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Available assessments of patient nutrition knowledge
and carbohydrate counting ability are lengthy. This ar-
ticle reports on a study to implement and validate a
series of brief nutrition quizzes of varying difficulty for
use in pediatric type 1 diabetes. Among 129 youth with
type 1 diabetes, participants completed an average of
2.4 + 1 of the six quizzes, with a median score of 4.7 of
5. Higher quiz scores were associated with lower A1C
(P <0.001), higher parental education (P = 0.02), and
higher income (P = 0.01). Such quizzes can help to
identify knowledge gaps and provide opportunities for
education, which may improve glycemic outcomes in
youth with type 1 diabetes.

One of the key elements of type 1 diabetes management
is carbohydrate counting to determine prandial insulin
doses (1,2). This practice is based on the premise that,
of all macronutrients, carbohydrates have the most sig-
nificant impact on postprandial glucose levels (3). Post-
prandial glycemia is a major determinant of A1C, a
measure of glycemic control that is linked to develop-
ment of diabetes complications when elevated (4).
Thus, carbohydrate counting is taught as a management
intervention at the time of diabetes diagnosis. The bene-
fits of carbohydrate counting include improved glyce-
mic control (with lower A1C) (5), diabetes-specific
quality of life, and coping ability in daily life (6,7).

Nutrition education and ongoing re-education that is
age appropriate and engages the individual with diabe-
tes in active learning is recommended (7,8).

Furthermore, as youth with diabetes reach their adoles-
cent years, it is important for them to independently
master carbohydrate counting for their future indepen-
dent diabetes management (1). Although many individ-
uals self-report knowledge of and comfort with
carbohydrate counting, there is no standardized meth-
od for determining the accuracy of these self-reports.
While there have been several assessments developed
to measure carbohydrate counting and general nutri-
tion knowledge (9-12), adoption of these tools in clini-
cal practice has been limited because they include a
minimum of 19 items and can be time-consuming to ad-
minister in busy multidisciplinary diabetes clinics. The
78-item PedCarbQuiz (PCQ) is one such survey devel-
oped to assess knowledge of carbohydrate counting in
youth with type 1 diabetes (9). Other, shorter quizzes
such as the 23-item Nutrition Knowledge Survey (NKS)
(10), the 19-item electronic NutraCarbQuiz (eNCQ) (11),
and the 19-item Mercy What I Know About Diabetes (M-
WIKAD) (12) have been implemented in research and
clinical practice. Greater nutrition knowledge has been as-
sociated with better glycemic control in studies using
these assessments, but longitudinal improvements in indi-
vidual patients’ glycemic control have yet to be shown.

We developed, implemented, and validated six brief,
five-question nutrition assessments with photos of com-
monly consumed foods to assess fundamental knowl-
edge of carbohydrate counting and ability to calculate
prandial insulin doses and to engage youth in nutrition
education. These assessments covered three strata of
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content, ranging from fundamental to intermediate to
advanced knowledge, and were administered by a dieti-
tian in a diabetes clinic at multiple time points. The ob-
jective of this study was to measure improvements in
nutrition knowledge and carbohydrate counting and de-
termine their association with glycemic control in youth
with type 1 diabetes.

Research Design and Methods
Study Participants

Pediatric participants who were 8-18 years of age, had
type 1 diabetes, and were independent in their diabetes
management as assessed by the diabetes team dietitian
at an academic, multidisciplinary diabetes center were
included in this study. From December 2018 through
March 2020, nutrition quizzes were implemented in the
diabetes clinic as part of a clinical practice improvement
project and were administered by a dietitian at quarter-
ly diabetes clinic visits (1). Youth were excluded if they
did not have type 1 diabetes, did not use carbohydrate
counting as part of their diabetes treatment regimen, or
did not have an English-speaking family member in at-
tendance with them at their clinic appointment. This
study was approved by the institutional review board at
Johns Hopkins Hospital according to the Declaration of
Helsinki and included a waiver of consent.

Development of the Nutritional Quizzes

Six carbohydrate-counting quizzes were created and de-
signed to cover three different levels of difficulty: fun-
damental, intermediate, and advanced. Each of the six
quizzes contained a five-item pictorial carbohydrate
counting assessment of common food products that
youth in our practice reported eating (Supplementary
Materials). The purpose of the quizzes was to assess de-
gree of knowledge of carbohydrate counting and ability
to calculate prandial insulin doses. The nutrition quiz
design was based on guidelines for diabetes education
in children and adolescents from the International Soci-
ety for Pediatric and Adolescent Diabetes (13) and dia-
betes education best practices.

Fundamental, or beginner level, quizzes evaluated the
ability to 1) recognize a serving size, 2) read and under-
stand information from a nutrition label, 3) indepen-
dently count carbohydrates in individual food items,

4) use an insulin-to-carbohydrate ratio for insulin dos-
ing, and 5) count carbohydrates in various serving sizes.
Intermediate-level quizzes also assessed the ability to

6) identify carbohydrates without a label, 7) calculate in-
sulin based on grams of carbohydrates and blood glucose
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level, 8) estimate carbohydrate amounts with only pictori-
al images of whole meals, and 9) recognize different sour-
ces of carbohydrates. Advanced quizzes included criteria
for evaluating proficiency in 10) insulin correction dose
based on blood glucose level and 11) understanding how
different sources of carbohydrates affect blood glucose.

Face validity was established by a multidisciplinary
team consisting of pediatric endocrinologists and dieti-
tians/certified diabetes care and education specialists.
Internal consistency was measured using Cronbach «.
The coefficient was calculated for each of the six quizzes
based on initial responses. The results reflected overall
good internal reliability, with standardized Cronbach «
scores of 0.65-0.88: quiz 1 « = 0.75 (n = 23), quiz 2
a =0.76 (n = 25), quiz3 a = 0.88 (n = 21), quiz 4

a = 0.85 (n = 25), quiz 5 « = 0.65 (n = 26), and quiz
6 a = 0.67 (n = 14). To assess criterion validity, quiz
scores were analyzed for associations with A1C and pa-
rental education level.

Quiz Administration and Scoring

At quarterly clinic visits, during which patients saw the
dietitian, quizzes were administered on paper by the
diabetes team dietitian. The number of quizzes given
during the visit ranged from one to two and varied de-
pending on the family’s time allowance, team’s request,
and need for time to discuss other topics with the dieti-
tian. The initial quiz level at the start of the study was
determined at the recommendation of the physician,
nurse, or dietitian based on the patient’s age and clini-
cal history. Each correctly answered item contributed
one point to the total raw score, for a maximum score
of 5 for each quiz. No half points were awarded for par-
tially correct answers. Participants were required to
work independently, without assistance from the dieti-
tian or a caregiver. However, the patient could ask the
dietitian for clarification if they did not understand the
questions posed in particular items. Carbohydrate cal-
culating resources, including phone apps and websites,
were allowed. In addition, patients using insulin pumps
were allowed to use their pump to calculate insulin
doses. Based on the dietitian’s recommendation, raw
scores =4 were considered to be passing. Patients who
passed a nutrition assessment could progress to the
next level of quiz difficulty. Quiz responses were re-
viewed by patients and the dietitian together to identify
knowledge gaps and provide education in those areas.
The estimated time of quiz administration and comple-
tion by patient ranged from 10 to 15 minutes.
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Demographic and Clinical Data

Demographic and clinical data were extracted from the
electronic medical record system and included date of
birth, sex, race, ethnicity, primary language, insurance
status, diabetes type, date of diabetes diagnosis, age at
diabetes diagnosis, duration of diabetes, type of insulin
delivery, use of continuous glucose monitoring (CGM),
clinic visit date, and A1C at clinic visits. Parental educa-
tion and income level were self-reported from another
overlapping study. Point-of-care A1C testing was per-
formed at each clinic visit as part of routine care using
the Afinion As100 Analyzer.

Statistical Analysis

Descriptive and summary statistics were used to describe
the patient cohort, quiz scores, and clinical characteris-
tics. Univariate regression analysis was used to assess the
relationship between outcomes (quiz score and A1C) and
participant characteristics. Comparison of groups was
performed using t tests for continuous variables and x>
tests for categorical variables. For patients who complet-
ed different quizzes at subsequent visits and for whom
longitudinal data were captured, paired t tests were used
to evaluate A1C before and after quiz implementation.
Statistical analysis was performed using Stata, v. 15.1,
statistical software. Statistical significance was assessed
at the P <0.05 level.

Results
Clinical Characteristics of Participants

A total of 129 participants were included in this study,
of whom 64 completed two or more successive quizzes.
As shown in Table 1, the mean age of the cohort was
13.8 = 2.7 years, 47% were female, 67% were non-
Hispanic White, 21% were Black, and 4% were Hispan-
ic. All patients had type 1 diabetes, with mean duration
of diabetes of 5.3 + 4.1 years and a mean A1C of 8.8 =
2.0%. Of the participants, 20% had a diabetes duration
<1 year, 72% were using CGM, and 67% used an insu-
lin pump.

Nutrition Assessment and Scoring

Participants completed an average of 2.4 + 1 quizzes
(range 1-5), with a median quiz score of 4.7 (interquar-
tile range [IQR] 4-5). The mean time between quizzes
for participants who completed more than one quiz at
subsequent visits was ~5 months, or 157.8 = 74.2
days. Nutrition assessments were scored from O to 5,
with a passing score of =4.
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TABLE 1 Participant Characteristics (N = 129)

Characteristic Value
Age, years 13.8 + 2.7
Male sex 69 (53)
Race/ethnicity
White 86 (67)
Black 27 (21)
Hispanic 5 (4)
Other 11 (8)
Age at diabetes diagnosis, years 89+ 39
Duration of diabetes, years 53 +4.1
Diabetes duration <1 year 26 (20)
A1C, % 8.8 +2.0

Parental education (n = 106)
High school/general education diploma 23 (
Associate’s degree 13 (
Undergraduate degree 30 (28)
Postgraduate degree 40 (

Income, $ (n = 95)

<25,000 6 (5)
25,000-49,999 15 (12)
50,000-74,999 14 (11)
75,000-99,999 9 (7)
=100,000 51 (39)
DK/NA* 34 (26)
Insulin delivery
Multiple daily injections 43 (33)
Insulin pump 86 (67)
CGM use 93 (72)
Mean number of quizzes completed 24 +1.0
Quiz score, median (interquartile range) 4.67 (4-5)

Data are n (%) or mean = SD unless otherwise noted. *DK/NA
stands for do not know or no answer, as some participants chose
not to report this information.

Nutrition Assessment and Relationship to
Outcomes

The relationship between baseline quiz score and pa-
tient characteristics was analyzed for all 129 partici-
pants who completed at least one quiz, as shown in
Table 2. Higher parental education levels and income
=$50,000 were associated with a higher baseline quiz
score (P = 0.02 and P = 0.014, respectively). Black
race was associated with a lower quiz score (P
<0.001). Age at diagnosis, duration of diabetes, mode
of insulin delivery, and CGM use were not associated
with quiz score. A lower A1C was associated with a
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TABLE 2 Relationship of Participant Demographics and
Clinical Characteristics With Baseline Nutrition
Assessment Score (N = 129)

Characteristic B P
First A1C —0.152 0.000
Age 0.010 0.758
Male sex 0.141 0.416
Race/ethnicity

White Reference

Black —0.994 0.000

Hispanic —0.298 0.473

Other —0.425 0.143
Age at diagnosis —0.005 0.829
Diabetes duration 0.002 0.932
Parental education (n = 106)

High school/general education diploma Reference

Higher education 0.967 0.000
Income* (n = 95)

<$50,000 Reference

=$50,000 1.051 0.000
Insulin delivery

Multiple daily injections Reference

Insulin pump 0.209 0.252
CGM use 0.151 0.434

Bold type indicates statistical significance. *Some participants chose
not to report this information. B, regression coefficient.

higher first quiz score (P <0.001) and higher mean
quiz scores (P = 0.001) (Figure 1).

Participants with lower A1C values at the initial quiz ad-
ministration had higher parental education and income

(P <0.001 and P = 0.002, respectively), and Black race
was associated with higher A1C (P <0.001). Insulin pump
use was associated with lower A1C (P = 0.001). There
was no association between the number of quizzes taken
and A1C (P = 0.382) (Supplementary Table S1).

A total of 64 participants had longitudinal assessments,
with different nutrition quizzes completed at consecu-
tive clinic visits. This subset was similar in age, sex,
race/ethnicity, diabetes duration, parental education,
and income to the overall cohort. Using paired t tests,
this group demonstrated a significant reduction in A1C
from the initial quiz to the last quiz completed (9.2 vs.
8.7%, P <0.001), with a lower mean assessment score
on the final quiz completed (4.5 [SD 1] vs. 3.9 [SD
1.2], P = 0.0017).
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Discussion

Multidisciplinary diabetes care with continued nutrition
education is recommended, and these brief, reliable,
and interactive five-item nutrition assessments were
feasible to implement in a time-efficient manner
(10-12). Most patients scored well and, similar to prior
studies, this study showed that higher quiz scores were
associated with lower A1C levels (10-12). Participants
who completed multiple assessments longitudinally at
consecutive visits had a mean reduction in A1C.

Nutrition assessments for youth with type 1 diabetes
range in length and number of questions and include
the 78-item PCQ (9), 19-item eNCQ (11), 23-item NKS
(10), and 19-item M-WIKAD (12). In contrast to these
instruments, our nutrition quizzes were brief, with five
questions each, making them quick and feasible to im-
plement in a busy, multidisciplinary diabetes clinic set-
ting. Reports using these other measures have shown
that higher quiz scores are correlated with lower A1C
levels and thus greater glycemic control (9-11). We
showed similar results.

Furthermore, in patients who completed more than one
nutrition assessment, we also observed a longitudinal
reduction in A1C, suggesting that administration of nu-
trition quizzes as part of ongoing diabetes education
may help to improve glycemic control. Although pa-
tients who took multiple quizzes may not have per-
formed better on subsequent quizzes, these findings
may have been the result of the increasing difficulty of
intermediate- and advanced-level nutrition quizzes. Pri-
or studies have posited that the positive effects of nutri-
tion education may not last beyond 3 months (14).
Therefore, the longitudinal aspect of re-education is
crucial for continued optimization of diabetes manage-
ment and glycemic control.

A notable characteristic in this study is its inclusion of a
larger subset of minority patients compared with other
studies that was reflective of our local population and
the growing trend of minority youth with type 1 diabe-
tes (15). We found that Black youth scored lower on
the nutrition assessments and had higher A1C levels.
Unfortunately, this finding is consistent with prior re-
ports, demonstrating disparities in glycemic control, di-
abetes-related outcomes, and diabetes technology use
(16-18).

Similar to other studies, we also found that youth with
type 1 diabetes who had parents with a greater than
high school education had lower A1C and more nutri-
tion knowledge (9-11). Interestingly, some participants
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FIGURE 1 Relationship of mean A1C and mean quiz score (n = 129, P = 0.001). Circles = mean A1C, %; line = fitted values.

had suboptimal A1C levels despite having higher quiz
scores, indicating that poor glycemic control was likely
not the result of poor carbohydrate-counting skills or a
lack of nutrition knowledge, but rather a lack of adher-
ence to other diabetes recommendations and/or insulin
administration.

There are varying practices regarding nutrition educa-
tion for type 1 diabetes worldwide (6). A prior study
demonstrated that, in the first year after diagnosis of
type 1 diabetes, patients and their caregivers receive a
total of 210 minutes of nutrition education, whereas in
subsequent years, only 60% of patients receive nutrition
education at least annually (6). In our practice, the die-
titian sees each patient at least once per year, but, prior
to implementation of the nutrition assessments, some
reasons why patients may not have seen the dietitian in-
cluded lack of time, no specific questions for the dieti-
tian, self-reported comfort with carbohydrate counting,
or concern about the cost of nutrition consultation.

Implementation of the brief nutrition assessments pro-
vided a new opportunity for the dietitian to assess each
patient’s nutrition knowledge in an engaging manner.
Often, when children are diagnosed with diabetes at a
young age, their parents do most of the nutrition and
diabetes management. These brief quizzes facilitate en-
gagement with adolescents in the transition years and
assess their independent knowledge of carbohydrate
counting. The nutrition quizzes also provide insight for
caregivers on their child’s carbohydrate-counting abili-
ties and nutrition knowledge, allowing them to adjust
their support to their child’s current needs. For the
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dietitians in diabetes clinic, it provided an opportunity
to discuss advanced nutrition topics beyond carbohy-
drate counting, including the effects of different food
components (e.g., fiber and protein) on blood glucose
levels, glycemic index, new online carbohydrate calcu-
lation tools, nutrition apps, and advanced insulin pump
functions that could help to optimize glycemic control.

A limitation of this study was that the choice of which
quizzes to administer was subjective and based on pro-
viders’ and dietitian’s discretion and recommendation.
Additionally, the nutrition assessments were developed
based on typical patient-reported food selections in this
community and may not be generalizable to other prac-
tice populations. Advanced-level quizzes (quizzes 5 and
6) also had lower Cronbach « scores, likely reflecting
their increased difficulty; with more challenging ques-
tions, there was more variability in consistency of the
responses. Finally, this study was implemented as a
quality improvement project to assess nutrition and car-
bohydrate-counting knowledge and its relationship to
glycemic control and thus could not directly determine
the impact of the quizzes on A1C levels without a ran-
domized controlled trial design.

Conclusion

Our findings suggest that implementing nutrition as-
sessments as part of routine diabetes care may improve
glycemic outcomes in youth with type 1 diabetes. Addi-
tionally, taking quizzes can be an engaging opportunity
for patients to practice and improve their nutrition
knowledge, while providing clinicians a means of
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identifying knowledge gaps and offering opportunities
for point-of-care education. The brevity and range of
difficulty of these nutrition assessments make them fea-
sible for implementation in busy diabetes clinics, while
also effectively providing continuing education oppor-
tunities for young people with type 1 diabetes.
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