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Abstract

Background/Objectives Because no validated tool exists to assess nutrition knowledge regarding weight management we
developed and tested the Weight Management Nutrition Knowledge Questionnaire (WMNKQ).

Subjects/Methods The questionnaire assesses nutrition knowledge in these categories: energy density of food, portion size/
serving size, alcohol and sugar sweetened beverages, how food variety affects food intake, and reliable nutrition information
sources. In total 60 questions were reviewed by 6 experts for face validity and quantitative analysis was used to assess item
difficulty, item discrimination, internal consistency, inter-item-correlation, test-retest reliability, construct validity, criterion
validity, and convergent validity.

Results The final WMNKQ contained 43 items. Experts removed 3 of the original 60 questions and modified 41. Eighteen
items did not meet criteria for item difficulty, item discrimination, and/or inter-item correlation; 4 were retained. The
WMNKQ met criteria for internal consistency (Cronbach's alpha = 0.88), reliability (test-retest correlation p = 0.90, P <
0.0001), construct validity (known groups comparison) - dietitians scored 16% better (p <0.0001) than information tech-
nology workers, and criterion validity (pre- to post-intervention improvement in knowledge scores =11.2% (95% CI
9.8-12.5, p<0.0001)). Participants younger than age 55 scored significantly better than those over age 55 (convergent
validity).

Conclusions The WMNKQ measures how well nutrition principles of weight management are understood.

Introduction

Supplementary information The online version of this article (https://
doi.org/10.1038/s41366-019-0510-1) contains supplementary
material, which is available to authorized users.

The high prevalence [1] and associated medical costs of
obesity in the United States provide an incentive to
optimize obesity treatment, most often based upon
comprehensive lifestyle interventions [2]. Factors con-
tributing to fat gain include excess energy intake and low
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physical activity [3]. Some properties of food and food
consumption patterns clearly contribute to excess energy
intake. These include consumption of high energy dense
foods [4, 5], large portion sizes [6], a greater variety of
foods [7, 8] high in palatability [9], and sugar sweetened
beverages [10]. Successful comprehensive lifestyle
weight management programs help clients learn these
nutrition concepts, teach cognitive behavior principles
and support increased physical activity [2]. Most pro-
grams rely on the amount and duration of weight loss as
the primary basis for evaluating success of all three
components. There have been no systematic attempts to
determine whether the nutritional knowledge components
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of these programs have been sufficiently well understood
by the clients. When assessed, lifestyle programs used a
general nutrition knowledge tool to measure knowledge
[11].

Lack of success in losing weight may reflect inadequate
teaching of important nutrition principles, failure to
implement behavior change skills or both. We hypothe-
sized that teaching nutrition principles would be more
useful than asking clients to memorize a series of facts,
because those who understand major concepts can apply
them to novel situations not covered by a series of
examples. A questionnaire that addresses knowledge
related to the key dietary principles of successful weight
management will allow programs to identify whether the
nutrition education component has successfully trans-
mitted fundamental concepts.

Understanding nutrition principles does not necessarily
guarantee behavioral changes that result in successful long
term weight loss. However, the knowledge, attitude, and
behavior [12, 13] model of health education implies that,
although attitude is an important factor, it must be in con-
junction with a gain in knowledge to result in successful
behavior change. With the goal of evaluating the nutrition
education component of our lifestyle intervention for obe-
sity [14] we conducted a thorough literature review that
involved a PubMed search using the key words “nutrition”
or “nutritional” and “knowledge” and ‘“questionnaire” or
“survey” in the title. We found no validated instruments that
tested dietary principles of weight management; instead, all
published validated instruments tested general nutrition
knowledge.

To address this gap, we developed a questionnaire that
measures nutrition knowledge as it relates to weight
management.

Methods

The questionnaire will be referred to as the Weight Man-
agement Nutrition Knowledge Questionnaire (WMNKQ).
We included questions regarding both the types of infor-
mation that people should understand and potential sources
of information to avoid. We did this because many of our
patients rely on media that promotes products with no
proven weight loss benefit [15]. As part of WMNKQ, we
included two questions regarding sources of reliable nutri-
tion information in order to allow future evaluations of
whether knowledge of this topic can predict long-term
weight management success. The aim of this report is to
describe the development and validation steps for the
WMNKQ. All protocols used to test the WMNKQ were
reviewed and approved by the Mayo Clinic Institutional
Review Board (IRB).
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Developing the questionnaire item pool

A pool of ~200 questions was developed by gathering items
from published nutrition questionnaires and writing new
items (Fig. 1). The questions were designed so that as a
whole they would assess the understanding of concepts, as
opposed to a series of nutrition facts. We focused on areas
of nutrition knowledge that are most specific to weight
management — energy density of food, how portion size or
serving size affects food intake, alcohol-containing and
sugar sweetened beverages, the influence of the variety of
available foods on food intake; we also included questions
on reliable nutrition information sources.

Questions were gathered from different sources including
the Parmenter and J Wardle Questionnaire [16], NHLBI
[17], CDC [18], Mayo Clinic Patient Education Center, and
USDA [19]. Permission to use one item modified from the
Parmenter and J Wardle questionnaire [16], was granted by
Springer Nature. We solicited questions and critiques from
a registered dietitian and five scientists outside Mayo Clinic
with recognized expertize in this field. The WMNKQ was
designed for a 9™ grade reading using the Flesch—Kincaid
readability tests [20] level to ensure that the questions were
clear, not confusing, non-debatable, and worded simply. We
included questions in the five subtopic areas of nutrition
knowledge mentioned above. By eliminating questions with
similar content and those that were too complex or arcane,
we reduced the item pool to 60 questions for further
assessment.

Face validity

Face validity refers to how relevant the items appear to be to
the respondents [16]. These 60 questions were sent to six
experts who were PhD or MD scientists working in the field
of nutrition and registered dietitians for assessment of face
validity. Experts were asked whether the topics covered
were comprehensive within the domain of weight man-
agement specific nutrition knowledge and if the questions
were unequivocal. They provided feedback for modifica-
tions, elimination and/or additions of questions. The draft
after following these recommendations consisted of
57 items.

Quantitative assessment

Two-hundred eighty-six adults residing in Olmsted County,
MN (n =187) and Duval County, FL. (n =99) completed
the original 57 item questionnaire in person. Of the Olmsted
County participants, 136 were recruited through Mayo
Clinic campus advertisements and 51 were recruited from a
church in Rochester, Minnesota. The 99 participants from
Duval County were recruited at a health education event on
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Fig. 1 Outline of the validation ‘

200 Questions composed ‘

steps followed in the

l

development of the nutrition
knowledge questionnaire. A

| 60 Questions reviewed for face validity |

total of 18 items did not fulfill

l

criteria for item difficulty, item
discrimination, and or inter-item

| 57 Questions remained after face validity l

correlation. Four of these items
were retained. Although item 34

/

| Items did not meet criteria |

T

did not fulfill criteria for item
difficulty and item discrimination,
it was retained because it was
only one of two items to address
energy content of alcoholic
beverages.

6 items answered
correctly by >90%

Knowledge that eating
more vegetables is
helpful for weight loss

Knowledge that eating
more sweets can
contribute to weight
gain

Meats (steak, pork
sausages, chicken
breast, pork chops) that
have the least
proportion of fat

Knowledge that eating
more fiber rich foods
can help with weight
loss

Knowledge that eating
more high fat foods can
contribute to weight
gain

Knowledge that eating
more fruits can be
beneficial for weight
loss

5 items answered
incorrectly by <30%

Item testing which
foods/drinks contain
almost no calories

Item testing caloric
content of granola
cereal and corn flake
cereal

Item testing different
serving sizes of
vegetables and fats such
using two pats of butter
vs. almond milk when
cooking

Item testing different
serving sizes of protein
and grains

Item testing caloric
content of different
alcoholic drinks
(retained)

8 items did not meet
item discrimination

Item testing caloric
content in different
types of milk

Item testing knowledge
of the suggested number
of servings of
vegetables per day

Item testing knowledge
on low fiber vs. rich
fiber foods (example
was baked potatoes)

Item testing serving size
of fruits

Item testing concept
that adding vegetables
to a meal can reduce
energy density
(retained)

Item testing how the
variety of available
foods affects food
intake (retained)

Item testing strategy to
help lose weight by
having fewer choices of
foods (retained)

Item testing caloric
content of different
alcoholic drinks

2 items did not meet
item- to- total
correlation

Both items were
previously excluded for
not achieving item
difficulty criteria

}

!

(retained)

l

All 6 items excluded

1 item retained

4 items retained

2 items excluded

Edward Waters College Campus. All participants were > 18
years old and able to read/speak proficient English. All
demographic data was self-reported, including BMI.

Validity Testing

Construct validity is a psychometric test that determines
the extent that an instrument is measuring what it is
intended to measure [16]. Construct validity was assessed
by using the “known-groups method [21]” by adminis-
tering the WMNKQ to 18 registered dietitians and 25
information technology (IT) specialists. Participants were

Final 43 item questionnaire

recruited through flyer ads and website ads. These two
groups have similar amounts of post-secondary education
and we hypothesized they would differ in nutrition
knowledge because of the nature of their careers. Inde-
pendent sample t-tests were used to assess the difference
in scores between groups, both for the overall ques-
tionnaire and for each section. Analysis of covariance
was performed to control for demographic differences
between the dietitians and IT specialists. Test-retest
reliability was assessed by giving the questionnaire to the
dietitians and IT specialists on two separate occasions
2 weeks apart. We then assessed the correlation between
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the scores obtained on the two occasions the ques-
tionnaire was administered.

In psychometric analysis of questionnaires, criterion
validity testing is done to assess whether items in an
instrument correlate with an expected outcome [22]. We
hypothesized that an intervention designed to increase
weight management nutrition knowledge would result in an
increase in score on our questionnaire; this is a well-
recognized approach to test for “criterion validity”. Criter-
ion validity was assessed by providing a nutrition knowl-
edge intervention consisting of three, one-hour classes, to
119 participants of the Olmstead county cohort as part of
the qualitative assessment component of this study. The
materials used for the classes were developed and adapted
from material used in the Look AHEAD trial [23]. Some
content was created from materials developed by registered
dietitians, a physician trained in nutrition and a clinical and
translation science PhD doctoral student. The sessions were
provided over a 1-2 week period to twelve groups of par-
ticipants with approximately 10 participants per group. The
sessions were designed to address the general concepts we
identified as important for weight management without
giving examples that are present in the questionnaire. The
didactic content was delivered with PowerPoint presenta-
tions, hands on learning activities with food models, and
15min for discussion, questions and answers. The
WMNKQ was administered pre- and post-intervention. A
$45 gift card incentive was given for attending all three
sessions and completing both pre- and post-intervention
questionnaires. Three different interventionists (two
experienced weight management registered dietitian and a
PhD student) taught the classes using identical materials;
each interventionist taught four groups. The improvement in
scores was compared for all participants and between the
participants taught by the different interventionists to
determine whether there was greater or lesser knowledge
gain as a function of the interventionist to whom the par-
ticipants were assigned. Changes in the results before and
after the nutrition knowledge intervention class were com-
pared to assess criterion validity of the questionnaire and for
each section.

Convergent validity assesses whether expected associa-
tions exist between instrument responses and demographic
variables that should differ between groups. If we observed
the predicted correlations between age, education, and
nutrition knowledge as assessed by our questionnaire we
would take this “convergent validity” as additional evidence
for the usefulness of WMNKQ. Convergent validity was
assessed using data from 126 participants from Duval
County and Olmsted County. We hypothesized that nutri-
tion knowledge score would be greater in more educated
participants [24] and in younger than to older participants
[25]. Correlations between scores and demographic

SPRINGER NATURE

variables were examined. The association between nutrition
knowledge scores with both age groups and education was
assessed using analysis of covariance (ANCOVA).

Scoring System

The final questionnaire, with notations for which category
and the correct answers, is provided in the Supplementary
Information. For validation purposes, the total score was
expressed as a percentage correct. We also examined a
weighted score system that may be more useful in guiding
the nutrition teaching and evaluation of comprehensive
lifestyle intervention programs. For this system the energy
density questions are weighted as 40%, the portion size
questions are weighed at 40% and the beverage section is
weighted 20%. The questions on the topics of how food
variety affects food intake and reliable nutrition information
sources are scored separately.

Statistical Analysis Methods

All analyses were performed utilizing two sided tests with
the significance level alpha of set a priori at 0.05. We report
the relevant P values and 95% confidence intervals. Binary
analysis is given as proportions, and means are accom-
panied by standard deviations. Statistical power analyses
were performed to determine the appropriate number of
volunteers to recruit as part of the IRB approval process and
prior to beginning each of these studies.

For item difficulty, Kline et al. suggested that items
answered correctly by less than 20% or more than 80% are
of limited value and should be discarded [26]. However,
Parmenter et al. suggested a range of >30% and <90% for
their nutrition knowledge questionnaire because they
determined that their population had a higher than average
nutrition knowledge [16]. We adopted the range of >90%
or<30% correct answers because the Olmstead county
population has higher than expected health literacy [27],
which may confer higher nutrition knowledge. For Item
discrimination, Kline, Streiner, and Norman [26, 28, 29]
suggest that an items with an item-total score correlation of
less than 0.2 can be discarded; we utilized this as our
screening value. For inter-item correlation, we calculated
the agreement in scores between every two items in the
questionnaire. Questions with an r> 0.9 were flagged for
being potentially redundant [26]. For internal consistency
reliability, Klein suggested that the minimum requirement
is>0.7 [26, 30]. We calculated Cronbach's alpha for the
questionnaire overall and for each section.

For construct validity testing, we used an independent
t-test to compare overall mean between dietitians and IT and
used an analysis of co-variance to correct for demographic
differences. For test-retest reliability we used the
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Spearman’s correlation to examine similarities in results
from questionnaires filled out in a 2 week interval with no
intervention; Kline [26] suggest a minimum requirement of
p of 0.7 for test-retest reliability. For criterion validity, we
utilized a paired t- test to examine changes in score from
before to after the nutrition education intervention.

Results
Face validity

Of the original 200 items, 60 were selected based on face
validity. Feedback was incorporated into the questionnaire
and the initial draft consisted of 57 items. Three questions
were eliminated because the items were considered too
ambiguous or arcane.

Quantitative analysis

Demographics for the participants from medical center and
from Duval County are provided in Table 1. Eighteen items
were flagged for possible exclusion based upon the criteria
described in the Methods. Of those eighteen items, four
were retained because they tested important concepts and
were considered necessary in our questionnaire (see below).

Item difficulty

Six items were deemed unhelpful in assessing weight
management nutrition knowledge because they were
answered correctly by greater than 90% of participants; all 6
were excluded.

Five items were answered correctly by less than 30% of
participants; these could either be poorly worded (ambig-
uous) or were dealing with topics that are less common
knowledge. Of these 5 items, 4 were excluded and 1
(number 34) was retained. Item 34 tested knowledge
regarding the energy content of different alcoholic bev-
erages. This item displayed the greatest single question
improvement (56%) in score following the nutrition edu-
cation intervention (see below), indicating that the low
score reflected a lack of knowledge rather than difficult
wording of the question. A total of 9 items were excluded
on the basis of item difficulty.

Item discrimination

Eight items had an item to total score correlation of less
than 0.2. Three items were excluded and four (numbers 2,
6, 28 and 34) were retained. Item 2 tested knowledge of
how adding low energy density food to a high energy
density food can decrease the overall calories per serving,

Table 1 Socio-demographic characteristics of Olmsted County and
Duval County volunteers.

Olmsted County  Duval County

Volunteers Volunteers
(N=187) (N=99)

Age (years)

Younger: <35 50 30

Middle age: 35-54 52 30

Older: >55 22 39
Sex

Male 30 20

Female 96 78
Race/Ethnicity

White 101 3

Black, African American, or 2 86

African descent

Hispanic/Latino(a)/ or 8 3

Spanish origin

American Indian or 0 3

Alaska Native

Asian 13 0

Hawaiian or other Pacific 1

Islander

Multiple races 0 3
Marital status

Single 44 51

Married 74 22

Widowed/Divorced/ 7 26

Separated
Education

High school or less 8 40

Undergraduate 85 27

Graduate 31 32
BMI

Normal 38 30

Overweight 40 21

Obese 40 46

Some participants were not asked to provide demographic information.
These characteristics are self-reported

BMI Body mass index

a concept that we deemed necessary to test. In addition,
the improvement in score for this question was 29% fol-
lowing the intervention. Item 6 tested the knowledge of
the “buffet effect,” a concept that examines how the
variety of foods available at a meal affects food intake.
The improvement in score for this question was 27%
following the nutrition education intervention. Item 28
likewise tested the concept that a larger number of food
options at a meal increases the likelihood of consuming
excess calories. The improvement in score of this question
in response to the educational intervention was 40%. Item
34 was retained as described above.

SPRINGER NATURE



584

D. Mikhail et al.

Item to item correlation

Two items had a score correlation of greater than 0.9 and
were already excluded for not meeting item difficulty
criteria.

Internal consistency

Overall Cronbach’s alpha for the remaining 43 items was
0.88. Cronbach’s alpha for each category of questions is
provided in Table 2.

Construct validity (known-groups comparison)

Eighteen dietitians and 25 IT workers completed the ques-
tionnaire; their demographics are provided in Table 3. The
dietitians were mainly women and IT workers were mainly
men. The dietitians scored an average of 92% (95% CI
90-95 %) and the average score for IT workers was 76%
(95% CI 72 - 81%), for an overall difference of 16% (p <
0.0001), which remained significant after adjusting for sex
and income (Table 4). The dietitians did not score sig-
nificantly better in the topic of how food variety affects food
intake, however, there were only two questions on this
topic.

Test-retest reliability

The registered dietitians and IT workers were administered
the questionnaire 14 +2 days apart. Spearman correlation
for total score was p=10.90, p <0.0001, indicating accep-
table test-retest reliability (Table 5).

Criterion validity

Of the original 286 participants, 136 enrolled in the nutri-
tion knowledge intervention classes. Of these, 119 attended
all 3 classes and completed the post-intervention ques-
tionnaire. For these participants the 57-item questionnaire
was administered, but criterion validity was calculated using

Table 2 Internal consistency the overall questionnaire and individual
sections.

Cronbach’s alpha

Overall Cronbach’s alpha (43 items) 0.88
Energy density (19 items) 0.78
Portion size (15 items) 0.74
Variety of food affects food intake (2 items) 0.18
Reliable nutrition information source (2 items) 0.23
Alcohol intake and sugar sweetened beverages 0.44
(5 items)

SPRINGER NATURE

Table 3 Socio-demographic characteristics of dietitians and

information technologists.

Dieticians IT* Total p value
(N=18) (N=25) (N=43)

Age 0.0679
25-34 years old 6 (33%) 1 (4%) 7 (16%)

35-44 years old 4(22%) 12 (48%) 16 (37%)
45-54 years old 3 (17%) 7 (28%) 10 (23%)
55-64 years old 4 (22%) 3 (12%) 7 (16%)
65-74 years old 1 (6%) 2 (8%) 3 (%)

Sex 0.0003
Male 1 (6%) 15 (60%) 16 (37%)

Female 17 (94%) 10 (40%) 27 (63%)

Race 0.2044

White 18 (100%) 21 (84%) 39 (91%)
Black, African American, 0 (0%) 1 (4%) 1 2%)
or African descent

Asian 0 (0%) 3(12%) 3 (T%)

Marital Status 0.8834
Single 2 (11%) 4(16%) 6 (14%)

Married 15 (83%) 20 (80%) 35 (81%)
Divorced 1 (6%) 1 (4%) 2 (5%)

Education 0.6972
Undergraduate 9 (50%) 14 (56%) 23 (53%)

Graduate 9 (50%) 11 (44%) 20 (47%)

Income 0.4337
$40,000-$49,999 1 (6%) 0 (0%) 1 (2%)
$50,000-$74,999 3 (17%) 2 (8%) 5 (12%)
$75,000-$99,999 2 (11%) 4(16%) 6 (14%)
$100,000-$150,000 7 (39%) 14 (56%) 21 (49%)

Over $150,000 2 (11%) 4 (16%) 6 (14%)
Would rather not say 3 (17%) 1 (4%) 4 (9%)

BMI Group** 0.0080
Missing 0 1 1
Underweight 1 (6%) 0 (0%) 1 2%)

Normal 15 (83%) 9 (38%) 24 (57%)
Overweight 1 (6%) 8(33%) 9 (21%)
Obese 1 (6%) 7 (29%) 8 (19%)

There was no statistically significant difference in demographic
variables except for BMI and sex. ANCOVA was used to adjusting
for sex and income.

IT Information Technologist, BM Body Mass Index

only the 43 final items. The improvement in overall scores
was 11.2% (95% CI 9.8-12.5, p<0.0001, Table 6), indi-
cating the questionnaire met the standards for criterion
validity. Table 6 provides the differences in scores by topic.
The improvement in scores was not different between the
three interventionists (P = 0.35).

Two of the interventionists had no access to the survey
for at least 6 months before they began teaching the classes.
The third interventionist (DM) was responsible for provid-
ing the paper surveys to the participants and thus had access
to the survey. Evidence that this does not invalidate the
criterion validity results includes the lack of between-group
differences and that the improvement in scores for those 79
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Table 4 Differences in nutrition knowledge scores between dietitians
and information technologists.

Dietitians  IT (N=25) p value
(N=18)

Total score <0.0001
Mean (SD) 39.7 2.5) 328 (5.1)
% Correct (43 Items) 92.3% 76.3%

Energy density 0.0001
Mean (SD) 184 (1.0) 149 (3.4)
% Correct (19 Items) 96.8% 78.4%

Portion size 0.0004
Mean (SD) 13.3 (1.1)  11.5(1.8)
% Correct (15 Items) 88.7% 76.7%

Variety of food affects food intake 0.8850
Mean (SD) 1.1 (0.8) 1.1 (0.6)
% Correct (2 Items) 55.0 55.0

Reliable nutrition information source 0.0034
Mean (SD) 2.0 (0.0) 1.6 (0.5)
% Correct (2 Items) 100% 80.0%

Alcohol and sugar sweetened beverages 0.0001
Mean (SD) 4.8 (0.4) 3.7 (1.0)
% Correct (5 Items) 98.0% 74.0%

Construct validity was evaluated using the “known-groups method”.
Percentage difference in scores for Dietitians and IT from the first time
they completed the questionnaire was calculated for the overall
questionnaire and for each section. The mean and percentage correct
was based on the number of questions per section. Independent #-test
was used to assess the differences between groups

Table 5 Test-retest reliability.

Categories Spearman p value

correlation (p)
Total score 0.90 <0.0001
Energy density 0.94 <0.0001
Portion size 0.74 <0.0001
Variety of food affects food intake 0.53 0.0002
Reliable nutrition information source 0.70 <0.0001
Alcohol intake + sugar sweetened 0.67 <0.0001
beverages

The time interval between the two times the questionnaire was
administered for 2 weeks +/&nminus;3 days. Test-retest reliability
was assessed by giving the questionnaire to a total of 45 dietitians and
IT specialists. Spearman Correlation for total score and for each
section was calculated

participants taught by the first two interventionists was
11.6% (95% confidence interval 8.6% - 14.6%, P <0.0001.

Based on the results of internal consistency, it was more
reasonable to group specific sets of questions (Table 6). A
weighted scoring algorithm was developed to use in future
lifestyle intervention programs. Trustworthy nutrition
information source and variety of food affects energy intake
sections were not included in the weighted scoring algo-
rithm to derive a total score because of their low internal

consistency. The four questions included in these two sec-
tions remain in the questionnaire as standalone questions.

Convergent validity

Consistent with our hypothesis, participants with under-
graduate and graduate degrees scored significantly better on
this questionnaire than those with a high school diploma or
less (Table 7). Nutrition knowledge scores were also higher
among the younger (age<35) and middle age (35-54)
participants compared to the older participants (age > 55).

Discussion

We developed and tested the WMNKQ, a 43 item ques-
tionnaire that measures nutrition knowledge as it relates to
weight management. We subjected our questionnaire to
tests for item difficulty, item discrimination and item-to-
item correlation in order to remove unnecessary questions.
WMNKQ was tested using published criteria for internal
consistency, construct validity using the known-groups
comparison approach, test-retest reliability, criterion valid-
ity, and we found evidence for convergent validity. The
results indicate that the WMNKQ is a useful tool that can
assess nutrition knowledge relevant to weight management
in order to determine how well-linked this knowledge is to
long-term success.

Our results indicate that some types of energy intake
concepts are not well-understood, but that deficits in these
knowledge areas are readily correctable. Our participants
scored < 50% correct in the categories of alcohol intake/
sugar sweetened beverages and how variety of food affects
energy intake. However, after attending classes to improve
nutrition knowledge as it relates to weight management,
scores on both sections improved significantly (Table 4).
The potential quantitative effects of these concepts are not
trivial. Sixty-nine percent of US adults consume at least 255
Kcal/day from alcohol [31] and 49% consume at least one
sugar sweetened beverage/day (average 145 Kcal/day) [32],
which may contribute to excess energy intake and obesity
[33, 34]. With respect to the potential effects of greater food
variety, previous studies have shown that volunteers offered
three food choices versus one consume ~20% more food
[8]. Furthermore, consumption of a greater variety of energy
dense foods is associated with overweight [35]. Thus,
greater food variety is a quantitatively important contributor
to excess energy intake. The WMNKQ should allow
investigators to assess whether a better understanding of
these two concepts is associated with greater success in
weight management.

The category of energy density (19 questions) [36] was
overemphasized in our questionnaire because of its

SPRINGER NATURE
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Table 6 Differences in knowledge scores pre- and post-intervention of Olmsted County Sample.

Pre intervention results (%) Post intervention results (%) P value
Overall Score 75.4; 95% CI [73.4, 77.3] 86.6; 95% CI [85.2, 88.1] <0.0001
Alcohol Intake and Sugar Sweetened Beverages 70.0; 95% CI [65.0, 75.2] 85.4; 95% CI [83.5, 87.3] <0.0001
Energy Density 76.6; 95% CI [73.7, 79.4] 85.7; 95% CI [81.1, 90.2] <0.0001
Portion Size 77.1; 95% CI [74.0, 80.3] 86.89; 95% CI [84.6, 89.2] <0.0001
Reliable Nutrition Information 82.4; 95% CI [79.2, 85.6] 92.4; 95% CI [91.2, 93.7] <0.0002
Variety of Food Affects Food Intake 57.1; 95% CI [54.8, 59.5] 91.2; 95% CI [90.4, 91.9] <0.0001
Overall Weighted Score® 75.5% 86.1% <0.0001

Three one hour nutrition knowledge weight management education intervention was administered to 119 participants of the Olmstead County. The
questionaire was administered pre- and post-nutrition class intervention. Paired t-test was used to assess mean difference in score pre and post
nutrition knowledge intervention

*For the overall weighted score, energy density was given a 40% weight, portion size given a 40% weight, and alcohol intake and sugar sweetened
beverages was given a 20% of the overall questionaire. Reliable nutrition Information and variety of food affects food intake were not included in

the weighted score and were treated as stand alone questions

Table 7 Convergent validity assessing the correlation between nutrition knowledge score and demographic variables.

Younger: <35 (N =80)

Middle age: 35-54 (N =82)

Older: >=55 (N=160) Total (N =222) p value

Total Score
N 80 82
Mean (SD) 29.7 (6.4) 28.2 (7.6)
Median 30.5 30.0

0.0023
60 222
249 (8.1) 27.8 (7.6)
25.0 29.0

Graduate (N = 62)

High school or lower (N =48)

Undergraduate (N =112) Total (N =222) p value

Total Score

N 62 48
Mean (SD) 28.4 (7.6) 20.8 (6.6)
Median 29.0 20.0

<0.0001
112 222

30.4 (6.0) 27.8 (7.6)

32.0 29.0

Mean scores for different education and age groups are presented. ANCOVA was used to evaluate differences in score among different age groups.
Younger and middle age groups are associated with higher nutrition knowledge. Independent 7-test was used to evaluate differences in scores
between education levels. Higher education levels are associated with higher mean scores

quantitative importance in controlled studies [37]. A direct
association between dietary energy density and weight gain
has been shown [36]. We developed questions using food
labels with calorie content and portion size to assess whe-
ther people can evaluate energy density information,
including how fiber-rich foods relate to energy density. The
second largest category in terms of questions (15 questions)
was related to portion size, where we tested the under-
standing of serving size and standard portions, knowledge
that is essential for achieving weight loss [38]. The ability to
understand food labels [39, 40] was incorporated into sev-
eral categories to determine whether knowledge deficits are
related to food label understanding vs. the topic itself. We
included 2 questions on “reliable nutrition information
sources” because, although there is widespread availability
of digital nutrition information, this information is often
inaccurate [15]. We addressed this issue in our compre-
hensive lifestyle weight management program in response
to participant feedback and chose to include questions that
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briefly assess knowledge of this topic. We hope to even-
tually understand whether a better understanding of what
sources of nutrition information has predictive value for
successful weight management. The topic(s) of alcohol/
sugar sweetened beverages and how food variety affects
energy intake [7, 41] were also less amenable to non-
repetitive examples and we also included limited numbers
of questions on these topics. This makes it difficult to
perform all of the statistical analyses for the categories with
fewer questions, however. That said, the analyses of the
questionnaire overall support our contention that it can
provide a useful tool to test for nutrition knowledge specific
to weight management. Although, other nutrition knowl-
edge questionnaires contain questions/sections related to
weight management [15, 24, 42-45], our questionnaire is
unique because it includes the above described five cate-
gories as they pertain to weight management.

Most nutrition knowledge questionnaires [16, 25, 42-45]
examine general nutrition knowledge and undergo a series
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of validation tests [16, 25, 44, 45]. All 4 general nutrition
knowledge questionnaires [16, 25, 42—45] underwent tests
for construct validity, test-retest reliability and internal
consistency. Item difficulty analysis was performed in the
GNKQ, Jones, and the Feren questionnaires, but not the
GNKQ-R. Item discrimination analysis was performed in
the GNKQ, GNKQ-R, and the Jones questionnaires, but not
in the Feren questionnaire. The GNKQ-R included tests for
criterion validity and convergent validity. None of the
questionnaires performed item to item correlation analysis.
The WMNKQ underwent analysis and appropriate mod-
ifications when tested for item difficulty, item discrimina-
tion, item-to-item correlation and internal consistency. It
met validity criteria for test-retest reliability, construct
validity, criterion validity, and convergent validity. Thus,
our evaluation of the WMNKQ was more stringent than the
available general nutrition knowledge questionnaires.

As was done with other questionnaires [16, 25, 42-45],
we retained some questions that did not meet the usual
statistical criteria for difficulty or item discrimination. The
retained questions had marked improvements in scores after
a standardized weight management nutrition education
intervention, suggesting that these knowledge domains are
distinct and that deficits are correctable. The overall average
improvement in score was 11%, whereas the 4 items we
retained that did not meet usual criteria for inclusion
demonstrated a much greater improvement in scores. If
these items were worded in a difficult or ambiguous way, a
nutrition knowledge intervention would likely not result in
an improvement in score for these items. We propose that
retaining knowledge-related items that don’t meet the usual
criteria for difficulty or item discrimination is acceptable if
there is evidence from criteria validity assessment that the
questions address areas of uncommon knowledge.

Improvement in scores following a nutritional knowl-
edge intervention is important for questionnaire validation.
We used several tactics to ensure that we were not teaching
to the questionnaire. The presentations were developed
around the topics, not the specific questions. Only one of
the three interventionists was involved in question devel-
opment and the interventionists were not allowed to have
the questionnaire available around the time of the classes.
Had an interventionist’s specific knowledge of the ques-
tionnaire been an important factor in score improvement,
the participants in that individual’s classes should have
outperformed the other two interventionists. Instead we
found that the improvement in scores achieved by the par-
ticipants was consistent between all three interventionists.

The test-retest reliability of the WMNKQ was highly
statistically significant, with most sections demonstrating a
Spearman correlation of p=0.7 or greater (Table 5). The
exception was for the section on how a variety of foods
affects food intake, which only contained 2 questions.

Gaining a high level of test-retest reliability with only 2
questions would require that over 43 persons would have to
give the exact same answers for both questions. Therefore, it
is very difficult to achieve a correlation of 2 0.70 with only
two questions. The rational for including only two questions
for this category is discussed above. The WMNKQ has
acceptable test-retest reliability, as demonstrated by the test-
retest correlation for the overall score of 0.90.

One limitation of the study is that the sample size power
calculations were to test for statistical significance of the
questionnaire as a whole and not for each subsection. Only
45 dietitians and information technologists participated in
the test-retest and known group comparison validation tests,
which limited the statistical power when analyzing sub-
sections of the questionnaire. However, we were still able to
demonstrate that the questionnaire is a robust tool. Another
limitation of this study was that the Olmsted County par-
ticipants were mostly white and for the most part more
educated than volunteers from Duval County, which can
introduce bias. However, upon convergent validity analysis
nutrition knowledge was related to education level not race.
Finally, the questionnaire is that it is designed for the adult
population and was not tested in the pediatric or adolescent
population. However, most participants in lifestyle inter-
vention programs are older than 18.

The WMNKQ has multiple potential applications. It
could be used to assess the effectiveness of nutrition
knowledge interventions as part of interventional lifestyle
programs.. The WMNKQ may be useful to understand
whether nutrition knowledge in the areas included in the
questionnaire predicts long-term weight loss success. We
acknowledge that gain in nutrition knowledge does not
necessarily predict weight loss [46] because of the impor-
tance of the behavior change component necessary to
translate the knowledge into action. The WMNKQ can
potentially be used as a tool to help guide the allocation of
public nutrition education efforts to different demographic
areas. The scoring in sections of the questionnaires can
pinpoint specific knowledge deficits to guide funds. We also
plan to employ the questionnaire as part of patient intake
prior to nutrition consultations to focus health education
efforts towards closing specific knowledge gaps. In con-
clusion, we propose that the WMNKQ helps quantify the
understanding of basic concepts in the areas of nutrition
knowledge with respect to weight management and will
provide a useful tool to test whether that knowledge relates
to improved outcomes.
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