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Abstract

Objective There is limited information regarding the potential effect macronutrients have on
postprandial glycemic variability in young children with type 1 diabetes (T1D). To date, studies ex-
amining nutrition and glycemic outcomes either assess these factors at a single timepoint, or ag-
gregate large datasets for group level analyses. This study examined how inter- and intraindividual
fluctuations in carbohydrate, fat, and protein intake impact glycemic variability in the postprandial
period for young children with T1D. Methods Thirty-nine young children, aged 2-6 years,
wore a continuous glucose monitor for 72 hr, while their parents completed detailed diet records of
all food intake. The analyses tested three multilevel models to examine intra- and interindividual
differences between food intake and postprandial glycemic variability. Results The results
suggest carbohydrate intake, relates to greater postprandial glycemic variability. In contrast, the
results reveal the inverse effect for protein, suggesting a tendency for young children who ate
more protein at some meals to have lower postprandial glycemic variability, with the exception of
lunch. There was no effect for fat on postprandial glycemic variability. Conclusion These
results suggest protein consumption may be an important consideration when aiming for optimal
glycemic levels for some meals. When counseling parents of young children with T1D on common
behaviors underlying glycemic excursion, pediatric psychologists may consider discussing the nu-
tritional make up of children’s meals. Further, the results demonstrate retaining longitudinal data
at the person level, versus aggregating individual data for group level analyses, may offer new in-
formation regarding macronutrient intake and glycemic outcomes.
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Introduction

Young children, under the age of 7 years, with type 1
diabetes (T1D) mellitus are highly sensitive to insulin,
resulting in their vulnerability to extreme variations in
blood glucose levels (DiMeglio et al., 2004; Patton
et al.,, 2011). In addition, young children can have

unpredictable eating behaviors (Patton et al., 2013),
inconsistent activity levels (Sundberg et al., 2012), and
limited communication skills (Desrocher & Rovet,
2004) that further complicate a family’s ability to
maintain glycemic levels in the target range (Streisand
& Monaghan, 2014). Nutrition management has long
been a part of diabetes care because the nutrients we
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consume can influence postprandial blood glucose lev-
els in different ways, such that patients with T1D can
experience wide fluctuations in their postprandial gly-
cemic levels. Unfortunately, the occurrence of extreme
glycemic variability (via severe hypo- or hyperglyce-
mia) is a risk factor for suboptimal glycated hemoglo-
bin Alc (HbAlc) and long-term health complications
including retinopathy, nephropathy, and neuropathy
(Skrha et al., 2016). Pediatric psychologists frequently
work alongside dietitians and diabetes educators to
help families receive the necessary education related to
T1D self-care and often provide behavioral support
surrounding mealtime challenges. This study exam-
ined individual differences in macronutrient consump-
tion to aid in tailoring interventions for families who
may struggle with nutrition and glycemic variability
(i.e., fluctuation in blood glucose levels).

Nutrition management is recommended for all chil-
dren with TID to optimize glycemic control.
Carbohydrates are absorbed by the body faster than
other macronutrients and can lead to postprandial
excursions in blood glucose levels. Therefore, prepran-
dial insulin dosing, up to 15-20 min before the meal,
is recommended to reduce the risk of postprandial
excursions (Bell et al., 2015). Overall, research has
demonstrated that patients with T1D are more likely
to achieve postprandial blood glycose in the target
range when insulin is matched to carbohydrate ratios
(MacLeod et al., 2017). However, there is some evi-
dence in older children suggesting that meals high in
fat or protein can impact early (i.e., 1-2 hr) or delayed
(i.e., 3—6hr) postprandial glycemia (Smart et al.,
2013; Wolpert et al., 2013). The International Society
for Pediatric and Adolescent Diabetes (ISPAD) offers
dietary recommendations for macronutrient consump-
tion and suggest that carbohydrates make up 45-50%
of the total calories consumed, proteins make up 15—
20% of total calories consumed, and fats make up
<35% of energy with saturated fats making up <10%
(Smart et al., 2018). Previous studies have demon-
strated that young children with T1D do not meet the
ISPAD recommendations for micro- and macronu-
trients, and better dietary quality associates with
lower mean daily glucose levels (Patton et al., 2013).
Unfortunately, no research to date has examined indi-
vidual differences in macronutrient consumption and
fluctuations in glucose levels in young children with
T1D during the postprandial period. A deeper under-
standing of these relationships at the individual level
may help practitioners and families optimize their
child’s glycemic control.

Continuous glucose monitors (CGMs) are a rela-
tively new device that provides a near continuous glu-
cose reading. These devices offer a more complete
glucose picture, whereas traditional self-monitoring of
blood glucose may miss important glucose excursions.

Families may also set alarms to indicate when their
child’s glucose levels are outside the target range.
Therefore, in patient groups who may be more vulner-
able to glycemic variability (e.g., young children),
CGMs may provide more information to track glucose
fluctuations and to potentially help families to opti-
mize their T1D management (Patton et al., 2011).
Yet, while CGMs provide intensive longitudinal data,
in the existing research using this technology, most
researchers have elected to aggregate the data into
groups and/or collapse the data into summary values
often at the expense of variability. This approach lim-
its the ability to examine interindividual differences
(e.g., Do young children with T1D with higher macro-
nutrient intake have higher postprandial glycemic var-
iability?) and intraindividual differences (e.g., does a
child’s postprandial glycemic variability differ on
days, or by meal, when their macronutrient intake is
higher/lower than their personal average?) in the data.
Analyzing CGM data at the individual level may un-
cover new information regarding glycemic outcomes
in relation to macronutrient intake and fill important
gaps in the understanding of young children’s glyce-
mia in the postprandial period.

Thus, the aim of this study was to examine how
interindividual (i.e., between participant) and intrain-
dividual (i.e., within participant) fluctuations in car-
bohydrate, fat, and protein intake influence glycemic
variability, as measured by the standard deviation of
glucose values, in the postprandial period (i.e., 3 hr
postmeal) for young children with T1D. The research
team hypothesized that children who consume a diet
high in carbohydrates would experience more glyce-
mic variability. However, as an exploratory hypothe-
sis the research team also examined the strength of the
relationship between glycemic variability and the con-
sumption of fats and proteins.

Materials and Methods

Participants

This study enrolled 39 young children and their
parents from two Midwest pediatric Endocrinology
clinics. Eligibility criteria included child age between 2
and 6.99 years, a confirmed diagnosis of T1D for at
least 12 months, English speaking, and intensive insu-
lin treatment (e.g., multiple daily injections [MDI] or
insulin pump). The study team recorded children’s gly-
cated hemoglobin level (HbAlc) as a proxy for child
average glycemic levels to use as a covariate in the
analyses.

Procedures

The Institutional Review Board at each institution ap-
proved this study prior to recruitment. To recruit for
the project, the research team sent out letters to 77



Association Between Glycemic Variability and Macronutrient Intake in Young Children With T1D 751

potentially eligible families. Research staff then called
families to answer their questions, obtain informed
consent, and enroll families in the study ~2 weeks af-
ter mailing the letters. Thirty-nine families agreed to
participate yielding a recruitment rate of 51% with no
attrition during the study period. The initial study visit
took place in each family’s home. At this visit, re-
search staff placed a CGM on the back of the child’s
arm, on their stomach, or on their buttocks to measure
daily fluctuations in glucose. Children wore the CGM
for 72 hr, after which the parents removed the sensor
and returned the monitor. In addition, research staff
trained parents how to accurately measure their
child’s liquid and solid food intake, and how to com-
plete a 3-day diet diary. Research staff asked parents
to weigh or measure all food and beverages their child
consumed (i.e., breakfast, lunch, dinner, and snacks)
while their child wore the CGM on a standardized
diet diary. Research staff gave parents a digital scale
and food measuring cups/spoons for consistent mea-
surement across families, and instructed parents to
weigh foods and beverages pre- and postfeeding. In
addition to recording foods and beverages, parents
recorded the time, dose, and type of insulin that they
gave to their child. Research staff asked parents to
maintain their child’s typical diet and daily activities
during the 72-hr monitoring period. Research staff
returned to each families’ home a week later to collect
all data and study materials and used the electronic
medical record to collect other relevant child T1D
health outcomes (e.g., frequency of hypoglycemia,
most recent HbA1c) that corresponded with the time
of data collection. The data from this study were de-
rived from a larger study examining dietary adherence
and mealtime behaviors in young children with T1D
(Patton et al., 2013). Data were collected between
2007 and 2008.

Measures

Detailed Diet Records

Parents monitored their child’s food and beverage in-
take using a weighed diet diary on the 3 consecutive
days their child wore the CGM (typically including at
least 1 weekend day). Researchers used a study-
specific food diary, reviewed and approved by a re-
search dietitian, who then analyzed the food recall
with the Nutrition Data System for Research (NDSR)
software version 2009 analyses. This dietary analysis
program calculated, in grams, the total carbohydrates,
proteins, and fats for each food item the child con-
sumed. These macronutrients can be further broken
down into more specific categories (i.e., protein from
animals, protein from vegetables, saturated fats, etc.);
however for this study, the various types of carbohy-
drates, proteins, and fats were not examined. NDSR
uses the appropriate nutritional information and food

composition data available at the time of data collec-
tion and is the gold-standard for nutritional analyses.
Families also videotaped their child’s meals at home as
part of the protocol of the larger study. This extra pro-
cedure gave research staff the opportunity to “visually
verify” the food and beverages parents recorded on
the diet diaries and offered additional evidence sup-
porting the validity of the nutritional data parents
reported. In addition, in real-time as research staff col-
lected the diet diaries from families; a research dieti-
tian reviewed the records and contacted families to
verify weights, measures, and foods when she had any
concerns about the accuracy of the diaries.

Continuous Glucose Monitor

Researchers used the Medtronic Minimed CGM
System Gold to measure glucose concentrations over a
continuous 72-hr period. The researchers selected this
device for use in this study because of its wearability
and accuracy in (Gandrud et al., 2007; Patton et al.,
2011). CGMs were blinded to participants for the du-
ration of the study and all participants wore the study
issued CGM. Of note, at the time of data collection,
there was no personal CGM use in children under the
age of 18 years old and the researchers had to get an
Investigational Device Exemption (per Code of
Federal Regulations 812.2[b]) to complete the study.
The study team instructed parents to calibrate the
CGM twice daily, to ensure validity of glucose data.
Once placed just under the skin, this CGM measured
glucose in interstitial fluid every 10s. The device then
related these interstitial fluid glucose measurements,
using a computer driven algorithm, into a mean glu-
cose level every 5 min. The research team calculated
the average and standard deviation of glucose levels in
the 3 hr postmeal to reflect young children’s glycemic
variability. The standard deviation of glucose levels is
a common metric for glycemic variability when utiliz-
ing CGM data (Jung, 2015). Further the standard de-
viation of glucose levels has demonstrated usefulness
in clinical practice for predicting hyperglycemia and
hypoglycemia (Saisho et al., 2015).

Demographic Form

Parents reported descriptive information regarding
their family (e.g. child age, biological sex, family in-
come, and race/ethnicity) at the time of the initial
study visit.

Data Analysis Plan

This study assessed both inter- (i.e., the variability of
responses across participants) and intraindividual vari-
ance (i.e., the variability of an individual’s responses
over time). To model these two sources of variability,
researchers included a grand mean centered and per-
son mean centered independent variable in each
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Table I. Descriptive Information for Participating Families
of Children With Type 1 Diabetes (N=39)

N %
Child sex
Males 20 51.3
Females 19 48.7
Child ethnicity
Caucasian 32 82.1
Non-Caucasian 7 17.9
Child insulin regimen
Pump 25 64.1
Multiple daily injections 14 35.9
Participating parent
Mother 33 84.6
Father 4 10.3
Stepmother 2 51
Parent marital status
Married 30 76.9
Single 3 7.7
Divorced 2 5.1
Separated 4 10.3
Parent education
Some high school 1 2.6
High school graduate 5 12.8
Trade school 2 51
Some college 11 28.2
College graduate 14 35.9
Graduate school 6 15.4
Hollingshead
4-Factor Socioeconomic
Scale
I (lowest level) 2 5.1
I 4 10.3
1 11 28.2
v 14 35.9
V (highest level) 8 20.5
M (SD) Range
Child HbA1c 8.6 mmol/mol 6.9-12.7
(1.34) mmol/mol
Child age 5.08 years (1.13) 2-6 years
Child BMI 17.06 (1.59) 15.10-21.81
Parent age 35.11 years (6.36)  22-50 years

Note. M = mean; SD = standard deviation; BMI = body mass
index.

model. To grand mean center independent variables,
the researchers subtracted the grand mean from each
observation. Then, researchers aggregated the grand
mean centered variable within each participant to
form the interindividual variable. Finally, to form the
intraindividual variable, the researchers subtracted the
between person variable from each observation.

Using SAS PROC MIXED, this study tested three
multilevel models to examine intra- and interindivid-
ual differences between food intake (i.e., carbohy-
drate, protein, and fat) and postprandial glycemic
variability. The researcher used a categorical variable
of meal type (i.e., breakfast, lunch, snacks, and dinner)
as a moderator in the relationship between food intake
and glycemic variability. Each model included HbAlc,
the total grams of the meal, glycemic index, and grams

of fiber as covariates. The research team managed
missing data using full information maximum likeli-
hood estimation (Enders, 2001) with the assumption
that data were missing at random. Each set of analyses
entered time as a linear, random linear, quadratic, and
random quadratic predictor in four separate models,
to explicitly test for the influence of time. Finally, the
researchers conducted nested model comparisons and
determined that a random linear effect of time was the
best fitting model for each set of analyses.

Results

The average child age was 5.08 years (SD = 1.1) and
51% of children were girls. The average glycated
HbA1c for children was 8.6% (SD = 1.34). This mean
is higher than the current American Diabetes
Association (ADA) recommended value of <7.5%
(American Diabetes Association, 2020b), but was only
just above the ADA recommended target of <8.5%
for young children at the time of data collection
(Silverstein et al., 2005). There were no significant dif-
ferences in child age and glycemic levels (HbAlc) for
the families who consented to participate in the proj-
ect versus the families of young children who made up
the respective clinic populations. Further, there was
low variability in body mass index (BMI) across young
children and there were no significant differences
among percentile categories. In the sample, 87% of
BMI values were in classified in the healthy percentile
range. Table I provides additional descriptive informa-
tion regarding the participating families. Average child
carbohydrate, protein, and fat consumption can be
found in Table II, along with average postprandial
glucose levels.

There were no significant differences with regards
to macronutrient consumption and glycemic variabil-
ity across family socioeconomic status, marital status,
and child ethnicity. There was a significant difference
in HbAc for children using insulin pumps (M = 8.27,
SD = 1.25) and those using MDI (M =9.22, SD =
1.33), such that youth using insulin pumps had a
lower HbAlc; #(35) = —2.16, p < .05. There were no
significant differences between macronutrient con-
sumption, or glycemic variability, between youth us-
ing insulin pumps and MDI. Further, there were no
significant associations between HbA1c and each mac-
ronutrient, or between HbAlc and glycemic variabil-
ity. Parents reported administering insulin before the
meal ~75% of the time and administering insulin dur-
ing or after the meal 25% of the time. There were no
significant differences in glycemic variability between
insulin administration before and after the meal.
Table IIT provides the associations of macronutrient
predictors and covariates with glycemic variability as
the outcome.
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Table ll. Average Child Macronutrient Consumption and Postprandial Blood Glucose Levels for Each Meal Type
Amount consumed % calories consumed
M (SD) Range M (SD) Range

Carbohydrate intake

Breakfast 47.32 g (28.67) 3.46-152.34 g 62.08 (17.02) 8.13-84.92

Lunch 51.98 g (28.06) 2.20-171.76 g 48.76 (14.05) 3.99-86.46

Snacks 20.70 g (17.61) 0.00-98.18 g 56.50(28.28) 0.00-100.00

Dinner 51.40 g (31.62) 2.82-179.60 g 43.69 (13.75) 9.13-74.60
Protein Intake

Breakfast 10.09 g (7.05) 0.79-48.00 g 12.80 (4.85) 3.20-27.91

Lunch 17.15 g (12.31) 1.07-90.25 ¢ 15.74 (6.59) 5.59-38.07

Snacks 3.93g(4.76) 0.00-26.06 g 14.29 (21.73) 0.00-100.00

Dinner 21.86 g (24.35) 0.39-243.97 g 19.26 (8.74) 5.27-46.72
Fat intake

Breakfast 9.72 g (9.45) 0.19-48.14 g 25.01 (14.60) 1.68-63.83

Lunch 17.72 g (10.36) 0.46-54.81¢g 35.48 (12.67) 4.71-72.66

Snacks 5.66 g (6.83) 0.00-42.24 ¢ 27.43 (21.06) 0.00-76.87

Dinner 18.88 g (11.16) 0.26-51.47 g 37.00 (12.10) 9.56-67.22
Postprandial BG level

Breakfast 251.64 mg/dl (82.25) 94-400 mg/dl

Lunch 211.27 mg/dl (88.66) 76—400 mg/dl

Snacks 203.33 mg/dl (85.56) 53-400 mg/dl

Dinner 204.55 mg/dl (77.29) 63-385 mg/dl

Note. M = mean; SD = standard deviation; BG, blood glucose. Current International Society for Pediatric and Adolescent Diabetes recom-
mendations suggest that carbohydrates make up 45-50% of the total calories consumed, proteins make up 15-20% of total calories con-

sumed, and fats make up <35% of energy with saturated fats making up <10% (Smart et al., 2018).

The research team first examined unconditional
models in order to calculate the intraclass correlation
coefficient (ICC) which provides an assessment of in-
ter- and intraindividual variability for each variable of
interest. The ICC for glucose was .289, which indi-
cated that 28.9% of the variability in glucose was be-
tween person and 71.1% of the variability was within
person. The ICC for carbohydrates was .203, which
indicated that 20.3% of the variability in carbohy-
drates was between person and 79.7% of the variabil-
ity was within person. The ICC for protein was .114,
which indicated that 11.4% of the variability in pro-
tein was between person and 88.6% of the variability
was within person. Last, the ICC for fats was .049,
which indicated that 4.9% of the variability in fats
was between person and 95.1% of the variability was
within person.

Carbohydrates

Results of the multilevel models indicated that there
was a fixed linear effect for total meal carbohydrate
prospectively associated with postprandial glycemic
variability between individuals. This finding suggests
that the children who ate a greater number of carbo-
hydrates during their meal (B=.31, p<.05) had
higher postprandial glycemic variability, while con-
trolling for total meal grams. Further, there was an in-
teraction between meal type and intraindividual
carbohydrates consumed, such that children who ate a
greater number of carbohydrates for lunch than

typical for themselves (B=.31, p<.05) had higher
postprandial glycemic variability.

Proteins

There was a fixed linear effect for total meal protein
prospectively associated with postprandial glycemic
variability within individuals. This finding suggests
that children who ate more protein than typical for
themselves during their meal (B = —.29, p <.05) had
lower postprandial glycemic variability, while control-
ling for total meal grams. Further, there was an inter-
action between meal type and intraindividual protein
consumed, such that children who ate more protein
for lunch than typical for themselves (p=.59, p <.05)
had higher postprandial glycemic variability.

Fats

There were no significant interactions or linear effects
for inter- or intraindividual fat consumption and post-
prandial glycemic variability.

Meal Type

When the research team assessed meal type indepen-
dent of food consumption, there was a significant as-
sociation for snacks and postprandial glycemic
variability (B = —10.11, p <.05), suggesting lower
glycemic variability following snacks, in general.
There was also a significant association for breakfast
and average postprandial glycemic values (B=47.97,
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Table Ill. Associations of Macronutrient Predictors and
Covariates With Glycemic Variability as the Outcome

Glycemic variability

B (SE) p
Carbohydrates
Fixed effects
Intercept 36.88 (7.05) <.0001
Time —.58(1.27) .65
BP CHO .31 (0.12) .01
WP CHO —.13(0.10) 22
WP CHO*breakfast —.11(0.16) .50
WP CHO*lunch .31 (0.15) .04
WP CHO*snacks .27 (0.14) .06
WP CHO*dinner .16 (0.12) .10

Random effects

Intercept variance 197.36 (77.16) .01

(
Time slope variance 12.68 (8.55) .07
Intercept-time slope covariance —48.39 (24.50) .05
Residual 517.56 (40.93) <.0001
Proteins

Fixed effects
Intercept 41.91 (6.20) <.0001
Time —.60(1.30) .65
BP PRO .52 (0.30) .09
WP PRO -.29(0.12) .02
WP PRO*breakfast —.31(0.36) .38
WP PRO*lunch -.59(0.27) .03
WP PRO*snacks .62 (0.35) .08
WP PRO*dinner .42 (0.25) A2

Random effects
Intercept variance 211.71 (81.64) .01
Time slope variance 14.76 (9.23) .05
Intercept-time slope covariance —53.90 (26.44) .04
Residual 515.71 (40.72) <.0001

Fats

Fixed effects
Intercept 38.67(7.82) <.0001
Time —.43(1.32) .75
BP fats .83 (0.46) .07
WP fats —.40 (0.25) 11
WP fats*breakfast —.25(0.40) .53
WP fats*lunch .58 (0.37) 12
WP fats*snacks .40 (0.37) .28
WP fats*dinner .38 (0.26) .36

Random effects

Intercept variance 202.72 (80.695) .01

(
Time slope variance 14.54 (9.31) .06
Intercept-time slope covariance —52.41 (26.57) .05
Residual 522.44 (41.28) <.0001

Note. SE = standard error; BP = between person; WP = within
person; CHO = carbohydrates; PRO = proteins; Bolded lines
indiacte p < .0S5.

p <.05), suggesting higher mean glucose values fol-
lowing breakfast, in general for all young children.

Discussion

This study examined how inter- (i.e., between child)
and intra-individual (i.e., within child) fluctuations in
carbohydrate, fat, and protein intake impact glycemic

variability in the postprandial period for young chil-
dren with T1D. The results suggest carbohydrate in-
take, and particularly a high intake of carbohydrates,
relates to greater postprandial glycemic variability. In
contrast, the results demonstrated an inverse effect for
protein, suggesting young children who ate more pro-
tein were more likely to have lower postprandial gly-
cemic variability. However, there was also an
interaction between meal type and protein consump-
tion, suggesting higher postprandial glycemic variabil-
ity may follow lunches where young children eat more
protein than typical for themselves. This study builds
upon previous work conducted by Smart et al. (2013)
in older children with T1D. Specifically, their results
suggested that the addition of protein and/or fat to a
carbohydrate meal had no significant difference on
glycemia in the first 3 hr postmeal, but significantly in-
creased glucose between 3 and 5 hr postmeal. In this
study, the results demonstrate a stronger effect for
intraindividual protein consumption during the early
postprandial period in young children with T1D and
highlights the importance of examining these data at
the individual level (vs. group level) in order to model
intraindividual differences in macronutrient consump-
tion in children. The results of this study also point to
the need for more longitudinal research to understand
glycemic data at the individual level in youth with
T1D. Indeed, aggregating glucose data over several
days or an entire study period may miss important glu-
cose patterns made possible for discovery by CGM
devices, while maintaining individual data within a
multilevel framework offers unique information which
psychologists and other diabetes care providers may
use to tailor treatment in children.

The results suggest an interesting pattern related to
meal timing and size. For example, postprandial glyce-
mic variability was greater for children who ate more
protein and carbohydrates, than typical for them-
selves, during lunch. Families consumed their lunch
over a wide span of time in the middle of the day, with
some eating lunch in late morning and some eating in
the late afternoon. It is possible that this difference in
time may have contributed to the large glycemic vari-
ability observed after lunch (Table II). However, spe-
cific to meal size, the study results also suggest that
glycemic variability may be heavily influenced by insu-
lin therapy and the caregivers’ ability to accurately es-
timate mealtime insulin requirements. For example,
the results suggest higher glycemic variability when
children with T1D consumed larger meals than typi-
cal, regardless of meal composition, indicating parents
may have experienced more difficulty estimating insu-
lin needs for larger meals. Previous research in families
of older youth have shown that both parents and
youth have more difficulty estimating carbohydrate
content for larger meals versus smaller meals and
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snacks (Smart et al., 2010). Therefore, the results of
this study appear to extend these results to families of
young children as well. Interestingly, in this study,
researchers found that snacks were generally associ-
ated with lower glycemic variability and demonstrated
the lowest variability in the amount of carbohydrate,
protein, and fat young children consumed. It is possi-
ble that the low variability in carbohydrate, protein,
and fat content in children’s snacks combined with the
number of snacks children consumed during the day
aided in relatively tight glycemic levels for the young
children in this study.

Consistent with previous findings (Patton et al.,
2013) there is newer evidence suggesting that young
children with T1D continue to fall short of meeting
nutritional recommendations regarding macronutrient
consumption (Mackey et al., 2020). Further, there is
evidence that children with suboptimal glycemic levels
report higher carbohydrate intake while those with
more optimal glycemic levels report higher protein in-
take at breakfast (Mackey et al., 2020). However,
these previous studies examined overall group means
and proxies for glycemic control (i.e., child HbAlc),
while this study examined individual variation in mac-
ronutrient intake and glycemic variability. Therefore,
the researchers assert that this study builds upon these
previous studies by adding a level of detail to the evi-
dence that can better inform pediatric psychologists
and other clinic-based educators on how to approach
individual counseling with parents regarding feeding
behavior and insulin administration, two cornerstones
of T1D self-care.

Although not included as a variable in this study,
problematic child mealtime behavior (i.e., low appe-
tite, picky eating, tantrums) can also pose an impor-
tant challenge to optimal child nutrition intake and be
a common referral concern for pediatric psychologists.
Specific to young children with T1D, previous studies
reveal associations between child nutrition, child
mealtime behavior, and child picky eating (Patton
et al., 2013). Moreover, the literature in families of
young children with T1D reveals significant positive
associations between child disruptive mealtime behav-
iors and their average daily glycemic levels (Patton
et al., 2006). What is not yet known is how child dis-
ruptive mealtime behaviors may influence glycemic
variability beyond the potential influence of the meal’s
macronutrient composition. However, the results of
this study suggest that behavioral interventions should
also consider the nutritional make up of children’s
meals and the fluctuations in postprandial glucose lev-
els that children may experience based on their intake
of carbohydrate, protein, and fat during their meals.

The results of this study have important implica-
tions for parent education and glycemic control. Some
evidence suggests that insulin dosing based on

carbohydrate, fat, and protein grams could lead to
lower postprandial glycemic levels than conventional
carbohydrate counting (Bell et al., 2015; Kordonouri
et al., 2012). Although most of the available literature
draws from adult samples, this study is one of the first
to report on the effect of person-level macronutrient
consumption on glycemic variability in young chil-
dren. This study results suggest that protein consump-
tion is an important consideration when aiming for
optimal glycemic levels for some meal types.
Therefore, in working with families of young children
who are struggling with glycemic variability and sub-
optimal glycemic levels, it is possible that a pediatric
psychologist could help by offering updated nutri-
tional education so that parents would have adequate
knowledge to consider whether adding protein to their
child’s meals could help with reducing their child’s
glycemic variability and meeting their child’s glucose
target.

There is evidence of at least one parent interven-
tion, targeting nutrition education, food shopping,
and meal preparation in families of young children
with T1D which found that this education led to a de-
crease in children’s mean daily glucose values (Patton
et al., 2014). This intervention was designed and deliv-
ered by pediatric psychologists in collaboration with
clinic-based educators, suggesting that families of
young children with T1D may be receptive to learning
about their child’s nutrition from multiple professio-
nals. However, beyond that, the authors would assert
that pediatric psychologists are in the unique position
to deliver education and intervention that may focus
on diet and food intake because their training teaches
them to consider individual, family, and physiological
factors that can impede disease management.
Furthermore, psychologists have the training and ex-
perience to assess for barriers related to parent and
child mood or behavior and to intervene with motiva-
tional interviewing strategies, cognitive-behavioral
therapy, problem-solving and goal-setting, or behav-
ioral parent training to help reduce the impact of these
barriers.

This study has particular strengths worth noting.
First, the intraindividual level of analyses provides
more information about the individual child regarding
the relationships examined than traditional statistical
approaches can offer. Second, the real-time glucose
measurement via CGM during the postprandial period
provides a highly specific picture of glycemic variabil-
ity that would otherwise be missed by self-monitoring
blood glucose data or HbAlc. There are, however,
some limitations to acknowledge when conceptualiz-
ing the results. First, the current study is limited by a
small sample size. Although a small sample size is a
common limitation for most studies recruiting young
children in T1D (Mackey et al., 2020; Seckold et al.,
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2019), nonetheless here, the small sample and homo-
geneous demographic make-up of the children limits
the ability to generalize the results to young children
from other ethnic or racial groups or children who
may still be on a conventional insulin regimen, even
though the American Diabetes Association recom-
mends that most children with T1D use intensive insu-
lin therapy (American Diabetes Association, 2020a).
Second, in the larger study there was no way to evalu-
ate the accuracy of parents’ insulin dosing without
moving the study outside of the home environment.
Unfortunately, this means that if parents had difficulty
dosing for insulin at a meal or purposefully adminis-
tered a low dose of insulin for a meal, these dosing
decisions, or the intermittent use of extended or
delayed insulin bolusing could impact the some of the
variability observed in children’s postprandial glyce-
mia independent of the nutrient content of the meal.
Along this same notion is a potential Hawthorne ef-
fect. Parents may have misreported portion size of
meals or snacks during the day because they knew
they were being studied, which could impact the inter-
nal validity of their data. Third, CGMs do not mea-
sure glucose values over 400 mg/dl. Therefore, it is
possible that the glycemic variability observed in this
study may be an underrepresentation of the true post-
prandial glycemic range children experienced.
However, clinically speaking, because diabetes care
teams would consider all glucose values above
250 mg/dl to be very high (Battelino et al., 2019) and
would provide similar treatment recommendations for
values above 250 or 400 mg/dl (i.e., monitor ketones,
increase blood glucose monitoring), we anticipate any
impact device limitations may have had on our analy-
ses to be minor. Related, due to the evolving nature of
diabetes technology, there may be a limitation specific
to the CGM model used in the current study.
Although there is no evidence to suggest that these
CGMs failed to provide accurate glucose data, future
studies may consider examining similar relationships
in newer devices that can provide a longer observation
period (e.g., 7-10days) as well as real-time data on
child glycemic levels. Fourth, this study did not in-
clude a measure of physical activity. Young children
who were physically active before or during the post-
prandial period may have experienced less glycemic
variability. A child could be more insulin sensitive as a
result of exercise versus their nutrient intake. While
parents were asked to record physical activity on the
diet diaries, it was not clear that all parents did this
and children did not wear an accelerometer to objec-
tively measure their physical activity levels. Last, this
study examined glycemic variability in a 3-hr post-
prandial period; however, both fats and proteins can
impact glycemia beyond a 3-hr period. Therefore, the
longer-term impact of fat and protein intake on young

children’s glycemia outside of the immediate postpran-
dial period remains unknown.

Conclusion

The results of this study suggest a clear pattern regard-
ing the average amount of macronutrients a young
child consumes and their postprandial glycemic vari-
ability. If young children consume a similar amount of
proteins and carbohydrates per meal, it is possible that
they may experience a greater likelihood of lowering
their glycemic variability postmeal. Future studies
should consider examining additional macronutrients
and micronutrients in a larger sample of children.
Further, it would be helpful to understand how physi-
cal activity influences this relationship since other
studies (Leclair et al., 2013) have shown a link be-
tween glucose values and exercise in other persons
with T1D. The findings from this study have impor-
tant clinical implications for pediatric psychologists.
Specifically, the results suggest that psychologists
working with families of youth with T1D may con-
sider counseling parents of young children on not just
if or how much their child eats, but what their child
eats for their meals and snacks. This broader perspec-
tive of child feeding/eating as a self-care behavior may
help augment what pediatric psychologists already
provide with respect to counseling and behavioral par-
ent training for mealtimes.
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