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Abstract Dysregulation of lipid and glucose metabolism

in the postprandial state are recognised as important risk

factors for the development of cardiovascular disease and

type 2 diabetes. Our objective was to create a compre-

hensive, standardised database of postprandial studies to

provide insights into the physiological factors that influ-

ence postprandial lipid and glucose responses. Data were

collated from subjects (n = 467) taking part in single and

sequential meal postprandial studies conducted by

researchers at the University of Reading, to form the

DISRUPT (DIetary Studies: Reading Unilever Postpran-

dial Trials) database. Subject attributes including age,

gender, genotype, menopausal status, body mass index,

blood pressure and a fasting biochemical profile, together

with postprandial measurements of triacylglycerol (TAG),

non-esterified fatty acids, glucose, insulin and TAG-rich

lipoprotein composition are recorded. A particular

strength of the studies is the frequency of blood sampling,

with on average 10–13 blood samples taken during each

postprandial assessment, and the fact that identical test

meal protocols were used in a number of studies, allowing

pooling of data to increase statistical power. The DIS-

RUPT database is the most comprehensive postprandial

metabolism database that exists worldwide and pre-

liminary analysis of the pooled sequential meal post-

prandial dataset has revealed both confirmatory and novel

observations with respect to the impact of gender and age

on the postprandial TAG response. Further analysis of the

dataset using conventional statistical techniques along

with integrated mathematical models and clustering

analysis will provide a unique opportunity to greatly

expand current knowledge of the aetiology of inter-indi-

vidual variability in postprandial lipid and glucose

responses.

Keywords Cardiovascular disease � Genotype �
Mathematical modelling � Single and multiple test meals �
Postprandial lipid metabolism � Glucose

Introduction

Recent evidence has shown elevated postprandial triacyl-

glycerol (TAG) to be an independent risk factor for

cardiovascular disease (CVD) [2, 29], and more discrim-

inatory than fasting TAG. Increased levels of TAG-rich

lipoproteins (TRLs; chylomicrons and very low density

lipoprotein) in both the fed (postprandial) and fasted states

is the metabolic driver of a combined dyslipidaemia

referred to as the atherogenic lipoprotein phenotype, and a

clinical feature of type 2 diabetes and the metabolic syn-

drome. The atherogenic impact of TAG is thought to be

mediated in part by a reduction in high density lipoprotein

cholesterol (HDL-C) concentration and a decrease in the

size of low density lipoprotein (LDL) towards the smaller

more atherogenic LDL-III and LDL-IV particles [23].

Importantly, the dyslipidaemia is highly correlated with

excess body weight and because of the increasing
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prevalence of both overweight and obesity, its occurrence

in the UK, especially in middle-aged men and women, is

extremely common [4]. Despite the widespread manifes-

tation of this lipid abnormality in adult populations of

most developed countries, its aetiology and capacity for

modification by lifestyle factors such as diet remains

unclear.

As a result of the frequency of meal and snack con-

sumption throughout the day, individuals are exposed to

elevated circulating TAG levels for on average 18 h per

day. The magnitude and duration of the postprandial

lipaemic response is influenced by a number of metabolic

processes, including the rate of secretion of TRL from

the intestine and the liver, the activity of enzymes

involved in the processing of TRLs and the rate of

clearance of TRL remnants by receptor mediated pro-

cesses [25]. Since Zilversmit [42] hypothesised that TRL

remnants were atherogenic in 1979, there has been con-

siderable research interest into the acute and chronic

impact of dietary fat composition on postprandial lipa-

emia. However, determination of the postprandial

response is complex and the lack of standardisation of

methodologies, in particular test meal size and compo-

sition, between different studies and research groups has

hampered the elucidation of lifestyle and physiological

factors which influence postprandial lipaemia [23]. In

addition, the degree of certainty that can be placed on

summary measures of the lipaemic response is often

limited by small subject numbers and infrequent blood

sampling during the postprandial period.

The DISRUPT (DIetary Studies: Reading Unilever

Postprandial Trials) project has collated data from subjects

taking part in single meal (n = 162) and sequential (two)

meal (n = 305) postprandial studies conducted over the

past 16 years by investigators at the University of Reading.

This detailed postprandial dataset has been compiled into a

single standardised database, which is the largest such in

existence to date. This extensive dataset will enable (a)

comprehensive analyses of the impact of age, gender, body

mass index, genotype and the fasting metabolite profile on

the inter-individual variability of the postprandial lipaemic

response and (b) facilitate the development of predictive

and integrative mathematical models of postprandial meta-

bolic responses to mixed meals.

This paper will introduce the study protocols, subjects,

clinical and biochemical measures, and postprandial time

course data contained within the postprandial database

and detail opportunities for enhancing the scientific value

of such pooled datasets through statistical analyses and

mathematical modelling methodologies. In addition, pre-

liminary findings from the statistical analysis of the

pooled sequential meal postprandial dataset will also be

presented.

Postprandial database

The creation of the DISRUPT database is a joint initiative

between researchers in the Hugh Sinclair Unit of Human

Nutrition at the University of Reading and the Systems

Biology of Lipid Metabolism group at Unilever, the pur-

pose of which is to maximise the scientific output and value

from already completed postprandial studies at Reading

and to identify gaps in our current knowledge.

The database has facilities for data entry, analysis, and

exporting through a user friendly web interface and elec-

tronic data capture capabilities to enable the recording of

future, as well as past, studies in a consistent, compre-

hensive and standardised manner. All key information are

entered using a double data entry approach to minimise

errors, with any discrepancies being clearly highlighted on

the screen before the study status can be finalised on the

database. All entries use consistent units and standardised

test parameter/subject attribute names, which are stored in

a relational database [5, 6]. Analysis and charting tools are

contained within the database, which include the facility to

compare and filter groups of data across one or a number of

postprandial studies at a time. Reporting options are

available for the subject attribute information, genotype

and postprandial metabolite concentrations. Security levels

restrict access to the data via user roles and all data are

anonymous.

The electronic capture functionality was designed to

address the common challenges faced by the two research

groups, in both comparing the results of dietary interven-

tions in different studies and utilising such studies for

further analysis and modelling. There is also scope to

upgrade this database of studies conducting by researchers

at Reading to include postprandial data collected by other

groups working in this field.

Study protocols and methodology

According to specific inclusion criteria, participants for

both the single and sequential meal postprandial studies

were recruited from the local population (Table 1). Initial

screening of the subjects was performed by phone using a

health and lifestyle questionnaire. Information was col-

lected on personal medical history and family history of

CVD in first-degree relatives and siblings, smoking and

alcohol habits and physical activity levels. All prescribed

medications were recorded including intake of dietary

supplements. For female participants, information on

menopausal status was self-reported, with postmenopausal

categorised by amenorrhea for at least 12 months.

If suitable, based on the health and lifestyle question-

naire performed over the phone, subjects were then invited
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to the investigation unit for the measurement of height,

weight, blood pressure and to provide a fasting blood

sample for the analysis of lipids, glucose, liver function

tests and haemoglobin. LDL cholesterol (LDL-C) was

calculated using the Friedewald formula [11]. Blood

pressure was measured using an OMRON MX2 automatic

blood pressure monitor and body mass index (BMI) was

calculated from the height and weight measurements.

Sequential test meal protocols

Postprandial protocols employing two test meals (sequen-

tial meal design) have been used in eight of the fifteen

studies conducted by investigators at the University of

Reading. This type of postprandial protocol has been used

to determine (a) the effect of chronic dietary fat manipu-

lation or cereal/non-digestible carbohydrate supplement on

the postprandial lipaemic response (studies 1–6, n = 257

subjects) [3, 10, 24, 26, 28], (b) influence of body size and

shape on the postprandial lipaemic response (study 7,

n = 28 subjects) [27, 39] and (c) the acute impact of

specific meal fatty acids in the first meal on the postpran-

dial response to the second meal (studies 8 and 9, n = 20

subjects) [16–18, 32–34]. An overview of the study designs

are shown in Fig. 1. A key feature of studies 1–6 which we

will now refer to as the ‘‘sequential meal postprandial

dataset’’ is the use of the same test meals and frequency of

blood sampling during all of the postprandial investiga-

tions. This similarity in protocol design has allowed the

data to be pooled together easily, which increases the sta-

tistical power of this dataset. This study protocol is

described in detail below (‘‘Sequential meal postprandial

dataset’’), with preliminary findings from this dataset pre-

sented in ‘‘Preliminary findings from the sequential meal

postprandial dataset’’ section.

For the study examining the effect of body shape and

size on postprandial lipaemia (study 7) and the two studies

examining the impact of meal fatty acid composition on the

postprandial response to the second meal (studies 8 and 9),

the test meal composition and protocols were unique to

these individual studies and are summarised in Fig. 1.

More detailed information of the subject groups, study

protocols and postprandial measurements can be obtained

from the study publications [16–18, 27, 32–34, 39].

Sequential meal postprandial dataset

In order to analyse the influence of subject attributes such as

age, gender, menopausal status, genotype, BMI and fasting

lipids on the inter-individual variability of the postprandial

lipaemic response, the baseline data from six individual

studies employing the same sequential test meal protocol

were pooled together for this postprandial dataset (Fig. 1).

All subjects were recruited using similar inclusion/exclu-

sion criteria (Table 1) and at the time of the baseline

postprandial investigation, all individuals were following

their habitual diet and had not commenced the relevant

dietary intervention. Healthy adults living in the UK aged

22–72 years with a BMI between 19 and 32 kg/m2 and

fasting glucose \6.5 mmol/L were recruited. The studies

were approved by the University of Reading Ethics and

Research Committee and the West Berkshire Health

Authority Ethics Committee, and written informed consent

was obtained from the subjects before the study began.

Postprandial protocol On the day prior to the postpran-

dial investigation, subjects were asked to abstain from

alcohol and organised exercise regimens. A low fat evening

meal (\10 g fat) was provided to standardise short-term fat

intake. After a 12-h overnight fast, the subjects attended the

investigation unit where an indwelling cannula was inserted

into the anticubital vein of the forearm under local anaes-

thetic (1% lignocaine) and two fasting blood samples were

Table 1 General inclusion and exclusion criteria

Inclusion criteria

Healthy men and women

Aged between 20 and 75 years

BMI between 19 and 32 kg/m2

Initial exclusion criteria

Have suffered a myocardial infarction or stroke in the previous

2 years

Angina

Diabetes mellitus and other endocrine disorders

Thyroid disorder

Liver disease

Prescribed hypolipidaemic or anti-inflammatory medication

Vigorous exercise ([3 9 30 min aerobic exercise per week)

Heavy drinkers ([21 U and 28 U of alcohol per week for women

and men, respectively)a

Smokers

Any dietary restrictions or on a weight reducing diet

Taking fatty acid or antioxidant supplements on a regular basis

Involved in a clinical trial or donated blood in the last 3 months

Further exclusion criteria for female participants only

Pregnant or planning a pregnancy

Breastfeeding

Perimenopausal

Exclusion criteria after the screening visit

Fasting plasma glucose [6.5 mmol/L

Haemoglobin \120 g/L for women and \130 g/L for men

Gamma glutamyl transferase (c-GT) [80 IU

Alanine aminotransferase (ALT) [60 IU/L

Aspartate aminotransferase (AST) [42 IU/L

a One unit is equivalent to eight grams of alcohol
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taken. The standard test breakfast (croissants with butter

and jam, cereal with milk and a glass of orange juice) was

then given which was consumed within 20 min. Blood

samples were collected at regular intervals until 330 min

after the test breakfast when a second meal (a cheese

sandwich, packet of crisps and chocolate bar) was given and

blood samples collected until 480 min after the test break-

fast. On average 12 blood samples were taken during the

postprandial investigation. The details of the test breakfast

and lunch meals are shown in Fig. 1. The nutritional com-

position of the test breakfast was 4.2 MJ energy, 51 g fat,

125 g carbohydrate and 19 g protein and the test lunch was

2.6 MJ energy, 30 g fat, 79 g carbohydrate and 15 g pro-

tein. The type of fat contained within the test meals was

predominately saturated, with 29 g of saturated fatty acids

(SFA) in the breakfast and 14 g of SFA in the lunch. No

other food or drink except water and decaffeinated sugar-

free drinks was allowed during the study day.

Plasma TAG, non-esterified fatty acids (NEFA), glucose

and insulin were measured in the fasting and postprandial

blood samples.

DNA extraction and genotyping DNA was isolated from

the buffy coat layer of 10 ml of EDTA blood using a kit

from Qiagen. Allelic discrimination of genes variants of

selected apolipoproteins, transfer proteins and lipolytic

enzymes involved in the metabolism of TRLs in the

circulation (Table 2) was conducted using Assay-on-

Demand SNP genotyping assays (Applied Biosystems).

The apoliprotein (apo) A5 variants haplotype (A5*1, A5*2

and A5*3) was determined from the alleles for the apoA5

SNPs rs3135506 and rs662799 [13] and the apoE haplotype

(E2/E2, E2/E3, E2/E4, E3/E3, E3/E4 and E4/E4) from the

alleles for the apoE SNPs rs7412 and rs429358.

Subject and outcome summary A total of n = 257 indi-

viduals underwent the same baseline sequential meal

postprandial assessment (studies 1–6), with data for n = 19

subjects removed from the postprandial dataset as a result

of incomplete subject attribute information (age, BMI,

gender, blood pressure, fasting lipids or glucose concen-

tration). Therefore, data were available for n = 238 sub-

jects, of which n = 140 were males and n = 98 were

females. Detailed postprandial responses are available for

plasma TAG (n = 238), NEFA (n = 184), glucose

(n = 158) and insulin (n = 61) for this sequential meal

postprandial dataset.

Single meal studies

Six single meal postprandial studies have examined the

effects of meal fatty acids on postprandial lipaemia, in

particular their impact on TRL concentration and compo-

sition. In general, these studies have examined:

Fig. 1 Overview of the sequential (two) meal postprandial protocols.

apoB apolipoprotein B, CCK cholecystokinin, GIP glucose dependent

insulinotrophic polypeptide, HDL-C high density lipoprotein choles-

terol, MUFA monounsaturated fatty acids, NEFA non-esterified fatty

acids, PUFA polyunsaturated fatty acids, PYY peptide YY, RE retinyl

ester, RP retinyl palmitate, Sf Svedberg flotation rate, SFA saturated

fatty acids, TAG triacylglycerol, TRL triacylglycerol-rich lipoprotein
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(a) the acute effects of differing amounts of monounsat-

urated fatty acids (MUFA) on chylomicron concen-

trations in young healthy men from the UK (n = 15),

Ireland (n = 15) and Greece (n = 44) and middle-

aged men from the UK (n = 15) [14, 15, 19, 35, 41]

(studies 10 and 11),

(b) the chronic effects of MUFA intake on postprandial

lipaemia in young men with a family history of CHD

from the UK (n = 13) and Ireland (n = 10) [36],

healthy middle-aged men (n = 30) (unpublished) and

students residing in fully catered halls of residence

(n = 25) [38] (studies 12–14),

(c) the effects of meals enriched in SFA, polyunsaturated

fatty acids (PUFA) and MUFA on the lipid and

apolipoprotein composition of TRL fractions in

middle-aged men (n = 10) [20, 21] (study 15).

A simplified overview of the study designs including

test meals, blood sampling and postprandial measurements

are shown in Fig. 2, with detailed information included

within the study publications. The data from these single

meal studies will be used to develop integrative mathe-

matical models of postprandial lipoprotein metabolism.

Analyses of the postprandial data

Summary measures of the postprandial data

The postprandial responses for the metabolites will be

expressed as (a) area under the postprandial curve (area

under the curve (AUC)) calculated using the trapezoidal

rule, (b) incremental AUC (IAUC) calculated as AUC

minus fasting concentrations, (c) maximum concentration

reached during the postprandial period (maxC) and (d) time

to reach maxC (TTM). Due to the nature of the postpran-

dial NEFA curve with an initial drop in NEFA concen-

trations after the meal, attributable to insulin stimulated

inhibition of adipose tissue TAG hydrolysis, NEFA AUC

calculated over the 480 min time period is difficult to

interpret. Therefore, the NEFA AUC and IAUC responses

will be calculated from the time of suppression (120 min

after a fat-rich meal) to the end of the postprandial period.

Other summary measures for NEFA will include the per-

centage NEFA suppression from baseline (an index of

insulin sensitivity), minimum concentration reached during

the postprandial period (minC) and time to reach minC.

Statistical analyses

Independent t tests will be used to determine differences in

the subject attribute data and postprandial summary mea-

sures between the subgroups, with the data for the post-

prandial time course analysed using general linear models

such as a repeated measures analysis of variance (ANOVA).

Statistical associations between the subjects attribute

information (age, gender, genotype, anthropometric and

biochemical characteristics) and the summary measures of

the postprandial metabolites will be performed using sim-

ple bivariate correlations. Multivariate regression will be

used to determine the independent associations, with partial

R2 calculated to determine the percentages of variation in

the summary measures explained by the independent

variables (subject attributes).

Mathematical models of postprandial lipoprotein

metabolism

The creation and utilisation of a database of human post-

prandial responses to typical fat containing meals as well as

the close collaboration between experimentalists and

modellers, will enable the development of mathematical

and informatics tools to provide a greater understanding of

the complex metabolic processes which occur during

postprandial lipaemia. Typically, postprandial responses

are characterised in terms of summary measures such as

AUC and TTM, the sensitivity of which are often deter-

mined by the number of blood sampling points during the

postprandial assessment. The application of simple com-

partmental models as well as more sophisticated models

will provide a more in-depth understanding of the meta-

bolic determinants (formation, secretion and clearance of

TRLs) of the observed variability in the postprandial pro-

file between individuals.

Table 2 Single nucleotide polymorphisms (SNPs) determined in our

sequential meal postprandial dataset

Apoliproteins

ApoA-IV

ApoA-V

ApoB

ApoB signal peptide (27/24)

ApoC-III

ApoE

Enzymes and proteins

Cholesterol ester transfer protein

Intestinal fatty acid binding protein 2

Lipoprotein lipase

Microsomal triglyceride transfer protein

Hormones, transcription factors and receptors

Oestrogen receptor 1

Insulin

Insulin receptor substrate 1

Leptin receptor

Peroxisome proliferator activated receptor alpha

Tumour necrosis factor

Genes Nutr (2010) 5:39–48 43
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Advanced data processing methods (e.g., machine

learning techniques) are another approach to analysing

postprandial responses to typical meals, which is made

possible by the large subject numbers in the DISRUPT

dataset. The application of such approaches is growing in

biology [30, 40] as sufficiently large numbers of well-

characterised subjects are available to produce meaningful

and reliable results. Clustering algorithms can also be used

to identify subgroups of the population with distinct post-

prandial responses as well as specific features of the

response not obvious from aggregated results. Another

common set of techniques are classification algorithms,

which can be used to predict the likely ‘class’ of meal

response into which a particular subject will be categorised

based on their clinical and biochemical characteristics.

These techniques do not rely on a detailed understanding of

the physiological response to a meal, but do require suffi-

ciently large subject numbers to produce informative

results. Preliminary analyses of the DISRUPT dataset has

shown that these techniques have promised in both pre-

dicting postprandial responses and revealing distinct

responses, which up until now would have been hidden in

the average data.

Furthermore, the derived models can be used to design

future postprandial investigations (including optimum

sampling frequency and time points) test as well as to

generate new research hypotheses and identify new more

informative measures of postprandial responses to single

and multiple meals. Undoubtedly, no single dataset will be

sufficiently rich to provide a complete description of whole

body lipid or glucose metabolism; however, such initiatives

and the developed models can provide an excellent starting

point for supporting the optimum design and prioritisation

of future postprandial studies.

Preliminary findings from the sequential meal

postprandial dataset

Impact of gender on the postprandial TAG response

The mean age, BMI, blood pressure and fasting metabolites

for the male and female groups are shown in Table 3.

Significant differences in BMI, blood pressure, fasting

TAG, HDL-C, LDL-C and glucose were evident between

the gender groups (P \ 0.001).

The magnitude of the postprandial TAG response was

significantly different between the gender groups, with a

lower AUC (39%) and IAUC (44%) in the female group

(P \ 0.0001, Table 3). In addition, the TTM was signifi-

cantly earlier and the maxC significantly lower in the

female compared with the male group (P \ 0.008).

Fig. 2 Overview of the single meal postprandial protocols. apo
apolipoprotein, HDL-C high density lipoprotein cholesterol, MUFA
monounsaturated fatty acids, NEFA non-esterified fatty acids, PUFA
polyunsaturated fatty acids, RE retinyl ester, RP retinyl palmitate,

Sf Svedberg flotation rate, SFA saturated fatty acids, TAG triacyl-

glycerol, TRL triacylglycerol-poor lipoprotein, TRL triacylglycerol-

rich lipoprotein
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Multivariate regression analysis

Males BMI was shown to be inversely associated with

both the TAG AUC (P = 0.008) and maxC (P = 0.007).

Fasting TAG was positively associated with the TAG AUC

(P \ 0.0001), IAUC (P = 0.009) and maxC (P \ 0.0001),

whereas HDL-C was inversely associated with the TAG

AUC (P = 0.009), maxC (P = 0.033) and TTM

(P = 0.006). LDL-C was positively associated with TAG

AUC (P = 0.019) and glucose was positively associated

with the TAG AUC (P = 0.0005), IAUC (P = 0.005) and

maxC (P = 0.002).

Females In contrast to the males, BMI was positively

associated with the TAG AUC (P = 0.003) and maxC

(P = 0.014). Age was shown to be positively associated

with the TAG IAUC (P = 0.019) and TTM (P = 0.029).

Fasting TAG was positively associated with the TAG AUC

(P \ 0.0001), maxC (P \ 0.0001) and TTM (P = 0.007)

and HDL inversely associated with the IAUC (P = 0.033).

Impact of age on the postprandial TAG response

in males

We have recently reported differences in the postprandial

TAG response in our female group sub-divided according

to menopausal status [22], with a more exaggerated plasma

TAG response observed after the second meal in the

postmenopausal compared with the premenopausal

women. Multivariate regression analysis revealed age to be

independently associated with the IAUC only in the pre-

menopausal women, accounting for a greater proportion of

the variability in the IAUC than the fasting TAG concen-

tration. In order to gain an insight into whether this finding

was a gender specific effect, male subjects were divided

into two groups, men \50 years (n = 50) and men

C50 years (n = 80) in the present analysis. The younger

men were shown to have significantly lower systolic

and diastolic blood pressure, fasting total cholesterol and

LDL-C concentrations (P \ 0.03). There were no differ-

ences in the fasting TAG concentration or any of the

summary measures of the postprandial TAG response

between the male groups (Table 3).

Multivariate regression analysis

Interestingly, BMI was inversely associated with TAG

AUC (P = 0.037) and maxC (P = 0.011) in men \50

years, but not in the older subgroup.

In both male groups, fasting TAG was positively asso-

ciated with the TAG AUC (P \ 0.0001) and maxC

(P \ 0.0005). In men C50 years, fasting LDL-C was

shown to be positively associated with the TAG AUC

(P = 0.0004), IAUC (P = 0.004) and maxC (P = 0.004).

Table 3 Subject characteristics and postprandial TAG summary measures in the male and female groups and according to age group in the male

subjects

Females Males P = (gender) Men \ 50 years Men C 50 years P = (age)

Subject characteristics

Age 53.0 ± 10.8 52.2 ± 10.8 NS 41.7 ± 5.4 60.0 ± 6.3

Body mass index (kg/m2) 25.2 ± 3.3 26.6 ± 2.4 0.0002 26.3 ± 2.1 26.9 ± 2.6 NS

Blood Pressure (mmHg)

Systolic 125 ± 16 136 ± 18 \0.0001 130 ± 15 141 ± 19 0.0004

Diastolic 75 ± 9 84 ± 11 \0.0001 82 ± 10 86 ± 10 0.025

Biochemical data (mmol/L)

Total cholesterol 5.65 ± 1.04 5.92 ± 1.04 NS 5.69 ± 0.99 6.09 ± 1.05 0.026

HDL cholesterol 1.63 ± 0.39 1.13 ± 0.29 \0.0001 1.14 ± 0.31 1.12 ± 0.27 NS

LDL cholesterol 3.50 ± 1.04 3.93 ± 0.96 0.001 3.72 ± 0.90 4.09 ± 0.98 0.026

Triacylglycerol 1.17 ± 0.41 1.91 ± 0.88 \0.0001 1.92 ± 0.93 1.91 ± 0.85 NS

Glucose 4.84 ± 0.46 5.30 ± 0.53 \0.0001 5.26 ± 0.53 5.32 ± 0.53 NS

Postprandial TAG data

AUC (mmol/L 9 480 min) 830.0 ± 303.5 1,349.2 ± 589.5 \0.0001 1,356.5 ± 648.6 1,343.8 ± 545.1 NS

IAUC (mmol/L 9 480 min) 232.9 ± 150.0 413.1 ± 239.8 \0.0001 450.3 ± 278.9 385.3 ± 203.1 NS

MaxC (mmol/L) 2.46 ± 0.87 3.95 ± 1.79 \0.0001 4.05 ± 2.09 3.87 ± 1.53 NS

TTM (min) 366.7 ± 75.7 392.5 ± 70.8 0.0076 392.3 ± 71.1 392.7 ± 71.0 NS

Values represent mean ± SD

AUC area under the curve, HDL high density lipoprotein, IAUC incremental area under the curve, LDL low density lipoprotein MaxC maximum

TAG concentration, NS not significant, TTM time to reach maxC
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HDL-C was inversely associated with TTM in the men

\50 years (P = 0.011) and with AUC (P = 0.017) and

maxC (P = 0.026) in men C50 years. Glucose was posi-

tively associated with TAG AUC (P = 0.002), IAUC

(P = 0.023) and maxC (P = 0.015) in men\50 years and

with the AUC (P = 0.035) and maxC (P = 0.03) in men

C50 years.

Conclusions

The key features of the DISRUPT postprandial database

are (1) large number of both male and female subjects aged

between 20 and 75 years which have undertaken the same

detailed postprandial investigations, in particular the

sequential meal postprandial protocol, (2) comprehensive

subject attribute information such as age, gender, meno-

pausal status, blood pressure and fasting biochemical

information (lipids and glucose) (3) frequent blood sam-

pling during the postprandial period (at least 10 blood

samples taken over an 8-h study day), (4) measurement of a

wide range of postprandial outcome measures such as

insulin, glucose, NEFA, apolipoproteins (B-48, B-100,

C-II, C-III and E) and retinyl ester (marker of intestinally

derived lipoproteins), in addition to TAG concentrations,

(5) detailed compositional analysis of TRL fractions, (6)

availability of genotyping data for a selection of apolipo-

proteins, enzymes, proteins, hormones, transcription fac-

tors and receptors which have been reported to influence

postprandial lipaemia [31], and (7) the potential to expand

this database to include postprandial data collected by other

groups working in this field.

Our preliminary pooled data analysis (presented in

‘‘Preliminary findings from the sequential meal postpran-

dial dataset’’ section) has revealed both confirmatory and

novel observations with respect to the impact of gender and

age on the postprandial TAG response. In agreement with

the literature, we have found a greater postprandial TAG

response in males compared with females [7, 12], with

regression analyses indicating inverse associations between

fasting TAG (positive) and HDL-C (negative) with the

postprandial TAG response [1]. Novel findings include the

differences in the directions of the relationships between

various subject characteristics of the male and females and

the summary measures of the postprandial TAG response.

In particular, an inverse relationship between BMI and the

TAG AUC was observed in the males suggesting a more

favourable TAG clearance after the sequential test meals in

those with a greater fat mass. Interestingly, when the male

group was sub-divided into men \50 years and men

C50 years, this association was only observed in the men

\50 years even though BMI was similar in these two

groups of men. A possible explanation for this relationship

between BMI and the postprandial TAG response, which

differs from many reports in the literature [8, 9, 37], is that

for younger men with normal insulin sensitivity, the

capacity for TAG clearance is partly determined by the

area of the adipose tissue vascular bed which will be

greater in individuals with a higher BMI. With ageing and

increasing insensitivity to insulin, which will be greater in

those with a higher fat mass, this relationship disappears.

However, as reported previously, it should be noted that

subdivision of the female participants according to meno-

pausal status revealed BMI to be positively associated with

TAG AUC in the premenopausal women only [22] and it is

unclear at this stage why the age and BMI dependent

relationships should differ according to gender. Further

analyses will include determination of the most important

subject attributes that influence the magnitude and duration

of the postprandial lipid and glucose responses and the

identification of qualitative differences in the profile of the

postprandial responses between subgroups of the popula-

tion, using machine learning methods. In addition to sig-

nificantly contributing to our current understanding of the

determinants of the postprandial metabolism, output from

the pooled datasets will help to identify gaps in our current

knowledge and help to formulate future postprandial

investigations.
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