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OBJECTIVEdThe purpose of this study was to develop a survey of general and diabetes-
specific nutrition knowledge for youth with type 1 diabetes and their parents and to assess the
survey’s psychometric properties.

RESEARCHDESIGNANDMETHODSd A multidisciplinary pediatric team developed
the Nutrition Knowledge Survey (NKS) and administered it to youth with type 1 diabetes (n =
282, 49% females, 13.36 2.9 years) and their parents (82%mothers). The NKS content domains
included healthful eating, carbohydrate counting, blood glucose response to foods, and nutrition
label reading. Higher NKS scores reflect greater nutrition knowledge (score range is 0–100%). In
youths, glycemic control was assessed by A1C, and dietary quality was determined by the
Healthy Eating Index-2005 (HEI-2005) derived from 3-day diet records. Validity was based
on associations of NKS scores with A1C and dietary quality. Reliability was assessed using the
Kuder-Richardson Formula 20 (KR-20) and correlations of domain scores to total score.

RESULTSdMean NKS scores (23 items) were 56.96 16.4% for youth and 73.46 12.5% for
parents. The KR-20 was 0.70 for youth and 0.59 for parents, representing acceptable internal
consistency of the measure. In multivariate analysis, controlling for youth age, family income,
parent education, diabetes duration, and insulin regimen, parent NKS scores were associated
with corresponding youth A1C (b = 20.13, P = 0.03). Both parent (b = 0.20, P = 0.002) and
youth (b = 0.25, P, 0.001) NKS scores were positively associated with youth HEI-2005 scores.

CONCLUSIONSdThe NKS appears to be a useful measure of general and diabetes-specific
nutrition knowledge for youth with type 1 diabetes and their parents.
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M edical nutrition therapy, along
with exercise, blood glucose mon-
itoring, and insulin adminis-

tration, is an essential component of
successful diabetes management in youth
with type 1 diabetes (1,2). Assessing
youth and parental understanding of di-
abetes management tasks, including die-
tary management, is important because
knowledge is a prerequisite for adherence,
and adherence influences glycemic con-
trol (3). Few validated measures exist to
assess knowledge of dietary management

in youth with type 1 diabetes and their
parents. Moreover, carbohydrate intake
has been the major focus of nutrition ed-
ucation in this population due to the sub-
stantial impact of carbohydrates on
glycemic excursions. However, in addition
to carbohydrate counting, the American
Diabetes Association also recommends
consumption of an overall healthful diet
for this population (1). Therefore, a nutri-
tion measure developed for patients and
families with type 1 diabetes that assesses
knowledge of both general nutrition and

diabetes-specific domains would be useful
both clinically and as a research tool.

Previous diabetes nutrition measures
have been developed for patients with
type 2 diabetes (4) or have focused spe-
cifically on carbohydrate counting and in-
sulin dosing (5). In a previous study,
parental carbohydrate counting ability
was assessed by comparing parents’ esti-
mation of meal carbohydrate content with
carbohydrate content calculated from di-
etary recalls; greater parental precision in
carbohydrate counting was significantly
associated with better youth glycemic
control (6). In another study, higher
scores on the 78-item PedsCarbQuiz,
which assesses carbohydrate and insulin-
dosing knowledge in youth with type 1
diabetes (5), were correlated with lower
A1C values in a sample of youth with type
1 diabetes, 12 years of age and older, and
their parents. Although thesemeasures are
effective in assessing carbohydrate count-
ing skills and associations with glycemic
control, they may be too resource intensive
or too specific to carbohydrate estimation
for anoverall assessment of general nutrition
knowledge in this population. A broader as-
sessment of nutrition knowledge may be
relevant not only for diabetes management,
but also because nutrition plays a role in
numerous relevant health outcomes, such
as weight and cardiovascular risk status,
for youth with type 1 diabetes (7–12).

The purpose of this study was to
develop a survey of general and diabetes-
specific nutrition knowledge for youth with
type 1 diabetes and their parents and to
assess the survey’s psychometric properties,
including item difficulty, item discrimina-
tion, internal consistency, and internal reli-
ability. We hypothesized that the measure
would demonstrate acceptable internal con-
sistency and reliability, and would be associ-
ated with glycemic control and diet quality.

RESEARCH DESIGN AND
METHODS

Developing the questionnaire
item pool
The survey itemswere developed by amulti-
disciplinary team consisting of pediatric
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endocrinologists, pediatric diabetes
nurses, nutrition scientists, registered die-
titians, certified diabetes educators, and
behavioral scientists. Item content was
designed to reflect constructs typically
addressed in diabetes nutrition edu-
cation and relevant to disease manage-
ment and general health. The content
domains of the Nutrition Knowledge
Survey (NKS) included 1) healthful eat-
ing, 2) carbohydrate counting, 3) blood
glucose response to foods, and 4) nutri-
tion label reading. An initial item pool of
39 questions was generated. Items were
multiple-choice with four response
options.

Study participants
Eligibility criteria for youth included the
diagnosis of type 1 diabetes for .1 year,
8–18 years of age, daily insulin dose$0.5
units/kg, and absence of any significant
gastrointestinal disease that would impact
dietary intake (e.g., celiac or inflamma-
tory bowel disease). Youth with type 1
diabetes and their parents were recruited
during routine clinic visits to a tertiary
pediatric diabetes center in Boston,
Massachusetts. Informed consent was ob-
tained from parents and youth 18 years of
age, and assent was obtained from chil-
dren ,18 years of age. Families received
$40 compensation for their participation.
The local institutional review board ap-
proved the study.

Administration and scoring
Youth and parents independently com-
pleted parallel versions of the NKS on
the same day as a routine clinic appoint-
ment. The 39 items took;10–15 min to
answer. NKS scores were calculated as
the percentage of retained items an-
swered correctly, such that scores could
range from 0 to 100%, with higher per-
centages indicating greater nutrition
knowledge.

Dietary intake and diet quality
Dietary intake of youth was assessed with
3-day diet records (typically two week-
days and one weekend day). Study staff in-
structed families on how to complete diet
records, which were usually completed
within 1 week of the study visit. Dietary
data were analyzedwithNutritionData Sys-
tem for Research software version 2009
developed by the Nutrition Coordinating
Center at the University of Minnesota
(Minneapolis, MN). The U.S. Department
of Agriculture’s Healthy Eating Index-
2005 (HEI-2005) was calculated to assess

conformance to dietary guidelines using
the method recently developed by Miller
et al. (13); HEI-2005 scores range from
0 to 100, with higher scores indicating
more healthful diets.

Demographic and clinical data
Demographic information including race/
ethnicity, parent education level, house-
hold composition, and household income
were collected by parent self-report. Details
on diabetes history and current treatment
regimen were abstracted from electronic
health records from the same clinic visit in
which the NKS was administered. A1C
was assayed by high-performance liquid
chromatography (Tosoh 2.2 device; Tosoh
Corp., San Francisco, CA); reference range
is 4–6%.

Statistical analyses
The psychometric properties of the NKS
were determined. Survey items were an-
alyzed for item difficulty by examining
the percentage of participants that an-
swered each item correctly. An item was
eliminated if,20 or.90% of both youth
and parents answered it correctly. Al-
though this resulted in a greater number
of items with lower difficulty and discrim-
ination for parents than for youth, this
was determined to be acceptable in order
to create a parallel measure for parents
and children. Item discrimination was
determined by computing the index of
discrimination ([upper group % correct] –
[lower group % correct]), which reflects
the degree to which an item differentiates
between high and low scorers on the total
measure. The acceptable index for item
discrimination values was 25% and
greater, as this indicates good item dis-
crimination, with values of 15–24%
considered marginal (14). The Kuder-
Richardson Formula 20 (KR-20) was
used as an overall measure of internal con-
sistency appropriate for dichotomous re-
sponses (i.e., correct/incorrect) and
scores are interpreted like a Cronbach a
(indicating the degree to which the set of
items measures a single construct).
Higher scores indicate a more homoge-
neous test and greater internal consis-
tency. Internal reliability was examined
by calculating the degree to which the
subtotal score of each of the four do-
mains correlatedwith the total score. Mul-
tiple linear regression analysis, controlling
for clinically relevant diabetes-related and
demographic characteristics (youth age,
family income, parent education, diabe-
tes duration, and insulin regimen), was

used to assess the relations of nutrition
knowledge with A1C and dietary intake
in subjects providing diet records. In the
models examining youth NKS, interac-
tions of youth age with NKS were tested
to determine whether the association of
youth NKS with A1C and dietary intake
varied by age. Analyses were performed
using SPSS version 17.0 (Chicago, IL).

RESULTS

Participants
Two hundred eighty-two youths and
their parents (82% mothers) completed
the measure. The mean duration of di-
abetes for youth was 6.4 6 3.4 years,
mean A1C was 8.6 6 1.4%, and 66% of
youths received insulin pump therapy.
Sample characteristics are presented in
Table 1. Of the 282 youths, 252 (89%)
completed 3-day diet records. Parent

Table 1dSample characteristics of study
participants (n = 282)

Mean 6 SD
or n (%)

Demographics
Ć Age (years) 13.3 6 2.9
Ć Sex
Ć Female 137 (48.6)
Ć Male 145 (51.4)

Ć Race/ethnicity
Ć White, not Hispanic 252 (90.3)
Ć Hispanic 13 (4.7)
Ć Black 8 (2.9)
Ć Other 6 (2.1)

Ć Parent education level
Ć High school
Ć (or equivalent) or less 25 (9.0)

Ć Junior college, technical,
Ć or some college 51 (18.3)

Ć College degree 122 (43.7)
Ć Graduate education 81 (29.0)

Ć Family income
Ć ,$30,000 23 (8.5)
Ć $30,000–49,999 21 (7.7)
Ć $50,000–69,999 36 (13.3)
Ć $70,000–99,999 59 (21.8)
Ć $100,000–149,000 64 (23.6)
Ć .$150,000 68 (25.1)

Diabetes and diet-related
characteristics of youth

Ć Duration of diabetes (years) 6.4 6 3.4
Ć Regimen
Ć Multiple daily injections 96 (34.0)
Ć Insulin pump 186 (66.0)

Ć A1C (%) 8.6 6 1.4
Ć HEI-2005 53.4 6 11.0
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NKS scores were significantly higher for
youths with completed diet records
(74.1 6 11.6% vs. 68.0 6 17.5%, P =
0.01); there were no differences in youth
NKS scores between those who did and
did not complete diet records.

Item and scale properties
The initial survey consisted of 39 items.
Ten items were eliminated because either
,20 or.90% of both youth and parents
answered them correctly. Four items were
eliminated because their index of discrim-
ination was ,25% for both parents and
youth; however, one item with a marginal
discrimination index value (question 23)
(Table 2)was retained for greater conceptual
comprehensiveness of the carbohydrate-
counting questions. Two items were elim-
inated due to redundancy with other
survey items. The final resulting NKS con-
sists of 23 items (Supplementary Data).

The Flesh-Kincaid grade level of the mea-
sure, as automated in Microsoft Word
2007 (Microsoft Corp., Redmond, WA),
was 8.4.

The item difficulty and item discrim-
ination of each retained NKS question are
presented in Table 2. Item difficulty
ranged from 19 to 86% for youth and
23 to 96% for parents. Item discrimina-
tion was good for the majority of items.
The KR-20 was 0.70 for youth and 0.59
for parents. Scores for each of the four do-
mains in the survey were positively cor-
related with the total NKS score for both
parents and youth (P , 0.001, all corre-
lations) (Table 3).

The mean NKS scores based on the
reduced item pool were 73.4 6 12.5%
(range 30–96) for parents and 56.9 6
16.4% (range 13–91) for youth (P ,
0.001). Youth$13 years of age had higher
scores than those,13 years of age (62.96

14.1 vs. 49.46 16.0%, P, 0.001). Parent
and youth NKS scores were modestly cor-
related (r = 0.25, P , 0.001), and youth
NKS scores were moderately correlated
with youth age (r = 0.44, P, 0.001).

Association with demographic
characteristics
Youth, but not parent, NKS scores showed
a small correlation with diabetes duration
(r = 0.12, P = 0.04). Parents of youths
using an insulin pump showed higher
NKS scores than parents of youths using
multiple daily injections (75.2 vs. 70.0%,
P = 0.001). The higher NKS scores in
youths using insulin pump therapy ap-
proached statistical significance com-
pared with youths using multiple daily
injections (58.2 vs. 54.2%, respectively,
P = 0.07). Parents with a college degree or
greater had higher NKS scores than par-
ents with less education (76.0 vs. 69.1%,
P, 0.001); this association was also seen
among their corresponding children’s
scores (58.5 vs. 54.3%, P = 0.04). House-
hold income was modestly associated
with parent (r = 0.23, P , 0.001), but
not youth, NKS scores.

Validity
Correlations of NKS total and domain
scores with youth A1C and HEI-2005 are
shown in Table 3. Parent, but not youth,
NKS scores were inversely associated with
youth A1C (r =20.31, P, 0.01, and r =
20.04, NS, respectively); both parent and
youth NKS were positively associated
with HEI-2005. In multivariate analysis,
parent NKS score remained inversely as-
sociated with youth A1C (b =20.13, P =
0.03; model r2 = 0.23) after controlling
for youth age, family income, parent ed-
ucation, diabetes duration, and insulin
regimen. Both parent (b = 0.20, P =
0.002; model r2 = 0.07) and youth (b =
0.25, P , 0.001; model r2 = 0.08) NKS
scores remained associated with HEI-
2005 scores after controlling for youth
age, family income, parent education, di-
abetes duration, and insulin regimen.
There were no significant interactions of
youth age with youth NKS scores for as-
sociations with either A1C or HEI-2005.

CONCLUSIONSdDespite modern
approaches to intensive insulin therapy
for the management of type 1 diabetes,
dietary management remains at the cor-
nerstone of diabetes treatment (1,15).
Previous research supports the relevance
of dietary adherence to diabetes outcomes

Table 2dItem difficulty and item discrimination of each question on the NKS

Item
difficulty*

Item
discrimination**

Child
(%)

Parent
(%)

Child
(%)

Parent
(%)

Healthful eating
Q1. Benefits of fruits and vegetables 66 89 48 31
Q2. High-fiber food 45 86 63 38
Q3. Food with healthy fat 44 92 53 26
Q5. Food with most vitamins and minerals 59 93 55 25
Q6. Food that is not a whole grain 66 96 63 14
Q7. Benefits of whole grains 56 90 54 25

Carbohydrate counting
Q4. Fruit with more than 15 g of carbs 40 58 39 52
Q11. Food that isn’t a “free” food 31 32 2 25
Q19. Grams of carbs in 1 cup (8 oz.) milk 77 74 43 43
Q20. Grams of carbs in 1 cup cooked pasta 46 56 51 42
Q21. Grams of carbs in 1/2 cup corn 46 68 40 50
Q22. Grams of carbs in small salad 57 69 50 14
Q23. Grams of carbs in 1 cup green beans 27 23 14 20

Blood glucose response to food
Q8. Food that causes fastest rise in blood glucose 42 35 2 31
Q9. Food that causes slowest rise in blood glucose 51 66 34 48
Q10. Meaning of “no added sugar” 71 81 45 43

Nutrition label reading (two food labels:
can of chili and sports drink)

Q12. Cups in one can (chili) 78 92 61 28
Q13. Grams of fiber in 1 cup (chili) 84 94 35 22
Q14. Grams of carbs in one serving (chili) 82 88 33 24
Q15. Calculating insulin dose (chili) 19 40 39 42
Q16. Servings in one bottle (sports drink) 82 97 55 17
Q17. Grams of carbs in one serving (sports drink) 86 96 52 21
Q18. Grams of carbs in one bottle (sports drink) 59 80 78 51

Each question was multiple-choice with four response options. *Indicates percent of respondents answering
correctly; items were eliminated if.90 or,20% of both youth and parents answered them correctly. **Item
discrimination was determined by computing the index of discrimination ([upper group % correct] – [lower
group % correct]).
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(16–19). The NKS is a brief, reliable, and
easy-to-use measure of nutrition knowl-
edge for youth with type 1 diabetes and
their families. The NKS was designed for
clinical and research use as a measure of
nutrition knowledge.

The NKS is one of the first measures
specifically developed for youth with type
1 diabetes and their parents that assesses
both general nutrition (e.g., healthful
choices and label reading) and diabetes-
specific (e.g., carbohydrate counting and
glycemic response to foods) nutrition
knowledge. Previous nutrition measures
for youth with type 1 diabetes have fo-
cused primarily on carbohydrate counting
(5). Those measures were used to inform
the development of the current mea-
sure; however, the NKS was developed
to be a broader measure that assesses
various aspects of nutrition, which are
important for optimal diabetes manage-
ment. Notably, our findings indicate
that both general and diabetes-specific
dimensions of parents’ nutrition knowl-
edgewere associatedwith glycemic control.

The advantages of the NKS are that it
is a brief, self-administered measure that
can be completed in ;10 min. The read-
ing level is somewhat higher than that of
the youngest participants; however, read-
ing level is based on the number of sylla-
bles in the words used. A nutrition
knowledge measure for this population
requires the use of multisyllable terms
such as carbohydrate (used repeatedly in
the measure), insulin, vitamins, etc. Due
to diabetes education provided to these
youth, they very likely understood these
terms. When the measure was tested in a
relatively large sample of youth with type

1 diabetes managed with modern inten-
sive insulin therapy and their parents, it
demonstrated acceptable internal consis-
tency and external validity. Greater nutri-
tion knowledge of parents was associated
with both better glycemic control and
higher diet quality in youths. In addition,
greater youth nutrition knowledge was
associated with higher diet quality; how-
ever, the association of youth nutrition
knowledge with glycemic control was
not significant. The mean youth age was
13 years; therefore, it is likely that parents
were primarily responsible for food-related
decisions, including grocery shopping,
meal preparation, and carbohydrate
counting. Notably, parent NKSwas signif-
icantly higher than youthNKS. Associations
of higherNKSwithhigher parent education,
older youth age, insulin pump use, and di-
abetes duration further support the validity
of the measure because these factors likely
relate to greater exposure to nutrition edu-
cation. The majority of parents who com-
pleted the NKS were mothers so it was not
possible to determine whether mothers’ and
fathers’ nutrition knowledge scores would
have different relationships with youth
A1C; this would be an interesting question
to examine in future research.

There were several limitations with the
current study. The NKS was evaluated in a
relatively homogenous sample of youth
(e.g., good control and majority on insulin
pumps) receiving care at a single diabetes
clinic. Although the sample in this study
was a convenience sample, the racial dis-
tribution reflects the demographics of type
1 diabetes. However, parents were predom-
inantly college educated, and there were
few low-income families. In the future,

it would be useful to test the measure
in a more diverse group of youth from
several diabetes centers to determine the
measure’s performance in a more het-
erogeneous sample. Although themeasure
demonstrated the hypothesized relations
with A1C and HEI-2005, there was no
gold standard of general and diabetes nu-
trition knowledge against which to test
the measure. It would be useful, how-
ever, to determine the association of the
carbohydrate-counting domain of the NKS
with the PedsCarbQuiz in future research.
Another limitation of the study was the
possibility of reporting bias in the food re-
cords, which is a concern in all diet studies.
However, the mean HEI-2005 in this sam-
ple was similar to that observed in a repre-
sentative sample of U.S. youth (20).

In conclusion, the NKS is a brief, self-
administered measure developed to assess
both general and diabetes-specific nutri-
tion knowledge in youth with type 1 di-
abetes and their parents. Our findings
provide strong evidence of preliminary
validity of the measure to assess nutrition
knowledge, suggesting potential utility in
both clinical and research settings. Future
research to determine the measure’s utility
should include assessing the sensitivity of
the measure to change in response to nu-
trition counseling.
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