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A B S T R A C T

Background: The diet quality questionnaire (DQQ) is a standardized low-burden tool for collecting data on minimum dietary diversity for 
women (MDD-W) and other population-level diet quality indicators related to risk of noncommunicable disease (NCD). Although 24-h 
recalls (24hRs) are often used for evaluating validity of DQQ, they may underestimate consumption of specific food groups. Therefore, 
comparison with observed weighed food records (OWFR), can provide a more accurate assessment of DQQ criterion validity. 
Objective: The aim of this study is to evaluate criterion validity of DQQ for estimating population-level diet quality using OWFR and 24hR 
as reference methods.
Methods: Cross-sectional data were collected among 281 Rwandan adults (Musanze district), using OWFR, DQQ, and 24hR on the same 
day. Diet quality indicators derived from each method were compared using parametric and nonparametric methods and the method of 
triads, which calculates pairwise validity coefficients to evaluate accuracy (low: <0.30; moderate: 0.30–0.70; high >0.70).
Results: Mean percent agreement in food group consumption data was high: 93% (DQQ-OWFR; DQQ-24hR). Compared with OWFR, DQQ 
overestimated MDD-W-prevalence [DQQ: 46.0% compared with OWFR: 40.4%; +6 percentage points (pp), P > 0.05], whereas using 24hR, 
the MDD-W-prevalence was 29.8% (16.2 pp < DQQ, P < 0.05, and 10.6 pp < OWFR, P < 0.05). Compared with OWFR, mean scores of food 
group diversity score (FGDS) and NCD-Protect were 0.2 (ns) and 0.2 (P = 0.01) points higher by DQQ, respectively, and 0.4 (P < 0.001) 
points higher by DQQ compared with 24hR. NCD-Risk median scores were 0 across methods. For DQQ, validity coefficients were 0.70 
(FGDS), 0.67 (NCD-Protect), and 0.66 (NCD-Risk), compared with 0.93, 0.89, and 0.59 for OWFR, respectively, and 0.84, 0.83, and 0.98 
for 24hR, respectively.
Conclusions: The DQQ showed high agreement with OWFR and 24hR for collecting population-level food group consumption data, and 
slight overestimations of diet quality indicator scores compared with observed intakes. DQQ is a valid and practical method for collecting 
population-level food group consumption data and estimating diet quality.
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Introduction

Population-level dietary intake of people can be measured by 
several assessment methods such as self-report 24-h recalls

(24hR) and observed weighed food records (OWFR) [1,2]. These 
methods, however, are often infeasible to implement at a large 
scale, especially in resource-limited low- and middle-income 
countries (LMICs), because they are relatively expensive to
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middle-income country; MDD-W, minimum dietary diversity for women; NCD, noncommunicable disease; OWFR, observed weighed food records; PA, percent 
agreement; pp, percentage points.
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administer due to extensive training required for enumerators as 
well as the substantial time and expertise needed for data pro-
cessing [2]. These methods are therefore not feasible for routine 
diet quality monitoring at population level.

The Diet Quality Questionnaire (DQQ) is a survey module 
designed for monitoring indicators of diet quality, to collect valid 
population-level food group consumption data at low cost and 
low burden for respondents, enumerators, and analysts [3,4]. 
The tool has been adapted and implemented in >90 countries, in 
the Gallup World Poll and other country-owned surveys, 
including the Demographic and Health Surveys, for measuring 
diet quality at population level [4–6]. The DQQ is a list-based 
dietary assessment method asking about consumption of 29 
food groups in the previous day and night. In a 3-LMIC validation 
study of DQQ against 24hR among females, the 2 methods pro-
duced small differences between population-level diet quality 
scores, with a tendency toward higher reporting of consumption 
of several food groups including fruits, vegetables, and sweets in 
the DQQ [3,7]. Because both DQQ and 24hR rely on memory to 
recall dietary intake, it is difficult to assess which method cap-
tures diets more accurately. Although the 24hR was used as a 
reference method, it is possible that respondents might have 
correctly reported consumption of these food groups in the DQQ 
but might have forgotten to recall them when not specifically 
probed for during the 24hR [3,7]. Previous studies in low-income 
countries comparing 24hR to OWFR also found that errors of 
underreporting are more frequent than overreporting in 24hR, 
especially with fruit, snacks, and beverages being underreported 
more frequently than foods typically consumed in main meals 
[8–10]. Therefore, further insights about accuracy of the DQQ 
can be gained by comparison to a method that does not rely on 
memory such as observed OWFR [2]. Assessing whether the DQQ 
produces data that are comparable with data from a reference 
method (e.g. OWFR) is also known as criterion validity [11]. In 
addition, the method of triads is a triangular comparison be-
tween dietary assessment methods that estimates correlations 
between each type of method and latent true (but unknown) 
dietary intake, which is used for the validation of dietary 
assessment methods for accurately estimating dietary intake 
[12].

This study aimed to investigate criterion validity of DQQ for 
collecting population-level food group consumption data and 
estimating diet quality against both OWFR and 24hR as refer-
ence methods among adults in Rwanda, within the framework of 
a larger study piloting a data collection system for high-
frequency diet quality monitoring based on administration of 
the DQQ via mobile phone [13].

Methods

Study population
Cross-sectional data were collected among n = 308 females 

and males aged ≥18 y in Musanze, a district in the Northern 
province of Rwanda, each from a different household, during a 
period of 4 wk in July 2023. More than 3000 individuals who 
voluntarily participated in a previous pilot study were contacted 
by VIAMO (www.viamo.io) via an interactive voice response 
messaging system [13]. Consenting respondents were randomly

assigned to an ID. Participation was confirmed 24 h before the 
start of the data collection with each respondent [14].

Data collection
Sociodemographic data such as age, education level, house-

hold size, and dietary data were collected by trained data col-
lectors using questionnaires translated into the local language 
(Kinyarwanda). Anthropometric data (height and weight) were 
collected using standardized procedures of the WHO [15]. All 
data were collected on tablets using the KoboToolbox [16] and 
Open Data Kit–based forms for sociodemographic, anthropo-
metric, DQQ, and OWFR data, and the web-based Catch-24 app 
for 24hR data.

Dietary assessment tools
In this study, 3 dietary assessment tools were used among all 

respondents: the OWFR, DQQ, and multi-pass 24hR, for col-
lecting food group consumption data. On day 1 the OWFR was 
administered, and the next day (day 2) the DQQ was adminis-
tered followed by the 24hR.

Observed weighed food record
For the OWFR, respondents were shadowed by enumerators 

from 06:00 to 20:00. Enumerators recorded and weighed all 
food and drinks consumed by the respondents to the nearest 
decimal in g using a digital kitchen scale with a precision of 1 g 
(SF-400). When mixed dishes were consumed, enumerators 
recorded the empty pot weight, all ingredients used, the weight 
of the pot containing the prepared dish, the empty plate, the 
portion on the plate, and leftovers. For recipes consumed away 
from home, enumerators followed respondents and engaged 
with the cooks to document ingredients and weigh each ingre-
dient when feasible. Responses were supplemented by 24hR to 
identify any food or drink that may have been consumed before 
06:00 and after 20:00 (i.e. we pulled these items from 24hR into 
OWFR for completing the day, because enumerators could not 
stay in households for 24 h). A food composition table (FCT) was 
developed by incorporating the energy and nutrient content of 
each food item consumed in both OWFR and 24hR, using FCTs 
from other countries [17–19]. For both OWFR and 24hR, energy 
and nutrient intakes were calculated using Compl-eat (Wage-
ningen University and Research, Version 2.0).

Diet quality questionnaire
The Rwanda-adapted national DQQ [20] was administered 

either in person (enumerator-DQQ) or on mobile phone through 
self-administration (mobile-DQQ), with participants randomly 
assigned to the mode of administration, as described in detail in 
Manners et al. [14] (see Supplementary material for the 
Rwanda-adapted DQQ used in our study). For the 
enumerator-DQQ, during data collection, enumerators admin-
istered the DQQ by reading aloud the list-based questions 
comprising 29 food groups to the respondents without any 
probing or additional dialogue [4]. For the mobile-DQQ, re-
spondents received the DQQ via unstructured supplementary 
service data—an Short Message Service (SMS)-like system-
—message by 06:00 on day 2. After completing each 
DQQ-question, the answers were automatically sent to the
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server of VIAMO [13]. Mobile-DQQ data were cleaned accord-
ing to the quality control method described by Manners et al. 
[14], resulting in the exclusion of 7 respondents. In addition, 20 
respondents were excluded, of whom 3 did not have a DQQ 
submitted, 7 had enumerator errors (where enumerators had 
failed to adhere to the data collection protocols), and 10 whose 
age and sex based on DQQ and OWFR did not match. Subse-
quently, a total of n = 281 observations (n = 154 
enumerator-DQQ, and n = 127 mobile-DQQ) were left to be 
analyzed. Manners et al. [14] showed enumerator- and 
mobile-DQQ groups were comparable, with only minor differ-
ences [14].

Multi-pass 24hR
For the multi-pass interviewer-administered 24hR, re-

spondents were not allowed to look at their OWFR from the day 
before. During 24hR, respondents were asked to name all food 
and drinks consumed including ingredients and cooking methods 
of mixed dishes between waking up and sleeping the preceding 
day [21]. Respondents were also asked to estimate the weight of 
foods, drinks, and ingredients consumed. For food items available 
in households, amounts of all foods, drinks, and ingredients of 
mixed dishes consumed were weighed to the nearest decimal in 
grams using a digital kitchen scale (SF-400) with a precision of 1 
g. When food items were not available for direct measurements, 
substitutes such as water or maize flour were weighed and con-
verted using conversion factors (weight-to-weight, 
volume-to-weight, standard serving sizes, and waste factors). 
Conversion factors and waste factors were collected during a 
market survey in 3 different markets and local restaurants in the 
Musanze district. For mixed dishes consumed out of home, cooks 
of 3 different market stalls or shops were asked to recall their 
preparation, including types and amounts of all ingredients used, 
volumes (i.e. how much was prepared with the recalled in-
gredients), and amounts of portions that could be served out of 
the total prepared dish. Mean amounts per ingredient of the 3 
recipes were calculated for standardized mixed dishes.

Data analysis
Food group variables construction

Foods and drinks originating from OWFR and 24hR were 
coded into the 29 food groups of the DQQ using its food group 
classification guide [50]. Population-level food group con-
sumption prevalence and diet quality indicator outcomes were 
presented using regular procedures according to the minimum 

dietary diversity for women (MDD-W) measurement guide of 
excluding foods consumed in amounts <15 g in OWFR and 24hR 
to avoid inflating FGDSs [6,23]. We used context-specific ex-
ceptions to the 15 g cutoff, on the principle of including items 
that were important to micronutrient intakes even in small 
amounts [24]. For this, we examined micronutrient contribution 
of dried foods to the total diet, and found that 7 g dried small fish 
contributed 100% of the recommended nutrient intake for 
vitamin B12 (2.4 μg) [25] (median intake of 7 g, IQR 4–15 g) 
(Supplemental Table 1). Small dried fish was therefore retained 
in analyses regardless of amounts consumed. For analyses 
excluding <15 g of dried small fish in OWFR and 24hR see 
Supplemental Tables 2a and b). No other items were identified 
that had important micronutrient contributions when consumed

in small amounts. Of note, a similar conclusion was reached in 
the process of adapting the DQQ based on consultation with 
country-specific key informants [6], who recommended that 
dried small fish were an important food that was not used just to 
add flavor. Dried small fish were also included in other East 
African and some Southern African countries [26].

Food group consumption
Food group consumption was presented in prevalence (%) 

based on OWFR, DQQ, and 24hR. Differences in population-
prevalence were calculated by the food group consumption 
prevalence from DQQ minus OWFR (DQQ-OWFR), DQQ minus 
24hR (DQQ-24hR), and 24hR minus OWFR (24hR-OWFR, Sup-
plemental Tables 3-6) and compared for statistical differences 
using McNemar’s test (P < 0.05). Mean difference in population-
consumption–prevalence of all food groups was calculated by 
summing the difference of each food group and dividing it by the 
total number of food groups. Percent agreement (PA) computed 
from cross tabulations was used to evaluate measurement 
agreement between pairwise comparisons of methods of DQQ 
and OWFR, DQQ and 24hR, and 24hR and OWFR, for con-
sumption of food groups. Misreporting [false positives (FP) and 
false negatives (FN)] of food group consumption was examined 
using cross tabulations. The FP rate (type 1 error) was the per-
centage of respondents who reported having consumed a food 
group based on DQQ, but not having consumed it based on 
reference methods OWFR or 24hR (i.e. overreporting). The FN 
rate (type 2 error) was the percentage of respondents not having 
consumed a food group based on DQQ, but having consumed it 
based on reference methods OWFR or 24hR (i.e. underreporting). 
In addition to testing prevalence-differences between methods 
for statistical significance, we considered whether observed dif-
ferences as well as observed FP and FN rates were meaningful in 
terms of public health significance using a cutoff point of >10 
percentage points (pp) between tools [3,27–29], which is con-
servative when compared with cutoffs of 15 or 20% used in 
evaluating validity of dietary assessment methods for accurately 
reporting energy and nutrient intake [30,31].

Diet quality indicators
Diet quality indicators were constructed based on the 29 food 

groups, originating from DQQ, 24hR, or OWFR. We used in-
dicators (potentially) useful for global monitoring of diets at the 
population level. Binary indicators used in this study are the 
MDD-W [23], All-5 [32], the protective food consumption 
(PFC), and unhealthy food consumption (UFC) [33]. Continuous 
indicators used were the food group diversity score (FGDS) [34], 
noncommunicable disease (NCD)-Protect and NCD-Risk [27]. 
Binary indicators were analyzed in the same way as food group 
consumption analysis, i.e. using McNemar’s test, PA, FP, and 
FN. Continuous indicators were checked for normality using 
Q–Q plots. Means (SD) were calculated for normally distributed 
indicators, and median (P 25 –P 75 ) for non-normal distributed 
indicators. All continuous indicators were tested for statistically 
significant differences (P < 0.05) using the paired samples t-test 
for normally distributed indicators, and the Wilcoxon 
signed-rank test for non-normally distributed indicators. A dif-
ference in means or medians between DQQ and 24hR or OWFR 
exceeding 10 pp was considered practically important [27–29].
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Method of triads to compare the OWFR, DQQ, and 24hR for 
accurately estimating diet quality indicators

The method of triads (Figure 1) was used to evaluate all 3 
dietary assessment methods (OWFR, DQQ, and 24hR) for ac-
curacy in estimating continuous diet quality indicator scores in 
relation to true (T) but unknown diet quality by calculating 
validity coefficients (ρ) through using correlation coefficients (r) 
between the 3 dietary assessment methods. True diet quality 
must be considered as values of latent variables, which reflect 
reality, but which cannot be measured without error [2,35]. To 
calculate validity coefficients, first, the Pearson’s correlation 
coefficient (r) was determined between 1) DQQ and OWFR 
(DQQ-OWFR), 2) DQQ and 24hR (DQQ-24hR), and 3) 24hR and 
OWFR (24hR-OWFR) of each diet quality indicator score. 
Thereafter, validity coefficients of each indicator derived from 

each method (DQQ, 24hR, and OWFR) in relation to the esti-
mated T diet quality indicator scores were calculated using the 
following formulas [35]:

ρDQQ; T =
̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅ 
[(r(DQQ; OWFR) × r(24hR; DQQ) ) = r(24hR; OWFR) ]

√ 

ρ24hR; T =
̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅
[(r(24hR; OWFR) × r(24hR; DQQ))= r(DQQ; OWFR)]

√ 

ρOWFR;T =
̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅
[(r(DQQ;OWFR) × r(24hR;OWFR))= r(24hR;DQQ)]

√ 
:

Validity coefficients range from 0 to 1 and are classified as 
low: <0.30 (indicating low performance of the dietary assess-
ment method for accurately estimating diet quality); moderate: 
0.30 to 0.70 (indicating moderate performance of the dietary 
assessment method for accurately estimating diet quality); and 
high: >0.70 to 1 (indicating high performance of the dietary 
assessment method for accurately estimating diet quality) [36].

All analyses were performed for the total study population of 
adults and separately for females and males (Supplemental Ta-
bles 7-11). SPSS version 29.0 (IBM Corporation) was used for 
data analysis using a P value of < 0.05.

Results

Table 1 describes participant characteristics. More than half 
(58%) of the study sample were female, 40% of respondents 
were aged between 25 and 34 y, and 74% of adults had a normal 
weight. Primary education was the highest level of education 
attained for 55% of respondents. About 72% of respondents 
were partnered (either married or nonmarried). Household size 
was about 5 people, and nearly 70% of the study population 
resided in rural areas, with 63% belonging to poor economic 
groups (Table 1) [37,38].

Food group consumption
Tables 2 and 3 present the comparison of DQQ with OWFR 

and 24hR for the 29 DQQ food groups and 10 MDD-W food 
groups, respectively. The DQQ showed no difference (P > 0.05) 
in population-consumption–prevalence with OWFR and 24hR 
for most food groups (20 and 18/29 food groups, respectively) 
(Table 2). Compared with OWFR and 24hR, the DQQ over-
estimated (P < 0.05) the consumption-prevalence of 6 and 8 of 
29 food groups, respectively. Only “nuts and seeds” was over-
estimated by >10 pp (DQQ compared with OWFR: +22 pp, P < 
0.05; DQQ compared with 24hR: +33 pp, P < 0.05) (Table 2). 
Compared with OWFR and 24hR, the DQQ underestimated (P < 
0.05) population-consumption–prevalence of 3 of 29 food 
groups. Two food groups were underestimated by >10 pp (P < 
0.05): “white roots, tubers, and plantains” (DQQ compared with 
OWFR: − 11 pp; DQQ compared with 24hR: − 10pp), and “other 
vegetables” (DQQ compared with. OWFR: − 16 pp; DQQ

FIGURE 1. Method of triads to estimate true diet quality, using diet quality indicator scores derived from DQQ, 24hR, and OWFR adapted from 

Figure 1 of Kaaks (1997) [12]. 24hR, diet quality indicator score calculated from multi-pass 24-h open recall; DQQ, diet quality indicator score 
calculated from Diet Quality Questionnaire; OWFR, diet quality indicator score calculated from observed weighed food record; r, Pearson 
correlation coefficient between the diet quality indicator score calculated between DQQ / 24hR/ OWFR; T, true but unknown diet quality in-
dicator score; ρ, validity coefficient of diet quality indicator score calculated from DQQ / 24hR/ OWFR in relation to T.
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compared with 24hR: − 13 pp) (Table 2). When “white 
roots, tubers, and plantains” was aggregated into the corre-
sponding MDD-W food group of “grains, white roots and 
tubers, or plantains,” the underestimation of population-
consumption–prevalence of this aggregated food group by DQQ 
dropped to –5 pp and –4 pp (P < 0.05) against OWFR and 24hR, 
respectively (Table 3).

Mean PA for consumption data of all 29 food groups was 93% 

between DQQ-OWFR and between DQQ-24hR (Table 2). When 
combining DQQ food groups into the MDD-W food groups, mean 
PA for consumption data of the MDD-W food groups was 86%

between DQQ-OWFR and 85% between DQQ-24hR (Table 3). 
The FP rate exceeded 10% for 3 of 29 food groups between DQQ-
OWFR: “foods made from grains” (11%), “other fruits” (11%), 
and “nuts and seeds” (27%) (Table 2). When aggregated into the 
MDD-W food groups, the FP rate between DQQ-OWFR of 
“grains, white roots and tubers, and plantains” reduced to 0%, 
the FP rate of “other fruits” was 12%, and that of “nuts and 
seeds” was the same (27%), also for DQQ-24hR (35%) (Table 3). 
In the aggregated MDD-W food group “other vitamin A-rich 
fruits and vegetables,” the FP rate also exceeded between DQQ-
OWFR (13%) and between DQQ-24hR (12%). The FN rate 
exceeded 10% for 2 of 29 food groups between DQQ-OWFR and 
DQQ-24hR: “white roots and tubers” (12%), and “other vege-
tables” (22%) (Table 2). When combined into the MDD-W food 
groups, the FN rate between DQQ-OWFR and DQQ-24hR of 
“grains, white roots and tubers, and plantains” reduced to 5% 

(Table 3). The FN rate between DQQ-OWFR and DQQ-24hR of 
“other vegetables” stayed the same because the food group is not 
further aggregated in MDD-W (Table 3).

Diet quality indicators
For MDD-W, the difference in population-prevalence of fe-

males achieving the indicator was 6 pp (P > 0.05) between 
DQQ-OWFR (MDD-W prevalence DQQ: 46%; OWFR: 40%), and
+16 pp (P < 0.05) between DQQ-24hR (MDD-W prevalence 
DQQ: 46%; 24hR: 30%) (Table 4). Against OWFR and 24hR, the 
DQQ overestimated the population-prevalence of adults 
achieving All-5 (DQQ compared with OWFR: +6 pp, P < 0.05; 
DQQ compared with 24hR: +3 pp, P > 0.05), PFC (DQQ 
compared with OWFR: +9 pp, P < 0.05; DQQ compared with 
24hR: +8, P < 0.05), and underestimated the prevalence of UFC 
(DQQ compared with OWFR: 4 pp, P < 0.05; DQQ compared 
with 24hR: 3 pp, P > 0.05) (Table 4). For continuous indicators, 
FGDS and NCD-Protect, mean differences between DQQ-OWFR 
were 0.2 (P > 0.05) and 0.2 (P = 0.01), respectively (Table 5). 
Between DQQ-24hR, mean differences in FGDS and NCD-Protect 
scores were 0.4 (P < 0.001) for both indicators. For NCD-Risk, 
median scores were 0 across OWFR, DQQ, and 24hR.

Method of triads to compare the OWFR, DQQ, and 24hR for 
accurately estimating diet quality indicators

Validity coefficients for accurately estimating diet quality 
indicators of FGDS, NCD-Protect, and NCD-Risk of OWFR were 
0.93 (high), 0.89 (high), and 0.59 (moderate), respectively, of 
DQQ were 0.70 (moderate), 0.67 (moderate), and 0.66 (mod-
erate), respectively, and of 24hR were 0.84 (high), 0.83 (high), 
and 0.98 (high), respectively (Figure 2A–C, or Supplemental 
Table 12).

Overall, compared with the total study population, separate 
analyses of adult females and males mostly showed comparable 
results in terms of differences in indicator scores, differences in 
population-level food group consumption, PA, and misreporting 
(FP and FN rates) of DQQ-OWFR and DQQ-24hR, as well as 
outcomes in methods of triads (Supplemental Tables 7–11).

Discussion

We aimed to evaluate criterion validity of the DQQ in an 
LMIC context for collecting population-level food group

TABLE 1 
Sociodemographic and anthropometric characteristics of adults in 
Northern Rwanda

Characteristic n = 281

Sex [n (%)] 
Females 161 (57.3)
Males 120 (42.7)

Age (y) [n (%)] 
18–24 46 (16.4)
25–34 111 (39.5)
35–44 77 (27.4)
> 45 47 (16.7)

BMI 1 (kg/m 2 ), median (25th–75th
percentiles) [n (%)]

23.2 (21.4–25.0)

Underweight 2 3 (1.1)
Normal weight 2 202 (73.7)
Overweight or obese 2 69 (25.2)

Residential area [n (%)]
Rural 188 (66.9)
Peri-urban 77 (27.4)
Urban 16 (5.7)

Economic group (Ubudehe) 3 [n (%)]
1 27 (9.7)
2 147 (53.1)
3 103 (37.2)

Education 4 , highest level completed [n (%)] 
No (formal) education 32 (11.6)
Primary education 153 (55.2)
Secondary or higher 5 education 92 (33.2)

Relationship status 6 [n (%)]
Single 78 (27.8)
Partnered 202 (71.9)

Household size [mean (SD)] 4.6 (1.6)
Religion [n (%)]
Christianity (Catholic) 108 (38.4)
Christianity (Protestant) 143 (50.9)
Other 30 (10.7)

1 n = 274 without pregnant females (n = 6) and missing data (n = 1).
2 Weight status was based on BMI according to the WHO recom-

mendations [15]: <18.5 kg/m 2 for underweight, ≥18.5–24.9 kg/m 2 

for normal weight, ≥25.0–29.9 kg/m 2 for overweight, and ≥30.0 
kg/m 2 for respondents with obesity.
3 n = 277 without missing data (n = 4), Ubudehe is based on the 

classification of Rwanda’s Government with group 1 and 2 for “poorest” 
households, with group 1 comprising very poor and vulnerable citizens 
who are homeless and unable to feed themselves without assistance and 
group 2 comprising citizens living in rented accommodation without 
fixed employment, and can only afford to eat once or twice a day, and 
group 3 for “middle class” households insluding self-employed citizens 
small or medium-scale businesses [37,38].
4 n = 277 without missing data (n = 4).
5 Higher education (n = 7) includes postsecondary education, adult 

education, literacy school, or parish school.
6 n = 280 without missing data (n = 1).
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TABLE
 
2

Comparison
 
between

 
DQQ-OWFR

 
and

 
DQQ-24hR

 
for collecting population-level food group

 
consumption

 
data

 
among

 
adults in Northern

 
Rwanda

 
(n
 
=
 
281)

Food
 
group DQQ-OWFR

 
DQQ-24hR

Population-consumption–
 

prevalence (%)
P
 

Agreement Population-consumption–
prevalence (%)

P
 

Agreement

Misreporting
 
(%) Misreporting

 
(%)

DQQ
 

OWFR
 

Diff PA
 

FP
 

FN
 

DQQ
 

24hR
 

Diff PA
 

FP
 

FN

1
 

Foods made from 
grains 50.2

 
47.7

 
2.5
 

0.41
 

81.1
 

10.7
 
2
 8.2

 
50.2

 
47.3

 
2.8
 

0.31
 

82.9
 

10.0
 

7.1
2
 

Whole grains 44.1
 

43.8
 

0.4
 

1.00
 

84.0
 

8.2
 

7.8
 

44.1
 

41.3
 

2.8
 

0.29
 

84.3
 

9.3
 

6.4
3
 

White roots, tubers, and plantains 81.9
 

93.2
 

− 11.4 
2
 <0.001

 
87.2

 
0.7
 

12.1
 
2
 81.9

 
92.2

 
− 10.3 

2
 <0.001

 
86.8

 
1.4
 

11.7
 
2

4
 

Legumes 85.4
 

92.5
 

− 7.1 
1
 <0.001

 
87.9

 
2.5
 

9.6
 

85.4
 

91.1
 

− 5.7 
1
 0.005

 
89.3

 
2.5
 

8.2
5
 

Vitamin
 
A-rich

 
orange vegetables 20.6

 
15.7

 
5.0
 
1
 0.02

 
88.6

 
8.2
 

3.2
 

20.6
 

14.6
 

6.0
 
1
 0.002

 
89.7

 
8.2
 

2.1
6
 

Dark
 
green

 
leafy

 
vegetables 62.3

 
61.6

 
0.7
 

0.87
 

86.5
 

7.1
 

6.4
 

62.3
 

54.4
 

7.8
 
1
 0.005

 
80.1

 
13.9

 
2
 6.1

7
 

Other vegetables 52.0
 

68.3
 

− 16.4 
2
 <0.001

 
71.5

 
6.0
 

22.4
 
2
 52.0

 
64.8

 
− 12.8 

2
 <0.001

 
69.4

 
8.9
 

21.7
 
2

8
 

Vitamin
 
A-rich

 
fruits 7.1

 
1.8
 

5.3
 
1
 <0.001

 
93.2

 
6.0
 

0.7
 

7.1
 

3.6
 

3.6
 
1
 0.01

 
95.0

 
4.3
 

0.7
9
 

Citrus 1.8
 

0.7
 

1.1
 

0.25
 

98.9
 

1.1
 

0
 

1.8
 

0.4
 

1.4
 

0.13
 

98.6
 

1.4
 

0
10
 

Other fruits 22.4
 

14.2
 

8.2
 
1
 <0.001

 
86.1

 
11.0

 
2
 2.8

 
22.4

 
14.6

 
7.8
 
1
 <0.001

 
90.0

 
8.9
 

1.1
11
 

Baked/grain-based
 
sweets 4.3

 
0.7
 

3.6
 
1
 0.002

 
96.4

 
3.6
 

0
 

4.3
 

1.4
 

2.8
 
1
 0.01

 
97.2

 
2.8
 

0
12
 

Other sweets 1.4
 

0.7
 

0.7
 

0.69
 

97.9
 

1.4
 

0.7
 

1.4
 

0.4
 

1.1
 

0.38
 

98.2
 

1.4
 

0.4
13
 

Eggs 4.3
 

2.8
 

1.4
 

0.22
 

97.9
 

1.8
 

0.4
 

4.3
 

2.5
 

1.8
 

0.13
 

97.5
 

2.1
 

0.4
14
 

Cheese 0
 

0
 

0
 

NA
 

100
 

0
 

0
 

0
 

0
 

0
 

NA
 

100
 

0
 

0
15
 

Yogurt 3.6
 

1.8
 

1.8
 

0.06
 

98.2
 

1.8
 

0
 

3.6
 

2.5
 

1.1
 

0.38
 

98.2
 

1.4
 

0.4
16
 

Processed
 
meats 0

 
0
 

0
 

NA
 

100
 

0
 

0
 

0
 

0
 

0
 

NA
 

100
 

0
 

0
17
 

Unprocessed
 
red
 
meat (ruminant) 2.5

 
1.4
 

1.1
 

0.38
 

98.2
 

1.4
 

0.4
 

2.5
 

1.8
 

0.7
 

0.63
 

98.6
 

1.1
 

0.4
18
 

Unprocessed
 
red
 
meat (nonruminant) 0

 
0
 

0
 

NA
 

100
 

0
 

0
 

0
 

0
 

0
 

NA
 

100
 

0
 

0
19
 

Poultry
 

1.4
 

0.4
 

1.1
 

0.25
 

98.9
 

1.1
 

0
 

1.4
 

0.7
 

0.7
 

0.50
 

99.3
 

0.7
 

0
20
 

Fish
 
and

 
seafood

 
30.6

 
34.5

 
− 3.9 0.07

 
89.0

 
3.6
 

7.5
 

30.6
 

33.8
 

− 3.2 0.15
 

89.0
 

3.9
 

7.1
21
 

Nuts and seeds 43.1
 

20.6
 

22.4
 
2
 <0.001

 
68.3

 
27.0

 
2
 4.6

 
43.1

 
10.3

 
32.7

 
2
 <0.001

 
63.7

 
34.5

 
2
 1.8

22
 

Packaged
 
ultraprocessed

 
salty

 
snacks 1.8

 
0
 

1.8
 

NA
 

98.2
 

1.8
 

0
 

1.8
 

0
 

1.8
 

NA
 

98.2
 

1.8
 

0
23
 

Instant noodles 0
 

0
 

0
 

NA
 

100
 

0
 

0
 

0
 

0
 

0
 

NA
 

100
 

0
 

0
24
 

Deep
 
fried

 
foods 3.9

 
7.1
 

− 3.2 0.09
 

91.8
 

2.5
 

5.7
 

3.9
 

3.9
 

0
 

1.00
 

95.7
 

2.1
 

2.1
25
 

Fluid
 
milk

 
10.0

 
6.8
 

3.2
 
1
 0.02

 
95.4

 
3.9
 

0.7
 

10.0
 

6.8
 

3.2
 
1
 0.02

 
95.4

 
3.9
 

0.7
26
 

Sweet tea/coffee/cocoa 6.0
 

5.0
 

1.1
 

0.45
 

97.5
 

1.8
 

0.7
 

6.0
 

4.3
 

1.8
 

0.18
 

96.8
 

2.5
 

0.7
27
 

Fruit juice and fruit-flavored
 
drinks 5.0

 
2.5
 

2.5
 

0.07
 

96.0
 

3.2
 

0.7
 

5.0
 

1.8
 

3.2
 
2
 0.01

 
96.1

 
3.6
 

0.4
28
 

Sugar-sweetened
 
beverages (soft drinks) 5.0

 
2.8
 

2.1
 

0.11
 

96.4
 

2.8
 

0.7
 

5.0
 

3.9
 

1.1
 

0.55
 

96.1
 

2.5
 

1.4
29
 

Fast food 0.7
 

0
 

0.7
 

NA
 

99.3
 

0.7
 

0
 

0.7
 

0
 

0.7
 

NA
 

99.3
 

0.7
 

0
Total [mean (SD)] NR

 
NR
 

0.9
 
(6.4) NA

 
92.6

 
(8.4) 4.1

 
(5.4) 3.3

 
(5.1) NR

 
NR
 

1.8
 
(7.4) NA

 
92.6

 
(9.2) 4.6

 
(6.8) 2.8

 
(4.8)

Abbreviations: 24hR, multi-pass 24-h open recall excluding food items consumed in amounts <15 g except including <15 g for small dried fish; Diff, percentage point difference in population 
prevalence of food group consumption between DQQ 

and
 
24hR

 
(DQQ− 24hR) or DQQ 

and
 
OWFR

 
(DQQ− OWFR); DQQ, Diet Quality Questionnaire; FN, false negatives; FP, false positives; NA, 

not applicable; P, P value of McNemar test; OWFR, observed weighed
 
food

 
records excluding food

 
items consumed in

 
amounts <15 g

 
except for small dried fish; PA, percent agreement 

coefficient.
1
 Proportional difference (McNemar test P < 

0.05) population-prevalence.
2
 Proportional difference P < 

0.05
 
and

 
>10

 
percentage points, or overreporting (FP) or underreporting (FN) >10%.
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consumption data and estimating diet quality among adults 
compared with OWFR and 24hR. This is the first evaluation 
study to collect data using OWFR, DQQ, and 24hR for the same 
day among adults, which allowed for applying the method of 
triads to investigate validity of the DQQ to accurately estimate 
diet quality. Although previous validation studies of the DQQ 
have used 24hR as a reference method [3,7], this is the first 
study comparing the DQQ with observed intakes (OOWFR), 
closer to a reference standard [1,2]. For most food groups, we 
saw no differences (P > 0.05) in population-level food group 
consumption prevalences. For diet quality prevalence in-
dicators, the DQQ overestimated prevalence by 4 to 9 pp. The 
DQQ also showed high agreement (93%) with OWFR and 24hR 
for collecting population-level food group consumption data. On 
the basis of the method of triads the DQQ also showed moderate 
performance for accurately estimating continuous diet quality 
scores in this study population. Overall, the results we present 
are conservative because we have not adjusted for multiple 
comparisons for the various indicators used.

Having used both OWFR and 24hR for evaluating DQQ 
allowed us to investigate whether respondents might have 
correctly reported consumption of certain food groups in the 
DQQ but might have forgotten to recall them when not specif-
ically probed for during 24hR. Although previous research 
showed that 24hR tends to underestimate episodically consumed 
foods such as fruits, snacks, and beverages compared with OWFR

[8–10], this was not observed in our study. In previous studies in 
other LMICs, the DQQ was found to overestimate (>10 pp) 
consumption-prevalence of fruits (“citrus”), vegetables 
(“vitamin A-rich orange vegetables”), tubers (“white roots, tu-
bers, and plantains”), and sweets (“baked/grain-based sweets,” 
and “other sweets”) when compared with 24hR, but diet quality 
indicators (including MDD-W) were overestimated to a lesser 
degree (<10 pp) by DQQ [3,7]. In our current study, we did not 
observe large overestimations by the DQQ in any of these food 
groups compared with either OWFR or 24hR, though similar to 
Uyar et al. [3], diet quality indicators in this study were also 
slightly overestimated by DQQ compared with OWFR. The DQQ 
estimated population-prevalence of females achieving MDD-W 

more accurately than 24hR, compared with OWFR. This was 
due to a common limitation of 24hR of underestimating portion 
sizes [9,39,40], which resulted in certain foods (e.g. dark green 
leafy vegetables) not being counted in MDD-W calculation (when 
reported 24hR consumption was <15 g, Supplemental Table 13). 
Thus, this indicates that when criterion validity of DQQ is 
assessed compared with 24hR as the reference method among 
adults, it is likely that the extent of “overestimation” of diet 
quality indicators at population level by DQQ is smaller than 
observed. Hanley-Cook et al. [28,41] found list-based question-
naires overestimating MDD-W prevalence by a large extent (>10 
pp) against OWFR partly due to affirmatively answering food 
group questions while having consumed <15 g for items of e.g.

TABLE 5
Comparison between DQQ-OWFR and DQQ-24hR of FGDS, NCD-Protect, and NCD-Risk scores among adults in Northern Rwanda (n = 281)

Indicator 1 DQQ-OWFR DQQ-24hR

DQQ 2 OWFR 2 Diff in mean Diff in % P DQQ 2 24hR 2 Diff in mean Diff in % P

FGDS 4.4 (1.8) 4.2 (1.4) 0.2 1.5 0.059 4.4 (1.8) 4.0 (1.4) 0.4 3.8 <0.001
NCD-Protect 3.4 (1.5) 3.2 (1.2) 0.2 2.2 0.010 3.4 (1.5) 3.0 (1.3) 0.4 4.9 <0.001
NCD-Risk 0 (0–0) 0 (0–0) — — 0.045 0 (0–0) 0 (0–0) — — 0.002

Abbreviations: 24hR, multi-pass 24-h open recall excluding food items consumed in amounts <15 g except including <15 g for small dried fish; 
Diff in mean, mean difference in indicator scores between DQQ and 24hR (DQQ minus 24hR), or DQQ and OWFR (DQQ minus OWFR), or 24hR 
and OWFR (24hR− OWFR); Diff in pp, percentage point difference of indicator scores between DQQ and 24hR (DQQ minus 24hR), or DQQ and 
OWFR (DQQ− OWFR); DQQ, diet quality questionnaire; FGDS, food group diversity score; NCD, noncommunicable diseases; OWFR, observed 
weighed food record excluding food items consumed in amounts <15 g except for small dried fish; P, P value of paired samples t-test for FGDS and 
NCD-Protect, of Wilcoxon signed-rank test for NCD-Risk, and of McNemar’s test for NCD-Risk % consuming >0 food groups of NCD-Risk.
1 Scoring range FGDS: 0–10; NCD-Protect: 0–9; NCD-Risk: 0–9.
2 Values are in mean (SD) for FGDS and NCD-Protect, and in median (25th–75th percentiles) for NCD-Risk.

FIGURE 2. Method of triads between OWFR, DQQ, and 24hR for estimating (A) FGDS (n = 281), (B) NCD-Protect (n = 281), and (C) NCD-Risk (n
= 281). 24hR, multi-pass 24-h open recall excluding food items consumed in amounts <15 g except including <15 g for small dried fish; DQQ, 
Diet Quality Questionnaire; FGDS, Food Group Diversity Score; OWFR, observed weighed food records excluding food items consumed in 
amounts <15 g except for small dried fish; r, Pearson correlation coefficient between the diet quality indicator score calculated between DQQ / 
24hR/ OWFR; T, true but unknown diet quality indicator score; ρ, validity coefficient of diet quality indicator score calculated from DQQ / 24hR/ 
OWFR in relation to T.
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“nuts and seeds,” “legumes,” and “other vegetables.” In our 
current study, we also observed large overestimations in pop-
ulation-consumption–prevalence by DQQ of “nuts and seeds” 
compared with OWFR and 24hR, but not for other food groups. 
For “nuts and seeds,” the reason for overestimation in pop-
ulation-consumption–prevalence was explained by dried 
groundnut powder: 72% of “nuts and seeds” consumers 
consumed it in <15 g mainly in the form of groundnut flour as an 
ingredient in stews. Respondents may have been particularly 
aware of ingredients consumed in this study, due to having paid 
close attention to each ingredient during the OWFR process.

We observed underestimation of population-con-
sumption–prevalence of “other vegetables” by DQQ in this 
study, compared with both OWFR and 24hR. This was explained 
by a sentinel food item (chayote) not appearing in the DQQ 
question for Rwanda, which resulted in systematic under-
reporting (FN rate >10 pp) of the food group. Missing sentinel 
food items also occurred in previous subnational validation 
studies of DQQ regarding food groups with a high variety of food 
items (particularly vegetables) [3,7]. In our study population, 
the item chayote was not covered in the DQQ question, but was 
consumed based on OWFR and 24hR by ~80% of under-
reporters. Although this seemed not to have impacted diet 
quality indicators meaningfully, we recommend adding chayote 
to the question of “other vegetables” of Rwanda’s DQQ based on 
consumption in this population. It is important to note that the 
DQQ was designed for national use, while this study was con-
ducted in a subpopulation in 1 local area of the country. When 
the DQQ is used at subnational level, especially in small local 
areas, we recommended reviewing the DQQ items (particularly 
vegetables) and if any local items are missing, adding them to 
the questionnaire at the end or at the end of a subsection (e.g. 
right after the vegetables questions in case missing items belong 
to vegetables).

As discussed in the methods section, we allowed the in-
clusion of dried small fish even when consumed in amounts 
<15 g, because of its critical role in micronutrient adequacy 
in this population, providing 100% of B12 even in amounts of 
7 g. In other contexts, it may also be important to distinguish 
between dried items that are important sources of micro-
nutrients even when consumed in small amounts (<15 g), and 
those that are consumed in small amounts for adding flavor, 
to achieve the purpose of the MDD-W indicator as a proxy for 
micronutrient adequacy [23,42]. Further research should 
investigate whether including such small but nutrient-dense 
items actually improves correlations between food group di-
versity scores and mean probability of adequacy of micro-
nutrients, to confirm the contextual inclusion of these items in 
DQQ. Without careful analysis of their nutrient contributions, 
there is a risk that the DQQ could overestimate MDD-W 

prevalence in countries where small items are included in 
the questionnaire.

A tendency toward overestimating food group consumption 
prevalences in the DQQ resulted in higher prevalence indicators, 
on the order of 4 to 9 pp. Overreporting consumption of food 
groups could be due to several potential explanations. First, 
affirmatively answering DQQ-questions while having consumed 
small amounts (<15 g) of the sentinel food items as was found in 
“nuts and seeds” resulted in overestimating consumption prev-
alences (as discussed earlier). Second, telescoping bias, i.e.

reporting consumption of foods while in reality not having 
consumed them during the DQQ’s recall period (“yesterday”) 
but during different days [43]. Third, reconstruction bias, as 
respondents were not systematically guided in DQQ to recall 
specific aspects of the recall period (e.g. meals (break-
fast/lunch/dinner), time and location of consumption) which 
could have contributed to both over- and underestimating con-
sumption prevalences [44,45], unlike the multiple-pass 24hR, 
which prompts detailed reconstruction of the recall day [2,21]. 
Lastly, a capacity overload of working memory, triggered when 
adults are asked to recall >4 items per question [46,47], which 
may have contributed both over- and underestimating con-
sumption prevalences for DQQ-questions containing >4 sentinel 
foods (e.g. “white roots, tubers, and plantains” with 6 items in 
the Rwandan DQQ-question was underestimated in this study 
compared with both OWFR and 24hR, but overestimated by 
DQQ among females in Solomon Islands (7 items in 
DQQ-question [48]) compared with 24hR [3]). Further research 
is needed to investigate whether splitting the DQQ into shorter 
questions with maximum 4 sentinel foods per question improves 
accuracy of recalling food group consumption. Any updates, 
however, would have to be done without compromising the 
tool’s simple and rapid characteristics for dietary assessment at 
population level.

A strength of this study is that the DQQ was not only 
compared with the OWFR but also to 24hR for collecting 
population-level food group consumption data and estimating 
diet quality. This design enabled us to 1) investigate whether 
food groups that are common for 24hR to underestimate, were 
accurately recalled by DQQ, by comparison to OWFR (as earlier 
discussed), and 2) to apply the method of triads to give us an 
insight into performance of OWFR, DQQ, and 24hR for accu-
rately estimating diet quality indicators. The method of triads 
shows that DQQ performs moderately in accurately estimating 
the indicators, whereas OWFR and 24hR perform better. How-
ever, we likely overestimated the validity coefficients due to 
violation of the assumption of independence in random errors 
between OWFR, DQQ, and 24hR. The DQQ and 24hR both rely 
on memory to recall dietary intake of the day before and could 
be affected by social desirability and approval bias [8] and are 
thereby subject to similar measurement errors [2,4]. In addition, 
24hR and OWFR also share potential sources of error, e.g. both 
may be biased in the same direction and to a similar degree by 
respondents’ lack of motivation to recall precisely all foods 
actually consumed in 24hR, and by altering their cooking 
and/or food intake to simplify the OWFR procedure and/or due 
to an enumerator being in the house from morning till evening 
known as “reactivity bias” [39]. All these correlated random 

errors could have led to overall overestimating the validity co-
efficients of OWFR, DQQ, and 24hR for accurately estimating 
diet quality. We therefore also calculated validity coefficients of 
OWFR, DQQ, and 24hR for estimating FGDS, NCD-Protect, and 
NCD-Risk using lowest bounds of the 95% confidence interval 
(CI) of the correlation coefficients, though validity coefficients 
were similar (Supplemental Table 12). Limitations of the 
method of triads (related to correlated random errors) include 
the occurance of negative correlations, which would not allow 

for calculating validity coefficients, and Heywood cases (val-
idity coefficients >1) [12]. Nonetheless, we did not observe 
these instances in our analyses.
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Another limitation of this study is due to the low-income 
setting. Consistent with our previous study in LMICs [3], 
NCD-Risk food groups such as red meat, sweets, packaged 
ultraprocessed salty snacks, soft drinks, and fast food were 
consumed by either no one or only small proportions of the 
study population, which makes it difficult to assess validity of 
the DQQ to collect consumption data for these food groups (and 
consequently estimate NCD-Risk) as compared with contexts 
where they might be consumed by more people such as in 
high-income countries [49]. Other validation studies in 
high-income settings could show additional findings regarding 
these food groups. Exploring criterion validity of the DQQ 
among other populations such as school-aged children and ad-
olescents (who might recall their diets differently [50]), remains 
to be further investigated.

In conclusion, the DQQ tends to slightly overestimate diet 
quality indicator scores against OWFR. Population-prevalence 
of females achieving MDD-W was better captured by DQQ 
than 24hR, compared with OWFR, mainly due to under-
estimating quantities consumed in 24hR (e.g. dark green leafy 
vegetables). The DQQ showed moderate performance for accu-
rately estimating diet quality indicators with moderate validity 
coefficients from the method of triads. Our findings show that 
DQQ is a valid tool for collecting population-level food group 
consumption data and estimating diet quality.

Author contributions
The authors’ responsibilities were as follows – BTMU, IDB, 

AWH, RM, EJMF, EFT: designed research; RM, MGD, RH, KJB-
vdB: conducted research; RM, MGD, RH, KJB-vdB: provided 
essential materials; BTMU: analyzed data and performed sta-
tistical analysis; BTMU, IDB, AWH, EFT: wrote paper; BTMU, 
IDB, AWH, EFT: had primary responsibility for final content; and 
all authors: read and approved the final manuscript.

Conflict of interest
The authors report no conflicts of interest.

Funding
The research is jointly funded by The Rockefeller Foundation 

(grant number: 2023-FOD-004) and the CGIAR (grant number: 
Research Initiative on Digital Innovation) with grants to the 
International Institute of Tropical Agriculture; and the European 
Union (EU) and BMZ via GIZ (grant number: 81249667) with a 
grant to Wageningen University & Research, Agrotechnology & 
Food Sciences Group, Division of Human Nutrition and Health.

Appendix A. Supplementary data
Supplementary data to this article can be found online at 

https://doi.org/10.1016/j.cdnut.2025.107628.

References

[1] S. Rosalind Gibson, Principles of nutritional assessment: food
consumption of individuals, in: Principles of Nutritional Assessment, 
3rd ed., 2023.

[2] FAO, Dietary assessment: a resource guide to method selection and
application in low resource settings, 2018. Rome.

[3] B.T.M Uyar, E.F. Talsma, A.W. Herforth, L.E. Trijsburg, C. Vogliano,
G. Pastori, et al., The DQQ is a valid tool to collect population-level

food group consumption data: a study among women in Ethiopia, 
Vietnam, and Solomon Islands, J. Nutr. 153 (1) (2023) 340–351.

[4] A.W. Herforth, T. Ballard, A. Rzepa, Development of the diet quality 
questionnaire for measurement of dietary diversity and other diet 
quality indicators, Curr. Dev. Nutr. 8 (8) (2024) 103798.

[5] A.W. Herforth, I.F. Sattamini, D.A. Olarte, P. Diego-Rosell, A. Rzepa, 
You say potato, I say vegetable; you say tomato, I say fruit: cognitive 
validity of food group–based dietary recall questions, Curr. Dev. Nutr. 9 
(Suppl 1) (2024) 104502.

[6] A.W. Herforth, K. Sokourenko, B.C. Gonzalez, B.T. Uyar, A.L. Bulungu, 
C. Vogliano, Adaptation of the Diet Quality Questionnaire as a global 
public good for use in 140 countries, Curr. Dev. Nutr. 9 (Suppl 1) 
(2024) 104499.

[7] G. Pastori, I.D. Brouwer, E.J.M Feskens, L.T. Huong, F.O. Samuel, L.T. 
T Xuan, et al., A simple fruit and vegetable score is a valid tool to assess 
actual fruit and vegetable intake, Br. J. Nutr. 130 (11) (2023) 
1942–1949.

[8] R.S. Gibson, U. Ruth Charrondiere, W. Bell, Measurement errors in 
dietary assessment using self-reported 24-hour recalls in low-income 
countries and strategies for their prevention, Adv. Nutr. 8 (6) (2017) 
980–991.

[9] A.A. Alemayehu, Y. Abebe, R.S. Gibson, A 24-h recall does not provide 
a valid estimate of absolute nutrient intakes for rural women in 
southern Ethiopia, Nutrition 27 (9) (2011) 919–924.

[10] C.A. Gewa, S.P. Murphy, C.G. Neumann, A comparison of weighed and 
recalled intakes for schoolchildren and mothers in rural Kenya, Public 
Health Nutr 12 (8) (2009) 1197–1204.

[11] S.I. Kirkpatrick, T. Baranowski, A.F. Subar, J.A. Tooze, E.A. Frongillo, 
Best practices for conducting and interpreting studies to validate self-
report dietary assessment methods, J. Acad. Nutr. Diet. 119 (11) 
(2019) 1801–1816.

[12] R.J. Kaaks, Biochemical markers as additional measurements in studies 
of the accuracy of dietary questionnaire measurements: conceptual 
issues, Am. J. Clin. Nutr. (1997) 1232S–1239S.

[13] R. Manners, J. Adewopo, M. Niyibituronsa, R. Remans, A. Ghosh,
M. Schut, et al., Leveraging digital tools and crowdsourcing approaches 
to generate high-frequency data for diet quality monitoring at 
population scale in Rwanda, Front Sustain. Food Syst. 5 (2022) 1–13.

[14] R. Manners, A.W. Herforth, M. Delfine, R. Hesen, D. Nkubito,
K. Borgonjen-van den Berg, et al., Validating self-administration as an 
agile modality for high-frequency diet quality data collection, PLOS 
One 20 (6) (2025) e0317611.

[15] World Health Organization, Obesity: preventing and managing the 
global pandemic: report of a WHO consultation [Internet]. Geneva, 
2000 [cited 2025 Jan 28]. Available from: https://apps.who.int/iris/ 
handle/10665/42330.

[16] KoBotoolbox. Simple, robust and powerful tools for data collection 
[Internet] [cited 2025 Jan 28]. Available from: https://kobotoolbox. 
org.

[17] A. Vincent, F. Grande, E Compaor�e, Amponsah G. Annor, P.A. Addy, L. 
C. Aburime, et al., FAO/INFOODS food composition table for Western 
Africa (2019) user guide & condensed food composition table / table 
de composition des aliments FAO/INFOODS pour l’Afrique de l’Ouest 
(2019) Guide d’utilisation & table de composition des aliments 
condens�ee, 2020. Rome.

[18] FAO/Government of Kenya, Kenya Food Composition
Tables [Internet]. Nairobi, 2018 [cited 2024 Feb 11]. Available from: 
http://www.fao.org/3/I9120EN/i9120en.pdf.

[19] SAFOODS, Food Composition Database, 2025 [cited 2025 Feb 11]. 
Available from: https://safoods.mrc.ac.za/database.html.

[20] Global Diet Quality Project, Diet Quality Questionnaire (DQQ) for 
Rwanda [Internet]. [cited 2024 Jan 21]. Available from: http://www. 
dietquality.org.

[21] R.S. Gibson, E.L. Ferguson, An interactive 24-hour recall for assessing 
the adequacy of iron and zinc intakes in developing countries 
[Internet], International Food Policy Research Institute (IFPRI) and 
International Center for Tropical Agriculture (CIAT), Washington, DC 
and Cali, 2008 [cited 2024 Jan 21]. Available from: https://www.ifpri. 
org/publication/interactive-24-hour-recall-assessing-adequacy-iron-
and-zinc-intakes-developing-countries.

[23] FAO, Minimum dietary diversity for women. [Internet]. Rome, 2021 
[cited 10 January 2023] Available from: https://www.fao.org/ 
documents/card/en/c/cb3434en.

[24] FAO and FHI 360, Minimum dietary diversity for women: a guide to 
measurement [Internet]. Rome, 2016 [cited 10 January 2023] 
Available from, www.fao.org/publications.

B.T. Uyar et al. Current Developments in Nutrition 10 (2026) 107628

10

https://doi.org/10.1016/j.cdnut.2025.107628
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref1
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref1
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref1
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref2
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref2
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref3
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref3
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref3
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref3
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref4
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref4
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref4
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref5
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref5
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref5
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref5
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref6
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref6
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref6
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref6
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref7
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref7
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref7
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref7
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref8
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref8
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref8
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref8
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref9
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref9
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref9
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref10
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref10
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref10
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref11
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref11
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref11
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref11
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref12
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref12
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref12
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref13
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref13
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref13
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref13
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref14
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref14
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref14
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref14
https://apps.who.int/iris/handle/10665/42330
https://apps.who.int/iris/handle/10665/42330
https://kobotoolbox.org
https://kobotoolbox.org
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref16
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref16
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref16
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref16
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref16
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref16
http://www.fao.org/3/I9120EN/i9120en.pdf
https://safoods.mrc.ac.za/database.html
http://www.dietquality.org
http://www.dietquality.org
https://www.ifpri.org/publication/interactive-24-hour-recall-assessing-adequacy-iron-and-zinc-intakes-developing-countries
https://www.ifpri.org/publication/interactive-24-hour-recall-assessing-adequacy-iron-and-zinc-intakes-developing-countries
https://www.ifpri.org/publication/interactive-24-hour-recall-assessing-adequacy-iron-and-zinc-intakes-developing-countries
https://www.fao.org/documents/card/en/c/cb3434en
https://www.fao.org/documents/card/en/c/cb3434en
http://www.fao.org/publications


[25] WHO FAO, Human vitamin and mineral requirements: report of a joint 
FAO/WHO expert consultation Bangkok, Thailand, 2001 [cited 2024 
Apr 6]. Available from: https://www.fao.org/3/Y2809E/y2809e00. 
htm#Contents.

[26] Global Diet Quality Project, Diet Quality Questionnaires (DQQ), 2025 
[cited 2024 Mar 19]. Available from: https://www.dietquality.org.

[27] A.W. Herforth, D. Wiesmann, E. Martínez-Steele, G. Andrade, C.
A. Monteiro, Introducing a suite of low-burden diet quality indicators 
that reflect healthy diet patterns at population level, Curr. Dev. Nutr. 4 
(12) (2020) nzaa168.

[28] G.T. Hanley-Cook, J.Y.A Tung, I.F. Sattamini, P.A. Marinda, K. Thong, 
D. Zerfu, et al., Minimum dietary diversity for women of reproductive age 
(MDD-W) data collection: validity of the list-based and open recall 
methods as compared to weighed food record, Nutrients 12 (7) (2020) 
2039.

[29] M.J. Lombard, N.P. Steyn, K.E. Charlton, M. Senekal, Application and 
interpretation of multiple statistical tests to evaluate validity of dietary 
intake assessment methods, Nutr. J. 14 (1) (2015) 40.

[30] C.N. Tugault-Lafleur, J.L. Black, S.I. Barr, A systematic review of 
methods to assess children’s diets in the school context, Adv. Nutr. 8 
(1) (2017) 63–79.

[31] J.E. Arsenault, M. Moursi, D.K. Olney, E. Becquey, R. Ganaba, 
Validation of 24-h dietary recall for estimating nutrient intakes and 
adequacy in adolescents in Burkina Faso, Matern, Child Nutr. 16 (4) 
(2020) e13014.

[32] Global Diet Quality Project, Measuring what the world eats: insights 
from a new approach [Internet]. Geneva: Global Alliance for Improved 
Nutrition (GAIN), T. Harvard,H. Chan School of Public Health, 
Department of Global Health and Population, Boston, MA, 2022, 
https://doi.org/10.36072/dqq2022 [cited 2022 Nov 20].

[33] Global Diet Quality Project, Indicator definitions [Internet]. Available 
from: https://www.dietquality.org/indicators/definitions.

[34] M. Arimond, D. Wiesmann, S.R. Ramírez, T.S. Levy, S. Ma, Z. Zou, et al., 
Food group diversity and nutrient adequacy: dietary diversity as a proxy for 
micronutrient adequacy for different age and sex groups in Mexico and 
China, Global Alliance for Improved Nutrition (GAIN), Geneva, 
Switzerland, 2021.

[35] R. Kaaks, P. Ferrari, Dietary intake assessments in epidemiology: can 
we know what we are measuring? Ann. Epidemiol. 16 (5) (2006) 
377–380.

[36] M.C. Ock�e, J.R. Kaaks, Biochemical markers as additional 
measurements in dietary validity studies: application of the method of 
triads with examples from the European Prospective Investigation into 
Cancer and Nutrition 1-3, Am. J. Clin. Nutr. 65 (suppl) (1997) 
1240S–1245S.

[37] Rwandapedia, Poverty level categories [Internet] [cited 2024 Feb 8]. 
Available from: https://rwandapedia.rw/hgs/ubudehe/poverty-level-
categories.

[38] H. Alexis, The challenges and examination of new programme ubudehe 
2020 in Rwanda, Am. J. Ind. Bus. Manag. 13 (05) (2023) 287–311.

[39] S. Kirkpatrick, Measurement Error in Dietary Assessment, in: Principles 
of Nutritional Assessment [Internet], 3rd ed, 2024 [cited 2025 Feb 26]. 
Available from: https://nutritionalassessment.org/errors/.

[40] G. Johansson, Å. Wikman, A.M. Åhr�en, G. Hallmans, I. Johansson, 
Underreporting of energy intake in repeated 24-hour recalls related to 
gender, age, weight status, day of interview, educational level, 
reported food intake, smoking habits and area of living, Public Health 
Nutr 4 (4) (2001) 919–927.

[41] G.T. Hanley-Cook, S. Hoogerwerf, J.P. Parraguez, S.M. Gie, B.
A. Holmes, Minimum dietary diversity for women: partitioning 
misclassifications by proxy data collection methods using weighed food 
records as the reference in Ethiopia, Curr. Dev. Nutr. 8 (7) (2024) 
103792.

[42] Y. Martin-Pr�evel, P. Allemand, D. Wiesmann, M. Arimond, T. Ballard,
M. Deitchler, et al., Moving forward on choosing a standard 
operational indicator of women’s dietary diversity, 2015 [cited 18 
January 2023] Available from: www.fao.org/.

[43] G.T. Abate, A. De Brauw, J. Gibson, K. Hirvonen, A. Wolle, K.A. Abay, 
et al., Telescoping error in recalled food consumption: evidence from a 
survey experiment in Ethiopia, World Bank Econ, Rev 36 (4) (2022) 
889–908.

[44] T. Baranowski, S.B. Domel, A cognitive model of children’s reporting of 
food intake, Am. J. Clin. Nutr. 59 (1 Suppl) (1994) 212S–217S.

[45] M.B.E Livingstone, P.J. Robson, Measurement of dietary intake in 
children, Proc. Nutr. Soc. 59 (2000) 279–293.

[46] N. Cowan, The magical number 4 in short-term memory: a 
reconsideration of mental storage capacity, Behav. Brain Sci. 24 (1) 
(2001) 87–114.

[47] N. Cowan, The magical mystery four: how is working memory capacity 
limited, and why? Curr. Dir. Psychol. Sci. 19 (1) (2010) 51–57.

[48] Global Diet Quality Project, Diet Quality Questionnaire (DQQ) for 
Solomon Islands [Internet]. [cited 2024 May 28]. Accessed from: 
https://www.dietquality.org.

[49] G.T. Hanley-Cook, S.M. Gie, J.P. Parraguez, S. Hoogerwerf, V. Padula 
de Quadros, A. Balcerzak, et al., Cross-context equivalence and 
agreement of healthy diet metrics for national and global monitoring: a 
multicountry analysis of cross-sectional quantitative 24-hour dietary 
intake studies, Am. J. Clin. Nutr. 120 (5) (2024) 1093–1104.

[50] S.G. Forrestal, Energy intake misreporting among children and 
adolescents: a literature review, Matern, Child Nutr. 7 (2011) 112–127.

B.T. Uyar et al. Current Developments in Nutrition 10 (2026) 107628

11

https://www.fao.org/3/Y2809E/y2809e00.htm#Contents
https://www.fao.org/3/Y2809E/y2809e00.htm#Contents
https://www.dietquality.org
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref26
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref26
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref26
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref26
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref27
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref27
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref27
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref27
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref27
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref28
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref28
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref28
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref29
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref29
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref29
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref30
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref30
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref30
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref30
https://doi.org/10.36072/dqq2022
https://www.dietquality.org/indicators/definitions
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref33
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref33
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref33
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref33
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref33
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref34
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref34
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref34
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref35
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref35
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref35
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref35
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref35
https://rwandapedia.rw/hgs/ubudehe/poverty-level-categories
https://rwandapedia.rw/hgs/ubudehe/poverty-level-categories
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref37
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref37
https://nutritionalassessment.org/errors/
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref39
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref39
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref39
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref39
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref39
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref40
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref40
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref40
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref40
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref40
http://www.fao.org/
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref43
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref43
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref43
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref43
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref41
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref41
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref44
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref44
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref45
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref45
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref45
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref46
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref46
https://www.dietquality.org
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref48
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref48
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref48
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref48
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref48
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref49
http://refhub.elsevier.com/S2475-2991(25)03090-2/sref49

	Validity of the Diet Quality Questionnaire Compared with Observed Intake for Estimating Population-Level Diet Quality in Rw ...
	Introduction
	Methods
	Study population
	Data collection
	Dietary assessment tools
	Observed weighed food record
	Diet quality questionnaire
	Multi-pass 24hR

	Data analysis
	Food group variables construction
	Food group consumption
	Diet quality indicators
	Method of triads to compare the OWFR, DQQ, and 24hR for accurately estimating diet quality indicators


	Results
	Food group consumption
	Diet quality indicators
	Method of triads to compare the OWFR, DQQ, and 24hR for accurately estimating diet quality indicators


	Discussion
	slink15
	slink16
	slink17
	slink18

	References


