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Previous epidemiological studies have demonstrated relationships between individual nutrients
and glucose intolerance and type 2 diabetes, but the association with the overall pattern of dietary
intake has not previously been described. In order to characterize this association, 802 subjects
aged 40–65 years were randomly selected from a population-based sampling frame and
underwent a 75 g oral glucose-tolerance test. Principal component analysis was used to identify
four dietary patterns explaining 31⋅7 % of the dietary variation in the study cohort. These dietary
patterns were associated with other lifestyle factors including socio-economic group, smoking,
alcohol intake and physical activity. Component 1 was characterized by a healthy balanced diet
with a frequent intake of raw and salad vegetables, fruits in both summer and winter, fish, pasta
and rice and low intake of fried foods, sausages, fried fish, and potatoes. This component was
negatively correlated with central obesity, fasting plasma glucose, 120 min non-esterified fatty
acid and triacylglycerol, and positively correlated with HDL-cholesterol. It therefore appears to
be protective for the metabolic syndrome. Component 1 was negatively associated with the risk
of having undiagnosed diabetes, and this association was independent of age, sex, smoking and
obesity. The findings support the hypothesis that dietary patterns are associated with other
lifestyle factors and with glucose intolerance and other features of the metabolic syndrome. The
results provide further evidence for the recommendation of a healthy balanced diet as one of the
main components of chronic disease prevention.

Type 2 diabetes: Dietary patterns: Principal component analysis

Epidemiological studies have a key role in generating
greater clarity about the relationship between exposures
and disease so that their findings can be translated to
public health recommendations. Many population studies
of the relationship between diet and chronic diseases have
been analysed using the intakes of specific nutrients or food
groups of individuals (Hamman, 1992). However, in the
absence of data accurate enough to eliminate confounding,
it is uncertain whether the observed association is a singular
effect of the food or nutrient, or if the food or nutrient acts as
a marker for an overall lifestyle and dietary pattern. This is
important as the intake of one food or nutrient is often
correlated with the intake of another (Barkeret al. 1990;
Kant et al. 1995) or with other lifestyle factors (Margetts &
Jackson, 1993), which may have a relationship to the risk
status of the individual.

Some researchers have attempted, therefore, to examine
the relationship between food patterns and disease status

rather than individual nutrients (Huijbregtset al. 1995; Kant
et al. 1995; Whichelow & Prevost, 1996; Gittelsohnet al.
1998). Three main methods have been used: cluster analy-
sis, scores and principal component analysis (PCA). In this
present paper, we report the use of PCA, a means of
reducing the complexity of diet to a small number of
dimensions. This is analogous to the reduction of dietary
complexity to the intake of a few nutrients. However, it has
the advantage that the dietary components identified are
independent of each other, unlike the intake of different
nutrients, and hence confounding between components is
diminished. It has the possible disadvantage that it provides
no insight into the mechanisms by which diet is associated
with disease risk, being driven by patterns of food intake.
However, as people consciously consume patterns of food
intake rather than individual nutrients, it may be that
aetiological information based on patterns could be easier
to translate into public health recommendations.
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In the UK several studies have used the PCA technique to
derive dietary patterns (Barkeret al. 1990; Whichelow &
Prevost, 1996) that were then shown to relate cross-
sectionally to other lifestyle factors (Barkeret al. 1990;
Whichelow & Prevost, 1996; Johnsonet al. 1998) and
prospectively to the health circumstance of the subjects
(Prevostet al. 1997).

The metabolic syndrome, otherwise known as syndrome
X or the insulin resistance syndrome, is a cluster of
cardiovascular risk factors. These risk factors include hyper-
triacylglycerolaemia, lowered HDL-cholesterol, glucose
intolerance and hypertension (Haffneret al. 1992). These
abnormalities are often correlated with insulin resistance,
and it has been suggested that insulin resistance may be the
underlying cause for this clustering (Reaven, 1988). This
syndrome has also been shown to be related to central
obesity, physical inactivity (Warehamet al. 1998), and
some nutrient factors (Dalyet al. 1997; Purnell & Brunzell,
1997). However, few studies have examined the relationship
between food patterns and the metabolic syndrome. A study
conducted in Canada (Gittelsohnet al. 1998) investigated
the relationship between broad patterns of food intake,
method of preparation and consumption derived from
factor analysis and glucose intolerance in a native Canadian
population. It showed that some food groups including
vegetables, breakfast foods, and hot meals appeared to
have a protective effect for impaired glucose tolerance
(IGT) and type 2 diabetes.

This present study aims to describe dietary patterns in a
middle-aged UK-population-based cohort and to relate
these patterns to glucose intolerance and other features of
the metabolic syndrome.

Materials and methods

Study population and sampling methods

The Isle of Ely study is a prospective population-based
study of the aetiology and pathogenesis of type 2 diabetes
and related metabolic disorders. The details of this study
have been published elsewhere (Williamset al. 1995). In
summary, 1122 subjects (486 men and 636 women) aged
40–64 years, who were not known to have diabetes, were
randomly selected from a population-based sampling frame.
People with previously diagnosed diabetes, those who had
moved away from the study area before being contacted, or
who were physically unable to come to the study centre
were excluded from the study. The response rate was
74 %. Respondents underwent a standard 75 g oral
glucose-tolerance test according to World Health Organiza-
tion recommendations (World Health Organization, 1985)
after a 10 h overnight fast and abstinence from smoking, use
of a nicotine patch, or chewing nicotine gum on the morning
of the test. Blood samples were immediately separated in a
cooled centrifuge at 48 and transported to the main labora-
tory on ice, where they were stored at−708. Plasma glucose
was measured using the hexokinase method (Kunstet al.
1983) and total serum cholesterol, HDL and triacylglycerol
using the RA 1000 (Bayer Diagnostics, Basingstoke, Hants.,
UK). Values for LDL-cholesterol concentrations were cal-
culated using the Friedewald formula (Friedewaldet al.

1972). Estimations were not made if the plasma triacylgly-
cerol was.4 mmol/l. Plasma insulin was measured using an
immunoenzymic assay (Medgenix Diagnostics SA, Fleurus,
Belgium).

Two trained observers carried out standard anthro-
pometric measurements (Williamset al. 1995). Smoking
status and alcohol intake were assessed by questionnaire.
Subjects were classified as non-, ex- or current smokers.
Alcohol consumption was recorded as units of alcohol
consumed per week and analysed as a continuous variable
and as quartiles of alcohol consumption. Leisure time
physical activity was assessed using the Paffenbarger
questionnaire (Paffenbargeret al. 1993; Warehamet al.
1996) with standard coding of specific activities
using published energy costs for recreation and sports
(Ainsworth et al. 1993). These are expressed in the data
as metabolic equivalents or MET hours per week, or
multiples of the energy cost of resting. Socio-economic
group was assessed according to the shortened form of
the Registrar General’s socio-economic classification
(Registrar General, 1980). A collapsed form of this classi-
fication was used in which individuals were grouped into
non-manual (1, 2, 3) and manual (4, 5, 6) groups. The World
Health Organization criteria for diabetes and IGT were used
to classify subjects (World Health Organization, 1985).
Waist : hip ratio was categorized into sex-specific quartiles.
The Cambridge Local Research Ethics Committee approved
the study.

Measurement of main exposure

Food consumption was assessed using a modification of
the Health and Lifestyle survey questionnaire (Coxet al.
1987). There were thirty-five items in the food frequency
questionnaire. The questions on frequency of food con-
sumption were taken from those used in similar surveys
(Bull, 1965; Yarnellet al. 1983; Coxet al. 1987). Yarnell
et al. (1983) reported on the performance of the food
frequency questions against weighed intakes. The results
from these questions have been shown to discriminate
between groups of subjects (Whichelowet al. 1991a, b)
and to associate with lifestyle factors (Whichelow &
Prevost, 1996). The Health and Lifestyle survey ques-
tionnaire was administered as a structured self-completed
questionnaire, completed by the study subjects during their
visit to the study centre, and was designed to assess food
intake over the preceding 12 months. For the main food
list, the participants were asked to grade their frequency of
consumption of each food item as ‘daily’, ‘most days’,
‘once or twice a week’, ‘less than once a week’, or ‘rarely
or never’. Questions aimed at measuring the seasonal
variation of salad and raw vegetables and fruits consump-
tion in winter and summer were included in the main food
list. Total energy intake was not estimated. Due to
missing values in some of the food items, twenty-nine
of the thirty-five food items were selected for inclusion in
the PCA. The food items excluded due to missing values
included cereals, bread type, spreads, preserves, cream,
and beverages. Complete information for all twenty-nine
food items was given by 802 subjects.
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Analysis

Principal component analysis. The data were analysed
using Intercooled Stata 5 (Stata Statistical Software Release
5.0, 1997; Stata Corporation, College Station, TX, USA).
Data on the frequency of consumption of foods in the main
list were collected in five categories and re-coded to ‘daily’,
‘most days’, ‘once or twice a week’, ‘less than once a week’,
and ‘rarely or never’. The group of individuals with
complete data was not significantly different in respect of
age, sex, and prevalence of IGT or type 2 diabetes from
those excluded because of missing values (DEMW1). PCA
was performed on the correlation matrix of the twenty-nine
food items listed in Table 1. This is a data reduction
technique that produces successive linear combinations of
the variables each accounting for as much of the remaining
variance as possible. It therefore describes major food
patterns in the data. TheFACTOR (pc) command (Intercooled
Stata 5) was used to extract the factor loadings for the
components and factor scores calculated for each individual
based on their initial responses. A higher score indicated
that the individual ate the food pattern described by the
component more frequently than a person with a lower
score. The stability of the generated components was tested
by deriving the components for two randomly split sub-
samples and correlating the factor loadings. The first four
components were highly correlated to their corresponding
component derived from each sample but the fifth and sixth
components were not, and were then excluded from the
remaining analysis. This observation was confirmed by the
Scree plot shown in Fig. 1. The Scree plot is a plot of the
eigenvalues of the derived components. The occurrence of
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Table 1. Factor loadings of the food items in the four principal dietary
components identified; the Ely study (n 802)*

Dietary component

1 2 3 4

Variation explained (%) 11⋅87 7⋅5 6⋅63 5⋅67
Fruit (summer) 0⋅686 0⋅257 0⋅193 −0⋅043
Fruit (winter) 0⋅685 0⋅223 0⋅229 −0⋅022
Salad (summer) 0⋅647 0⋅056 0⋅061 0⋅136
Salad (winter) 0⋅636 0⋅052 0⋅154 0⋅169
Fish (not fried) 0⋅453 0⋅005 −0⋅005 0⋅012
Other vegetables 0⋅410 0⋅217 −0⋅258 0⋅236
Poultry 0⋅327 0⋅047 −0⋅184 −0⋅035
Green vegetables 0⋅320 0⋅356 −0⋅563 −0⋅054
Pasta/rice 0⋅304 −0⋅082 0⋅181 0⋅217
Ice cream/light desserts 0⋅280 0⋅250 0⋅173 −0⋅273
Root vegetables 0⋅143 0⋅440 −0⋅587 −0⋅068
Nuts 0⋅121 0⋅173 0⋅148 0⋅250
Cheese 0⋅107 0⋅302 0⋅241 0⋅366
Pulses 0⋅093 0⋅377 −0⋅301 0⋅113
Tinned fruit 0⋅091 0⋅171 0⋅092 −0⋅174
Milk, amount −0⋅002 0⋅073 −0⋅020 0⋅115
Soft drinks −0⋅029 0⋅211 0⋅237 0⋅029
Chocolate −0⋅051 0⋅337 0⋅445 −0⋅017
Eggs −0⋅066 0⋅262 −0⋅069 0⋅594
Sweets −0⋅169 0⋅442 0⋅408 −0⋅071
Red meat −0⋅174 0⋅245 −0⋅259 0⋅062
Puddings/pies −0⋅178 0⋅391 0⋅025 −0⋅196
Biscuits −0⋅226 0⋅415 0⋅220 −0⋅369
Crisps −0⋅309 0⋅241 0⋅268 0⋅199
Cakes −0⋅310 0⋅479 0⋅136 −0⋅326
Potatoes −0⋅322 0⋅401 −0⋅393 −0⋅131
Fried fish −0⋅361 0⋅143 0⋅058 0⋅301
Sausage, processed meat −0⋅376 0⋅162 0⋅083 0⋅382
Fried food −0⋅382 0⋅120 −0⋅082 0⋅468

* Figures in italics represent loadings greater than 0⋅300 or less than −0⋅300.

Fig. 1. Scree plot of the eigenvalues of the first fifteen components generated by principal component analysis; the Ely study (n 802). For details of
study population, see Table 2; for details of principal component analysis, see pp. 259–260.

https://doi.org/10.1017/S0007114500000337  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114500000337


an elbow or knuckle is usually considered to be where the
large eigenvalues stop and the small eigenvalues start and
can be used as a visual representation of the number of
significant components (Cattell, 1965, 1966). In Fig. 1, two
elbows were observed between components 1 and 2, and
components 4 and 5. Thex2 test of isotropic variation
(Mardia et al. 1979), another technique used in identifying
the number of components to retain, also confirmed this
observation. This test indicated a significant difference
between components 1 and 2 (P, 0⋅001) and components 3
and 4 (P=0⋅07) but no difference between components 2
and 3. Both these tests suggested that one or four
components should be retained. The first four components
were thus retained to describe the dietary patterns observed
in this cohort. The relationship between the general
characteristics of the subjects and glucose intolerance
status was assessed using Student’st test and Pearson’s
Chi-square test (x2) to compare the arithmetic means and
proportions of these characteristics in the IGT and type 2
diabetes groups against those of the normal glucose
tolerance group. ANOVA was used to examine the
characteristics of subjects for each of the components
identified. The scores of component 1 were categorized
into tertiles using the distribution in the normal glucose
tolerance group. Spearman’s correlation and partial
correlation were used to assess the relationship between
the dietary components and the variables of the metabolic
syndrome. Insulin, 120 min plasma glucose and triacyl-
glycerol concentrations, total alcohol intake and physical
activity were skewed and were normalized by logarith-
mic transformation before the partial correlations were
calculated.

The prevalence of IGT and type 2 diabetes were directly

age-standardized to the World population of Segi using the
truncated standard age range as recommended by King
& Rewers (1993). Univariate logistic regression was
used to investigate the relationship between the dietary
components, IGT and type 2 diabetes as separate out-
comes, compared with the normal glucose tolerance
group. The effects of potential confounders on the rela-
tionship between these dietary components and glucose
intolerance were assessed in a series of multiple logistic
regression models.

Results

Fifty-one (4⋅5 %) of the subjects had newly diagnosed type 2
diabetes by the World Health Organization (1985) criteria
and 188 (16⋅8 %) had IGT. The age-standardized prevalence
was 2⋅32 and 11⋅2 % for previously undiagnosed type 2
diabetes and IGT respectively.

The general characteristics of the three glucose tolerance
categories are shown in Table 2. The mean age and BMI of
the study population was 54⋅1 (SD 7⋅7) years and 26⋅0
(SD 4⋅3) kg/m2 respectively. Subjects with newly diagnosed
type 2 diabetes were older, more obese, and less physically
active than their normal counterparts, with those with IGT
being intermediate. There was a strong significant trend
between reported alcohol consumption and the prevalence
of IGT and type 2 diabetes, with the prevalence decreasing
as reported alcohol consumption increased (x2 19⋅07,
P, 0⋅01). A greater proportion of subjects with IGT and
type 2 diabetes reported a positive family history (at least
one or more parent or sibling) than normal subjects. The
prevalence of type 2 diabetes and IGT was highest in
unskilled and skilled manual workers, socio-economic
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Table 2. Anthropometric and lifestyle characteristics by World Health Organization glucose-
tolerance category†; the Ely study (n 802)

(Mean values and standard deviations in parentheses)

Normal Impaired Type 2
glucose tolerance glucose tolerance diabetes

n (men) 311 54 14
n (women) 334 74 15
Age (years) 52⋅5 (7⋅6) 56⋅1** (7⋅3) 59⋅0** (5⋅1)
BMI (kg/m2) 25⋅4 (3⋅8) 27⋅5** (4⋅7) 30⋅2** (4⋅4)
Waist : hip ratio

Men 0⋅90 (0⋅05) 0⋅92* (0⋅06) 0⋅96*** (0⋅06)
Women 0⋅76 (0⋅05) 0⋅78*** (0⋅06) 0⋅81*** (0⋅06)

Reported alcohol consumption 5⋅1 (8⋅4) 3⋅7* (7⋅6) 4⋅3 (11⋅4)
(units/week)

Subjects reporting a positive 16⋅9 24⋅2 27⋅6
family history of diabetes (%)

Physical inactivity (%)
(MET h/week of LTPA)
,1 35⋅0 39⋅8 55⋅6
1–14 34⋅1 25⋅0 33⋅3
> 15 30⋅8 35⋅2 11⋅1

Smoking status (%)
Non-smokers 51⋅6 54⋅0 41⋅4
Current smokers 15⋅9 8⋅9 10⋅3
Ex-smokers 32⋅5 37⋅1 48⋅3

MET, metabolic equivalents; LTPA, leisure time physical activity.
Mean values were significantly different from the normal glucose tolerance group: * P , 0⋅05, *** P , 0⋅001

(Student’s t test).
† World Health Organization (1985).
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group 3 and 6, but this difference was not statistically
significant (x2 17⋅37, P=0⋅066). When the collapsed
socio-economic groups were used, those in the manual
group had a significantly higher prevalence of IGT and
type 2 diabetes than those in the non-manual group
(x2 11⋅14, P, 0⋅01).

Four dietary components were identified, collectively
explaining 31⋅7 % of the variation in diet in the study
population (Table 1). Component 1 explained 11⋅9 % of
the variation and represented frequent intakes of salad and
green vegetables and fruits (in both summer and winter),
fish (not fried), pasta or rice, and low intake of fried
foods, processed meat, fried fish, potatoes and snacks
(biscuits and crisps). Component 2 explained 7⋅5 % of

the variation and included frequent intake of confectionery,
cheese, root and green vegetables, pulses, biscuits, choco-
late, red meat and potatoes. Component 3 explained 6⋅6 % of
the variation and included frequent intakes of confectionery
and chocolate as in component 2 but infrequent intakes of
vegetables and potatoes. Component 4 explained 5⋅7 % of
the variation in the data and represented frequent intake
of eggs, fried food, processed meat, cheese and fried fish
(Table 1).

Higher scores for component 1 were observed in women,
subjects who were less than 55 years and in those in the
higher socio-economic groups, and lower scores were
recorded in current smokers (Table 3). This component
was negatively correlated with age, waist : hip ratio,
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Table 3. Mean scores for each of the dietary components and lifestyle and anthropometric
variables; the Ely study (n 802)

Dietary component

n 1 2 3 4

Sex
Male 379 −0⋅633 0⋅108 −0⋅063 0⋅116
Female 423 0⋅567 −0⋅097 0⋅057 −0⋅104
F test 0⋅000 0⋅049 0⋅223 0⋅015

Age group (year)
40–44 149 0⋅081 0⋅235 0⋅088 0⋅231
45–49 163 0⋅105 −0⋅041 0⋅196 0⋅180
50–54 149 0⋅181 −0⋅014 −0⋅065 0⋅147
55–59 135 −0⋅183 −0⋅101 −0⋅090 −0⋅254
60–64 185 −0⋅113 −0⋅070 −0⋅085 −0⋅226
65–69 21 −0⋅502 0⋅021 −0⋅352 −0⋅456
F test 0⋅331 0⋅421 0⋅237 0⋅000

Socio-economic group
Professionals 70 0⋅730 0⋅118 −0⋅040 0⋅462
Managers/executives 283 0⋅311 −0⋅162 −0⋅032 −0⋅042
Other non-manual 116 0⋅100 0⋅014 0⋅295 −0⋅031
Skilled manual 191 −0⋅544 0⋅130 −0⋅024 0⋅044
Semi-skilled manual 82 −0⋅520 0⋅157 −0⋅029 −0⋅172
Unskilled manual 29 −0⋅813 −0⋅397 −0⋅877 −0⋅153
F test 0⋅000 0⋅133 0⋅004 0⋅041

BMI (kg/m2)
, 25 380 0⋅208 0⋅081 0⋅047 −0⋅095
25–27 160 −0⋅384 −0⋅216 −0⋅029 0⋅034
. 27 261 −0⋅070 0⋅011 −0⋅047 0⋅116
F test 0⋅002 0⋅100 0⋅668 0⋅115

Waist : hip ratio quartile
1 216 0⋅238 0⋅147 0⋅109 −0⋅143
2 170 −0⋅173 0⋅051 −0⋅077 −0⋅026
3 214 −0⋅015 −0⋅011 0⋅100 0⋅042
4 198 −0⋅083 −0⋅210 −0⋅135 0⋅123
F test 0⋅142 0⋅096 0⋅185 0⋅187

Alcohol intake category (units/week)
None 185 0⋅008 0⋅102 0⋅117 −0⋅201
. 0–5 338 0⋅045 0⋅055 0⋅060 −0⋅147
.5–10 114 0⋅129 0⋅029 −0⋅131 0⋅246
.10 136 −0⋅085 −0⋅289 −0⋅212 0⋅433
F test 0⋅828 0⋅090 0⋅108 0⋅000

Smoking status (%)
Non-smoker 401 0⋅151 0⋅102 0⋅070 −0⋅179
Current 113 −0⋅768 −0⋅640 −0⋅273 0⋅325
Ex-smoker 263 0⋅169 0⋅095 0⋅010 0⋅112
F test 0⋅000 0⋅000 0⋅069 0⋅000

Physical inactivity (%) (MET h/week of LTPA)
0 245 −0⋅220 0⋅062 0⋅072 0⋅057
1–14 220 0⋅216 0⋅004 0⋅062 −0⋅001
>15 209 0⋅151 0⋅020 0⋅077 0⋅045
F test 0⋅021 0⋅909 0⋅994 0⋅879

MET, metabolic equivalents; LTPA, leisure time physical activity.
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fasting plasma glucose, 120 min non-esterified fatty acids
(NEFA), and triacylglycerol (Table 4). It was positively
correlated with HDL-cholesterol. After adjusting for
age, component 1 remained negatively correlated with
waist : hip ratio and triacylglycerol and positively correlated
with HDL-cholesterol (Table 5). Younger subjects and men
had higher component 2 scores, but heavy drinkers and
current smokers had lower scores (Table 3). Component 2
scores were negatively correlated with fasting NEFA,
120 min insulin and plasma glucose concentration (Table 4).
The correlation observed between component 2 and
120 min insulin and fasting NEFA was independent of the
effects of age (Table 5). Subjects in non-manual occupa-
tions favoured component 3. Component 3 was negatively
correlated with fasting plasma glucose, physical activity,
total alcohol consumption, and 120 min NEFA concentra-
tion (Table 4), although with the exception of physical

activity these correlations were not independent of the
effect of age (Table 5). Men had higher scores on compo-
nent 4 as did professionals and skilled manual workers, the
younger age groups, heavy drinkers and current smokers.
Component 4 was negatively correlated with age and
cholesterol (both total and LDL), but positively correlated
with waist : hip ratio and total alcohol intake (Table 4).
Waist : hip ratio, total alcohol intake and BMI were posi-
tively associated with component 4 after adjusting for the
effects of age (Table 5).

Subjects with newly diagnosed diabetes had lower scores
for component 1 than those who were normal (P, 0⋅05) or
had IGT (P=0⋅06) (Table 6). No significant difference was
seen between the three glucose tolerance categories for the
other three components. Component 1 scores were cate-
gorized into tertiles based on the distribution of the normal
glucose tolerance group. Fig. 2 shows the distribution of the
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Table 4. Spearman rank correlation coefficients of the four dietary components with lifestyle, anthropometric
and metabolic variables; the Ely study (n 802)

Dietary component

1 2 3 4

Age (years) −0⋅07* −0⋅06 −0⋅07 −0⋅16**
BMI (kg/m2) −0⋅06 −0⋅02 0⋅00 0⋅07
Waist : hip ratio −0⋅29** 0⋅00 −0⋅06 0⋅11**
Physical activity (total MET) 0⋅02 −0⋅03 −0⋅12* 0⋅03
Total alcohol intake (units/week) −0⋅01 −0⋅05 −0⋅07* 0⋅23**
Fasting plasma glucose (mmol/l) −0⋅10** −0⋅03 −0⋅07* 0⋅02
120 min plasma glucose (mmol/l) −0⋅05 −0⋅09* 0⋅01 0⋅00
Fasting plasma insulin concentration (pmol/l) −0⋅04 −0⋅05 −0⋅01 0⋅06
120 min plasma insulin concentration (pmol/l) −0⋅01 −0⋅10** 0⋅03 0⋅03
Cholesterol (mmol/l) −0⋅05 −0⋅03 0⋅00 −0⋅09*
Plasma HDL-cholesterol (mmol/l) 0⋅16** −0⋅01 0⋅00 0⋅03
Plasma LDL-cholesterol (mmol/l) −0⋅07 −0⋅03 0⋅02 −0⋅11**
Fasting plasma non-esterified fatty acids (mmol/l) 0⋅05 −0⋅12** 0⋅06 −0⋅06
120 min plasma non-esterified fatty acids (mmol/l) −0⋅07* −0⋅02 −0⋅08* 0⋅00
Plasma triacylglycerol (mmol/l) −0⋅19** −0⋅07 −0⋅05 −0⋅03

MET, metabolic equivalents.
* P , 0⋅05, ** P , 0⋅01.

Table 5. Partial correlation coefficients of the four dietary components with lifestyle, anthropometric and
metabolic variables adjusting for age; the Ely study (n 802)

Dietary component

1 2 3 4

BMI (kg/m2) −0⋅05 −0⋅02 −0⋅01 0⋅09*
Waist : hip ratio −0⋅29** 0⋅01 −0⋅04 0⋅15**
Physical activity (total MET)† −0⋅02 −0⋅02 −0⋅14** 0⋅01
Total alcohol intake (units/week)† −0⋅02 −0⋅07 −0⋅06 0⋅23**
Fasting plasma glucose (mmol/l) −0⋅06 −0⋅03 −0⋅03 0⋅06
120 min plasma glucose (mmol/l)† −0⋅05 −0⋅05 0⋅02 0⋅03
Fasting plasma insulin concentration (pmol/l)† −0⋅03 −0⋅05 −0⋅03 0⋅05
120 min plasma insulin concentration (pmol/l)† −0⋅01 −0⋅09* 0⋅02 0⋅06
Plasma cholesterol (mmol/l) −0⋅04 0⋅00 0⋅02 −0⋅03
Plasma HDL-cholesterol (mmol/l) 0⋅19** 0⋅03 0⋅00 0⋅04
Plasma LDL-cholesterol (mmol/l)† −0⋅06 0⋅01 0⋅04 −0⋅05
Fasting plasma non-esterified fatty acid (mmol/l)† 0⋅04 −0⋅09* 0⋅07 −0⋅03
120 min plasma non-esterified fatty acid (mmol/l)† −0⋅07 −0⋅01 −0⋅07 0⋅01
Plasma triacylglycerol (mmol/l)† −0⋅18** −0⋅07 −0⋅06 0⋅03

MET, metabolic equivalents.
* P , 0⋅05, ** P , 0⋅01.
† Log transformed values.
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Table 6. Dietary component scores by World Health Organization glucose-tolerance category†; the Ely
study (n 802)

(Mean values and standard deviations)

Normal glucose Impaired glucose Type 2 diabetes
tolerance (n 645) tolerance (n 128) (n 29)

Dietary component Mean SD Mean SD Mean SD

1 0⋅044 0⋅073 −0⋅068 0⋅164 −0⋅676* 0⋅344
2 0⋅039 0⋅058 −0⋅184 0⋅130 −0⋅044 0⋅274
3 −0⋅006 0⋅055 0⋅015 0⋅123 0⋅062 0⋅258
4 0⋅019 0⋅051 −0⋅098 0⋅113 0⋅004 0⋅238

Mean value was significantly different from that for group with normal glucose tolerance: * P , 0⋅05 (paired two-sided
t test).

† World Health Organization (1985).

Fig. 2. Distributionof dietary component 1 scores by glucose-tolerance category; the Ely study. (———), Normal glucose tolerance (n 645); (— —),
impaired glucose tolerance (n 128); (- - - - -), type 2 diabetes (n 29). For details of study population, see Table 2; for details of prinicipal component
analysis, see pp. 259–260. The vertical lines represent the cut-off values defining tertiles in the normal glucose tolerance category

Table 7. Association between component 1 dietary score and previously undiagnosed type 2 diabetes;
the Ely study (n 802)†

All subjects (n 802) Subjects >50 years (n 396)

Odds ratio 95 % CI Odds ratio 95 % CI

Unadjusted 0⋅62* 0⋅38, 0⋅99 0⋅55* 0⋅32, 0⋅92
Adjusted for age 0⋅65 0⋅40, 1⋅07 0⋅55* 0⋅32, 0⋅94
Adjusted for age, sex, BMI category 0⋅54 0⋅32, 0⋅91 0⋅44* 0⋅22, 0⋅88

and smoking status

* P , 0⋅05.
† Reference category was subjects with normal glucose tolerance. Component 1 score was entered as tertiles based on

the distribution in the normal glucose tolerance category. Age was entered in 5-year age bands, sex (1, 2), BMI
category (,25, 25–29⋅9, >30) and smoking status (non-, current and ex-smokers).
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scores of those with IGT and type 2 diabetes around the
tertiles of the normal glucose tolerance group. Almost half
of those with type 2 diabetes had scores in the lowest tertile
of the distribution. The odds ratio for having diabetes
compared with normal glucose tolerance for a tertile
change in component 1 was 0⋅62 (95 % CI 0⋅38, 0⋅999).
After adjustment for age (entered as an ordered category in
five-year age bands), there was a slight change in the point
estimate (0⋅65, 95 % CI 0⋅40, 1⋅07) but the upper limit of the
95 % CI exceeded unity. To investigate further the relation-
ship between this component and glucose intolerance, the
analysis was restricted to those aged above 50 years. The
odds ratio for a tertile change in component 1 was 0⋅54
(95 % CI 0⋅32, 0⋅91) and 0⋅44 (95 % CI 0⋅22, 0⋅88) after
adjustment for age, sex, smoking status and obesity
(Table 7).

Discussion

By using the PCA technique we have identified four dietary
patterns in a UK-based cohort of middle-aged subjects,
which show an association with other lifestyle factors and
features of the metabolic syndrome. Of note is the striking
similarity between the factor loadings observed in this study
and those observed in previous UK-based population studies
(Gregoryet al. 1990; Whichelow & Prevost, 1996). The first
component described by Whichelow & Prevost (1996) had
similarly high loadings for fruits, salads, root vegetables and
negative loadings for fried food and processed meat. The
dietary and nutritional survey of British adults (Gregory
et al. 1990) reported similarly high loadings in fruits and
vegetables in their first component. However, they reported
lower values for pasta, rice, and cereals. The association
observed with other lifestyle factors is consistent with the

results obtained in previous studies in the UK (Barkeret al.
1990; Whichelow & Prevost, 1996).

One disadvantage of the PCA technique is the interpreta-
tion of the results obtained and the actual naming or
describing of a particular food pattern. One approach is to
use variables that load above a certain cut-off point (. 63),
but this does not distinguish variables that may have load-
ings greater than63 for different components. Another
approach is to plot the loadings for one component against
the next in order to identify the variables that discriminate
between the two components (Fig. 3). Component 1 loaded
heavily for foods that one would assume to be beneficial and
came closest to the description of a conventionally accepted
balanced healthy diet. With this is mind, it was not sur-
prising to see that it was correlated with most of the features
of the metabolic syndrome in the expected direction, i.e.
negatively with obesity, plasma glucose, 120 min NEFA and
triacylglycerol; and positively with HDL-cholesterol. It was
also negatively related to glucose intolerance, with subjects
found to have newly diagnosed type 2 diabetes having the
lowest scores for component 1. A tertile change in compo-
nent 1 was associated with a 28 % reduction in the risk of
having type 2 diabetes that persisted after restricting the
analysis to those above 50 years old and controlling for the
effect of sex, age, BMI and smoking.

This result is similar to that found in a Canadian study
(Gittelsohnet al. 1998) although in that study they included
patients known to have diabetes, whose diet may have been
modified by the onset of their disease. The present study,
which was undertaken in individuals without known
diabetes, is not subject to this bias. A similar analysis by
Barker et al. (1992) identified a cosmopolitan dietary
pattern with high loadings for fruits and vegetables that
was negatively correlated with total cholesterol, and also

264 D. E. M. Williamset al.

Fig. 3. Plot of the loadings for component 1 v. component 2 showing variables that discriminate between the two components. For details of study
population, see Table 2; for details of principal component analysis, see pp. 259–260.
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observed that dietary patterns containing alcohol were
positively associated with HDL-cholesterol.

The metabolic syndrome has been shown to have three
main clusters (Meigset al. 1997): one including hyper-
lipidaemia, raised waist : hip ratio and BMI, and a second
associated with hyperglycaemia and hyperinsulinaemia.
Our results show two components inversely associated
with these two clusters, i.e. component 1 with the lipid
cluster and component 2 associated with the glucose
cluster (Table 4). This may well indicate that the
pathological mechanisms involved in these two clusters
may be different and may be influenced by different
environmental factors.

In a previous report on data from the Ely study (Williams
et al. 1999), we have shown that frequent intakes of raw and
salad vegetables, especially in the winter, were protective
against type 2 diabetes (odds ratio 0⋅16, 95 % CI 0⋅04, 0⋅69).
These results now indicate that those findings are probably,
in part, a reflection of the overall healthy lifestyle described
by component 1. However, the strength of the association
with frequent intake of raw and salad vegetables, especially
in the winter, appears too large to be explained completely
by this relationship, although the confidence intervals are
wide. Our present study cannot identify whether a single
lifestyle factor is associated with this protective effect, as
the dietary components were all associated with other life-
style factors like physical activity and socio-economic
group. Present analytical techniques cannot clearly separate
one lifestyle factor from another in the assessment of risks
for the occurrence of a particular disease, especially
when the lifestyle factors are collinear and are measured
imprecisely. It is therefore of interest for nutritional
epidemiologists to examine dietary patterns as well as
separate nutrient and food effects in the investigation of
the effects of diet on disease processes.

We have placed more emphasis on component 1 in this
paper because it explained the greatest proportion of the
variation and was the most stable component in the two split
samples. Furthermore, the factor loadings of component 1
were very similar to those observed in the Health and
Lifestyle survey (Whichelow & Prevost, 1996). This
emphasis was also justified by the results from the isotropy
test which indicated that component 1 was significantly
different from the other components. Although we could
have omitted the reporting of the other three components
we have elected to include their description for complete-
ness but their aetiological relevance was less than that of
component 1.

Only 802 subjects with complete information on twenty-
nine of the thirty-five food items in the questionnaire were
included in this study. In order to determine the effect this
exclusion may have had on the derived components, the
missing values for subjects who had less than three (n 947)
and five (n 1037) missing food items were imputed and the
PCA repeated with these imputed values. There was a very
high correlation coefficient (r . 0⋅94) between the scores of
the components reported in this paper and those obtained
using both the three missing items and five missing
items imputed food items. The main conclusions of the
relationship between component 1, glucose intolerance and
the metabolic syndrome remained unchanged.

These results support current recommendations for the
adoption of a dietary pattern which includes increased fruit
and vegetable consumption and a reduction in the intake of
fatty foods and processed meat for protection against the
occurrence of the metabolic syndrome and glucose
intolerance.
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