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ABSTRACT
Background: High postprandial glucose excursions may increase
risk for disease. Individuals have widely varying glucose responses
to different meals, and precision nutrition approaches often seek to
personalize diets to minimize postprandial glycemic responses as
measured by continuous glucose monitors (CGMs). However, it is
unknown whether different CGM devices result in concordant meal
rankings according to postprandial glycemic excursions.
Objective: We explored whether meal rankings according to
postprandial glycemic excursions differ between 2 simultaneously
worn CGMs.
Methods: We collected 27,489 simultaneous measurements from
Dexcom G4 Platinum and Abbott Freestyle Libre Pro CGMs during
28 inpatient days in 16 adults without diabetes. Simultaneous glucose
measurements obtained for 2 h following 760 ad libitum meals were
used to compare within-subject meal rankings between the CGM
devices according to their incremental glucose response.
Results: Postprandial responses to ad libitum meals were highly
variable, with the Abbott and Dexcom systems resulting in within-
subject incremental mean ± SD glucose CVs of 91.7 ± 1.9%
and 94.2 ± 2.7%, respectively. Within-subject meal rankings for
incremental glycemic responses were relatively discordant between
CGMs, with a mean Kendall rank correlation coefficient of
0.43 ± 0.05. Meals in the bottom compared with those in the top
half of incremental glycemic responses ranked by Abbott resulted
in 50 ± 10% (P = 0.0002) less glycemic reduction as measured
by Dexcom, and vice versa. The missing glycemic reduction by
eating meals ranked according to the discordant CGM was inversely
correlated with each subject’s Kendall rank correlation coefficient
(r = −0.95; P < 0.0001).
Conclusions: Precision nutrition approaches that use CGMs to per-
sonalize meal recommendations for minimizing glycemic excursions
may be premature given the discordance of within-subject meal
rankings between simultaneous CGM devices. More research is
needed to clarify the source of this imprecision. This trial was
registered at clinicaltrials.gov as NCT03407053. Am J Clin Nutr
2020;112:1114–1119.
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Introduction
Postprandial glucose is believed to play an important role in

health and disease (1, 2). Different meals result in widely varying
postprandial glucose excursions that may depend on differences
between individuals as well as differences between meals.
Precision nutrition approaches are being developed to personalize
an individual’s diet to minimize postprandial glycemic responses
measured using continuous glucose monitors (CGMs) (3, 4).
However, such approaches have been criticized (5) and it is
unclear to what extent different CGMs might measure different
glycemic responses to the same meals in the same individual.
In other words, it is unknown whether different CGMs might
result in discordant meal rankings, such that personalized diets
that minimize glucose excursions according to measurements by
one CGM may not result in similarly low postprandial glucose
obtained using a different CGM.

To explore this issue, we analyzed CGM data in adults without
diabetes who simultaneously wore Dexcom G4 Platinum and the
Abbott Freestyle Libre Pro CGM systems during a 28-d inpatient
study at the NIH Clinical Center. We previously reported the
primary outcome of the study, which was the difference in ad
libitum energy intake between 2 experimental diets provided
in random order for 2 wk each (6). Here, we explored the
simultaneous CGM measurements to investigate whether within-
subject meal rankings according to their postprandial glycemic
responses were CGM dependent and whether meals chosen to
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minimize glycemic responses using one CGM also minimized the
glycemic responses as determined by the other CGM.

Methods
The study protocol was approved by the institutional review

board of the National Institute of Diabetes & Digestive &
Kidney Diseases. This trial was registered at clinicaltrials.gov as
NCT03407053. Eligible subjects were between 18 and 50 y old
with a BMI (in kg/m2) >18.5 and were weight stable (weight
change <5% increase or decrease during the past 6 mo) with
no history of illness or psychiatric disease or dietary restrictions,
and were not taking prescription medications that could influence
metabolism (6).

The subjects were admitted as inpatients for 28 d to the
Metabolic Clinical Research Unit at the NIH Clinical Center.
At the end of each diet period, on study days 14 and 28, each
subject completed an oral glucose tolerance test (OGTT). After
fasting overnight, subjects consumed 75 g oral glucose, and we
compared the CGM measurements to the glucose measurements
from venous blood samples at 0, 10, 20, 30, 60, 90, and 120 min
postconsumption.

Twenty subjects wore the Dexcom G4 Platinum, and 16
subjects also simultaneously wore the Abbott Freestyle Libre
Pro. Each device consisted of a small sensor, a transmitter, and
a hand-held receiver. The sensor was inserted subcutaneously to
measure interstitial glucose concentrations, which the transmitter
would send wirelessly to the receiver. Subjects were blinded to
their glucose readings obtained by the monitors. The Dexcom
sensor was inserted in the lower abdomen and sampled glucose
concentrations every 5 min. Per manufacturer specifications,
the device was calibrated using capillary blood finger stick
measurements after insertion and each morning and night. The
sensor was changed every 7 d, following the manufacturer-
specified lifetime. The Abbott Freestyle Libre Pro was inserted
in the back of the upper arm and sampled glucose concentrations
every 15 min with a minimum glucose reading of 40 mg/dL.
No finger stick calibrations were required, and the sensor was
changed after 14 d. Both CGM systems were removed during
MRI procedures and the Dexcom was removed for DXA scans
once a week. The data for each monitor were downloaded at the
end of each inpatient stay.

In total, 27,489 simultaneous CGM measurements (excluding
the OGTT periods) were obtained in 16 subjects by pairing
the time stamps of the 2 devices with the closest match. The
maximum gap within a pair was set to 150 s. Not all subjects
had simultaneous CGM data during the entire study due to
scheduling of procedures and the sensor lifetime of each monitor.
We restricted our analysis of postprandial data to those subjects
with simultaneous CGM measurements of ≥105 min after the
meal or OGTT and with a minimum of 7 data points for the
Abbott system and 20 data points for the Dexcom system. We
analyzed 760 ad libitum meals in 16 subjects and 22 OGTTs from
15 subjects who had simultaneous CGM measurements meeting
these criteria. The baseline glucose measurement was defined
as the first CGM measurement obtained ≤5 min following
ingestion. The mean postprandial glucose was expressed as the
incremental area under the glucose curves, calculated using the
trapezoid rule with respect to the baseline glucose measurement,
divided by the duration of the postprandial measurements. We

did not exclude periods of glucose below the baseline. The mean
within-subject CV in postprandial glucose was calculated using
the CVs for each subject weighted by the number of meals
contributing simultaneous CGM data, which ranged from 5 to 67
meals per subject.

We quantified the fractional reduction in the postprandial
glycemic response that was missed by ranking meals based on
the discordant CGM as follows:

Max

{
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(
Ahigh − Alow

)
ranked by D(

Ahigh − Alow
)

ranked by A

, 1 −
(
Dhigh − Dlow

)
ranked by A(
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)

ranked by D

}

(1)

where Ahigh and Dhigh are the mean within-subject incremental
glucose responses measured by the Abbott and Dexcom systems,
respectively, to the half of meals ranked highest in glycemic
response; Alow and Dlow are the mean within-subject incremental
glucose responses measured by the Abbott and Dexcom systems,
respectively, to the half of meals ranked lowest in glycemic
response. The subscript “ranked by” A or D refers to whether the
Abbott or Dexcom system was used to rank the meals by their
glycemic response, respectively.

According to this mathematical expression, when the postpran-
dial glycemic rankings of the meals are completely concordant
between the devices, the numerators and denominators of the
quotients are equal and the output of the overall expression is
zero, indicating that there is no missing reduction in postprandial
glycemia when the discordant CGM is used to rank the
meals. In contrast, if ranking the meals by the discordant
CGM results in no mean difference in postprandial glycemia
between the top and bottom half of ranked meals then the
numerators of the quotients are zero and the output of the
overall expression is 1, indicating that the fraction of postprandial
glycemic reduction that was missed by the discordant ranking is
100%.

Statistical analyses were performed using SAS (version
9.4; SAS Institute Inc.). Kendall rank correlation coefficients
were calculated using PROC CORR KENDALL. The data are
presented as means ± SEs. Paired t-tests were used to compare
the CGM results, and significance was declared at the threshold
P < 0.05.

Results
We collected CGM data from 7 male and 9 female adult

subjects without diabetes (mean ± SE age: 31 ± 2 y; BMI:
of 26 ± 1.4) who simultaneously monitored glucose using the
Dexcom G4 Platinum and the Abbott Freestyle Libre Pro systems
while they resided continuously for a 28-d period as inpatients at
the NIH Clinical Center.

Overall comparison of simultaneous CGM data

We measured 27,489 simultaneous CGM glucose values with
both the Abbott and Dexcom systems (excluding the OGTT
periods) in 16 subjects. Mean glucose was significantly higher
with the Dexcom (93.4 ± 0.12 mg/dL) compared with the Abbott
system (80.5 ± 0.12 mg/dL; P < 0.0001). The Abbott CGM
measurements were 12.9 ± 0.1 mg/dL (P < 0.0001) lower
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FIGURE 1 Abbott continuous glucose measurements (A) in an example subject consuming 64 ad libitum meals illustrating incremental glucose responses
with a CV of 77.3%. Dexcom continuous glucose measurements (B) simultaneously obtained in the same subject showing incremental glucose responses with
a CV of 68.8%. Example of incremental glucose responses to meals A and B as measured by the Abbott system (C). (Meal A was a berry and walnut quinoa
cereal and meal B was a plain bagel with cream cheese and turkey bacon.) The Dexcom system (D) measured comparatively discordant incremental glycemic
responses to the same 2 meals simultaneously measured in the same subject.

than the Dexcom system. The glucose values were significantly
correlated between the CGMs (r = 0.57; P < 0.0001). A small,
but significant linear bias was present such that for every 1-mg/dL
increment in mean glucose, the Abbott measurements were
progressively 0.03 ± 0.006 mg/dL lower than the Dexcom mea-
surements (P < 0.0001). The mean within-subject discrepancy
between the Abbott and Dexcom systems increased significantly
with percentage of body fat (r = 0.56; P = 0.02), such that
for each 1% increase in body fat the Abbott system resulted
in a 0.49 ± 0.19 mg/dL lower mean glucose than the Dexcom
system.

Despite the significant bias between the simultaneous CGM
measurements described above, it is possible that the incremental
CGM response to ingestion of meals may be comparable. To
investigate this possibility, we measured incremental glucose
excursions for 2 h following 22 OGTTs in 15 subjects
and compared these simultaneous CGM measurements with
incremental glucose responses calculated using venous glucose
measurements. The mean incremental glucose response during
the OGGTs was 38 ± 3 mg/dL, as determined by the venous
measurements, which was not significantly different from the
results of the Abbott (38 ± 3 mg/dL; P = 0.98) and Dexcom
(43 ± 3 mg/dL; P = 0.19) CGM measurements. The
mean incremental glucose during the OGTTs was significantly
correlated with the venous measurements for both the Abbott
(r = 0.69; P = 0.0004) and Dexcom (r = 0.76; P < 0.0001)
systems, which were also significantly correlated with each
other (r = 0.59; P = 0.004). Therefore, mean incremental

glucose measurements obtained with OGTTs were, on average,
comparable with those obtained with the CGM devices.

We analyzed postprandial glucose responses to 760 ad libitum
meals in 16 subjects, with each subject having simultaneous
CGM measurements for 47.5 ± 5 meals. The mean incremental
glucose response following each meal was 16.4 ± 0.5 mg/dL
using the Abbott system compared with 14.5 ± 0.5 mg/dL using
the Dexcom system ( P < 0.0001). Across all 16 subjects, the
CGMs provided moderately correlated measurements for mean
incremental glucose following the meals ( r = 0.68, P < 0.0001).

Individual variability of postprandial glycemic responses

Within-subject postprandial responses to ad libitum meals
were highly variable, with the Abbott and Dexcom systems hav-
ing incremental glucose CVs of 91.7 ± 1.9% and 94.2 ± 2.7%,
respectively. Figure 1A and B show the incremental glucose
measurements of an example subject in response to 64 ad libitum
meals using the Abbott and Dexcom systems with CVs of 77.3%
and 68.8%, respectively. Figure 1C illustrates the same subject’s
incremental glucose responses to 2 different breakfasts measured
by the Abbott system. Meal A was a berry and walnut quinoa
cereal and meal B was a plain bagel with cream cheese and
turkey bacon. Figure 1D shows discordant simultaneous Dexcom
measurements in the same subject in response to the same meals.
In other words, the different CGMs ranked these 2 meals quite
differently regarding their impact on postprandial glycemia for
this subject.
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FIGURE 2 Mean Abbott glucose responses (A) to the high- compared with the low-ranked half of 760 ad libitum meals according to the Abbott system.
Mean Abbott glucose responses (B) in the same 16 subjects to the same high-ranked compared with the low-ranked meals according to the Dexcom system.
Mean Dexcom glucose responses (C) to the meals ranked as high glycemic compared with those ranked as low glycemic by the Abbott system. Mean Dexcom
glucose responses (D) to the meals ranked as high glycemic compared with those ranked as low glycemic by the Dexcom system. Difference between the
Abbott- and Dexcom-measured glucose responses (E) for the meals ranked as high glycemic compared with those ranked as low glycemic by the Abbott
system. Difference between the Abbott- and Dexcom-measured glucose responses (F) for the meals ranked as high glycemic compared with those ranked as
low glycemic by the Dexcom system.

Ranking meals by CGM glycemic responses

To investigate the within-subject concordance of meal
rankings according to the glycemic responses simultaneously
measured by the Abbott and Dexcom systems, we calculated
the Kendall rank correlation coefficient which has a value of 1
for identical meal rankings between CGMs, a value of −1 for
completely discordant rankings, and a value of 0 indicates an
equal number of discordant and concordant rankings. We found
a mean Kendall rank correlation coefficient of 0.43 ± 0.05 for
incremental glucose response, indicating a relatively low degree
of concordance in the meal rankings between simultaneous
CGMs.

The relatively low concordance of meal rankings between
CGMs may not necessarily result in meaningful glycemic
differences. To investigate the magnitude of the discordant
CGM effect, we calculated within-subject differences in the
mean incremental glucose responses to the top half compared
with the bottom half of meals ranked and measured by the
concordant CGM in comparison to the differences measured
by the discordant CGM. The left column of Figure 2 presents
CGM data when meals were ranked according to the Abbott
system and the right column shows the results when the same
meals were ranked by the Dexcom system. Figure 2A is a
plot of the mean incremental glucose response measured by the
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Abbott system in response to the top compared with the bottom
half of 760 meals ranked according to the Abbott system. In
this case, the concordant Abbott CGM measured a 17.9 ± 1.1
mg/dL difference in mean incremental glucose between the top
and bottom ranked meals (P < 0.0001). Figure 2B shows that
when the same meals were ranked by the Dexcom system,
the difference in the mean incremental glucose between the
top and bottom half of ranked meals was 10.7 ± 1.6 mg/dL
(P < 0.0001) as measured by the discordant Abbott system,
which was significantly lower than when the meals were ranked
by the Abbott system (P < 0.0001).

Conversely, Figure 2C shows the mean incremental glucose
measurements obtained by the discordant Dexcom system in
response to the meals ranked high and low according to the
Abbott system. The difference in mean incremental glucose was
10.7 ± 2.0 mg/dL (P < 0.0001). Figure 2D shows the mean
Dexcom incremental glucose measurements in response to meals
ranked by the Dexcom system and illustrates the 17.9 ± 0.9
mg/dL difference in mean glucose between high- and low-ranked
meals (P < 0.0001), which was significantly greater than the
difference for meals ranked by the Abbott system (P < 0.0001).

Figure 2E and F show that the mean incremental glucose
differences measured by the Abbott system between the top- and
bottom-ranked meals according to Abbott were greater than the
differences in incremental glucose determined by the Dexcom
system, and vice versa. The mean fraction of missing glycemic
reduction determined by the discordant CGMs was 50 ± 10%
(P = 0.0002) with respect to the incremental glucose responses.
The missing glycemic reduction by eating meals according to
the discordant CGM was inversely correlated with each subject’s
Kendall rank correlation coefficient for incremental glucose
responses (r = −0.95; P < 0.0001).

The Abbott system measured 3.4 ± 0.6 mg/dL higher mean
incremental glucose in response to meals ranked low by the
Dexcom system compared with the meals ranked low by the
Abbott system (P < 0.0001). Similarly, the Dexcom system
measured 3.4 ± 0.8 mg/dL higher mean incremental glucose in
response to the lower half of meals ranked by the Abbott system
compared with the meals ranked lowest by the Dexcom system
(P = 0.001).

Discussion
Different ad libitum meals resulted in a wide range of

postprandial glucose responses regardless of the CGM. However,
the within-subject rankings of the same meals according to one
CGM did not necessarily correspond to the rankings measured
simultaneously by the other CGM. Rather, we found substantial
differences in glycemic responses that depended on the CGM
used to make the meal rankings. The difference in glycemic
response between the top half of meals compared to the bottom
half of meals ranked by one CGM was significantly greater than
the glycemic differences measured simultaneously by the other
CGM.

The reasons for the differences in meal ranking according to
CGM are unclear. The different anatomical locations of the CGM
sensors and the influence of subcutaneous fat on interstitial glu-
cose may have played a role. Previous studies have demonstrated
that simultaneous capillary glucose measurements at different
anatomical locations can indicate distinct glucose kinetics
(7–9). However, a recent study in subjects with diabetes reported

similar accuracy of glucose measurements from simultaneous
Dexcom sensors inserted on the upper arm in comparison to the
manufacturer-recommended abdominal location (10). Perhaps
random variation in the glucose measurements, performance dif-
ferences between CGM systems, or a combination thereof were
responsible for the discordance. But regardless of the reason, our
data indicate that the meals minimizing postprandial glycemic
excursions were somewhat inconsistent between the CGMs.

Our results have implications for precision nutrition ap-
proaches that seek to personalize an individual’s diet to minimize
CGM-measured glycemic responses to meals (3, 4). An implicit
assumption that has not previously been investigated is that
the ranking of an individual’s meals by glycemic response
is relatively independent of the CGM used to make the
measurements. Our results suggest that this assumption may be
incorrect, at least in people without diabetes.

Precision nutrition approaches seeking to personalize meals to
minimize glycemic responses via one CGM may not necessarily
recommend the same meals according to another CGM. More
research is needed to clarify the source of this imprecision.
Misclassifying meals or foods as “bad” or “good” in terms
of their CGM responses may affect overall eating behaviors
with potentially deleterious consequences. For example, if diet
recommendations are based on imprecise CGM measures that
disregard other aspects of optimal nutrition, then individuals
may make poor dietary choices to achieve potentially illusory
glycemic benefits.
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