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Abstract

Objective: Despite differences in obesity and ill health between urban and rural
areas in the UK being well documented, very little is known about differences in
dietary patterns across these areas. The present study aimed to examine whether
urban/rural status is associated with dietary patterns in a population-based UK
cohort study of children.

Design: Dietary patterns were obtained using principal components analysis and
cluster analysis of 3 d diet records collected from children at 10 years of age.
Rurality was obtained from the 2001 UK Census urban/rural indicator at the time of
dietary assessment. General linear models were used to examine the relationship
between rurality and dietary pattern scores from principal components analysis;
multinomial logistic regression was used to assess the association between rurality
and dietary clusters.

Setting: The Avon Longitudinal Study of Parents and Children (ALSPAC), South
West England.

Subjects: Children (12 5677) aged 10 years (2817 boys and 2860 gitls).

Results: After adjustment, increases in rurality were associated with increased
scores on the ‘health awareness’ dietary pattern (f=0-35; 95% CI 0-14, 0-56;
P<0-001 for the most rural compared with the most urban group) and lower
scores on the ‘packed lunch/snack’ dietary pattern (f=-0-39; 95% CI —0-59,
—0-19; P<0-001 for the most rural compared with the most urban group). The
odds ratio for participants being in the ‘healthy’ compared with the ‘processed’
dietary cluster for the most rural areas was 1-61 (95% CI 1-05, 2-49; P=0-02)
compared with those in the most urban areas.

Keywords
Conclusions: There is evidence to suggest that differences exist in dietary patterns Dieturyypunerns
between rural and urban areas. Similar results were found using two different Rurality
methods of dietary pattern analysis, showing that children residing in rural ALSPAC

households were more likely to consume healthier diets than those in urban
households.

Principal components analysis
Cluster analysis

Obesity continues to rise in the UK", posing a significant
threat to the health of the nation. While there are many
facets to the obesity epidemic®, multiple interventions and
policy changes have failed to halt the continued rise over
the past few years. Rates of obesity® (and poor health in
general®) in the UK vary considerably between rural and
urban areas, whereby people living in rural areas are con-
sistently healthier than their urban-dwelling counterparts.
A greater understanding of this marked geographical dif-
ference may better inform policy interventions that are more
effective at tackling the underlying causes and reducing the
prevalence of obesity in the UK.

Diet plays a vital role in the development of obesity
and numerous other health problems™. Poor diet quality
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is cited as a major driver behind the obesity epidemic
and is a highly modifiable risk factor for obesity and ill
health®. This is particularly important for the develop-
ment of children given that dietary habits formed in
childhood and adolescence have been shown to track into
adulthood”®. The role of diet in obesity development
therefore makes it a sensible policy intervention target for
improving the health of the nation in an attempt to halt
and potentially reverse the obesity epidemic. For effective
policy intervention though, it may be necessary to
understand not only to whom health interventions can be
most effectively targeted, but also geographically where
they would be most effective; for instance, areas where
dietary patterns tend to be of poorer quality. It is therefore
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Rurality and dietary patterns

important that geographical variations in diet — as an under-
lying driver of obesity and ill health — are well understood.

A number of studies have identified the influence
that space and place have on dietary intake, both
internationally*'" and in the UK"*™*. However, research
has focused largely on one of two factors: (i) the effects of
neighbourhood-level deprivation>™®; and (i) the role that
distance or access to food outlets plays in diet'***. Results
from UK studies have been mixed®, indicating that
geographical differences observed in neighbourhood
diet quality may not be due to deprivation or affluence
once individual-level variables such as income, education
and class are accounted for and may not be due to
accessibility or price either. This is understandable, as
an increased choice of food outlets in the immediate
local vicinity selling cheap healthy foods does not neces-
sarily translate to a change in dietary habits. Habits tend
to be formed over long periods of time from early-life
experiences(7'8).

There has been very limited research dedicated to
examining differences in dietary patterns between differ-
ent rural/urban profiles of the UK. Given the documented
differences in obesity and ill health between rural and
urban residents in the UK, whereby residents of urban
areas suffer poorer health than those from rural areas®?,
one may expect that diet quality varies geographically
in a similar manner between urban and rural areas.
Recent research from both the USA®®?” and Canada®®
shows that in a North American context increasing rurality
is associated with poorer nutrient profiles consisting of
higher consumption of high-fat and high-sugar foods. To
our knowledge, however, little research has been con-
ducted examining dietary intake and rurality in the UK,
where urban/rural profiles clearly differ from Canada and
the USA in terms of population demographics, income
disparity and service provision. UK-based evidence shows
a higher prevalence of more ‘traditional’ dietary patterns
(based on core foods such as bread, potatoes, vegetables)
in rural areas®’, and that adults in rural households and
students in rural schools have higher fruit and vegetable
intakes than their urban counterparts®**" despite poorer
access to food in rural areas"”. Research from other
European countries also suggests a greater prevalence of
higher-quality diets in rural households?.

The use of dietary patterns that reflect the total diet,
as an alternative or complementary approach to studying
the associations between diet and health, has increased
considerably over recent years. These methods recognise
that foods and drinks are consumed in combination and
enable the study of the whole diet, rather than individual
foods or nutrients. Two common methods for deriving
dietary patterns are principal components analysis (PCA)
and cluster analysis. PCA uses the correlations that exist
between different food groups to identify linear combi-
nations of foods that are frequently consumed together
and gives each individual a score for every component.
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Cluster analysis, however, combines individuals into non-
overlapping groups based on similarity of dietary intakes.
To our knowledge, only two studies have been performed
specifically examining UK differences in dietary patterns
with a focus on rurality?>*?, but neither of these focused
on children. The dietary patterns used in the present paper
had already been obtained using both PCA and cluster
analysis from dietary data collected from the study cohort
using diet diaries at 10 years of age®®***.

Given the lack of UK-specific research on differences in
dietary patterns between urban and rural areas, the aim of
the present study was to examine whether the urban/rural
indicator is associated with dietary patterns in a population-
based UK cohort study of children.

Methods

Subjects were children from the Avon Longitudinal Study
of Parents and Children (ALSPAC). Pregnant women were
eligible to join the study if they had an expected date
of delivery between April 1991 and December 1992 and
were resident in the (former) Avon Health Authority
area in South West England®®. A total sample of 14 701
children was used, including 13988 children from the
originally recruited sample who were still alive at 1 year of
age and an additional 713 children who were recruited at
later ages. The ALSPAC cohort is largely representative of
the UK when compared with 1991 Census data, with slight
under-representation in ethnic minorities, single-parent
families and those living in rented accommodation. Ethical
approval for the study was obtained from the ALSPAC
Ethics and Law Committee and the Local Research Ethics
Committees. Please note that the study website contains
details of all the data that are available through a fully
searchable data dictionary®®.

The dietary assessment at 10 years of age has been
described in detail elsewhere®”. Briefly, children were
invited to attend a hands-on dietary assessment in a clinic
setting. Prior to the visit children were asked to record all
foods and drinks that had been consumed over three full
days (two weekdays and one weekend day). At the clinic
children were interviewed by a nutrition fieldworker to
allow the inclusion of any food that had been missed out
and obtain a greater description of any portion sizes and
cooking methods. Twenty-four-hour recalls were con-
ducted by the fieldworkers in the event that a child had
attended a clinic without a complete diet diary. Coding
was completed by the fieldworker using the DIDO (Diet
In, Data Out) software program developed by the MRC
Human Nutrition Research Unit (Cambridge, UK).

Exposure

The 2001 Census urban/rural indicator (URD) was applied
to ALSPAC geographic data; month and year of the clinic
visit date were used to extract the relevant household
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residence from the ALSPAC address table by census Out-
put Area (OA). 2001 OA contain a minimum of forty
households and 100 people and are built from clusters of
neighbouring postcode units; they avoid urban/rural mixes
where possible and are designed to be socially homo-
geneous while maintaining similar population counts®®.
The URI was designed to permit research analysis ‘according
to different types of rural and urban area” and as such
separates English, Welsh and Scottish addresses by OA into
four categories based upon population density: (i) ‘urban
>10 000", (i) ‘town and fringe’, (ii) ‘village’ and (iv) ‘hamlet
and isolated dwelling’, before splitting each of these cate-
gories into whether surrounding areas are either ‘sparselly]
or ‘less sparselly]’ populated, to give a total of eight cate-
gories®”. Few children fell into the ‘sparse’ categories (72
30), so URI values were recoded to include both sparse
and less sparse in each rurality category to give a total of
four categories for analysis.

Outcomes

Outcomes of interest were dietary patterns obtained
through both PCA and cluster analysis. The patterns were
derived from 3 d diet record data using gram weight (g/d)
as input variables and have been described in detail
elsewhere®®. Three dietary patterns were derived from
PCA; (i) one contrasting more healthy (high-fibre bread,
vegetables, water) with less healthy/processed foods
(processed foods, chips, soft drinks; labelled ‘health
awareness’); (i) one with high loadings on traditional
British foods (meat, potatoes and vegetables; labelled
‘traditional’); and (iiD) the last with high loadings on foods
that are often found in a child’s packed lunch such as
white bread, sandwich fillings and snacks such as crisps
and chocolate (labelled ‘packed lunch/snack”).

Four clusters were derived from the same data using
k-means cluster analysis®?; these were labelled ‘processed’,
‘healthy’, ‘traditional’ and ‘packed lunch’ according to the
average intake of foods consumed by the children falling into
each cluster.

Potential confounders

Potential confounders were obtained from self-completion
questionnaires and included highest maternal education at
pregnancy (low’ (Iess than O-level, where O-level repre-
sents qualifications obtained at 16 years of age), ‘middle’
(O-leveD) and ‘high’ (higher than O-level, i.e. education
beyond 16 years of age)); maternal age at delivery (<25
years, 25-29 years, 30-34 years and 35+ years); highest
parental social class based on occupation®”’ as reported
by the mother in pregnancy (with social class I as ‘high’
and social classes IV and V as ‘low’ (social classes IV and
V were grouped together due to low cell counts in the
most rural areas)); gender; and home ownership status
reported at 10 years (categorised as owned/mortgaged,
rented from council or housing association, and rented
privately/other).

https://doi.org/10.1017/51368980014001864 Published online by Cambridge University Press

TT Morris and K Northstone

Statistical methods

Differences in mean PCA scores according to URI were
examined using ANOVA while a »* test was used to
establish any difference between dietary cluster member-
ship and URI. Multivariable linear regression analysis was
used to estimate the effects of URI on each of the scores
from PCA separately; first unadjusted and then adjusted for
all potential confounders. Finally, multinomial logistic
regression was used to determine relationships between
level of rurality and dietary cluster membership, again
employing both unadjusted models and those adjusted for
confounders to obtain odds ratios and 95 % confidence
intervals. Throughout ‘urban’ was used as the reference
category. All statistical analyses were performed using the
statistical software package STATA version 12.

Results

Of the 11868 children invited to attend the clinic visit at
10 years of age, 7557 (64 %) attended, of whom 7473
provided dietary data (3702 boys and 3771 girls). Of those
with dietary data, a further 1796 (24 %) children were
excluded due to missing data on the exposure variable
(n 61) or from one of the confounder variables (12 1735),
leaving a total of 5677 cases for analysis. Missing data from
the exposure variable was due to minor historical database
migration errors resulting in no valid address and therefore
no URI value attached. Twenty-four-hour recalls were
conducted for 610 children (10-7%) with no difference
observed between children from different areas in terms of
rurality (P=0-954).

Table 1 displays the differences in baseline character-
istics of the cohort between those from different areas in
terms of rurality. Differences were observed between
rurality categories for maternal education, maternal age,
social class and home ownership (all P<0-004). These
differences indicate that children from rural areas were
more likely to come from higher class and better educated
families who owned/mortgaged their homes, and have
older mothers than their more urban counterparts.

It can be seen in Table 2 that increasing rurality was
associated with increases in mean ‘health awareness’ and
‘traditional’ dietary pattern scores and a decrease in mean
‘packed lunch/snack’ score. Table 3 shows that children
living in increasingly urban areas were more likely to belong
to the ‘processed’ and ‘packed lunch’ clusters. Conversely,
children living in increasingly rural areas were more likely to
belong to the ‘healthy’ and ‘traditional’ clusters.

Table 4 shows that unadjusted parameter estimates
increased for the ‘health awareness’ dietary pattern with
increasing rurality. Although the estimates were attenuated,
the trend was still evident after adjustment (P<0-00D).
Conversely, the ‘packed lunch/snack’ dietary pattern
showed a negative trend both before and after adjustment
with increasing rurality (P<0-001). There appeared to be
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Table 1 Differences in baseline characteristics for ALSPAC children with complete data by URI categories

Urban Town Village Hamlet
n % n % n % n %

Total 4623 8143 390 6-87 488 860 176 310

Gender
Boy (n 2817) 2281 49.34 198 50-77 246 50-41 92 52.27
Girl (n 2860) 2342 50-66 192 49.23 242 49.59 84 4773
¥¥=0-968 (P=0-809)

Maternal education
Low (n 1105) 987 21-35 43 11.03 51 10-45 24 13-64
Middle (n 2022) 1698 36-73 131 33-59 150 30-74 43 24.43
High (n 2550) 1938 41.92 216 55-38 287 58-81 109 61-93
¥*=108-722 (P<0-001)

Maternal age at delivery (years)
<25 (n716) 628 1358 32 821 38 779 18 10-23
25-29 (n 2306) 1893 40-95 162 41.54 202 41-39 49 27-84
30-34 (n 1951) 1550 33-53 148 37.95 183 37-50 70 39.77
35+ (n704) 552 11.94 48 12.31 65 13-32 39 22-16
x> =46-556 (P<0-001)

Highest parental social class
I (n932) 689 1490 67 17-18 120 24.59 56 31.82
Il (n 2583) 2018 43-65 213 54.62 269 55-12 83 47-16
Ill non-manual (n 1398) 1238 26-78 73 1872 67 13.73 20 11-36
Il manual (n 551) 489 10-58 28 718 25 512 9 5-11
IV &V (n213) 189 4.09 9 2-31 7 1-43 8 4.55
x> =154-247 (P<0-001)

Home ownership status
Owned/mortgaged (n 5122) 4145 89-66 358 91.79 458 93-85 161 9148
Rented privately/other (n 124) 96 2.08 11 2.82 13 2-66 4 2:27
Rented from council or housing association (n 431) 382 8-26 21 5.38 17 348 11 6-25

¥=19.013 (P=0-004)

ALSPAC, Avon Longitudinal Study of Parents and Children; URI, urban/rural indicator.

Table 2 Dietary pattern scores (mean and standard deviation) obtained from PCA at 10 years of age among ALSPAC children by URI

category
‘Health awareness’ dietary pattern ‘Traditional’ dietary pattern ‘Packed lunch/snack’ dietary pattern
Mean SD Mean SD Mean SD

Urban —-0-08 1.5 0-02 1-46 0-06 1-34
Town 0-29 1-48 —0-03 1-41 —0-09 1.25
Village 0-42 1.55 -0-02 1.47 -0-23 1-31
Hamlet 0-62 1-43 0-23 1-41 -042 1.37

P value <0.-001 0173 <0-001

PCA, principal components analysis; ALSPAC, Avon Longitudinal Study of Parents and Children; URI, urban/rural indicator.

little difference in ‘traditional’ dietary pattern scores for
children living in different areas.

Table 5 presents the results from the multinomial logistic
regression presenting the odds ratios for being in the ‘heal-
thy’, ‘traditional’ or ‘packed lunch’ cluster compared with the
‘processed’ cluster. The odds of being in the ‘healthy’ cluster
compared with the ‘processed’ cluster increased with
increasing rurality, with children living in hamlets/isolated
dwellings being more than twice as likely to be in
the ‘healthy’ cluster (OR=2-24; 95% CI 1-48, 3-37). This
association was attenuated after adjustment but a trend
remained with increasing rurality (hamlet ». urban: adjusted
OR=1-61; 95% CI 105, 2-49). Results showed a small
association between increased rurality and belonging to the
‘traditional cluster’ but the strength of these associations was
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weak (P=0-183). There was no evidence to suggest that URI
was associated in any way with being in the ‘packed lunch’
cluster compared with the ‘processed’ cluster.

Discussion

The present study explored urban/rural differences in
dietary patterns obtained through both PCA and cluster
analysis. The results indicate that rurality is associated with
dietary patterns assessed using two distinct methods, even
after adjustment for potential confounding factors. We
have shown that rurality is associated with diet whereby
children living in the most rural areas are more likely to
consume what may be considered to be a healthier diet.
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Table 3 Associations between clusters of dietary pattern at 10 years of age among ALSPAC children and URI (Y*=76-10, P<0-001)

‘Processed’ cluster ‘Healthy’ cluster

‘Traditional’ cluster ‘Packed lunch’ cluster

n % n % n % n %
Urban 1283 29-61 1196 27-60 937 21.62 917 2116
Town 93 25-14 132 35-68 74 20-00 71 19-19
Village 110 2376 175 37-80 95 20-52 83 17-93
Hamlet 35 20-47 73 42.69 43 25.15 20 11.70
Total 1521 28-50 1576 29-53 1149 2153 1091 20-44

ALSPAC, Avon Longitudinal Study of Parents and Children; URI, urban/rural indicator.

Table 4 Unadjusted and adjusted* parameter estimates (and 95 % confidence intervals) for the associations between URI and dietary
pattern scores obtained from PCA at 10 years of age among ALSPAC children

‘Health awareness’ dietary pattern

‘Traditional’ dietary pattern

‘Packed lunch/snack’ dietary pattern

B 95 % Cl B 95 % ClI B 95 % Cl
Unadjusted (n 5677)
Urban 0-00 0-00 0-00
Town 0-30 0-14, 0-45 -0-04 -0-19, 0-11 -015 -0-29, - 01
Village 043 0-29, 0-57 -0-03 -0-17, 0-01 -0-28 -041,-0-16
Hamlet 0-62 0-39, 0-85 0-22 0-00, 0-44 —-049 -0-69, —0-28
P value <0-001 0-21 <0-001
Adjusted* (n 5677)
Urban 0-00 0-00 0-00
Town 0-14 0-00, 0-29 -0-02 -0-18,0-13 -0-11 —-0-25, 0-03
Village 0-21 0-08, 0-34 0-00 —-0-14,0-14 -0-22 -0-35, -010
Hamlet 0-35 0-14, 0-56 0-27 0-05, 0-49 -0-39 -0-59, —0-19
P value <0-001 0-12 <0-001

URI, urban/rural indicator; PCA, principal components analysis; ALSPAC, Avon Longitudinal Study of Parents and Children.
*Adjusted for gender, maternal education, maternal age at delivery, highest parental social class and home ownership status.

Table 5 Unadjusted and adjusted* odds ratios (and 95 % confidence intervals) for the associations between URI and clusters of dietary
pattern at 10 years of age among ALSPAC children, using the ‘processed’ cluster as base outcome

‘Healthy’ cluster

‘Traditional’ cluster

‘Packed lunch’ cluster

OR 95 % ClI OR 95 % ClI OR 95 % ClI
Unadjusted (n 5337)
Urban 1-00 - 1.00 - 1-00 -
Town 1.52 1-15, 2.01 1.09 079, 1-50 1.07 078, 1-47
Village 1.71 1.33, 2:19 1.18 0-89, 1-58 1.06 078, 1-42
Hamlet 2.24 1.48, 3-37 1.68 1.07, 2.65 0-80 0-46, 1-39
P value <0-001 0-10 0-82
Adjusted* (n 5337)
Urban 1-00 - 1.00 - 1.00 -
Town 1.27 0-95, 1-69 1.04 076, 1-43 1.04 076, 1-43
Village 1-30 1.00, 1-68 112 0-84, 1-50 1.01 0-75, 1.37
Hamlet 1.61 1.05, 2-49 1.63 1.03, 2:58 079 045, 1.37
P value 0-02 0-18 0-85

URI, urban/rural indicator; ALSPAC, Avon Longitudinal Study of Parents and Children.
*Adjusted for gender, maternal education, maternal age at delivery, highest parental social class and home ownership status. Note: 340 children with dietary
data were unassigned to food clusters (290 from ‘urban’, 20 from ‘town’, 25 from ‘village’, 5 from ‘hamlet’).

Results using the PCA scores showed that children living
in the most rural areas were more likely to consume a
healthy diet than those in urban areas, with increased
health awareness scores and lower packed lunch/snack
scores. There was evidence of a dose-response relation-
ship between both health awareness and packed lunch/
snack scores with increasing rurality.
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Cluster analysis identified similar patterns to those from
the PCA and the associations with rurality were mirrored.
Children residing in rural areas were more likely to belong
to the healthy cluster than those in urban areas. As with
the PCA results, the likelihood of being in the healthy
category increased with increasing rurality. Cluster analy-
sis results from the traditional cluster were weak after
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adjustment for socio-economic characteristics but there
was evidence to suggest that children in the most rural
areas were more likely to fall into that cluster than children
in more urban areas.

More informed knowledge on differences in dietary
intake is of critical importance if we are to accurately and
reliably identify the underlying mechanisms that may drive
such differences between areas of differing rural profiles
and help to further explain those that have been seen
between diet and deprivation or access to food. Our
findings show the opposite trends to those shown by
Downs et al. in Canada™® but they are consistent with UK
findings investigating aspects of diet quality and rur-
ality®*3Y. These latter studies reported a higher pre-
valence of healthy dietary patterns in rural households and
school areas. This contrast in international results
demonstrates the clear differences in geographical profiles
between the UK and North America and the resulting
influence of geographical spaces determined by rurality on
diet quality. While it is important that policy makers consider
rurality and the potential effect that it may have on diet and
therefore obesity and ill health, it is also important to
remember that interventions may not be successfully trans-
ferred internationally due to cultural and geographical dis-
similarities between countries.

While further research is required to support these find-
ings in geographically diverse areas of the UK, our findings
imply that interventions in the UK may have more impact in
urban areas where poorer-quality dietary patterns are more
prevalent and as such there may be more barriers to healthy
diets. The increased association between rurality and
nutrient-rich diets and the decreased association with snack
foods (such as chocolate and crisps that are energy-dense
and contribute few nutrients) suggest greater dietary health
awareness in more rural areas. Our results also suggest that
access to food in terms of geographical distance to food retail
outlets (as observed by Smith et a/*”’) may not be a major
influence on diet quality, as we would have expected to see
consistent results between poorer access in rural areas
and poorer diet quality if this was the case. It is plausible
that other factors associated with families who live in rural
areas (such as employment and income) are perhaps
more relevant than access to food“”. The results from our
adjusted analyses suggest that previous arguments claiming
neighbourhood characteristics play no significant role on
diet quality after individual-level characteristics have been
accounted for*™* may not be valid. Although residual
confounding may be an issue in our study, adjusting for
individual factors such as maternal education and social class
only slightly attenuated our effect sizes. Further research is
needed to determine exactly what may be driving geo-
graphic variations in diet quality but our study indicates that
differences do exist above the individual level.

The current study adds to the scant research examining
associations between diet quality and rurality in the UK.
The dietary variables used were well defined, identifying
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particular diet patterns known to have different nutrient
profiles®*3? and the inclusion of both PCA scores and
dietary clusters allowed us to examine associations on two
different measures. The data were from a large, generally
representative sample of children from the UK. However,
a number of limitations also exist with the study which
must be acknowledged. First, it is only cross-sectional and
as such it is not possible to determine causality. However,
we consider reverse causality to be unlikely. Second, all
dietary data were self-reported by the participants and as
such may not have been completely accurate. While the
use of nutritionists and interviews may have minimised
errors in the data this is something that we should remain
aware of. Third, small numbers in sparse areas restricted
us from examining the effects of sparsity on dietary
patterns. There is a possibility that the true associations
between URI and diet quality may be underestimated due
to the higher levels of drop out observed among partici-
pants living in increasingly urban areas. Finally, there is
the possibility that underlying values of child rearing may
exist in which people with healthier dietary patterns
migrate to rural areas prior to pregnancy. However, such
data are not available in the ALSPAC cohort, so we could
not take this into account.

Conclusion

In conclusion, we have shown that geographical location
in terms of rurality is associated with dietary patterns. The
associations we report suggest that being resident in
increasingly rural areas is linked to a higher prevalence of
what may be considered healthier diets and a lesser ten-
dency towards snack and processed foods; even after
taking into account individual-level socio-economic con-
founding factors. Further work is needed to understand
the mechanisms behind these differences, but the results
presented here suggest that policy interventions to
improve diet would be better targeted in urban than rural
areas. While the cross-sectional nature of the research
does not allow us to infer causality or direction of asso-
ciations, our results are important for directing public
health messages as they suggest that associations in diet
quality truly exist at the spatial level and that rurality is
itself independently linked to diet quality.
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