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Abstract

Background: Low-calorie sweeteners (LCSs) provide sweetness without sugar or calories and
are used to replace added sugars by many children with type 1 diabetes (T1D). However, the role
of LCSs in diabetes management and cardiometabolic health is unclear.

Obijective: The Diabetes Research in Kids Study (DRINK-T1D) study aims to investigate effects
of LCS restriction on glycemic variability, visceral adiposity, lipid profiles, and systemic
inflammation among children 6-12 years old with T1D.
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Methods: Children with T1D, who report habitual consumption of foods and beverages
containing LCSs, are recruited from the Washington Nationals Diabetes Care Complex (DCC) at
Children’s National Hospital (CNH) in Washington, DC. Following a phone screening and two-
week run-in period involving continuation of usual LCS intake, children are randomized to 12
weeks of LCS restriction (replacement of diet beverages with still or sparkling water and
avoidance of other sources of LCSs) or continued usual LCS intake (control). The primary
outcome is the difference in change in glycemic variability in the LCS restriction group versus the
control group. Change in glycemic variability will be assessed as the difference in daily average
time-in-range (TIR), measured using continuous glucose monitoring (CGM) during two weeks at
the end of the 12-week intervention, compared with during the two-week run-in period prior to
randomization. Participants also complete a variety of anthropometric, metabolic, dietary, and
behavioral assessments throughout the 14-week study.

Conclusions: DRINK-T1D is an innovative, randomized controlled trial, evaluating effects of
LCS restriction on glycemic variability and cardiometabolic health in children with T1D. Findings
of DRINK-T1D will support or challenge the common practice of recommending LCS use in this
patient population and will have clinically relevant implications for pediatric T1D management.

Keywords

diet soda; artificial sweeteners; pediatrics; type 1 diabetes; glycemic control

Introduction

Type 1 diabetes (T1D) is a lifelong metabolic disorder that affects 1 out of every 500
children in the United States annually [1]. Children diagnosed with T1D before the age of
ten are at 11 times higher risk of cardiovascular disease (CVD), six times higher risk of
stroke, and most notably, 31 times higher risk of coronary heart disease and myocardial
infarction, compared with similar-aged children without T1D [2]. Furthermore,
cardiometabolic perturbations, including abnormalities in circulating inflammatory
cytokines, are observable in children with T1D despite their young age [3]. As demonstrated
in the SEARCH cohort [4], a common strategy for T1D management is replacement of
added sugars with low-calorie sweeteners (LCSs), which provide sweetness without calories
and at a reduced glycemic load [5]. However, effects of LCSs on glycemic control and
cardiometabolic health are controversial [6], and while use of LCSs instead of added sugars
reduces beverage calories and sugar content, this replacement may paradoxically worsen
glycemic variability and exacerbate cardiometabolic health.

While LCSs do not acutely raise blood glucose when administered alone, LCSs are
metabolically active in humans [7, 8]. For example, sucralose reduces estimated insulin
sensitivity [9] and dysregulates inflammatory pathways in adipose tissue in humans [10],
accelerates intestinal glucose absorption in rodents when consumed with caloric sugars [11],
and promotes glucose intolerance [12] and metabolic dysfunction [13] in mice, which may
be induced via effects on gut microbiota [12-14]. Alterations of the gut microbiota and
elevated fasting glucose levels [15] have also been reported in rodents following prolonged
exposure to aspartame. Furthermore, incubation of human mesenchymecal stem cells with
sucralose at clinically relevant dosages upregulates expression of glucose transporter genes,
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and markers of fat accumulation, inflammation, and oxidative stress [16, 17]. This is
alarming because inflammation and hyperglycemia drive elevations in cardiometabolic risk
in children with T1D [18] and positive associations between LCS consumption, metabolic
syndrome [19, 20], CVD [21], and stroke [21, 22] are consistently reported in observational
studies in adults without diabetes. These findings are particularly concerning for patients
with T1D, who already struggle with glycemic variability and are at heightened CVD risk.
However, in the absence of conclusive evidence demonstrating adverse effects of LCS on
cardiometabolic risk factors, LCS consumption continues to be encouraged for pediatric
T1D management.

1.1 Scientific premise

While the use of LCSs in place of added sugars reduces the calorie and sugar content of
foods and beverages, this replacement may paradoxically worsen glycemic variability and
cardiometabolic health among already at-risk children with T1D. This is particularly
concerning because hyperglycemia and inflammation play a key role in accelerated CVD
onset in T1D [18]. Meanwhile, little is known about effects of LCSs in children [5, 23], and
the role of LCSs specifically among children with T1D is severely understudied.

1.2 LCSrestriction

Because many children with T1D already consume LCSs, conducting a trial where children
are assigned to consume LCSs is challenging. Further, a growing body of predominantly
preclinical evidence suggests that LCS consumption may counterintuitively exacerbate
cardiometabolic health [6], and thus, provision of LCSBs may induce unintended harm
among children with T1D, who are already at elevated risk for development of
cardiometabolic disease [24]. We are therefore investigating effects of LCS restriction
among those who habitually consume LCSBs (the predominant contributors to LCS intake
among children [25]). To our knowledge, the Diabetes Research in Kids (DRINK-T1D)
study is the first to examine effects of LCS restriction on glycemic variability, visceral fat,
lipid profiles, and systemic inflammation in metabolically-vulnerable children with T1D.

1.3 Study aims and hypotheses

DRINK-TAD is intended to serve as an initial step in elucidating the role of LCSs in
cardiometabolic health among children with T1D. The study aims are as follows. Aim 1: To
examine the effects of replacement of usual LCSB consumption with unsweetened still or
seltzer water for 12 weeks on glycemic variability. Aim 2: To examine the effects of
replacement of usual LCSB consumption with unsweetened still or seltzer water for 12
weeks on visceral adiposity, lipid profiles, and systemic inflammation. Aim 3: To examine
the feasibility and acceptability of the DRINK-T1D intervention, in which children with
T1D are asked to replace LCSB consumption with unsweetened alternatives and avoid other
sources of LCSs (e.g., LCS-containing foods, condiments, and packets) for 12 weeks. We
hypothesize that average daily time in the target glycemic range (TIR) will be increased and
HbA1c reduced after 12 weeks of LCS restriction, compared with after 12 weeks of usual
LCS consumption. We further hypothesize that visceral adiposity and circulating
concentrations of inflammatory biomarkers will be reduced, and lipid profiles improved, in
the intervention (LCS restriction), compared with the control group (usual LCS intake). The
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primary study outcome is the difference in change in glycemic variability in the LCS
restriction group versus control, at the end of the 12-week intervention compared with
before the intervention. Secondary outcomes include hemoglobin Alc (HbA1C),
inflammatory cytokines (C-reactive protein (CRP), tumor necrosis factor alpha (TNF-alpha),
interleukin-6 (IL-6)), lipid profiles (triglycerides (TG), low-density lipoprotein (LDL), high-
density lipoprotein (HDL), free fatty acids (FFA)), and visceral adiposity (\VAT), as well as
intervention feasibility, acceptability, and adherence to LCS restriction. The study aims,
hypotheses, and outcomes are summarized in Table 1 below.

2. Research Design and Methods

The DRINK-T1D study is a two-arm, parallel group, RCT, of 12 weeks duration (Figure 1).
After two weeks of usual LCS intake (“run-in period”), children with T1D are randomized
to replace their usual LCSB intake with unsweetened still or seltzer water and avoid other
sources of LCSs, or to continue their usual LCS consumption, for 12 weeks.

This study is registered on ClinicalTrials.gov (NCT0438588). The Institutional Review
Board (IRB) at Children’s National Hospital (CNH) reviewed and approved the study
protocol. All participants provide informed consent (parent) and assent (child) prior to
beginning the study procedures.

2.1. Study population

The target sample size is 60 children with T1D, 6-12 years of age, seen in the Washington
Nationals Diabetes Care Complex (DCC) at Children’s National Hospital (CNH) in
Washington D.C. Children are eligible if they are: (1) between the ages of 6 and 12 years
old; (2) have had physician-diagnosed T1D for at least 12 months; (3) have reliable phone
and internet access; (4) are seen for their T1D at CNH or CNH-affiliated satellite clinics; (5)
use a DEXCOM™ continuous glucose monitor (CGM) and (6) report usual consumption of
at least 12 ounces of LCSBs, sweetened with either sucralose (with or without acesulfame-
potassium (ace-K)) or aspartame in combination with ace-K, on most days of the week (=5
days/week). Exclusion criteria also include use of medications impacting cardiometabolic
outcomes, other than insulin. The 6-12-year-old age range was selected because school-aged
children consume LCSBs more frequently than younger children, and also have more
parental oversight compared with adolescents, which is likely to facilitate intervention
adherence. In addition, most females 6-12 years have not yet reached menarche, minimizing
the likelihood of confounding by the menstrual cycle.

Children who report consumption of foods with LCS (e.g. sugar-free ice cream) or
condiments with LCS (e.g. sugar-free syrup) are included, but are instructed to avoid
consumption of these products for 12 weeks if randomized to LCSB restriction. This is
because frequent ingestion of LCS from non-beverage sources would confound assessment
of changes in the study outcomes. Children reporting consumption of LCS packets
containing sucralose (e.g. Splenda™) or aspartame + ace-K (e.g. Equal™) are included,
because packets are typically added to beverages and their consumption among children is
generally low (<1%) [26].
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2.2. Recruitment and screening

A trained research assistant (hereafter RA) at CNH (HRM) reviews clinic schedules on a
weekly basis, and identifies potentially-eligible children, based on review of electronic
medical records. A recruitment letter with study information is mailed to the potentially
eligible child’s parent/guardian (hereafter parent). Approximately one week later, a RA
(HRM or JHK) calls the parent to confirm receipt of the letter and gauge initial study
interest. If the parent expresses interest, the RA (HRM or JHK) administers a brief LCS
screener questionnaire and study eligibility checklist. While recruitment has taken place
primarily virtually, due to the COVID-19 pandemic, the above-described recruitment and
screening procedures (e.g., confirmation of letter receipt, determination of eligibility) may
also take place in-person in the clinic waiting room.

2.3. Randomization and study intervention

Participants are randomly assigned to either LCS restriction (intervention group) or
continuation of their usual LCS intake (control), for 12 weeks. One-to-one block
randomization, stratified by the type of LCSBs habitually consumed (sweetened with either
sucralose or aspartame + ace-K) is used to assign children to the intervention or control. A
stratified randomization approach is used because different LCSs are likely to have different
cardiometabolic effects. Parents of children randomized to the intervention (LCS restriction)
are given a brochure on avoiding LCSs, which includes a list of specific foods and beverages
containing LCSs. The child is also provided with several varieties of still and seltzer water
samples to take home, in order to encourage adherence. Children randomized to the control
group do not receive information and resources for avoiding LCSs. Rather, children in the
control group are instructed to continue their usual LCS intake, consistent with standard
clinical guidance provided by dietitians in the DCC, and are given a variety of sample
LCSBs.

In both groups, participants and their parent undergo a brief, 20-minute, counseling session
with a RA (HRM). During the session, the RA provides guidance on general healthy eating
strategies, consistent with standard dietary guidance provided by the dietitians at CNH, as
well as randomization-specific instructions to avoid or continue usual LCS intake.

2.4. Data collection schedule

A schedule of study procedures is shown in Table 2. Participants attend four study visits
throughout the 14-week study: a virtual, enroliment visit conducted via Zoom™; an in-
person, baseline visit at CNH (prior to randomization); a virtual, mid-intervention booster
visit via Zoom™; and, an in-person, follow-up visit at CNH (end of intervention week 12).
In addition, participants complete a variety of remote assessments at pre-determined
timepoints throughout the study, including CGM, daily electronic questionnaires, and photo-
assisted food records.

2.4.1 Enrollment visit—During the enrollment visit, informed consent and assent are
obtained electronically, after which, the parent is asked to complete several questionnaires
via RedCap™. Questionnaires include the Diabetes Self Care Inventory (SCI)[27], Patient
Reported Outcomes Measurement Information System — Physical Activity survey
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(PROMIS-PA)[28], and a survey pertaining to how COVID-19 has impacted the child’s
diabetes management. In addition, a detailed LCS intake questionnaire is administered by
the RA (HRM or JHK). Following questionnaire completion, the parent is provided with
instructions for completing the electronic beverage survey (Table 3), which is sent via email
or text message (per participant preference) each day throughout the study. The daily
beverage survey is used to assess the child’s beverage intake during the two-week run-in
period and monitor adherence throughout the 12-week intervention.

At the end of the enrollment visit, participants are instructed to continue their usual LCS
intake and CGM use until their baseline visit. The baseline visit is scheduled for at least two
weeks later, to allow for 14 days of CGM data collection prior to randomization. Participants
are also instructed to complete a photo-assisted, 7-day, food record during the week prior to
their baseline visit (see Measures), for which the RA provides detailed verbal instructions.
The child and their parent are also provided with child- and parent-oriented food record
completion instructions and a fillable electronic food record form.

2.4.2. Baseline Visit—Participants are scheduled for a baseline visit in the Clinical
Research Unit (CRU) at CNH. The child’s height, weight, and vital signs are measured by a
trained pediatric research nurse using standard procedures, and a spot urine sample is
collected for measurement of urinary LCS concentrations. Next, the child’s CGM data for
the two weeks prior are downloaded by the RA (HRM) using the DEXCOM Clarity™
software package. A fasted blood draw is performed by the research nurse, using standard
venipuncture procedures. A subset of participants (n=30) also undergoes dual X-ray
absorptiometry (DXA) for assessment of visceral adiposity, which is performed by a trained
radiology technician at CNH. The subset is determined by asking each participant if they are
interested in having DXA, until a sample of 15 participants in each randomized treatment
group (n=30 total) undergoes DXA at both baseline and 12 weeks. Following the blood draw
(and DXA, as applicable), participants are randomly assigned to either LCS restriction
(intervention group) or continuation of usual LCS intake, for 12 weeks. Treatment-group
specific counseling on avoiding LCSs or continuing usual LCS intake is provided by the RA
(HRM), and children randomized to the LCS restriction group are provided with sample
carbonated and still water beverages to take home, along with a brochure containing
additional guidance for avoiding LCSs. The parent is instructed to continue completion of
the daily electronic questionnaires throughout the intervention and is also asked to complete
a second photo-assisted food record over the next 7 days, in order to monitor the child’s
dietary intake during the first week of the intervention period. Food record instructions
provided at the enrollment visit are reinforced and the parent is provided with additional
instructions and food log forms, if necessary. The parent is also provided with a folder
containing randomization-specific reminders and a bag containing materials for collecting a
mid-intervention (week 6) urine sample at home and returning it, by mail, to the study team.

2.4.3 Mid-intervention booster visit—During week 6, the child and their parent
attend a virtual, mid-intervention booster visit, which takes place via Zoom™. During the
booster visit, a RA (HRM or JHK) reinforces treatment group specific instructions, per the
child’s randomization. The parent is reminded to return their child’s mid-intervention spot
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urine sample by mail (for the purpose of monitoring adherence), if they have not done so
already, using pre-paid shipping materials provided by the study team. Participants are also
reminded to complete a third (mid-intervention, week 6) photo-assisted 7-day food record,
using the instructions and food record forms previously provided.

2.4.4 Follow-up visit—At the beginning of week 12, a RA reminds the participant to
complete their final, photo-assisted, 7-day, food record, prior to returning to CNH for their
follow-up visit, which is scheduled at the end of that week, and at approximately the same
time of day as their baseline visit. The child’s height, weight, and vital signs are again
measured, another spot urine sample is provided, and a second fasted blood sample is
collected, identical to at baseline. Children who underwent DXA at baseline have a second
DXA scan, and their CGM data are again downloaded by the RA using the DEXCOM
Clarity™ software.

The parent is then asked to complete a 5-minute satisfaction survey about the acceptability
of the study, and children randomized to LCS restriction (intervention group) are
purposefully sampled and asked to complete a 20-minute qualitative interview, together with
their parent. Qualitative interviews, approximately 20 minutes in duration, are conducted by
the Pl (ACS) using a semi-structured interview guide. Questions focus on children’s and
parents’ experiences with LCS restriction, as well as aspects of the intervention that were
most challenging. Interviews are audio-recorded to facilitate accurate transcription for
analysis.

2.5 Measures

2.5.1 Questionnaires—At the enrollment visit, the parent also completes several
questionnaires including: a brief demographic questionnaire to obtain information on the
child’s sex, race/ethnicity, and family income; the Patient Reported Outcomes Measurement
Information System — Physical Activity survey (PROMIS-PA) [28], which is a 4-item
parent-report of their child’s physical activity; a COVID-19 survey developed by
investigators at CNH to examine the impact of the pandemic on children’s diabetes
management and overall family functioning; and, a LCS intake survey developed by the
research team, which assesses the child’s usual intake of LCS from beverages, foods,
condiments, and packets. The parent also completes the SCI [27] a 14-item child and parent
report measure of adherence with diabetes self-care behaviors, at both the enrollment and
follow-up visits, in order to determine whether effects of LCS restriction differ based on
adherence to diabetes self-care.

2.5.2 Glycemic variability—Participants are instructed to continue wearing their
personal DEXCOM G6™ CGM throughout the study. CGM data are recorded every 5 min
for up to 14 days with DEXCOM G6™, and no calibration is needed. CGM data are used to
calculate average daily “time in range (TIR),” over the 14 days prior to baseline
assessments, and during the final two weeks of the 12-week intervention. HbAlc is also
measured at baseline and 12-week follow-up as an additional measure of glycemic control
(see Laboratory analyses in section 2.5.4 below).
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2.5.3 Dietary intake—Participants are instructed to complete photo-assisted 7-day food
records during four specific weeks throughout the study. The first is the week prior to their
baseline visit. The other three are during weeks 1, 6 (mid-intervention), and 12 (follow-up)
of the intervention. The parent is instructed to provide a detailed record of all foods and
beverages consumed by the child for 7 days, including portion sizes and brand information,
and is asked to submit photos of each eating occasion via email or text message. Detailed
written instructions for food record completion are provided to both the child and parent and
include guidance for estimating portion sizes, and reminders to specify portion sizes and
brand names, as well as to provide the corresponding photos.

2.5.4 Laboratory analyses—Urinary sucralose and ace-K are measured using liquid
chromatography-mass spectrometry (LC-MS) by the Clinical Mass Spectrometry Laboratory
at the National Institutes of Health (NIH). Assays are performed with an Acquity I-Class
UPLC (Waters, Milford, MA, USA), coupled with a Q-Exactive MS (Thermo Scientific,
Waltham, MA, USA). Blood samples are centrifuged at 4°C and the whole blood, plasma,
and serum are sent to LabCorp for assessment of cardiometabolic outcomes, including
HbAlc, CRP, IL-6, TNF-alpha, TG, LDL, HDL, and FFA, or stored at —80 degrees Celsius
for future analyses. Assays for all cardiometabolic outcomes are conducted using
commercially available assay kits and standard LabCorp (a large, nationwide, commercial
laboratory) procedures.

2.5.5 Visceral adiposity—Dual X-ray absorptiometry (DXA) is performed by trained
radiology technician, using a Hologic Horizons (Hologic, Inc.) DXA machine, and used to
determine whether LCS restriction affects VAT. Total fat (g), lean mass (g) and fat mass in
specific regions (e.g., legs, trunk) are recorded and visceral adiposity mass (g), volume
(cm3) and area (cm?) are calculated using the Apex 5.6.0.4 software program provided by
Hologic, Inc.

2.5.6 Adherence—Adherence will be assessed using several approaches. The primary
method of assessing adherence will be using electronic questionnaires sent to the parent
daily via text message or email (per participant preference) each evening throughout the
study. Intervention adherence will also be monitored objectively through collection of spot-
urine samples for measurement of LCS concentrations at baseline (in-person at CNH),
during week 6 (urine sample collected at home and mailed to research team) and week 12
(in-person at CNH), which will allow for verification of the self-reported adherence data
collected using daily electronic questionnaires. If discrepancies between the objectively
measured (urinary LCS concentrations) and self-reported (daily questionnaires) data are
identified, adherence will be further assessed using 7-day photo-assisted food records, which
are completed electronically and emailed to the study team, during the week before and after
baseline, as well as during weeks 6 (mid-intervention) and 12 (follow-up) of the
intervention. Participants who are having difficulty with adherence are contacted by the RA,
who suggests potential strategies for increasing adherence. Strategies for encouraging
adherence are also discussed in detail with the child and their parent during the virtual, mid-
intervention (week 6), booster visit.
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2.6. Data analyses

2.6.1 Sample Size—Our primary outcome is the difference in change in glycemic
variability in the LCS restriction group versus in the control group, calculated as difference
in average daily TIR in weeks 11 and 12 (end of intervention period) compared with during
the two-week run-in prior to randomization. Because no prior study has assessed glycemic
variability before and after LCS restriction, we powered our study using changes before and
after LCS consumption [12] in seven volunteers consuming saccharin (equivalent to 4-5 diet
sodas per day) for 1 week. Based on this effect size (1564 + 1852 (mg-dL-120 mins)~1
increase in glucose AUC post-LCS versus baseline), 13 participants per group provides 80%
power to detect differences in glycemic control before and after LCS restriction versus
control. Conservatively accounting for 20% attrition and the observation that only 60% (4 of
7) of participants in the prior study responded to LCS [12], 48 participants are needed to
complete the analyses. However, because prior studies conducted in this patient population
have generated 70-80% usable CGM data [29], we conservatively plan to enroll a total of 60
participants (n=30 per group).

2.6.2 Cardiometabolic outcomes—Data for all cardiometabolic outcomes, including
CGM and laboratory assays are extracted by a RA from the DEXCOM Clarity™ or
laboratory reports, respectively, and entered into RedCap™. Given the large volume of
CGM assessments, missing data are likely, and the maximum number of days of glycemic
data will be used without imputation. However, multilevel generalized linear modeling
(required for analyses detailed below) is good at handling missing data and does not require
the same number of observations per person. Univariate analyses are used to assess the
distribution of all outcomes. All analyses are conducted using SAS 9.4 using an a-level of
0.05 (two-sided). Bivariate associations will be examined using odds ratios, chi-squared,
boxplots, mean differences, and ANOVA, as appropriate. We will identify and validate
outliers and non-parametric tests will be used for non-normal data. By establishing strengths
of associations and highlighting irregular data, descriptive analyses will inform more
complex models. To account for repeated measures within individuals, multilevel
generalized linear models, with random subject intercepts will be used, to account for
similarity of repeated observations taken from an individual. Analyses of all cardiometabolic
outcomes will be performed using an intention to treat (ITT) approach. Adherence is
computed as proportions, based on daily electronic questionnaires. Proportions will reflect
the number of days in which participants consumed or avoided LCS, per their
randomization, based on daily electronic questionnaires. Measures of adherence and
assessments at enrollment, including age, sex, race/ethnicity, weight status, type and amount
of usual LCS intake, and SCI scores, will be included as covariates in all models assessing
responses to LCS restriction versus control. We will also conduct sensitivity analyses
excluding participants with < 50% reported adherence.

2.6.3 Feasibility and acceptability—Rates of recruitment, enrollment, and completion
will be used to examine feasibility. To assess acceptability, attrition is examined, and
qualitative interviews are conducted at follow-up to probe for acceptability, feasibility, and
situations where adherence was challenging. Qualitative interviews are transcribed, and
subsequently coded by two coders. The two coders independently code a subset of the
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transcripts using the NVivo Pro software package (version 12; QSR International, Inc.;
Burlington, MA, USA) and then create a shared codebook. New codes are added as they
emerge, in order to develop the final codebook. Transcripts are then reviewed by the PI to
ensure that coding of all transcripts is in accordance with the final codebook. Any
discrepancies between coders are discussed until consensus is reached or the disagreement is
resolved by a third team member, as necessary. The two coders independently identify
preliminary emergent themes and subthemes, which are then discussed with a third team
member. Themes and subthemes are further organized and refined, and quotations
representative of each theme and subtheme are then selected.

The risks associated with the study procedures, including LCS restriction, CGM, blood
draws, urine sample collection, DXA, dietary data collection, qualitative interviews, and
questionnaire completion, are considered to be minimal, and do not exceed the exceed the
risks encountered in routine medical procedures or in usual activities of daily life. The PI
(ACS), study physician (FRC), and an independent data safety officer monitor adverse
events. Adverse events are any untoward medical occurrences in participants undergoing a
study-related procedure and believed reasonably to be caused by a study-related procedure.
Adverse events are reviewed upon completion of each study participant and are classified as
follows, with respect to the likelihood that they are related to the intervention or study
procedures: definite, probable, possible, unlikely, or unrelated. Any adverse events identified
are then graded based on their severity.

3. Discussion

DRINK-T1D is an ongoing RCT comparing a novel LCS restriction intervention with
continuation of usual LCS intake among already metabolically-vulnerable children with
T1D. LCSB intake has been previously reported to be associated with higher HbAlc and
plasma triglycerides in children with T1D [4], yet no prior intervention study has
investigated effects of LCS on cardiometabolic risk factors in this patient population.
DRINK-T1D is the first study to examine effects of LCS restriction on cardiometabolic
outcomes including glycemic variability, visceral fat, lipid profiles, and systemic
inflammation. Given that reliance on LCSs is widespread among children with diabetes,
results of DRINK-T1D are likely to have high clinical and public health relevance.

A growing and compelling body of preclinical evidence [17, 30, 31] and human
observational [21, 32] and intervention [9, 33] studies demonstrate that LCS consumption
may paradoxically increase cardiometabolic risk factors [34]. Meanwhile, the majority of
RCTs investigating LCS effects on cardiometabolic health to date have been conducted in
adults, and most focus on changes in body weight and adiposity [34]. Few RCTSs have
specifically evaluated LCS effects in individuals with an existing cardiometabolic disease,
and the evidence surrounding cardiometabolic effects of LCS consumption in children is
particularly scarce. As a result, scientific organizations including the American Heart
Association (AHA) [35] and American Academy of Pediatrics (AAP) [36] have recently
cautioned against use of LCSs among children; yet, LCSs, and specifically LCSBs, continue
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to be advised for pediatric TLD management. It is paramount to rigorously investigate the
relationship between LCS consumption and cardiometabolic risk factors in this already at-
risk patient population.

4. Strengths and Limitations

A key strength of our study is assessment of intervention adherence using both objective
(urinary LCS concentrations) and self-report (questionnaires) approaches. While collection
of urine samples at three timepoints does not provide comprehensive information about
participants’ LCS intake throughout the study, urine LCS concentrations will allow us to
verify the self-reported data collected. Another important strength of our study is collection
of photo-assisted 7-day food records. Despite inherent limitations of self-report dietary
assessment [37], collection of photographs will improve accuracy and provide detailed
information on children’s diets prior to randomization, and at several timepoints throughout
the intervention. Another important limitation is that the participants and intervention staff
are not blinded to treatment allocation. However, the outcome assessors are blinded and
measures of cardiometabolic outcomes (e.g., CGM data, laboratory assays) are objective.
Furthermore, participants in both groups receive identical intervention content, except for
whether to avoid or consume LCSs. Finally, although the time commitment required for
study completion is significant, the use of mobile technologies for data collection reduces
participant burden and facilitates maintenance of frequent contact with participants
throughout the study, in order encourage adherence and enhance retention.

5. Conclusions

Findings of DRINK T1D are expected to justify or challenge the standard practice of
encouraging LCSB use among children with T1D. This and future studies will have
significant impacts on clinical diabetes management, and will inform how nutritional
guidance is delivered at the time of T1D diagnosis and over the course of clinical care.
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Figure 1. Overview of the study design
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In DRINK-T1D, children with T1D are randomized to replace their usual LCSB intake with
unsweetened still or seltzer water and avoid other sources of LCSs, or to continue their usual
LCS consumption, for 12 weeks. Glycemic variability is monitored using continuous
glucose monitoring (CGM) during a 2-week run-in period, prior to randomization, and for 2-
weeks at the end of the 12-week intervention. Participants are also instructed to complete
detailed, 7-day photo-assisted food records (FR) at four time points throughout the study.
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Aim

Hypothesis

Outcomes of Interest

Aim 1: To examine the effects of replacement of
usual LCSB consumption with unsweetened still
or seltzer water for 12 weeks on glycemic
variability.

Hypothesis 1: Average daily time in the target
glycemic range (TIR) will be increased and HbAlc
reduced after 12 weeks of LCS restriction,
compared with after 12 weeks of usual LCS
consumption.

Glycemic variability
HbA1lc

Aim 2: To examine the effects of replacement of
usual LCSB consumption with unsweetened still
or seltzer water for 12 weeks on visceral
adiposity, lipid profiles, and systemic
inflammation.

Hypothesis 2: Visceral adiposity and circulating
concentrations of inflammatory biomarkers will be
reduced, and lipid profiles improved after 12 weeks
of LCS restriction, compared with after 12 weeks of
usual LCS consumption.

Visceral adiposity

Inflammatory cytokinesl (CRP,
IL-6, TNF-a)

Lipid profilesZ(TG, LDL, HDL,
FFA)

Aim 3: To examine the feasibility and
acceptability of the DRINK-T1D intervention, in
which children with T1D are asked to replace
LCSB consumption with unsweetened
alternatives and avoid other sources of LCSs
(e.g., LCS-containing foods, condiments, and
packets) for 12 weeks.

Hypothesis 3: We hypothesize that we will achieve
recruitment of 270% of eligible patients, 280%
adherence to LCS restriction, and retention of >80%
of enrolled subjects. We further hypothesize that
LCS restriction will be acceptable and
welltolerated.

Percentage of eligible participants
recruited

Percent adherence based on daily
self-report questionnaires

Percent adherence based on
objective measures of urinary
LCS concentrations

Percentage of enrolled
participants who complete the
study

1 . . . . .
CRP = C-reactive protein; IL-6 = interleukin-6; TNF- a = tumor necrosis factor alpha

ZTG = triglycerides; LDL = low-density lipoprotein; HDL = high-density lipoprotein; FFA = free fatty acids
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Schedule of the study procedures
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Timepoint Location Assessments Procedures

Enrollment visit | ViaZoom™ | Eligibility determination, Enroliment, Consent, assent, self-care (SCI), PROMIS questionnaire,
Questionnaires COVID-19 questionnaire, LCS screener

Run-in period Remotely Diet assessment, glycemic variability Food record, CGM, daily questionnaire

Baseline visit CNH Glycemic control (HbALc), lipids, Height/weight, spot urine, blood draw, CGM download,
inflammation, visceral adiposity, DXA (subset)
anthropometrics

Weeks 1-5 Remotely Adherence Food record, daily questionnaire

Week 6 Via Zoom™ | Diet assessment, adherence, intervention E il . . .1
booster 0od record, daily questionnaire, spot urine

Week 7-10 Remotely Adherence Daily questionnaire

Week 11-12 Remotely Diet assessment, glycemic variability, Food record, CGM, daily questionnaire
adherence

Follow-up visit CNH Glycemic control (HbA1c), lipids, Height/weight, spot urine, blood draw, SCI, satisfaction

inflammation, visceral adiposity,
anthropometrics, acceptability, feasibility

survey, qualitative interview, CGM download (for weeks 11
and 12), DXA (subset)

lParticipants are provided with a bag containing materials for collecting and shipping a mid-intervention (week 6) urine sample at home, and
returning it by mail to the study team. Postage is prepaid by the study team.
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1. Did you drink any beverage(s) with artificial or low-calorie sweeteners (e.g., diet or light fruit drinks, diet soda, reduced sugar YES OR
or “zero* sports drinks, diet iced tea) today? NO

If yes, what beverage(s) with artificial or low-calorie sweeteners did you drink today and how

much?
2. Did you consume any food with low-calorie or artificial sweetener (e.g., sugar-free cookies, sugar-free desserts, or sugar-free YES OR
candy, light yogurt, sugar-free oatmeal) today? NO

If yes, what sugar-free food(s) or foods with low-calorie or artificial sweeteners did you consume

today and how much?
3. Did you consume any low-calorie or artificial sweetener packets (e.g., Splenda™, Equal, Sweet N Low™, Truvia™) today? YES OR

NO

If yes, what low-calorie or artificial sweetener packets did you consume today and how many?
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