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Abstract

Background: Dietary patterns better reflect eating habits as opposed to single dietary components. However, the use of
dietary pattern analysis in nutritional epidemiology has been hampered by the complexity of interpreting and presenting
multidimensional dietary data.

Methods: This study extracts and visualizes dietary patterns from self-reported dietary data collected in mid-pregnancy (25
week of gestation) from nearly 60,000 mother-child pairs part of a prospective, longitudinal cohort (Danish National Birth
Cohort) and further examines their associations with spontaneous and induced preterm birth (gestational age<<259 days
(<37 weeks)).

Results: A total of seven dietary patterns were extracted by principal component analysis, characterized and visualized by
color-coded spider plots, and referred to as: Vegetables/Prudent, Alcohol, Western, Nordic, Seafood, Candy and Rice/Pasta/
Poultry. A consistent dose-response association with preterm birth was only observed for Western diet with an odds ratio of
1.30 (95% ClI: 1.13, 1.49) comparing the highest to the lowest quintile. This association was primarily driven by induced
preterm deliveries (odds ratio=1.66, 95% Cl: 1.30, 2.11, comparing the highest to the lowest quintile) while the
corresponding odds ratio for spontaneous preterm deliveries was more modest (odds ratio=1.18, 95% Cl: 0.99, 1.39). All
based on adjusted analyses.

Conclusions: In conclusion, this study presented a simple and novel framework for visualizing correlation structures
between overall consumption of foods group and their relation to nutrient intake and maternal characteristics. Our results
suggest that Western-type diet, high in meat and fats and low in fruits and vegetables, is associated with increased odds of
induced preterm birth.
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Introduction

Traditional analysis of the relation between diet and an
outcome is often conducted based on a single or a few food items
or nutrients. However, dietary surveys from observational cohorts
consist of correlated data exhibiting an underlying structure of
distinct (or multiple) dietary patterns. Intuitively these dietary
patterns characterize a dietary lifestyle where e.g. high intake of
salad greens is related to high intake of tomatoes and other
vegetables. Furthermore, outcomes of interest related to dietary
habits, such as specific diseases or anthropometrical measures, are
complex and multivariate in nature, and the interplay between
diet and environment relevant for understanding the cause of a
certain pathology.
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Principal component analysis (PCA) is a well-established and
commonly used method for empirically deriving dietary patterns
by reducing the dimensionality of the original data. PCA
constructs dietary patterns based on correlations among individual
food items and is not driven by the relation to any specific health
outcome. Dietary pattern analysis is not a novel technique, but has
proven successful in the understanding of nutritional data and its
relation to various maternal and child outcomes [1]. Diet scores
have been constructed using principal components analysis,
cluster, and latent variable analysis in a variety of populations,
including British [2], Spanish [3], Norwegian [4], and Japanese
[5] populations. These scores have been evaluated against
pregnancy and offspring outcomes, including preeclampsia [6],
gestational diabetes [7], birth weight [8] and fetal growth [9,10],
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spina bifida [11], child wheeze/asthma [12-14], child bone mass
[15], and, pediatric tumors [16]. For further details on dietary
pattern analysis and factor modeling see online Appendix S1.

Few studies have examined maternal dietary patterns in relation
to length of gestation. Two large Scandinavian cohort studies
[17,18], including the Danish Nation Birth Cohort (DNBC),
assessed adherence to a Mediterranean diet during pregnancy in
relation to preterm birth where only the Danish study found a
reduced risk [18]. A Norwegian clinical trial that randomized 290
women to either a ‘health conscious’ diet or continuing their usual
diet, found that the intervention reduced risk of preterm birth [19].

The aim of the present work was to estimate and characterize
dietary patterns in the DNBC in novel ways using PCA. A
secondary aim was to characterize the individual patterns in
relation to demographic information and relate them to preterm
birth (gestational age (GA) <259 days (<37 weeks)). In this context
we present a simple framework based on intuitive visualizations of
correlation structures between food consumptions, nutrient intake,
and maternal characteristics.

Methods

The Danish National Birth Cohort

The DNBC is a prospective, longitudinal cohort study of
prenatal and early life exposures, and diseases in the offspring.
Women were enrolled between January 1996 and October 2002
and all women living in Denmark, who could speak Danish and
were planning to carry to term, were eligible for recruitment.
About 60% of all eligible women received an invitation from their
general practitioner and of those 60% chose to participate. More
than 100,000 pregnancies were enrolled. The women participated
in two telephone interviews during pregnancy at 12 and 30 weeks
of gestation and 6 and 18 months postpartum. A food frequency
questionnaire (FFQ) was administered in mid-pregnancy. The
mother-child dyads have been followed-up through national
registries linkages using their unique identity (CPR) number.

A total of 91,827 pregnant women registered into the cohort
and women were allowed to enter the study repeatedly during the
study period. However, we restricted our analyses to first
pregnancy enrollment to avoid using dependent observations. Of
these 91,827 women 70,188 filled out the FFQ. Women who
reported unrealistic low energy intake estimates (arbitrarily set to
<5000 kJ/day, approximately 1%) were excluded. A final study
sample of 69,305 pregnant women was used in the estimation of
the dietary patterns. In the comparative analysis with preterm
birth we further restricted our analyses to singleton pregnancies
and children with a gestational age between 200 and 330 days.
The lower boundary excludes 62 (1.0 %o) pregnancies where many
are assumed to reflect miscarriages. According to clinical
guidelines women are given medicine to induce labor when
reaching week 42. Here we restricted our analysis to women who
delivered prior to gestational week 47 assuming errors in recording
the GA variable — no women were excluded due to this criterion.
Due to this inclusion criterion and missing information on
gestational age we ended up with a total of 59,949 women in
our final data or 65% of all subjects recruited. The pregnant
women provided written informed consent on behalf of their
children. The Regional Scientific Ethics Committee for the
municipalities of Copenhagen and Frederiksberg approved all
study protocols, and all procedures were in accordance with the
Declaration of Helsinki.

PLOS ONE | www.plosone.org

Dietary Patterns in DNBC

Dietary assessment

All enrolled women were sent a validated semi-quantitative
FFQ around the 25" weck of gestation. The FFQ asked about
intake of about 360 different food items in the past four weeks.
These records where translated into 65 food groups. Details of
dietary calculations have been described elsewhere [20]. Briefly,
nutrient intakes were calculated by multiplying daily frequencies
with standardized portions and using Danish food tables. We
energy-adjusted all nutrient intakes using the residual method
[21]. We report here intake of foods in grams/day and nutrient
intakes using the most appropriate unit for that nutrient (http://
www.foodcomp.dk/v7/fvdb_nutrlist.asp - March, 2013). For this
analysis we utilized all dietary data on 65 foods to construct the
dietary pattern components.

Assessment of maternal characteristics

We extracted information on maternal and lifestyle character-
istics from the two pregnancy interviews. The following self-
reported factors were evaluated as potential confounders, and
entered as categorical variables: urbanity (Capital and suburbs,
population >100.000, 10.000< population <99.999, population
<9.999), maternal age (<20, 20-39, =40; 0% missing), pre-
pregnancy BMI (=18.5, 18.6-24.9, 25-29.9, 30-35, >35 in kg/
m?% 6% missing), parity (0, 1, 2+; 4% missing), civil status (single,
coupled/married; 4% missing), parental socioeconomic status
(high, medium, skilled, student, unskilled, unemployed; 7%
missing), physical activity level (inactive, light, moderate, high;
5% missing), smoking during pregnancy (non-smoker, occasional
smoker, <15 cigarettes/day, > =15 cigarettes/day; 1% missing),
and alcohol consumption (yes/no; 1% missing), energy intake (in
quartiles; 0% missing), and intake of dietary supplements (yes/no;
1% missing) and preferences for organic foods (categories; 0%
missing) during pregnancy.

Presentation of results

Dietary patterns were depicted as correlations between individ-
ual food items and dietary factor score. These are shown as spider
plots where the 65 food items are partitioned and colored
according to 14 predefined food groups. Comparison of dietary
patterns and maternal characteristics were done by cross-
tabulation between quintilized dietary factor scores and demo-
graphic categories. These results are depicted as circles with
diameter proportional to the fraction, and the degree of deviation
from independency as colors on a blue-red color scale. Plotting
were conducted using in-house routines for Matlab. The spider
plot routine is available at www.models.life.ku.dk/dietarypattern

Preterm assessment

For assessing length of gestation, date of birth was extracted
from the Danish Civil Registration System. Gestational age in days
was then assessed from the last menstrual period based on
information from the recruitment form (in week 6) and telephone
interview (in week 12). If this estimate was uncertain due to
irregular or abnormally long (>32 days) or short (<24 days)
menstrual cycles, gestational age was based on expected date of
delivery provided by the women in the second telephone interview
(week 30), which is most often based on ultrasound scanning. If
neither of these two sources were available, we used the gestational
age as reported by the midwife to the Medical Birth Registry. For
our gestational age estimates 43%, 56% and 1% were based on
information on last menstrual period, information from the second
telephone interview, and the Medical Birth Registry respectively.
Preterm birth was defined as GA<<259 days (<37 weeks), whereas
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early preterm birth, late preterm birth and very late preterm birth
were defined as GA<<224 days (<32 weeks), GA<<266 days (<38
weeks), and GA<<273 days (<39 weeks) respectively. Preterm birth
cases were stratified on type birth; spontaneous (65%) and induced
(33%).

Statistical analysis

PCA was used to derive a set of principal components from the
65 food items (details on the method used can be found in
Appendix S1). In order not to favor food items with numerical
high registrations, the items were scaled to unit variance. The
extracted principal components were rotated using the varimax
criterion [22]. The number of factors (seven) were decided based
on 1) scree plot of eigenvalues, ii) eigenvalues above 1 and iii)
interpretability of the (rotated) factors. For each extracted dietary
factor, quintile scores were created in order to allow for non-linear
associations. The association with preterm birth was assessed using
multivariate logistic regression by comparisons between quintiles
of the pattern scores using the lowest quintile as reference and the
pattern scores as a continuous predictor. The first test, tests
whether all five quintiles could be considered equal, which is a test
where the pattern score consumes four degrees of freedom, and is
hence reported as Pygy, whereas the latter test is referred to as trend
test and reported as Pyenq. Results are presented as odds ratios
with 95% confidence interval. The most significant associations
were further investigated for interaction (effect modification) with
confounders using both logistic regression with interaction terms
and stratified on the confounder levels. All analyses were
conducted in Matlab (R2011a v. 7.12.0.635). Dietary patterns
were estimated using the PLS toolbox (v. 6.5.1 - Eigenvector
Research inc.) and logistic regression were performed using the
glmfit function from the Statistics Toolbox (v. 7.5).

Results

Baseline characteristics of the cohort

Majority of women eligible for this analysis were between 21
and 39 years old (98%), nulliparous (53%), of medium level of
proficiency or unskilled (51%), and lived in settlements of >10,000
inhabitants (60%). About 61% of women reported no physical
activity during pregnancy and 25% reported either occasional or
daily smoking. Use of supplements was common with 94% of
women reporting use and 54% consumed alcohol (average 2.8 g/
day) during pregnancy (Figure 1 — top panel).

Characterization of dietary patterns

In total, seven principal components were estimated, explaining
30.6% of the total variation in the data. The components were
varimax rotated in order to get simpler and more intuitive patterns
without sacrificing the components ability to describe the data.
Figure 2 shows the explained variance (per component and
cumulated) for both the unrotated and the rotated solution. The
rotated components are named based on the food items with high
factor correlations. This resulted in the following components
(%variation explained): Alcohol (6.4%), Vegetable/Prudent
(5.4%), Western (4.9%), Seafood (4.6%), Nordic (3.2%), Sweets
(3.2%), and Rice/Pasta/Poultry (3.0%) dietary patterns.

Figure 3 shows spiderplots of the correlations between each
individual food item and the pattern factor scores for four of the
seven patterns. In order to facilitate interpretation the 65 food
items are partitioned into 14 subgroups and colored according to
these. In the component Vegetable/Prudent the food items
Cabbage, Onion, Mushroom, Corn, Salad, Tomato and Vegetables other
(from the vegetable subgroup) and Legumes obtain factor correla-
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tions above 0.5 and naturally found the basis for the name of this
component. Likewise for the Western component the most
abundant food items were: Potatoes, French fries, Bread white, Pork,
Beef Veal, Meat mixed, Meat cold and Dressing sauce, whereas the
Nordic component is reflected by Bread dark and to some extend
Fruit nordic and Hard cheese. The Seafood component mainly
associated with the food item partition Fish. The remaining three
patterns are shown in Figure S2. In the online Supplementary
materials the average intake (*deviation) of the individual food
items and nutrients for each dietary factor quintile is shown
(Table S1-S7 in File S1).

Dietary patterns vs. maternal characteristics

We examined the associations between the maternal charac-
teristics (urbanity, energy intake, physical activity, parity, maternal
prepregn ancy BMI, maternal age, parental socioeconomic status,
maternal smoking, maternal alcohol intake, and intake of dietary
supplements) and quintilized dietary pattern scores. Figure 1
shows the cross-tabulation frequencies, where the diameter of the
dots is proportional to the relative frequency of the dietary quintile
within each demographic strata. The colors indicate deviation
from independence, such that blue and red indicate over- and
under representation respectively. Lighter cross-tables represent
no apparent association between maternal characteristics and the
corresponding dietary pattern. We see that the derived dietary
patterns are to some extent mirrored in the maternal character-
istics. For example there is a strong age signature across almost all
dietary patterns. Older women tended to consume more of the
Seafood dietary pattern and less of the Rice/Past/Poultry diet,
while younger women had higher intake of the Western-type diet
and low consumption of the Nordic dietary pattern. Energy intake
was directly related to the Western, Nordic, and Sweets dietary
patterns. Furthermore, eating a Western-type diet was associated
with being unskilled worker or unemployed, multiparous, smoking
daily during pregnancy, and living in a town with a population
<10,000; while it was inversely related to moderate and high
physical activity. Consumption at the higher end of the Seafood
dietary pattern was directly related to high level proficiency, high
level of physical activity, and living in the capital or nearby
suburbs, while it was inversely associated with a prepregnancy
BMI=30 kg/m”.

Dietary patterns vs. preterm birth

Of the 59,949 children, 2,682 (4.5%) were preterm, of these
1,756, 895 and 31 were registered as spontaneous-, induced births
or missing on type of delivery, respectively. The latter 31 cases
were excluded from the analysis. Figure 4 shows the association
between individual dietary patterns and preterm birth. We found
that high intake of Western-type diet was associated with increased
odds of induced preterm birth (odds ratio=1.70, 95% CI: 1.37,
2.11: Pyy<<0.001) comparing the highest and lowest quintile. This
association was relatively unaffected when adjusting for confound-
ers. We found no relation for Western-type diet with spontaneous
preterm birth in the unadjusted analysis (odds ratio =1.00, 95%
CL: 0.86, 1.17: Pyu>0.2). However, adjusting for relevant
confounders showed a modest association (Pgp=0.02) with an
odds ratio of 1.18, (95% CI: 0.99, 1.39) comparing the highest and
lowest quintile. The covariates that were most significant as
determinants of risk of preterm birth included: parity (inverse),
mother’s height (inverse), maternal pre-pregnancy BMI (normal
range BMI was protective), maternal age (direct), and smoking
(inverse). For further details please consult Table 1.

The Seafood dietary pattern showed a tendency towards a
moderate protective association in our fully adjusted models (odds
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Figure 1. Maternal characteristics vs. dietary patterns. Quintilized dietary pattern scores and single maternal characteristics are compared
using cross-tabulation. These cross-tables are depicted as colored circles where the color refers to the distribution of the socio-demographic factor
within the dietary pattern. Top panel shows the distribution of the individual maternal covariates.

doi:10.1371/journal.pone.0093644.9001

ratio=0.62, 95% CI: 0.50, 0.79 comparing quintile four to
quintile one). The association was, however, not linear and the
adjusted OR comparing quintile five to one was (odds ratio = 0.90,
95% CI: 0.72, 1.11). No association was observed between the
scafood dietary pattern and spontaneous preterm birth (see
Figure 4). The foods and nutrients most correlated with Western
and Seafood diet, respectively, were analyzed univariately against
preterm birth. None of these were found to be associated with
preterm birth independent of Western-type- and Seafood diet to
the same extend as the underlying dietary pattern, and a number
of both food and nutrients showed an opposite protective
association when adjusted for the corresponding dietary pattern
(results not shown). This suggests that the association between
individual dietary pattern (Western- or Seafood diet) and preterm
birth may be driven by clustering of foods where each item has a
very modest contribution to the overall odds of preterm birth, but
the overall pattern results in significantly increased odds. A
separate analysis where the definition of preterm birth was
changed to early preterm (GA<32 weeks), late preterm (GA<<38
weeks), and very late preterm (GA<39 weeks), revealed the same
overall trend between Western-type diet and both induced and
spontaneous preterm birth regardless of the preterm definition
(results not show). In our study population 26% (233/895) and
6.3% (56/895) of pregnant women with induced preterm birth
experienced preeclampsia (PE) and confirmed or suspected cases
of gestational diabetes mellitus (GDM), respectively, compared to
4.3% (75/1756) and 2.9% (50/1756) among those with sponta-
neous preterm birth. When excluding all 1666 PE and 1002 GDM
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pregnancies from the analysis, we found no substantial changes in
the results as the unadjusted odds ratio for induced preterm birth
comparing quintile five with one for Western diet was: Odds
ratio=1.63, 95% CI: 1.26, 2.10 (Pyena<<0.001) (results for the
other dietary patterns are likewise unaffected).

The interaction between the Western dietary pattern and
maternal age, prepregnancy BMI, parity, and maternal smoking
were analyzed by both linear models with interaction terms on the
entire dataset and by stratification where a sequence of local
models corresponding to each level of the covariate was compared.
The results indicated that the dietary effect is additive why there
was no interaction- or effect modification by the covariate levels
(results not shown).

Discussion

In this large, prospective cohort of close to 60,000 women
followed during pregnancy we extracted and described seven
dietary patterns using novel visual tools. We further related these
dietary components to preterm birth and found that high intake of
a Western-type diet increased odds of induced preterm birth, while
a Seafood diet was modestly protective of induced preterm birth.
Although same directionality was observed for spontaneous
preterm birth for Western diet, those associations were much
more modest.

In our study the association between Western-type diet and
induced preterm birth was relatively consistent with respect to the
definition of preterm birth (early or late or very late preterm).
Unlike the association observed for Seafood the association with
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Western-type diet was also monotonic and strengthened after
confounder adjustment. The fact that stronger association was
observed for induced rather than spontaneous birth suggests that
there may be one or more diagnosed complications that are
driving the association [23] including preeclampsia and gestational
diabetes that accounted for 26% and 6% of induced preterm
deliveries in our sample, respectively. Although the association
between Western-type diet and induced preterm birth was stable
after excluding these cases, we observed in our stability analyses a
significant association between Western-type diet and preeclamp-
sia (data not shown). According to Danish registries the incidence
of pregnancy-induced hypertension without proteinuria, also a
known cause of induced preterm birth [23], is at least two fold
higher than the incidence of preeclampsia [24]. It is also likely that
some preeclampsia cases were not covered by our registry based
information. Therefore, it cannot be excluded that pregnancy-
induced hypertensive disorders may account for the association we
observed for Western-type diet. To confirm this would require
more rigorous analyses including date of diagnoses of preeclampsia
cases and suspected hypertensive cases in relation to the date of
dietary assessment, which is beyond the scope of this paper.

In fact, the primary aim of our analyses was to extract and
compress information on dietary patterns extracted from a large
set of variables (n = 65) and present this information graphically in
a format that would be simple and easy to communicate. In this
way we can more easily distribute new knowledge, put it into
context, and subsequently create a foundation for thinking.
However, there is a tradeoff’ between, on the one hand, how
easily results are communicated and, on the other hand, how fair
the results are in mirroring the true underlying complexity of the
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analyzed system. Visualizations can serve as a messenger for
presenting fairly complex results in an intuitive manner, preserving
some of the underlying complexity without sacrificing the
communicability of the results. Although analysis of epidemiolog-
ical data via pattern recognition tools may be etiologically sound,
one bottleneck in the process from project to publication is the
presentation of results. Here we used spider plots for presenting
dietary patterns, where the 65 food items were arranged and
colored according to food group partition. Furthermore, the
pattern scores across all seven components were examined across
relevant maternal characteristics by cross-tabulation using circles
with varying diameter and a red/blue color scale for highlighting
deviation from independence — all in a single figure. In our opinion
both techniques lead to results that are easier to interpret
compared to e.g. multiple cross-tabulations in presenting the same
results.

One reason why dietary pattern analyses have not gained wider
popularity is that comparison of dietary patterns between different
studies requires the ability to judge from tables whether correlation
structure in data A is comparable to the correlation structure in
data B and to estimate if the food groups used in both studies are
actually comparable. Visualization as presented in this study may
facilitate better comparison across studies; we have therefore made
the software used freely available. However, this by itself does not
solve other problems in cross-study comparisons, such as what type
of information that should be presented in the results.

A number of studies have examined the role of individual foods
and nutrients with respect to their possible effect on risk of preterm
birth, but few factors seems to have been confirmed in randomized
controlled trials (RCT). One such factor may be the long-chain
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doi:10.1371/journal.pone.0093644.9003

marine n-3 fatty acids [25,26], which in three recent trials have
been consistently found to be able to prolong gestation or reduce
early or very early preterm birth [27-29]. A RCT in Oslo found
that if Norwegian women shifted to a Mediterranean type diet that
promoted fish intake, the preterm rate fell [19]. This is consistent
with the associations suggested by our Seafood diet. However, two
ensuing observational studies, based on the large Danish and
Norwegian national birth cohorts, respectively, attempted to
replicate the findings of the Oslo trial by constructing exposure
groups that mimicked the diet regimens used in the trial, possibly
due to imprecision in defining the exposure [17,18]. While the
findings of the Oslo trial could not be consistently replicated, the
Norwegian cohort found a reduce risk of preterm birth with
maternal fish intake.

Our study was not without limitations. Dietary data was
collected using a validated FFQ), but may nonetheless be subject to
measurement error. However, given the prospective nature of our
analyses we expect any measurement errors to have been non-
differential, attenuating the strength of our results towards the null.

PLOS ONE | www.plosone.org

We only capture patterns which contributed significantly to the
overall degree of variation. Hence, minor patterns only account
for a small part of the population based on a small subset of
variables e.g. ethnical or regional eating patterns, and would not
have been captured by PCA. Furthermore, although we adjusted
for many relevant confounders we cannot exclude residual
confounding by excluded or mismeasured confounders. It is
however reassuring that the association between Western diet and
induced preterm birth was unaffected after adjustment for
confounders as a Western-type diet is generally associated with
attributes of an unhealthy lifestyle, including smoking.

Our study has notable strengths, including a prospective design
and a large number of observations. We were able to use detailed
dietary data to identify dietary patterns in our population using
standard and accepted methodology. While dietary patterns are
subject to the underlying consumption patterns in a population
and may not be transferable across populations, they are
nonetheless useful in describing intake in any given population.
Furthermore, people tend to eat according to patterns and
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Figure 4. Odds ratio and 95% Cl (unadjusted and adjusted for relevant confounders: maternal age, maternal height, pre-pregnancy
BMI, parity, civil status, socioeconomic status and smoking during pregnancy) for preterm birth (spontaneous and induced) for
each dietary pattern. Reference level is the lowest quintile. P-values in parenthesis are for induced- and spontaneous preterm birth respectively.

doi:10.1371/journal.pone.0093644.g004
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Table 1. The associations between maternal covariates and preterm birth.
Spontaneous #cases =1756, #controls=57267 Induced #cases =895, #controls=57267
OR (CI 0.95) P-value OR (CI 0.95) P-value
Civil status (coupled/married compared to single) 0.98 (0.69-1.39) 0.9 0.97 (0.60-1.57) 0.9
Height (per 10 cm) 0.76 (0.70-0.83) <107? 0.89 (0.79-0.99) 0.04
Nonsmoker 1 0.19 1 0.002
Occasionally smoker 0.87 (0.75-1.02) 0.97 (0.79-1.21)
=15 cigarettes/day 1.01 (0.86-1.18) 142 (1.17-1.73)
High level proficiencies 1 0.015 1 0.32
Medium level proficiencies 1.12 (0.91-1.37) 1.03 (0.78-1.36)
Skilled 1.13 (0.91-1.40) 1.01 (0.75-1.35)
Students 1.12 (0.89-1.41) 0.90 (0.65-1.25)
Unskilled 1.25 (1.01-1.54) 1.06 (0.79-1.42)
Unemployed 1.47 (1.16-1.87) 1.28 (0.93-1.76)
Age=20 1 0.13 1 <0.001
21=Age=39 1.45 (0.86-2.44) 2.55 (0.94-6.89)
Age=40 2.12 (1.03-4.39) 6.24 (2.05-19.05)
BMI=18.5 1 <0.001 1 0.09
18.6=BMI=24.9 0.75 (0.60-0.93) 0.88 (0.63-1.23)
25.0=BMI=29.9 0.65 (0.51-0.83) 1.04 (0.73-1.48)
30.0=BMI=34.9 0.93 (0.70-1.23) 1.11 (0.73-1.68)
BMI=35.0 0.96 (0.66-1.39) 1.37 (0.83-2.28)
Nulliparous 1 <107 1 <1077
Primiparous 0.48 (0.42-0.54) 0.63 (0.54-0.75)
Multiparous 0.40 (0.34-0.49) 0.70 (0.56-0.87)
The marginal effect on preterm birth is calculated by a multivariate model with confounders/covariates and quintilized pattern scores for Western-type diet as predictor.
Results are from stratification of the cases into spontaneous and induced births respectively.
doi:10.1371/journal.pone.0093644.t001
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Figure 5. Comparison of the effect of random error in raw data and derived dietary factors. For each level of error (Signal to noise
ratio= (e, ..., 0.1)) the correlation (R?) between matched pairs of components from original model and model build on data plus Gaussian noise (y-
axis) are matched with the correlation between the original data and the original data plus error for the most influential variable of the respective

component (x-axis). The results are the average over 100 repetitions.
doi:10.1371/journal.pone.0093644.g005

repetitive clusters of foods and these may therefore be useful not
only in relation to disease risk but also in making dietary
recommendations. The dietary information used in this study
derives from participant-completed food questionnaires. Although
these are completed with support of detailed guidance, such data
are subjected to a high degree of uncertainty and possibly bias.
The foundation of dietary patterns via PCA relies on the
covariance structure in the data, i.e. the correlation between
different food items, and is hence less sensitive to unstructured
registration error than the individual food items. However, biased
registrations e.g. by overreporting, inflate the dietary factors and
possibly bias association results based on these measures. In order
to emphasize the effect of unstructured noise in the data, a small
example is presented in Figure 5. Briefly, a seven component
model based on the study data was compared with a seven
component model based on the study data plus Gaussian error.
Figure 5 shows that the dietary patterns are more robust to the
effect of unstructured noise compared to the individual food items.

In this study on dietary patterns we used novel visual tools to
describe and characterize complex dietary data. We furthermore
related these patterns to preterm birth and found a direct
association between a Western-type diet and induced preterm
birth, a finding which should be investigated further in future
studies. We emphasize the use and utility of the visual tools applied
to these analyses for future studies on dietary patterns. We also
believe that these tools can be applied beyond dietary factors to
other environmental and occupational exposures as well as clinical
and physiological markers clustered around certain ‘disease
profiles’. We therefore suggest and encourage their use to facilitate

PLOS ONE | www.plosone.org

communication of complex results to the research community and
public.

Supporting Information

Appendix S1 Dietary pattern analysis, factor modelling and
principal component analysis — some details.

(DOCX)

Figure S1 Cartoon of splitting dietary information into a
common part reflected by dietary patterns (here Western, Vegetables
and Seafood) and a person unique part which cannot be ascribed to
general phenomena.

(TIF)

Figure 82 Spider plot(s) of pattern score vs. food item
correlations. Upper left — Alcohol, upper right — Sweets, lower—
Rice/ Pasta/ Poultry. The colors refer to food item subgroups. Labels
are only shown for food items with a correlation coefficient above
0.3.

(TTF)

File S1 Tables of food composition of the seven dietary patterns,
reflected as average intake in g/day (mean and standard deviation)
within pattern score quintiles.

(PDF)
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