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Abstract - 298 words 30 

The effective use of dietary patterns (DPs) remains limited. There is a need to assess their 31 

consistency over multiple administrations of the same dietary source, different dietary 32 

sources or across different studies. Similarly, their generalizability should be based on a 33 

previous assessment of DP construct validity. However, to date, no systematic reviews on 34 

reproducibility and validity of a posteriori DPs have been carried out. In addition, several 35 

methodological questions related to their identification are still open and prevent a fair 36 

comparison of epidemiological results on DPs and disease. 37 

A systematic review of the literature on the PubMed database was conducted. We identified 38 

218 articles, 64 of which met the inclusion criteria. Of these, the 38 articles dealing with 39 

reproducibility, relative and construct validity of DPs were included. 40 

These articles (published in 1999 – 2017, 53% from 2010 onwards) were based on 41 

observational studies conducted worldwide. The 14 articles that assessed DP reproducibility 42 

across different statistical solutions examined different research questions. Included were: 43 

the number of food groups or subjects, input variable format (as well as adjustment for 44 

energy intake), algorithms and the number of DPs to retain in cluster analysis, rotation 45 

method and score calculation in factor analysis. However, we identified at most 3 articles 46 

per research question on DP reproducibility across statistical solutions. From another 15 47 
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articles, reproducibility of DPs over shorter (≤ 1 year) time periods was generally good and 48 

higher than DP relative validity (as measured across different dietary sources). Confirmatory 49 

factor analysis was used in 15 of the included articles. It provided reassuring results in 50 

identifying valid dietary constructs characterizing the populations under consideration. 51 

Based on the available evidence, only suggestive conclusions can be derived on 52 

reproducibility across different statistical solutions. Nevertheless, most identified DPs 53 

showed good reproducibility, fair relative validity and good construct validity. 54 

 55 

 56 

Keywords (5-10): 57 
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Introduction 63 

Since the early 80’s, dietary patterns (DPs)b have been used to synthesize multiple related 64 

dietary components in combined variables representing key dietary habits and/or the overall 65 

diet in free-living individuals. Interest in DPs is also motivated by well-known interactive 66 

effects of foods that are eaten together and by data dimensionality/multiple testing issues 67 

affecting the statistical analysis of many single food groups (FGs) or nutrients (1). 68 

However, the lack of consistent methodology in deriving DPs has severely limited the ability 69 

to draw firm conclusions about the health risks or benefits associated with DPs (2). Indeed, 70 

only the most recent version of the Dietary Guidelines for Americans (3) has included 71 

evidence on DPs. 72 

In 2012, the National Cancer Institute launched the Dietary Patterns Methods Project to 73 

support standardized and parallel analyses on selected a priori (or index-based) DPs and 74 

mortality outcomes in 3 large US cohorts (2). An index-based approach to DPs was chosen 75 

because results can be readily translated into dietary recommendations. Based on the 76 

application of multivariate statistical analysis to the available data, the a posteriori (or data-77 

 
b ABBREVIATIONS: 24HR/48HR: 24/48 hour recall; ARI: adjusted Rand index; CA: cluster analysis; CFA: 

confirmatory factor analysis; DP: dietary pattern; EFA: exploratory factor analysis; FFQ: food-frequency 

questionnaire; FG: food group; m24HR: mean 24 hour recall; mDR: mean dietary record; PCA: principal 

component analysis; SMC: Swedish Mammography Cohort 
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driven) DPs offer the advantage of representing actual dietary behavior in a population at a 78 

certain time-point. If the population variability is well captured, the set of identified a 79 

posteriori DPs provide a realistic representation of eating choices (4). In addition, the a 80 

posteriori approach could capture rare, but well-characterized, dietary behaviors of 81 

subpopulations, including ethnic minorities (5).  82 

Subjective decisions have been constantly reported as a limitation in studies deriving a 83 

posteriori DPs with principal component analysis (PCA), exploratory factor analysis (EFA), 84 

or cluster analysis (CA) (6). These decisions concern input variable format and potential 85 

transformation, number of input variables and food grouping schemes, estimation method 86 

as well as criteria for model selection, including how to choose the number of DPs to retain 87 

(7). Although subjectivity in PCA/EFA and CA is often emphasized, very few papers have 88 

provided a formal comparison of different modeling strategies based on objective criteria. 89 

The reproducibility of DPs across different statistical solutions has rarely been a concern. 90 

Similarly, confirmatory factor analysis (CFA) still has limited use in the validation of EFA-91 

based DPs and in the development of constructs representing correlation structures among 92 

FGs and among DPs. Even though this should the first step for the generalization of DPs to 93 

other studies, their construct validity has been investigated in a few papers. 94 
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More generally, the reproducibility of similar a posteriori DPs across time, studies and/or 95 

countries have not been extensively assessed so far (5, 8). Although in the literature there 96 

is a distinction between consistency of DPs across multiple administrations of the same 97 

dietary assessment tool in a short period of time (reproducibility) (i.e. (9)) and consistency 98 

over longer time-periods (stability over time) (i.e. (10)), unsolved methodological issues 99 

have been reported in both these analyses (11, 12). Similarly, the comparison of a posteriori 100 

DPs across different dietary assessment tools (relative validity) (i.e. (9)) poses unsolved 101 

methodological issues (13). 102 

To our knowledge, no attempts have been carried out so far to collect and summarize the 103 

existing evidence on reproducibility and validity of a posteriori DPs. This paper provides 104 

details on the literature search and selection process and also summarizes the evidence on 105 

reproducibility, relative and construct validity of DPs. A companion review will include 106 

information on stability of DPs over longer time-periods and reproducibility of DPs across 107 

studies. 108 

 109 

Methods 110 

Literature search strategy 111 
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We carried out a systematic search through MEDLINE via PubMed 112 

(http://www.ncbi.nlm.nih.gov/pubmed/) to identify all the articles on reproducibility and 113 

validity of a posteriori DPs, based on the following string: “(reproducibility or validity) and 114 

dietary pattern*”. The search was restricted to human studies reported in the English 115 

language and published up to January 11, 2019 and followed the guidelines from the 116 

Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) group 117 

(14). Two authors (MD and VE) independently selected the articles and retrieved and 118 

assessed the potentially relevant ones. The reference lists of the identified articles as well 119 

as other systematic reviews focusing on similar topics were also scanned. Discrepancies in 120 

article selection were resolved by involving a third researcher (MF).  121 

Inclusion and exclusion criteria  122 

Articles were included or excluded according to the following criteria. 123 

A posteriori dietary patterns 124 

We focused our systematic review on a posteriori DPs. However, in the absence of previous 125 

known reviews on this topic, we preferred not to add the term “a posteriori” to our search 126 

string. Therefore, we further excluded papers presenting reproducibility or validity of a priori 127 

DPs only or applying reduced rank regression. We included in the review papers comparing 128 

a priori and a posteriori DPs as far as they provided information on reproducibility and validity 129 
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of a posteriori DPs. We also considered papers comparing PCA (or EFA) and CA, but we 130 

excluded them when concentrating only on the comparison between PCA/EFA- and CA-131 

based DPs (e.g. (15)). 132 

Reproducibility and validity of a posteriori dietary patterns 133 

In recent years, disagreements in terminology across different scientific areas have 134 

characterized the concepts of reproducibility, replicability, and validity of scientific findings 135 

(16) (17). In Supplemental Table 1, we introduce the basic definitions adopted in the current 136 

review as well as the statistical tools used for their assessment. We integrate basic 137 

terminology within the scientific process of DP identification in nutritional epidemiology.  138 

Figure 1 shows prototypical paths of DP identification processes related to reproducibility 139 

and validity of DPs. Dietary patterns are identifiable within any study design and starting 140 

from any dietary assessment tool source. If one dietary source is used at one time point, the 141 

assessment of DP reproducibility arises from the use of different statistical approaches for 142 

DP identification [Panel (A)]. Within the validation study of a new food-frequency 143 

questionnaire (FFQ), the same FFQ was administered twice (within 1 year) and compared 144 

with a gold standard dietary assessment tool [a dairy record (DR) or (multiple administration 145 

of) a 24-hour recall (24HR)] carried out on the same time interval and sample; DP 146 

reproducibility is assessed comparing the 2 sets of FFQ-based DPs, whereas relative 147 
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validity of DPs is assessed comparing FFQ-based and gold-standard-based DPs [Panel 148 

(B)]. When either cohort studies or multiple waves of the same survey are available, a dietary 149 

assessment tool is administered to the same subjects in multiple occasions over longer time 150 

periods and the comparison of sets of DPs at the available measurement occasions allows 151 

for the evaluation of stability of DPs over time [Panel (C)]. Finally, to assess cross-study 152 

reproducibility of DPs, comparison of different sets of DPs derived from comparable dietary 153 

sources (at similar time points) is possible across centers from the same study, or across 154 

different studies representing potentially different populations or countries [Panel (D)]. In any 155 

of these 4 settings, confirming EFA-based DPs is possible through CFA, which assesses 156 

construct validity of DPs; results from the two approaches can be formally compared with 157 

suitable statistical tools [Panel (E)]. We re-classified the main findings from the articles 158 

included in the systematic review based on these definitions, no matter of the original 159 

definitions provided by the authors. 160 

In summary, in the literature review, we distinguished the following definitions of 161 

reproducibility of DPs: 1. across different statistical solutions: the extent to which similar 162 

DPs are consistently seen when a change occurred in: a. input variable format or scale; b. 163 

number of input variables; c. estimation method; or d. criteria for model selection (including 164 

number of DPs to retain); 2. over time: the extent to which similar DPs are consistently seen 165 
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over short (i.e. ≤1 year) (traditionally called reproducibility in nutritional epidemiology) or 166 

longer time periods (i.e. ≥2 years) (stability over time); 3. across centers or studies 167 

(potentially representing different populations or countries): the extent to which similar 168 

DPs are common to diverse subsamples of interest, as opposed to study-specific DPs 169 

(cross-study reproducibility). 170 

In the assessment of reproducibility across statistical solutions, we excluded papers that 171 

choose the number of clusters to retain with objective criteria (e.g. (18)), within an analysis 172 

of the association between DPs and disease. In the assessment of cross-study 173 

reproducibility, we excluded papers based on a merged data matrix (generated by 174 

combining data from all the studies) approach (e.g. (19)), where it was not possible to 175 

identify study-specific DPs and their potential reproducibility. Finally, we included papers 176 

using “internal validity” or “internal stability” indexes to choose the optimal number of clusters 177 

in the section on reproducibility of DPs across different statistical solutions. Although the 178 

terminology looks misleading, the research question was how to choose the number of 179 

clusters to retain and this was assessed with validity- or stability-based criteria for optimal 180 

solution identification. 181 

The current review included and summarized evidence on reproducibility of DPs over shorter 182 

time periods and reproducibility across statistical solutions. 183 
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We also distinguished between construct validity and relative (or comparative) validity of 184 

DPs (Supplemental Table 1). Construct validity indicates whether a test measures its 185 

targeted latent constructs through suitable operationalizations of the constructs; in nutritional 186 

epidemiology, it deals with the ability of the empirically derived DP scores to resemble the 187 

latent DPs in their composition and correlation with the other DPs. The relative validity of 188 

DPs has borrowed its meaning from the relative validity of a FFQ; it indicates the ability of 189 

FFQ-based DPs to resemble those derived on the gold-standard tool. We included papers 190 

assessing either construct or relative validity of DPs. We excluded papers that only 191 

assessed validity of DPs against socio-demographic characteristics, lifestyle habits, 192 

nutrient/food profiles from the same dietary source, nutritional biomarkers, markers of 193 

disease, or a disease of interest (e.g. (20)).  194 

Finally, we excluded those studies that, while focusing on the association between some 195 

identified DPs and a disease, provided assessments of internal reproducibility with the split-196 

half approach and/or reliability measured as internal consistency with Cronbach’s alpha (e.g. 197 

(20-22)).  198 

Data extraction 199 

Quantitative and qualitative data were extracted from each of the studies selected for in-200 

depth review by 3 independent researchers (LP, MD, and VE); any discrepancies were 201 
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resolved after consultation with a fourth author (MF) to maintain consistency. Information 202 

extracted included the following: 1. general characteristics of the studies (first author, year 203 

of publication of the article, country, and study name); 2. study design (type of design, brief 204 

description of data collection, number and age of the participants, and years of follow-up); 205 

3. dietary assessment tools used; 4. DP identification method; 5. DP name and composition; 206 

6. statistical methods used for the assessment of reproducibility and/or validity of DPs; and 207 

7. main results on DP reproducibility and validity. 208 

Quality assessment of the included studies 209 

Each article that met the inclusion criteria was independently rated for quality by all 210 

researchers, except one (MF), using the “Quality Assessment Tool for Observational Cohort 211 

and Cross-Sectional Studies” from the National Institutes of Health, National Heart, Lung, 212 

and Blood Institute (23). If the ratings differed, then the remaining author (MF) was 213 

considered for quality adjudication. Involved researchers used the available study rating 214 

tools on the range of items included in each tool to judge each study to be of "good," "fair," 215 

or "poor" quality. The reference tools used depended on the study design and included the 216 

“Quality Assessment Tool for Observational Cohort and Cross-Sectional Studies” and the 217 

“Quality Assessment Tool for Case-control Studies” (23); for the quality assessment of 218 

validation studies, we adopted the “Quality Assessment Tool for Observational Cohort and 219 
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Cross-Sectional Studies”, in accordance with the presence of repeated dietary measures. 220 

Since our review was not focused on any specific outcome of interest, the rating system 221 

items that dealt with: 1. the presence of an outcome, or 2. the association between exposure 222 

and outcome were consistently given a “cannot determine/not reported/not applicable” score 223 

across all the studies. Thus, the maximum rating for cohort/cross-sectional studies was 224 

equal to 7 (out of the original 14 items) and the one for case-control studies was equal to 9 225 

(out of the original 12 items). In addition, we decided that the item asking about reliability, 226 

validity, and consistent definition of the exposure (number 9 in the cohort/cross-sectional 227 

design tool and 10 in the case-control design tool) was concerned with the dietary 228 

assessment tools used to measure dietary information. When the assessment of either 229 

reproducibility or validity was performed on a FFQ, we marked “yes” in correspondence to 230 

the tool item. When other dietary assessment tools were used instead of a FFQ, we marked 231 

“yes” when either multiple administrations of a 24HR or a DR were provided. When a 232 

validation study was assessed for quality, we marked this item with a “not applicable” in the 233 

absence of any previous publication on FFQ reproducibility and validity. We did not consider 234 

applicable to our quality assessment process the part of point 10 asking for reliability of the 235 

risk measure in the case-control study design tool. 236 
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In general terms, a "good" study has the least risk of bias due to flaws in study design or 237 

implementation, a "fair" study is susceptible to some bias deemed not sufficient to invalidate 238 

its results, whereas a "poor" rating indicates significant risk of bias. We followed the website 239 

guidelines (23) and did not base our final evaluation on a cut-off approach on the total score 240 

(calculated summing up the 1’s corresponding to “yes”), but we carefully evaluated the “no” 241 

items to assess the overall risk of bias of the examined study. Finally, we chose not to 242 

exclude studies on the basis of their quality, because of the lack of previous evidence on 243 

reproducibility and/or validity of DPs. 244 

 245 

Results 246 

An initial literature search of the PubMed database identified 218 articles, of which 181 247 

remained when we limited the search to publications related solely to humans and written 248 

in the English language. Their full texts were retrieved for detailed evaluation. After the 249 

exclusion of 35 review articles, 124 original research articles were also excluded because 250 

they met the exclusion criteria indicated previously. In detail, the most frequent reasons for 251 

exclusion were as follows: DPs intended as a synonym of dietary habits; a posteriori DPs 252 

not identified in the paper [i.e. a priori DPs, DPs from reduced rank regression (either 253 

exploratory or confirmatory), treelet transform, or latent class models], or just compared with 254 
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the a priori ones; PCA- or EFA-based DPs compared with CA-based DPs, with no separate 255 

analyses on either approach; reproducibility and validity of FFQs and not of DPs; split-half 256 

or Cronbach’s alpha only; DP validity assessed against subjects’ characteristics or a disease 257 

of interest; conference abstracts not published as a full text article. Forty-two additional 258 

articles were identified from manual searches of reference lists of selected original and 259 

review articles. Thus, 64 articles were included in our systematic review. Of these, 38 articles 260 

were included in the current review and were concentrated on reproducibility, relative and 261 

construct validity of DPs; the 34 articles that focused on stability of DPs over time and on 262 

their reproducibility across studies were included in an additional review. Eight papers (10, 263 

11, 24-29) were common to both reviews (Figure 2). 264 

General characteristics and study design information from the 38 studies on reproducibility, 265 

relative and construct validity of DPs (9-11, 13, 24-57) are presented in Table 1. The articles 266 

were published between 1999 and 2017, with 53% of them published from 2010 onwards; 267 

the studies were carried out in several areas in the world, including Europe and North 268 

America, but Asia and Oceania were also well represented with 6 and 2 articles, 269 

respectively. A few articles were based on the same studies, including those from the 270 

Swedish Mammography Cohort (SMC) (10, 26-28, 33), from the MONItoring of trends and 271 

determinants in CArdiovascular Disease (MONICA) study (29, 47), and those from the 272 
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European Prospective Investigation into Cancer and Nutrition (EPIC) study (49, 51, 55). All 273 

the articles were based on observational studies, including 1 case-control (45), 18 cohort 274 

(10, 13, 24, 25, 27, 28, 35, 36, 42, 43, 46, 48, 49, 51, 53-56) and 9 cross-sectional (38, 39, 275 

41, 44, 47, 48, 50, 52, 57) studies, 1 multiple administration of the same survey (29), and 9 276 

validation studies of FFQs (9, 11, 30-34, 37, 40). One study included adult men only (9), 11 277 

studies included adult women only (10, 27, 28, 30, 33, 36, 37, 39, 49, 52, 55), with some of 278 

them based on pregnant women (36, 37, 39); one article was based on children (56) and 279 

another one on adolescents (13). When available, the (total) follow-up time ranged from 1 280 

month (30) to 14 years (51). Dietary assessment instruments were administered between 281 

1982 – 1983 (29) and 2014 - 2015 (34), with assessments equally carried out in the ‘80s, 282 

‘90s and 2000s, and a few ones in 2000 - 2010. With a few exceptions (35, 38, 42, 46, 50), 283 

the FFQ was the main dietary assessment tool used; in most studies, the FFQs were self-284 

administered (8 FFQs were interviewer-administered only) and had a reference period of 1 285 

year, with the obvious exception of the FFQs assessing diet during pregnancy (37, 39) and 286 

of the SMC FFQ ( 6 months) (10, 26-28, 33). The number of food items inquired in the FFQs 287 

ranged from 26 (29, 47) to 284 (43), with 56% of the FFQs showing ≥100 items. When 2 288 

FFQ administrations were available, the median time interval between them was 12 months. 289 

Reproducibility and/or relative validity of the FFQs were directly assessed within the 9 290 
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validation studies included in the review (9, 11, 30-34, 37, 40); in addition, 14 articles 291 

reported on a previous assessment of FFQ reproducibility and/or relative validity (10, 13, 292 

24, 25, 27, 28, 40, 41, 48, 49, 51-53, 55), whereas 9 articles did not report any information 293 

(29, 36, 39, 43-45, 47, 56) or declared that they did not test for them (54). 294 

A different dietary assessment tool was used in 16 articles, including the 9 articles based on 295 

validation studies of FFQs (9, 11, 30-34, 37, 40). In 7 articles, information from 1 (35) or 296 

multiple administrations of the same 24HR format was collected, with number of collecting 297 

occasions ranging from 2 (50) to 18 (6*3 consecutive day 24HRs) (32) and completion of 298 

the form in different combinations of time occasions and consecutive/non-consecutive days; 299 

a DR was used in 10 articles, with reference time periods varying from 3 (13, 40) to 7 (9, 31, 300 

33, 47) days, weighing system adopted (30, 33, 38, 47) or not, and single (13, 30, 35, 39, 301 

40, 47) or multiple (9, 31, 33, 38) administrations of the same tools provided. 302 

No matter of the dietary assessment tool used, the number of FGs defined from the available 303 

food items ranged from 15 (56) to 56 (24, 35), with a median value of 30.5 FGs included in 304 

the statistical analysis. When information from more than 1 dietary source was available, 305 

the same food grouping scheme was adopted across the different sources in all the articles 306 

(9, 11, 13, 30-35, 37-40, 47). 307 
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Among the selected papers, 11 (29%) were based on studies of “good” quality, 17 (45%) on 308 

studies of “fair” quality, and 10 (26%) on studies of “poor” quality. 309 

Tables 2, 3, and 4 present details on DP identification method, on methods for the 310 

assessment of DP reproducibility and/or validity, and main results on their reproducibility 311 

and validity. Details on DP composition are presented in Supplemental Tables 2, 3, and 4. 312 

Among the 38 articles included, 30 performed PCA, EFA, or CFA and 6 performed CA (25, 313 

42-44, 46, 56), whereas 2 articles carried out both EFA/CFA and CA (40, 51). In addition, 7 314 

(22%) of the articles that carried out EFA or PCA assessed matrix factorability before starting 315 

the statistical analysis (30, 32, 34, 37, 40, 41, 50) (data not shown).  316 

Table 2 concerned reproducibility of DPs derived from different statistical solutions, with 8 317 

papers considering PCA/EFA (26, 36, 41, 45, 48, 50, 51, 54, 57) and 6 considering CA (42-318 

44, 46, 51, 56). The proposed research questions dealt with: 1. input variable preprocessing 319 

[i.e. adjustment by energy intake (26, 36, 42), standardization (46), and dichotomization 320 

(26)]; 2. number of input variables (45) and subjects (57) to be included in the analysis; 3. 321 

solution method for CA (43, 44, 56); 4. rotation method for PCA/EFA (41, 48) and CFA (50); 322 

5. number of DPs to retain (25, 43, 44, 51); 6. score calculation [natural vs. applied (i.e. 323 

calculated using loadings from a separate PCA on subsample 1 and data from subsample 324 
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2) scores] in PCA (48). One article (25) proposed the comparison of different statistical 325 

solutions within the assessment of DP stability over time. 326 

Concerning input variable preprocessing, 2 articles considered adjustment by energy intake 327 

with the residual method (26, 36) in PCA/EFA, whereas the third one (42) considered 328 

percent daily energy contribution vs. number of servings in CA; in the comparison between 329 

unadjusted and energy-adjusted solutions, 1 article used the correlation coefficient (36) and 330 

another one (26) the Procrustes rotation method. Independently of the statistical approach 331 

and type of adjustment used, the conclusions on the comparison between energy-adjusted 332 

and unadjusted solutions were similar across papers (Supplemental Table 2): 1. With 333 

PCA/EFA, the DPs extracted were generally similar (in terms of loadings and percentages 334 

of explained variances); 2. With CA, the DPs were similar (in terms of higher/lower mean 335 

intakes of the FGs characterizing the clusters) and subgroups with high-energy contribution 336 

were consistently clustered across solutions; 3. When available, correlation coefficients 337 

between similar DPs under the 2 solutions were >0.8; 4. DPs with high loadings on energy-338 

contributing FGs were lost with energy adjustment (36); and 5. the ability of CA to 339 

differentiate FGs with higher-then-mean intakes seemed higher with number of servings 340 

variables (42). 341 



 

 21 

In addition, 2 articles considered the effect of standardizing or not FG intakes (expressed as 342 

percentage of daily energy intake) in CA (46) and of dichotomizing FGs with�more than 343 

75% of nonusers (26). In the former case (46), both the approaches led to well-separated 344 

and interpretable 6-cluster solutions that were stable and equivalent as to discriminant 345 

analysis; however, composition and number of subjects per cluster were different. An 346 

unstandardized solution was suggested as standardized variables just allowed to isolate 347 

one or a few clusters including extreme individuals, whereas the remaining clusters were all 348 

very similar one to other. In the latter case (26), the Procrustes rotation method confirmed 349 

that dichotomizing variables with a high percentage of nonusers did not affect the FGs with 350 

significant factor loadings, the magnitude of the factor loadings or the explained variance, 351 

and thus the order of the extracted DPs. 352 

Two articles assessed the effect of different numbers of: 1. input variables (from different 353 

food grouping schemes) in PCA-derived DPs (45); or 2. subjects to include in PCA and CFA 354 

(not based on previous EFA) in a study combining 2 studies from France and Spain (57). In 355 

the former case-control study on endometrial cancer (45), the DPs identified according to 3 356 

food grouping schemes (168 useable FFQ items, or 56 FGs from nutrient content or use 357 

classification, or 36 FGs from the United States Department of Agriculture suggestions) were 358 

not materially different except for the total variance explained in food use, which increased 359 
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as the detail included in the PCA decreased (up to ~17% with 36 FGs). However, for both 360 

DPs, exact agreement in tertile classification decreased as the difference in the number of 361 

items used for PCA increased and misclassification rates were higher for the Healthy DP. In 362 

the latter article (57), PCA and CFA were carried out on 1000 randomly selected samples 363 

from 4 different set-ups [100%, 50%, or 25% of the French study (1236 subjects) and 100% 364 

of the Spanish study (274 subjects)]. From the bootstrap-based distributions of the factor 365 

loadings to each FG for each DP, a more consistent set of CFA-based, rather than PCA-366 

based, DPs was identified across the set-ups. CFA-based DPs outperformed PCA-based 367 

ones especially when smaller sample sizes were considered. 368 

Three articles (43, 44, 56) were concerned with the choice of the optimal algorithm for 369 

performing CA and compared the mostly used k-means and Ward’s minimum variance 370 

algorithms with flexible beta (43), with k-medians (44), or with Gaussian mixture models 371 

(56), in a complex set-up of varying number of clusters. Together with them (43, 44, 56), 372 

another 2 articles assessed the simpler issue of the optimal number of clusters to retain 373 

when a k-means algorithm was carried out (25, 51). Finally, Fransen et al. (51) considered 374 

the same research question for PCA and EFA too. In the comparison of clustering algorithms 375 

(43, 44, 56), the k-means provided the highest reproducibility of the cluster solutions with all 376 

different numbers of clusters, as compared to the Ward’s minimum variance (43, 44), flexible 377 
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beta algorithm (43), and k-medians (44). For all possible numbers of solutions, the Gaussian 378 

mixture model was more similar to the k-means algorithm than to the Ward’s one; however, 379 

the best Gaussian mixture model identified from the data implied FG variances to vary within 380 

and between clusters and it was therefore more general than the equivalent model 381 

subsumed by the k-means algorithm (56). With respect to the choice of the optimal number 382 

of clusters, 1 article (43) adopted a split-half cross-validation approach and used the median 383 

log-ratio value of between- versus within-cluster variances of the available FGs, after having 384 

previously identified the optimal algorithm as the k-means algorithm [with Hubert and 385 

Arabie’s Adjusted Rand Index (ARI), kappa and Cramer’s V statistics]; a similar article (44) 386 

identified the optimal combination of clustering method and number of clusters by using the 387 

box-plot and average value (over 20 repetitions of each algorithm) of the distribution of 388 

Cramer's V statistic and ARI; the paper by Greve et al. (56) assumed that the optimal number 389 

of clusters was the one that provided more similar solutions across the different algorithms, 390 

based on pairwise comparisons of ARI values. 391 

Finally, when no algorithm choice was allowed and the k-means algorithm was carried out 392 

(25, 51), the optimal number of clusters to retain was identified with internal cluster validity 393 

(e.g. Calinski-Harabasz index, Davies-Bouldin index, and prediction-strength method) and 394 
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stability (e.g. Jaccard) indexes (25, 51); for PCA/EFA the usual criteria for identifying the 395 

optimal number of factors to retain were adopted (51). 396 

Three articles were concerned with the choice of the optimal rotation method in EFA (41) or 397 

PCA (48) and of a combination of rotation method and cut-off for FG inclusion in EFA and 398 

CFA (50). Based on 2 close administrations (at 15 days apart) of the same FFQ, the first 399 

article (41) assessed the effect on DP repeatability of 2 orthogonal (varimax and quartimax) 400 

and 2 non-orthogonal (promax and oblimin) rotations, as compared to an unrotated solution. 401 

The main conclusions were the following ones: 1. In the unrotated solutions, the identified 402 

DPs were similar over the 2 FFQ administrations, although the limits of agreement were 403 

wide; 2. For either orthogonal or non-orthogonal rotation, the agreement was poorer 404 

between corresponding DPs at the 2 time-points, as compared to the unrotated solution; 3. 405 

Between the orthogonal rotations, a better agreement was found for the quartimax rotation; 406 

4. Between the non-orthogonal rotations, a better agreement was found for the oblimin 407 

rotation (41). Based on the baseline data from a population survey, the second article (48) 408 

concluded that DPs derived from varimax and promax rotations were qualitatively similar 409 

and opted for the promax solution which allows correlations between DPs. Based on another 410 

population-based survey, the third article (50) assessed the effect on DP reproducibility of 411 

different cut-offs (i.e. |0.20| or |0.25|) for FG inclusion and rotation method (i.e. varimax, 412 
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promax, and oblimin), with the following conclusions: 1. A |0.25| cut-off for FG inclusion in 413 

EFA provided reproducible results for any rotation methods; 2. A |0.25| cut-off for FG 414 

inclusion in CFA defined a valid CFA model; 3. A better model fit was observed for CFA with 415 

promax and then varimax, and last oblimin rotation solution, with small but significant 416 

correlations between factors. 417 

Finally, 1 article (48) assessed the difference between using natural and applied (i.e. 418 

calculated using loadings from a separate PCA on subsample 1 and data from subsample 419 

2) PCA-based scores. It concluded that: 1. Correlation coefficients between natural and 420 

applied scores for the same DP were high (≥0.89) and significant; 2. No systematic bias was 421 

found in the Bland-Altman plot comparing natural and applied scores; 3. For both DPs, the 422 

agreement was relatively weak in men and only acceptable in women, as indicated by the 423 

relative variation measure (48). 424 

Table 3 concerned reproducibility and/or relative validity of DPs, with 7 articles assessing 425 

DP reproducibility and relative validity together (9, 11, 30-34), 7 articles assessing relative 426 

validity of DPs only (13, 35, 37-40, 47), and 1 article assessing DP reliability (54). All the 427 

articles derived DPs from PCA or EFA and 1 article additionally derived DPs with CA (40). 428 

Dietary patterns were separately identified on FFQ data at time 1 and 2 (9, 11, 30-34, 54), 429 

and/or on mean intakes from multiple administrations of the gold standard dietary 430 
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assessment tool [mean 24HR (m24HR) or mean DR (mDR)] (9, 11, 31-34, 37, 38). The DP 431 

identification process was similar in all the articles and generally included a combination of 432 

eigenvalue>1, scree test, and interpretability to choose the number of DPs to retain, a 433 

varimax rotation to improve DP interpretation and descriptive labeling for naming the 434 

identified DPs. Three articles proposed standardization [with (47) or without Kaiser 435 

normalization (39)] or log-transformation of input variables (31, 38, 54) and adjustment by 436 

energy intake with the residual method for either input variables (38) or DP scores (31). 437 

The number of described DPs ranged from 2 to 5, with 47% of the articles naming and 438 

describing 2 DPs; however, 7 articles (9, 13, 32-34, 37, 39) reported the existence of 439 

additional DPs not common to all dietary sources (Supplemental Table 3). The described 440 

DPs were generally similar across different dietary sources (in terms of factor loadings and 441 

percentages of explained variance) and their names reflected these similarities; some 442 

variation in DP composition was reported across available dietary sources or different time-443 

points in 1 article (35), whereas, in another article (40), additional DPs were identified for 444 

FFQ data only (Supplemental Table 3). The described DPs generally included a 445 

Healthy/Health-aware/Fruits and vegetables/Prudent/Mediterranean profile and a Less 446 

Healthy/Western/Processed Food(s) pattern, but we also identified variants of a Traditional 447 

(11, 31, 34, 35, 38, 47, 54), Sweet-based (34, 40, 47), Sandwich-based (30, 35), or Alcohol-448 
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based DPs (33, 34, 40) (Supplemental Table 3). Reproducibility of DPs was assessed with 449 

1 (9, 11, 31, 33) or more than 1 statistical approaches (30, 32, 34); similarly, relative validity 450 

was assessed with 1 (9, 31, 33, 35, 47) or more (11, 13, 30, 32, 34, 37-40) approaches, and 451 

reliability was assessed with more than 1 statistical method (54). The intra-class correlation 452 

coefficient (11, 32, 34, 54), the (Pearson, Spearman, or Kendall) correlation coefficient (9, 453 

11, 13, 30-35, 37-40, 47), the Bland-Altman method (11, 13, 30, 32, 34, 37-40), the 454 

proportions of subjects classified into the same, adjacent, opposite quantiles, and the 455 

weighted kappa coefficient (30, 32, 34, 37) were used alone or in combination for the 456 

assessment of reproducibility and/or relative validity. Partial, de-attenuated or corrected 457 

correlation coefficients were also introduced in some articles to account for the effect of 458 

energy intake, and/or of repeated administration of the gold standard dietary assessment 459 

tool (9, 11, 32, 33). 460 

Among the 7 articles assessing simultaneously reproducibility and relative validity of DPs 461 

(9, 11, 30-34), the main results were the following ones: 1. The different statistical 462 

approaches used led to concordant results, except for 1 article (30) where only the Bland-463 

Altman approach consistently highlighted increasing differences in DP scores with 464 

increasing scores; 2. Under the same statistical approach, the assessment of DP 465 

reproducibility provided generally stronger results than relative validity (9, 11, 30, 31, 33, 466 
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34); 3. Well-characterized DPs based on a few identifiable FGs were more likely to be 467 

reproducible and valid than DPs including different aspects of the diet simultaneously 468 

(Supplemental Table 3); for example, the Sandwich and drinks DP (30), the Animal and 469 

Plant Protein DP (34), and the Drinker DP (33) had higher reproducibility and relative validity 470 

than others from the same papers.  471 

Among the 7 articles assessing relative validity of DPs only (13, 35, 37-40, 47), we 472 

distinguished between those comparing FFQs and DR (13, 39, 40, 47), the one comparing 473 

the FFQ with a 24HR (37), and those studies not based on FFQ data (35, 38). In the first 474 

group (13, 39, 40, 47), the relative validity of all DPs was questionable with any approach in 475 

1 article (40) and it was poor for the Western DP in another article (39); however, the 476 

Healthy/Prudent/Green DPs showed a higher degree of relative validity, as compared to the 477 

corresponding Western/Western/Traditional DPs in (13, 39, 47). On the contrary, when 478 

comparing FFQ-based DPs with those on m24HR (37), the Less-Healthy DP was found to 479 

be more valid than the Healthy DP in pregnant women, although results for both DPs were 480 

stronger than in previous articles. When 24HR or 48HR were compared with DR data (35), 481 

relative validity was moderate-to-good with 48HR-based DPs, but less strong with 24HR-482 

based DPs; the Health-aware DP showed the highest validity on the 48HR-based 483 

comparison. Finally, when a Diet History Questionnaire was compared with a DR (38), the 484 



 

 29 

Healthy DP was found to be valid, but the same was not true for the other 2 DPs, which 485 

showed wider limits of agreement in women, based on DR data. 486 

When the reliability of CFA-based DPs was evaluated by Ryman et al. (54), composite 487 

reliability of DPs was good and similar across DPs, but test-retest reliability of DPs was 488 

moderate. In addition, indicator and test-retest reliabilities of CFA-based FGs were similar 489 

and poor-to-fair. The Processed foods and the Fruits and Vegetables DPs showed better 490 

reliability overall. 491 

Table 4 provides details on the 15 articles assessing construct validity of DPs through the 492 

application of CFA (10, 24, 27-29, 47, 48, 50-55) to validate previous EFA-based DPs or as 493 

an alternative one-step approach to be compared with PCA/EFA (49, 57). Some of them 494 

used CFA-based DPs for assessing more general research questions on relative validity of 495 

DPs (47), DP reproducibility (50, 57) or reliability (54), DP stability over time (10, 27-29) or 496 

cross-study reproducibility (24); other studies simply used CFA to represent DPs of a 497 

population of interest in a more ideal way (48, 49, 51-53, 55).  498 

When CFA was used after a previous EFA, the cut-offs for FG inclusion in the CFA models 499 

ranged from |0.20| (10, 24, 27, 28) to |0.60| (52, 53) and the CFA model was estimated on 500 

a different (validation) sample in 5 articles (24, 51-53, 55).  501 
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Among the 15 CFA-based papers, 4 (49-51, 57) provided a formal model selection 502 

procedure, where different numbers of DPs, cut-offs for FGs (and rotation methods), and/or 503 

correlation structures between DPs were considered. In addition, in 10 articles, the 504 

goodness of fit of the selected CFA model was formally tested according to 1 (47, 48) or 505 

more (24, 49-55) indexes, whereas 1 article (57) used descriptive statistics from the 506 

bootstrap-based distributions of the factor loadings of each FG to each DP. None of the 4 507 

articles that assessed stability of CFA-based DPs over time (10, 27-29) gave details on 508 

model fitting. Finally, some articles provided results on values and statistical significance of 509 

standardized factor loadings (50, 52-55) and a few compared EFA- and CFA-based DPs 510 

with correlation coefficients between factor scores of similar DPs (47, 49). 511 

Among the 10 articles using goodness of fit indexes (24, 47-55), the final CFA model was 512 

considered a good model in 8 articles and a slightly inappropriate model in 1 article (52), 513 

whereas, in another article (50), a cut-off of |0.25| for FG inclusion provided a good model 514 

fitting, as compared to a CFA with |0.20| cut-off. In general, FG standardized loadings were 515 

high and reached statistical significance (50, 52-55) and correlation coefficients between 516 

EFA- and CFA-based DP scores were very high (47, 49). In another paper (57), CFA 517 

outperformed PCA in terms of DP interpretability on a bootstrap-based comparison. Overall, 518 

the different statistical criteria pointed to reassuring results: most CFA models confirmed 519 
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their utility in identifying the minimal constructs characterizing the overall diet in the 520 

populations under consideration. 521 

Concerning the quality assessment of the included studies, those of “good” quality 522 

consistently identified highly reproducible and/or valid DPs; studies of “poor” quality still 523 

tended to identify DPs with a fair-to-good reproducibility and/or validity. However, for some 524 

papers (10, 27-29) it was not possible to formally evaluate DP validity, in the absence of 525 

CFA goodness of fit statistics.  526 

 527 

Conclusions 528 

The concept of healthy eating patterns has been adopted by the Dietary Guidelines for 529 

Americans over time and there is an emerging body of evidence on the beneficial or 530 

detrimental effects of DPs on health. Nevertheless, the key issues of reproducibility and 531 

validity of DPs have been assessed by a limited number of articles (mostly based on a priori 532 

DPs) and using very different approaches. This review included 38 articles on a posteriori 533 

DPs, with ~15 articles dealing with each research question. To our knowledge, this is the 534 

first attempt to collect the overall evidence on these issues and it is therefore valuable, yet 535 

it is still limited in its ability to draw strong conclusions. 536 
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The identification of DP with PCA/EFA or CA has traditionally used standard statistical 537 

approaches and software. However, since 2011, 7 of our articles have assessed matrix 538 

factorability before starting PCA/EFA (30, 32, 34, 37, 40, 41, 50) and 3 recent articles (43, 539 

44, 56) have proposed some innovation in CA procedures, with sound conclusions. Some 540 

novelties have been therefore introduced in the identification of a posteriori DPs over the 541 

last decade. However, there are essentially no specific investigations on fundamental 542 

questions that researchers should consider when using EFA or CA. For example, this 543 

happened for input variable format (e.g. nutrients or FGs, and, in the latter case, number of 544 

servings or percentage daily energy intake), transformation (e.g. log-transformation or not) 545 

and/or potential adjustment by energy intake (on input data or on DP scores, with the 546 

residual method or with other solutions), with only 4 articles (26, 36, 42, 46) included in the 547 

current review. Similarly, many other relevant topics were investigated in at most 3 or 4 548 

articles, so evidence is too weak to draw any conclusions on reproducibility of DPs across 549 

different statistical solutions. 550 

We found more convincing results from the assessment of reproducibility of DPs over short 551 

time periods and of relative validity of DPs. Before reporting the key findings, some general 552 

concerns have to be introduced. First of all, during this review, it has often happened that 553 

the Results sections described those DPs that were similar across the available dietary 554 



 

 33 

datasets, whereas the Discussion sections were left with a short note on the presence of 555 

additional DPs which were not common to all dietary datasets (9, 13, 32-34, 37, 39). Second, 556 

dietary pattern similarities were defined qualitatively, looking at factor loading matrices and 557 

percentages of explained variances or at FGs that contributed higher-than-mean intakes for 558 

each cluster. Third, when present, the quantification of similarities relied mostly on 559 

elementary statistics, with no statistical models assumed. Forth, the optimal number of DPs 560 

to retain was chosen separately for each dietary dataset. Any assessment of reproducibility 561 

or relative validity of DPs is based on these critical points. 562 

An opposite solution to independent sets of DPs (to be later analyzed for reproducibility and 563 

validity) is to work on a merged data matrix and force the dietary data to express the same 564 

set of DPs across dietary datasets. We recently introduced multi-study factor analysis (58) 565 

to allow for the simultaneous identification of common and study-specific DPs across 566 

different studies, within a statistical model that includes a formal assessment of the number 567 

of shared and study-specific DPs. A similar idea of partial sharing of DP could be applied in 568 

the assessment of DP reproducibility and relative validity, after multiple measures from each 569 

subject are taken into account. Use of a statistical model would solve most of the inherent 570 

limitations of correlation coefficients, cross-classification and weighted kappa coefficients. 571 
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In the validation studies of FFQs that we analyzed, the assessment of reproducibility of DPs 572 

provided systematically better results than the corresponding assessment of relative validity, 573 

independently of the statistical approach used. This suggests that multiple administrations 574 

of the same dietary tool improve consistency of the corresponding DPs, as compared to 575 

having 2 different dietary sources. In the latter case, reference periods, number of collected 576 

food items and the administration process are deeply different. An effort is generally made 577 

to create a common set of FGs that fits both the instruments, however other differences 578 

cannot be eliminated and are reflected in the weaker agreement between corresponding 579 

DPs.  580 

It is reassuring that results on DP relative validity were similar no matter if reproducibility 581 

was assessed in the same study design or not (13, 35, 37-40, 47). However, in papers 582 

assessing DP relative validity only, the presence of different study designs, dietary 583 

assessment tools (24HR or DR), reference period of collection and timing of administration 584 

made the comparison of results even more difficult.  585 

Reproducibility of DPs across multiple administrations of the same FFQ was good and the 586 

differences between corresponding factor scores were not systematically biased. However, 587 

we detected some variability in factor scores that was reflected in wider-than-expected limits 588 
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of agreement. A 1-year (median) time-interval between FFQ administrations across studies 589 

could be at the origin of this extra variability. 590 

Confirmatory factor analysis should have a wider use in nutritional epidemiology, either for 591 

describing dietary habits of a population in a more ideal way or for assessing more general 592 

questions on reproducibility of DPs over time (10, 27-29), across populations (24) or dietary 593 

sources (47). The current review showed that, when used to identify synthetic dietary profiles 594 

from a previous EFA or as a one-step approach, CFA provided models with good fit and 595 

interpretable DPs. Publication bias is likely to be present in this case, especially with those 596 

articles that simply confirm a previous EFA. Some caution is therefore needed before 597 

concluding on the effective power of CFA. On the other hand, we lacked information on 598 

model goodness-of-fit for most of the articles assessing more general research questions 599 

through CFA-based DPs (10, 27-29). Researchers should have in mind that using CFA to 600 

assess reproducibility of DPs in time or across studies requires giving details on CFA 601 

performance too. 602 

We have speculated on the possibility that some DPs would have been more likely to be 603 

reproducible and valid than others across the articles included in the review. Unfortunately, 604 

CFA does not allow to evaluate the validity of single DPs. The goodness of fit measures 605 

represent global model fitting, whereas the significance tests on standardized CFA loadings 606 
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are not informative, when based on highly selected FGs and a reasonable sample size. In 607 

regard with reproducibility and relative validity, there is some evidence that DPs built on a 608 

few characteristic FGs were more likely to be reproducible and valid; for example, Sandwich-609 

based (30) or Alcohol-based (33) DPs gave better results on reproducibility and relative 610 

validity than other DPs presented in the same articles. Similarly, well-characterized 611 

traditional DPs (e.g. (31)) could be more likely to be reproducible and valid, although this 612 

was not always true (e.g. (34)). Western-like or Prudent-like DPs were generally based on 613 

a higher number of dominating FGs and those FGs represent different aspects of Western 614 

(e.g. processed food, red meat, sausages, butter, French fries, eggs, high-fat dairy products) 615 

or Prudent (e.g. fruits, vegetables, fish, poultry, low-fat dairy products, nuts and seeds) diets. 616 

These aspects may explain why these DPs reached only fair-to-moderate levels of 617 

agreement. A similar argument was already presented in a previous review on empirically 618 

derived DP (6). 619 

It is crucial to evaluate the quality of the original studies included in a systematic review 620 

using standardized and validated quality assessment tools, like the one (23) we referred to 621 

in the current analysis. However, our topic did not fit well within the typical research question 622 

of a possible association between exposure and disease. In addition, any evaluation of 623 

reproducibility and/or validity of DPs depends strongly on how well DPs were originally 624 
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identified in the sample under consideration. Finally, the way the assessment of 625 

reproducibility and validity of a posteriori DPs is carried out (e.g., how many criteria were 626 

considered and which criteria were used) should deserve additional attention. A standard 627 

quality assessment tool is not able to capture all these aspects, which are fundamental in a 628 

systematic review on reproducibility and validity of a posteriori DPs. Nevertheless, we 629 

showed that better-designed studies were more likely to provide highly reproducible and/or 630 

valid DPs. This conclusion reflects the general idea that good results are more likely to come 631 

from well-designed and carefully implemented studies, based on a sound statistical analysis. 632 

In conclusion, although some caution is worthy, this preliminary attempt to collect evidence 633 

on reproducibility, relative and construct validity of a posteriori DPs provides several 634 

reasonable conclusions on a topic that has not been fully considered so far. In addition, we 635 

provide those new to factor or cluster analyses with a small guide that summarizes evidence 636 

on several subjective decisions involved in the DP identification process. 637 

638 
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Table 1. Basic characteristics of observational studies on reproducibility, relative 

and construct validity of a posteriori dietary patternsa 

Reference Study Design 

Subjects [number 

and age (ys)] and 

follow-up 

Questionnaire 

Ambrosini, 2011 

Australia 

Western 

Australian 

Pregnancy 

Cohort (Raine) 

Study 

Fair quality 

(13) 

14-year follow-up of the Raine 

cohort study, including 

adolescents from 2900 pregnant 

Fs originally recruited at 16 - 20 

weeks of gestation between 1989 

and 1991 

1613 adolescents 

who completed the 

FFQ, 822 

adolescents who 

completed the DR, 

783 adolescents who 

completed both FFQ 

and DR  

14 (mean: 14, SD: 

0.2) 

Follow-up: Not 

applicable 

FFQ: 1 y; SA; validity 

assessed but no 

comments on the results; 

212 FI; FFQ completed by 

primary caregiver and 

adolescent; 

3-day DR completed by 

adolescents, and verified 

by a dietician; interest on 

representative DR; 

38 FG common to all 

dietary sources 

Asghari, 2012 

Iran 

TLGS 

Fair quality 

(11) 

TLGS: cohort study on urban 

residents in Tehran in 1999 - 

2001; Validation study of the 

TLGS FFQ based on a random 

sample of participants who were 

proportionately distributed across 

5 10-year age intervals and 2 

sexes plus extra wave of the 

cohort study with FFQ 

administration 

132 (89 completed 

FFQ3) 

20 - 70 (mean: 35.6, 

SD: 16.8) 

Follow-up: 8 ys, until 

2011 

FFQ (based on a Willett 

format): 1 y; SA; 

reproducibility and validity 

to be assessed in this 

study, but validity granted 

for the analysis of stability 

over time; 168 FI;  

12 24HRs: collected 

monthly on 2 formal 

weekend days and 10 

week days; 

FFQ1: completed 1 month 

before collection of the 

first 24HRs; 

FFQ2: completed 1 month 

after the last 24HR, 14 

months between FFQ1 

and FFQ2; 

FFQ3: completed at the 

end of the follow-up; 
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19 FG common to all 

dietary sources 

Bailey, 2006 

USA 

(Pennsylvania) 

Geisinger Rural 

Aging Study 

Fair quality 

(42) 

Geisinger Rural Aging Study: 

longitudinal cohort study of rural 

older adults in Pennsylvania 

enrolled within a Medicare-

managed health maintenance 

organization; random sample of 

participants to an intensive cross-

sectional research study, not 

depressed or with functional 

limitations 

179 

66 - 87 (mean: 73, 

SD: 5) 

Follow-up: No follow-

up 

5 24HRs collected on 

random and 

nonconsecutive days over 

10 months using a multi-

pass technique; m24HRs 

used for the analysis; 24 

FG for all time-points  

Balder, 2003 

Netherlands, 

Sweden, 

Finland, and 

Italy 

DIETSCAN 

(NLCS, SMC, 

ATBC, ORDET) 

Good quality 

(26) 

Parallel analysis of 4 studies (no 

pooled analysis); NLCS (random 

subcohort of): population-based 

cohort of Ms and Fs from Dutch 

municipalies; SMC: population-

based cohort of Fs based on a 

mammography screening in 2 

counties in central Sweden from 

1987 to 1990; ATBC: randomized 

placebo-controlled intervention 

study conducted among M 

smokers who lived in 

southwestern Finland; ORDET: 

cohort study of Italian healthy 

volunteer Fs from the province of 

Varese, northern Italy 

NLCS: 3123 (1598 

Fs and 1525 Ms); 

SMC: 61,469 Fs; 

ATBC: 27,111 Ms; 

ORDET: 9208 Fs 

NLCS: 55 - 69 at 

baseline in 1986 

(mean: 61.4, SD: 4.2 

for Ms and 4.3 for 

Fs); SMC: 40 - 74 

when invited to 

mammography 

screening in 1987 to 

1990 (mean: 53.7, 

SD: 9.7); ATBC: 50 - 

69 at baseline 

between 1985 and 

1988 (mean: 57.7, 

SD: 5.1); ORDET: 35 

- 69 between 1987 

and 1992 (mean: 48, 

SD: 8.5) 

Follow-up: 7 for 

NLCS (baseline: 

1986); 13 for SMC 

4 different but validated 

FFQs: NLCS-FFQ: 1 y; 

SA; NA reproducibility but 

valid; 150 FI (51 FG, but 

final number equal to 49); 

SMC-FFQ: 6 months; SA; 

NA reproducibility but 

valid; 67 FI (51 FG, but 

final number equal to 42); 

ATBC-FFQ: 1 y; SA; 

reproducible and valid; 

276 FI (51 FG, but smaller 

final number of FG); 

ORDET-FFQ: 1 y; SA; 

reproducible and valid; 

107 FI (51 FG, but final 

number equal to 32) 
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(baseline: 1987-

1990); NA for ATBC 

(baseline: 1985 - 

1988, intervention 

ended in 1993 after 

5-8 ys, follow-up later 

on); 9 for ORDET 

(baseline: 1987-

1992) 

Beck, 2012 

New Zealand 

NA 

Poor quality 

(30) 

Validation study of a new FFQ; 

convenient sample of Fs living in 

Auckland in 2009 free of chronic 

disease, recruited with a 

magazine advertisement or 

invitation to potential volunteers 

115 Fs 

18 - 44 (median: 33) 

Follow-up: 1 month 

FFQ: 1 month; SA; 

reproducibility and validity 

to be assessed in this 

study; 

FFQ1: completed at 

baseline; 

FFQ2: completed 1 month 

later; 

4-day weighted DR: 

completed between FFQ1 

and FFQ2; 

144 FI for FFQ and DR 

(30 FG - most frequently 

consumed on FFQ1) 

Bedard, 2015 

France 

E3N (EPIC-

France) 

Fair quality 

(49) 

1993 wave of the prospective 

cohort Study E3N, after exclusion 

of current or former smokers, and 

of Fs with prevalent asthma at 

baseline 

30,589 Fs  

40 - 65 at baseline 

(mean: 53)  

Follow-up: 1993 - 

2005 

FFQ: NA reference 

period; SA; reproducible 

and valid; 208 FI (27 FG) 

Bountziouka, 

2011 

Greece 

NA 

Poor quality 

(40) 

Validation study based on a 

convenience sample, 

representative of the general 

population of Athens residents 

(stratified sample by age group 

and gender according to 2001 

Census) 

500 

mean: 46, SD: 16 

Follow-up: No follow-

up 

FFQ: 1 month; IA; 

reproducible and valid; 76 

FI; 

3-day DR: based on 2 

weekdays and 1 weekend 

day, over the same time 

span of the FFQ; DR FI 

matched with FFQ FI; 
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24 FG common to all 

dietary sources 

Bountziouka, 

2012 

Greece 

NA 

Fair quality 

(41) 

Nutrition survey 500 

mean: 37, SD: 15 

Follow-up: No follow-

up 

FFQ: 1 month; IA; 

reproducible and valid; 76 

FI (24 FG); FFQ 

completed twice, within a 

15 day interval 

Castro, 2015 

Brazil 

Healthy Survey 

of the City of 

Sao Paulo 

Poor quality 

(50) 

Cross-sectional population-based 

survey (using a complex 

multistage sampling design to 

have a representative sample of 

Sao Paulo residents) 

1102 (424 Ms; 678 

Fs) 

>= 20, 46% with 60 

ys or more 

Follow-up: No follow-

up 

2 non-consecutive 24HRs, 

former collected face to 

face (USDA 5 Step 

Multiple Pass Method) 

and latter with telephone 

interview; 1169 FI (38 FG, 

but final analysis on 34 

FG) 

Crozier, 2008 

UK 

NA 

Fair quality 

(39) 

Cross-sectional study including 

Fs in early pregnancy (median 

gestation: 15.3 weeks) booked for 

delivery under 2 consultants in 

Southampton 

585 Fs in early 

pregnancy with 

complete information 

on FFQ and DR 

16 or more (mean: 

26.4, SD: 4.9) 

Follow-up: Not 

applicable 

FFQ: 3 months (first 

trimester of pregnancy); 

IA; NA reproducible and 

valid; 100 FI (49 FG); 

4-day DR: filled in 

immediately after 

completion of the FFQ, at 

the end of the first 

trimester of pregnancy; 

DR FI mapped into the 

100 FFQ FI and then 

grouped in the 49 FG 

used for the FFQ data 
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Dekker, 2013 

Netherlands 

Doetinchem 

Cohort Study 

Good quality 

(25) 

3 successive surveys (surveys 2, 

3, and 4, at 3, 11, and 16 ys after 

the first one) within the same 

population-based cohort study 

including at baseline an age- and 

sex-stratified random sample of 

residents from Doetinchem town; 

follow-up available for 2/3 of the 

original random sample by design 

4007 subjects with 

information available 

for the 3 rounds. In 

detail: 1993 - 1997: 

6113 (survey 2); 

1998 - 2002: 4916 

(survey 3); 2003 - 

2007: 4520 (survey 

4) 

47 - 66 

Follow-up: 6, 11, 16 

ys after the first 

survey, so 10-y 

follow-up from survey 

2 to survey 4 

FFQ: 1 y; NA SA; 

reproducible and valid; 

178 FI (32 FG) 

Fransen, 2014 

Netherlands 

EPIC-NL 

Fair quality 

(51) 

Cohort study consisting of 

Prospect-EPIC and the 

Monitoring Project on Risk 

Factors for Chronic Diseases 

(MORGEN)-EPIC cohorts 

39,678 (Prospect-

EPIC Fs, MORGEN-

EPIC Ms and Fs), of 

which 19,837 in the 

derivation sample 

and 19,841 in the 

replication sample 

Prospect-EPIC: 50 - 

69; MORGEN-EPIC: 

20 - 64 

Follow-up: 1993 - 

2007 

FFQ: 1 y; SA; 

reproducible and valid; 

178 FI (31 FG) 

Greve, 2016 

Germany 

IDEFICS 

Fair quality 

(56) 

Baseline survey of the GerM 

subsample of the IDEFICS study 

(a European longitudinal 

multicentre study  in children and 

infants from 8 European 

countries) 

1791 children  

2-9 

Follow-up: No follow-

up 

FFQ: NA reference 

period; SA (caregiver); NA 

reproducibility and validity; 

45 FI (15 FG) 

Hong, 2016 

China 

NA 

Good quality 

Validation study of FFQ; 

subsample of 250 participants 

from the community-based, cross-

sectional, nutrition and health 

203 

31 - 80 (mean: 50.4, 

SD: 12) 

Follow-up: 1 y 

FFQ: 1 y; IA; 

reproducibility and validity 

to be assessed in this 

study; 87 FI; FFQ 
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(34) survey in Nanjing, presenting a 

multi-stage random sampling 

design based on 6 communities 

of residents 

completed twice (FFQ1 

and FFQ2), at the 

beginning (June 2014) 

and end (May 2015) of the 

study; 

4 3-consecutive day 

(including 2 weekdays 

and 1 weekend day in a 

usual week) 24HRs 

collected at intervals of 3 

months during the 1-year 

period by trained 

interviewers; 

28 FG common to all 

dietary sources 

Hu, 1999 

USA 

(Massachusetts) 

HPFS 

Good quality 

(9) 

HPFS: prospective cohort study 

of US M health professionals 

started in 1986; Validation study 

of the FFQ used in the 1986 wave 

of the HPFS cohort study; random 

sample of cohort members (men) 

from the Boston area 

127 Ms 

40 -75 ys at baseline 

in 1986 

Follow-up: 6-7 

months for validity 

analysis, 1 y for 

reproducibility 

analysis 

FFQ: 1 y; SA; 

reproducibility and validity 

to be assessed in this 

study; 131 FI; 

FFQ1: completed during 

the following ys; 

FFQ2: completed 1 y after 

FFQ1; 

2 7-day DRs 6-7 months 

apart; 

DR1: completed ~3 

months after FFQ1; 

DR2: completed 2-3 

months before FFQ2; 

1217 DR food codes used 

for creating FG; 

40 FG common to all 

dietary sources 
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Judd, 2014 

USA 

REGARDS 

Fair quality 

(24) 

Population-based random sample 

of black and white individuals 

designed to oversample black 

participants and people residing 

in the stroke belt (8 US states) 

21,636 

> 45 

Follow-up: No follow-

up 

FFQ: 1 y; SA; NA 

reproducibility, but valid; 

107 FI (58 FG, but final 

analysis on 56 FG due to 

low communalities and 

zero consumption) 

Khani, 2004 

Sweden 

SMC 

Fair quality 

(33) 

SMC: population-based cohort 

based on a mammography 

screening in 2 counties in central 

Sweden from 1987 to 1990 with 

57,881 Fs who have completed 

the baseline SMC FFQ; Validation 

study of the SMC FFQ; 2 random 

samples, one for FFQ 

reproducibility assessment and 

the other for FFQ validity 

assessement, reference FFQ 

completed at baseline for both 

samples 

197 Fs included in 

the FFQ 

reproduciblity 

sample; 111 Fs 

included in the FFQ 

validity sample 

40 - 74 at baseline 

Follow-up: 1 y 

FFQ: 6 months; SA; 

reproducibility and validity 

to be assessed in this 

study; 60 FI; 

FFQ1: completed at 

baseline within the 

reproducibility sample; 

FFQ2: completed 1 y after 

FFQ1 within the 

reproducibility sample; 

FFQ: completed at 

baseline within the validity 

sample; 

4 7-day open ended 

weighted DR 3 months 

apart to cover a ys; 543 

DR food codes matched 

to the FFQ items; 

26 FG common to all 

dietary sources 

Lau, 2008 

Denmark 

Inter99 Study 

Fair quality 

(48) 

Age- and sex- stratified random 

sample of participants to a health 

survey derived from baseline data 

of the population-based 

intervention study Inter99 (1999 - 

2001), that included residents 

from the south-western part of the 

Copenhagen County 

6563 (3372 Fs; 3191 

Ms) 

30 - 60 (mean: 46.3, 

SD: 7.9) 

Follow-up: No follow-

up 

FFQ: 1 month; SA; NA 

reproducibility, valid; 198 

FI (34 FG) 
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Liu, 2015 

China 

NA 

Poor quality 

(32) 

Validation study of a new FFQ 

developed from a NCI FFQ to 

capture DPs of rural chinese 

population; random sample of 

subjects from an underdeveloped 

rural area of southwest China, 

free of chronic malignant 

diseases 

179 

40 - 70 at baseline in 

2012 (mean: 55, SD: 

8.2) 

Follow-up: 1 y 

FFQ: 1 y; IA; 

reproducibility and validity 

to be assessed in this 

study; 131 FI; 

FFQ1: completed at 

baseline; 

FFQ2: completed 1 y after 

FFQ1; 

6 3-day 24HRs completed 

in between the 2 FFQs 

(18 24HRs in 1 y, 3 

24HRs every 2 months, 

on consecutive days, 

given by 2 weekdays and 

1 weekend day);  

18 FG common to all 

dietary sources 

Lo Siou, 2011 

Canada 

Tomorrow 

Project 

Fair quality 

(43) 

Tomorrow Project: longitudinal 

cohort study with 2-stage random 

sampling design including 

Albertans Ms and Fs with no 

personal history of cancer 

recruited between 2001 and 

2007; subset of participants with 

complete data by November 2007 

16,674 (6445 Ms; 

10,229 Fs) 

35 - 69 (mean: 50.5, 

SD: 9.1 for Ms and 

9.2 for Fs) 

Follow-up: No follow-

up 

FFQ: 1 y; SA; NA 

reproducibility and validity; 

284 FI (55 FG) 

Loy, 2013 

Malaysia 

USM Birth 

Cohort Study 

Good quality 

(37) 

Validation study of the FFQ from 

USM Birth Cohort study, based 

on a convenience sample of 

pregnant healthy Fs from the 

north-east of Peninsular Malaysia 

162 pregnant Fs 

19 - 40 (mean: 

28.67) 

Follow-up: mid 

pregnancy - late 

pregnancy 

FFQ; 6 months of 

pregnancy; IA; validity to 

be assessed in this study; 

82 FI; FFQ conducted 

immediately after 

completing the 24HRs in 

late pregnancy; 

6 24HRs, 3 24HRs in mid 

(mean gestation: 15.6 

weeks) and late (mean 

gestation: 34.3 weeks) 

pregnancy (2 weekdays 
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and 1 weekend dietary 

intake); 

23 FG common to all 

dietary sources 

Maskarinec, 

2000 

USA (Hawaii) 

NA 

Fair quality 

(52) 

Cross-sectional study based on 

an ethnically diverse population, 

with recruitment at different 

mammography facilities on Oahu  

514 Fs 

35 - 85 (mean: 53.9, 

SD: 10.1) 

Follow-up: Not 

applicable 

FFQ: NA reference 

period; SA; valid; ~209 FI 

(39 FG, but final analysis 

on 23 FG due to 

skewness in FG 

distributions) 

McCann, 2001 

USA (New York) 

Western New 

York Diet Study 

Fair quality 

(45) 

Case-control study on 

endometrial cancer with 

population-based controls 

frequency-matched to cases on 

age and county of residence, 

conducted between October 1986 

and March 1991 in the Buffalo 

area 

1095 (232 cases; 

863 controls) 

40 - 85 for cases 

Follow-up: Not 

applicable 

FFQ: 2 ys; IA; NA 

reproducibility and validity; 

190 FI (different numbers 

of FG in the analysis 

corresponding to 3 

different food grouping 

schemes: 168 FG, as to 

useable information from 

FFQ, 56 FG, as to nutrient 

content and use, and 36 

FG, as to USDA 

suggestions) 

McNaughton, 

2005 

UK 

Medical 

Research 

Council National 

Survey of 

Health and 

Development 

(1946 British 

Birth Cohort) 

Good quality 

(35) 

1946 British Birth Cohort: 

longitudinal study based on a 

social class stratified, random 

sample of 5362 singleton births in 

England, Scotland or Wales 

during the first week of March, 

1946, with 21 occasions for 

collecting information throughout 

the life-course until current paper; 

data from 1989 interview 

2265 subjects who 

completed the 48HR 

recall and the DR in 

1989 

43 in 1989 

Follow-up: No follow-

up 

1 48HR at interview; 1 5-

day DR completed in the 

5 days following the 48HR 

collection; 1 24HR recall 

relative to the 24-hour 

period preceding the 

interview; 

56 FG common to all 

dietary sources 
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Nanri, 2012 

Japan 

JPHC 

Poor quality 

(31) 

Validation study of JPHC study 

FFQ; sub-sample of married 

couples from 5-year follow-up 

survey of the JPHC study (cohort 

1: baseline: 1990, and cohort 2: 

baseline: 1993) who provided 

complete information on 2 FFQs 

and DRs 

498 (244 Ms and 254 

Fs, 290 in cohort 1 

and 289 in cohort 2) 

Cohort 1: 40 - 59 at 

baseline; cohort 2: 

40 - 69 at baseline 

Follow-up: 1 y 

FFQ: 1 y; SA; 

reproducibility and validity 

to be assessed in this 

study; 147 FI, but 134 FI 

used for the final analysis; 

FFQ_R: completed 1 y 

after or before FFQ_V; 

FFQ_V: completed after 

DRs, and compared with 

DR; 

28 - 14 DRs: completed in 

1 y (i.e. 7-day DRs 

collected 4 (or 2) times at 

3 month (or 6 month) 

intervals during the ys); 

558 DR FI matched to 134 

FFQ FI; 

48 FG common to all 

dietary sources 

Newby, 2006 

Sweden 

SMC 

Good quality 

(10) 

SMC: population-based cohort 

based on a mammography 

screening in 2 counties in central 

Sweden from 1987 to 1990; 

subsample of SMC including 

healthy Fs at baseline with 

complete information on FFQ1 

and FFQ2 

33,840 Fs 

mean: 52 at baseline 

(all Fs born between 

1914 and 1948) 

Follow-up: from 1987 

- 1990 to 1997 - 

onwards 

FFQ1 (1987 - 1990): 6 

months; SA; reproducible 

and valid; 67 FI (29 FG);  

FFQ2 (1997): 1 y; SA; 

based on the 1987 

reproducible and valid 

FFQ; 97 FI (32 FG); mean 

time interval between 

FFQs: 8.8 ys 

Newby, 2006 

Sweden 

SMC 

Good quality 

(27) 

SMC: population-based cohort 

based on a mammography 

screening in 2 counties in central 

Sweden from 1987 to 1990; 

subsample of SMC including 

healthy Fs at baseline with 

complete information on FFQ1 

and FFQ2 

33,840 Fs 

mean: 52 at baseline 

(all Fs born between 

1914 and 1948) 

Follow-up: from 1987 

- 1990 to 1997, 9 ys 

of follow-up 

FFQ1 (1987 - 1990): 6 

months; SA; reproducible 

and valid; 67 FI (29 FG);  

FFQ2 (1997): 1 y; SA; 

based on the 1987 

reproducible and valid 

FFQ; 97 FI (32 FG) 
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Northstone, 

2008 

UK 

ALSPAC 

Fair quality 

(36) 

ALSPAC: longitudinal cohort 

study including a sample of 

pregnant Fs residents in the 

former Avon Health Authority with 

expected delivery date between 

1st April 1991 - 31st December 

1992; subset of ALSPAC study 

including Fs during pregnancy (1 

wave) 

12,053 pregnant Fs  

Age: NA ys 

Follow-up: NA 

FFQ: NA reference 

period; SA; NA 

reproducibility and validity; 

NA FI (44 FG) 

Okubo, 2010 

Japan 

NA 

Good quality 

(38) 

Cross-sectional study including 

apparently healthy volunteer Fs 

and their husbands from 3 areas 

of Japan [rural and urban Osaka 

(urban), Nagano (rural inland) and 

Tottori (rural coastal)]; Fs of 30 - 

69 ys, such that 8 Fs were equally 

distributed in each 10 ys age 

stratum, but no age requirement 

for Ms 

184 (92 Fs; 92 Ms) 

31 - 69 for Fs (mean: 

49.6, SD: 11.4); 32 - 

76 for Ms (mean: 

52.8, SD: 12.1) 

Follow-up: Not 

applicable 

DHQ; 1 month; SA, valid; 

150 FI (145 effective FI); 

DHQ administered 4 times 

(1 for each season over 1 

y), 2 days before the start 

of the DRs; 

4 4-day weighed DRs (1 

in each season over 1 y); 

3 weekdays and 1 

weekend day; 1299 FI 

(1259 FI used); 

30 FG common to all 

dietary sources 

Park, 2005 

USA (Hawaii 

and Los 

Angeles) 

Hawaii - Los 

Angeles 

Multiethnic 

Cohort Study 

Poor quality 

(53) 

Baseline wave of the Multiethnic 

Cohort Study including the 5 

principal ethnic groups (African 

Americans, Hawaiians, Japanese 

Americans, Latinos, and Whites) 

who lived in Hawaii and Los 

Angeles 

195,298 

45 - 75 

Follow-up: No follow-

up 

FFQ: NA reference 

period; SA; valid; NA FI 

(30 FG, but final analysis 

on 20 FG due to null 

values and non-normality 

in FG distributions) 
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Ryman, 2015 

USA (Southwest 

Alaska) 

CANHR 

Fair quality 

(54) 

Cohort study based on a 

convenience sampling of Alaska 

native (Yup'ik or Cup'ik) adults 

participating in CANHR Study and 

completing at least 1 FFQ 

between September 2009 and 

May 2013  

358 for EFA (1st 

FFQ, September 

2009 - August 2011), 

272 for CFA (1st 

FFQ, September 

2011 - May 2013), 

113 for test-retest 

(2nd FFQ, 

September 2009 - 

May 2013) 

>18 (median: 37, 

IQR: 23 - 54, in 

September 2009) 

Follow-up: 

September 2009 - 

May 2013 

CANHR FFQ: 1 y; IA; 163 

FI (22 FG, but final CFA 

on 18 FG); not tested for 

reproducibility and validity;  

FFQ1 in September 2009 

- August 2011 for EFA 

(358 subjects);  

FFQ1 in September 2011 

- May 2013 for CFA (272 

subjects); 

FFQ2 in September 2009 

- May 2013 for test-retest 

(113 subjects) 

Sauvageot, 

2017 

Luxembourg, 

Belgium, and 

France 

NESCaV 

Good quality 

(44) 

NESCaV: cross-border 

cardiovascular health population-

based cross-sectional study, 

based on a stratified random 

sample of 3133 subjects recruited 

from 3 neighboring regions 

(Grand-Duchy of Luxembourg, 

Wallonia in Belgium, and Lorraine 

in France) from the Greater 

Region 

2298 

18 – 69 

Follow-up: Not 

applicable 

FFQ: 2 ys; NA SA; NA 

reproducibility and validity; 

134 FI (45 FG) 

Schulze, 2003 

Germany 

EPIC-Potsdam 

Good quality 

(55) 

Cohort study participating into the 

EPIC project and including 27,548 

Ms and Fs; Fs without a previous 

diagnosis of hypertension or 

intake of antihypertensive 

medication within a 4-week period 

prior to the baseline examination 

were included at baseline, 

between August 1994 and 

September 1998 

10,489 Fs, divided 

into learning (1937 

Fs with normal blood 

pressure) and study 

(8552 Fs followed for 

2-4 ys for incident 

hypertension, and 

including 123 

incident verified 

cases) samples 

35 - 64 at baseline 

FFQ: 1 y; SA; 

reproducible and valid; 

148 FI (44 FG) 
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Follow-up: 2 - 4 ys 

(until May, 15, 2002) 

Togo, 2004 

Denmark 

MONICA 

Poor quality 

(29) 

Three consecutive surveys from 

MONICA project, including at 

baseline (M-82) a random sample 

of Danish citizens who lived in the 

western part of the Copenhagen 

County and had 30, 40, 50, and 

60 ys at baseline and further 

rexamined in 1987-88 (M-87) and 

1993-1994 (M-93) 

2436 subjects 

participating in all 3 

surveys, including 

1806 subjects in M-

82 

30, or 40, or 50, or 

60 at baseline in 

1982 - 1984 

Follow-up: at 5 ys 

(1987 - 1988) and 11 

ys (1993 - 1994) 

FFQ: 1 y; NA SA; NA 

reproducibility and validity; 

26 FI (21 FG) 

Togo, 2003 

Denmark 

MONICA 

Poor quality 

(47) 

Danish part of MONICA 1 (1982 - 

1984) survey, including a random 

sample of Danish citizens who 

lived in the western part of the 

Copenhagen County and had 30, 

40, 50, and 60 ys at baseline 

3785 (879 Ms and 

927 Fs) 

30, or 40, or 50, or 

60 at baseline in 

1982-1984 

Follow-up: No follow-

up 

FFQ: 1 y; NA SA; NA 

reproducibility and validity; 

26 FI;  

7-day weighted DR 

completed in a normal 

week within 3 weeks 

following the baseline 

investigation; 111 FI; 

21 FG common to all 

dietary sources 

Varraso, 2012 

France and 

Spain 

EGEA2-France, 

Spanish PAC-

COPD 

Poor quality 

(57) 

EGEA2-France: cross-sectional 

study, 2003-2007 (12-year follow-

up of EGEA study which is a 

case-control and family asthma 

study); Spanish PAC-COPD, 

2004-2007: cross-sectional study 

of patients hopitalized for the first 

time for a COPD exacerbation 

between 2004 and 2006 

EGEA2-France: 

1236; Spanish PAC-

COPD: 274 

EGEA2-France: 

mean: 43, SD: 16; 

Spanish PAC-COPD: 

mean: 68, SD: 8 

Follow-up: Not 

applicable 

EGEA2-France: FFQ: 1 y; 

SA; based on a validated 

FFQ; 118 FI (46 FG); 

Spanish PAC-COPD: 

FFQ: 2 ys; IA; NA 

reproducible and valid; 

122 FI (43 FG all shared 

with EGEA2-France FG) 
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Weismayer, 

2006 

Sweden 

SMC 

Poor quality 

(28) 

SMC: population-based cohort 

based on a mammography 

screening in 2 counties in central 

Sweden from 1987 to 1990; 

subsample of SMC including 4 

randomly selected subsamples of 

1000 Fs each (giving a total of 

4000 Fs), who completed 2 

identical FFQs, to avoid survey 

learning effects 

3606 Fs (871, 864, 

887, and 967, at 4, 5, 

6, 7 ys after 

baseline) 

49 - 70 

Follow-up: 4, 5, 6, 7 

ys after baseline 

depending of the 

subsample 

FFQ (1987 - 1990): 6 

months; SA; reproducible 

and valid; 67 FI (25 FG);  

FFQ completed at 

baseline and after 4, 5, 6 

or 7 ys depending of the 

subsample 

Wirfalt, 2000 

Sweden 

MDC 

Fair quality 

(46) 

MDC: population-based 

prospective cohort study in 

Malmo, with baseline 

examinations conducted from 

March 1991 to October 1996; 

subset of participants with 

complete dietary data belonging 

to a substudy of the MDC Study  

5357 

50 - 73 for Ms and 45 

- 73 for Fs 

Follow-up: No follow-

up 

Modified DHQ combining 

a 7-day menu book with a 

168 item FFQ: NA 

reference period; IA; 

reproducibility and validity 

assessed; 48 original FG, 

but 43 FG used in the final 

analysis due to negligible 

energy contribution and 

non-consumption 
aABBREVIATIONS: 24HRs/48HRs: 24/48 hours recall; ALSPAC: Avon Longitudinal Study 
of Parents and Children; ATBC: Alpha-Tocopherol Beta-Carotene Cancer Prevention Study; 
CANHR: Center for Alaska Native Health Research study; CFA: confirmatory factor 
analysis; DIETSCAN: DIETary patternS and CANcer in four European countries project; 
DHQ: diet history questionnaire; DR: dietary record; E3N: Mutuelle Generale de l'Education 
Nationale (EPIC - France); EFA: exploratory factor analysis; EGEA2-France: 
Epidemiological Study on the Genetics and Environment of Asthma 2–France; EPIC-NL: 
European Prospective Investigation into Cancer and Nutrition-The Netherlands; EPIC-
Potsdam: European Prospective Investigation into Cancer and Nutrition-Potsdam; F: 
female; FFQ: food-frequency questionnaire; FFQ_R: food-frequency questionnaire from the 
reproducibility study; FFQ_V: food-frequency questionnaire from the relative validity study; 
FFQ1/FFQ2/FFQ3: food-frequency questionnaire at time 1, 2, or 3; FG: food groups; FI: 
food items; HPFS: Health Professionals Follow-up Study; JPHC: Japan Public Health 
Center-based Prospective study; IA: interviewer-administered; IDEFICS: Identification and 
Prevention of Dietary and Lifestyle-induced Health Effects in Children and Infants; IQR: 
interquartile range; M: male; m24: mean 24 hour recall; MDC: Malmo Diet and Cancer study; 
MONICA: MONItoring of trends and determinants in CArdiovascular Disease; NA: not 
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available; NCI: National Cancer Institute; NESCaV: Nutrition, Environment and 
Cardiovascular Health; NLCS: Netherlands Cohort Study on diet and cancer; ORDET: 
Ormoni e Dieta nella Eziologia dei Tumori in Italy; PAC-COPD: Phenotype and Course of 
Chronic Obstructive Pulmonary Disease study–Spain; REGARDS: Reasons for Geographic 
and Racial Differences in Stroke; SA: self-administered; SD: standard deviation; SMC: 
Swedish Mammography Cohort; TLGS: Teheran Lipid and Glucose Study; USDA: US 
Department of Agriculture; USM: Universiti Sains Malaysia; y: year 
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Table 2. Reproducibility of a posteriori dietary patterns across statistical solutionsa 

Reference DP identification methods 
Percent Explained 
Variance (# factors) or 
CFA/CA model 

Assessment of 
reproducibility/validity 

Main Results 

Bailey, 2006 

USA (Pennsylvania) 

Geisinger Rural 

Aging Study 

(42) 

Separate CAs using either 
number of servings or percent 
daily energy contribution from 
the same FG and according to 
the same CA approach; NA 

algorithm (PROC FASTCLUS); 

Euclidean distance; varying 

number of cluster from 2 to 6; 

screeplot of eigenvalues and 

within-cluster sum of squares plot 

to choose the optimal number of 

clusters 

Not applicable, 2-cluster 

solution chosen 

examining screeplot of 

eigenvalues and within-

cluster sum of squares 

plot 

Reproducibility: No 

formal assessment 

Reproducibility: Both methods consistently clustered 

subgroups with high energy contribution (e.g. fats and 

oils and dairy desserts); clusters resulting from the 

percent energy method were less likely to discern 

differences between FG and in particular to 

differentiate fruit and vegetable subgroups, as 

compared to number of servings method 

Balder, 2003 

Netherlands, 

Sweden, Finland, 

and Italy 

DIETSCAN (NLCS, 

SMC, ATBC, 

ORDET) 

(26) 

Separate PCFAs on each of the 
4 studies: standardization and 

separate analysis by sex; within 

each study, sensitivity analyses 

assessing the effect of: 1. 

untransformed vs. dichotomized 

variables (for FG with >75% of 

nonusers); 2. unadjusted vs 

energy-adjusted variables using 

residual method; 3. solutions with 

NLCS: 23 (5) with Ms, 

23.2 (5) with Fs; 

ORDET: 28.5 (4); SMC: 

21.8 (4); ATBC: 20.3 

(3); final results based 

on unadjusted variables 

for energy 

Reproducibility: 
comparison of different 

scenarios within each 

study with Procrustes 

rotation; 

Cross-study 

reproducibility: no formal 

assessment 

Reproducibility: 1. Dichotomization: no effect 

(correlations of 0.98 - 1.00 on the diagonal of the 

Procrustes rotation matrix and low mutual correlations 

between factors); 2. Energy-adjustment: when using 

the energy-adjusted FG, the factor solutions were 

mostly comparable with the unadjusted factor 

solutions; mainly the DPs with high loadings on 

energy-contributing FG changed; by using energy-

adjusted food variables, substitution of foods such as 

brown vs. white bread and low fat vs. medium and full-
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2-6 factors; 4. split-half analysis 

using the Procrustes rotation to 

compare different solutions; Scree 

test to assess the final number of 

factors to retain in a range from 2 

to 6 factors; Varimax rotation; 

Loading >= |0.35| cut-off 

fat dairy products became more important, but other 

DPs unaffected by adjustment for energy (high 

correlations on the diagonal of the Procrustes rotation 

matrix); 3. Solutions with 2-6 factors: use of the 

Procrustes rotation matrix to track similar DPs across 

solutions with different number of factors: study-

specific numbers of factors described with 

percentages of explained variance; 4. Split-half 

analysis: very similar results on the 2 subsamples 

Cross-study reproducibility: Two of the identified 

DPs were qualitatively similar across studies and 

between Ms and Fs 

Bountziouka, 2012 

Greece 

NA 

(41) 

Separate PCAs conducted on 
the 2 administrations of the FFQ 
with different rotation methods; 

EIG>1; Varimax and quartimax 

rotation among the orthogonal 

rotations and promax and oblimin 

rotation among the non-ortoghonal 

rotations; Loading >|0.30|cut-off 

Unrotated: 38 (4) with 

FFQ1 data and 40 (4) 

with FFQ2 data; 

Varimax rotation: 32.5 

(4) with FFQ1 data and 

35.6 (4) with FFQ2 

data; Quartimax 

rotation: 32.8 (4) with 

FFQ1 data and 38.7 (4) 

with FFQ2 data; 

Promax rotation: NA (3); 

Oblimin rotation: NA (3) 

Reproducibility: Kendall 

tau-b correlation 

coefficient between 

corresponding scores 

derived from solutions at 

different time-points with 

no rotation and with 

different rotation 

methods; Bland-Altman 

method (with 95% LOA) 

between scores from 

solutions at different time-

points with no rotation 

Reproducibility: 1. Unrotated solutions: All the 4 

identified DPs were qualitately similar and the 

following measures witnessed a good agreement 

between scores at the 2 time-points; Kendall tau-b 

correlation coefficient between FFQ1 and FFQ2 scores 

ranged from 0.50 to 0.63 (all P<0.0001); Bland-Altman 

method: mean differences were equal to 0 but wide 

LOA especially for the LOW-FAT DP; 2. Orthogonal 

rotation solutions: 3 DPs were qualitately similar 

across the 2 orthogonal solutions, but the agreement 

was low-to-moderate between scores at the 2 time-

points; Kendall tau-b correlation coefficient between 

FFQ1 and FFQ2 scores ranged from 0.15 to 0.44 for 

the varimax (all P<0.0001) and from 0.28 to 0.46 for 
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and with different rotation 

methods 

the quartimax rotation method (all P<0.0001); Bland-

Altman method: mean differences were equal to 0, but 

wider LOA than with unrotated solutions; from both 

approaches, better agreement with quartimax (than 

varimax) rotation; 3. Non-orthogonal rotation solutions: 

3 DPs were qualitately similar, but the agreement was 

low-to-moderate between scores at the 2 time-points; 

Kendall tau-b correlation coefficient between FFQ1 

and FFQ2 scores ranged from 0.21 to 0.41 for the 

promax (all P<0.0001) and from 0.31 to 0.46 for the 

oblimin rotation method (all P<0.0001); Bland-Altman 

method: mean differences were equal to 0 but wider 

LOA than with unrotated solution; from both 

approaches, better agreement with oblimin (than 

promax) rotation 

Castro, 2015 

Brazil 

Healthy Survey of 

the City of Sao Paulo 

(50) 

EFA: adjustment for within-person 

variation via Multiple Source 

Method; robust maximum 

likelihood estimation; EIG>1, 

Scree test, interpretability; 

Varimax among the orthogonal 

rotations and promax (power=4) 

and oblimin rotation among the 

non-orthogonal rotations; 

Alphanumeric labelling; 

CFA: Loading >=|0.20| or 

EFA: ~10 with any 

rotation method used 

(2); CFA:2-factor model 

with |0.25| cut-off and 

promax rotation method 

Reproducibility and 
Validity: CFA; different 

cut-off for FG inclusion; 

within CFA with and 

without different cut-offs 

for FG inclusion, 

comparison of rotation 

methods 

Validity: 1. CFA with |0.20| cut-off: regardless of 

rotation method, factor loadings were statistically 

significant for all DPs (P< 0.05) and similar to those 

from EFA; (Reproducibility: promax and oblimin 

produced DPs with small but significant correlations (r 

= 0.17, P< 0.01); irrespective of rotation method, 

unacceptable model fits except for SRMR (SRMR < 

0.08)); 2. CFA with |0.25| cut-off: regardless of rotation 

method, factor loadings were statistically significant for 

all DPs (P< 0.05) and similar to those from EFA; 

(Reproducibility: better model fit with promax (best 
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|0.25|cut-offs on EFA results 

based on different rotation 

methods; robust maximum 

likelihood estimation; adjusted chi-

squared test, CFI, NNFI, RMSEA 

(90% CI), and SRMR 

values of CFI, NNFI, RMSEA, and SRMR) and then 

varimax, and last oblimin rotation solution (CFI and 

NNFI < 0.90); small but significant correlations 

between factors, with both promax (r = 0.19, P< 0.01) 

and oblimin rotations (r = 0.18, P< 0.01)) 

Dekker, 2013 

Netherlands 

Doetinchem Cohort 

Study 

(25) 

CA: percentage energy 

contributed variables (nutrient 

density); k-means algorithm; 

Bootstrap and internal cluster 

validity indexes (Calinski-

Harabasz index, Davies-Bouldin 

index, and prediction-strength 

method) to assess the optimal 

number of clusters to retain 

between 2 and 6 clusters; 

Labelling based on FG that 

contributed the highest percentage 

of total energy compared with 

other DPs within the same survey 

(>= 40% higher energy indicated 

an important FG); robustness 

analysis with partitioning around 

medoids method                                                      

Not applicable, 2-cluster 

solution chosen 

according to Jaccard 

similarity indexes and 

internal cluster validity 

indexes 

Reproducibility: internal 

cluster validity and 

stability (Jaccard indexes 

with 0.85 cut-off) indexes; 

Stability over time: 1. 

stability of DPs over time 

in terms of contribution of 

a FG to total energy 

between the 2 clusters 

within the same survey (t- 

test, 99% CI, highly 

important FG were those 

with >1.4 time the 

percentage of total 

energy contributed for 

one compared to the 

other cluster by any FG) 

and comparison of the 

differences across 

surveys with a 5% cut-off; 

Reproducibility: 1. internal cluster stability: highly 

stable clusters, with Jaccard indexes >0.85 for most 

cluster numbers from 2 to 6, but highest stability for the 

2-cluster solution; 2. internal cluster validity: indexes 

pointing to 2-cluster solution, although with some 

exceptions;  

Stability over time: 1. stability of DPs over time in 

terms of contribution of a FG to total energy: the 2 DPs 

were similar in all 3 surveys in terms of percentages of 

total energy contributed by relevant FG within each 

survey, although with small differences in FG 

composition across surveys (i.e. soft drinks with sugar 

and high-fiber cereals); the 2 DPs retained their 

relative difference in FG intake at each of the surveys, 

with FG relative intakes in each DP not changing >5% 

per survey; low-fiber bread was the only exception, 

with relative differences being equal to -7.06, -13.1, 

and -4.56 percentage of total energy contributed in 

survey 2, 3, and 4 respectively, so 2 changes were 

>5%, but the third was not; 2. Transitions of individuals 
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2. Transitions of 

individuals between DPs 

over time: proportion of 

stable eaters (those 

assigned to the same 

cluster) and transitioners 

(those assigned to 

different clusters) in all 3 

surveys and in survey 2 

and 4 (over the higher 

10-year period); relative 

change in mean 

percentage of total 

energy a specific FG 

contributed from survey 2 

to survey 4 between 

individuals with stable 

and unstable behavior 

between DPs over time: 30.7% of the 4007 subjects 

with complete FFQ information were stable eaters 

assigned to HIGH-FIBER BREAD DP in all 3 surveys 

and 11.1% were stable eaters assigned to LOW-

FIBER BREAD DP in all 3 surveys, giving a total of 

41.8%; when comparing survey 2 and 4 on the the 

longest time frame (10 ys), 57.8% of participants 

assigned to HIGH-FIBER BREAD DP in both surveys, 

15.2% assigned to LOW-FIBER BREAD DP at both 

surveys, 18.7% went from the HIGH- to LOW-FIBER 

BREAD DP, and 9.6% went from the LOW- to HIGH-

FIBER BREAD DP; among stable eaters over time, no 

significant differences in percentage energy 

contributed by important FG was found during the 10-

year period; transitioners had higher relative 

differences in percentage of energy intake for 

important FG than stable eaters (0.27-3.01 as 

compared to 0.86-1.88) 
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Fransen, 2014 

Netherlands 

EPIC-NL 

(51) 

PCA: percentage energy 

contributed variables from both 

subsamples and the whole study 

population based on varying 

number of factors retained from 2 

to 6; EIG>1, Scree test, Scree test 

optimal coordinate, interpretability; 

Varimax rotation; Alphanumeric 

labelling; 

EFA: percentage energy 

contributed variables from both 

subsamples and the whole study 

population based on varying 

number of factors retained from 2 

to 6; EIG>1, Scree test, Scree test 

optimal coordinate, interpretability; 

Varimax rotation; Alphanumeric 

labelling; 

CA: top-coding of percentage 

energy contributed variables from 

both subsamples and the whole 

study population; k-means 

algorithm; Calinski-Harabasz and 

Davies-Bouldin indexes to assess 

the number of clusters to retain; 

CFA: Loading >=|0.25| cut-offs on 

PCA/EFA: NA (2); CA: 

2-cluster solution 

according to Calinski-

Harabasz and Davies-

Bouldin indexes; CFA: 

3-factor model chosen 

according to 

confirmation success 

measure 

Reproducibility: 1. 

comparison of results 

from either PCA/EFA or 

CA on derivation and 

replication samples; 2. 

comparison of results 

from either PCA/EFA or 

CA on derivation and 

whole samples; 3. cluster 

stability with Jaccard 

similaries; 4. internal 

validity indexes for 

PCA/EFA (EIG>1, Scree 

test, Scree test optimal 

coordinate, 

interpretability) and CA 

(Calinski-Harabasz and 

Davies-Bouldin) to 

identify the number of 

DPs to retain; 

Validity: CFA on 

replication sample 

starting from PCA/EFA 

on derivation sample with 

indexes of confirmation 

success (ratio of FG not 

Reproducibility: 1. comparison between derivation 

and replication samples: PCA/EFA: good 

reproducibility; CA: good reproducibility (small 

deviations between the 2 subsamples, although 

increasing with increasing number of clusters); 2. 

comparison between derivation and whole samples: 

PCA/EFA: almost identical DPs on the subsamples 

and whole population study; CA: almost identical 

clusters on the subsamples and whole population 

study; 3. cluster stability: highly stable cluster solutions 

(Jaccard similaries for all solutions >0.85), with the 

best solution given by 2 clusters; 4. internal validity 

indexes: PCA/EFA: no optimal number of DPs to retain 

common to all indexes (EIG>1: 11 DPs, Scree test: 3 

DPs, Scree test optimal coordinate: 8 DPs); CA: 2-

cluster solution was optimal according to the Calinski-

Harabasz and Davies-Bouldin indexes;  

Validity: CFA on replication sample starting from 

PCA/EFA on derivation sample: high concordance 

between confirmation success measures; different 

confirmation success indexes between DPs within the 

same solution; all solutions contained 1 or more poorly 

confirmed DP (deviation >30%); 3-component solution 

was better confirmed that the others 
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PCA results (with a different 

number of DPs) for variables in the 

replication sample; Loading 

>=|0.20| cut-offs to name DPs 

confirmed to the total 

number of FG and 

deviations in factor 

loadings between 

PCA/EFA and CFA) 

Greve, 2016 

Germany 

IDEFICS 

(56) 

CA: rescaled relative frequencies 

(variances equal to 1); k-means 

(10 000 starting values), Ward's 

method and Gaussian mixture 

models (with automatic model 

selection via the Bayesian 

Information Criterion) in 

comparison; varying number of 

clusters to retain between 2 and 6; 

Labelling based on the difference 

between the cluster-specific mean 

consumption frequency and the 

overall mean consumption 

Not applicable, 3-cluster 

solution chosen 

because of the highest 

similarities of the cluster 

solutions derived with 

each method 

Reproducibility: ARI to 

assess pairwise 

agreement between 

clustering solutions 

Reproducibility: Very little agreement between the 3 

clustering methods; for all possible numbers of 

solutions, the Gaussian mixture model solution was 

constantly more similar to the k-means solution than to 

the Ward's solution; the best fitting Gaussian mixture 

model was the one that allowed the variances of the 

food consumption frequencies to vary within and 

between clusters; comparing the 3 clustering methods, 

the solutions with 3 clusters were most similar to each 

other (ARI equal to 0.47 comparing Gaussian mixture 

model vs. k-means, 0.23 for Gaussian mixture model 

vs. Ward's method and 0.20 for k-means vs. Ward's 

method) 
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frequency measured in units of 

overall SDs for the FG 

Lau, 2008 

Denmark 

Inter99 Study 

(48) 

Subsample 1: PCA 1: overall 

analysis and separate analyses by 

sex; PCFA; Scree test, 

interpretability; Varimax and 

Promax rotations compared; 

Loading >=|0.40| cut-off; 

Subsample 1: PCA 2: as PCA 1 

but including only FI whose 

loading was >= |0.40| cut-off; 

Subsample 2: PCA 3: overall 

analysis and separate analyses by 

sex; same criteria of PCA 1; 

natural scores; 

Subsample 2: PCA 4: overall 

analysis and separate analyses by 

sex; same criteria of PCA 1; 

applied scores with PCA 1-based 

loadings; 

Subsample 1: CFA: Loading 

PCA 1: 17.1 (2) for 

entire subsample 1, 

17.0 (2) for Ms, and 

15.4 (2) for Fs; PCA 2, 

3, and 4: NA (2); CFA: 

No model selection 

Reproducibility: 
Pearson correlation 

coefficient between 

scores based on PCA 1 

and PCA 2 in subsample 

1; Pearson correlation 

coefficient between 

scores based on PCA 3 

and PCA 4 in subsample 

2; Bland-Altman plot 

between scores based on 

PCA 1 and PCA 2 in 

subsample 1, RV (95% 

CI of the difference of 

factor scores/95% CI of 

the average of factor 

scores) measure; Bland-

Altman plot between 

scores based on PCA 3 

and PCA 4 in subsample 

Reproducibility: Rotation method on PCA 1: no 

significant differences in the final DPs derived from 

varimax vs. promax transformation, so promax rotation 

used for the PCA 1 analysis; Pearson correlation 

coefficient between scores based on PCA 1 and PCA 

2 in subsample 1 was equal to 0.93 (P<0.0001) for 

TRADITIONAL and MODERN DPs; Pearson 

correlation coefficient between scores based on PCA 3 

(natural scores) and PCA 4 (applied scores) in 

subsample 2 was equal to 0.89, 0.98, and 0.90 

(P<0.0001) for the TRADITIONAL DP in all, Fs and 

Ms, respectively, and 0.89, 0.99, and 0.93 (P<0.0001) 

for MODERN DP in all, Fs and Ms, respectively; 

Bland-Altman method: no systematic bias between 

scores based on PCA 1 and PCA 2 in subsample 1; 

relatively poor agreement (RV=39.9% for 

TRADITIONAL DP and 37.6% for MODERN DP and 

PCA 1 and PCA 2 scores); no systematic bias 

between scores based on PCA 3 and PCA 4 in 

subsample 2; relatively poor agreement (RV=47.5% 
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>=|0.40| cut-off on PCA 1 results; 

RMSEA 

2, with RV; 

Validity: CFA 

for TRADITIONAL DP and 47.7% for MODERN DP 

and PCA 3 and PCA 4 scores); for Fs acceptable RV, 

whereas for Ms larger variations than for Fs; 

Validity: CFA: good fit (RMSEA equal to 0.008 < 0.10) 

Lo Siou, 2011 

Canada 

Tomorrow Project 

(43) 

Separate CAs using 3 different 
algorithms (k-means, Ward's 
minimum variance, and flexible 
beta with beta equal to -0.25 and 
-0.50): standardization ((value - 

minimum) divided by range) of the 

percentage of daily total energy 

intake; varying number of clusters 

from 2 to 7; between- versus 

within-cluster variance criterion to 

choose the optimal number of 

clusters; checking of potential 

outliers but no need to remove 

them 

Not applicable, 4-cluster 

solution chosen for Ms 

according to median 

(natural) log-

transformed ratios of 

between- versus within-

cluster variances for the 

55 FG (best cluster had 

many FG with large 

ratios) and with number 

of clusters varying from 

2 to 7 obtained from 

applying the k-means 

method, and 3-cluster 

solution chosen for Fs 

according to 

interpretability of the 

results 

Reproducibility:  

1. Optimal clustering 

method: separately for 

Ms and Fs, average 

values over 20 repetitions 

for Hubert and Arabie’s 

ARI and kappa and 

Cramer’s V statistics to 

identify the optimal 

clustering method based 

on a split-half cross 

validation approach 

considering the different 

numbers of clusters; 

2. Optimal number of 

clusters: median log-ratio 

value of between- versus 

within-cluster variances 

for the 55 FG (best 

cluster had many FG with 

large ratios) and with 

Reproducibility: 1. Optimal clustering method: for Ms, 

as the number of clusters increased, the agreement 

and association between cluster assignments 

decreased when the k-means and Ward’s methods 

were applied; a similar pattern was observed for Fs 

with the k-means method; agreement and association 

between cluster assignments remained low when 

applying the flexible-beta method; compared with the 

other 2 clustering methods, the k-means method had 

the highest reproducibility of the cluster solutions for 

Ms and Fs and with all different numbers of clusters; 2. 

Optimal number of clusters: in Ms, the median log-ratio 

value jumped from -3.45 to -3.03 between the 3-cluster 

and 4-cluster solutions, suggesting the optimal number 

of clusters for Ms was 4; in Fs, the median log-ratio 

values varied little across different numbers of clusters, 

suggesting no clear choice for the number of clusters 
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number of clusters 

varying from 2 to 7 

obtained from applying 

the k-means method 

McCann, 2001 

USA (New York) 

Western New York 

Diet Study 

(45) 

Separate PCAs for each of the 3 
food classification methods: 

controls-only PCA; Percentage of 

variance explained by each factor, 

interpretability; Varimax rotation; 

Descriptive labelling; Loading 

>=0.30 or <= -0.20 cut-offs used 

for the calculation of factor scores 

7.7 (2) with 168 FG 

data, 13.4 (2) with 56 

FG data, and 16.9 (2) 

with 36 FG data 

Reproducibility: 

percentage exact 

agreement of 

classification along the 

diagonal for tertiles of DP 

scores by the 3 food 

classification schemes 

Reproducibility: Food classification method affected 

neither the number nor character of the DPs identified, 

although total variance explained in food use 

increased as the detail included in the PCA decreased 

(~8%, with 168 FG to ~17%, with 36 FG); Percentage 

exact agreement: for both DPs, exact agreement in 

tertile classification decreased as the difference in the 

number of items used for PCA increased; for the 

HEALTHY DPs, almost half the subjects were 

misclassified on DP score by the broader food-use 

classification method including 36 FG, as compared to 

168 FG; for the HIGH FAT DPs, the effect was similar 

but less dramatic, with percentage exact agreement 

decreasing from 81% (168 FG vs. 56 FG) to 76% (168 

FG vs. 36 FG) 

Northstone, 2008 

UK 

ALSPAC 

(36) 

Separate PCAs on unadjusted 
(weekly frequency of 
consumption) and adjusted 
(residual method) dietary 
variables: standardization; Scree 

test, interpretability; Varimax 

rotation; Loading >|0.3| cut-off 

32.4 (5) with unadjusted 

data and 26.9 (4) with 

energy-adjusted data 

Reproducibility: 

Pearson correlation 

coefficient between 

scores from similar DPs 

on the unadjusted and 

energy-adjusted data 

Reproducibility: Slight differences seen in terms of 

components extracted and factor loadings obtained; 

strong correlations (all > 0.8) between scores from 

analogous unadjusted and energy-adjusted DPs; 

PROCESSED DP obtained from the unadjusted data 

was negatively correlated with both HEALTH-

CONSCIOUS and CONFECTIONERY DPs obtained 
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using the energy-adjusted data (-0.538 and -0.492, 

respectively) 

Sauvageot, 2017 

Luxembourg, 

Belgium, and France 

NESCaV 

(44) 

Separate CAs using 3 different 
algorithms (k-means, k-
medians, and Ward's minimum 
variance): standardization ((value 

- minimum) divided by range) of 

the residuals calculated according 

to Willett method; varying number 

of clusters from 2 to 6; 20 

repetitions of the algorithm; for k-

means and k-medians, 1000 runs 

with different random starting 

seeds, and solution that had the 

minimum total within-cluster sum 

of squares distances was 

selected; stability measure 

representing empirical 

misclassification rate across 

solutions on training and test 

samples (with k-nearest-means 

classifier for k-means and Ward’s 

Not applicable, 3-cluster 

solution with k-means 

chosen according to 

Cramer's V and ARI 

Reproducibility: Optimal 

clustering method and 

number of clusters: box-

plots and average values 

over 20 repetitions of 

each algorithm for each 

index 

Reproducibility: Regardless of stability indices and 

number of clusters, more stable solutions were 

obtained with k-means; the most stable solution was 

obtained with 3 clusters 
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methods and k-nearest-medians 

classifier for the k-medians 

algorithm), Cramer's V and ARI to 

choose the optimal combination of 

clusteriong method and number of 

clusters; truncation of >6 SDs 

values 
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Varraso, 2012 

France and Spain 

EGEA2-France, 

Spanish PAC-COPD 

(57) 

PCA and CFA used as 
equivalent approaches on 1000 
randomly selected samples 
from 4 different set-ups: 

1. 100% of EGEA2-France study; 
2. 50% of EGEA2-France study; 
3. 25% of EGEA2-France study; 
4. 100% of Spanish PAC-COPD 
study; 
PCA: Scree-plot, interpretability; 

Varimax rotation; Distribution of 

the factor loading of FG to each 

DP represented via box-plot and 

median loading > |0.30| as cut-off; 

CFA: not based on previous EFA; 

4 different models tested (3-factor 

and 2-factor models with 

correlated latent variables, 3-factor 

and 2-factor models with 

independent latent variables); chi-

squared test, GFI, and RMSEA; 

Distribution of the factor loading of 

FG to each DP represented via 

box-plot and median loading > 

|0.30| as cut-off 

PCA: NA (3); CFA: 3-

factor model with no 

correlation among latent 

variables (highest GFI 

and lowest RMSEA) 

Reproducibility and 
Validity: statistical 

properties (min, quartile 

1, median, quartile 3, 

max) of the distribution of 

the factor loading of each 

FG to each DP in each of 

the 4 subsamples 

considered 

Reproducibility and validity: Two consistent DPs 

were identified by CFA in each of the subsamples, 

whereas PCA led to less interpretable (smaller median 

of factor loadings and higher dispersion) DPs, 

especially for the smallest sample 



 

 78 

Wirfalt, 2000 

Sweden 

MDC 

(46) 

Separate CAs using 2 different 
input variable formats: 
standardization or not of the 

percentage of daily total energy 

intake; k-means algorithm; varying 

number of clusters from 2 to 10; 

interpretability (cluster size and 

ability to differentiate FG intakes) 

to choose the optimal number of 

clusters 

Not applicable, 6-cluster 

solution chosen 

according to 

interpretability of results 

Reproducibility:  

1. Optimal number of 

clusters: no formal 

assessment;  

2. Choice of the optimal 

input variable format: for 

each set of input 

variables, discriminant 

analysis after assuming 

the optimal 6-cluster 

solution (discriminant 

function chosen with all 

43 FG and with stepwise 

regression to identify FG 

contributing significantly 

to the formation of 

clusters) 

Reproducibility: 1. Optimal number of clusters: the 6-

cluster solution produced reasonably sized and well-

separated clusters for both input variable formats 

considered; 2. Choice of the optimal input variable 

format: the 6-cluster solution identified for each set of 

input variables was reproducible: with standard 

discriminant analysis, the agreement between actual 

and predicted cluster allocation ranged between 

91.0% and 95.2% for the unstandardized variables, 

and between 91.1% and 100% for the z-scored 

variables; when using the stepwise function of the 

discriminant analysis, 18 unstandardized variables and 

31 z-scored variables contributed significantly to the 

predicted cluster allocations 

aABBREVIATIONS: ALSPAC: Avon Longitudinal Study of Parents and Children; ARI: adjusted Rand index; ATBC: Alpha-Tocopherol Beta-

Carotene Cancer Prevention Study; CA: cluster analysis; CFA: confirmatory factor analysis; CFI: comparative fit index; CI: confidence interval; 

DIETSCAN: DIETary patternS and CANcer in four European countries project; DP: dietary pattern; EFA: exploratory factor analysis; EGEA2-

France: Epidemiological Study on the Genetics and Environment of Asthma 2–France; EIG: Eigenvalue; EPIC-NL: European Prospective 

Investigation into Cancer and Nutrition-The Netherlands; FFQ: food-frequency questionnaire; FFQ1/FFQ2/FFQ3: food-frequency questionnaire at 

time 1, 2, or 3; F: female; FG: food groups; FI: food items; GFI: goodness of fit index; IDEFICS: Identification and Prevention of Dietary and 

Lifestyle-induced Health Effects in Children and Infants; LOA: limits of agreement; M: male; MDC: Malmo Diet and Cancer study; NA: not available; 

NESCaV: Nutrition, Environment and Cardiovascular Health; NLCS: Netherlands Cohort Study on diet and cancer; NNFI: non-normed fit index or 

Tucker-Lewis index; ORDET: Ormoni e Dieta nella Eziologia dei Tumori in Italy; PAC-COPD: Phenotype and Course of Chronic Obstructive 
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Pulmonary Disease study–Spain; PCA: principal component analysis; PCFA: principal component factor analysis; RMSEA: root mean square error 

of approximation; RV: relative variation; SD: standard deviation; SMC: Swedish Mammography Cohort; SRMR: standardized root mean square 

residual. 
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Table 3. Reproducibility and/or relative validity of a posteriori dietary patternsa 
Reference DP identification 

methods 
Percent 
Explained 
Variance (# 
factors) or 
CFA/CA model 

Assessment of 
reproducibility/validity 

Main Results 

Ambrosini, 2011 

Australia 

Western 

Australian 

Pregnancy 

Cohort (Raine) 

Study 

(13) 

Separate EFAs 
(maximum likelihood 
method) conducted on 
the FFQ and DR data 
with all available 
information used (1613 
subjects for FFQ and 
822 subjects for DR 
data): EIG>1 on FFQ 

data only, Scree test; 

Varimax rotation; Loading 

>|0.20|cut-off; 4 FG 

removed from the final 

analysis due to small 

loadings on all factors 

84 (2) with FFQ 

data and 53 (2) 

with DR data 

Relative validity: Sperman 

correlation coefficient (crude and 

partial, with adjustment by total 

energy intake) and Bland-Altman 

method (with 95% LOA) between 

scores from FFQ and DR data 

Relative validity: The identified DPs were similar although not 

identical in terms of loadings; modest sperman correlation coefficient 

between DP scores from FFQ and DR given by 0.43 (crude) and 0.45 

(partial and corrected) (P<0.001) for HEALTHY DP and 0.27 (crude) 

and 0.36 (partial and corrected) (P<0.001) for WESTERN DP; 

correlations improved after ajustment for energy intake; Bland-Altman 

method: acceptable (not significantly different from 0) mean 

agreement for both DP scores; 95% LOA given by (-1.69, 1.65) for 

HEALTHY DP and (-1.89, 1.82) for WESTERN DP, so slightly 

narrower for HEALTHY DP; minor differences between girls and boys 

in all previous analyses 
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Asghari, 2012 

Iran 

TLGS 

(11) 

Separate PCFAs on 
FFQ1, FFQ2, FFQ3, and 
m24HRs: Scree test and 

interpretability; Varimax 

rotation; Descriptive 

labelling; Applied scores 

from previous EFAs to 

data from FFQ3 were 

reported but their use was 

not clear 

27.4 (2) with 

FFQ1 data, 31.6 

(2) with FFQ2 

data, 39.0 (3) with 

FFQ3 data, and 

32.0 (2) with 

m24HR data 

Reproducibility: intra-class 

correlation coefficient between 

scores from FFQ1 and FFQ2 

data; 

Relative validity: sperman 

correlation coefficient, and Bland-

Altman method (with 95% LOA) 

between scores from FFQ2 and 

scores from m24HR data, 

deattenuated correlation 

coefficient (Rosner and Willett 

formula) between each DP score 

to reduce the random within-

person month-to month variability 

in 24HR-based DPs; 

Stability over time: intra-class 

correlation coefficient between 

continuous scores from FFQ2 and 

FFQ3 data, weighted kappa 

coefficient and proportions of 

subjects at the same quintile, 

adjacent quintile and opposite 

quintile when comparing quintiles 

classification of factor scores 

Reproducibility: intra-class correlation coefficients between FFQ1- 

and FFQ2-based scores equal to 0.72 (P<0.001) for the IRANIAN 

TRADITIONAL DP and 0.80 (P<0.001) for the WESTERN DP; 

Relative validity: crude and corrected sperman correlation coefficients 

between FFQ2 and m24HRs similar and equal to 0.48 for the 

IRANIAN TRADITIONAL and 0.75 for the WESTERN DPs; Bland-

Altman plot: 95% LOA for the difference between factor scores from 

FFQ2 and m24HR lay between -1.58 and 1.58 for the IRANIAN 

TRADITIONAL and between -1.33 and 1.33 for the WESTERN DP; 

Stability over time: intra-class coefficients between FFQ2- and 

FFQ3-based scores equal to -0.09 (P=0.653) for the IRANIAN 

TRADITIONAL and 0.49 (P<0.001) for the WESTERN DPs; 

percentage of subjects at the same quintile higher for the WESTERN 

DP VS. the IRANIAN TRADITIONAL DP (27.1% vs. 20.2%); 

proportion of individuals at the opposite quintile reversed (35.8% vs. 

41.5%); weighted kappa coefficient: 0.09 (95% CI: -0.05, 0.23) for the 

IRANIAN TRADITIONAL and 0.20 (95 % CI: 0.05, 0.34) for the 

WESTERN DP 
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between baseline and follow-up 

data 
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Beck, 2012 

New Zealand 

NA 

(30) 

Separate PCFAs on 
FFQ1, FFQ2, and DR: 

EIG>1, Scree test, 

interpretability; Varimax 

rotation; Descriptive 

labelling 

~20 (2) with each 

of the 3 dietary 

sources 

Reproducibility: Pearson 

correlation coefficient and Bland-

Altman method (with 95% LOA) 

between scores from FFQ1 and 

FFQ2 data; weighted kappa 

statistics and proportions of 

subjects at the same third, or the 

opposite third when comparing 

tertiles classification of factor 

scores between FFQ1 and FFQ2 

data; 

Relative validity: Pearson 

correlation coefficient and Bland-

Altman method (with 95% LOA) 

between scores from FFQ1 and 

DR data; weighted kappa 

coefficient and proportions of 

subjects at the same third, or the 

opposite third when comparing 

tertiles classification of factor 

scores between FFQ1 and DR 

data 

Reproducibility: good Pearson correlation coefficients between 

FFQ1 and FFQ2 DP scores (0.76 for the HEALTHY DP and 0.76 for 

the SANDWICH AND DRINKS DP (P<0.001)); Bland-Altman method: 

the difference between DP scores from FFQ1 and FFQ2 increased 

with increasing scores for both DPs; Cross-classification of DP 

scores: >50% of participants classified in the same third and <10% 

misclassified into the opposite third for both the DPs between FFQ1 

and FFQ2; Weighted kappa coefficient between FFQ1 and FFQ2 

moderate (HEALTHY) and good (SANDWICH AND DRINKS DP); 

Relative validity: reasonable Pearson correlation coefficients 

between FFQ1 and DR DP scores (0.34 for the HEALTHY DP and 

0.62 for the SANDWICH AND DRINKS DP) (P<0.001)); Bland-Altman 

method: the difference between DP scores from FFQ1 and DR 

increased with increasing scores for both DPs; Cross-classification of 

DP scores: >50% of participants classified in the same third and 

<10% misclassified into the opposite third for both the DPs between 

FFQ1 and DR; Weighted kappa coefficient between FFQ1 and DR 

DP scores fair (HEALTHY) and moderate (SANDWICH AND 

DRINKS);  
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Bountziouka, 

2011 

Greece 

NA 

(40) 

Separate PCAs 
conducted on FFQ and 
DR data: EIG>1.4, Scree 

test; Varimax rotation; 

Loading >|0.30|cut-off; 

Separate CAs 
conducted on FFQ and 
DR data: k-means 

method; Euclidean and 

Mahalanobis distances; 

maximum achieved 

distances between 

cluster's centers; 2-, 3-, 

and 5- cluster solutions 

considered 

PCA: 35 (4) with 

FFQ data and 29 

(4) with DR data; 

CA: not 

applicable, 2-

cluster solution 

chosen according 

to maximum 

achieved 

distances 

between cluster's 

centers 

Relative validity: Kendall tau-b 

correlation coefficient between 

scores from FFQ and DR; Bland-

Altman method (with 95% LOA) 

between scores from FFQ and 

DR; Kendall tau-b correlation 

coefficient and exact classification 

rate for CA 

Relative validity: PCA: Kendall tau-b correlation coefficient: 

significant but low correlation coefficient equal to 0.22 for the 

WESTERN and 0.23 for the MEDITERRANEAN DPs (P<0.001 for 

both DPs); Bland-Altman method: 95% LOA given by -2.35, 2.30 for 

WESTERN and -2.23, 2.26 for MEDITERRANEAN DP; CA: Kendall 

tau-b correlation coefficient: very good agreement between clusters 

derived from FFQ and DR (0.81, P<0.001); exact classification rate: 

48% and 59% depending on the distance used 

Crozier, 2008 

UK 

NA 

(39) 

Separate PCFAs 
conducted on FFQ and 
DR data: standardization; 

NA criteria for choosing 

the number of factors; NA 

rotation; Descriptive 

labelling; Fisher-Yates 

transformation of scores 

to improve adherence to 

normality 

15.9 (2) with FFQ 

data and 14.3 (2) 

with DR data 

Relative validity: Pearson 

correlation coefficient between 

scores from FFQ and DR; Bland-

Altman method (with 95% LOA) 

between scores from FFQ and 

DR 

Relative validity: The corresponding DPs from FFQ and DR data 

were strikingly similar, especially the PRUDENT DP; Pearson 

correlation coefficient between FFQ and DR scores were 0.67 (P < 

0.001) for PRUDENT DP and 0.35 (P < 0.001) for WESTERN DP; 

Bland-Altman method: good agreement between scores from FFQ 

and DR for PRUDENT DP (95% of the differences laying within −1.58 

and +1.58 SDs), but less good for WESTERN DP (95% of the 

differences lying within −2.22 and +2.22 SDs); consistently wider 

limits for the WESTERN DP with generally similar variations across 

characteristics 
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Hong, 2016 

China 

NA 

(34) 

Separate EFAs on FFQ1, 
FFQ2, and m24HRs: 

EIG, Scree test, 

interpretability; Varimax 

rotation; Loading >0.30 

cut-off 

40.0 (4) for FFQ1 

data, 44.9 (4) for 

FFQ2 data, and 

32.4 (4) for 

m24HR data 

Reproducibility: intra-class 

correlation coefficient between DP 

scores from FFQ1 and FFQ2 

data; cross-classification: range of 

agreement rates for the same or 

adjacent quartile classifications 

and misclassification into opposite 

quartiles; kappa coefficient; 

Relative validity: Pearson 

correlation coefficient between DP 

scores from FFQ1 and FFQ2, 

respectively, and m24HR data, 

after adjusting for energy intake 

using the residual method; cross-

classification: range of agreement 

rates for the same or adjacent 

quartile classifications and 

misclassification into opposite 

quartiles; kappa coefficient; 

Bland-Altman method and 95% 

LOA considering mFFQ, in 

comparison with m24HR scores 

Reproducibility: The 4 derived DPs were qualitatively similar across 

3 sources of dietary data, although loadings were partly different; 

good intra-class correlation coefficient between DP scores from FFQ1 

and FFQ2 data (>0.6 for all DPs, all P<0.001); cross-classification: 

range of agreement rates for the same or adjacent quartile 

classifications equal to 29.2-66.3% (both for ANIMAL AND PLANT 

PROTEIN DP, with adjacent and same quartile, respectively) and 

misclassification into opposite quartiles was <5% for all DPs; kappa 

coefficient: fair-to-moderate (range: 34-68% with minimum for NUTS 

AND SWEETS and maximum for ANIMAL AND PLANT PROTEIN 

DPs, respectively); Relative validity: reasonable adjusted Pearson 

correlation coefficient between DP scores from FFQ and m24HR data 

(range of adjusted values: 0.387 - 0.838 with minimum for CHINESE 

TRADITIONAL DP and maximum for ANIMAL AND PLANT PROTEIN 

DP); cross-classification: range of agreement rates for the same or 

adjacent quartile classifications equal to 32.4 (for CHINESE 

TRADITIONAL DP, same quartile, FFQ1) - 47.0% (for ANIMAL AND 

PLANT PROTEIN DP, same quartile, FFQ1) and misclassification into 

opposite quartiles was <5% for all DPs; kappa coefficient: fair-to-

moderate (range: 25.9-48.1% for BEVERAGE AND ALCOHOL DP 

with FFQ1 and ANIMAL AND PLANT PROTEIN with FFQ1, 

respectively); Bland-Altman method: mean agreement between DP 

scores derived from mFFQ and m24HR were not significantly different 

from 0 in all comparisons; mean differences were 0.0 (95% LOA: -

1.03 - 1.04) for ANIMAL AND PLANT PROTEIN DP, 0.0 (95% LOA: 
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−reasonable adjusted Pearson correlation coefficient between DP 

scores from FFQ and m24HR data (range of adjusted values: 0.387 - 

0.838 with minimum for CHINESE TRADITIONAL DP and maximum 

for ANIMAL ANOTEIN DP had better performance that the other DPs 

Hu, 1999 

USA 

(Massachusetts) 

HPFS 

(9) 

Separate PCFAs on 
FFQ1, FFQ2, and mDRs: 

EIG>1, Scree test, 

interpretability; Varimax 

rotation; Descriptive 

labelling 

20 (2) Reproducibility: crude Pearson 

correlation coefficient between DP 

scores from FFQ1 and FFQ2; 

Relative validity: crude and 

corrected (for week-to-week 

variation in DRs) Pearson 

correlation coefficient between DP 

scores from either FFQ1 or FFQ2 

and DR 

Reproducibility: good crude Pearson correlation coefficient between 

DP scores from FFQ1 and FFQ2 (0.70 for the PRUDENT and 0.67 for 

the WESTERN DPs); Relative validity: (crude and corrected) 

Pearson correlation coefficients between DP scores from either FFQ1 

or FFQ2 and DR ranged from 0.34 to 0.74 

Khani, 2004 

Sweden 

SMC 

(33) 

Separate PCFAs on 
FFQ1 and FFQ2 within 
the reproducibility 
sample, and on FFQ and 
mDRs within the validity 
sample: EIG>1.8; 

Varimax rotation; 

Descriptive labelling 

Within the 

reproducibility 

sample: 29 (3) for 

FFQ1 data and 30 

(3) for FFQ2 data; 

within the validity 

sample: 30 (3) for 

DR data and 34 

(3) for FFQ data  

Reproducibility: crude sperman 

correlation coefficient between DP 

scores from FFQ1 and FFQ2 

data; 

Relative validity: crude and 

corrected (for unreproducibility of 

the FFQ) sperman correlation 

coefficient between DP scores 

from FFQ and DR 

Reproducibility: good crude sperman correlation coefficient between 

DP scores from FFQ1 and FFQ2 data (range: 0.63 - 0.73 across 

DPs), with highest results for the DRINKER DP; Relative validity: 

reasonable (crude and corrected) sperman correlation coefficient 

between DP scores from FFQ and DR (range of crude values: 0.41 - 

0.73; range of corrected values: 0.50 - 0.85), with highest results for 

the DRINKER DP 

Liu, 2015 

China 

Separate PCFAs on 
FFQ1, FFQ2, and 

30 (2) Reproducibility: Pearson 

correlation coefficient (crude and 

Reproducibility: between FFQ1 and FFQ2, crude Pearson 

correlation coefficients equal to 0.58 for the PRUDENT DP and 0.60 
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NA 

(32) 

m24HRs: EIG>1.5, Scree 

test, interpretability; 

Varimax rotation; Loading 

>|0.4| cut-off 

partial, with adjustment for log10-

transformation of total energy 

intake), intra-class correlation 

coefficient (to adjust for the effect 

of different scales of measures), 

and Bland-Altman method (with 

95% LOA) between scores from 

FFQ1 and FFQ2 data; weighted 

kappa coefficient and proportions 

of subjects at the same third, or 

the opposite third when 

comparing tertiles classification of 

factor scores between FFQ1 and 

FFQ2 data; 

Relative validity: Pearson 

correlation coefficient [crude, 

partial (with adjustment for log10-

transformation of total energy 

intake), and de-attenuated, to 

correct monthly and seasonal 

variation] and Bland-Altman 

method (with 95% LOA) between 

scores from either FFQ1 or FFQ2 

and 24HR data; weighted kappa 

coefficient and proportions of 

for the PROCESSED FOOD DP, partial Pearson correlation 

coefficient equal to 0.51 for PRUDENT DP and 0.56 for PROCESSED 

FOOD DP, intra-class correlation coefficient equal to 0.57 for 

PRUDENT DP and 0.55 for PROCESSED FOOD DP; Bland-Altman 

method: divergence not obvious between DP scores on FFQ1 and 

FFQ2; Cross-classification analysis: >54% of the participants 

correctly classified into the same tertile and <9% misclassified into an 

opposite tertile for both DPs when 2 FFQs compared; moderate 

weighted kappa coefficient (0.45 for PRUDENT and 0.56 for 

PROCESSED FOOD) between the 2 FFQs; Relative validity: 

between FFQs and 24HRs, crude Pearson correlation coefficients 

ranged from 0.45 to 0.64 for PRUDENT DP and from 0.46 to 0.50 for 

PROCESSED FOOD DP, de-attenuated correlation coefficients 

ranged from 0.54 to 0.78 for the PRUDENT DP and from 0.55 to 0.61 

for the PROCESSED FOOD DP; partial Pearson correlation 

coefficients ranged from 0.41 to 0.56 for the PRUDENT DP and from 

0.42 to 0.44 for the PROCESSED FOOD DP; Bland-Altman method: 

divergence not obvious between DP scores on FFQ1 or FFQ2 and 

24HR data; cross-classification analysis: >54% of the participants 

correctly classified into the same tertile and <9% misclassified into an 

opposite tertile for both DPs when FFQs and 24HRs compared; 

moderate weighted kappa coefficient (range: 0.42-0.60 across the 2 

DPs and FFQs) 
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subjects at the same third, or the 

opposite third when comparing 

tertiles classification of factor 

scores between either FFQ1 or 

FFQ2 and 24HRs data 

Loy, 2013 

Malaysia 

USM Birth 

Cohort Study 

(37) 

Separate PCAs on FFQ 
and m24HRs: EIG>1, 

Scree test, interpretability; 

Varimax rotation; 

Descriptive labelling 

22.4 (2) with FFQ 

data and 20.7 (2) 

with m24HRs 

data 

Relative validity: Pearson 

correlation coefficient and Bland-

Altman method (with 95% LOA) 

between scores from FFQ and 

24HR data; weighted kappa 

coefficient and proportions of 

subjects at the same third, or the 

opposite third when comparing 

tertiles classification of factor 

scores between FFQ and m24HR 

data 

Relative validity: relatively high sperman correlation coefficient 

between DP scores from FFQ and m24HR data given by 0.59 

(HEALTHY) and 0.63 (LESS-HEALTHY) (P<0.001); Bland-Altman 

method: good agreement for both DPs, with 95% of the differences 

within +-1.87 SD (HEALTHY) and 1.69 SD (LESS-HEALTHY), no 

association between the difference and the average for both DPs; 

cross-classification: acceptable (<10%) degrees of misclassification 

and lower than recommended percentage of classified in the same 

third (~50% or more) for both DPs: moderate (0.56) and good (0.72) 

agreement from weighted kappa coefficient for the HEALTHY and 

LESS-HEALTHY DPs, respectively; from all criteria, LESS-HEALTHY 

DP more valid than HEALTHY DP 

McNaughton, 

2005 

UK 

Medical 

Research 

Council National 

Survey of Health 

and 

Separate PFCAs on 
24HR recall, 48HR 
recall, and DR data: 

Separate analyses by 

sex; EIG>1, Scree test; 

Varimax rotation; Loading 

> 0.3 cut-off 

Range: 19 (5) 

with 24HR data - 

22 (5) with DR 

data 

Relative validity: correlation 

coefficient between scores from 

similar DPs across dietary 

assessment tools 

Relative validity: Five distinct DPs were identified using the DR and 

48HR, but were less consistent on the 24HR data; Moderate-to-good 

correlations between factor scores on 48HR and DR data (0.13–0.67, 

all P<0.001), with the highest values for the HEALTH-AWARE DP in 

both Ms and Fs; correlations with 48HR data were higher than those 

between the 24HR and DR data (-0.01 – 0.59, with most P-

values<0.001) 
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Development 

(1946 British 

Birth Cohort) 

(35) 

Nanri, 2012 

Japan 

JPHC 

(31) 

Separate PCAs on 
logtransformed data 
from FFQ_R, FFQ_V, 
and mDR data: Separate 

analyses by sex; EIG>1, 

Scree test, interpretability; 

Varimax rotation; 

Descriptive labelling; 

Energy-adjusted scores 

using the residual method 

In Ms: 23.9 for 

mDR data, 29.4 

for FFQ_R data, 

and 26.5 for 

FFQ_V data (3); 

in Fs: 23.0 for 

mDR data, 24.9 

for FFQ_R data, 

and 32.9 for 

FFQ_V data (3) 

Reproducibility: sperman 

correlation coefficient between DP 

scores from the FFQ_R and 

FFQ_V data in both Ms and Fs; 

Relative validity: sperman 

correlation coefficient between DP 

scores from mDR and FFQ_V 

data 

Reproducibility: acceptable sperman correlation coefficient between 

DP scores from the FFQ_R and FFQ_V data in both Ms and Fs for 

the 3 DPs (TRADITIONAL JAPANESE DP in Ms and WESTERNIZED 

JAPANESE DP in Fs given by 0.77 and 0.71, respectively, range of 

correlation coefficients: 0.55-0.77 across DPs); Relative validity: 

acceptable sperman correlation coefficient between DP scores from 

mDR and FFQ_V (TRADITIONAL JAPANESE DP in Ms and in Fs 

given by 0.49 and 0.63, respectively, range of correlation coefficients: 

0.32-0.63 across DPs) 

Okubo, 2010 

Japan 

NA 

(38) 

Separate PCFAs 
conducted on DHQ1, 
mDHQs, and mDRs 
data: log-transformation 

and adjustment by energy 

intake with residual 

method; Separate 

analyses by sex; Scree 

test, interpretability; 

Varimax rotation; 

Descriptive labelling 

In Fs, 30.1 (3) 

with DHQ1 data, 

31.2 (3) with 

mDHQ data, and 

30.8 (3) with mDR 

data; in Ms, 21.5 

(2) with DHQ1 

data, 24.4 (2) with 

mDHQ data, and 

25.8 (2) with mDR 

data 

Relative validity: Pearson 

correlation coefficient between 

DHQ1 and mDR data and 

between mDHQ and mDR data; 

Bland-Altman method (with 95% 

LOA) between scores from DHQ1 

and mDRs 

Relative validity: The identified factor loadings were similar in 

magnitude and direction across DHQ1, mDHQ, and mDR data; 

Pearson correlation coefficient for the HEALTHY, WESTERN, and 

JAPANESE TRADITIONAL DPs in Fs were equal to 0.57, 0.36, and 

0.44, and for the HEALTHY and WESTERN in Ms were 0.62 and 

0.56; when mDHQ was examined, correlation coefficients improved 

for Fs (0.45 – 0.69); Bland-Altman method: for both Ms and Fs, mean 

differences between scores derived from DHQ1 and DR were 0; 95% 

LOA for the difference between factor scores derived from DHQ1 and 

DR lay within -1.81 and 1.81 for HEALTHY, within -2.22 and 2.22 for 

WESTERN and within -2.08 and 2.08 for JAPANESE TRADITIONAL 
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DP in Fs; and within -1.83 and 1.83 for the HEALTHY and within -1.71 

and 1.71 for the WESTERN DP in Ms; agreements generally 

improved between mDHQ and DR data 

Ryman, 2015 

USA (Southwest 

Alaska) 

CANHR 

(54) 

EFA: logtransformation 

(base e) on 358 subjects; 

NA criteria for choosing 

the number of factors; NA 

rotation; Loading 

>=|0.60|cut-off; 

CFA: Loading 

>=|0.35|cut-offs (and a 

priori knowledge of Alaska 

native diet) on EFA 

results on 272 subjects; 3-

factor model with 

correlated factors; GFI, 

AGFI, RMSEA, CFI, and 

NNFI 

EFA: NA (3); 

CFA: 3-factor 

model with 

correlated factors 

Validity: CFA; 

Reliability: composite reliability of 

DPs with CFA (squared 

standardized loadings and sum of 

the error variances), test-retest 

reliability of DPs with intra-class 

correlation coefficient (FFQ1 and 

FFQ2), indicator reliability of 

individual FG included in the CFA-

based DPs with CFA (square of 

the standardized factor loadings 

for each FG), and test-retest 

reliability of individual FG included 

in the CFA-based DPs with intra-

class correlation coefficient (FFQ1 

and FFQ2) 

Validity: CFA: significant and high (>0.40) standardized coefficients 

of FG on the given factor, except for 1 FG; satisfactory goodness of fit 

indexes (GFI, AGFI, CFI, and NNFI values were 0.93, 0.91, 0.92, and 

0.91, respectively, all >0.90, and RMSEA was equal to 0.004 < 

0.005); Reliability: composite reliability of DPs: ranged from 0.56 to 

0.73; test-retest reliability of DPs: ranged from 0.34 to 0.66; indicator 

reliability of individual FG included in CFA-based DPs: ranged from 

0.07 to 0.46; test-retest reliability of individual FG included in CFA-

based DPs: ranged from 0.11 to 0.50, with better reliability for market-

based FG 

Togo, 2003 

Denmark 

MONICA 

(47) 

Separate PCFAs on FFQ 
and DR data (in octiles): 
Separate analyses by 

sex; standardization with 

Kaiser normalization; 

Scree test, interpretability; 

In Ms: 30.5 (3) 

with FFQ data 

and 26.2 (3) with 

DR data; in Fs: 

23.8 (2) with FFQ 

Relative validity: Pearson 

correlation coefficient between 

scores based on FFQ and DR 

data; 

Relative validity: EFA on FFQ and DR data: The identified DPs were 

very similar, although the percentages of explained variance were 

lower on DR data; Pearson correlation coefficient between FFQ-

based and DR-based scores ranged between 0.34 (TRADITIONAL 

DP among Ms) and 0.61 (both GREEN DPs, among Ms and Fs); CFA 

on FFQ and DR data: Pearson correlation coefficient between FFQ-
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Promax rotation; Loading 

>|0.30| cut-off; 
Separate CFAs on FFQ 
and DR data: Loading 

>=|0.30| cut-off on EFA 

results; polychoric 

correlation matrix; 

RMSEA; weighted least 

square variable estimates 

with robust standard 

errors and mean- and 

variance-adjusted chi-

squared test statistic 

data and 19.8 (2) 

with DR data  

Validity: CFA; Pearson 

correlation coefficient between 

scores based on EFA and CFA 

based and DR-based scores ranged between 0.37 (TRADITIONAL 

DP among Ms) and 0.64 (GREEN DP among Fs); higher correlations 

with CFA than with EFA; Validity (EFA vs. CFA with the same dietary 

source): CFA-based DPs were similar across dietary sources and 

came from models with reassuring model fit (RMSEA < 0.10 no 

matter of the dietary source and among Ms and Fs); FFQ data: 

Pearson correlation coefficient between EFA-based and CFA-based 

scores ranged between 0.91 (TRADITIONAL DP among Ms) and 0.96 

(SWEET-TRADITIONAL DP among Fs); DR data: Pearson 

correlation coefficient between EFA-based and CFA-based scores 

ranged between 0.82 (GREEN DP among Ms) and 0.94 (both 

GREEN and SWEET-TRADITIONAL DPs among Fs); higher 

correlations were found when using the same dietary data 

aABBREVIATIONS: 24HRs/48HRs: 24/48 hours recall; AGFI: adjusted goodness of fit index; CA: cluster analysis; CANHR: Center for Alaska 

Native Health Research study; CFA: confirmatory factor analysis; CFI: comparative fit index; CI: confidence interval; DHQ1/DHQ2/DHQ3: diet 

history questionnaire at time 1, 2, or 3; DP: dietary pattern; DR: dietary record; EFA: exploratory factor analysis; EIG: Eigenvalue; F: female; 

FFQ: food-frequency questionnaire; FFQ_R: food-frequency questionnaire from the reproducibility study; FFQ_V: food-frequency questionnaire 

from the relative validity study; FFQ1/FFQ2/FFQ3: food-frequency questionnaire at time 1/2/3; FG: food groups; GFI: goodness of fit index; 

HPFS: Health Professionals Follow-up Study; JPHC: Japan Public Health Center-Based Prospective study; LOA: limits of agreement; M: male; 

m24HRs/m48HRs: mean 24/48 hours recall; mDHQ: mean diet history questionnaire; mDR: mean dietary record; mFFQ: mean food frequency 

questionnaire; MONICA: MONItoring of trends and determinants in CArdiovascular Disease; NA: not available; NNFI: non-normed fit index or 

Tucker-Lewis index; PCA: principal component analysis; PCFA: principal component factor analysis; RMSEA: root mean square error of 

approximation; SD: standard deviation; SMC: Swedish Mammography Cohort; TLGS: Teheran Lipid and Glucose Study; USM: Universiti Sains 

Malaysia 
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Table 4. Construct validity of a posteriori dietary patternsa 

Reference DP identification methods 

Percent 
Explained 
Variance (# 
factors) or 
CFA/CA model 

Assessment of 
reproducibility/validity 

Main Results 

Bedard, 2015 

France 

E3N (EPIC-

France) 

(49) 

PCA: Scree test, interpretability; 

Varimax rotation; Descriptive labelling; 

CFA: not based on previous EFA; 4 

different models tested (3-factor and 2-

factor models with correlated latent 

variables, 3-factor and 2-factor models 

with independent latent variables); 

overall chi-squared test of fit, GFI, and 

RMSEA with 90% CI  

PCA: 24 (3); 

CFA: 3-factor 

model with no 

correlation 

among latent 

variables (highest 

GFI and lowest 

RMSEA) 

Validity: CFA; Pearson 

correlation coefficient between 

corresponding scores from 

PCA and CFA 

Validity: CFA: good fitting of selected model; 

Pearson correlation coefficients between 

corresponding scores from EFA and CFA ranged 

from 0.83 to 0.87 

Castro, 2015 

Brazil 

Healthy Survey 

of the City of 

Sao Paulo 

(50) 

EFA: adjustment for within-person 

variation via Multiple Source Method; 

robust maximum likelihood estimation; 

EIG>1, Scree test, interpretability; 

Varimax among the orthogonal 

rotations and promax (power=4) and 

oblimin rotation among the non-

orthogonal rotations; Alphanumeric 

labelling; 

CFA: Loading >=|0.20|or |0.25|cut-offs 

EFA: ~10 with 

any rotation 

method used (2); 

CFA:2-factor 

model with |0.25| 

cut-off and 

promax rotation 

method 

Reproducibility and Validity: 

CFA; different cut-off for FG 

inclusion; within CFA with and 

without different cut-offs for 

FG inclusion, comparison of 

rotation methods 

Validity: 1. CFA with |0.20| cut-off: regardless of 

rotation method, factor loadings were statistically 

significant for all DPs (P< 0.05) and similar to those 

from EFA; (Reproducibility: promax and oblimin 

produced DPs with small but significant correlations 

(r = 0.17, P< 0.01); irrespective of rotation method, 

unacceptable model fits except for SRMR (SRMR < 

0.08)); 2. CFA with |0.25| cut-off: regardless of 

rotation method, factor loadings were statistically 

significant for all DPs (P< 0.05) and similar to those 
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on EFA results based on different 

rotation methods; robust maximum 

likelihood estimation; adjusted chi-

squared test, CFI, NNFI, RMSEA (90% 

CI), and SRMR 

from EFA; (Reproducibility: better model fit with 

promax (best values of CFI, NNFI, RMSEA, and 

SRMR) and then varimax, and last oblimin rotation 

solution (CFI and NNFI < 0.90); small but significant 

correlations between factors, with both promax (r = 

0.19, P< 0.01) and oblimin rotations (r = 0.18, P< 

0.01)) 

Fransen, 2014 

Netherlands 

EPIC-NL 

(51) 

PCA: percentage energy contributed 

variables from both subsamples and 

the whole study population based on 

varying number of factors retained 

from 2 to 6; EIG>1, Scree test, Scree 

test optimal coordinate, interpretability; 

Varimax rotation; Alphanumeric 

labelling; 

EFA: percentage energy contributed 

variables from both subsamples and 

the whole study population based on 

varying number of factors retained 

from 2 to 6; EIG>1, Scree test, Scree 

test optimal coordinate, interpretability; 

Varimax rotation; Alphanumeric 

labelling; 

CA: top-coding of percentage energy 

contributed variables from both 

PCA/EFA: NA 

(2); CA: 2-cluster 

solution 

according to 

Calinski-

Harabasz and 

Davies-Bouldin 

indexes; CFA: 3-

factor model 

chosen according 

to confirmation 

success measure 

Reproducibility: 1. 

comparison of results from 

either PCA/EFA or CA on 

derivation and replication 

samples; 2. comparison of 

results from either PCA/EFA 

or CA on derivation and whole 

samples; 3. cluster stability 

with Jaccard similaries; 4. 

internal validity indexes for 

PCA/EFA (EIG>1, Scree test, 

Scree test optimal coordinate, 

interpretability) and CA 

(Calinski-Harabasz and 

Davies-Bouldin) to identify the 

number of DPs to retain; 

Validity: CFA on replication 

sample starting from 

Reproducibility: 1. comparison between derivation 

and replication samples: PCA/EFA: good 

reproducibility; CA: good reproducibility (small 

deviations between the 2 subsamples, although 

increasing with increasing number of clusters); 2. 

comparison between derivation and whole samples: 

PCA/EFA: almost identical DPs on the subsamples 

and whole population study; CA: almost identical 

clusters on the subsamples and whole population 

study; 3. cluster stability: highly stable cluster 

solutions (Jaccard similaries for all solutions >0.85), 

with the best solution given by 2 clusters; 3. internal 

validity indexes: PCA/EFA: no optimal number of 

DPs to retain common to all indexes (EIG>1: 11 DPs, 

Scree test: 3 DPs, Scree test optimal coordinate: 8 

DPs); CA: 2-cluster solution was optimal according to 

the Calinski-Harabasz and Davies-Bouldin indexes;  

Validity: CFA on replication sample starting from 
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subsamples and the whole study 

population; k-means algorithm; 

Calinski-Harabasz and Davies-Bouldin 

indexes to assess the number of 

clusters to retain; 

CFA: Loading >=|0.25|cut-offs on PCA 

results (with a different number of 

DPs) for variables in the replication 

sample; Loading >=|0.20|cut-offs to 

name DPs 

PCA/EFA on derivation 

sample with indexes of 

confirmation success (ratio of 

FG not confirmed to the total 

number of FG and deviations 

in factor loadings between 

PCA/EFA and CFA) 

PCA/EFA on derivation sample: high concordance 

between confirmation success measures; different 

confirmation success indexes between DPs within 

the same solution; all solutions contained 1 or more 

poorly confirmed DP (deviation >30%); 3-component 

solution was better confirmed that the others 

Judd, 2014 

USA 

REGARDS 

(24) 

EFA on the first split-sample, CFA 
on the second split-sample, and 
final PCA on the whole sample as 
far as the model is correctly 
identified: 

EFA: 3 separate PCAs by population 

subgroups [region (southeastern US 

stroke belt/non-belt), sex 

(male/female), and race (black/white)] 

to identify the optimal number of 

factors in a range from 3 to 6 factors; 

EIG>1.5, Scree test, interpretability of 

results from stratified PCAs; Varimax 

rotation; Descriptive labelling; 

CFA: Loading > |0.20| cut-off on EFA 

NA (5) Cross-study reproducibility: 

CC determined for each 

stratification pair for each of 

the factor number solutions 

(“excellent” when the smallest 

coefficient was >0.8, “good” ; 

between 0.65 and 0.8, 

“acceptable” between 0.5 and 

0.65, and “poor” <0.5); 

Validity: CFA 

Cross-study reproducibility: PCA stratified by 

region of residence on the first half-sample: excellent 

CC for the 4- and 5-factor solutions, and acceptable 

CC for the 3- and 6-factor solutions; PCA stratified by 

gender: good CC for the 5- and 6-factor solutions 

and poor CC for the 3- and 4-factor solutions; PCA 

stratified by race: acceptable CC in the 5-factor 

solution, but poor CC for the other 3; the 5-factor 

solution had an acceptable congruence in all 

stratified analyses and it was interpretable, so this 

was the final model selected for CFA;  

CFA on the second half-sample using the 5-factor 

solution: very good results, even when removing FG 

with low factor loadings (RMSEA values below 0.05) 
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results; No different correlation 

structures specified; RMSEA and CFI 

Lau, 2008 

Denmark 

Inter99 Study 

(48) 

Subsample 1: PCA 1: overall analysis 

and separate analyses by sex; PCFA; 

Scree test, interpretability; Varimax 

and Promax rotations compared; 

Loading >=|0.40| cut-off; 

Subsample 1: PCA 2: as PCA 1 but 

including only FI whose loading was 

>= |0.40| cut-off; 

Subsample 2: PCA 3: overall analysis 

and separate analyses by sex; same 

criteria of PCA 1; natural scores; 

Subsample 2: PCA 4: overall analysis 

and separate analyses by sex; same 

criteria of PCA 1; applied scores with 

PCA 1-based loadings; 

Subsample 1: CFA: Loading >=|0.40| 

cut-off on PCA 1 results; RMSEA 

PCA 1: 17.1 (2) 

for entire 

subsample 1, 

17.0 (2) for Ms, 

and 15.4 (2) for 

Fs; PCA 2, 3, and 

4: NA (2); CFA: 

No model 

selection 

Reproducibility: Pearson 

correlation coefficient between 

scores based on PCA 1 and 

PCA 2 in subsample 1; 

Pearson correlation coefficient 

between scores based on 

PCA 3 and PCA 4 in 

subsample 2; Bland-Altman 

plot between scores based on 

PCA 1 and PCA 2 in 

subsample 1, RV (95% CI of 

the difference of factor 

scores/95% CI of the average 

of factor scores) measure; 

Bland-Altman plot between 

scores based on PCA 3 and 

PCA 4 in subsample 2, with 

RV; 

Validity: CFA 

Reproducibility: Rotation method on PCA 1: no 

significant differences in the final DPs derived from 

varimax vs. promax transformation, so promax 

rotation used for the PCA 1 analysis; Pearson 

correlation coefficient between scores based on PCA 

1 and PCA 2 in subsample 1 was equal to 0.93 

(P<0.0001) for TRADITIONAL and MODERN DPs; 

Pearson correlation coefficient between scores 

based on PCA 3 (natural scores) and PCA 4 (applied 

scores) in subsample 2 was equal to 0.89, 0.98, and 

0.90 (P<0.0001) for the TRADITIONAL DP in all, Fs 

and Ms, respectively, and 0.89, 0.99, and 0.93 

(P<0.0001) for MODERN DP in all, Fs and Ms, 

respectively; Bland-Altman method: no systematic 

bias between scores based on PCA 1 and PCA 2 in 

subsample 1; relatively poor agreement (RV=39.9% 

for TRADITIONAL DP and 37.6% for MODERN DP 

and PCA 1 and PCA 2 scores); no systematic bias 

between scores based on PCA 3 and PCA 4 in 

subsample 2; relatively poor agreement (RV=47.5% 

for TRADITIONAL DP and 47.7% for MODERN DP 

and PCA 3 and PCA 4 scores); for Fs acceptable 

RV, whereas for Ms larger variations than for Fs; 
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Validity: CFA: good fit (RMSEA equal to 0.008 < 

0.10) 

Maskarinec, 

2000 

USA (Hawaii) 

NA 

(52) 

EFA: logtransformation (base e) on the 

first half of the population; Scree test, 

interpretability; Varimax rotation; 

Loading >=|0.60|cut-off; 

CFA: Loading >=|0.60|cut-offs on EFA 

results for variables in the second half 

of the population; chi-squared test, 

RMSEA, CFI, NNFI, Parsimonious 

NFI; t-test on factor loadings; final CFA 

results applied on the whole sample 

EFA: 93 (4); CFA: 

No model 

selection 

Validity: CFA Validity: CFA: significant standardized coefficients of 

FG on the given factor, but goodness of fit indexes 

slightly inappropriate (significant chi-squared test 

P<0.0001; RMSEA equal to 0.14 >0.10; CFI equal to 

0.82 < 0.90; NNFI equal to 0.83 < 0.90; parsimonious 

NFI equal to 0.68 > 0.60) 

Newby, 2006 

Sweden 

SMC 

(10) 

Separate PCFAs at each time point: 
Scree test, interpretability; Varimax 

rotation; Descriptive labelling; 

Separate CFAs at each time point: 
Loading >=|0.15|cut-off based on 

loadings >=|0.20|cut-off from EFA 

results and a priori knowledge 

PCFA: 35.4 (6) 

with FFQ1 (1987) 

data, 32.4 (6) 

with FFQ2 (1997) 

data; CFA: No 

model selection 

Validity: CFA; 

Stability over time: mean and 

SD intakes of CFA-based FG 

at both time points and 

Spearman correlation 

coefficient between CFA-

based FG; Pearson 

correlation coefficient between 

DP scores at 2 time-points; 

Pearson correlation coefficient 

between DP scores from 

PCFA and CFA at fixed time-

point 

Validity: CFA, but no goodness of fit assessment or 

formal comparison with EFA; Stability over time: 

intakes of vegetables, fruit, seafood, refined grains, 

soda, sugary foods, and sweet baked goods 

increased over the time period, whereas intakes of 

meat and whole grains decreased over the time 

period; Spearman correlation coefficient between 

CFA-based FG ranged from 0.23 to 0.70 (all 

P<0.0001); Pearson correlation coefficient between 

DP scores in 1987 and 1997 ranged from 0.27 

(WESTERN/SWEDISH DP) to 0.54 (ALCOHOL DP) 

for CFA-based DPs (all P<0.0001) and were similar 

for PCFA-based DPs; Pearson correlation coefficient 
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between DP scores from PCFA and CFA at fixed 

time-point were >=0.90 (all P<0.0001)  

Newby, 2006 

Sweden 

SMC 

(27) 

Separate PCFAs at each time point: 
Scree test, interpretability; Varimax 

rotation; Descriptive labelling; 

Separate CFAs at each time point: 
Loading >=|0.15|cut-off based on 

loadings >=|0.20|cut-off from EFA 

results and a priori knowledge 

PCFA: 35.4 (6) 

with FFQ1 (1987) 

data, 32.4 (6) 

with FFQ2 (1997) 

data; CFA: No 

model selection 

Validity: CFA; 
Stability over time: no formal 

assessment 

Validity: CFA, but no goodness of fit assessment or 

formal comparison with EFA; 

Stability over time: Similar FG and factor loadings 

for each DP were seen in 1987 and 1997; some 

variation was observed for HEALTHY DP (seafood, 

poultry, and eggs also contributed to HEALTHY DP 

in 1987, whereas legumes and soy products 

contributed to HEALTHY DP in 1997) 

Park, 2005 

USA (Hawaii 

and Los 

Angeles) 

Hawaii - Los 

Angeles 

Multiethnic 

Cohort Study 

(53) 

PCFA: Box-Cox transformation on the 

first half of the population and in the 10 

separate ethnic-gender groups defined 

on this first half of the sample; 

EIG>1.25, Scree test, interpretability; 

Varimax rotation; Loading >=|0.60| cut-

off to exclude other 7 FG from the 

analysis; 

CFA: Loading >=|0.60| cut-off on 

PCFA results for variables in the 

second half of the population and in 

the 10 separate ethnic-gender groups 

defined on this second half of the 

sample; RMSEA, CFI and NNFI; t-test 

PCFA: 63.5 (3); 

CFA: No model 

selection 

Validity: CFA Validity: CFA: significant and high (>0.6) 

standardized loadings (all P<0.001); acceptable 

goodness of fit indexes (RMSEA equal to 0.095 

<0.10; CFI equal to 0.90 = 0.90; NNFI equal to 0.88 < 

0.90) 
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on factor loadings; final PCFA results 

applied on the whole sample 

Ryman, 2015 

USA 

(Southwest 

Alaska) 

CANHR 

(54) 

EFA: logtransformation (base e) on 

358 subjects; NA criteria for choosing 

the number of factors; NA rotation; 

Loading >=|0.60|cut-off; 

CFA: Loading >=|0.35|cut-offs (and a 

priori knowledge of Alaska native diet) 

on EFA results on 272 subjects; 3-

factor model with correlated factors; 

GFI, AGFI, RMSEA, CFI, and NNFI 

EFA: NA (3); 

CFA: 3-factor 

model with 

correlated factors 

Validity: CFA; 

Reliability: composite 

reliability of DPs with CFA 

(squared standardized 

loadings and sum of the error 

variances), test-retest 

reliability of DPs with intra-

class correlation coefficient 

(FFQ1 and FFQ2), indicator 

reliability of individual FG 

included in the CFA-based 

DPs with CFA (square of the 

standardized factor loadings 

for each FG), and test-retest 

reliability of individual FG 

Validity: CFA: significant and high (>0.40) 

standardized coefficients of FG on the given factor, 

except for 1 FG; satisfactory goodness of fit indexes 

(GFI, AGFI, CFI, and NNFI values were 0.93, 0.91, 

0.92, and 0.91, respectively, all >0.90, and RMSEA 

was equal to 0.004 < 0.005); Reliability: composite 

reliability of DPs: ranged from 0.56 to 0.73; test-

retest reliability of DPs: ranged from 0.34 to 0.66; 

indicator reliability of individual FG included in CFA-

based DPs: ranged from 0.07 to 0.46; test-retest 

reliability of individual FG included in CFA-based 

DPs: ranged from 0.11 to 0.50, with better reliability 

for market-based FG 
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included in the CFA-based 

DPs with intra-class 

correlation coefficient (FFQ1 

and FFQ2) 

Schulze, 2003 

Germany 

EPIC-Potsdam 

(55) 

EFA: on the learning sample with 

following re-analyses limiting the 

number of included FG until 8 FG; 

EIG>1, Scree test; No rotation; 

Descriptive labelling; 

CFA: Loading >=0.40 cut-off on EFA 

results using the sample study; CFA: 

2-factor model with uncorrelated 

factors; GFI, RMSEA, CFI, NNFI; 

simplified scores 

EFA: NA (2); 

CFA: No model 

selection 

Validity: CFA Validity: CFA: significant standardized loadings; 

acceptable goodness of fit indexes, except for 

borderline significance of NNFI (Goodness of Fit 

equal to 0.98 > 0.90; RMSEA equal to 0.07 <0.10; 

CFI equal to 0.93 > 0.90; NNFI equal to 0.90 = 0.90) 
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Togo, 2004 

Denmark 

MONICA 

(29) 

EFA: on a subsample of the M-82 data 

(who filled a DR too); Separate 

analyses by sex; Scree test, 

interpretability; Varimax rotation; 

Descriptive labelling; CFA: Loading 

>=|0.30|cut-off on EFA results;                                              

CFA: 3-factor model with correlated 

factors; CFA performed on M-82 data 

(all M-82 participants) and on the 

subgroup including M-82-87 data; to 

include diet information at 5-year 

follow-up, CFA performed as a mean-

structure factor analysis with group 

mean factor scores at baseline equal 

to 0 (but free to be estimated at M-87) 

and fixed loadings and factor-factor 

correlations over time; minimization 

technique to calculate factor scores 

EFA: 30.5 (3) 

among Ms; 23.8 

(3) among Fs; 

CFA: 3-factor 

model with 

correlated factors 

separately for Ms 

and Fs applied 

for the baseline 

cross-sectional 

analysis and as a 

mean-structure 

factor analysis  

Validity: CFA at baseline; 

Stability over time: CFA as 

mean-strcuture factor analysis 

on the subgroup with data at 

both time points (M82-87) 

Validity: CFA, but no goodness of fit assessment or 

formal comparison with EFA;  

Stability over time: CFA: by design, high 

correlations between corresponding DP scores at 

both time points (range: 0.88 - 0.95); between M-82 

and M-87, the GREEN DP score mean increased to 

0.30 for Ms and to 0.24 for Fs, the TRADITIONAL 

(men) and the SWEET-TRADITIONAL (women) DPs 

decreased to -0.27 and -0.18, and the SWEET DP 

(men) was virtually unchanged 

Togo, 2003 

Denmark 

MONICA 

(47) 

Separate PCFAs on FFQ and DR 
data (in octiles): Separate analyses 

by sex; standardization with Kaiser 

normalization; Scree test, 

interpretability; Promax rotation; 

Loading >|0.30|cut-off; 
Separate CFAs on FFQ and DR data: 

In Ms: 30.5 (3) 

with FFQ data 

and 26.2 (3) with 

DR data; in Fs: 

23.8 (2) with FFQ 

data and 19.8 (2) 

with DR data  

Relative validity: Pearson 

correlation coefficient between 

scores based on FFQ and DR 

data; 

Validity: CFA; Pearson 

correlation coefficient between 

Relative validity: EFA on FFQ and DR data: The 

identified DPs were very similar, although the 

percentages of explained variance were lower on DR 

data; Pearson correlation coefficient between FFQ-

based and DR-based scores ranged between 0.34 

(TRADITIONAL DP among Ms) and 0.61 (both 

GREEN DPs, among Ms and Fs); CFA on FFQ and 



 

 101 

Loading >=|0.30|cut-off on EFA 

results; polychoric correlation matrix; 

RMSEA; weighted least square 

variable estimates with robust 

standard errors and mean- and 

variance-adjusted chi-squared test 

statistic 

scores based on EFA and 

CFA 

DR data: Pearson correlation coefficient between 

FFQ-based and DR-based scores ranged between 

0.37 (TRADITIONAL DP among Ms) and 0.64 

(GREEN DP among Fs); higher correlations with 

CFA than with EFA; Validity (EFA vs. CFA with the 

same dietary source): CFA-based DPs were similar 

across dietary sources and came from models with 

reassuring model fit (RMSEA < 0.10 no matter of the 

dietary source and among Ms and Fs); FFQ data: 

Pearson correlation coefficient between EFA-based 

and CFA-based scores ranged between 0.91 

(TRADITIONAL DP among Ms) and 0.96 (SWEET-

TRADITIONAL DP among Fs); DR data: Pearson 

correlation coefficient between EFA-based and CFA-

based scores ranged between 0.82 (GREEN DP 

among Ms) and 0.94 (both GREEN and SWEET-

TRADITIONAL DPs among Fs); higher correlations 

were found when using the same dietary data 
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Varraso, 2012 

France and 

Spain 

EGEA2-France, 

Spanish PAC-

COPD 

(57) 

PCA and CFA used as equivalent 
approaches on 1000 randomly 
selected samples from each of 4 
different set-ups: 

1. 100% of EGEA2-France study; 
2. 50% of EGEA2-France study; 
3. 25% of EGEA2-France study; 
4. 100% of Spanish PAC-COPD 
study; 
PCA: Scree-plot, interpretability; 

Varimax rotation; Distribution of the 

factor loading of FG to each DP 

represented via box-plot and median 

loading > |0.30| as cut-off; 

CFA: not based on previous EFA; 4 

different models tested (3-factor and 2-

factor models with correlated latent 

variables, 3-factor and 2-factor models 

with independent latent variables); chi-

squared test, GFI, and RMSEA; 

Distribution of the factor loading of FG 

to each DP represented via box-plot 

and median loading > |0.30|as cut-off 

PCA: NA (3); 

CFA: 3-factor 

model with no 

correlation 

among latent 

variables (highest 

GFI and lowest 

RMSEA) 

Reproducibility and Validity: 

statistical properties (min, 

quartile 1, median, quartile 3, 

max) of the distribution of the 

factor loading of each FG to 

each DP in each of the 4 

subsamples considered 

Reproducibility and validity: Two consistent DPs 

were identified by CFA in each of the subsamples, 

whereas PCA led to less interpretable (smaller 

median of factor loadings and higher dispersion) 

DPs, especially for the smallest sample 
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Weismayer, 

2006 

Sweden 

SMC 

(28) 

Separate EFAs at baseline and at 
follow-up for each of the 4 
subgroups: Scree test, 

interpretability; Varimax rotation; 

Descriptive labelling;  

Separate CFAs at baseline and at 
follow-up for each of the 4 
subgroups: Loading >=|0.20| cut-off 

on EFA results 

EFA: NA (3); 

CFA: No model 

selection 

Validity: CFA; 

Stability over time: 1. 

Spearman correlation 

coefficient between baseline 

and follow-up scores for each 

of the 4 groups and both EFA-

based and CFA-based scores; 

2. t-test of baseline and 

follow-up differences in mean 

intakes for the 18 CFA-based 

FG with at least 1 loading 

>0.2 for any of the 3 DPs in 

any of the 4 subsamples; 3. 

Spearman correlation 

coefficient between baseline 

and follow-up intakes of 18 

CFA-based FG with at least 1 

loading >0.2 for any of the 3 

DPs in any of the 4 

subsamples; 

Internal stability of DPs: test of 

significant changes in the 

covariance matrix for each 

confirmed DP at baseline and 

follow-up 

Validity: CFA, but no goodness of fit assessment or 

formal comparison with EFA; Stability over time: 1. 

Spearman correlation coefficient between EFA-

based DP scores equal to 0.59, 0.57, 0.59, and 0.50 

for HEALTHY DP, 0.47, 0.48, 0.51, and 0.39 for 

WESTERN DP, and 0.54, 0.66, 0.58, and 0.46 for 

ALCOHOL DP after 4, 5, 6, and 7 ys, respectively; 

Spearman correlation coefficient between CFA-

based DPs equal to 0.63, 0.63, 0.62, and 0.54 for 

HEALTHY DP, 0.60, 0.54, 0.56, and 0.57 for 

WESTERN DP, and 0.73, 0.76, 0.70, and 0.75 for 

ALCOHOL DP after 4, 5, 6, and 7 ys, respectively; 2. 

t-test: no evidence of a difference in the means for 

10, 6, 6, and 2 of 25 FG after 4, 5, 6, and 7 ys, 

respectively, but evidence that 3, 7, 8, and 11 of the 

18 FG underwent significant changes after 4, 5, 6, 

and 7 ys, respectively (P<=0.01); 3. Spearman 

correlation coefficients between baseline and follow-

up intakes of FG consistently decreasing in size over 

time (no correlation after 7 ys exceeding the size of 

the correlations after 4 ys); Internal stability of DPs: 

no significant instability after 4 and 5 ys of follow-up; 

significant instabilities for WESTERN DP after 6 ys 

(P= 0.01) and for WESTERN (P= 0.02) and 

ALCOHOL DPs (P=0.01) after 7 ys 
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aABBREVIATIONS: AGFI: adjusted goodness of fit index; CA: cluster analysis; CANHR: Center for Alaska Native Health Research study; CC: 

congruence coefficient; CFA: confirmatory factor analysis; CFI: comparative fit index; CI: confidence interval; DP: dietary pattern; DR: dietary 

record; E3N: Mutuelle Generale de l'Education Nationale (EPIC - France); EFA: exploratory factor analysis; EGEA2-France: Epidemiological 

Study on the Genetics and Environment of Asthma 2–France; EIG: Eigenvalue; EPIC-NL: European Prospective Investigation into Cancer and 

Nutrition-The Netherlands; EPIC-Potsdam: European Prospective Investigation into Cancer and Nutrition–Potsdam; F: female; FFQ: food 

frequency questionnaire; FFQ1/FFQ2/FFQ3: food frequency questionnaire at time 1, 2, or 3; FG: food group; GFI: goodness of fit index; M: 

male; MONICA: MONItoring of trends and determinants in CArdiovascular Disease; NA: not available; NFI: normed fit index; NNFI: non-normed 

fit index or Tucker-Lewis index; PAC-COPD: Phenotype and Course of Chronic Obstructive Pulmonary Disease study–Spain; PCA: principal 

component analysis; PCFA: principal component factor analysis; REGARDS: Reasons for Geographic and Racial Differences in Stroke; 

RMSEA: root mean square error of approximation; RV: relative variation; SD: standard deviation; SMC: Swedish Mammography Cohort; SRMR: 

standardized root mean square residual 
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Figure legends 
 
Figure 1. Schemes of dietary pattern identification processes related to the assessment of their reproducibility and validity. 
Specifically, reproducibility and/or validity of dietary patterns can be assessed in the following set-ups: Panel (A): at one time point 
and with one dietary source; Panel (B): at multiple time points and with two dietary source, Panel (C): at multiple time points; Panel 
(D): across centers or studies. All of these settings may include confirmation of the identified dietary patterns with confirmatory 
factor analysis [Panel (E)]a 
 
aABBREVIATIONS: CFA: confirmatory factor analysis; DPs: dietary patterns; EFA: exploratory factor analysis: FFQ: food-frequency 

questionnaire; GS: gold standard dietary assessement tool; mGS: mean of intakes from multiple administrations of the same gold standard tool  

 

 
Figure 2. Sankey diagram showing the selection process used in the systematic review on reproducibility and validity of dietary 
patternsa 

 
aIn the current review, we provided details on the 38 papers that assessed reproducibility, relative and construct validity of a posteriori dietary 

patterns 
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Supplemental Table 1. Definition of terms used in the current review and brief description of the statistical approaches used to 
assess these concepts in the current reviewa 

Term Definition Statistical method 
Agreement How close two measurements made on the same subject are? 

It is measured on the same scale as the measurements themselves.  

Agreement between measurements is a characteristic of the measurement 

method(s) involved, which does not depend on the population in which 

measurements are made, unless bias or measurement precision varies with 

the true value being measured 

Bland-Altman method with 95% LOA 

(limits are defined such that we expect 

that, in the long run, 95% of future 

differences between measurements 

made on the same subject will lie 

within the LOA); 

Proportions of subjects classified into 

the same, adjacent, or opposite 

quantile category of score, or 

proportions of misclassified subjects; 

Kappa coefficient on score quantile 

categories or clusters 

Reliability 

 

 

 

 

 

 

 

 

 

How inherent variability in the ‘true’ level of the quantity between subjects 

relates to the global variability of a phenomenon (variability in true levels plus 

variability in measurement error in observed measurements)? 

If reliability is high, measurement errors are small in comparison to the true 

differences between subjects, so that subjects can be relatively well 

distinguished (in terms of the quantity being measured) on the basis of the 

error-prone measurements. Conversely, if measurement errors tend to be large 

compared with the true differences between subjects, reliability will be low, 

because differences between measurements of two subjects could be due 

purely to error rather than to a genuine difference in their true values 

Intraclass correlation coefficient 

between scores; 

Test-retest reliability on scores or on 

dominant food groups defining the 

identified dietary patterns 
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Repeatability How much is the variation in repeat measurements made on the same subject 

under identical conditions? 

Measurements are made by the same instrument or method, the same 

observer (or rater), if human input is required, and they are made over a short 

period of time, over which the underlying value can be considered to be 

constant. 

Variability in measurements made on the same subject in a repeatability study 

can then be ascribed only to errors due to the measurement process itself 

Pearson or Spearman or Kendall tau 

correlation coefficient between scores 

Reproducibility How much is the variation in measurements made on a subject under changing 

conditions? 

The changing conditions may be due to different measurement methods or 

instruments being used, measurements being made by different observers or 

raters, or measurements being made over a period of time, within which the 

‘error-free’ level of the variable could undergo non-negligible change 

Pearson or Spearman or Kendall tau 

correlation coefficient between scores; 

Intra-class correlation coefficient 

between scores; 

Congruence coefficient between 

loadings 

Validity Does a test accurately measure what it claims to be measuring?  

  Relative  
  validity 

Does a test compare well with a gold standard test? Pearson or Spearman or Kendall tau 

correlation coefficient between scores 

[crude or corrected (de-attenuated) for 

accounting for variation in time]; 

Congruence coefficient between 

loadings 

  Construct  
  validity 

Does a test well measure the latent constructs that it is supposed to measure 

through operationalizations of the construct? 

CFA 

aABBREVIATIONS: CFA: confirmatory factor analysis; LOA: limits of agreement  
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Supplemental Table 2. Reproducibility of a posteriori dietary patterns across statistical solutions: details on dietary pattern 
compositiona 

Reference Dietary pattern composition 

Bailey, 2006 

USA (Pennsylvania) 

Geisinger Rural Aging 

Study 

(42) 

From CA on the number of servings: 
CLUSTER 1: higher mean amounts of bread, sweet breads, dairy desserts, processed meats, eggs, and 

fats/oils; 

CLUSTER 2: higher mean amounts of most fruit/vegetable subgroups, fish, milk, and poultry 

From CA on the percent daily energy contribution: 
CLUSTER 1: higher mean amounts of pasta/noodles/rice, starchy vegetables, vegetable soups/sauces/juices, 

dairy desserts, cheese, most meat subgroups, and fats/oils; 

CLUSTER 2: higher mean amounts of sweet breads (e.g. cookies, muffins, and doughnuts), snacks, other fruit, 

fish, and sweets 

Balder, 2003 

Netherlands, Sweden, 

Finland, and Italy 

DIETSCAN (NLCS, 

SMC, ATBC, ORDET) 

(26) 

Dietary patterns based on unadjusted variables for energy intake: 
(SALAD) VEGETABLE (common to all studies and different genders): high in raw leaf vegetables, tomatoes, 

carrots, cabbages and sometimes oil, poultry, rice, pasta, and fish; 

PORK, PROCESSED MEAT, POTATOES (common to all studies and different genders): high in pork, 

processed meat, and potatoes; 

COOKED VEGETABLES (common to NCLS Ms and ORDET): high in cooked leaf vegetables, cabbages, 

legumes, and carrots; 

ALCOHOL (common to ATBC, SMC and ORDET): high in wine, beer, and spirits; 

SWEET AND/OR SAVORY SNACKS (common to NCLS Ms and Fs): high in savory snacks, nuts, 

sweets/candies, and cakes/cookies; 

BROWN/WHITE BREAD SUBSTITUTION (common to NCLS Ms and Fs): high in bread substituters; 

plus other 2 population-specific DPs not described in detail 
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Bountziouka, 2012 

Greece 

NA 

(41) 

From unrotated PCA solution at both time-points: 

WESTERN: high in white starchy products, eggs, potato, red meat, poultry, full-fat delicatessen, bakery, sweets 

and sodas; 

MEDITERRANEAN: high in low-fat dairy products, whole meal products, fish, legumes, fruit and vegetables; 

DRINKING: high in wine, beer, spirits, and stimulants; 

LIGHT PRODUCTS: high in low-fat dairy products, low-fat delicatessens, and light sodas 

From orthogonal rotation (varimax and quartimax) solutions: 3 DPs similar at the 2 time-points, except for 

the percentage of explained variances (WESTERN, HIGH-PROTEIN, and DRINKING DPs), but a LOW-

CALORIE DP was found for FFQ2 and quartimax rotation. 

From non-orthogonal rotation (promax and oblimin) solutions: 3 DPs similar at the 2 time-points, except for 

the percentage of explained variances (UNFAVOURABLE, HEALTHY, and DRINKING DPs) 

Castro, 2015 

Brazil 

Healthy Survey of the 

City of Sao Paulo 

(50) 

From EFA and CFA, with different cut-offs for FG inclusion and with different rotation methods: major 

differences in the first factor for EFA and |0.20| cut-off, but minimal with EFA (or CFA) and |0.25| cut-off: 

TRADITIONAL: high in typically consumed Brazilian foods like rice, beans, sugar, white breads, plus some 

additional FG in EFA with |0.20| cut-off (high in butter, margarine, beef and low in low fat milk); 

VEGETABLE-BASED DIET: high in salad dressings, leafy vegetables, non leafy vegetables, and spices, plus 

whole breads in CFA with oblimin rotation, or plus whole breads and white cheese, fruits and fruit juices in EFA 

with |0.20| cut-off  

Dekker, 2013 

Netherlands 

Doetinchem Cohort 

Study 

(25) 

From CA on each of the 3 surveys: 
HIGH-FIBER BREAD: high percentage of total energy from high-fibre bread, cakes and cookies, and cheese; 

LOW-FIBER BREAD: high percentage of total energy from low-fibre bread, sugar-sweetened beverages, other 

alcoholic drinks, and fries 
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Fransen, 2014 

Netherlands 

EPIC-NL 

(51) 

From PCA/EFA: 2-6 DPs possibly retained and to be confirmed with CFA 

2-component solution: 

WESTERN: high in French fries, fast food, and soft drinks; 

PRUDENT: high in fish, vegetable, and high-fiber products; 

3-component solution: PRUDENT DP was subdivided into 2 DPs; 

4-component solution: WESTERN DP was subdivided into 2 DPs 

From CA: 2-6 DPs possibly retained: 

first 5 solutions which had 1 PRUDENT DP that included fish, high-fiber products, vegetables, and fruit (DP 2A, 

3C, 4B, 5B, and 6E); 

WESTERN DP obtained for the 2-cluster solution (DP 2B) was subdivided into different clusters when more DPs 

retained 

Greve, 2016 

Germany 

IDEFICS 

(56) 

From application of all 3 CA methods, with some variation: 

NON-PROCESSED: higher-than-average consumption of fruits, vegetables and wholemeal bread and lower-

than-average consumption of refined cereals, sweet drinks and fast food; 

BALANCED: slightly higher-than-average consumption of sauces and butter, sweet drinks, meat and refined 

cereals, and slightly lower-than-average consumption of breakfast cereals, dairy products and fruits; 

JUNK FOOD: higher-than-average consumption of fast food, breakfast cereals, meat alternatives and dairy 

products, as well as sweet snacks for Gaussian mixture and k-means models only, and lower-than-average 

consumption of wholemeal bread, fruits and vegetables 
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Lau, 2008 

Denmark 

Inter99 Study 

(48) 

Subsample 1: PCA 1: for both Ms and Fs, with small differences:  

TRADITIONAL: high in paté or high-fat meat for sandwiches, mayonnaise salads, red meat, potatoes, butter and 

lard, low-fat fish, low-fat meat for sandwiches and sauces; 

MODERN: high in vegetables, fruit, mixed vegetables dishes, vegetable oil and vinegar dressing, poultry, and 

pasta, rice, and wheat kernels; 

Subsample 1: PCA 2: same DPs as PCA 1 (differences in factor loadings < 0.007); 

Subsample 2: PCA 3: same DPs as PCA 1, except for low-fat fish and margarine (differences in factor loadings 

< 0.15 except for low-fat fish and margarine); 

Subsample 2: PCA 4: same DPs as PCA 3; 

Subsample 1: CFA: same as PCA 1 (differences in factor loadings < 0.15) 

Lo Siou, 2011 

Canada 

Tomorrow Project 

(43) 

From CA among Ms: 

DAIRY AND SWEETS: higher mean energy contributions from pasta/pizza, soda (regular), or chips, as well as 

from low-fat dairy and sweets; 

WESTERN: no comments; 

HEALTHY: higher mean energy contributions from fruits, poultry (no skin), vegetables (cooked, raw, tomatoes, 

cabbage, or legumes), and fish, and lower mean energy contributions from meat (processed or not), sweets, 

soda (regular), other bread, French fries, butter, margarine, or mayonnaise; 

WHOLEMEAL BREAD AND JAM: higher mean energy contributions from wholemeal bread, jam, cooked 

potatoes, margarine, or mayonnaise 

From CA among Fs: 

WESTERN AND SWEETS: no comments; 

HEALTHY: higher mean energy contributions from fruits, poultry (no skin), vegetables (cooked, raw, tomatoes, 

cabbage, or legumes), and fish, and lower mean energy contributions from meat (processed or not), sweets, 

soda (regular), other bread, French fries, butter, margarine, or mayonnaise; 

LOW FAT DAIRY AND BREAKFAST CEREAL: no comments 
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McCann, 2001 

USA (New York) 

Western New York Diet 

Study 

(45) 

From PCAs on each of the 3 food classification methods: 
HEALTHY: high in fruits and vegetables, poultry, fish, and whole grains;  

HIGH FAT: high in refined grains, fast foods, high-fat mixed dishes, and meats 

Northstone, 2008 

UK 

ALSPAC 

(36) 

From PCA on unadjusted data: 
HEALTH-CONSCIOUS: high in salad, fresh fruit, rice, pasta, fish, pulses, and non-white bread; 

TRADITIONAL: high in all types of vegetables, some red meat and poultry;  

PROCESSED: high in meat pies, sausage and burgers, fried foods, pizza, and chips; 

CONFECTIONERY: high in chocolate, sweets, biscuits, cakes, and other puddings; 

VEGETARIAN: high in meat substitutes, pulses, nuts, and herbal tea 

From PCA on energy-adjusted data: 
PROCESSED DP lost, but the other ones were present and in the same order, with slight differences in factor 

loadings for FG that used to load on the PROCESSED DP and now loaded negatively on the HEALTH-

CONSCIOUS DP 

Sauvageot, 2017 

Luxembourg, Belgium, 

and France 

NESCaV 

(44) 

From final CA solution: 
PRUDENT: higher mean residual intake of brown bread, fruits, oleaginous fruits, dried fruits, soups, vegetables, 

pulses, preserved vegetables, offal, fish, smoked and canned fish, shellfish and mussels, dairy products, soya 

products, olive oil, oil-rich in omega 3 or 6, water and tea and lower mean residual intake of white bread, 

pastries, rice and pasta, fried foods, lean and fatty meat, processed smoked meat, processed meat, ready 

meals, minarine and margarine, fresh cream and dressing, sugar and sweets, salty biscuits, soft drinks, diet soft 

drinks, beer and aperitifs, and spirits; 

NON-PRUDENT: higher mean residual intake of white bread, potatoes, fried foods, lean and fatty meat, offal, 

processed meat, shellfish and mussels, minarine and margarine, fresh cream and dressings, coffee, diet soft 

drinks, beer and wine, and lower mean residual intake of cereals, rice/pasta, fruits, oleaginous fruits, dried fruits, 
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vegetables, pulses, preserved vegetables, fish, smoked and canned fish, dairy products, soya products, olive oil 

and oil-rich in omega 3 or 6, light fresh cream and dressings, sugar and sweets, water, fruit or vegetable juice 

and tea; 

CONVENIENT: higher mean residual intake of cereals, pastries, rice and pasta, preserved vegetables, smoked 

and canned fish, ready meals, high-fat dairy products, soya products, fresh cream and dressings, sugar and 

sweets, salty biscuits, fruit or vegetable juice, soft drinks and aperitifs, and spirits, and lower mean residual 

intake of brown bread, potatoes, oleaginous fruits, soups, vegetables, pulses, offal, fish, shellfish and mussels, 

oil-rich in omega 3, coffee and wine 

Varraso, 2012 

France and Spain 

EGEA2-France, 

Spanish PAC-COPD 

(57) 

100% of EGEA2-France study:  

PCA: PRUDENT: high in vegetables, fruit, oil, legumes, and fish; 

WESTERN: high in prepared meals, French fries, processed meats, sandwiches, snack, soda, pods and peas, 

cakes, condiments, high-fat dairy products, and potatoes; 

ALCOHOL AND WINE: high in alcoholic beverages, and low in low-fat dairy products; 

CFA: PRUDENT: high in vegetables, fruit, oils, whole-grain cereals, and fish; 

WESTERN: high in prepared meals, French fries, processed meats, condiments, alcohol, beer/cider, 

sandwiches, potatoes, pods and peas, snack, soda, cakes, red meats, high-fat dairy products, nuts and seeds, 

offal, shellfish, sorbet, high-fat dairy products, coffee, fruit juice, refined cereals, butter, chocolate, and red wine 

50% of EGEA2-France study: 
PCA: VEGETABLES, OIL, AND FISH: high in vegetables, oil, and fish; 

WESTERN: high in prepared meals, French fries, processed meats, sandwiches, snack, soda, cakes, pods and 

peas, beer, condiments, high-fat dairy products, and fruit juice; 

ALCOHOL: high in alcoholic beverages, shellfish, and coffee; 

FRUIT: high in fruit; 

CFA: PRUDENT: high in vegetables, fruit, oils, whole-grain cereals, and fish; 

WESTERN: high in prepared meals, French fries, processed meats, condiments, alcohol, sandwiches, potatoes, 
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pods and peas, snack, soda, cakes, beer/cider, high-fat dairy products, red meats, sorbet, nuts and seeds, offal, 

shellfish, coffee, fruit juice, refined cereals, butter, chocolate, and red wine 

25% of EGEA2-France study: 
PCA: VEGETABLES, OIL, AND FRUIT: high in vegetables, oil, and fruit; 

WESTERN: high in prepared meals, French fries, processed meats, sandwiches, soda, snack, cakes, 

beer/cider, pods and peas, and condiments; 

ALCOHOL: high in alcoholic beverages; 

CFA: PRUDENT: high in vegetables, fruit, oils, whole-grain cereals, and fish; 

WESTERN: high in prepared meals, French fries, processed meats, condiments, alcohol, sandwiches, potatoes, 

legumes, poultry, pods and peas, snack, soda, cakes, beer/cider, high-fat dairy products, red meats, sorbet, nuts 

and seeds, offal, shellfish, coffee, fruit juice, egg, refined cereals, butter, chocolate, and red wine 

100% of Spanish PAC-COPD study: 
PCA: VEGETABLES AND MEATS: high in other oils, fruity vegetables, red meats, offal, cured meats, and 

potatoes; 

LEAFY VEGETABLES AND LOW-FAT DAIRY: high in leafy vegetables and low-fat dairy products. 

CFA: PRUDENT: high in fruity vegetables, other vegetables, blue fish, leafy vegetables, white fish, other oil, red 

meats, pods and peas, and dark-yellow vegetables; 

WESTERN: high in high-fat dairy products, chocolate, potatoes, soda, snack, nuts and seeds, butter, and refined 

cereal and low in low-fat dairy products and citrus 
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Wirfalt, 2000 

Sweden 

MDC 

(46) 

From CA on unstandardized variables: 
MANY FOODS AND DRINKS: highest mean consumption of cheese, and high-fat meats; 

FIBRE BREAD: highest mean consumption of fibre bread, and high-fat meats; 

LOW FAT AND HIGH FIBRE: highest mean consumption of fruits, and low-fat milk; 

WHITE BREAD: highest mean consumption of white bread, high-fat meats, sweets, low-fat spread, and low-fat 

meats; 

MILK FAT: highest mean consumption of Bregott spread, sweets, white bread, and high-fat meats; 

SWEETS AND CAKES: highest mean consumption of sweets, and high-fat meat 

From CA on z-scored variables: 
DRINKS AND FRIES: highest mean consumption of low-fat dressing, liquor, fried potatoes, and wine; 

ICE-CREAM AND CAKE: highest mean consumption of ice-cream, chocolates, and sherbet; 

DIETERS: highest mean consumption of sherbet, cottage cheese, fruit, high-fat fish, coffee, low-fat milk, 

miscellaneous, vegetables, fibre crisp-bread, and low-fat spread; 

HEALTHY: highest mean consumption of cottage cheese, low-fat milk, low-fat spread, crackers, fibre bread, 

fruit, fibre crisp-bread, miscellaneous, low-fat cake, and boiled potatoes; 

TRADITIONAL: highest mean consumption of white bread, sweets, Bregott spread, and whole milk; 

MEDITERRANEAN: highest mean consumption of wine, oil, vegetables, rice/pasta, low-fat fish, fruit, low-fat 

meats, egg, dressing, fibre crisp-bread, high-fat fish, nuts, tea, and cheese 
aABBREVIATIONS: ALSPAC: Avon Longitudinal Study of Parents and Children; ATBC: Alpha-Tocopherol Beta-Carotene Cancer Prevention 

Study; CA: cluster analysis; CFA: confirmatory factor analysis; DIETSCAN: DIETary patternS and CANcer in four European countries project; 

DP: dietary pattern; EFA: exploratory factor analysis; EGEA2-France: Epidemiological Study on the Genetics and Environment of Asthma 2–

France; EPIC-NL: European Prospective Investigation into Cancer and Nutrition-The Netherlands; F: female; FFQ1/FFQ2/FFQ3: food-

frequency questionnaire at time 1, 2, or 3; FG: food groups; IDEFICS: Identification and Prevention of Dietary and Lifestyle-induced Health 

Effects in Children and Infants; M: male; MDC: Malmo Diet and Cancer study; NA: not available; NESCaV: Nutrition, Environment and 

Cardiovascular Health; NLCS: Netherlands Cohort Study on diet and cancer; ORDET: Ormoni e Dieta nella Eziologia dei Tumori in Italy; PAC-
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COPD: Phenotype and Course of Chronic Obstructive Pulmonary Disease study–Spain; PCA: principal component analysis; SMC: Swedish 

Mammography Cohort 
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Supplemental Table 3. Reproducibility and/or relative validity of a posteriori dietary patterns: details on dietary pattern compositiona 

Reference Dietary pattern composition 
Ambrosini, 2011 

Australia 

Western Australian 

Pregnancy Cohort 

(Raine) Study 

(13) 

From EFAs on FFQ and DR data: 

HEALTHY: high in several vegetable types, fresh fruit, fish (steamed, grilled, or canned), whole grains, low-fat 

dairy products, and mineral water; 

WESTERN: high in takeaway foods, confectionery, soft drinks, crisps, fried potato chips, soft drinks; 

plus extra DPs not shared among the 2 dietary sources data and not described in detail (small 
percentages of explained variance, few foods loading highly on them) 

Asghari, 2012 

Iran 

TLGS 

(11) 

IRANIAN TRADITIONAL (common to all 4 dietary sources): high in vegetables, fruits, potatoes, dairy 

products, legumes and nuts, whole grains, tea and coffee, olives, eggs, red meat, and organ meat; 

WESTERN (common to all 4 dietary sources): high in carbonated drinks, salty snacks and salty vegetables, 

sugars, sweets, desserts, vegetable oil, animal fats, fast foods, poultry, fish and other seafood and refined 

grains; 

COMBINED (FFQ3 data only): high in potatoes, tea and coffee, vegetable oils, eggs, legumes and nuts, 

sugar, whole grains and salty snacks 

Beck, 2012 

New Zealand 

NA 

(30) 

From PCFAs on FFQ1, FFQ2, and DR data: 
HEALTHY: high in tomatoes, lettuce, capsicum, broccoli, carrots, onions, apples, almonds, yogurt, brown 

bread, crackers, porridge, herbal tea, and water; 

SANDWICH AND DRINKS: high in brown bread, butter, cheese, beef, coffee, black tea, and milk added to 

drinks 
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Bountziouka, 2011 

Greece 

NA 

(40) 

From PCA: on both FFQ and DR: 
WESTERN: high in full-fat dairy products, refined grains, potatoes, red meat, full-fat delicatessen, and bakery 

products; 

MEDITERRANEAN: high in low-fat dairy, whole-wheat grains, fish and seafood, vegetables, and fruit 

From PCA: on FFQ data only: 
LOW-FAT PRODUCTS: high in low-fat delicatessen, bakery, light sodas, full-fat delicatessen, whole-grains, 

and red meat; 

DRINKING: high in wine, beer, spirits, refined grains, and stimulants 

From PCA: on DR data only: 
SWEETS: high in wholegrains, sweets, and low-fat dairy products, and low in poultry, wine, fish and seafood, 

and potatoes; 

STIMULANTS: high in legumes and stimulants, and low in low-fat delicatessen and eggs 

From CA:  

UNHEALTHY: high in full-fat dairy products, refined grains, potatoes, and red meat; 

HEALTHY: high in low-fat dairy products, whole-wheat grains, fish and seafood, vegetables, and fruit 

Crozier, 2008 

UK 

NA 

(39) 

From PCFA on FFQ data: 
PRUDENT: high in fruit and vegetables, wholemeal bread, rice and pasta, yogurt, cheese, fish and reduced-fat 

milk, and low in white bread, added sugar, tinned vegetables, full-fat milk and crisps; 

WESTERN: high in red and processed meat, cakes and biscuits, puddings, Yorkshire puddings and savory 

pancakes, chips, roast and boiled potatoes, sugar, sweets and chocolate, and low in reduced-fat milk 

From PCFA on DR data: 
PRUDENT: high in wholemeal bread, fruit and vegetables, cheese, yogurt and reduced-fat milk, and low in 

chips and roast potatoes, white bread and tinned vegetables; 

WESTERN: high in full-fat spread, cooking fats and salad oils, full-fat milk, sweets and chocolate, white bread, 

crisps, tea and coffee, chips and roast potatoes, Yorkshire puddings and savory pancakes, and low in 
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reduced-fat spread, reduced-fat milk, wholemeal bread, decaffeinated tea and coffee; 

plus extra DPs not shared among the 2 dietary sources data and not described in detail (few foods 
loading highly on them) 

Hong, 2016 

China 

NA 

(34) 

From EFAs on FFQ1, FFQ2, and m24HR data: 
ANIMAL AND PLANT PROTEIN: high in poultry meats, fish and shrimp, bean curd, livestock meats, dry bean 

and other soy bean products; 

NUTS AND SWEETS: high in nuts, sweets and desserts, and snacks; 

CHINESE TRADITIONAL: high in other grains and products, potatoes, fresh vegetables, fried food, high-fat 

dairy products, wheat and products, rice and products, and pickled vegetables; 

BEVERAGES AND ALCOHOL DP: high in sodas, juice, beer, wine, processed meats and liquor; 

plus extra DPs less interpretable and highly variable and not described in detail 
Hu, 1999 

USA (Massachusetts) 

HPFS 

(9) 

From PCFAs on FFQ1, FFQ2, and mDR data: 
PRUDENT: high in vegetables, legumes, wholegrains, fruit, oil and vinegar salad dressing, and fish and other 

seafood; 

WESTERN: high in processed meat, red meat, butter, high-fat dairy products, refined grains, eggs, and 

French fries; 

plus extra DPs not shared among all available dietary sources data and not described in detail (small 
amount of total variance explained) 

Khani, 2004 

Sweden 

SMC 

(33) 

From PCFAs on FFQ1 and FFQ2 within the reproducibility sample, and on FFQ and mDRs within the 
validity sample: 
HEALTHY: high in vegetables, fruit, fish, poultry, tomato, whole grain, cereal and low-fat dairy products; 

WESTERN: high in processed meat, meat, refined grains, sweets, margarine, high-fat dairy products, 

potatoes, and soda; 

DRINKER: high in beer, wine, liquor, and snacks; 
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plus extra DPs not shared among the compared dietary sources data and not described in detail (<7% 
total variance explained for each of them) 

Liu, 2015 

China 

NA 

(32) 

From PCFAs on FFQ1, FFQ2, and m24HR data: 
PRUDENT: high in rice, wheat, total fruits, fresh vegetables, bean products, white meat, red meat, nuts and 

fresh eggs; 

PROCESSED FOOD: high in pickled vegetables, preserved vegetables, salted meat, and salted eggs; 

plus extra DPs not shared among all available dietary sources data and not described in detail (less 
interpretable and highly variable) 

Loy, 2013 

Malaysia 

USM Birth Cohort 

Study 

(37) 

From PCAs on FFQ and m24HR data: 

HEALTHY: high in fish and other seafood, fruit, dairy products, vegetables, nuts and legumes; 

LESS HEALTHY: high in confectioneries, condiments, oils and fats, tea and coffee, cereals, meat and offal; 

plus extra DPs not shared among the 2 dietary sources data and not described in detail (small 
percentages of explained variance, few foods loading highly on them) 

McNaughton, 2005 

UK 

Medical Research 

Council National 

Survey of Health and 

Development (1946 

British Birth Cohort) 

(35) 

From PCFAs across the 3 dietary data in both Ms and Fs: with some variation on HEALTH-AWARE and 

SANDWICH: 

HEALTH-AWARE: high in high-fibre breakfast cereals, wholemeal breads, apples, and bananas; 

DINNER PARTY: high in coffee, white wine, and cream; 

TRADITIONAL: high in potatoes, green vegetables, carrots, red meat, and peas; 

REFINED GRAINS: high in sugar, butter, white bread (for Fs only), and whole milk; 

SANDWICH: high in tomatoes, lettuce, and onions            

Nanri, 2012 

Japan 

JPHC 

(31)  

From PCAs on FFQ_R, FFQ_V, and mDR data: 

PRUDENT JAPANESE: high in vegetables, fruit, potatoes, soy products, mushrooms, seaweed, oily fish, and 

green tea; 

WESTERNIZED JAPANESE: high in bread, meat, processed meat, fruit juice, coffee, black tea, soft drinks, 
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sauces, mayonnaise and dressing; 

TRADITIONAL JAPANESE: high in rice, miso soup, pickles, salmon, salty fish, seafood other than fish, fruit 

and sake (Ms only) 

Okubo, 2010 

Japan 

NA 

(38) 

From PCFAs on DHQ1, mDHQ, and mDR data, among Fs: 

HEALTHY: high in green and yellow vegetables, fish, fruits, mushrooms, white vegetables, sea products, 

seaweeds, pickled vegetables, shellfish, and pulses, and low in beef and pork; 

WESTERN: high in vegetable oil, processed meat, butter, and eggs; 

JAPANESE TRADITIONAL: high in miso soup, rice, and low in shellfish and bread 

From PCFAs on DHQ1, mDHQ, and mDR data, among Ms: 
HEALTHY: high in green and yellow vegetables, fruits, mushrooms, white vegetables, seaweeds, daily 

products, sugar, miso soup, and pulses; 

WESTERN: high in chicken, vegetable oil, processed meat, and beef and pork, and low in rice 

Ryman, 2015 

USA (Southwest 

Alaska) 

CANHR 

(54) 

From final CFA solution: 

PROCESSED FOODS: high in salty snacks, sweetened cereals, pizza, sweetened drinks, hot dogs and lunch 

meat, fried chicken, and canned tuna; 

FRUITS AND VEGETABLES: high in fresh citrus, potato salad, citrus juice, corn, green beans, green salad, 

and market berries in akutaq; 

SUBSISTENCE FOODS: high in seal or walrus soup, non-oil fish, wild greens, and bird soup 

Togo, 2003 

Denmark 

MONICA 

(47) 

From PCFA on FFQ data among Ms, but similar with PCFA on DR data and CFA on both datasets: 

GREEN: high in wheat bread, and rye bread with wholegrain and/or bran, raw and boiled vegetables, and fruit; 

SWEET: high in cake, biscuits and baked goods, candy or chocolate, soft drink or ice-cream, jam, and 

marmalade or honey; 

TRADITIONAL: high in meat, paté, meat for bread, potatoes, butter, lard and hard margarine; 

From PCFA on FFQ data among Fs, but similar with PCFA on DR data and CFA on both datasets: 
GREEN: Same as for Ms 
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SWEET TRADITIONAL: high in cake, biscuits and baked foods, candy or chocolate, paté and meat for bread, 

white and wheat, butter, lard and hard margarine 
aABBREVIATIONS: CA: cluster analysis; CANHR: Center for Alaska Native Health Research study; CFA: confirmatory factor analysis; 

DHQ1/DHQ2/DHQ3: diet history questionnaire at time 1, 2, or 3; DP: dietary pattern; DR: dietary record; EFA: exploratory factor analysis; F: 

female; FFQ: food-frequency questionnaire; FFQ_R: food-frequency questionnaire from the reproducibility study; FFQ_V: food-frequency 

questionnaire from the relative validity study; FFQ1/FFQ2/FFQ3: food-frequency questionnaire at time 1, 2, or 3; HPFS: Health Professionals 

Follow-up Study; JPHC: Japan Public Health Center-Based Prospective study; M: male; m24HRs: mean 24 hours recall; mDHQ: mean diet 

history questionnaire; mDR: mean dietary record; MONICA: MONItoring of trends and determinants in CArdiovascular Disease; NA: not 

available; PCA: principal component analysis; PCFA: principal component factor analysis; SMC: Swedish Mammography Cohort; TLGS: 

Teheran Lipid and Glucose Study; USM: Universiti Sains Malaysia 
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Supplemental Table 4. Construct validity of a posteriori dietary patterns: details on dietary pattern compositiona 

Reference Dietary pattern composition 

Bedard, 2015 

France 

E3N (EPIC-

France) 

(49) 

From PCA and CFA: 
PRUDENT: high in vegetables, condiments, sauces, fish, fresh diary products, fruit, olive oil; 

WESTERN: high in rice/pasta/grain, potatoes, processed meat, red meat and offal, bread, fats except olive oil and 

sunflower oils, dough and pastry; 

APERITIF: high in crackers, nuts and seeds, alcoholic beverages, canned fish, seaweed, eggs  

Castro, 2015 

Brazil 

Healthy Survey 

of the City of 

Sao Paulo 

(50) 

From EFA and CFA, with different cut-offs for FG inclusion and with different rotation methods: major differences in 

the first factor for EFA and |0.20| cut-off, but minimal with EFA (or CFA) and |0.25| cut-off: 

TRADITIONAL: high in typically consumed Brazilian foods like rice, beans, sugar, white breads, plus some additional 

FG in EFA with |0.20| cut-off (high in butter, margarine, beef and low in low fat milk); 

VEGETABLE-BASED DIET: high in salad dressings, leafy vegetables, non leafy vegetables, and spices, plus whole 

breads in CFA with oblimin rotation, or plus whole breads and white cheese, fruits and fruit juices in EFA with |0.20| 

cut-off  

Fransen, 2014 

Netherlands 

EPIC-NL 

(51) 

From PCA/EFA: 2-6 DPs possibly retained and to be confirmed with CFA 

2-component solution: 

WESTERN: high in French fries, fast food, and soft drinks; 

PRUDENT: high in fish, vegetable, and high-fiber products; 

3-component solution: PRUDENT DP was subdivided into 2 DPs; 

4-component solution: WESTERN DP was subdivided into 2 DPs; 

From CA: 2-6 DPs possibly retained: 

first 5 solutions which had 1 PRUDENT DP that included fish, high-fiber products, vegetables, and fruit (DP 2A, 3C, 4B, 

5B, and 6E); 
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WESTERN DP obtained for the 2-cluster solution (DP 2B) was subdivided into different clusters when more DPs 

retained 

Judd, 2014 

USA 

REGARDS 

(24) 

From final PCA solution on the whole sample: 

CONVENIENCE: high in mixed dishes with meat, pasta dishes, Mexican dishes, pizza, red meat, soup, fried potatoes, 

and Chinese dishes; 

PLANT-BASED: high in cruciferous, green leafy, dark yellow, and other vegetables, fruits, beans, and fish; 

SWEETS/FATS: miscellaneous sugar, desserts, bread, sweet breakfast foods, chocolate, candy, solid fats, and oils; 

SOUTHERN: high in added fats, eggs, fried food, organ meats, processed meats, and sugar-sweetened beverages; 

ALCOHOL/SALADS: high in salad dressing, green leafy vegetables, tomatoes, wine, butter, and liquor 

Lau, 2008 

Denmark 

Inter99 Study 

(48) 

Subsample 1: PCA 1: for both Ms and Fs, with small differences:  

TRADITIONAL: high in paté or high-fat meat for sandwiches, mayonnaise salads, red meat, potatoes, butter and lard, 

low-fat fish, low-fat meat for sandwiches and sauces; 

MODERN: high in vegetables, fruit, mixed vegetables dishes, vegetable oil and vinegar dressing, poultry, and pasta, 

rice, and wheat kernels; 

Subsample 1: PCA 2: same DPs as PCA 1 (differences in factor loadings < 0.007); 

Subsample 2: PCA 3: same DPs as PCA 1, except for low-fat fish and margarine (differences in factor loadings < 0.15 

except for low-fat fish and margarine); 

Subsample 2: PCA 4: same DPs as PCA 3; 

Subsample 1: CFA: same as PCA 1 (differences in factor loadings < 0.15) 

Maskarinec, 

2000 

USA (Hawaii) 

NA 

(52) 

From final CFA solution: 

MEAT: high in processed and red meats, fish, poultry, eggs, fats and oils, and condiment; 

VEGETABLES: high in different vegetables (dark yellow, green leaf and other vegetables); 

BEAN: high in legumes, tofu and soy products; 

COLD FOODS: high in fruit, fruit juice and cold breakfast cereals 
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Newby, 2006 

Sweden 

SMC 

(10) 

From PCFA at both time-points (1987 and 1997) and confirmed with CFA at both time-points (1987 and 1997): 
HEALTHY: high in vegetables, fruit, whole grains, fruit juice, and cereal; 

WESTERN/SWEDISH: high in meat, processed meat, liver, refined grains, and potatoes; 

ALCOHOL: high in wine, spirits, snacks beer, and chocolate; 

SWEETS: high in sweet baked goods, chocolate, sugary foods, dairy desserts, soda, fruit soup, and refined grains; 

plus 2 extra DPs not shared among the 2 FFQ data 

Newby, 2006 

Sweden 

SMC 

(27) 

From PCFA at both time-points (1987 and 1997) and confirmed with CFA at both time-points (1987 and 1997): 
with some variation 

HEALTHY: high in vegetables, fruit, whole grains, fruit juice, and cereal; 

WESTERN/SWEDISH: high in meat, processed meat, liver, refined grains, and potatoes; 

ALCOHOL: high in wine, spirits, snacks beer, and chocolate; 

SWEETS: high in sweet baked goods, chocolate, sugary foods, dairy desserts, soda, fruit soup, and refined grains; 

plus 2 extra DPs not shared among the 2 FFQ data 

Park, 2005 

USA (Hawaii 

and Los 

Angeles) 

Hawaii - Los 

Angeles 

Multiethnic 

Cohort Study 

(53) 

From final PCFA solution on the overall sample: 
FAT AND MEAT: high in discretionary fat, meat, eggs, and cheese; 

VEGETABLES: high in dark-green, deep yellow and other vegetables; 

FRUIT AND MILK: high in milk and yogurt, and fruit groups 

Ryman, 2015 

USA 

(Southwest 

From final CFA solution: 

PROCESSED FOODS: high in salty snacks, sweetened cereals, pizza, sweetened drinks, hot dogs and lunch meat, 

fried chicken, and canned tuna; 
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Alaska) 

CANHR 

(54) 

FRUITS AND VEGETABLES: high in fresh citrus, potato salad, citrus juice, corn, green beans, green salad, and 

market berries in akutaq; 

SUBSISTENCE FOODS: high in seal or walrus soup, non-oil fish, wild greens, and bird soup 

Schulze, 2003 

Germany 

EPIC-Potsdam 

(55) 

From EFA on the learning sample: 
TRADITIONAL COOKING: high in meat, sauce, poultry, potatoes, and cooked vegetables; 

FRUITS AND VEGETABLES: high in fruits, raw vegetables, and vegetable oils  

Togo, 2004 

Denmark 

MONICA 

(29) 

From CFA among Ms, at both baseline and follow-up: 
GREEN: high in wheat bread and rye bread with whole grains and/or bran; raw and boiled vegetables, fruit, rice, 

cheese, fish, milk products and low in white (wheat) bread; 

SWEET: high in cake, biscuits, or other baked goods, candy or chocolate, soft drink or ice-cream, and jam/marmalade 

or honey; 

TRADITIONAL: high in meat, paté and meat for bread, potatoes, white (wheat) bread, sausage, butter, lard and hard 

margarine, and eggs; 

From CFA among Fs, at both baseline and follow-up: 
GREEN: same as for Ms; 

SWEET-TRADITIONAL: high in candy or chocolate, cake, biscuits, or other baked goods, paté and meat for bread, 

white (wheat) bread, butter, lard and hard margarine, soft drink or ice-cream, jam/marmalade or honey, potatoes, meat, 

and sausage 

Togo, 2003 

Denmark 

MONICA 

(47) 

From PCFA on FFQ data among Ms, but similar with PCFA on DR data and CFA on both datasets: 

GREEN: high in wheat bread, and rye bread with wholegrain and/or bran, raw and boiled vegetables, and fruit; 

SWEET: high in cake, biscuits and baked goods, candy or chocolate, soft drink or ice-cream, jam, and marmalade or 

honey; 

TRADITIONAL: high in meat, paté, meat for bread, potatoes, butter, lard and hard margarine; 

From PCFA on FFQ data among Fs, but similar with PCFA on DR data and CFA on both datasets: 
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GREEN: Same as for Ms 

SWEET TRADITIONAL: high in cake, biscuits and baked foods, candy or chocolate, paté and meat for bread, white 

and wheat, butter, lard and hard margarine 

 

 

 

 

 

  
Varraso, 2012 

France and 

Spain 

EGEA2-France, 

Spanish PAC-

COPD 

(57) 

100% of EGEA2-France study: 
PCA: PRUDENT: high in vegetables, fruit, oil, legumes, and fish; 

WESTERN: high in prepared meals, French fries, processed meats, sandwiches, snack, soda, pods and peas, cakes, 

condiments, high-fat dairy products, and potatoes; 

ALCOHOL AND WINE: high in alcoholic beverages, and low in low-fat dairy products; 

CFA: PRUDENT: high in vegetables, fruit, oils, whole-grain cereals, and fish; 

WESTERN: high in prepared meals, French fries, processed meats, condiments, alcohol, beer/cider, sandwiches, 

potatoes, pods and peas, snack, soda, cakes, red meats, high-fat dairy products, nuts and seeds, offal, shellfish, 

sorbet, high-fat dairy products, coffee, fruit juice, refined cereals, butter, chocolate, and red wine 

50% of EGEA2-France study: 
PCA: VEGETABLES, OIL, AND FISH: high in vegetables, oil, and fish; 

WESTERN: high in prepared meals, French fries, processed meats, sandwiches, snack, soda, cakes, pods and peas, 

beer, condiments, high-fat dairy products, and fruit juice; 

ALCOHOL: high in alcoholic beverages, shellfish, and coffee; 

FRUIT: high in fruit; 

CFA: PRUDENT: high in vegetables, fruit, oils, whole-grain cereals, and fish; 
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WESTERN: high in prepared meals, French fries, processed meats, condiments, alcohol, sandwiches, potatoes, pods 

and peas, snack, soda, cakes, beer/cider, high-fat dairy products, red meats, sorbet, nuts and seeds, offal, shellfish, 

coffee, fruit juice, refined cereals, butter, chocolate, and red wine 

25% of EGEA2-France study: 
PCA: VEGETABLES, OIL, AND FRUIT: high in vegetables, oil, and fruit; 

WESTERN: high in prepared meals, French fries, processed meats, sandwiches, soda, snack, cakes, beer/cider, pods 

and peas, and condiments; 

ALCOHOL: high in alcoholic beverages; 

CFA: PRUDENT: high in vegetables, fruit, oils, whole-grain cereals, and fish; 

WESTERN: high in prepared meals, French fries, processed meats, condiments, alcohol, sandwiches, potatoes, 

legumes, poultry, pods and peas, snack, soda, cakes, beer/cider, high-fat dairy products, red meats, sorbet, nuts and 

seeds, offal, shellfish, coffee, fruit juice, egg, refined cereals, butter, chocolate, and red wine 

100% of Spanish PAC-COPD study: 
PCA: VEGETABLES AND MEATS: high in other oils, fruity vegetables, red meats, offal, cured meats, and potatoes; 

LEAFY VEGETABLES AND LOW-FAT DAIRY: high in leafy vegetables and low-fat dairy products. 

CFA: PRUDENT: high in fruity vegetables, other vegetables, blue fish, leafy vegetables, white fish, other oil, red meats, 

pods and peas, and dark-yellow vegetables; 

WESTERN: high in high-fat dairy products, chocolate, potatoes, soda, snack, nuts and seeds, butter, and refined 

cereal and low in low-fat dairy products and citrus 

Weismayer, 

2006 

Sweden 

SMC 

(28) 

From EFAs at baseline and follow-up and confirmed by CFAs at baseline and follow-up: 
HEALTHY: high in fruits, tomatoes, vegetables, cereal, and fish; 

WESTERN: high in meat, processed meat, fried potatoes, soft drinks, and sweets; 

ALCOHOL: high in beer, wine, and liquor consumption as well as snack consumption; 

plus extra DPs difficult to interpret or dominated by only 1 high loading 
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aABBREVIATIONS: CA: cluster analysis; CANHR: Center for Alaska Native Health Research study; CFA: confirmatory factor analysis; DP: 

dietary pattern; DR: dietary record; E3N: Mutuelle Generale de l'Education Nationale (EPIC - France); EFA: exploratory factor analysis; EGEA2-

France: Epidemiological Study on the Genetics and Environment of Asthma 2–France; EPIC-NL: European Prospective Investigation into 

Cancer and Nutrition-The Netherlands; EPIC-Potsdam: European Prospective Investigation into Cancer and Nutrition-Potsdam; F: female; 

FFQ: food frequency questionnaire; FG: food group; M: male; MONICA: MONItoring of trends and determinants in CArdiovascular Disease; 

NA: not available; PAC-COPD: Phenotype and Course of Chronic Obstructive Pulmonary Disease study–Spain; PCA: principal component 

analysis; PCFA: principal component factor analysis; REGARDS: Reasons for Geographic and Racial Differences in Stroke; SMC: Swedish 

Mammograpy Cohort 



Any study design: at 1 time-point Validation studies: at multiple time-
points and with 2 dietary sources

Cohort studies or multiple waves of 
national surveys: at ≥ 2 time-points

Center-based study designs or 
international studies: at 1 time-point with 

potentially different dietary sources

FFQ

DPs emerging from 
statistical solution 1

DPs emerging from 
statistical solution 2

DP reproducibility 
across statistical 
solutions

FFQt1 FFQt2 FFQt3
Time:

≥ 2 years
Time:

≥ 2 years
.…….. ……… …….. ..........

DPst1 DPst2 DPst3

DP
stability over time

FFQa FFQb

DPsa DPsb

FFQc

DPsc

DP
cross-study reproducibility 

DP reproducibility
Time:

≤ 1 year
…… ……FFQt1 FFQt2DPst1 DPst2

(m)GS

DPsGS
DP

relative validity
DP

relative validity
EFA CFA

DPsEFA DPsCFA

DP construct validity

(A)

(C)

(B)

(D)
(E)



218 records identified through 
searches of PubMed/MEDLINE 

database and screened

181 full-text articles assessed for 
eligibility

124 records excluded 
(title and/or abstract 
not relevant or not 

satisfying the inclusion 
criteria)

64 articles included in the 2 
parallel systematic reviews on 
reproducibility and validity of 

dietary patterns

37 records 
excluded 
(not on 

humans nor
in English 
language)

35 reviews 
excluded
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38 articles on reproducibility and 
(relative and construct) validity 

of dietary patterns

34 articles on reproducibility of 
dietary patterns across time and 

studies
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15 articles on reproducibility 
and/or relative validity

8 articles on exploratory factor analysis
6 articles on cluster analysis 14
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15 articles on construct validity
(confirmatory factor analysis)

25 articles on reproducibility 
over time 

(stability over time)

9 articles on reproducibility across 
studies/populations (cross-study 

reproducibility)


