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Abstract
Objective: The current study evaluated the reliability and validity of the Arabic
version of the revised general nutrition knowledge questionnaire (GNKQ-R) for
adults.
Design: The eighty-eight-item English GNKQ-R was adapted into an eighty-
six-item Arabic version. Four validation studies were conducted for internal
(n 805) and external (n 106) reliability, construct validity between participants with
(n 84) and without (n 88) nutrition background, convergent validity for associa-
tions between nutrition knowledge and demographic characteristics (n 750)
and responsiveness to online nutrition information (n 55).
Setting: United Arab Emirates University in United Arab Emirates and Hashemite
University in Jordan.
Participants: Undergraduate students aged 18 years and above, enrolled in any
programme at the two universities, were recruited.
Results: Overall, internal reliability (Cronbach’s α= 0·91) and external reliability
(P = 0·350; intra-class correlation coefficient = 0·84) were high. Significantly higher
GNKQ-R scores of students with (66·0 (10·6)) v. without (38·0 (10·7), P< 0·001;
d= 2·6) nutrition background indicated high construct validity. Significantly higher
GNKQ-R scores among females v. males, older and senior students v. younger and
junior students and students in health discipline v. non-health discipline reflected
good convergent validity. Significant differences in GNKQ-R scores with nutrition
information (time 1= 37·8 (10·5) and time 2= 47·7 (9·1), P< 0·001; d= 1·0) indi-
cated high responsiveness to nutrition intervention.
Conclusions: The Arabic GNKQ-R showed high reliability and validity in the young
adult Arab population. Besides the reliability of the overall questionnaire, each sec-
tion demonstrated adequate reliability. Further studies are warranted to establish
the generalisability and applicability of the Arabic GNKQ-R in older adults and in
different middle-eastern Arab countries.
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Acquiring accurate and adequate nutrition information is a
prerequisite to making informed nutritional choices
and maintaining a healthy nutritional status(1). Nutrition
knowledge (NK) among individuals promotes healthy food
habits, enhances nutrition status and reduces risks of
developing non-communicable diseases such as diabetes,
obesity, cancer, chronic lung diseases, hypertension
and CVD(2,3).

More than 50 % of the global burden of disease is
attributed to non-communicable diseases, wherein unheal-
thy diet plays a significant role(4). A similar trend is seen
among the Arab population, with IHD being a leading cause

of death(5). The easternMediterranean regionhas the highest
mortality caused by diabetes(6), and ranks second in obesity,
with 75 % of the population overweight or obese(7). For
example, the United Arab Emirates (UAE) has high non-
communicable disease-related morbidity and premature
mortality rates(8). Similarly, non-communicable diseases
are estimated to account for 78 % of all deaths in Jordan(9).

Young adults, such as university students, are prone to
making lifestyle changes that pose a significant challenge to
healthy eating(10) by their adoption of unhealthy nutritional
habits, such as frequently consuming fast food and conven-
ience food(11) and low personal meal preparation(12). Such
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behaviours result in negative health outcomes including
weight gain and increased risk of chronic diseases(13).
University students in Jordan showed significant differ-
ences between BMI and health practices based on the type
of diet they followed. Students with lower BMI had higher
mean scores for positive health practices than those who
had higher BMI(14). Similarly, better diet quality and higher
physical activity level were reported among normal weight
university female students than their overweight and obese
counterparts, and a significant negative correlation was
found between diet quality and neck circumference (indi-
cator of obesity) in the UAE(15).

A valid NK assessment tool, therefore, is crucial to
understand the levels of NK among individuals so that
need-based nutrition education interventions can be
developed. Several questionnaires have been developed
and validated for NK assessment among the adult popula-
tion(16–18). Parmenter & Wardle(19) developed a general
nutrition knowledge questionnaire (GNKQ) for the adult
population in the UK in the 1990s, which was later adapted
and validated in different countries, such as Turkey and
Australia(20,21). A study adapting the original GNKQ(19)

highlighted that adults in a university community in the
UAE exhibited inadequate NK, particularly regarding diet–
disease association, and inadequate application of dietary
recommendations in making informed dietary choices(22).
However, new knowledge of the associations between diet
and health and advanced developments in the food supply,
including the introduction of new types of foods and
processing methods, have resulted in frequent updates to
nutrition recommendations, which necessitate a periodic
re-evaluation of NK assessment(23). Thus, the original
GNKQ has been updated, and the revised general nutrition
knowledge questionnaire (GNKQ-R) has recently been
validated on the adult population in the UK(24). However,
no updated tool is available in the Arabic language to assess
the level of NK among adults in the Arab region, where lack
of nutrition awareness may be an important determinant in
the wide prevalence of nutrition-related issues.

For the current study, the GNKQ-R, the updated version
of the original questionnaire developed by Parmenter &
Wardle(19), was translated into Arabic to assess its validity
and reliability among young adults. The participants com-
prised students from two universities in the UAE and
Jordan. The GNKQ-R has purportedly been employed to
develop similar questionnaires worldwide due to its several
merits; it includes more than two domains of NK, has
reportedly high reliability and validity and specifies the tar-
get population(25).

Methods

Participants
The current study included students aged 18 years and
above from two prominent universities, the United Arab

Emirates University (UAEU), Al Ain, UAE and Hashemite
University (HU), Zarqa, Jordan. Participants were invited
through emails, social media platforms and advertisements
posted around the university campuses. A student regis-
tered in any undergraduate programme during the period
of the current study was eligible for participation. The sur-
vey was administered in two formats: on paper (hard cop-
ies) and online (via Google documents). A total of 805
students (290 from UAEU and 515 from HU) agreed to par-
ticipate in the study. Participants from the programmes of
Nutrition/Dietetics (n 84), Agriculture (n 62), Social
Sciences (n 181), Medicine (n 45), Education (n 281),
Science (n 25), Engineering and Information Technology
(n 82) and Economics and Law (n 45) volunteered to
participate. No incentives or rewards were offered for par-
ticipation. Informed consent was obtained from all partic-
ipants before commencing the study. Written consent was
obtained from students who completed the hard copy
questionnaires, whereas clicking on ‘Next page’ after the
brief instruction to start the online survey was considered
consent for online questionnaires. Online questionnaires
were administered for UAEU students and hard copies
for HU students.

A pilot study was conducted using a crossover-
counterbalanced design on thirty-one students from
Jordan. Each student was asked to complete the question-
naire twice, once on paper and once online with a gap of
1 week between the two. No significant differences were
evident in the response scores (total score out of 86) irre-
spective of the questionnaire format (paper 40·6 ± 3·5 v.
online 40·4 ± 3·6; t= 1·044, P= 0·305; r 0·971, P< 0·001).
Furthermore, the pilot study revealed that the students
required 17·6 ± 2·1 min to complete the questionnaire.
These results were not included in the final analysis of
the actual study. The participants of the pilot study were
instructed to answer all questions and provide written com-
ments on the clarity and difficulty of the items.

Students’ demographics in terms of age, gender, marital
status, academic level and study discipline in the university,
self-perceived health status and self-reported BMI category
were recorded.

Development of the Arabic version of the adapted
revised general nutrition knowledge
questionnaire
The Arabic version of GNKQ-R was adapted from the
English version of the recently validated eighty-eight-item
GNKQ-R(24) consisting of four sections evaluating NK:
Section 1: Dietary recommendations (eighteen questions),
Section 2: Food groups and nutrient sources (thirty-six
questions), Section 3: Healthy food choices (thirteen ques-
tions) and Section 4: Associations between diet–diseases
and weight (twenty-one questions). The questions were
in multiple choice format, and check marks were used as
responses. Answers were scored by assigning one point
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for each correct response and zero points for an incorrect
response; scores from the four sections were added to
obtain the overall general NK score among the participants.
The English version of GNKQ-R was translated into Arabic
and then reviewed for forward-and-back translations.
Furthermore, two original items (Section 1, Question 6:
Approximately howmany alcoholic drinks is the maximum
recommended per day (The exact number depends on the
size and strength of the drink)? and Section 3, Question 10:
Traffic lights are often used on nutrition labelling; what
does amber represent in the fat content of a food?) were
removed as instructed by the Arabic and/or English
speaking expert panel because of cultural sensitivity and
applicability. The scale was then reviewed for content
clarity, difficulty and accuracy by twelve faculty members
from Nutrition and Dietetics, two faculty members from
Arabic Language and five licensed dieticians from the
two universities. The final Arabic version comprised
eighty-six items from the English GNKQ-R. The adapted
Arabic GNKQ-R is available in the online supplementary
material.

Reliability and validity of the adapted Arabic
revised general nutrition knowledge
questionnaire
To examine the psychometric properties of the adapted
Arabic version of GNKQ-R, four studies were conducted.
Studies 1, 2, 3 and 4 examined the internal and external reli-
ability, construct validity, convergent validity and respon-
siveness to nutrition information, respectively.

Study 1: Internal and external reliability
Data of all students (n 805) from the first-time completion
of the questionnaire were combined to assess the internal
reliability (Cronbach’s α) of the questionnaire. A test–retest
approachwas used to examine the external reliability of the
questionnaire over time. Two weeks after the administra-
tion of the questionnaire for the first time, 106 participants
completed the same questionnaire for the second time.
None of the participants who completed the questionnaire
for the second time received nutrition information between
trials. Data from the second administration were not
included in the internal reliability assessment(24).

Study 2: Construct validity
Construct validity was examined by analysing the responses
of two groups of participants who were expected to have
different NK(24). The participants were fourth-year students
majoring in Nutrition/Dietetics (n 84) and/or Arabic
Literature (n 88) fromUAEU andHU.Nutrition/Dietetics stu-
dents were expected to have higher NK than the Arabic
Literature students.

Study 3: Convergent validity
Convergent validity was determined based on the data of
750 students by combining the initial response data from

study 1 (external reliability, n 106), study 2 (n 172) and data
from the additional 472 students recruited to achieve a bet-
ter representation of both universities’ populations in terms
of demographics, such as gender, age, academic level and
self-reported health status and BMI categories. The authors
anticipated better NK scores among females(22), students
with higher academic level and those with higher self-
reported health status(24). NK scores were also expected
to improve with age(2).

Study 4: Responsiveness to nutritional information
To assess the sensitivity of NK scores to nutritional informa-
tion, fifty-five students, other than those studying in the
Nutrition/Dietetics programmes in both universities, were
recruited. Sensitivity was assessed using a pre–post-test
design using a nutrition education approach, which was
expected to improve NK scores(24). The participants com-
pleted the online questionnaire for the first time. After
2 weeks, they were provided with an online Arabic docu-
ment containing nutrition information related to food-
based dietary guidelines in Arab countries. This was
obtained from official open access sources of public health
organisations(26,27). The content of this nutritional informa-
tion was chosen to reflect information related to all of the
individual sections of the questionnaire. Each participant
received the information document at least 24 h before
completing the questionnaire for the second time. The par-
ticipants were instructed to respond only after reading the
provided document and to avoid rereading once they had
begun completing the questionnaire.

Statistical analysis
The data were analysed using IBM SPSS statistics 24
(IBM SPSS). All data were presented as means and SD.
For internal reliability, Cronbach’s α was obtained
(values ≥ 0·7 for the overall score and for each section
were considered adequate)(24), whereas dependent sam-
ples t test and intra-class correlation coefficients were cal-
culated for external reliability (intra-class correlation
coefficient values ≥ 0·7 were considered adequate)(28).
Construct validity was assessed using dependent samples
t test to evaluate significant differences between the two
groups of students (Nutrition v. Arabic Literature). For con-
vergent validity, the independent samples t test and one-
way ANOVA (followed by Tukey’s post hoc test) were used
to detect significant differences in NK scores and students’
demographic variables (gender, age, marital status, aca-
demic level, study discipline, self-reported health status
and BMI categories). The responsiveness to nutrition infor-
mationwas evaluated using the dependent samples t test to
compare and detect significant differences in NK scores
before and after acquiring nutrition information. When sig-
nificance was detected, the effect size (Cohen’s effect (d)
with t test and eta squared (η2) with ANOVA) was calcu-
lated and reported, as previously described(24).
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The sample sizes for all studies were higher than the
minimum sample sizes (n 34, 102, 180 and 34 for studies
1, 2, 3 and 4, respectively. These were calculated using
G* Power software (version 3.1.9.2; HHU) to detect a
medium effect size, with a significance level of P< 0·05
and power of 0·80.

Results

Reliability and validity of the revised general
nutrition knowledge questionnaire
Demographic characteristics of the participants in each of
the four validation studies are shown in Table 1. The
assessment of internal reliability (n 805) included under-
graduate university students: 535 females (66·5 %) and
270 males (33·5 %) with a mean age of 21·3 ± 1·9 years.
A smaller proportion of students were from a health
discipline (23·7 %) than from non-health disciplines
(76·3 %), and first- and second-year students were fewer
(36·7 %) than third- and fourth-year (63·3 %) in the study.
Moreover, approximately 10 % of the participants were

registered in the Nutrition/Dietetics programmes at the
two universities. Almost, two-thirds of the students
reported good to excellent health status (68·9 %) and
BMI (66 %) in the normal category, on self-report
measures.

Study 1: Assessment of internal and external
reliability
The internal reliability analysis generated higher values
than the recommended criteria(24), with an overall reliabil-
ity of 0·91. Cronbach’s α for individual sections, in the range
of 0·70–0·83, also reflected an adequate internal consis-
tency (Table 2). The test–retest reliability outcome was
adequate for overall and individual sections as revealed
by the dependent t test analysis. NK scores were not signifi-
cantly different when compared between time 1 and time 2
for overall scores (t= 0·94, P= 0·350) and individual sec-
tions (P > 0·05). Moreover, the intra-class correlation coef-
ficient between time 1 and time 2 was higher than the
recommended criteria(28) for overall scores (0·84) and for
all individual sections (0·72–0·74) (Table 2).

Table 1 Demographic characteristics of the participants (all studies, n 805) in the Arabic revised general nutrition knowledge questionnaire
study during 2018–2019 in Jordan and United Arab Emirates

Study 1 Study 2 Study 3 Study 4

Internal
reliability

External
reliability

Nutrition
students

Arabic
students

Convergent
validity

Nutrition
information

n % n % n % n % n % n %

n 805 106 84 88 750 55
Gender
Male 270 33·5 33 31·1 6 7·1 41 46·6 249 33·2 21 38·2
Female 535 66·5 73 68·9 78 92·9 47 53·4 501 66·8 34 61·8

Age (years)
18–20 339 42·1 50 47·2 3 3·6 18 20·5 326 43·5 13 23·6
21–30 466 57·9 56 52·8 81 96·4 70 79·5 424 56·5 42 76·4

Marital status
Single 748 92·9 100 94·3 73 86·9 80 90·9 704 93·9 44 80·0
Married 57 7·1 6 5·7 11 13·1 8 9·1 46 6·1 11 20·0

Academic level
First 218 27·1 33 31·1 0 0·0 0 0·0 205 27·3 13 23·6
Second 77 9·6 9 8·5 0 0·0 0 0·0 73 9·7 4 7·3
Third 178 22·1 30 28·3 0 0·0 0 0·0 161 21·5 17 30·9
Fourth 332 41·2 34 32·1 84 100·0 88 100·0 311 41·5 21 38·2

Nutrition qualification
Yes 84 10·4 0 0·0 84 100·0 0 0·0 84 11·2 0 0·0
No 721 89·6 106 100·0 0 0·0 88 100·0 666 88·8 55 100·0

Health status
Poor 38 4·7 3 2·8 2 2·4 4 4·5 34 4·5 4 7·3
Fair 212 26·3 33 31·1 16 19·0 23 26·1 200 26·7 12 21·8
Good 276 34·3 30 28·3 29 34·5 30 34·1 252 33·6 24 43·6
Very good 208 25·8 24 22·6 30 35·7 22 25·0 197 26·3 11 20·0
Excellent 71 8·8 16 15·1 7 8·3 9 10·2 67 8·9 4 7·3

Study discipline
Health 191 23·7 21 19·8 84 100·0 0 0·0 185 24·7 49 89·1
Non-health 614 76·3 85 80·2 0 0·0 88 100·0 565 75·3 6 10·9

BMI
Underweight 61 7·6 14 13·2 3 3·6 6 6·8 56 7·5 5 9·1
Normal 531 66·0 67 63·2 62 73·8 65 73·9 506 67·5 27 49·1
Overweight 166 20·6 17 16·0 16 19·0 12 13·6 149 19·9 15 27·3
Obese 47 5·8 8 7·5 3 3·6 5 5·7 39 5·2 8 14·5
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Study 2: Assessment of construct validity
Overall and individual section NK scores were significantly
higher among students majoring in Nutrition (n 84) than
students of Arabic Literature (n 88) as revealed by the de-
pendent t test analysis. The difference in the overall mean
scores was 28·0 (P< 0·001, 95 % CI −1·2, −24·8), with an
overall Cohen’s d effect size of 2·6, which represents a large
effect size (Table 3).

Study 3: Assessment of convergent validity
The associations between NK scores and demographic var-
iables of participants (n 750) are shown in Table 4. The NK
scores (overall and all individual sections) were signifi-
cantly higher among females than males, as revealed by
the independent t test analysis; Cohen’s effect size ranged

from small (Sections 2 and 4) to medium (overall and
Sections 1 and 3). Moreover, older students (21–30 years
old) achieved significantly higher NK scores (overall and
Sections 1, 2 and 4) than younger students (18–20 years
old), as revealed by the independent t test analysis, with
a small-to-medium Cohen’s effect size. In addition, third-
and fourth-year senior students obtained significantly
higher NK scores than first- and second-year students on
the overall scale and individual sections, as revealed by
the independent t test analysis; Cohen’s effect size ranged
from small (Sections 1 and 3) to medium (overall and
Sections 2 and 4). An independent t test analysis revealed
that single/unmarried students achieved comparable NK
scores to married students in all sections except Section
3, in which single students scored significantly lower than
married students (P= 0·015, small Cohen’s effect size). The

Table 2 Internal (n 805) and external (n 106) reliability of the Arabic revised general nutrition knowledge questionnaire (GNKQ-R; Arabic
GNKQ-R study 1) during 2018–2019 in Jordan and United Arab Emirates

Nutrition knowledge (maximum possible score)

Overall (86) Section 1 (17) Section 2 (36) Section 3 (12) Section 4 (21)

Internal reliability
Cronbach’s α 0·91* 0·72* 0·83* 0·70* 0·83*

External reliability
Time 1
Mean 42·5 8·2 16·6 6·1 12·1
SD 11·0 2·6 5·0 2·4 3·7

Time 2
Mean 42·0 8·3 16·1 6·1 12·0
SD 11·9 2·9 5·4 2·3 3·8

t value 0·94 −0·66 1·29 −0·45 0·31
P† 0·350 0·511 0·199 0·649 0·752
95 % CI −0·67, 1·88 −0·53, 0·26 −0·26, 1·24 −0·40, 0·25 −0·45, 0·62
ICC 0·84‡ 0·72‡ 0·72‡ 0·74‡ 0·73‡
P§ <0·001 <0·001 <0·001 <0·001 <0·001

Section 1, dietary recommendation; Section 2, food groups; Section 3, healthy food choices; Section 4, diet, disease and weight association; Time 1, initial response; Time 2,
obtained 2 weeks from initial response; ICC, intra-class correlation coefficient.
*Adequate value based on the recommended criteria (Cronbach’s α≥ 0·7).
†P value of the difference between time 1 and time 2 mean nutritional knowledge score values.
‡Adequate value based on the recommended criteria (ICC≥ 0·7).
§P value of ICC.

Table 3. Comparison of the mean nutrition knowledge scores of Nutrition/Dietetics (n 84) and Arabic Literature (n 88) students to assess
construct validity (Arabic revised general nutrition knowledge questionnaire study 2) during 2018–2019 in Jordan and United Arab Emirates

Nutrition knowledge (maximum possible score)

Overall (86) Section 1 (17) Section 2 (36) Section 3 (12) Section 4 (21)

Nutrition
Mean 66·0 12·5 27·6 8·3 17·6
SD 10·6 2·8 5·2 2·4 2·9

Arabic
Mean 38·0 6·9 16·2 4·8 10·1
SD 10·7 3·2 5·4 2·3 4·2

t value −17·25 −12·23 −14·03 −9·85 −13·50
P value <0·001 <0·001 <0·001 <0·001 <0·001
95 % CI −31·22, −24·81 −6·52, −4·71 −12·95, −9·76 −4·25, −2·83 −8·60, −6·41
d 2·6 1·9 2·1 1·5 2·1

Section 1, dietary recommendation; Section 2, food groups; Section 3, healthy food choices; Section 4, diet, disease and weight association; d, Cohen’s effect size.
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Table 4 Associations of mean nutrition knowledge scores with gender, age, marital status, academic level, health status, study discipline and
BMI categories (Arabic revised general nutrition knowledge questionnaire study 3, n 750) during 2018–2019 in Jordan and United Arab
Emirates

Variables

Nutrition knowledge (maximum possible score)

Overall (86) Section 1 (17) Section 2 (36) Section 3 (12) Section 4 (21)

Gender
Male
Mean 38·4 6·6 17·5 4·2 10·2
SD 11·7 3·1 6·4 2·3 4·4

Female
Mean 44·4 8·5 18·7 5·6 11·6
SD 14·5 3·5 6·7 2·8 5·0

t value −6·1 −7·5 −2·3 −7·5 −4·0
P value <0·001 <0·001 0·020 <0·001 <0·001
95 % CI −7·93, −4·07 −2·45, −1·44 −2·21, −0·19 −1·81, −1·06 −2·12, −0·72
d 0·45 0·57 0·17 0·55 0·29

Age (years)
18–20
Mean 39·7 7·4 17·3 4·9 10·2
SD 11·4 3·0 5·8 2·7 4·6

21–30
Mean 44·5 8·3 19·0 5·3 11·9
SD 15·3 3·8 7·2 2·8 4·8

t value −4·9 −3·8 −3·7 −1·9 −4·9
P value <0·001 <0·001 <0·001 0·062 <0·001
95 % CI −6·66, −2·84 −1·40, −0·44 −2·68, −0·82 −0·77, 0·02 −2·39, −1·01
d 0·36 0·28 0·27 0·36

Marital status
Single
Mean 42·3 7·8 18·3 5·1 11·1
SD 13·8 3·4 6·6 2·7 4·8

Married
Mean 44·7 8·3 18·5 6·1 11·8
SD 15·8 3·8 7·3 2·8 5·4

t value −1·0 −0·9 −0·2 −2·4 −1·0
P value 0·309 0·361 0·822 0·015 0·318
95 % CI −7·26, 2·34 −1·52, 0·55 −2·22, 1·76 −1·83, −0·20 −2·17, 0·71
d – – – 0·18 –

Academic level
First/second year
Mean 38·1 7·3 16·8 4·7 9·9
SD 11·1 3·1 5·9 2·7 4·3

Third/fourth year
Mean 44·6 8·3 19·1 5·4 11·9
SD 15·0 3·6 7·0 2·8 5·0

t value −6·1 −3·6 −4·7 −3·4 −5·7
P value <0·001 <0·001 <0·001 <0·001 <0·001
95 % CI −7·16, −3·55 −1·34, −0·40 −2·93, −1·14 −1·04, −0·26 −2·45, −1·14
d 0·45 0·26 0·35 0·25 0·42

Health status
Poor/fair
Mean 41·3 7·8 17·5 5·2 10·8
SD 14·1 3·4 6·9 2·6 4·9

Good
Mean 42·2 7·8 18·5 5·0 11·0
SD 13·4 3·5 6·3 2·8 4·7

Very good/excellent
Mean 43·6 8·0 18·7 5·3 11·5
SD 14·2 3·5 6·7 2·8 4·9

F value 1·7 0·4 2·2 0·9 1·5
P value 0·192 0·701 0·107 0·425 0·234
η2 – – – – –

Study discipline
Health
Mean 54·1 10·5 22·4 6·9 14·2
SD 15·9 3·5 7·3 2·9 5·1

Non-health
Mean 38·6 7·0 16·9 4·8 10·1
SD 10·8 3·0 5·9 2·4 4·3
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students registered in a health discipline achieved signifi-
cantly higher NK scores (overall and all individual sections)
than those in non-health disciplines, as revealed by the in-
dependent t test analysis, with a large Cohen’s effect size.
However, NK scores were independent of the students’
self-reported health status. Further, ANOVA revealed that
BMI categories were only significantly associated with
NK scores of Section 3 (F(3746)= 4·45, P = 0·004, small
Cohen’s effect size), with students classified as under-
weight being significantly different from students classified
as normal (P= 0·004), but without indicating any further
differences.

Study 4: Responsiveness to nutritional
information
The overall and sectional NK scores were significantly
higher after the students had been exposed to the online
nutritional information. Medium-to-large effect size
differences ranging from 0·60 to 1·0 were observed for
the overall and individual section NK scores (Table 5).

Discussion

The Arabic version was found to have good internal and
external reliability, consistent with the reliability of the

Table 4 Continued

Variables

Nutrition knowledge (maximum possible score)

Overall (86) Section 1 (17) Section 2 (36) Section 3 (12) Section 4 (21)

t value −12·3 −12·3 −9·4 −9·8 −9·9
P value <0·001 <0·001 <0·001 <0·001 <0·001
95 % CI −17·94, −13·00 −4·11, −2·98 −6·66, −4·35 −2·81, −1·86 −4·91, −3·27
d 0·90 0·90 0·69 0·72 0·72

BMI
Underweight
Mean 43·3 8·7 17·1 6·3a 11·2
SD 12·1 3·1 5·7 2·1 4·8

Normal
Mean 42·5 7·8 18·6 5·0b 11·2
SD 14·3 3·6 6·7 2·8 4·9

Overweight
Mean 42·2 7·8 18·1 5·3ab 10·9
SD 13·4 3·3 6·8 2·6 4·7

Obese
Mean 40·4 7·7 16·1 5·1ab 11·1
SD 13·8 3·1 6·0 2·7 4·2

F value 0·37 1·19 2·52 4·45 0·083
P value 0·777 0·311 0·057 0·004 0·969
η2 – – – 0·02 –

Section 1, dietary recommendation; Section 2, food groups; Section 3, healthy food choices; Section 4, diet, disease and weight association; d, Cohen’s effect size.
a, bMean values within same column with different superscript letters were significantly different (P< 0·05).

Table 5 Comparison of the mean nutrition knowledge scores obtained before and after nutritional information intervention (Arabic revised
general nutrition knowledge questionnaire study 4, n 55) during 2018–2019 in Jordan and United Arab Emirates

Nutrition knowledge (maximum possible score)

Overall (86) Section 1 (17) Section 2 (36) Section 3 (12) Section 4 (21)

Time 1
Mean 37·8 7·7 15·1 4·7 10·2
SD 10·5 2·7 4·6 2·6 4·0

Time 2
Mean 47·7 9·5 18·6 6·4 13·3
SD 9·1 2·8 4·1 2·3 3·4

t value −7·2 −4·4 −5·6 −4·5 −6·0
P* <0·001 <0·001 <0·001 <0·001 <0·001
95 % CI −12·66, −7·16 −2·57, −0·96 −5·36, −2·53 −2·39, −0·91 −4·06, −2·01
D 1·00 0·60 0·76 0·61 0·81
ICC 0·47 0·43 0·34 0·37 0·48
P† <0·001 0·001 0·011 0·006 <0·001

Section 1, dietary recommendation; Section 2, food groups; Section 3, healthy food choices; Section 4, diet, disease and weight association; Time 1, pre-intervention; Time 2,
post-intervention (obtained 2 weeks from initial response); ICC, intra-class correlation coefficient; d, Cohen’s effect size.
*P value of the difference between time 1 and time 2 mean nutrition knowledge score values.
†P value of ICC.
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English GNKQ-R(24). The overall internal reliability of
Arabic version was high (Cronbach’s α= 0·91) and compa-
rable to the English GNKQ-R (Cronbach’s α= 0·93)(24).
Further, the test–retest reliability of the overall NK score
was high (r 0·84) in the Arabic GNKQ-R parallel to the
English GNKQ-R (r 0·89)(24). In addition, all sections of
NK showed good internal as well as test–retest reliability,
suggesting that Arabic questionnaire is consistent in meas-
uring NK. The reliability of the translated version of the NK
questionnaires administered to university students in other
countries including Uganda (r 0·89) and Turkey (r 0·86)
was consistent with the present findings, while relatively
higher than that reported in a study conducted in Kuwait
(r 0·67)(20,25,29).

As mentioned earlier, the translated version of the
GNKQ-R revealed high construct validity with large effect
size (d= 2·6), comparable to the English GNKQ-R (d
= 1·2)(24). Significant differences in the levels of NK
between the groups of students with (Nutrition/Dietetics
major) and without (Arabic Literature major) nutrition
background clearly established that the assessment tool
was well constructed and showed high validity in the
Arabic version as well. The review of literature revealed
similar values for validity for the previously translated
version of the NK questionnaires administered to university
students in Kuwait, Uganda and Turkey(20,25,29) and to
adults in an Australian community(21).

Expected associations of small-to-medium effect sizes
were found between NK scores and most of the demo-
graphic variables of the participants (gender, age, aca-
demic level and study discipline), demonstrating good
convergent validity. Female participants and those in
higher academic levels scored significantly higher than
their respective counterparts in the overall and section-
wise questionnaire, similar to the findings of the English
GNKQ-R and previous UAE study(22,24). Our study docu-
mented small effect size associations between NK scores
and age groups. While older students (21–30 years)
obtained significantly higher NK scores than younger stu-
dents (18–20 years) in the overall and section-wise ques-
tionnaire, NK scores for healthy food choices (Section 3)
were similar in the university students irrespective of their
age group. Lack of significant association of mean NK score
values of Section 3with agemay be attributed to the narrow
age grouping in the current study; university students are
expected to make similar food choices in the age group
of 18–30 years as reflected in our study. Our findings also
showed that NK scores did not differ with marital status.
However, a small effect size association was found in
healthy food choices (Section 3); the mean score for this
section was significantly higher in married than in single/
unmarried students (6·1 (2·8) v. 5·1 (2·7)). Earlier, married
adults in China had been reported to have obtained higher
NK scores than single participants(30). As expected, the
large effect size associations were established in the NK
scores of participants studying in a health discipline

(6·9 (2·9)) v. those in non-health disciplines (4·8 (2·4)).
We did not find any associations of the NK scores with
the self-reported health status of the participants. The
English GNKQ-R, however, showed a small effect size
association wherein NK scores were lower in adults with
poor health status(24). Further, a small effect size significant
association of self-reported BMI (highest in underweight
BMI category = 6·3 (2·1)) with only healthy food choices
(Section 3) in NK scores was observed. Previously, no
significant correlation had been found between the levels
of NK and BMI. The results from our study suggest that lack
of knowledge may not be the sole significant factor in
preventing adults with higher BMI from adopting a
healthier diet(31).

A significant improvement was noted in the overall and
sectional NK scores after the administration of the online
nutritional information 2 weeks after the initial NK assess-
ment(24), thereby establishing the sensitivity of the Arabic
questionnaire to nutritional intervention. Medium-to-large
effect size changeswere evident in the overall and sectional
scores. To elaborate, our findings showed significant, large
effect size changes in theNK scores on the overall question-
naire, in food groups (Section 2) and diet–disease relation-
ship (Section 4). However, a similar effect size change was
reported only in dietary recommendation (Section 1) of
English GNKQ-R(24). Further, contrary to the findings of
our study, Kliemann et al.(24) could not document any sig-
nificant change in the NK scores of healthy food choices
(Section 3) post nutritional intervention. The nutrition infor-
mation provided in our study was based on the recent
dietary guidelines from the Arab region(26,27) which might
have been better aligned with the required information
in all sections of our questionnaire. This might have con-
tributed to the significant improvement in the NK scores
for the overall questionnaire and for all four sections,
including the healthy food choices section, in our study.

Although the current study established good reliability
and validity of the Arabic version of the GNKQ-R, it has cer-
tain limitations. For convenience and homogeneity, the
study population was restricted to university students in
Jordan and UAE, which limits the generalisability of the
results to the entire Arab population. University students re-
present a better-informed section of society than the young
population in general. Research supports that higher levels
of NK are demonstrated in individuals with higher levels of
education(32) and among females(22), indicating that the
findings of the current study are limited to the context in
which it was undertaken. Further validation of Arabic
GNKQ-R is required before being administered on more
diverse samples from both genders, such as children, older
adults and mixed socio-economic groups within the Arabic
populations. Moreover, the possibility that participants
guessed or searched online for the correct response was
a further limitation. However, to reduce guessing, the par-
ticipants were instructed clearly to check the ‘not sure’
response provided for all questions rather than guess an
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answer. Additionally, the participants were not allowed to
go back and edit their responses at any point. The average
time spent to complete each online questionnaire was sim-
ilar to the anticipated time, suggesting that most partici-
pants did not try to search for correct answers while
completing the questionnaire.

Conclusion

Currently, there is an absence of a valid tool in the Arabic
language to assess the general NK of adults in middle-
eastern Arab countries. The eighty-six-item Arabic version
of the English GNKQ-R can be considered a reliable and
valid tool for assessing NK among the young adult Arab
population. In addition to the overall questionnaire, each
section demonstrated adequate reliability and can be
employed independently to assess NK in specific areas.
Such an assessment tool can be instrumental in determining
gaps in NK and developing targeted nutritional interven-
tions to address chronic diseases and other health problems
among adults in Arab countries. Future research is required
to explore the generalisability and applicability of the
Arabic GNKQ-R to different sections of the population such
as children and older adults across different Arab countries
in the middle-eastern region.
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