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Abstract

Objective: To conduct a systematic review of studies for the validation of semiquan-
titative FFQ (SFFQ) that assess food intake in adults.

Design: The authors conducted a systematic search in PubMed for articles pub-
lished as late as January 2020 in Spanish, English, French and Portuguese.
Individual searches (twelve in totaD) paired three hyphenated and non-hyphenated
variations of ‘semiquantitative food frequency questionnaire’ with both ‘validity’
and ‘validation’ using the ‘all fields’ and the ‘title/abstract’ retrieval categories.
Independent extraction of articles was performed by four authors using predefined
data fields.

Setting: We searched for original SFFQ validation studies that analysed general diet
composition (nutrients with or without food groups or energy analysis) in healthy
adults, in any setting, and that also reported correlation coefficients.
Participants: Healthy adults.

Results: Sixty articles were included. The preferred comparison standard for
validation was food records (z 37). The main correlation coefficients used were
Pearson’s (12 41), and validity coefficients varied from —0-45 to 1. Most correlation
coefficients were adjusted by energy (twelve studies presented only crude values).
The elements mentioned most frequently were energy, macronutrients, choles-
terol, SFA, PUFA, fibre, vitamin C, Ca and Fe.

Conclusions: Although all these SFFQ are reported as validated, coefficients may
vary across groups of foods and nutrients. Based on our findings, we suggest
researchers to consult our revision before choosing a SFFQ and to review
important issues about them, such as their validation, number of items, number
of participants, etc. Systematic Review Registration: PROSPERO number
CRD42017064716. Available at: http://www.crd.york.ac.uk/PROSPERO/display_
record.asp?ID=CRD42017064716.
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Given the influence that food can have on the develop-
ment, prevention and treatment of diseases, having a
thorough knowledge of a population’s food habits is of vital
importance. However, measurements of dietary intake are
difficult to perform and are thus considered as one of the
major methodological challenges within the field of nutri-
tional epidemiology ™.

*Corresponding author: Email bvizmanos@yahoo.com.mx

Currently, semiquantitative FFQ (SFFQ) are considered
to be an important method of obtaining data on the long-
term habitual intake patterns of large populations®®. The
main objective of SFFQ is to assess diet over long periods
of time. They have been used for research on epidemiology
and non-communicable diseases, as well as in studies
focused on specific foods or nutrients®. In addition, the
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SFFQ is considered to be a relatively inexpensive, quick
and easy-to-implement method that can provide in-depth
insights into food and nutrient intake and dietary patterns™®.

Unlike qualitative FFQ, SFFQ include specific portion
sizes in their questions or items on food intake frequency®®
and they also require weighted responses regarding these
portions. Their overall aim is to obtain estimates of nutrient
intake, which may help to identify dietary deficiencies or
excesses.

However, because a SFFQ that has been developed in a
particular society and culture may not be applicable else-
where, first it must be validated in the population for which
it has been designed™, given that validity is a continuous
variable which may range from no validity to very high®.
Besides, because SFFQ responses are based on memories
of previous eating habits, administering them to children
and the elderly may be particularly problematic. Hence,
they are generally and should preferably be administered
to healthy adults when validating the instrument for use
on the general population®.

Because of the considerable variety of available SFFQ, it
may be challenging to select the best one for a context.
Thus, this systematic review of SFFQ validation studies to
assess food intake in adults is intended to serve as an
up-to-date reference tool that will help researchers to val-
idate SFFQ or choose those best suited to the needs of
whatever specific studies they wish to conduct on particu-
lar populations.

Methods

This study is a systematic review that followed criteria for
the search and selection of articles stipulated by the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement'®. Also, the protocol
for this study was registered in the International Prospective
Register of Systematic Reviews (PROSPERO) with registration
number CRD42017064716.

Literature search

Two authors (E.S.-R. and M.F.B.-O.) performed a system-
atic search in the PubMed bibliographic index for articles
in four languages. Individual searches (twelve in total)
paired all possible combinations of the multi-word terms
‘semiquantitative food frequency questionnaire’, ‘semi-
quantitative food frequency questionnaire’ and ‘semiquan-
titative food-frequency questionnaire’ with ‘validity’ and
‘validation’. Each of these searches was performed using
both the ‘all fields” and the ‘title/abstract’ retrieval catego-
ries. Results included articles published up to the date of
the last search (31 January 2020).

Study selection
Articles were chosen based on six inclusion criteria: (1) be
original SFFQ validation articles; (2) analyse nutrient intake,
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with or without energy or food groups analysis, and with-
out an exclusive focus on specific nutrients (e.g. folic acid
or Fe); (3) include healthy adults with no particular nutri-
tional needs (pregnant women, athletes, etc.); (4) include
individuals without cognitive impairment (when elderly
subjects are studied); (5) include analyses with correla-
tion coefficients (Spearman’s, Pearson’s and intraclass);
(6) be published in English, Spanish, French or Portuguese.
Exclusion criteria were studies that (1) validate SFFQ
designed for specific diseases (e.g. cancer) or conditions
(e.g. post-myocardial infarction); (2) report only food
group analyses; (3) describe data only in tertiles, quartiles
or quintiles without reporting correlation coefficients and
(4) include data reported in a previous paper.

Abstracts obtained using these search criteria were
assessed for eligibility according to inclusion criteria and
retrieved through the University of Guadalajara’s virtual
library and databases, open access links or Google
Scholar. If a full-text paper could not be retrieved through
these means, it was obtained by contacting the paper’s
corresponding author or through the payment of appli-
cable fees. Related articles identified when searching full-
text papers were also retrieved, after confirming their
adherence to the inclusion criteria and their presence in
PubMed. The full text of these studies was also assessed
for eligibility. Any doubts about the eligibility of studies
were resolved through discussions with a third author
(B.V.). Table 1 shows criteria for participants, outcomes
and study design (PICOS statement: population [P], out-
comes [O] and study design [S]; intervention [I] and compa-
rator [C] are non-applicable since we did not search for
clinical trial data).

Data extraction

Independent data extraction from articles was performed
by four authors (E.S.-R., M.F.B.-O., G.M.-O. and M.B.A.-M.)
in a non-blinded way, into an Excel form for evidence
synthesis.

For each SFFQ, the following characteristics were
analysed: author and year of publication, country in which
the questionnaire was developed, geographical region,
number and sex of participants, minimum and maximum
ages or age range (difference between the extremes), num-
ber of items, number of response categories, visual support
to identify portion sizes and how SFFQ were administered
(by interview or self-administration). For the analysis of
data used in the validation, the following was recorded:
validation methods (records and recalls) and the number
of times they used; units of analysis (energy, nutrients
and food groups) with the lowest and highest correlation
coefficient values that were produced (Pearson’s,
Spearman’s, intraclass and Rosner’s); and the specific
values for energy, carbohydrates, proteins, fat and nutrients
that were mentioned most frequently across studies (Ca, Fe,
etc.). To determine which nutrients were most frequently
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Table 1 PICOS (participants, intervention, comparator, outcome, study design) criteria for study selection

Parameter Criteria

Population Inclusion criteria:

Studies must: (1) be original ones on SFFQ validation processes; (2) analyse nutrient and energy intake,
with or without food group analysis, and without an exclusive focus on specific nutrients; (3) include
healthy adults as subjects with no special nutritional needs; (4) have study populations composed of
elderly individuals without cognitive impairment (in studies conducted on this population subgroup); (5)
include analyses with correlation coefficients and (6) be published in either English, Spanish, French or

Portuguese.
Exclusion criteria:

Studies must not: (1) validate SFFQ designed for specific diseases (e.g. cancer) or conditions (e.g. post
myocardial infarction); (2) report only food group analyses; (3) present data only in tertiles, quartiles or
quintiles without reporting correlation coefficients and (4) include data reported in a previous paper.

Intervention or exposure Non-applicable

Primary outcomes: reference method used for validation of SFFQ, correlation coefficients for energy,

nutrients and/or food groups; inclusion of reproducibility analysis, correlation coefficients reported for
reproducibility, time frame for reproducibility assessment. SFFQ characteristics (number of items,
number of intake frequency response categories, inclusion of visual support, administration method).
Secondary outcomes: participant characteristics (sex of participants, age ranges or mean and standard
deviation), validation studies characteristics (year of publication, country, region or continent, number of

Comparator Non-applicable
Outcome

participants).
Study design Validation studies

SFFQ, semiquantitative FFQ.

reported, a matrix was created in Excel into which the
nutrients reported in the studies were captured and where
the seven most mentioned nutrients were highlighted.
Regarding reproducibility, the intervals between question-
naire administrations and correlation coefficients (Pearson’s,
Spearman’s, intraclass and Rosner’s) were identified.

Quality assessment

Risk of bias analysis was conducted applying elements of
three tools: Newcastle—Ottawa scale for cohort studies™”,
the Cochrane evaluation tool® and some aspects consid-
ered in the Strobe statement®. The Newcastle-Ottawa
scale was used to assess: the representativeness of the sam-
ple (not volunteers); the assurance of exposure (data
obtained from the instruments used to validate the SFFQ
were mainly through reminders or records, not self-
reporting); whether the analyses were controlled by at least
one additional variable (e.g. energy); the method used to
assess the results of the SFFQ (preferably by interview);
the duration of the follow-up to validate the tool (ideally
6-12 months) and whether it was representative of the
habitual diet; and the number of dropouts during the
follow-up phase (ideally <30 % of the population) with
explanations of the reasons. Cochrane’s tool was used
to assess the risk of notification bias (considered as low
when the results were consistent with those described in
the methodology section). Finally, based on the Strobe
Statement, some aspects of the methodology (description
of the location, dates, recruitment periods, and eligibility
criteria; a detailed description of the SFFQ application
method; the way in which the sample size was determined;
a description of how variables were addressed in the analysis)
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and the results (description of participant characteristics
and confounding variables and reports of other analyses
such as de-attenuation) were evaluated. A total of fourteen
factors related to the risk of bias were assessed in each of
the studies.

Results

Study selection

Using the above-described search strategy, we initially
found 741 articles. After deleting duplicates, this number
was reduced to 222. Of these, a total of sixty articles were
selected from the bibliographic search, excluding two%
which reported data described in previous papers!»!
(duplicate data). We added another two articles, which
appeared as related articles during full-text searches. We
included these articles, which were retrieved from the
Internet because they had been published in journals cited
in PubMed and met our inclusion criteria. A total of sixty
articles were thus included in the analysis. The flow chart
for the selection of the articles is shown in Fig. 1.

Studies’ and participants’ characteristics

Table 2 shows the characteristics of the included
validation studies. The selected studies had been pub-
lished in six geographical categories: twenty-five in
Europe®1214-30) seventeen in the Americas'337-52 eleven
in Asia®* %% five in Oceania®%® one in Africa®® and one
article had origins in both Asia and Europe’?. The
publication periods of the articles found were as

follows: fifteen were published from 1985 to
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c Records identified
2 through database
_§ searches (n 741)
é Excluded duplicate
- — records (n 519)
Records remaining after
deletion of duplicates
= (n 222)
'g | Records excluded (n 162) for the
g following reasons: Not validation
n Records screened by title studies (n 32); Did not assess
and abstract (n 222) general diet (n 73); Did not
- include healthy adults (n 48); Did
> | not present correlation
- coefficients for nutrients (n 7);
> Full-text artlc.Ie.S. ) Not in either English, Spanish,
3 assessed for eligibility Portuguese or French (n 2).
> (n 60)
w
Record excluded because of
duplicate data (n 2)
58 records identified
Articles identified
through free —>
searches (n 2)
= Studies included in
9 qualitative synthesis
‘_,32 (n 60)

Fig. 1 (colour online) Flow chart of the selection process for studies

1995(5,12,13,21,22,25,27,33,36,39,42,46,50,51,66); nineteen were pubhshed
14,16,17,20,23,26,30,34,35,38,40,41,47-49,54,57,60,67).
from 1996 to 2005( ,16, 3,260,30,34,35,3 9,5 60,6 )’

and twenty-six were published from 2006 to January
2020(15,18,19,24,28,29,31,32,37,43-45,52,53,55,56,58,59,61-65,68-70)

The study with the fewest participants was that by Nath
and Huffman®®, which was conducted on twenty Cuban
immigrants to the USA. The largest sample, found in a study
from France, consisted of 1863 participants®”. No justifica-
tion was found for the sample sizes used in the validations.

More than half of the studies (81-1%) included
men and women(12-14,16,17,19-22,24-28,30,32-34,36-38,40,43,45,48,49,

51-54,56-59,61,64.66,67.70). 13 (245 %) had exclusively women

participants®1523:31,35,42:44,4750.60.62.65.68.  three  studies
(5-7%) had only men8349 and one (1-9%) did not
mention the sex of participants.

Of the total number of articles, forty-three
reported minimum and maximum ages. Among them,

twenty-two had minimum ages in the 18-25
range(12:13,15-17,20,24,28,20,33-35,40,41,44,48,51,52,03-65)  whjle
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three articles reported minimum ages of 132 16©®
and 17 years®?. The majority of papers (31 of 43)
reported maximum ages between 42 and 75 years>12-16
20,22-24,27,28,33,34,36,39.40,42,44,46.48,50,52,54,58,60,61,63.64.68,70) The

maximum age was 100 years“?,

Quality of the studies

Most studies met at least half of the risk of bias and quality
criteria that were assessed, and nine studies met less than
half of the established criteria. The studies that met most
of the criteria were Klipstein et al. ', Chen et al5?,
Ocké et al @, Gunes et al.7” and Whitton et al.©?| in
which twelve of the fourteen criteria were met.

An analysis of all risk of bias and quality factors shows
that the least frequently reported criterion in these studies is
the sample size (five of sixty articles). Another aspect that
should be improved is the representativeness of the sam-
ple, since about half of the studies have volunteer subjects
(twenty-seven of sixty), and four studies do not explain
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Table 2. Characteristics of the population and of the SFFQs validated in the studies included in the review, ordered chronologically.

Age range or Number of intake Survey
Year of mean age (SD) or Number frequency response administration
Reference publication Country n  Sex median [IQR] of items categories method
Willet et al.?) 1985 USA 173 W 34-59 61 9 Interview
Willet et al.('® 1987  USA 27 B 20-54 116 9 Self-administered*t
Tjrannel(ezlgd 1991 Denmark 144 B 40-64 92 ND Self-administered*t
et al.
Rimm et al.®® 1992 USA 127 M 40-75 131 9 Self-administered
Horwath(€®) 1993  New Zealand 53 B 54-86 120 5 and open format§ Self-administered*||
Longneglf)er 1993 USA 138 B 22-82 116 9 Self-administered
et al.
Martin et al.® 1993  Spain 147 W 18-74 118  ND Self-administered
Feskanich et al.4®) 1994 USA 127 M 40-75 45 4 Self-administered
Lee et al.59 1994 USA 74 W 30-60 84 9 Interview™q]
Porrini et al.?" 1994 Italy 30 B 28.5 (6.5) ND ND Self-administered
Ramon et al.?? 1994  Spain 58 B 13-70 39  Open format§ Interview
Rothenberg®) 1994 Italy 46 B 19-47 93 ND Interview*||
Fidanza et al.®® 1995  ltaly 46 B 19-47 93  Daily, weekly and/or Self-administered*||
monthly, with the
stated number of
times (1-6)
Gnardellis et al.(1? 1995  Greece 80 B 25-67 190  Open format§ Self-administered*||
Grootenhuis 1995 Netherlands 74 B 50-75 75 11 and open Self-administered
et al.®d) format§
Bonifacj et al.(®9 1997 France 98 B 41.9 (11.8) 134 6 Self-administered
Friis et al.® 1997  Denmark 122 W 20-29 ND 9 Self-administered
Kumanyika 1997 USA 9% B 66-100 99 5 Interview™||
et al#d)
Ocké et al.?0 1997  Netherlands 121 B 20-70 178  Open format§ Self- administered*||
Hérnandez 1998 Mexico 134 W ND 116 9 Self-administered
et al.*”)
Klipstein et al.(14 1998  Netherlands 80 B 55-75 170  Open format§ Both
Smith et al.®” 1998  Australia 79 B 63-80 145 9 Self-administered
Fregapane and 2000 Spain 38 B 18-61 202 Open format§ Self-administered
Asensio®4
Jackson et al.48) 2001 Jamaica 123 B 25-74 70 8 Interview™q|
Schréder et al.?®) 2001 Spain 4 B 30.7 (10.4) 157  ND Self-administered
Tokudome et al.(®9) 2001 Japan 79 W 32-66 102 8 Self-administered**
Rodriguez et al.*%) 2002 Guatemala 73 B 22-55 52 Open format§ Interview
Masson et al.(1®) 2003 United Kingdom 81 B 19-58 150 Open format§ Self-administered*||
Moreira et al.('") 2003 Portugal 246 B 18-29 89 9 Interview*||
Chen et al.6% 2004  Bangladesh 189 B 17-75 39  Open format§ Interview*t
Ke et al.®") 2005  China 100 B M: 41.8 (6); 125 7 ND
W: 40.9 (5.9)
Nath and 2005 USA 20 B 53.3 (17.1) 131 9 ND
Huffman(8)
Roddam et al.®® 2005  United Kingdom 202 W 50-64 87  Multiple choice Self-administered
answers
Shaten(s}ﬁin 2005 Canada 248 ND 18-82 74 ND Self-administered®||
et al.
Dumart(t;%ray 2006 Switzerland 4 W 75-87 110 9 Self-administered
et al.
Sudha et al.%9 2006  India 102 B 40.9 (12.8) 222 Open format§ Interview*t
Néthlings et al.('9) 2007  Germany 393 B M: 59.0 (8.0); 102 ND Self-administered
W: 55.0 (10.0)
Mullie et al.(1® 2009  Belgium 95 M 43.7 (6.6) 150 9 ND
Barret and 2010 Germany 72 B 23-72 297 ND Self-administered
Gibson®4
Fernandez et al.®? 2010 Spain 158 B 55-80 137 9 Self-administered
Yang et al.®" 2010 Korea 124 B 40-70 103 9 Interview*||
Fayet et al.(®) 2011 Australia 256 F 18-35 235 9 Self-administered**
van Do(r;g)en 2011 Belgium 70 B 25-74 322 9and 5 Self-administered*||
et al.
Bowen et al.53) 2012 India 530 B ND 184 Open format§ Interview*t
Dehghan et al.®" 2012  Argentina 156 B 52.7 (9.5) 9% 9 Interview
Park et al.(%® 2012  Corea 288 B 30-66 112 ND Both*||
Macedo et al.5?) 2013  Mexico 97 B 18-71 162 9 Interview
Babi¢ et al.4 2014 Croatia 68 B 23-57 101 7 Self-administered”||
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Table 2. Continued
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Age range or Number of intake Survey
Year of mean age (SD) or Number frequency response administration
Reference publication Country n  Sex median [IQR] of items categories method
Gunes et al.™ 2015  Turkey 120 B 30-70 229 9 Interview*||
Denova et al.*5) 2016  Mexico 230 B 41.4 (12.2) 140 ND Interview**
Jayawa(gg;ana 2016 Sri Lanka 77 B 46.5 (8.3) 85 Open format§ Interview*||
et al.

Knudsen et al.("9 2016 Denmark 97 M 20-42 220 ND Self-administered*||**
Gazan et al.® 2017  France 1863 B 18-79 94 ND ND
Sanjeevi et al.*¥ 2017  USA 70 B 36.0 (0.8) 95 10 Interview
Whitton et al.(6? 2017  Singapore 161 B 44.0 (14.0) 163  Open format§ Interview*
Yuan et al.*3) 2017  USA 632 B 45-80 152 9 Self-administered
Bijani et al.5% 2018  Iran 200 B 68.1 (6.5) 138  Number of times Interview*||

daily, weekly

and/or monthly
Zack et al.(®9) 2018  Tanzania 317 B  52[IQR 45, 60] 179 9 Interviewtt
Aoun et al.®d 2019 Lebanon 114 B 18-60 157 4 Interview*t
Beck et al.®® 2019  New Zealand 110 W 16-45 220 9 Self-administered

IQR, interquartile range; W, women; B, both; M, men; ND, not described.
*Visual support material was used.

tHousehold or utensil-based measurements.

}Food models and photographs.

§Times per day, week, month, never, etc., with non-specific ranges.
||Photographs.

9IFood models.

**Electronic format.

ttBlack and white plates and food portions drawings.

how sample selection was carried out. Furthermore, twelve
studies do not describe the eligibility criteria for subjects
and/or the selection methods used, and twenty-four do
so incompletely; twenty-five contain incomplete descrip-
tions of locations, dates, subject recruitment periods and
other related information. Finally, twenty-one studies do
not describe the reasons for follow-up losses, a factor that
may compromise their quality (see Supplemental Table 1a
and Table 1b in the supplementary material).

Characteristics of the semiquantitative FFQ

Table 2 also shows the number of items in each SFFQ. The
lowest number of items was thirty-nine in two studies??>%,
while the highest was 322%%. Two articles omitted the num-
ber of items studied?"39,

Regarding the number of response categories for
intake frequency, 21 studies (35 %) used nine catego-
ries(13,17,18,31,32,35,37-39,42,43,47,50-52,61,65,67-70)  Gome studies
included non-specific response options (Van Dongen
et al® had 5-9 response categories depending on
food group section; Fidanza®® had three categories
combined with a ‘number of times’ frequency). Other
articles(1:12:14,16,20,22,23,33,34,53-56,59,62) included direct
questions about intake frequency (options: never/rarely;
number of times per month/week/day). Also, eleven did
not describe such data(s,15,19,21,25—27,29,41,45,58,64)'

Several studies used visual support tools to
enable participants to easily identify food intake

amounts: seventeen studies mentioned the use of

9/10.1017/51368980020001834 Published online by Cambridge University Press

four
used household measures two used photo-
graphs and food models as visual aids?”%9; two SFFQ
used food models“®>”; one used drawing of plates
and different portion sizes®® and one mentioned using
visual aids but it did not specify which ones®®. The other
articles did not say whether visual support for answering

the SFFQ was provided(!1418,19.21-23,26,29-32,34-39,42-
47,51,52,57,

60,64,65,67,68)

. 12,15-17,20,24,25,28,33 41,49,55,56,58,61,66,70).
photographs‘215 5,28,33,41,49,55,56,5 6,70,
(13,53,54,59),

b

Most SFFQ were self-administered (thirty-two of sixty).
Of these, three were sent to participants as electronic
forms150069), twenty-one questionnaires were adminis-

tered iI’ltCI‘ViCWS( 1,17,22,25,37,42,44,45,48-50,52-56,59,

through
01-63.6970). two were administered combining interview
and self-administered formats"+5®; four did not mention

the way the questionnaire was administered182%:3357),

Validity of the analysed semiquantitative FFQ
Table 3 shows the main results of the validation analyses of
the reviewed studies: unit of analysis (nutrients, energy
and/or food groups), reference method, types of correla-
tion coefficients used with minimum and maximum values,
the time interval between the SFFQ and the comparison
method, and the time interval between repeated assess-
ments of reference method. Table 4 shows the specific cor-
relation coefficients for energy and macronutrients.

All studies analysed the validity of SFFQ concerning
nutrients and energy, except for two that presented no
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energy data®?_ Eighteen studies focused on ‘food groups’
as the unit of analysis(1519.293032.33:4152-5557,58,60,63,69.70)
(Table 3). Regarding the number of elements and/or nutrients
analysed, the lowest number reported was six: energy,
proteins, carbohydrates, lipids, SFA and fibre®®. Of the total
number of studies, 23 (38:3%) analysed 10-20 elements
including energy(15:1213,18-22.26-26,33,57,38.42,45,48,50,56,62.63.65)
while 22 analysed 20-30(15:16.23.24:30,3539,41,44,46,47 51,52, 54
57,59.01.68-70) although the same nutrients were not always
counted in each study. The study which analysed the great-
est number of elements (including energy) was Yuan et al.
with 459 (data not shown).

Of all the articles, thirty-seven were validated using food

records as the standard of comparison®13-18:21-23,25-27,29-
35.38.39.42-44.46,5152,5456-58606164666)  and  among  these,

eleven employed food weighing!10:27:31333455657,60,61,67.68)

The fewest number of days reported when food records
were used was three@*3%445759) while the greatest was
36519, One study did not indicate a specific number of days
during which records were used, reporting instead a 2-8d
range®Y. A total of twenty-three articles were validated
by means of several 24-h recalls with intervals ranging
from 1 to 16 d(121920.2428,3740,41434547-50,53,55,59,62,63,65,69,70)
Two of these articles lacked established ranges®74
and another reported different numbers of days over
which 24-h recalls were administered to the same sample®®
(Table 3).

Regarding the validity analysis, forty-one of the studies
used Pearson’s correlation coefficients®1271317-20,22-25,
27,28,30,31,35-40.42,44-51,54-56.59.61,62.65.6670)  while nine used

5(21,29,35,41,43,53,58,64,68)_ Both Pearson’s and
(16,57,60,67)

Spearman’
Spearman’s coefficients were used in four articles
Three articles used intraclass and Pearson’s correlation
coefficients?®3252 one used intraclass and Spearman’s®®),
another used Rosner’s and intraclass correlation coeffi-
cients®®, while other only mentioned using Pearson or
Spearman’s correlation coefficient depending variables nor-
mality©® (Table 3).

Most correlation coefficients were adjusted by

energy(i,12,15—20,22,23,27—33,35,3740,42,45,4548,5 1754,57,59,60,634)5,67770)_
4)

One study adjusted the coefficients by the participants’ sex?,
another adjusted them by sex and age?, other was adjusted
by ethnicity, age and sex®® and an additional study adjusted
them by sex, energy and age®. Twelve studies did not per-
form this coefficient adjustment(?25.20:34.3641,44,50,55,56,58,66)
(Table 3).

In general, correlation coefficients for energy and
nutrients ranged from —0-45 to 1.00%. Crude correlation
coefficients ranged from —0-385% to 0-998¥; crude and de-
attenuated correlation coefficients ranged from —0-05"% to
09819 adjusted values ranged from —0-451% to 0-998©¢3;
and adjusted and de-attenuated values ranged from
—0-03 to 1.001 (Table 3). For good groups, correlation
coefficients ranged from —0-015% to 1.00? (crude values).

In the case of correlation coefficients for energy and
macronutrients (Table 4), we found that the lowest

0.1017/51368980020001834 Published online by Cambridge University Press
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correlation  coefficient was —0-34 for proteins®®

(Pearson’s, adjusted), while the highest were 0-99(©30%
(Pearson’s, adjusted and crudes) for proteins©>%” also
for carbohydrates® and total fat®® (Pearson’s, crude).
In the case of energy, correlation coefficient range was
between 0-02? (Pearson’s, adjusted) and 0-99©%
(Pearson’s, or Spearman’s, crude).

Another important issue is related to the time interval
between the repeated assessment of the reference method,
and the time interval between the SFFQ and the compari-
son method. In nine studies, the SFFQ and the reference
method were applied at the same time(20:27:33.3745.47,49.64.69),
one study® gave less than a week; eight studies gave an
interval of 1-2weeks(10225357.00036070) and other eight
gave an interval of 1-2 months™>131432435262). four gave
more than 2months between methods®@3424659  while
three studies gave different time intervals'22%5V Tt is
important to notice that the remaining twenty-seven studies
do not report the time frame between SFFQ and reference
method(17-19.21,24,25,28-31,34-36,38,39,41,44,48,50,55,56,58,59.,61,65,67,68).

In the case of repeated assessments of the reference

method, timelines were varied, but the most
frequent was every 3 months or in each sea-
son5-30,32,37,42,47,48,51,52,58,60,61,64,70) . this was not

described in the paper(li,16,19,21,31,34—36,38,41,44,50,55—57).

It is important to notice that the nutrients mentioned
most frequently across studies, in addition to energy
and macronutrients, were cholesterol, SFA, PUFA, fibre,
vitamin C, Ca and Fe. PUFA had the lowest coefficient,
which was —0-10°% (Pearson’s, crude), while vitamin C
showed the highest coefficient value of 0-98°% (Pearson’s,
or Spearman’s, crude). These data are detailed in
Supplemental Table 2 in the online supplementary
material.

Reproducibility of the analysed semiquantitative FFQ
Of the sixty validation articles analysed, twenty-five
included reproducibility ~analyses(®121418:20,23,2631,52,35,57,59,
42-44,47:48,5152,5859.62-6467) Table 5 shows their characteristics.

Most articles (thirteen of twenty-five) used an inter-
val of 1 year to assess the reproducibility of the
SFFQ(5/1220313235373942434752585969) Four reported repro-
ducibility for short- and long-term@*31:48.67; two set repro-
ducibility for more than 1 year®423;
6-12 month interval®”; and others mention

one mentioned a
662 4.63)
or 1-month interval®® or a less than 6-month interval®.
One article did not specify the interval used, stating only
that it was short-term®.

The twenty-five papers that included reproducibility
analyses used correlation coefficients. Eight articles used
only the Pearson’s correlation coefficient>18:20,23,31,35,51,59),

nine used only the intraclass correlation
cient(12,14,39,43,44,47,62-64)

coeffi-
, and six articles reported correla-
tion values for both coefficients?03237424852  Only one
article used both Pearson’s and Spearman’s correlation
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Table 3 Validity of the analysed semiquantitative FFQ (SFFQ), ordered chronologically
No. of days
Reference of the
method for  reference Intervals between SFFQ  Intervals between the  Unit of  Unadjusted correlation coefficients Adjusted correlation coefficients*
Reference validation method and reference method reference method analysis (minimum—maximum values) (minimum-maximum values)
Willet et al.4?) FR 28 2—4 months 3 months E&N rf=0-26-0-73 rf =0-36-0-75
Willet et al.('3) FR 365 18 months Each day in one year E&N rf=0-38-0-76 rf =0-21-0-68; 0-28—-0-62 £§;
0-28-0-70*t1§
Tjonneland et al.?”) WFR 14 0 2-3 weeks E&N r=M: 0-17-0-64; W: 0-26-0-53 r=M: 0-27-0-71; W: 0-26—0-53
Rimm et al.%® FR 14 ND 6—7 months E&N rf =0-25-0-86 rt =0-28-0-87; D: 0-32—0-92
Horwath(® FR 10 2 weeks 2months E&N r=M: 0-43-0.78; W: 0-34-0-66 ND
Longnecker et al.®")  FR 2-8d ND Spring, summer and  E&N rt|| 7=0-21-0-60 rt|| = 0-23-0-57; 0-24-0.-579;
autumn D: 0-28-0-78
Martin et al.® FR 16 45d 3 months E&N rf =0-35-0-90 rt = 0-35-0-89; D: 0-45-0-91
Feskanich et al.4®) FR 14 ND 6 months E&N rt =0-08-0-50 rt =0-10-0-65; D: 0-12—0-76
Lee et al.®%) 24HR 1 ND ND E&N r=0-21-0-66 ND
Porrini et al.?") FR 7 ND ND E&N 6=0-45-0-91 ND
Ramon et al.?? FR 7 8-15d 5-11 months E&N rt =0-17-0-54; D: 0-20-0-61 rf =0-19-0-58
Rothenberg®® FR 4 ND 1 week E&N r=0-35-0-60 ND
Fidanza et al.®® WFR 7 0 0 E&N 6=0-33-0-84 ND
FG Displayed in tertiles
Gnardellis et al.(1? 24HR 12 ND 1 month E&N rflI**=M: 0-18-0-71; D: 0-28-0-82.  rt||*™* = M: 0-23-0-69; W: —0-04-0-63
W: 0-04-0-58; D: —0-05-0-78
Grootenhuis et al.®®  DH 1 ND ND E&N r=0.36-0-77 ND
Bonifacj et al.C% FR 7 ND Each season E&N rf=0-19-0-75 rf =0-22-0-80; D: 0-25-0-80
FG 6=0-25-0-76 ND
Friis et al.®® FR 12 ND ND E&N rf|| = 0-24-0-63 rt|l =0-29-0-72; D: 0-30—0-88
Kumanyika et al.®®  24HR 6 0 1 month E&N ND rtt =D: 0-24-0-73
Ocké et al.?9 24HR 12 0 1 month E&N rt =M: 0-26-0-83; D: 0-34-0-87. rt =M: 0-23-0-82; D: 0-29-0-85.
W: 0-35-0-90; D: 0-47-0-94 W: 0-23-0-84; D: 0-31-0-87
Hérnandez et al.*?  24HR 16 0 Each season E&N rf|l = 0-19-0-61; D: 0-12-0-71 rf|| = 0-05-0-67
Klipstein et al.("*) FR 15 2 months 1-2 months E&N r=0-47-0-89 ] =0-39-0-83 D: 0-44-0-85
Smith et al.®”) WFR 4 ND 4 months E&N r=0-19-0-68 r=0-10-0-70; 6 =0-16-0-69
Fregapane and WFR 4 ND ND Nutrients o= 0-302-0-893; ICC =0-199-0-875 ND
Asensio®4
Jackson et al.4®) 24HR 12 ND 3 months E&N rf =0-20-0-86 rf=0-17-0-85
Schroder et al.?® FR 3 1-4 weeks 3 weeks E&N r=0-17-0-61; ICC =0-12-0-48 ND
Tokudome et al.®® WFR 28 1-2 weeks Each season E&N r=0-17-0-68; rt =0-30-0-68; rt =0-26-0-71; D: 0-28-0-73;
6=0-26-0-63 6=0-22-0-71
FG r=0-14-0-69; rt =0-16-0-78; rf =0-16-0-75; D: 0-17-0-76;
0=0-29-0-68 6=0-28-0-68
Rodriguez et al.49 24HR 2-3 ND 1 month E&N rft =0-12-0-64; D: 0-22-0-73 rf1=0-11-0-59; D: 0-19-0-84
FG r=0-01-0-59 ND
Masson et al.(1®) WFR 4 9d ND E&N ND M: rt =-0-45-0-83; 6 =-0-13-0-72.
W: rt =0-37-0-86; 0 =-0-04-0-79
Moreira et al."" FR 4 ND 0 E&N r=0.21-0-73 r=0-20-0-75
Chen et al.®% FR 14 76d 6-9 months E&N rt =USDA: 0-06-0-32; rt = USDA: 0-03-0-38; D: 0-05-0-70;
IND: 0-01-0-27 IND: 0-01-0-32; D: 0-08-0-56
FG rt =0-08-0-43 rt =0-09-0-39; D: 0-19-0-78
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Table 3 Continued
No. of days
Reference of the
method for  reference Intervals between SFFQ  Intervals between the  Unit of  Unadjusted correlation coefficients Adjusted correlation coefficients*
Reference validation method and reference method reference method analysis (minimum—maximum values) (minimum—maximum values)
Ke et al.®”) WFR 3 1 week ND E&N r=0-16-0-52; rf =0-17-0-65; r=0-12-0-58; rt = 0-20-0-63;
6=0-17-0-70 6=0-19-0-67
FG r=0-23-0-41; rf =0-30-0-67; r=0-31-0-53; rt = 0-30-0-69;
0=0-30-0-46 6=0-31-0-57
Nath and Huffman®® FR 3 ND ND E&N r=-0-18-0-71 r=-0-34-0-55
Roddam et al.?3 FR 7 3 months 0 E&N r=0-16-0-75 r=0-12-0.75
Shatenstein et al.“)  24HR 4 ND ND E&N 6=0-30-0-57; M: 0-27-0-62; ND
W: 0-08-0-62
FG 6=0-32-0-45 ND
Dumartheray et al.®"  WFR 4 ND ND E&N r=0-209-0-550; rf =0-138-0-583 r=0-011-0-631; r =-0-062—-0-643
Sudha et al.®9 24HR 6 ND 2 months E&N rt=0-22-0-72 rt = 0-20-0-60; D: 0-22-0-67
Néthlings et al.(19 24HR 2 ND ND E&N r§§ =M: 0-13-0-70; D: 0-13-0-70. r§§ =D: M: 0-19-1-00; W: 0-18-0-99.
W: 0-30-0-97; D: 0-30-0-97. Al|l = D: M: 0-16-0-88; W: 0-25—1-00
Alll = M: 0-11-0-70; D: 0-11-0-70.
W: 0-32-0-86; D: 0-13-0-47
FG r§§ = M: 0-15-0-59; D: 0-29-0-98. r§§ = M: 0-29-0-98; W: 0-22—0-79.
W: 0-15-0-61; D: 0-22—0-79. Alll = M: 0-28-0-98; W: 0-22—0-80
Alll = M: 0-14-0-62; D: 0-28-0-98.
W: 0-15-0-60; D: 0-22—0-80
Mullie et al.('® FR 4 ND 2 weeks E&N ND rt =0-01-0-52
Barret and Gibson®* FR 28 0 3 months E&N ND 6=0-239- 0-810
Fernandez et al.®? FR 12 1-2 months 3 months E&N r=0-24-0-61; ICC = 0-37-0-80 r=0-24-0-65; ICC = 0-40-0-78
FG ND r=0-37-0-72; ICC =0-40-0-84
Yang et al.®" WFR 9 ND Each season E&N ND rf =0-07-0-41%; D: 0-08-0.72;
r't=0-08-0-37
Fayet et al.®® 24HR 3 ND 2 weeks E&N ND rt =0-01-0-92; D: 0-41-0-99
van Dongen et al.?®®  24HR 5 ND 2-3months E&N r=M: 0-21-0-92; W: —0-02-0-84 ND
Bowen et al.%® 24HR 3 At least one week 1-2 months E&N ot =0-42-0-69 ot =0-43-0-52; D: 0-57-0-87
FG ot =0-25-0-72 ot =0-24-0-59
Dehghan et al.®”) 24HR U: 8 24HR; 0 3-4 months E&N rt=U: 0-20-0-47; R: 0-11-0-4; ND
R: 3 24HR rt**= D: U: 0-33-0-62; R: 0-35-0-90
Park et al.(® FR 3 ND Each season E&N 6=0-24-0-42; M: 0.06—0-41; ND
W: 0-20-0-45
FG 6=0-15- 0-72; M: 0-21-0-61; ND
W: 0-09-0-62
Macedo et al.5? FR 9 1 month 3 months Nutrients rf =0-12-0.58; ICCt =D: 0-19-0.73 rt =0-09-0-62; ICCt =D: 0-16-0-77
FG rt=0-21-0.71; ICCt =D: 0-35-0-84 ND
Babi¢ et al.?¥ 24HR 3 ND Autumn, winter and E&N rf=0-098-0-482 rf=0-096-0-471
spring
Gunes et al.(™ 24HR 4 15d Each season E&N rt = 0-060-0-468; D: 0-107-0-655 rt =0-025-0-534
FG rt =0-190-0-630; D: 0-295-0-760 rf=0-176-0-611
Denova et al.*® 24HR 2 0 2-3d E&N rt =0-26-0-49 rt =0-20-0-52; D: 0-30—0-61
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Table 3 Continued
No. of days
Reference of the
method for  reference Intervals between SFFQ Intervals between the  Unitof  Unadjusted correlation coefficients Adjusted correlation coefficients*
Reference validation method and reference method reference method analysis (minimum—maximum values) (minimum—maximum values)
Jayawardena et al.®®) WFR 7 ND ND E&N r=0-09-0-52 ND
Knudsen et al.(1® FR 4 1-3d ND E&N ND r=0-08-0-63; D: 0-13-0-93
FG ND r=0-17-0-61; D: 0-25-0-75
Gazan et al.?9 FR 7 ND 0 E&N o=0-66-0-90 6=0-56-0-90
FG 6=0-82-1-00 ¢=0-82-1-00
Sanjeevi et al.*4 FR 3 ND ND E&N rft =0-36-0-70; D: 0-39-0-76 ND
M1=0-37-0-70; D: 0-40-0-76
Whitton et al.©?) 24HR 2 1 month 1-4 months E&N rt|| =0-10-0-51 rt||*** =0-02-0-47; D: 0-02-0-64
Yuan et al.*3 FR 1-4 1—2 months 6 months E&N o=0-28-0-86; ICC =0-23-0-86 ¢=0-36-0-77; 0-37-0-86 t11;
D: 0-31-0-84
24HR 7 Each season E&N ¢=0-23-0-75; ICC = 0-08-0-50 ¢=0-15-0-70; 0-20-0-75 t11;
D: 0-29-0-77
Bijani et al.%% 24HR 2 ND ND E&N r=M: —0-38-0-53; W: —0-01-0-71 ND
FG r=M: 0-06-0-62; W: —0-01-0-60 ND
Zack et al.69 24HR 2 0 3d E&N Rosner rank correlation coefficient= Rosner rank correlation coefficient=
—0-04-0-26. —0-2-0-26; D: —0-03-0-41
ICC =0-09-0-38
FG Rosner rank correlation coefficient=ND
0-00-0-42; D: 0-00-0-51.
ICC =0-12-0-58
Aoun et al.®3 24HR 3 1 week 1-2d E&N 0-904-0-998% 1+ 0-783-0-998%1t
FG 0-906-1-000 ND
Beck et al.(®8) WFR 4 ND 0 E&N 6=0-11-0-59 6=0-23-0-67

FR, food record; E&N, energy and nutrients; r, Pearson correlation coefficient; WFR, weighed food record; M, men; W, women; D, de-attenuated; 24HR, 24-hour recall; ND, not described; o, Spearman’s rank correlation coefficient; FG, food
groups; DH, diet history; ICC, intraclass correlation coefficient; USDA, Nutrient database from United States Department of Agriculture; IND, Indian Nutrient Database; U, Urban; R, Rural.
*Adjusted by energy, if not otherwise stated.

TWith logarithmic scale transformation.

}Adjusted only by sex.

§Adjusted only by age.

||Coefficients from the second SFFQ reported.

fAdjusted by energy, sex and age.

**It is not clear whether the de-attenuated coefficient was for crude or energy-adjusted values.

1tAdjusted only by sex and age.

11With logarithmic scale transformation for some nutrients.

§§Fitted portion size.

||l|Predefined portion size.

YIYAssuming uniform intake of multiple foods in a line in the FFQ.

***Adjusted for ethnicity, age and sex.

11tEnergy density method (divides the nutrient portion by total energy intake).

1ttPearson o Spearman’s was used depending on normality distribution.
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Table 4 Results of energy and macronutrient validity for the analysed studies, ordered chronologically
Energy (kcal) Protein (g) Total fat (g) Carbohydrates (g)
Correlation
Reference coefficient Unadjusted Adjusted Unadjusted Adjusted* Unadjusted Adjusted* Unadjusted Adjusted*
Willet et al.4? Pearsont ND - 0-33 0-47 0-39 0-53 0-53 0-45
Willet et al.(13 Pearsont 0-67 0-37% 0-6 0-43; 0-46%; 0-76 0-51; 0-57¢%; 0-6 0-51; 0-37%; 0-55§
0-53§; 0-59§
Tjenneland et al.?”  Pearson M: 0-40; W: 0-23 - M: 0-41; W: 0-14 M: 0-52; W: 0-26 M: 0-54; W: 0-27 M: 0-67; W: 0-48 M: 0-44; W: 0-34 M: 0-40; W: 0-47
Rimm et al.®9 Pearsont 0-40; D: 0-43 - 0-25 0-38; D: 0-44 0-52 0-61; D: 0-67 0-48 0-69; D:0-73
Horwath(©®) Pearson M: 0-69; W: 0-46 - M: 0-78; W: 0-37 ND M: 0-63; W: 0-52 ND M: 0-63; W: 0-41 ND
Longnecker et al.®"  Pearsont 0-38 - 0-34 0-29; 0-33§; 0-34 0-44; 0-43§; 05 0-53; 0-51§;
D:0-45§ D: 0-58 § D: 062§
Martin et al.® Pearsont 0-54; D: 0-57 - 0-52 0-44; D: 0-56 0-41 0-41; D: 0-47 0-44 0-42; D: 0-46
Feskanich et al.(4®) Pearsont 0-28; D: 0-31 - 017 0-11; D: 0-13 0-42 0-50; D: 0-57 0-27 0-62; D: 0-69
Lee et al.59 Pearson 0-50 - 0-56 ND 0-21 ND 0-37 ND
Porrini et al.?" Pearson, 0-76 - 0-65; Bch: 0-71 ND 0-77 ND 0-49 ND
Spearman||
Ramon et al.?? Pearsont 0-32; D: 0-59 - 0-41; D: 0-58 0-56 0-36; D: 50-2 0-48 0-34; D: 0-59 0-54
Rothenberg®®) Pearson 0-66 - 0-5 ND 06 ND 0-56 ND
Fidanza et al.%® Spearman 0-53 - 0-48 ND 0-59 ND 0-36 ND
Gnardellis et al.(1? Pearsontq** M: 0-43; D: 0-45 - M: 0-51; W: 0-34 D: M: 0-50; ND ND ND ND
W: 0-32; D: 0-34 W: 0-29
Grootenhuis et al.®® Pearson 0.72 - 0-69 ND 0.7 ND 0.72 ND
Bonifacj et al.®% Pearsont 0-40; D: 0-42 - 0-29 0-22; D: 0-31 0-39 0-23; D: 0-44 0-25 0-33; D: 0-27
Friis et al.®® Pearsontq] 0-27; D: 0-30 - 0-28 0-41; D: 0-52 0-38 0-49; D: 0-56 0-34 0-56; D: 0-63
Kumanyika et al.#®  Pearson ND D: 0-50% ND D:0-44% ND D:0-67% ND D:0-43%
Ocké et al.?0) Pearsont M: 0-71; D: 0-77. - M: 0-61; D: 0-68. M: 0-62; D: 0-71. M: 0-69; D: 0-74. M: 0-57; D: 0-61. M: 0-72; D: 0-75. M: 0-71; D: 0-74.
W: 0-58; W: 0-51; W: 0-69; W: 0-58; W: 0-57; W: 0-66; W: 0-72;
D: 0-62 D: 0-56 D: 0-67 D:0.63 D: 0-63 D: 0-69 D: 0-76
Hérnandez et al.“?  Pearsont 0-50; D: 0-52 - 0-43; D: 0-32 0-23 0-47; D: 0-63 0-58 0-56; D: 0-57 ND
Klipstein et al.(*) Pearson 0-69 - 0-73 0-66§; D: 063§ 0.57 0-50§; D: 0-48 § 0.72 079§; D: 077 §
Smith et al.6” Pearson 0-41 - 0-26 0-16 0-32 0-61 0-49 0-59
Spearman ND - ND 0-16 ND 0-57 ND 0-54
Fregapane and Spearman ND - 0-328 ND 0-36 ND 0.785 ND
Asensio(®4) ICC ND - 0-261 ND 0-327 ND 0-786 ND
Jackson et al.48) Pearsont 0-60 - 0-45 0-44 0-53 0-48 0-61 0-55
Schroder et al.?%) Pearson 0-29 - 0-29 ND 0-17 ND 0-31 ND
ICC 0-19 - 0-19 ND 0-12 ND 0-26 ND
Tokudome et al.®®  Pearson 0-45 - 0-40 ND 0-57 ND 0-47 ND
Pearsont 0-46; D: 0-48 - 0-42 0-51; D: 0-53 0-57 0-46; D: 0-49 0-47 0-55; D: 0-57
Spearman 0-42 - 0-43 0-45 0-53 0-48 0-48 0-55
Rodriguez et al.“® Pearson 0-64; D: 0-72 - 0-53; D: 0-64 0-17; D: 0-22 0-63; D: 0-73 0-56; D: 0-66 0-63t; D: 0-71f  0-591; D: 0-701
Masson et al.(1® Pearsont M: 0-35; W: 0-40 - ND M: 0-53; W: 0-51 ND M: 0-54; W: 0-83 ND ND
Spearman M: 0-24; W: 0-39 - ND M: 0-25; W: 0-43 ND M: 0-42; W: 0-64 ND ND
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Table 4 Continued
Energy (kcal) Protein (g) Total fat (g) Carbohydrates (g)
Correlation
Reference coefficient Unadjusted Adjusted Unadjusted Adjusted” Unadjusted Adjusted* Unadjusted Adjusted*
Moreira et al.('?) Pearson M: 0-45; W: 0-46 - M: 0-46; W: 0-41 M: 0-38; M: 0-27; W: 0-51 M: 0.-58; M: 0-57; W: 0-44 M: 0-39; W: 0-43%
W: 0-37t W: 0-53t
Chen et al.5% Pearsont USDA: 0-12; - USDA: 0-16; USDA: 0-30, USDA: 0-24; USDA: 0-35, USDA: 0-13; USDA: 0-26,
D: 0-17; IND: IND: 0-17 D: 0-53; IND: IND: 0-27 D: 0-70; IND: 0-11 D: 0-35;
0-11; D: 0-14 0-29, D: 0-52 IND: 0-29, IND: 0-32,
D: 0-56 D: 0-53
Ke et al.6” Pearson 0-26 - 0-25 0-24 0-32 0-34 0-27 0-41
Pearsont 0-29 - 0-32 0-33 0-34 0-32 0-41 0-40
Spearman 0-31 - 0-30 0-40 0-39 0-35 0-27 0-42
Nath and Huffman®® Pearson 0-67 - 0-14 -0-34 0-59 0-00 0-42 0-55
Roddam et al.® Pearson 0-29 - 0-36 0-31 0-34 0-48 0-49 0-64
Shatenstein et al*"  Spearman 0-57; M: 0-56; — 0-48; M: 0-12; ND 0-57; M: 0-47; ND 0-43; M: 0-62; ND
W: 0-45 W: 0-48 W: 0-53 W: 0-32
Dumartheray et al.®"  Pearson 0-43; 0-40t - 0-51; 0-45t 0-46; 0-461 0-36; 0-331 0-46; 0-411 0-43; 0-44t 0-62; 0-53t
Sudha et al.®9) Pearsont 0-48; D: 0-52 - 0-52 0-37; D: 0-43 0-32 0-47; D: 0-53 0-65 0-60; D: 0-67
Néthlings et al.('9 Pearson 0-29t11%; — 0-19111%; 0-33t11%; 0-27111%; 0-42111%; 0-37111%; 0-48t111%;
0-2711§§ 0-1911§§ 0-3611§§ 0-2711§§ 0-5311§§ 0-3511§§ 0-5511§§
Mullie et al.('®) Pearsont 0-52 - ND 0-29 ND 022 ND 0-32
Barret and Gibson®” Spearman ND - ND 0-547 ND 0-488 ND 0-541
Fernandez et al®®  Pearson 0-36 - 0-28 0-40 0-47 0-46 0-38 0-56
ICC 0-53 - 0-44 0-55 0-63 0-62 0-55 0-55
Yang et al.®" Pearson|||| ND 0-31-0-36 111;; ND 0-30-0-34 9; D: ND 0-21-0-311";; ND 0-38-0-419;;
D: 0-36-0-43 1 0-38-0-43 11 0-14-0-2811; 0-23-0-29 1,
0-14-0-28*q 0-23-0-291 0-22-0-27*
Fayet et al.® Pearsont 0-40 - ND 0-92 ***; ND ND ND D: 0-40
D: 0-99 ***
van Dongen et al.?® Pearson M: 0-53; W: 0-47 - M: 0-55; W: 0-42 ND M: 0-26; W: 0-29 ND M: 0-76; W: 0-63 ND
Bowen et al.®3 Spearmant 0-62 0-71 0-61 0-50; D: 0-87 0.42 0.52; D: 0-57 0-69 0-52; D: 0-76
Dehghan et al.®") Pearsont™** U: 0-44; R: 0-35; - U: 0-26; R: 0-33; ND** U: 0-38; R: 0-34; ND** U: 0-47; R: 0-33; ND**
D: U: 0-51; D: U: 0-39; D: U: 0-50; D' U: 0-57;
R: 0-53 R: 0-53 R: ND R: 0-46
Park et al.%8) Spearman 0-40; M: 0-21; - 0-32; M: 0-23; ND 0-38; M: 0-34; ND 0-24; M: 0-06; ND
W: 0-32 W: 0-29 W: 0-31 W: 0-27
Macedo et al.(%? Pearsont 0-50 - 0-41 0-38 0-48 0-10 0-45 0-16
ICCt 0-67 - D: 0-58 D: 0-56 D: 0-64 D: 0-18 D: 0-60 D: 0-27
Babi¢ et al.?¥ Pearson 0-41 0-3411 0-29 0-32119 04 0-3711 0-48 0-4291
Gunes et al.’® Pearsont 0-47; D: 0-66 - 0-38; D: 0-49 0-25 0-43; D: 0-64 0-35 0-47; D: 0-63 0-53
Denova et al.*5 Pearsont 0-45; D: 0-53 - 0-37 0-20; D: 0-33 0-44 0-43; D: 0-51 043 0-37; D: 0-49
Jayawardena et al%® Pearson 0-39 - 0-26 ND 0-17 ND 0-47 ND
Knudsen et al.(19 Pearson 0-29; D: 0-33 - ND 0-49, D: 0-56 ND 0-56, D: 0-63 ND 0-63, D: 0-70
Gazan et al.?® Spearman 0-87 - 0-82 0-81 0-86 0-86 0-87 0-87
Sanjeevi et al.*4 Pearsonttt 0-70, D: 0-74 - 0-53, D: 0-57 ND ND ND 0-65, D: 0-70 ND
Whitton et al.(62 Pearsontq] 0-11 0-02; D: 0-02 0-36 *** 0-28**f1%; 0-33*** 0-30***}1%; 0.25*** 0-15***f1%;

D: 0-45***f1$

D: 0-39"**11%

D: 0-20"**11%

0T¥H¢

v 12 SE[PNY-LLIAIS
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ND, not described; M, men; W, women; D, de-attenuated; Bch, biochemical analyses; ICC, intraclass correlation coefficient; USDA, Nutrient database from United States Department of Agriculture; IND, Indian Nutrient Database; U, urban; R,
Rural; FR, food record; 24HR, 24-hour recall.

*Adjusted by energy, if not otherwise stated.

TWith logarithmic scale transformation.

}Adjusted by sex and age.

§Adjusted by energy—age—sex.

||Pearson’s correlation was used for variables with normal distributions and Spearman’s for non-parametrically distributed variables.
fICoefficients from the second SFFQ are reported.

**It is not clear whether the coefficients were for raw or adjusted values.

tt1Averaged values for male and female subjects.

}1Fitted portion size.

§§Predefined portion size.

|l/|Displayed as a range because correlation coefficients are shown for each season of the year.

11Adjusted by sex.

***Presented as percentage of energy.

111With logarithmic scale transformation for some nutrients.

1ttAdjusted for ethnicity, age and sex.

§§§Energy density method (divides the nutrient portion by total energy intake).
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2 Table 4 Continued :E
a a
w Energy (kcal) Protein (g) Total fat (g) Carbohydrates (g) a2
3 Correlation 8
§ Reference coefficient Unadjusted Adjusted Unadjusted Adjusted* Unadjusted Adjusted* Unadjusted Adjusted* o
N o
é Yuan et al.3 Spearman 0-28; D: 0-31 - 0-33 0-48; 0-48§8§§ 0-36 0-59; 0-5988§8§; 0-41 0-65; 0-66§8§; =
@ (FR)Y D: 0-54 D: 0-67 D: 0-69 <
b Spearman 0-30; D: 0-40 - 0-30 0-37; 0-3888§; 0-34 0-55; 0-5588§§; 0-44 0-58; 0-58§8§§;

s (24HR)Y D: 0-54 D: 076 D: 073

a Bijani et al.5® Pearson M: 0-53; W: 0-71 - M: 0-39; W: 0-55 ND M: 0-49; W: 0-46 ND M: 0-52; W: 0-69 ND

§ Zack et al.69 Rosnert 0-12 - 0-20 0-11; D: 0-22 0-21 0-09; D: 0-22 0-07 0-16; D: 0-25

El ICC 0-38 - ND 0-18 ND 0-20 ND 0-26

2 Aoun et al.®) Pearson, 0-998 — 0-996 0-989 0-996 0-986 0-996 0-989

g Spearman||

g Beck et al.(%®) Spearman 0-32 - 0-32 0-49 0-50 0-54 0-38 0-49

o

a

®

S

=

\%

g

45725
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coefficient®”; another used only Spearman’s correlation
coefficient®®,

Uncorrected Pearson’s and Spearman’s correlation coef-
ficients ranged from 0-16° to 0-96°”, while the adjusted
values were from —0-024V to 0-942”. Moreover, the unad-
justed intraclass correlation coefficients ranged from
0-10%7 to 0-99°%  while adjusted values were from
0,25(47) to 0,91(45)‘

The studies included the following reproducibility cat-
egories: ‘reasonably reproducible’®897 ‘relatively repro-
ducible’ 18374859 ‘reproducible 123539475200 " 900d level
of reproducibility’ 5324862 excellent reproducibility’ 2303
and ‘reasonably acceptable’®®. Seven articles presented
correlation coefficients (although they are not stated
textually) that can be considered as acceptable or
good(14:20.26.31:42:435D The study by Jackson et al.“®, which
assesses both short- and long-term reproducibility, was
classified as ‘relatively reproducible’ and as having a ‘good
level of reproducibility’.

Other analyses

In addition to correlation coefficients, fifteen articles
included Kappa analyses to assess the classification
capacities of the tools(10:2329:40,44,45,53,57,60,63,64.67-70)
Furthermore, Bland-Altman plots were included in
twenty-one articles to assess agreement between
methods(15:17,25,28,31,32,37,40,43,45,52,53,55,56,59,63-65.68-70)  Tep
of these confirmed an overestimation of the SFFQ with
respect to the reference method: six used 24-h
recalls?8:4053:59.0370) and four dietary records®!3%5209
The remaining studies did not show systematic errors
for most nutrients(!1>17:25:37:4345,5556604.6568) Eor more details,
see Supplemental Table 1b in the online supplementary
material.

Discussion

The main objective of this review is to provide detailed data
on the validation of SFFQ. A total of sixty SFFQ that met the
selection criteria were found from several geographical
regions. Europe is the region with the highest number of
published studies (72 25)3!21439  while the number of
studies from Latin America®7404547:52 has increased signifi-
cantly in recent years. These data may indicate that the
number of epidemiological assessments of diet in Latin
America has probably increased recently since food-related
health problems have become more prevalent in that
region.

More than half of the studies (81-1 %) included male and
female subjects. Some authors had specific reasons for
selecting subjects of only one sex. For example, Willett
et al“? selected women because their study targeted
female nurses; in the case of SFFQ administered only to
men183949  no reasons were given for this exclusive
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selection, with the exception of the study on male health
professionals®”.

Regarding age, the broadest age ranges were reported in
the studies by Gazan et al.*” and Shatenstein et al.““?. The
latter had the broadest range, with 64 years of difference
between the lowest and highest values. The existence of
such a broad age range in the SFFQ validation process sup-
ports the administration of this questionnaire to older adults
and younger populations. Notice that it was decided to
include articles with minimum ages below 18 years because
the mean age was not influenced by these values?25468),

Significant correlations were found regarding the analy-
ses carried out for the validation of the SFFQ in the reviewed
papers. Most of the studies used Pearson’s coefficients
(68 %)(5:12-15,17-20,22-25,27,28,30,31,35-40,42,44-51,54-56,59,61,62.65,66,70).
However, no consensus has been found in the literature con-
cerning which statistical method is most suitable for assess-
ing the validity of dietary tools"®.

The Pearson’s () and Spearman’s (p) correlation coeffi-
cients measure the degree of linear association between
two variables, the former being more suitable for normal
distribution and the latter for non-normal distribution.
However, neither of these coefficients provides informa-
tion about the degree of agreement observed, nor about
the presence of systematic differences between measure-
ments or instruments””'~7%. The intraclass correlation coef-
ficient is usually used for this purpose in reproducibility
studies7>747>, However, it has been proposed as an alter-
native method to evaluate the agreement observed
between methods in validation studies®>°27%. Taking
these observations into consideration, it is suggested that
validation studies include, in addition to the mean values
of each method, the Pearson’s or Spearman’s correlation
coefficients and, if desired, the intraclass correlation
coefficient.

Regarding the interpretation of the correlation coeffi-
cients, Landis and Koch’s®® classification for the Kappa
(x) coefficient has been often used for this purpose. This
classification is broken down as follows: 0= poor
agreement; 0-01-0-20 =slight agreement; 0-21-0-40 = fair
agreement; 0-41-0-60 = moderate agreement; 0-61-0-80 =
substantial ~ agreement;  0-81-1-00 =almost  perfect
agreement. Other authors have suggested the following
classification: 0 = none existent; 7 < 0-3 = poor; 0-30-0-70 =
moderate; 7> 0-70 = strong'””. The correlation coefficients
in the reviewed studies suggest that validation may be
possible, although the results of the same could vary from
poor to excellent.

It should be noted that analyses adjusted by energy, sex
or age may be added to the crude correlation analyses. The
reason for the inclusion of these analyses is that nutritional
consumption may be higher or lower depending on the de-
pendent variable (e.g. energy). Most of the included studies
adjust their analysis in accordance with energy consump-
tion using the residual method®>1215-20:22.23,27,28,30-35,35,57-
40,42,43 45-48,51-54,57,59.60.64.65.67.70) ' Another common practice
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Table 5 Reproducibility of the analysed semiquantitative FFQ (SFFQ), ordered chronologically

Separation between

Correlations coefficients (minimum and maximum values)*

Intraclass correlation coefficients
(minimum and maximum values)

Classification of

Reference SFFQ Unadjusted Energy adjusted Unadjusted Energy adjusted  reproducibility
Willet et al.*?) 1 year r=0-52-0-71 ND r=0-49-0-71 ND ND
Rimm et al.®® 1 year ND ND r=0-47-0-80 r=0-35-0-79 R
Longnecker et al.5" 6-12 months r=0-39-0-81 r=0-43-0-80 ND ND ND
Martin et al.® 1 year r=0.51-0-88 ND ND ND GR
Gnardellis et al.('? 1year ND ND r=M: 0-38-0-77; r=M: 0-31-0.75; R
W: 0-39-0-78 W: 0-30-0-79
Friis et al.®® 1year r=0-24-0.-63; D: 0-30-0-88 r=0-24-0-69 ND ND R
Ocké et al.?0) 6 months r=M: 0-78-0-94; W: 0-61-0-93 r=M: 0-71-0-94; W: 0-46-0-93 ND ND ND
1year r=M: 0-70-0-89; r=M: 0-64—0-89;
W: 0-59-0-94 W: 0-60-0-94
Hérmandez et al.*”) 1 year ND ND r=0-43-0-60 r=0-25-0-54 R
Klipstein et al.(%) 2vyears ND ND r=0-49-0-88 ND ND
Smith et al.®” 1 month r=0-66-0-95; 6= 0-67-0-96 ND ND ND RA
12-18 months r=0-32-0-83; 6 =0-29-0-88 ND ND ND
Jackson et al.*8) 4-8 weeks (n 33) r=0-49-0.-94 r=0-49-0.-93 ND ND RR
1year (190 and n 123) r=0-29-0-68 (n 90); 0-42—0-71 (n r=0-34—0-68 (n 90); 0-42—0-60 r=0-42-0-69 (n 123) ND GR
123) (n123)
Schroder et al.?%) Short-term r=0-60-0-95 ND r=0-52-0-94 ND ND
Roddam et al.®® 1-2years ND r=0-25-0-87 (1 year); 0-21-0-81 ND ND ER
(2years)tt
Dumartheray et al.®" 1 month r=0-37-0-84; 0-44-0-90§ r=0-23-0-93; 0-57-0-89 § ND ND ND
1year r=0-16-0-66; 0-07-0-95 § r=-0-02-0-83; 0-01-0-93 § ND ND
Sudha et al.%9 1year r=0-41-0-78 ND ND ND RR
Mullie et al.(®) 2 weeks ND r=0-42-0-79 ND ND RR
Barret and Gibson®4 1year ND ND r=0-35-0-93 ND R
Fernandez et al.®? 1 year r=0-50-0-78 r=0-52-0-77; 0-47-0-821 r=0-67-0-88 r=0-68-0-87; GR
0-63-0-90||
Dehghan et al.®") 1 year r=U: 0-30-0-56; D: 0-32-0-60 ND r=U: 0-10-0-54; ND RR
R: 0-33-0-60
Park et al.%® 1year o=0-50-0-64; 0-41-0-82|| ND ND ND RA
Macedo et al.5? 1year r=0-18-0-73; 0-27-0-77|| r=0-20-0-69 r=0-30-0-85; r=0-34-0-82 R
0-42-0-87||
Sanjeevi et al.*4 1 month ND ND 0-39-0-76 ND RA
Whitton et al.(62 6 months ND ND 0-62-0-85§ ND GR
Yuan et al.#3 1 year ND ND r=0-50-0-91 r=0-46-0-86; ND
0-56-0-911
Aoun et al.®®) 4 months ND ND 0-822-0-998 ND ER

SFFQs, Semiquantitative food-frequency questionnaires; r, Pearson correlation coefficient; ND, Not described; R, Reproducible; GR, Good reproducibility; M, Men; W, Women; RA, Reasonably acceptable; s, Spearman’s rank correlation

coefficient; RR, Relatively reproducible; ER, Excellent reproducibility; U, Urban; R, Rural.
*Pearson’s correlation coefficient, unless otherwise noted.
tPerformed on a larger sample of people; not the same n that were validated.

1Kappa.
§Log-transformation.
||For food groups.

YEnergy density method (divides the nutrient portion by total energy intake).
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is to convert the correlation coefficients into logarithmic
scales. This is done for two main purposes: to improve
the normality of the distribution of variables and to simplify
the interpretation of correlation values of 04> Almost half
of the included studies make this modifica-
tion(5:12.13,16,20,22,30,31,35,37,39,42,45-48,51-54,57,59,60,65,70)

In addition to the adjustment for energy, daily variations
in the intake of each person (random within-person error)
may affect the relationship between the actual and
observed nutrient intake. A random within-person error
may be due either to real variations in the intake or to intake
measurement errors. This type of error tends to attenuate or
decrease the regression coefficients between SFFQ and
reference methods (dietary records or recalls) towards zero
(decrease in the strength of the association)®, which is why
many authors present de-attenuated correlation analyses
based on either unadjusted%1%:37:4070  or adjusted
coefficientss14:15.19,20,30,35,40,43,45,46,52-54,59-61,65,69)

The correlation coefficients used for the validity analy-
ses can vary due to a range of criteria. Regarding the num-
ber of items, high variability was found among SFFQ
validation studies. However, we did not formally evaluate
the correlation between the number of items and validity
correlations because of the different populations and the
different comparison methods and nutrients that were
assessed. The literature associates the more stable reliabil-
ity of the SFFQ”® and higher correlation coefficients””
with their greater number of items, even though this asso-
ciation was not reflected in this review. However, SFFQ
with greater numbers of items can be tedious and tiring
to answer (which may lead to bias), and having them
administered by qualified interviewers may entail a consid-
erable investment of time and money. Ultimately, it is
important to keep in mind that the number of items will
depend on the purpose of the questionnaire®.

About the number of participants, variability between
studies and variations in correlation coefficients were also
observed. This trend is evident in the study by Nath and
Huffman® in which, probably because of the small num-
ber of participants, the coefficient ranges were —0-18 to
0-71 (unadjusted) and —0-34 to 0-55 (adjusted).

Another point of interest regarding SFFQ validation
process is the way they are administered. In this review,
twenty-two studies state that their questionnaires were
administered by an interviewer!,17:22:25.37,42,4445,48-50,52-
5456,59,01-63,68-70) The advantage of having questionnaires
administered by qualified interviewers is the assurance that
they will be completed correctly®”. When budgetary con-
straints prohibit hiring specialists to administer question-
naires, self-administration may be a viable alternative.
Nonetheless, while self-administration saves costs associ-
ated with having someone on hand to explain how to com-
plete the survey, it may entail a greater risk of bias if
participants are not adequately informed of the procedures
they should follow”.

9/10.1017/51368980020001834 Published online by Cambridge University Press
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Some SFFQ include visual support material to facili-
tate the estimation of participants’ food intake?1315-
17,20,24,25,27,28,33,41,48-50,53-56,58,59.61-63,66.9.70) " However, this
practice has not been clearly associated with higher corre-
lation coefficients. Some studies ®1220,23.26,2831,32,57,42,43,48-
50,52-55,58,59.64.08) mention purposes for which their SFFQ
had been previously used, such as epidemiological studies
of diabetes mellitus“*® or cancer>!220:4258)

For validation purposes, in addition to correlation coef-
ficients, Kappa analyses or Bland—Altman plots are usually
used. The classification capacities of the tools can be ana-
lysed by comparing, through Kappa analyses and contin-
gency tables, the concordance or agreement within the
distribution by tertiles, quartiles or quintiles. Results can
be reported as an exact agreement (classified in the same
category by both methods), plus or minus one category,
and gross misclassification”®. The main advantage of this
kind of analysis is that with cross-classification, the percent-
ages misclassified clearly illustrate the likely impact of mea-
surement error. It has been established that 50 % of subjects
correctly classified and <10 % of subjects grossly misclassi-
fied into thirds, and weighted kappa values above 0-4 are
desirable for nutrients of interest®. However, this is diffi-
cult to achieve, since only six studies from the fifteen
reporting kappa analyses 1022450369 report a median or
most of subjects with a 50 % or more of correct classifica-
tion, three report a correct classification between 42 and
49%, two do not report agreement in percentage?30%
and four report a lower level of agreement 7%,

By the other hand, Bland-Altman charts graphically
assess agreement between the methods, displaying the
under- or over-estimate of the method to be validated
and identifying the possible presence of bias in the esti-
mate. They have the advantage of not being influenced
by variations from one person to another7®8” In total,
almost half of the studies reporting Bland-Altman charts
(11 of 21) did not show systematic errors for most
nutrients1317:25,37,43,45,55,56,04.05.08) 4 n( the others confirmed
an overestimation of the SFFQ with respect to the reference
method.

Other authors have carried out other literature reviews
on a SFFQ creation or validation process. For example,
Cade et al 77 conducted an electronic database search
for English-language papers on the creation, validation
and administration of SFFQ from 1980 to 1999, from which
they published two papers: a non-systematic review’® and
a semi-systematic review’?. At the end of each paper, they
present general recommendations regarding the design,
validation and administration of SFFQ. Similarly, Wakai”®
conducted another literature review to identify articles in
which SFFQ were developed and/or validated exclusively
for the Japanese population. The main difference between
these three studies and ours is that we performed a system-
atic review using PRISMA statement criteria; moreover,
Wakai focused only in studies for Japanese population,
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while we included all the published studies that met inclu-
sion criteria, regardless of the country.

Based on the analysis of previous proposals
our observations, and taking into consideration that the
essential reason to validate an instrument is to confirm that
it evaluates variables adequately, we recommend taking
into consideration specific elements to validate SFFQ that
were designed to evaluate global food intake in adults,
such as the number of items; the number and sex of partici-
pants for validation; administration of the SFFQ (interview
or self-reporting); seasonal fluctuations in dietary intake;
visual support material for use during questionnaire admin-
istration; number of applications of the reference method
(dietary records or 24-h recalls); unit of analysis: energy,
nutrients and food groups; the use of unadjusted, adjusted
and de-attenuated correlation coefficients for the validity
analysis (depending on whether the distribution of varia-
bles is normal); the Bland-Altman plots; a reproducibility
analysis between questionnaire administrations; identifica-
tion of the statistical package used to perform statistical
analyses; and identification of the software used to perform
the nutritional analysis.

Finally, we note that when SFFQ validation studies are
conducted, validity results are not always favourable for all
nutrients or food groups evaluated. Ideally, improvements
should be made to these SFFQ, after which they should be
revalidated. At least, the limitations of these instruments
should be acknowledged, and their results should be inter-
preted with caution. However, we believe that following
the recommendations regarding the limitations of other
studies and those we have discussed here will lead to better
validation results.

Among the strengths of our study are the inclusion of
questionnaires produced in several geographical regions
and continents, and that its search period was not limited.
Hence, our results include papers that are among the oldest
available in the database up to those published as late as
January 2020. Furthermore, we have included articles
written in English, Portuguese, French and Spanish that
were found using systematic search processes. We also
extracted data directly from tables to prevent data omission.
The scoring system we used is intended to help researchers
select those SFFQ that would be the most complete and
suitable for the objectives and target populations of their
studies.

(3,76,80,81) and

However, our review also has limitations. One of these
is that PubMed was the only search engine used, thus
resulting in the exclusion of relevant papers not retrievable
through it. We nonetheless decided to only include articles
found in PubMed because it is a proven source of articles
from highly regarded scientific journals. Also, it may be
questionable to have included studies validated only
against dietary assessment tools and not studies focused
on nutrients for which there might be unbiased biomarkers
such as urinary potassium, urinary nitrogen (proteins) and
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doubly labelled water (energy). However, biomarkers
have limitations, which include the fact that recovery mark-
ers (those that refer to a measure of absolute intake per 24
h) are not available for most nutrients and may, therefore,
provide limited information. Therefore, we consider that
biomarkers may be more suitable in studies focused on
specific nutrients and not on the general diet, as in
our study.

As future perspectives, the creation and validation of
new food-frequency consumption questionnaires are justi-
fied, since we are living in the personalised nutrition era.
Having specific tools for diverse population groups and
diverse purposes will support research and application
of new knowledge. Besides, it is desirable that these ques-
tionnaires not only focus on assessing food but also proc-
essed or prepared products, to not limiting existing
evidence between food/nutrition and health risks.

Conclusions

The characteristics of and validation processes for different
SFFQ can vary substantially, even within individual coun-
tries. Therefore, the composite components of SFFQ
should be carefully reviewed when being selected.
Having described the parameters of and results from dif-
ferent validations, we conclude that even in cases where
all SFFQ are reported as validated, their coefficients may
vary. The results of this analysis show that even in cases
where correlation coefficients range from poor to excel-
lent, validation may still be feasible provided that overall
results are interpreted with caution.
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