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OBJECTIVE

To assess the association between daily carbohydrate (CHO) intake and glycemic
control in adult hybrid closed-loop (HCL) users with type 1 diabetes (T1D).

RESEARCH DESIGN AND METHODS

Mean individual daily CHO intake (MIDC) and relative deviation from MIDC
(£80% low, 81–120%medium, >120% high CHO consumption) were comparedwith
parameters of glycemic control assessed by continuous glucose monitoring.

RESULTS

Records from 36 patients (26 male, 10 female; age 36.96 13.5 years; HbA1c 7.16
0.9% [546 10mmol/mol]) provided 810 days of data (22.56 6.7 days per patient).
Time in range (70–180mg/dL) for low,medium,andhighCHOconsumptionwas77.4
6 15.4%, 75.2 6 16.7%, and 70.4 6 17.8%, respectively (P < 0.001). Time above
range (>180mg/dL)was20.1614.7%,22.0616.9%,and27.2618.4%, respectively
(P < 0.001). There was no between-group difference for time in hypoglycemia
(<70 mg/dL; P 5 0.50).

CONCLUSIONS

Daily CHO intake was inversely associated with glycemic control in adults with T1D
using an HCL system. Lower CHO intake may be a strategy to optimize glucose
control in HCL users.

Hybrid closed-loop (HCL) therapy improves overall glucose control in patients with
type 1 diabetes (T1D) (1,2). Whether reduced carbohydrate (CHO) intake has an
additional beneficial effect on diabetes control in HCL users is unknown. The current
studyquantified theassociationof glycemic control anddailyCHO intake in individuals
with T1D using an HCL system. We hypothesized that a lower daily CHO intake is
associated with improved diabetes control.

RESEARCH DESIGN AND METHODS

This was a retrospective, single-center study approved by the local ethics committee.
All included patients provided informed consent. We included patients treated with
the MiniMed 670G (MM670G; Medtronic, Northridge, CA) between November
2018 and February 2020 at our tertiary referral center. As part of the HCL instruction,
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patients underwent nutritional coaching
according to established guidelines (3).
Inclusioncriteriawereas follows: age$18
years, confirmed diagnosis of T1D, and
permanent use of the MM670G system
for at least 45 days prior to analysis.
Clinical data were obtained from elec-
tronic medical records. For each patient,
continuous glucose monitoring (CGM)
data and estimated CHO values (g/day,
entered by the user) were evaluated
during a 30-day period before a routine
visit.Onlydayswith$70%availableCGM
data, as recommended by the 2019 con-
sensus guidelines (4), and with time in
automatic mode $50% were included
in the analysis. CHO and CGM records of
eligible days were exported with the pro-
prietary manufacturer’s software.
Mean individual daily CHO intake (MIDC,

g/day) as well as the relative deviation
fromMIDC (rMIDC,%MIDC)wereassessed
to account for the interindividual differ-
ences in daily CHO intake. On the basis of
rMIDC, a stratification into low (#80%),
medium (81–120%), and high (.120%)
CHO consumption days was performed.
Glucose control was assessed using stan-
dardCGMmetrics including time in range
(TIR) (70–180 mg/dL), time above range
(TAR)(.180mg/dL), timebelowrange(TBR)
(,70 mg/dL), mean glucose (mg/dL),
and coefficient of variation (%) for each
day (4).
All statistical analyseswere performed

using Stata 16.1 (StataCorp LLC, College
Station, TX). Results are expressed as
mean6 SD unless otherwise specified. A
two-sided a-level of 5% was defined as
statistically significant. The three rMIDC
groups were compared using ANOVA,
applying a Bonferroni correction to con-
trol for multiple comparisons in the post
hoc analysis. Associations betweenCHO
intake and CGM metrics were assessed
using mixed linear models with a ran-
dom effect attributed to individuals
and adjusted for time in automatic
mode.

RESULTS

There were 810 days of data (22.5 6
6.7days/patient) from36adultswithT1D
(26 male, 10 female; age 36.9 6 13.5
years; HbA1c 7.16 0.9% [546 10mmol/
mol]; diabetes duration 23.0 6 13.0
years; BMI 26.56 3.6 kg/m2).Mean total
daily insulin dosewas 50.56 19.7 IU/day
(25/36 patients with ultra-rapid-acting

insulin aspart, 7/36 with insulin aspart,
and 4/36 with insulin lispro).

Patients used the HCL system for
107 6 36 days before time of inclusion.
Mean time of sensor use during the
analysis period was 96.1 6 6.2% and
mean time in automatic mode was 91.0
6 12.4%. Mean daily CHO intake was
166.46 69.6 g distributed over 5.76 3.2
meals per day. Daily CHO intake for the
low, medium, and high rMIDC groups
were 100.9 6 43.3, 171.2 6 53.4, and
222.7 6 70.6 g/day, respectively (P ,
0.001). TIRs for the low, medium, and
high rMIDC groups were 77.4 6 15.4%,
75.2 6 16.7%, and 70.4 6 17.8%, re-
spectively (P , 0.001), and TARs were
20.16 14.7%, 22.06 16.9%, and 27.26
18.4%, respectively (P, 0.001). Therewas
no significant difference for TBR (P5 0.50).

Table 1 shows daily CHO intake, total
daily insulin dose, and CGM metrics
according to rMIDC, stratified by time in
automatic mode. In patients using the
automatic mode ,80%, there was no
difference across CHO groups. In individ-
uals spending .90% of the day in auto-
matic mode, lower CHO intake was
associated with improved CGM param-
eters (except for TBR). Supplementary
Figure 1 depicts the association of daily
CHO intake and TIR in each individual.
On average, a 10% increase in daily CHO
intake was associated with a decrease
of 1.1% in TIR and a 1.2% increase in
TAR (P,0.001 for bothanalyses). There
was no effect of daily CHO intake on TBR
(P 5 0.42).

CONCLUSIONS

The main findings of this study are two-
fold. First, daily CHO intake was inversely
associated with glycemic control in adult
people with T1D using an HCL system.
Second, thiseffectwasmorepronounced
in patients with higher use of automatic
mode.

To the best of our knowledge, this is
the first systematic analysis of the asso-
ciation between CHO intake and glycemic
control in patients with T1D using HCL.
Ranjan et al. (5) reported that in 10 in-
dividualswith T1Dusing sensor-augmented
pump therapy, TIR significantly improved
by 11% during 1 week of a very low CHO
diet (#50 g/day) compared with a high
CHO diet ($250 g/day). Of note, the
difference in CHO intake per day was far
more pronounced in the study byRanjan

et al. when compared with our setting.
Still, the 10% greater relative TIR we
report in the lower CHO group suggests
that a more moderate CHO reduction
may be sufficient and equally effective
when using HCL. A recent 12-week cross-
over interventionwith low-CHO (,100 g/
day) vs. high-CHO diet ($250 g/day) un-
der sensor-augmented pump therapy
showed no effect on TIR but did show
lower TBR and glucose variability in the
low CHO group (6). While we did not
detect an association of CHO intake with
TBR in our study, we found a lower
glycemic variability with reduced CHO
intake, particularly in patients using au-
tomatic mode .90% of the time. In a
recent 12-week study evaluating the ef-
fects of 100 vs. 200 g/day of CHO in
10 individuals with T1D on multiple daily
injections, HbA1c was lower in the CHO-
restricted group, but TIRwasnot reported
(7). However, an increase in TIR of 10%
corresponds to a decrease in HbA1c of
;0.5% (5.0 mmol/mol) (4), thereby ren-
dering their findings compatible to the
present analysis.

Our results imply that even in the era
of HCL therapy, lifestyle factors, such as
diet (in particular CHO meal composi-
tion), still play an important role in achi-
eving optimal glycemic control. This is
further emphasized by the fact that the
observed effect was strongest in patients
using automatic mode most frequently.
Previous studies have shown that in the
postprandial phase, CHO is the primary
determinant of glucose excursions (8,9),
thereby strongly affecting time spent in-
side or outside of the target range (10). In
linewith this, ourfindings suggest that the
current HCL algorithms are particularly
challenged by higher CHO amounts. This
is consistent with studies reporting im-
proved glucose control during nighttime
in HCL (1,11),mainly due to a reduction of
additional external factors, such as CHO
intake. We cannot exclude that patients,
while in automatic mode, may have en-
tered phantom CHO to correct hypergly-
cemia. However, the CHO entries in the
different automatic mode groups did not
differ, speaking strongly against a relevant
interference of phantom CHO in the pres-
ent analysis.

We fully acknowledge a number of
limitations in our analysis. First, the ret-
rospective and single-center design does
not allow for exclusion of selection bias
or other systematic errors. The study
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covers a limited time period, and eval-
uation of the effect over a longer term is
needed. Second, the data do not allow
for a statement on the type of CHO
consumed, while CHO quality (e.g., gly-
cemic index) and other macronutrients
(fats and proteins) may influence glucose
dynamics (12). Third, documented CHO
intake may be biased since our analysis is
based on CHO values thatwere estimated
by the HCL users (and not a dietitian).
Inaccurate CHO counting is frequent and
mean errors of 20% have been reported
(13); however, they are likely to be
balanced within individuals. Finally, this
study is based on data from patients of
mainly Caucasian ethnicity with male
preponderance, limiting generalization to
other populations.
In conclusion, the present analysis

provides evidence that lifestyle factors,
such as lower CHO intake, play an impor-
tant role in achieving optimal glycemic
control in adults with T1D using an HCL
system. The effect appears more pro-
nounced with higher use of automatic

mode, suggesting that lower CHO intake
may facilitate glucose control particularly
in patients consistently using the HCL
algorithm.
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