models that take into account the complexity
of the relationship between macronutrients and that an increase
in one nutrient results in a simultaneous decrease in another
macronutrient. Moreover, we have adjusted for total daily energy
intake and energy intake at each eating occasion in our analyses,
which indicates that the composition of eating occasions
influences cardiometabolic parameters independently of daily
energy intake or energy intake at the eating occasion.

In conclusion, time and nutrient composition of eating
occasions predict the development of the metabolic syndrome
and its individual components. These findings suggest that future
dietary recommendations aimed at preventing or treating the
metabolic syndrome should consider including advice on the
time-of-day of nutrient intake alongside advice on overall nutrient
quantity and quality. Attention should be drawn towards
exploring other aspects of eating behaviour such as meal
timing, frequency and regularity in attempt to unravel complex
diet-disease interactions and improve our knowledge of the role
of diet in maintaining optimum health.
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