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Few studies have considered if a posteriori dietary patterns (DPs) are generalizable across different centers or studies, or if they are consistently seen
over time. To date, no systematic search of the literature on these topics has been carried out. A scoping review was conducted through a systematic
search on the PubMed database. In the current review, we included the 34 articles examining the extent to which a posteriori DPs were consistently
seen: 1) across centers from the same study or across different studies potentially representing different populations or countries (here indicated as
cross-study reproducibility) and 2) over longer time periods (i.e., >2 y) (here indicated as stability over time). Selected articles (published in 1981-
2019, 32% from 2010 onwards) were based on observational studies, mostly from Europe and North America. Five articles were based on children
and/or adolescents and 14 articles included adults (2 men; 12 women, of whom 3 were pregnant women). A posteriori DPs were mostly derived (32
articles) with principal components or factor analyses. Among the 9 articles assessing DP reproducibility across studies (number of centers/studies:
2-27, median: 3), 5 provided a formal assessment using statistical methods (4 index-based approaches of different complexity, 1 statistical model).
A median of 4 DPs was reproduced across centers/studies (range: 1-7). Among the 25 articles assessing DP stability over time (number of time-
occasions: 2-6; median: 3), 19 provided a formal assessment with statistical methods (17 index-based and/or test-based approaches, 1 statistical
model, T with both strategies). The number and composition of DPs remained mostly stable over time. Based on the limited evidence collected,
most identified DPs showed good reproducibility across studies and stability over time. However, when present within the single studies, the criteria
for the formal assessment of cross-study reproducibility or stability over time were generally very basic. Adv Nutr 2020;11:1255-1281.
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analysis, generalizability of dietary patterns, reproducibility of dietary patterns, reproducibility of dietary patterns across studies, stability of dietary
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Introduction

Over the last 20 y, the analysis of dietary patterns (DPs) has
provided a complementary strategy to the traditional single-
food or single-nutrient approach. Use of DPs captures the
intrinsic complexity of diet, the potential synergistic effects
between its different components, as well as the variability in
DPs existing within and between populations (1).
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The a posteriori (or empirically derived) DPs are ob-
tained from the application of multivariate statistics [e.g.,
principal components analysis (PCA), exploratory factor
analysis (EFA), or cluster analysis (CA)] to the available
dietary data (2). Therefore, a meaningful set of a posteriori
DPs synthesizes the different aspects of the actual dietary
behavior, as measured at a single time point reflecting
recent dietary habits of a population. Compared with the a
priori DPs (i.e., comparing subjects’ diet against evidence-
based benchmark diets) or with the mixed-type reduced
rank regression (i.e., using a priori knowledge on a set of
response variables whose variation has to be maximized
within a PCA-like multivariate approach to regression) (3),
the a posteriori DPs are less prone to be generalized to
different populations or over time. Indeed, actual DPs reflect
the food supply, geography/climate, socioeconomic status,
ethnicity, religion, impact of media and society, changes in
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policy that affect dietary habits, etc. (4). In combination with
biological mechanisms, these latent factors are responsible
for any differences in both the number and structure of DPs
identified across populations and also over time.

Given the considerable body of evidence on the topic,
the time is now ripe to summarize evidence on the
specific dimensions of generalizability of a posteriori DPs,
including their reproducibility and validity. In the absence
of a consensus on these definitions, we have initiated the
first scoping review on reproducibility and validity of a
posteriori DPs. After clarifying basic terminology and the
use of terms in nutritional epidemiology (Supplemental
Table 1 and Supplemental Figure 1), the evidence was
summarized into 2 articles. The current review examined
the extent to which similar DPs are consistently seen I)
across centers from the same study or across different studies
potentially representing different populations or countries
(here indicated as cross-study reproducibility) and 2) over
longer time periods (i.e., >2 y) (here indicated as stability
over time). A recently published companion article has
synthesized evidence on other forms of reproducibility
[e.g., across different statistical solutions or in a short-term
period (i.e., <2 y)], relative validity, and construct validity
of a posteriori DPs (5) (see Supplemental Table 1 and
Supplemental Figure 1 for additional definitions).

Besides providing a summary of the existing literature,
we have focused the 2 reviews on statistical methods for
the assessment of generalizability of a posteriori DPs. While
real-life factors are the main drivers of this issue, from the
statistical standpoint, the assessment of generalizability is
fraught with difficulties that should be clarified to distinguish
true differences in time or space from artifacts or noise.
First, results depend on subjective decisions (e.g., data
preprocessing or not, multivariate statistical approach to
use, algorithm to carry out the analysis, number of DPs to
retain) taken during the DP identification process within
the single studies. However, some pioneer articles adopting
a standardized approach to DP identification across studies
(6-8) have already shown that 2 to 4 DPs were consistently
identified across similar cohorts in Europe. Similarly, in the
assessment of stability of DPs over time, the use of the
same statistical approach to DP identification has allowed
attributing any differences (including those from artifacts of
subjective decisions) to true differences. This consistency in
the statistical approach has already contributed to identifying
sets of reproducible DPs across multiple administrations of
the same dietary assessment tool up to 6-7 y of follow-up
[e.g., (9, 10)].

Second, evaluations of generalizability of a posteriori DPs
should be based on ad hoc statistical methods tailored to
disentangle the true differences in time or populations from
time-specific or study-specific effects or simpler artifacts. A
few novel methods have been proposed for the assessment
of reproducibility of a posteriori DPs across studies (8, 11-
14), including the use of the congruence coefficient for
factor-loading comparison. Despite the several challenges to
confront with, including individual and population-specific
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dimensions of stability [e.g., (15, 16)] as well as transitions
of target populations to a later stage in life [e.g., (16-18)],
fewer research efforts have been focused on methods for the
assessment of DP stability over time.

To compensate for these issues, more recent evaluations
of generalizability of DPs over time and/or across studies
are more likely to be sound and fair. Indeed, since the
early 2000s, some researchers have investigated the effect of
single subjective decisions in performing PCA and EFA [e.g.,
(19-21)]. Particularly, confirmatory factor analysis (CFA)
has been more often proposed in the validation of sensible
(possibly, EFA-based) constructs representing correlation
structures among food groups and among DPs [e.g., (22,
23)]. These examples indicated to us that a scoping review
on reproducibility and validity of a posteriori DPs would have
been feasible.

The current article has 2 aims: 1) summarizing the
evidence on reproducibility of a posteriori DPs across studies
and their stability over time and 2) providing a focus on
statistical methods to assess reproducibility of DPs across
studies and their stability over time.

Methods

Literature search strategy

A scoping review was conducted using a systematic search
of the literature through MEDLINE via PubMed (http://
www.ncbi.nlm.nih.gov/pubmed/) to identify all the articles
on reproducibility and validity of a posteriori DPs, based on
the following string: “(reproducibility or validity) and dietary
patterns.” The guidelines from the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) group
were followed (24). The search was restricted to human
studies reported in the English language and published up to
11 January 2019. Two authors (MD and VE) independently
screened titles and then abstracts and retrieved the poten-
tially relevant articles. The reference lists of the identified
articles and other systematic reviews based on similar topics
were also scanned. Discrepancies were resolved by involving
a third researcher (MF).

Inclusion and exclusion criteria
Articles were included or excluded based on the following
criteria.

A posteriori DPs.

We focused our scoping review on a posteriori DPs. However,
in the absence of previously published reviews on this
topic, we preferred not to add the term “a posteriori” to
our search string. Therefore, we further had to exclude
articles presenting reproducibility or validity of a priori
DPs only, or applying reduced rank regression, or treelet
transform.

Reproducibility and validity of a posteriori DPs.
In the current review, we summarized evidence on cross-
study reproducibility of DPs (including both reproducibility
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TABLE 1 Dimensions of stability according to possible levels of analysis'

Level

Methods?

Forms of stability?

Individual-level: Are single subjects stable
eaters over time or do they change their
DPs?

Population-level:

® Are DPs stable within a target
population?

® |sthere a change in individuals'life
course in the period under
examination?

® [fyes, is the entire population
experiencing a change in the life
course?

® Are there parallel subcohorts of
different ages who get older, to assess
“secular trends"?

DPs; CA

Relevant food groups; ANOVA for testing
differences in the mean intakes across
clusters

DPs; PCA/EFA with potential CFA on EFA-based
results

Relevant food groups; MANOVA or ANOVA for
testing differences in mean intakes or
changes over time for EFA- or CFA-based
relevant food groups

DPs

® Percentages of stable eaters or
transitioners

® Ranking of clusters with the higher
stability

Relevant food groups

® |ower-than- or higher-than-average
consumption of food groups within
clusters of subjects

DPs

® Number of identified DPs over time: are
there DPs gained or lost during the
period?

® Percentage of explained variance of
single DPs: are percentages similar over
time for stable DPs?

® DP composition: are factor-loading
matrices similar over time?

® DP scores: do mean scores from similar
DPs change over time? Do quantile
categories assigned to the same
subject change over time?

Relevant food groups

® Number of relevant food groups within
a DP:is the number of food groups
increasing or decreasing consistently

over time?

® Food-group intakes within a DP: do
mean intakes from the same relevant
food group change over time?

TCA, cluster analysis; CFA, confirmatory factor analysis; DP, dietary pattern; EFA, exploratory factor analysis; MANOVA, multivariate ANOVA; PCA, principal components analysis.
“Methods for the assessment of stability over time can target DPs directly as well as the relevant food groups defining these DPs; likewise, stability can be inspected at the DP

level or at the relevant food-group level.

across centers from a multicentric study and reproducibility
across different studies) and stability of DPs over time.
Supplemental Table 1 and Supplemental Figure 1 provide
an overview of the general terminology used in this review
and of its use in nutritional epidemiology. The definition
and use of terms introduced in our earlier review (5) (i.e.,
reproducibility across different statistical methods, short-
term reproducibility, relative validity, and construct validity)
were also presented within the Supplemental Materials and
Methods. We also chose not to exclude studies on the basis
of their quality, because of the lack of previous evidence on
reproducibility and/or validity of DPs.

Stability of DPs over time: possible forms of assessment.

Table 1 provides a detailed description of the different
levels of analysis available within an assessment of stability
of DPs. In detail, when the primary research question is
to target potential transitions of subjects from one DP to

another DP over time (individual-level stability analysis),
the most straightforward approach is to apply a CA and to
track changes by calculating the percentages of transitioners
(or stable eaters) across successive time points. When the
primary aim is to describe potential changes over time
in the covariance structure among dietary items within a
population (population-level stability analysis), the most
suitable approach is to apply PCA/EFA; changes can be
tracked through the monitoring of the following aspects (in
order of importance): I) number of identified DPs (Are there
DPs gained or lost?), 2) percentage of explained variance
by each DP (Do stable DPs show similar percentages over
time?), 3) DP composition (Are similar DPs characterized
by the same relevant food groups or nutrients? Or are
factor loadings similar or congruent over time?), 4) DP
scores [Do the mean DP scores change (e.g., increase
or decrease following some path) over time?]. Additional
levels of complexity may arise when important changes
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218 records identified through searches of
PubMed/MEDLINE database and screened

4

A

37 records excluded (not on humans or no English language)

181 full-text articles assessed for eligibility

124 records excluded (title and/or abstract not relevant or not satisfying the
inclusion criteria)

35 reviews excluded

A

42 additional articles identified from the reference lists of the retrieved
articles

L 64 articles included in the 2 parallel systematic reviews on reproducibility and validity of dietary patterns
38 articles included in the systematic review on reproducibility and (relative and 34 articles included in the systematic review on
construct) validity of dietary patterns reproducibility of dietary patterns across time and
studies
15 on reproducibility 14 on reproducibility 15 on construct -
and/or relative across statistical solutions validity (confirmatory 25 on reproducibility 9 on reproducibility
validity factor analysis) over time across centers,
(stability over time) studies or populations
(cross-study
— reproducibility)
8 on 6 on cluster
exploratory analysis
factor analysis
FIGURE 1 Flowchart of the study selection process performed within the systematic search of the literature supporting the scoping
review.

in the life course (e.g., from childhood to adolescence, or
before and after pregnancy) happen within the period of
observation. Within these designs, secular trends can be
tracked identifying parallel subcohorts of different ages at
baseline and comparing DPs derived on the subcohorts
considered at the same age period.

Data extraction

Quantitative and qualitative data were extracted from the
selected studies for in-depth review by 3 independent re-
searchers (LP, MD, and VE); any discrepancies were resolved
after consultation with a fourth author (MF) to maintain
consistency. Information extracted included the following:
I) general characteristics of the studies (first author, year of
publication of the article, country, and study name), 2) study
design and characteristics (type of design, data collection,
study location, number and age of the participants, and
years of follow-up), 3) dietary assessment tools used, 4)
DP identification method, 5) DP name and composition, 6)
statistical methods used for the assessment of reproducibility
of DPs, and 7) main results on DP reproducibility.
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Results

Study selection process

Figure 1 shows the flowchart of the study selection process
carried out within the systematic search of the literature
supporting this scoping review. From the PubMed database
literature search, we identified 218 articles, of which 181
remained for detailed evaluation after the search was limited
to human studies and articles written in the English language.
Thirty-five review articles were removed, and 124 original
research articles were also not included because they met the
exclusion criteria. The most frequent reasons for exclusion
were previously described in detail in the companion
review (5). Forty-two additional articles were identified from
manual searches of reference lists of selected original and
review articles. Thus, 64 articles were included in our scoping
review. Of these, the 34 articles that focused on stability of
DPs over time and on their reproducibility across studies
were included in this review, whereas the 38 articles on
reproducibility and relative and construct validity of DPs
were included in the companion paper (5). Eight articles (6,
9, 10, 22, 23, 25-27) were common to both reviews.



Main characteristics of the included studies

General characteristics and study design information from
the 34 articles on stability and cross-study reproducibility of
DPs (6-12, 15-18, 22, 23, 25-45) are presented in Table 2.
The selected articles were published between 1981 and 2019,
with 32% of them published from 2010 onwards; the studies
were mostly carried out across Europe and North America.
Several articles were based on the same studies, including
(but not limited to) those from the Swedish Mammography
Cohort (SMC) (6, 7, 9, 22, 23), the Avon Longitudinal Study
of Parents and Children (ALSPAC) (17, 18, 39, 40), and the
Nurses’ Health Study (NHS) I and II (35, 36, 38, 42). All
the articles were based on observational studies, including
1 case-control (32), 24 cohort (6-10, 15-18, 22, 23, 26, 28,
30, 31, 33, 35-40, 42, 45) and 2 cross-sectional (43, 44)
studies; in addition, there were 3 multiple administrations
of the same survey (27, 34, 41), 1 validation study of the
SMC food-frequency questionnaire (FFQ) (25), and 3 articles
including studies with different designs (11, 12, 29). Two
articles included men only (33, 45), 12 included women only
(9, 11, 12, 15, 22, 23, 28, 30, 35, 36, 38, 40), with 3 studies
based on pregnant women (15, 30, 40); 5 articles considered
the recruitment of children and/or adolescents (16-18, 31,
39). With a few exceptions (16, 18, 30, 37, 43, 44), dietary
information was collected with an FFQ. The FFQs were self-
administered [except for the Southampton Women’s Survey
(SWS) (15, 28)]; the reference period of assessment was
generally 1y, except for diet during pregnancy (15, 28) or
the high school period (36, 38). The number of food items
inquired in the FFQs ranged from 26 (27, 34) to 276 (6), with
a median value of 111.5 items. When >1 FFQ administration
was available from cohort studies, the time interval between
successive administrations could be fixed or variable [range
of the minimum distance between dietary data used for DP
identification: 1 mo (during pregnancy) (30) to 7 y (37)].
The reproducibility and/or relative validity of the FFQs was
assessed within 1 validation study included in the review
(25); in addition, 20 articles reported information on FFQ
reproducibility and/or relative validity (6-12, 15, 22, 23,
26, 29, 31-33, 35, 36, 38, 42, 45). DPs were based on data
collected through a dietary record and/or a recall of 24 or 48
hin 6 articles (16, 18, 30, 37, 43, 44).

Irrespective of the dietary assessment tool used, the
number of food groups defined from the available food items
ranged from 15 (43, 44) to 152 (31), with a median value of
37 food groups included in the statistical analysis.

Tables 2 and 3 present details on the DP identification
process, on the methods for the assessment of DP repro-
ducibility and validity, and on the results of the assessment.
Details on DP composition are presented in Supplemental
Tables 2 and 3. Among the 34 articles included, 32 performed
PCA, EFA, or CFA and 2 performed CA (10, 18).

Cross-study reproducibility of DPs

Table 3 concerns the 9 articles on cross-study reproducibility
of a posteriori DPs. All the articles applied PCA or EFA, and
1 article (26) added a CFA to validate results from a previous

EFA. The number of involved centers or studies ranged from
2 (12, 43) to 27 (8), with a median of 3 centers/studies
included per article.

Identification of DPs across centers or studies.

In the easiest set-up (6, 7, 43, 44), separate PCAs/EFAs were
carried out for each available study/center following the same
approach and results were further explored for potential
similarities. Within the European Prospective Investigation
into Cancer and Nutrition (EPIC) (8), an “overall PCA”
(based on the merged data matrix) was compared with the
separate center-specific PCAs using the Krzanowski’s index,
which measures the proportion of variance captured by the
center-specific DPs, which is also captured by the overall
PCA-based DPs. A similar approach was used in a study from
the United States (26) to assess the importance of population
subgroups of interest (i.e., region, sex, and race) in identifying
separate sets of DPs.

Another 2 companion articles from Spain formally
explored I) the cross-study reproducibility of PCA-based
DPs in 2 different samples extracted from similar Spanish
populations (12) and 2) the applicability of 3 “internal”
DPs derived from the previous Spanish case-control study
(12) to independent (“external”) populations with similar
characteristics from France, the United States, and Sweden
(as identified by a bibliographic search of the literature on the
association between DPs and breast cancer) (11). The former
article (12) applied a bootstrap-based approach to compare
results from separate study-specific PCAs based on the same
food-grouping scheme. The latter article (11) proposed to
reconstruct the “external” DP scores as linear combinations
of the published DP loadings and consumption of the
published food groups, as re-calculated on the dietary data
from the Spanish study. Similarly, the authors re-calculated
the “external” DP loadings as based on the reference set of
Spanish food groups to allow for direct comparison between
loadings (11).

Finally, when individual-level data were available from
studies of the same collaborative project, multistudy factor
analysis was proposed in 1 article (32) to extend standard
maximum-likelihood EFA and allowed for a partial sharing
of EFA-based DPs across studies. Some DPs were derived
to be common across all the studies; in addition to them,
each study may express extra study-specific DPs. The number
of shared and study-specific DPs was identified using a
combination of standard criteria for EFA and information
criteria for model selection (32).

The number of described DPs ranged from 2 (7) to 8
(44), with a median of 4 DPs per article; 2 articles (6, 7)
reported the presence of additional population-specific DPs
not described in detail (Supplemental Table 2).

Assessment of cross-study reproducibility of DPs.

Four articles (6, 7, 43, 44) did not formally assess cross-
study reproducibility and concluded that the study-specific
sets of PCA/EFA-based DPs were qualitatively similar based
on loadings and percentages of explained variances. A formal
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assessment was carried out in the remaining 5 articles (8, 11,
12, 26, 32). Congruence coeflicients between factor loadings
and correlation coefficients between factor scores were used
in 3 articles (11, 12, 26), whereas the other 2 articles used
the Krzanowski’s index (8) and multistudy factor analysis
(13), respectively. The aim of the analyses was also different
across the 5 articles. In 2 articles (8, 26) the statistical
analysis was meant to support an overall PCA/EFA model
where the single centers/studies were merged in 1 database.
Another 2 studies (11, 12) were aimed at testing the extent
to which a posteriori DPs are generalizable within and
between countries. One article (32) was in between the 2
approaches as it was focused on an assessment of cross-study
reproducibility in an international context as in reference 11;
however, the availability of consortia data allowed to fit a
statistical model that accounted simultaneously for common
and study-specific DPs.

Summary of the evidence on cross-study reproducibility of
DPs.

No matter the statistical approach used, the number of
DPs reproduced across the studies ranged from 1 (12) to
7 (43), with a median value of 4 common DPs identified.
In addition, 2 articles (6, 32) described 1 (32) and 4 (6)
DPs that were reproducible among subsets of the included
studies. Among the reproducible DPs, most studies identified
variants of a Western-like DP (6-8, 11, 12, 26, 32) and/or a
Prudent-like DP (6-8, 11, 26, 32, 43, 44); in addition, some
articles identified a variant of a Fat- or Condiment-based
DP (8, 11, 26, 32, 43, 44), whereas another article added
to its reproducible set of DPs a Traditional (Southern) and
Alcohol/Salads DP across 8 US regions (26).

Stability of DPs over time

Table 4 presents details on the stability of DPs over time (9,
10, 15-18, 22, 23, 25, 27-31, 33-42, 45). With the exception
of 2 articles applying CA (10, 18), all the articles derived DPs
from PCA or principal component factor analysis or EFA;
4 articles additionally derived DPs with CFA (9, 22, 23, 27).
Time points when DPs were identified ranged from 2 (9, 22,
23, 25, 27-29, 31, 35, 39-41) to 6 (30), with a median of 3
time occasions included in the stability analysis.

Identification of DPs over multiple time occasions.

With the exception of a single article (27), DPs were
separately identified at each time point following the same
standardized approach across time occasions. While most of
the articles simply proposed separate time-specific statistical
analyses (9, 16, 17, 22, 23, 29-31, 33-36, 38, 39, 42, 45), a
few others proposed either applied (15, 25, 28, 40, 41) or
simplified (37) scores to harmonize PCA- or EFA-based DPs
derived at different time points. As opposed to standard or
“natural” scores, applied scores were calculated at a later time
point combining loadings from a PCA/EFA at a previous
(analysis at 2 time points) or reference time point (analysis at
>3 time points) with dietary information at the current time
point (40); at a fixed time point, simplified scores (46) were

calculated as an unweighted sum of dominant food groups,
where only the sign (and not the value) of the loading is used.

To further improve comparability of DPs at different time
points, the article by Togo et al. (27) used a mean-structure
CFA model that allowed the jointly modeling of dietary data
at the 2 time points within a formal statistical approach that
explored trends in (potentially correlated) DP scores across
time.

The number of described DPs ranged from 2 to 6, with
11 of the articles naming and describing 2 DPs; however,
in 5 articles (9, 15, 16, 22, 23), the authors reported
additional DPs not common to all time points and/or not
relevant/interpretable (Supplemental Table 3). The described
DPs were generally similar across time points in terms of
factor loadings and percentages of explained variance; their
names reflected these similarities. Some variation in DP
composition was reported, either leading to a change in the
DP name across time points (29) or not (16, 22, 30, 31, 36,
40). Additional DPs were identified at earlier (17) and/or later
time points (17, 25, 29, 31); some other DPs were lost at later
time points (17, 30, 40) (Supplemental Table 3).

Assessment of stability over time: DPs and their relevant
food groups.

Six articles (22, 29, 31, 35, 39, 42) did not formally assess
stability of DPs over time; except for 1 DP in 2 studies (22,
29), the main conclusion from these articles was that the
time-specific sets of PCA/EFA-based DPs were qualitatively
similar based on loadings and percentages of explained
variances.

A formal assessment of DP stability was carried out in
the remaining articles. The number of criteria used to assess
stability ranged from 1 to 5, with a median value of 2 criteria
under consideration. Intraclass (25), Spearman (9, 15-17, 28,
36), or Pearson (23, 33, 38, 40, 45) correlation coefficients
between factor scores and congruence coefficients between
factor loadings (30) were the most used criteria across
articles. Four articles considered the change in mean factor
scores over the period and assessed stability with a paired ¢
test or within a regression model (17, 34, 40, 41). The Bland-
Altman method, with 95% limits of agreement, was presented
in 4 articles (15, 17, 28, 40). Proportions of subjects classified
into the same, adjacent, or opposite category of factor scores
over subsequent time-occasions and/or corresponding «-
coeflicient were used in 5 articles applying PCA/EFA (16,
17, 25, 37, 40); similarly, when CA was applied, transitions
of individuals between DPs over time were described as
proportions of stable eaters or transitioners across time
occasions in 2 articles (10, 18), also combined with a
sequence index plot to illustrate graphically changes in
cluster membership (18).

In addition to these standard approaches, the assessment
of stability over time of DPs might include a detailed
analysis of trend of consumption of the most relevant food
groups within each DP. Among possible approaches to assess
differences in food-group consumption within each DP,
authors modeled the number of relevant food groups (37),

Consistency of dietary patterns in time or studies 1269
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the mean intake of relevant food groups (9, 10, 23, 30), or
the mean change in relevant food-group intakes (10, 18)
across time-occasions. One article (10) stratified the analysis
of trends of consumption by stable eaters or not.

Finally, when a CFA was carried out together with
EFA, it was possible to assess DP stability within a more
refined model where changes in the time-specific covariance
matrices were assessed (9) or changes were directly modeled
within a mean-structure factor analysis model (27).

Summary of the evidence on stability over time: DPs.
Besides the weak evidence from the 6 articles (22, 29, 31,
35, 39, 42) based on a qualitative assessment, a summary of
the evidence from articles formally evaluating DP stability
is provided below. In addition (31, 39), the stability of
DPs from childhood onwards was formally evaluated in
3 articles (16-18), with 2 of them exploring the issue in
subjects who moved from childhood to adolescence (18)
or from childhood/adolescence to adulthood (16). The
main conclusions were as follows: 1) during childhood, the
identified DPs were very stable, with the highest agreement
found between successive waves (4 and 7 y; 7 and 9 y)
and for the Health-conscious DP (17); 2) from childhood
to adolescence, the number of children remaining in the
same cluster across time-occasions was still reasonably high,
with the greatest stability found for the Healthy cluster (33%
of subjects in the same cluster at all 3 ages) (18); 3) from
childhood/adolescence to adulthood (~20-y period), both
the correlation coefficients between time-specific scores and
the proportion of subjects remaining in the extreme quintiles
over time pointed to DP stability, with the highest stability
found for the uppermost quintile category of subjects and for
the subjects aged 15-18 y old at baseline (16).

Two articles (36, 38) explored the stability of DP from
the high-school period to adulthood based on the NHS
II. Women between 34 and 53 y were asked to fill in
a reproducible and valid FFQ tailored to the high-school
period. The comparison of the high-school DPs with those
derived in successive waves during the next 10 y provided
correlation coefficients between 0.30 and 0.40, with better
results for the Prudent DP (36, 38).

In addition, 3 articles assessed the stability of DPs around
the pregnancy period (15, 30) and up to 4 y of age of the
child (40). Results suggested high stability of DPs identified
within this timeframe. Exceptions were as follows: I) a High-
energy DP was significantly increased in late pregnancy, as
compared with before or early pregnancy, and had wider
limits of agreement than a Prudent DP (15); 2) at 4 y of age of
the child, women had a significantly lower score on a Health-
conscious DP (40).

Finally, 11 articles (9, 10, 23, 25, 27, 28, 33, 34, 37, 41,
45) assessed the stability of DPs identified in successive
waves on men and/or women. Three of them (25, 27, 34)
showed instability over time for most or all the identified
DPs. In detail, at 12 y from the validation study of the
Teheran Lipid and Glucose Study, the Iranian traditional DP
was found to be unreproducible according to all criteria,

whereas quintile categories of the Western DP showed poor
agreement over time (25). Going from the 1982-1984 to
the 1987-1988 survey of the Danish MONTItoring of trends
and determinants in CArdiovascular Disease (MONICA)
Study (27), increasing mean scores were found for the Green
DP, but the Traditional (in men) and the Sweet-Traditional
(in women) DPs showed decreased mean scores, within an
overall mean-structure CFA model. However, while going
from the 1982-1984 to the 1991-1992 survey of the Danish
MONICA study, both men and women showed the same
trend of increasing consumption of Coarse Bread, Pasta, and
Rice and Baked Goods and Sweets DPs at the expense of
a decrease in mean intakes of the Meat, Potatoes, and Fats
DP and the Breakfast DP (34). In 1 pioneering article that
compared 2 consecutive US surveys (41), 2 [component 1
(high in fruit and vegetables) and component 4 (high in
sugary foods)] out of the 4 identified DPs increased over time
more than would have been expected for the 7-y advance in
age.

A weaker form of instability over time concerned single
DPs within a set of substantially stable DPs. This issue
was evident across the 1980s and 1990s for the Meat,
Potatoes, and Sweet Foods DP in 36-y-old females from the
United Kingdom over 17 y of follow-up (37) and for the
Western/Swedish DP in 52-y-old females from Sweden over
9y of follow-up (23). Finally, several studies (9, 10, 28, 33, 45)
showed good stability of all DPs found during adulthood.

When identified (SMC study) (9, 23), the Alcohol DP
showed the best reproducibility; however, the more refined
analysis of changes in the time-specific covariances matrices
revealed instability after 7 y in one of the articles (9). With
2 exceptions (23, 37), the Western-like (e.g., Western; High-
energy; Low-fiber Bread; Meat, Potatoes, and Sweet Foods;
and Western/Swedish) and the Prudent-like (e.g., Prudent;
High-fiber Bread; Healthy; and Fruit, Vegetables, and Dairy)
DPs generally showed a similar and moderate stability over
time. Traditional-like DPs (e.g., Iranian Traditional, Sweet-
Traditional, and Traditional) were less likely to be stable over
time (18, 25, 27, 40).

In addition, most of the articles with >3 measurement
occasions [i.e., (16, 17,33, 37,45)] showed that the agreement
was higher when the DPs were identified on data from
consecutive, as compared with nonconsecutive, waves.

Finally, the use of applied versus natural scores in PCA
was formally explored in 2 articles (15, 40). The former article
suggested similar ranges of correlation coefficients for natural
and applied scores (15), whereas the latter article provided
inconclusive results (40).

Summary of the evidence on stability over time: relevant
food groups within DPs.

The analysis of trends of consumption of relevant food
groups within each DP (9, 10, 18, 23, 30, 37) supported or
further strengthened results on DP stability over time. When
the DPs were stable (9, 10, 30), no material differences in
mean consumption of relevant food groups were found in 1
article (30) or less than a half of them underwent significant
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changes (9, 10). When 1 DP was not stable over time (23,
37), the mean intakes (23) [or the number (37)] of relevant
food groups changed over time, and this also had an impact
on relevant food groups for other DPs over time; a change
might also occur in the number of relevant food groups that
characterized stable DPs over time, reflecting an increasing
variety in consumption over time within the same DP (37).
When moving from childhood to adolescence, the mean
amount of food groups consumed generally increased over
time, but the foods in each cluster with higher- and lower-
than-average consumptions were similar at each age (18).

Conclusions

The present scoping review provides a preliminary summary
of the current results on reproducibility of a posteriori DPs
across studies and over long time periods. The evidence
collected is still limited, with only 9 articles identified on
cross-study reproducibility. In addition, only 55% (cross-
study reproducibility) and 76% (stability over time) of
the articles adopted a formal statistical approach, which,
however, relied on elementary statistics (i.e., correlation
coeficients) in most of the cases and on a statistical model
in 3 articles only. Based on the evidence collected, most
identified DPs (in particular, Alcohol, Prudent, and Western
DPs) showed good reproducibility across studies and stability
over time.

The assessment of cross-study reproducibility has gained
recent attention in the literature (8, 11, 12, 26, 32), after
some sparse pioneering attempts in the 1980s (43, 44)
and 2000s (6, 7). Recent articles (8, 11, 12, 26, 32) have
definitely confirmed the merits of the assessment of cross-
study reproducibility of PCA/EFA-based DPs. Besides having
found a high congruence between apparently similar pairs
of DPs in terms of food composition and association with
cancer risk, some novelties in methods (11, 12, 32) have
been introduced. These include multistudy factor analysis
(13) [when individual-level dietary data are available, see
the corresponding R package “MSFA” (13) from GitHub]
and the approach by Castello and colleagues (11, 12)
[when published factor-loading matrices and food-grouping
schemes are available, see the Supplementary Material of
reference (11)]. Moreover, following 2 articles identified in
the current review (26, 30), Castello and colleagues (11, 12)
popularized the use of the congruence coeflicient between
factor loadings to assess DP similarity. In addition to set
up specific cutoffs to identify DP similarity or equivalence,
they showed that the congruence coefficient outperforms the
correlation coefficient between factor scores and overcomes
the misuse of its statistical significance.

Although the assessment of cross-study reproducibility
has undergone a major improvement in statistical methods,
researchers have still to face with the interpretation of
similarities and differences across centers/studies: which
latent factors (e.g., climate, influence of media or society,
or food supply) are responsible for the identification of DPs
in a country, but not in another one, or for the different
variants of similar DPs across countries? For example, given
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the same climate and food supply, groups with different
age, religion, ethnicity, or socioeconomic background may
show different versions of a similar DP (4). Similarly,
sources of beneficial or detrimental nutrients differ across
populations or subpopulations with varied age, ethnicity,
or socioeconomic background. For example, in 10 case-
control studies from the International Head and Neck Cancer
Epidemiology Consortium (47), we have shown that the
primary sources of vitamin C were different across countries:
within the European studies subjects mainly derived natural
vitamin C from citrus fruits, kiwi, tomatoes, green salad,
and apples/pears, whereas, in the US studies, fruit juices and
potatoes were relevant contributors, too. Within countries,
sources were different in (otherwise comparable) populations
from urban or rural areas (e.g., miso soup in the rural,
vegetables and green tea in a more industrialized area from
Japan), among young people or blacks from the United
States, where fortified drinks and Southern greens were the
major contributors of vitamin C, respectively. Besides the
complexity of DP analysis, these considerations suggest the
importance of working at a subpopulation level and the need
for statistical criteria assessing similarity of subpopulation-
specific DPs to allow for the merging of data from different
subpopulations.

The assessment of stability of a posteriori DPs over
time has been traditionally considered in cohort and survey
studies over the last 30 y, to identify the more appropriate
timeframe for scheduling successive dietary information
queries. This justifies why we have found 25 relevant articles,
as compared to the 9 on cross-study reproducibility, in this
systematic review.

The analysis of DP stability can be very complicated.
For example, research can target the individual- and/or the
population-specific levels of stability and can assess stability
of the identified DPs and/or the relevant food groups. Also,
the stability of DPs identified across different life-course
periods can be the focus of the research [e.g., (15, 16, 31)].
Even when considering adults only, differences in the study
designs arose from subjects’ age at baseline, the time intervals
between successive waves, and the maximum time interval
between the first and the last wave considered. In addition,
the statistical methods used for the assessment of DP stability
differ markedly across articles: 25% of them did not use any
statistical procedure (but simply inspected the factor-loading
matrices over time), whereas 50% considered 2 criteria.

Within this complicated scenario, we can only comment
on some preliminary results. First, the closer the examined
waves of dietary information collection are the better is the
stability of the identified DPs. This conclusion is very well
supported, without any restriction on the statistical approach
used for the analysis. When the dietary assessment tool,
subject’s life, and the DP identification process are stable
over successive administrations, DP instabilities are either
unexpected or due to essential and timely modifications of
diet-related policies (e.g., the ban on trans fats), which lead
to changes in behavior and food-product development and
marketing (4). Second, in 75% of the articles, the number



of identified DPs and the percentage of explained variance
were substantially stable over time. We can conclude that, to
date, overall dietary habits have been generally expressed in
a stable number of constructs over time, with a few new or
lost DPs over 10 or 20 y. Also, the ability of the identified
DPs to capture the overall variance did not change over
time, although the relative importance of the single DPs (in
terms of percentage of the total variance explained) may
vary. Third, within an identified DP, the correlation structure
among food groups is still stable over time, although changes
in relevant food groups have been reported in more refined
statistical analyses. DPs are more likely to evolve, rather than
disappear or emerge as brand-new ones. This conclusion
may reflect the combination of several aspects. Among the
most relevant ones, we mention early-life experiences with
various tastes and flavors and parental feeding practices,
which tend to persist over the lifespan (48): however, later
food choices could be influenced by media/society or aging.
At a population-level, several other factors may influence
the potential evolution of DPs over time, including changes
in food supply (e.g., preferences for ethnic foods) as well
as in nutrition-related policies. For example, we might
hypothesize that the ban on trans fats will favor a change
in the DP structure of those putative DPs named Snacks, or
Sweets, or Desserts (based on bakery products, baked goods,
commercially fried foods, and spreads, which are likely to
contain trans fats) in favor of similar processed foods made
with nonhydrogenated oils.

Evidence from the current review is still too limited to
provide a firm conclusion on the most suitable timeframe
to administer successive dietary assessment tools within
longitudinal studies or repeated surveys. In the absence of
major life changes in the target population, DPs still show
a good stability within 6-7 y after the previous dietary
assessment; however, within a more refined statistical model,
marked signs of instability were found after the same number
of years for 1 (at 6 y) or 2 (at 7 y) DPs, but not for the
last DP identified on the same dataset (9). Thus, scheduling
successive administrations of the dietary assessment tool
every 4 v, like in the NHS II, and updating the Dietary
Guidelines for Americans every 5 y are recommended
strategies to monitor DPs at their maximum potential
stability over time.

Similarly, the current review does not provide clear
insights into the question about some types of DPs being
more stable than others. Except for the well-characterized
and stable Alcohol DP (based on beer, liquors, and wine) in
the Swedish SMC study, the Prudent-like and the Western-
like DPs show similar and acceptable levels of stability.
Nonetheless, we notice a general tendency of the Western-
like DPs (mainly based on meat, processed meat, potatoes,
and sometimes on fats, sweets, or grains) in the European
studies (9, 23, 27, 34, 37) to show decreasing mean scores
and/or decreasing intakes of relevant food groups. The same
trajectory was not evident for their American counterparts
(33, 45), although the analyses were based on weaker
criteria.

Another major limitation of our review is that we did not
summarize information on the potential association between
changes of DPs (across studies or over time) and changes
in disease occurrence. From a public health perspective, a
common or stable DP is more critical to preserve if it protects
against the risk of major chronic diseases, whereas the loss of
previously identified DPs may derive from successful public
health campaigns to discourage unhealthy dietary behaviors,
like the ban on trans fats.

Future efforts should be directed on defining the gen-
eralizability of a posteriori DPs within a statistical model
where time or study variables are explicitly modeled and the
selection of the type and number of DPs to retain at each
measurement occasion is carried out borrowing information
across any levels of the analysis. The use of multistudy factor
analysis (13) in nutritional epidemiology (32) has provided
an example of a fruitful application of a novel statistical
modeling strategy to tackle cross-study reproducibility of a
posteriori DPs. Similarly, multilevel latent class analysis (49)
may offer insights in cross-study reproducibility, and latent
class transition models (i.e., latent Markov models) (50) can
offer a natural framework to track changes in DPs over time.
These possibilities rely not only on statistical skills but also on
an effort of integration of study protocols and data. As far as
studies are conceived as isolated attempts at knowledge, any
assessment of reproducibility will likely end up into a unified
but distorted combination of results from separate studies
with their own decisions and limitations. In the short term, as
researchers, we can at least contribute to expanding a general
culture of reproducibility by assessing the reproducibility of
DPs according to a series of different criteria, although based
on elementary statistics.

In conclusion, preliminary evidence from the first scoping
review on the topic suggests that most identified DPs showed
good reproducibility across studies and stability over time.
This evidence is based on a qualitative assessment of DP
similarities across measurement occasions in ~50% of the
articles on cross-study reproducibility and 25% of articles
on stability over time. Our focus on statistical methods for
the assessment of DP reproducibility and stability provides
crucial suggestions for researchers who approach these
novel aspects, and they thus may contribute to expanding
the importance of reproducible messages in nutritional
epidemiology.
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