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Abstract

Background and aims: The Q-Score is a single-number composite metric that is constructed based on the following
components: central glycemic tendency, hyperglycemia, hypoglycemia, and intra- and interday variability. Herein, we refined
the Q-Score for the screening and analysis of short-term glycemic control using continuous glucose monitoring (CGM)
profiles.

Methods: Continuous glucose monitoring profiles were obtained from noninterventional, retrospective cross-sectional
studies. The upper limit of the Q-Score component hyperglycemia, that is, the time above target range (TAR), was adjusted
from 8.9 to 10 mmol/L (n = 1562 three-day-sensor profiles). A total of 302 people with diabetes mellitus treated with
intermittent CGM for =14 days were enrolled. The time to stability was determined via correlation-based analysis.

Results: There was a strong correlation between the Q-Scores of the two TARs, that is, 8.9 and 10 mmol/L (Q-Score™R!0
= —0.03 + 1.00 Q-Score™R8 r = 997, p < .001). The times to stability of the Q-Score and TIR were 10 and 12 days,
respectively. The Q-Score was correlated with fructosamine concentrations, the glucose management indicator (GMI), the
time in range (TIR), and the glycemic risk index (GRI) (r = .698, .887, —.874, and .941), respectively. The number of Q-Score
components above the target increased as the TIR decreased, from two (1.7 £ 0.9) in CGM profiles with a TIR between
70% and 80% to four (3.9 = 0.5) in the majority of the CGM profiles with a TIR below 50%. A conversion matrix between
the Q-Score and glycemic indices was developed.

Conclusions: The Q-Score is a tool for assessing short-term glycemic control. The Q-Score can be translated into clinician
opinion using the GRI.
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Introduction (CV).>7 Among those parameters, the TIR has become a
widely used parameter in daily diabetes care.3!!

In 18 countries, representing approximately 50% of the
global population, primary care physicians treat the majority
of people with diabetes, followed by diabetes specialists,'?

Continuous glucose monitoring (CGM) is rapidly improving
diabetes management.'* Standardized reports from CGM
devices, such as the Ambulatory Glucose Profile (AGP), are
recommended for the analysis and interpretation of CGM
data.’ The AGP report contains the actual AGP, a composite
display of daily glycemic patterns that superimposes data for
the relevant data period, including the median glucose con-
centration and the interquartile and interdecile ranges.® The
AGP also provides an overview of CGM metrics related to i )
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and can spend 5 minutes or less with their patients.'3
Nondiabetes specialists might need additional guidance to
screen for CGM profiles that require attention and to iden-
tify glucose profile factors that are outside of the target
range.'*!® This need can be strengthened by the increasing
prevalence of people living with type 1 and type 2 diabe-
tes,'”!® the increased use of CGM devices for the standard of
care for people with type 1 diabetes and people with type 2
diabetes receiving insulin therapy'®*° and a shortage of dia-
betes specialists.?’

Composite metrics have been introduced as screening
tools for assessing the glycemic quality of CGM patients.'®!
We developed the Q-Score, a quality evaluation score, for
the evaluation of CGM profiles.?? The Q-Score is a single-
number summary of the quality of glucose profiles. The
Q-Score equation was constructed based on the main factors
of the glucose profile, which are central glycemic tendency,
hyperglycemia, hypoglycemia, and intra- and interday vari-
ations. The result of the calculation is a number that pro-
vides information about the quality of glycemic control
based on an existing CGM glucose profile of a defined
period of time. A low Q-Score indicates good glycemic
control, and a high Q-Score indicates insufficient glycemic
control.?? An analysis of the Q-Score components would
help to identify the factors related to the glucose profile that
deserve attention, thus leading to personalized therapeutic
recommendations.?*?*

In this study, we further developed the Q-Score for screen-
ing the quality of glucose profiles derived from the data out-
put of CGM devices, compared its performance with that of
the TIR, and suggested a personalized approach for identify-
ing parameters requiring therapeutic attention.

Materials and Methods
Study Design

This was a noninterventional, retrospective cross-sectional
study performed at the Department for Diabetology,
Klinikum Karlsburg, Heart and Diabetes Center Karlsburg,
Germany. The protocol was approved by the Regional Ethics
Review Board of the University of Greifswald (Germany).
All participants provided informed consent prior to enroll-
ment. The study was performed in accordance with the Good
Clinical Practice guidelines of the Declaration of Helsinki in
its latest form. Participants were enrolled between 2021 and
2023. The inclusion criteria were diabetes mellitus, age older
than 18 years, and use of intermittently scanned CGM
(isCGM) with a sensor data quality of at least >70%, that is,
>70% of the data recorded for =14 consecutive days prior
to admission. A lack of written consent resulted in exclusion
from the study.

Participants were recruited during their inpatient stay.
Participants underwent isCGM with the flash scanning sen-
sor FreeStyle Libre 2, and the data were recorded using the
associated reader. At admission (day O of the study),

participants underwent routine anthropometric procedures
and anamnesis interviews. Fasting blood was collected for
diabetes laboratory parameters, including fructosamine and
HbAlc, on the following day (day 1). Glucose data from the
flash scanning reader were exported using FreeStyleLibre
Software. Continuous glucose monitoring data were ana-
lyzed for a maximum of 21 days (day —21 to —1) before
admission (day 0) for parameters of glycemic control reflect-
ing daily life conditions.

Participants

A total of 302 people with diabetes (type 1 or 2 and pancre-
atic) were enrolled in the study. Insufficient sensor data qual-
ity (% of sensor data obtained < 70%) was revealed for 27
participants. A complete analysis was performed with data
from 275 participants—142 individuals diagnosed with type
1 diabetes mellitus, 116 individuals with type 2 diabetes mel-
litus, and 17 individuals with pancreatic diabetes mellitus. A
total of 127 participants were females, and 148 were males
(Table 1). Measures of glycemic control were retrospectively
analyzed for 275 participants between day —1 and day —14,
while glycemic control was analyzed for 254 participants
between day —1 and day —21.

Q-Score

The Q-Score? is a metric for the analysis of glucose data
obtained from CGM devices. The equation for the Q-Score
was constructed based on the following parameters: mean
sensor glucose (MSG; in mmol/L), range (in mmol/L), mean
of daily differences (MODD) (in mmol/L), and times spent
above or below the target range of 3.9 to 8.9 mmol/L (previ-
ously abbreviated as t[hyper] and t[hypo], expressed as
hours). To improve readability, herein, “time spent above tar-
get” is abbreviated as TAR, and “time spent below target” is
abbreviated as TBR.?

Biochemical Assays

Fructosamine concentration was determined using a colori-
metric test and a Roche/Hitachi cobas c III system (Roche
Diagnostics GmbH). A total of 285 umol/L was the upper
limit for the normal range of fructosamine. HbAlc was
determined by the automated HbAlc D-10™ System from
Bio-Rad Laboratories (California, USA), which utilizes ion-
exchange high performance liquid chromatography (HPLC)
technology.

Statistical Analysis

All the statistical analyses were performed using PASW
Statistics for Windows, version 18.0 (SPSS, Inc., Chicago,
IL). The results are presented as the means = standard error
of the mean (SEMs), means * standard deviations (SDs),
medians (interquartile ranges [IQRs]), or percentages (%)
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Table I. Baseline Characteristics of the Study Participants.

Diabetes type

Parameter Type | Type 2 Pancreatic All

N 142 116 17 275
Sex (female/male) 66/76 57/59 4/13 127/148
Age (years) 539 £ 158 65.0 £ 9.0 577 £ 8.0 58.8 * 14.0
Diabetes duration (years) 255 = 18.1 206 = 11.8 11.8 114 225 + 157
BMI (kg/m?) 27.6 =53 35.0 £ 10.8 27.1 £53 30.7 = 89
Therapy (OAD/OAD +insulin/insulin) 0/4/138 10/77129 o/1/16 10/82/183
HbAlc (%) 8.17 = 1.29 8.17 £ 1.22 8.04 = 1.38 8.16 £ 1.26
HbAIc (mmol/mol) 65.8 = 14.1 658 £ 13.3 64.3 £ |15.1 657 £ 13.8
TIR (%) 52 =20 57 =26 58 = 20 54 + 23
Q-Score 152 = 43 11.8 = 4.4 13.6 = 47 13.7 = 4.6
Participants with TIR>70% (%) 21.1 353 29.4 27.6
Participants with fructosamine>285 pmol/L (%) 87.3 62.9 82.4 76.7

Abbreviations: OAD, oral antihyperglycemic drug; TIR, time in range (glucose 3.9-10 mmol/L); Q-Score, quality evaluation score; BMI, body mass index.

The data are expressed as the mean = SD.

and are presented as the means = SEMs. The mean absolute
deviation (MAD) is given as the median and IQR.

For bivariate comparisons between metrics, scatterplots
were constructed based on the results of linear regression and
Pearson’s correlation analysis. One-way and two-way analy-
sis of variance (ANOVA) were used when comparing multi-
ple groups. To compare two correlation coefficients, we used
the online calculator StatistikGuru, version 1.96.%

Measures of glycemic control derived from isCGM were
reported as recommended.'" TIR is the percentage or hours
of time spent in the consensus target glucose range of 3.9 to
10 mmol/L, TBR is the percentage or hours of time spent
with glucose levels < 3.9 mmol/L, and TAR™!? is the per-
centage or hours of time spent with glucose levels > 10
mmol/L. A TAR™® is the percentage or hours of time spent
with glucose levels > 8.9 mmol/L. The glucose management
indicator (GMI) is a measure of short-term glucose levels.?
The glycemia risk index (GRI) was determined in accor-
dance with a recent publication.?! The CV (%) was deter-
mined by multiplying the SD/mean glucose by 100 for 14
days. The Q-Score®®, considering the target glucose range of
3.9 to 8.9 mmol/L, was calculated as described previously.?

The time to stability, that is, the minimum duration of data
that was closely correlated (* = .95) with the data taken
across the whole sampling period, was determined as
described by Rama Chandran et al.?” p < .05 indicated statis-
tical significance. All the data generated or analyzed during
this study are included in the published article.

Results

Q-Score Adjustment to the Target Range of 3.9
to 10 mmol/L

In previous studies, the Q-Score was calculated using
CGM data from at least three consecutive days, with a

euglycemic target range of 3.9 to 8.9 mmol/L.?>?* Based on
international recommendations, the Q-Score target range
was adjusted to 3.9 to 10 mmol/L!° using the original data
set of n = 1562 CGM profiles including 499 females and
1063 males with type 1 (n=48) or type 2 diabetes
(n=1514).22 Therefore, the limit for the TAR was increased
from 8.9 to 10 mmol/L. We found a high correlation (» =
.958) between the TAR values with a cutoff of 8.9 mmol/L
and the TAR values with a cutoff of 10 mmol/L for hyper-
glycemia (Figure 1a).

The Q-Score is calculated from five components: MSG,
intra- and interday variability (range, MODD), time in hyper-
glycemia (TAR), and time in hypoglycemia (TBR). The for-
mula for the Q-Score was adjusted to the target range of 3.9
to 10 mmol/L as follows

Q—Score = 8 + (MSG-7.8)/1.7 + (range—7.5)/2.9
+ (TBR-0.6)/1.2+(TAR" ~3.9)/48
+ (MODD-1.8)/0.9

The linear relationship between the Q-Scores calculated by
applying both TARs was as follows: Q-Score!® = —0.03 +
1.00 Q-Score®®. There was a high correlation (r = .997)
between the Q-Score®’ and the Q-Score'® (Figure 1b). The
MAD is 0.16 (0.08, 0.27).

Time to Stability of the Q-Score in Comparison
With the TIR and CV Measures

We investigated the time to stability of the Q-Score as a func-
tion of the number of days of CGM recording,?’ defined as
the minimum duration of data needed to reach a coefficient
of determination (?) >.95. The Q-Score was stable after 10
days, the TIR was stable after 12 days, and the CV was stable
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Figure |. (a) Scatterplot demonstrating the strong correlation between TAR®? versus TAR'® (r = .958). (b) Scatterplot of the

Q-Scores calculated with TAR®? versus TAR!? (r = .997).

Analysis was performed using n = 1562 glucose sensor profiles (three-day wearing time).?2
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Figure 2. (a) Time to stability given for the Q-Score, TIR, and CV as well as (b) for the Q-Score components MSG, Range, TAR, TBR,
and MODD determined by the correlation-based method derived from incremental sampling durations between | and 2| recording

days.
The data were obtained from 254 isCGM profiles.

after 14 days (Figure 2a). The Q-Scores components were
stable between 10 and 15 days (Figure 2b).

Comparison of the Q-Score With Parameters of
Short-Term Glycemic Control

According to our findings and international consensus state-
ments,'%!! the following results are based on isSCGM data
sets with a 14-day recording time. The Q-Score had an
inverse correlation with the TIR, with a correlation coeffi-
cient of —87 (Figure 3a). The correlation coefficients
between the Q-Score and the fructosamine concentration,
GMI, CV, and HbAlc were .70, .88, .43, and .74, respec-
tively. All the correlations were significant (p < .001). The
glycemic risk index (GRI) estimates the ranking of CGM

profiles by clinicians in relation to the quality of glycemia.?!
The Q-Score and GRI were strongly correlated (»r = .941)
(Figure 4).

The Q-Score, TIR, GMI, and fructosamine concentration
were used to characterize short-term glycemic control
(Table 2). The majority of participants had a Q-Score >12
(171/275) and a TIR < 70% (199/275). A total of 37/275
participants had a Q-Score < 8.5. A total of 103/275 partici-
pants had a Q-Score > 15. The overall TIR was 54%. A
TBR >4% (>1 hour) was detected in 9.8% (27/275) of
CGM profiles, with 86% (23/27) of those profiles belonging
to people with type 1 diabetes (Supplementary Figure 1).

Participants were assigned to five Q-Score groups
(Table 2). Parameters of short-term control changed sig-
nificantly as the Q-Score increased. In the group comprising



Augstein et al

(@) 13 - o+
15p%8, L, + .
O R ZAW B
2 175 o o Tolsd el
<] = LA ) =
‘3 9 . o e ':"‘!{é‘.y - —
U 6 ] * o 0.&&0‘
*
3
0 T Ll 1
50 60 70 80 90 100
TIR (%)
(b)
0 5 1
T
e 4
8w
ES 3 -
s
oA 2
[=]
Q
« 1 4
a
0 ' v r r ,
<50 50-60 60-70 70-80 >80
TIR (%)
(c)
100 - ——MSG
—=—Range
~ 80 —+TAR
N
e MODD
$ 40 -
o
>
w 20 -
0 T T T T -—
<50 50-60 60-70 70-80 >80
TIR (%)

Figure 3. (a) Scatterplot showing individual data for Q-Scores
with TIR >50% obtained from isCGM profiles from people

with diabetes mellitus (n =275). The number (b) of Q-Score
components above the target and the frequency (c) of Q-Score
components above the target in relation to the TIR are presented
as the mean=*SD or frequency (%).

The target limits of the Q-Score components were defined as follows:
MSG = 9 mmol/L, Range = 9 mmol/L, TAR = 6 hours, TBR = | hour,
and MODD = 2.5 mmol/L.

participants with a Q-Score < 8.5, the TIR was the highest,
and the GMI and fructosamine were the lowest. Among the
participants with a Q-Score > 18, the TIR was the lowest,
and the GMI and fructosamine concentration were the high-
est. Additionally, HbAlc, GRI,?! fructosamine levels, and
CV increased significantly from the Q-Score < 8.5 group to
the Q-Score > 18 group. Similarly, the Q-Score components
TAR, range, MODD, and MSG were significantly different
between the Q-Score groups. The TBR was not significantly
different (Table 2).
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Figure 4. Scatterplot showing individual data for the Q-Score
with the GRI.?!

Short-term glycemic control in the study participants.

Comparison of the Q-Score and TIR for
Describing the Quality of Glycemic Control

The scatterplot for the Q-Score versus the TIR shows that the
variance increases as the Q-Score increases and as the TIR
decreases. As the TIR decreases, a wider range of Q-Scores
is possible for any given TIR (Figure 3a). For further analy-
sis, the TIR was divided into deciles. The group of CGM
profiles obtained from patients with a TIR > 80% was char-
acterized by Q-Scores < 10 (Figure 3a). In the group with a
TIR ranging from 70% to 80%, 50% of individuals had a
Q-Score > 10 and 9.4% of individuals had a Q-Score greater
than 12. In the group with a TIR ranging from 60% to 70%,
80% of individuals had a Q-Score above 10 and 42.9% of
individuals had a Q-Score greater than 12 (Figure 3a). A TIR
below 60% was associated with a Q-Score > 12 in most
cases (93%).

Q-Score Components Out-of-Target in Relation to
the TIR and Q-Score

Based on correlation analysis with a Q-Score = 10 and TIR =
70% as the limits for sufficient glycemic control,!%!' MSG
> 9 mmol/L, range > 9 mmol/L, and MODD > 2.5 mmol/L
were defined to be above target (Table 3).

Q-Score components above the target range already
appear in CGM profiles with TIRs between 70% and 80%
(Figure 3b, Table 4). Continuous glucose monitoring profiles
with TIRs between 60% and 70% had two to four Q-Score
components above the target. For CGM profiles with a TIR
less than 50%, the majority of the Q-Score components were
above the target range (data not shown).

Q-Score components above targets (n= 1.4 = 0.7) were
detected in isCGM profiles with Q-Scores between 8.5 and
10 (Figure 5a). For example, isSCGM ID120 had a Q-Score
of 9 and a TBR of 3.5 (Table 4). The number of components
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Table 2. Quality of Glycemic Control Among Study Participants in Each Q-Score Group in Comparison With Overall Data.

Q-Score groups

<85 851to 12 12to I5 I5to 18 >18 Al P
N 37 67 68 55 48 275
Q-Score 7.0 = 0.2 102 = 0.1 135 = 0.1 l6.1 = 0.1 21.0 + 03 13.7 03 *
TIR (%) 889 + 0.7 697 + 12 517 = 1.4 399+ 1.6 260+ 1.9 543+ 1.4 *
TIR (hours) 213 =02 167 = 0.3 124 + 0.3 9.6 + 0.4 62+ 0.5 13.0 = 0.3 *
HbA I ¢ (%) 697 +0.11  752+009 796+009 86003 974+0.19 816 =008 *
HbAIc (mmol/mol) 5275 + 1.2 586 = 1.0 635 = 1.0 705 = 1.4 83.0 = 2.1 657 + 0.8 *
GRI 12+ | 33+ | 54 + 2 76 2 =3 57 +2 *
Fructosamine (umol/l) 2737 =57  297.6 =39 3266 =61 3458 =70 4042+ 106 3295+ 39 *
CV (%) 255 + 0.7 29.4 + 0.7 324 +07 342+ 1.0 350+ 1.3 316 = 0.4 *
MSG (mmol/L) 749+009 883 =0.3 1014013 1147 =019 1475040 1053 =0.17 *
Range (mmol/L) 722+0.17 88905 1106 =015 1276 =026 1563 =037 11.15=0.19 *
TAR (%) 10.1 = 0.8 286+ 1.3 467+ 16 583 = 1.9 724 =22 442+ 1.4 *
TAR (hours) 24 +02 69+ 03 11.2 = 0.4 140 = 0.5 17.4 + 0.5 10.6 = 0.3 *
TBR (%) 06(0.0; 1.4 07(0.1;23) 06(0.1;24) 07(0.0;1.9)  02(0.0;25 0.5 (0.0; 2.0)
TBR (hours) 0.1 (0.0;03)  02(0.0;0.6) 0.1 (0.0;0.6) 02(0.0;05) 0.1 0.0;0.6) 0.1 (0.0;0.5)
MODD (mmol/L) 169 =005  236=006 321 =007 379+009 498+0.14 322+ 007 *

Abbreviations: CV, coefficient of variation; GRI, glycemia risk index; MSG, mean sensor glucose; MODD, mean of daily differences.
Range, the distance between the maximal and minimal values in CGM; TAR, time spent above the glucose target 10 mmol/L; TBR, time spent below the
glucose target 3.9 mmol/L; TIR, time in range (glucose 3.9-10 mmol/L); Q-Score, quality evaluation score. The data are presented as the mean = SEM or

median (first and third interquartile range).
Significance (*p < .001) was tested using one-way ANOVA.

Table 3. Conversion Matrix for the Q-Score, TIR, and Parameters of Glycemic Control in People With Diabetes Mellitus.

TIR HbAlc MSG Range TAR MODD
Q-Score  TIR (%) (hours) HbAIlc (%) (mmol/mol)  GRI CV (%) (mmol/L) (mmol(L) TAR (%) (hours) (mmol/L)
6 87.3 21.0 6.6l 48.8 39 26.4 6.53 6.44 1.2 2.7 1.41
8.5 76.5 18.4 7.12 543 21.3 28.1 7.84 7.98 22.0 53 2.00
10 70.1 16.8 7.42 57.6 31.8 29.1 8.62 8.90 28.4 6.8 2.36
12 61.4 14.7 7.82 62.0 45.8 305 9.67 10.13 37.0 8.9 2.83
I5 48.5 1.6 8.43 68.6 66.8 325 11.24 11.97 49.9 12.9 3.54
I8 355 8.5 9.04 753 87.8 345 12.81 13.81 62.8 15.1 4.25

Abbreviations: CV, coefficient of variation; GRI, glycemia risk index; MSG, mean sensor glucose; MODD, mean of daily differences.

Range, the distance between the maximal and minimal values in CGM; TAR, time spent above the glucose target 10 mmol/L; TIR, time in range (glucose
3.9-10 mmol/L); Q-Score, quality evaluation score. The values given in bold represent the target limit for the normal range.

The values given are based on significant correlations (P < .001) of the Q-Score with the given parameters and were read from calculated regression
lines. A Q-Score of 10 and a TIR of 70% highlighted with bold letters were defined as limits for sufficient glycemic control.

above the target increased to 2.6 = 0.7 in the group with
Q-Scores from Group 10 to 12, as exemplified for the CGM
profiles ID235 and D265 (Table 4). An additional increase
to 3.7 £ 0.6 was observed in the group with Q-Scores from
12 to 15 (CGM profile ID253), and a further increase to 4.1
* 0.4 in the group with Q-Scores > 15 (Figure 5a and b).

Conversion Matrix for Parameters of Glycemic
Control

For consultation with people with diabetes, a matrix for the
conversion of the Q-Score and TIR to glycemic control
parameters was developed using regression analyses

(Table 3). The conversion matrix is a tool for clinical prac-
tice that can be used for clarifying the quality of CGM
profiles by demonstrating the conversion of a given
Q-Score or TIR to other CGM metrics.

A wide range of Q-Score, TIR, and GRI values were
found for participants with TBR > 1 h, mostly people with
type 1 diabetes (Supplementary Figure 1 A-C). Time below
range needs to be addressed individually by health care pro-
fessionals® and was excluded from the conversion matrix.

Discussion

For objective screening and analysis of glucose profiles
derived from CGM devices, composite metrics revealing the
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Table 4. Evaluation of Glycemic Control Based on isCGM Profiles Using Q-Score Components, Q-Scores, and the TIR.

ID Sex Diabetes type MSG (mmol/L) Range (mmol/L) TAR (hours) TBR (hours) MODD (mmol/L) Q-Score TIR (%)
120 Female 2 5.8 8.1 0.8 3.5 2.0 9.0 82.4
201 Female 2 8.6 6.6 4.1 0.0 1.2 7.0 82.7
213 Male I 7.9 8.4 3.6 0.3 3.0 9.3 83.9
290 Male 2 82 79 3.8 0.2 23 8.6 83.3
230 Male 2 6.5 7.8 1.6 2.1 2.0 82 84.7
104 Female 2 74 84 3.6 0.0 1.4 7.1 85.0
265 Female | 72 85 32 1.9 2.8 10.1 78.6
80 Male | 7.8 9.0 45 0.5 2.5 9.3 79.1
89  Female 2 82 7.8 4.9 0.0 2.1 84 79.4
147 Male 2 8.1 8.8 5.2 0.0 1.8 8.4 78.1
253 Female | 77 12.4 48 1.9 34 12.6 724
235 Male | 7.8 10.8 5.1 1.6 3.0 1.5 723
90 Male 2 8.8 7.5 6.4 0.2 1.9 8.9 724
10 Male 2 9.1 77 6.6 0.0 22 9.3 72.5
174 Male 2 9.2 77 6.5 0.1 1.9 9.1 72.5

Abbreviations: TAR, time above target range; TBR, time below range; MSG, mean sensor glucose; MODD, mean of daily differences.

Range, the distance between the maximal and minimal values in CGM; TAR, time spent above the glucose target 10 mmol/L; TIR, time in range (glucose
3.9-10 mmol/L); Q-Score, quality evaluation score. The data are derived from individual CGM profiles with a TIR >70%. Q-Score components above the
target are highlighted in bold. Target limits were defined as follows: MSG = 9 mmol/L, Range = 9 mmol/L, TAR = 6 hours, TBR = | hour, and MODD

= 2.5 mmol/L.
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Figure 5. Number (a) and frequency (b) of Q-Score
components above the target in relation to Q-Score groups with
increasing Q-Score.

The data were obtained from 275 isCGM profiles. Target limits were
defined as follows: MSG = 9 mmol/L, Range = 9 mmol/L, TAR = 6
hours, TBR = | hour, and MODD = 2.5 mmol/L. The data are presented
as the mean * SD or frequency (%).

quality of glucose profiles have been proposed.'®?! In this
study, we tested the usefulness of the Q-Score for assessing
the quality of glycemic control based on existing CGM pro-
files, and we examined its use as a complement to the TIR by
revealing components of the glucose profile outside of the
target range.

The Q-Score is a single-number metric.?? At the time of
its development, the threshold for hyperglycemia was 8.9
mmol/L, which represented the maximum postprandial glu-
cose value for healthy individuals.?® In this study, we harmo-
nized the target range of the Q-Score to 3.9 to 10 mmol/L and
adjusted the Q-Score formula after demonstrating a high cor-
relation with the Q-Score®®. The Q-Score is now aligned
with the currently recommended upper limit for postprandial
glucose levels among individuals with diabetes.>"!?

For the analysis of short-term glycemic control, a CGM
recording time of 14 days is recommended.'® The Q-Score
fulfilled this requirement by reaching stability within 10
days. In accordance with earlier studies, the TIR, MSG, and
TAR reached stable values after 12 to 13 days of record-
ing.? The glucose variability metrics CV and MODD, which
represent interdaily variability and hypoglycemia, respec-
tively, reached stability after 15 to 16 days, as observed
before.

To determine the suitability of the Q-Score as a metric
for short-term glycemic control using data derived from
CGM devices, we investigated the correlation of the
Q-Score with previously established parameters of glyce-
mic control. There was a strong correlation between the
TAR and the Q-Score. The MSG, which is also a compo-
nent of the Q-Score, reflects hyperglycemia®® and accounts
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for the strong correlation between the Q-Score and GMI.!!-26

Fructosamine is associated with the magnitude of glycemic
control over the previous one to three weeks®! and corre-
lated with the Q-Score. As expected, the Q-Score had an
inverse correlation with the TIR; here, the greater the TIR
the lower the Q-Score was. An inverse correlation was also
observed between the TIR and the GRI,?>' which is a com-
posite metric developed using the AGP components hypo-
glycemia and hyperglycemia to assess overall glycemic
risk, accounting for both hypoglycemia and hyperglyce-
mia.?! We detected a high correlation of .941 between the
Q-Score and GRI. In the Q-Score, the five components
(MSG, range, MODD, TAR, and TBR) are weighted
equally.”? The GRI gives greater weight to hypoglycemia
than to hyperglycemia and to extreme hypo/hyperglycemia
over less extreme hypo/hyperglycemia.?! Currently, the
GRI is addressed in ongoing studies.’? Studies comparing
the Q-Score and GRI in different clinical settings, for
example, primary care and in-hospital care for non-diabe-
tes-related reasons, are required to reveal which metric is
appropriate for which setting.

Our study participants, who were admitted for inpa-
tient diabetes treatment, had a mean HbAlc of 8.2%.
Inadequate short-term glycemic control was indicated by
an abnormal increase in fructosamine levels in 77% of the
participants. Approximately 72% of the study partici-
pants had a TIR < 70%. In those with a TIR > 70%, the
Q-Score revealed a segment of participants whose inade-
quate glucose control was not obvious when the analysis
was focused on the TIR.

For patient-tailored evaluation of glycemic control, we
determined the Q-Score components that were outside of the
target range. Individuals with a Q-Score above 8.5 had 1
Q-Score component above the target range. Individuals with
Q-Scores above 14 had more than 4 components above tar-
get, thus indicating poor glycemic control.

Time in range has been established as a metric for evalu-
ating CGM profiles.’ The Q-Score has the potential to pro-
vide an overall summary of short-term glycemic control and
can complement TIR. In addition to the TAR, TBR, and
MSG, the Q-Score reflects both intra- and interdaily glucose
variability.?? Glucose fluctuations® are considered risk fac-
tors for the development of microvascular complications.*
The combination of TIR with glycemic metrics for identify-
ing risk factors for diabetes complications is a preferable
approach for assessing glycemic control.

Often, in daily clinical practice, patients need help to
understand the complexity of their glucose profile. We devel-
oped a matrix for the conversion between parameters of gly-
cemic control. Using the matrix, the quality of glucose
profiles can be explained by meeting the needs of different
care levels and individual understanding of people with dia-
betes and their families. With CGM available for an increas-
ing number of people with diabetes, in the future, support

can be provided by a range of health care profession-
als.”?03637 The matrix can be a tool to increase the under-
standing of CGM metrics.

Conclusion

The Q-Score is a single-number composite metric. The
Q-Score can be calculated objectively and can be converted
into other parameters of glycemic control. As the Q-Score
sums up five components of the glucose profile, components
of CGM profiles requiring therapeutic action can be identi-
fied. A Q-Score above a cutoff value should prompt an analy-
sis of elevated Q-Score components in addition to a detailed
review of the AGP report or a referral to a diabetes
specialist.

Limitations

This was a single-center observation. The majority of people
with diabetes had CGM profiles indicating insufficient gly-
cemic control. The use of the Q-Score as a screening tool
needs to be evaluated in a large study. A trial comparing the
suitability of several composite metrics is needed.
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