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Abstract 

Background:  This real-world data study analyzed glucose metrics from FreeStyle Libre® flash glucose monitoring in 
relation to scanning frequency, time in range (TIR) and estimated A1c (eA1c) in Saudi Arabia.

Methods:  Anonymized reader data were analyzed according to scanning frequency quartiles, eA1c categories 
(<7%,≥7%‒≤9% or>9%) and TIR categories (<50%,≥50%‒≤70% or>70%). Sensors, grouped by reader, were required 
to have≥120 h of operation. Differences in scanning frequency, eA1c, TIR, time in hypoglycemia and hyperglycemia, 
and glucose variability (standard deviation [SD] and coefficient of variation [CV]) were analyzed between groups.

Results:  6097 readers, 35,747 sensors, and 40 million automatic glucose measurements were analyzed. Patients in 
the highest scanning frequency quartile (Q4, mean 32.0 scans/day) had lower eA1c (8.47%), greater TIR (46.4%) and 
lower glucose variation (SD 75.0 mg/dL, CV 38.2%) compared to the lowest quartile (Q1, mean 5.2 scans/day; eA1c 
9.77%, TIR 32.8%, SD 94.9 mg/dL, CV 41.3%). Lower eA1c and higher TIR were associated with greater scanning fre‑
quency, lower glucose variability and less time in hyperglycemia.

Conclusions:  Higher scanning frequency in flash glucose users from Saudi Arabia is associated with lower eA1c, 
higher TIR, lower glucose variability and less time in hypoglycemia or hyperglycemia.
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Background
Diabetes mellitus is a chronic metabolic disorder char-
acterized by high blood glucose levels resulting from 
impaired insulin production or response [1]. The global 
prevalence of diabetes is high and rising fast, with 463 
million individuals suffering from diabetes in 2019 and 
projected estimates of 700 million individuals with dia-
betes by 2045 [2]. In Saudi Arabia, a country with a 
population of approximately 30 million, diabetes is a 
major public health concern, with more than 1.7 million 

individuals aged 15 years and older suffering from diabe-
tes and a further 751,684 individuals with undiagnosed 
diabetes in 2014 [3]. Complications of poorly managed 
diabetes include microvascular complications; (neuropa-
thy, nephropathy, and retinopathy), as well as macrovas-
cular disease such as stroke, coronary artery disease, and 
peripheral arterial disease resulting from hyperglycemia 
[4]. Hypoglycemia can be associated with seizures, coma, 
cardiac issues as well as cognitive impairment [5].

Glycated hemoglobin (HbA1c) is used to measure 
glycemic control and correlates with mean glucose lev-
els [6]. In addition to the measurement of HbA1c, self-
monitoring of blood glucose levels allows individuals 
with diabetes to monitor their own glucose levels in 
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relation to treatment response and glycemic targets 
[6]. Intensive treatment of insulin-dependent diabe-
tes patients—which includes regular insulin treatment, 
self-monitoring of blood glucose levels, and regular 
measurement of HbA1c—has been shown to reduce the 
progression of complications associated with diabetes 
[7].

Advances in glucose monitoring have led to the devel-
opment of continuous glucose monitoring devices, which 
can track glucose levels continuously throughout the 
day. Continuous glucose monitoring has been shown to 
reduce hypoglycemia events, improve quality of life, and 
improve HbA1c levels [8].

Increased frequency of self-monitoring of blood glu-
cose has been shown to be associated with reduced 
HbA1c levels in type 1 diabetes patients of all ages [9]. 
Randomized control trials have shown that frequent flash 
glucose monitoring can reduce time spent in hypogly-
cemia for type 1 diabetes patients with well-controlled 
diabetes [10], as well as in type 2 diabetes patients on 
intensive insulin therapy [11]. While previous real-world 
data studies have shown greater flash glucose monitor-
ing frequency to be associated with improved glyce-
mic markers, including increased time in range (TIR), 
reduced time in hypoglycemia and hyperglycemia, and 
reduced glucose variability in European populations [12–
14], none have assessed this association within the Saudi 
Arabian population.

TIR, which is a standardized continuous glucose moni-
toring metric, is associated with a reduction in the risk 
of microvascular complications [15, 16]. This metric is 
thought to overcome limitations associated with the reli-
ance on HbA1c alone to assess glycemic control and pro-
vide more information about acute glycemic events [17, 
18]. The relationship between TIR, eA1c and glycemic 
variability has previously been studied in a Chinese pop-
ulation of people with type 2 diabetes and demonstrated 
the complexity of determining TIR targets for individual 
patients [19].

The aim of this real-world data study was to analyze 
glucose metrics from flash glucose monitoring in relation 
to scanning frequency, time in range and eA1c in Saudi 
Arabia.

Methods
Sensors and readers
We used The FreeStyle Libre® (Abbott Diabetes Care, 
Witney, UK) flash glucose monitoring system which is 
a sensor-based continuous glucose monitor that meas-
ures glucose levels in the interstitial fluid every minute, 
and automatically saves a reading every 15  min [20]. 
A reader which is scanned over the sensor will display 
up to 8  h of historical glucose measurements, as well 

as current glucose and glucose trends [20]. This device 
does not require calibration and has a 14-day sensor life 
[12]. Anonymized data from all flash glucose monitor-
ing glucose readers from Saudi Arabia was uploaded and 
analyzed for the period of October 2015 to June 2020. 
Sensors were grouped by reader and were required to 
have ≥ 120 h of operation.

Scanning
Each reader’s daily scanning frequency was calculated by 
dividing the total number of scans from all its associated 
sensors by the total wear duration (in days) of all its asso-
ciated sensors.

Glycemic measurements
Glycemic measurements calculated from the sensor 
data included eA1c (%), TIR (% time glucose levels were 
between 70 and 180  mg/dL), time above range (% time 
glucose levels were > 180  mg/dL and > 250  mg/dL), time 
below range (% time glucose levels were < 70  mg/dL 
and < 54 mg/dL), and glucose variability metrics of stand-
ard deviation (SD;  mg/dL) and coefficient of variation 
(CV; %).

Statistical analysis
For analysis of the relationship between scanning fre-
quency and glucose metrics, readers were rank ordered 
by scanning frequency into quartiles, with Q1 represent-
ing the lowest scanning frequency quartile and Q4 rep-
resenting the highest scanning frequency quartile. For 
analysis of the relationship between eA1c and glucose 
metrics, eA1c was categorized as < 7%, ≥ 7% and ≤ 9% 
or > 9%. For analysis of the relationship between TIR and 
glucose metrics, TIR was categorized as < 50%, ≥ 50% 
and ≤ 70% or > 70%.

Mean values with 95% confidence intervals were cal-
culated for eA1c, TIR, time in hyperglycemia ranges, 
and glucose variability metrics, for each scanning fre-
quency quartile, eA1c category or TIR category. For 
time in hypoglycemia ranges, median values with 95% 
bootstrapped confidence intervals of the median were 
calculated instead of means, due to the high number 
of zeros and skew in the distribution of time in hypo-
glycemia. Analysis of variance was used to assess dif-
ferences in mean glucose metrics between scanning 
frequency quartiles, eA1c category or TIR category. 
Differences in median time in hypoglycemia between 
scanning frequency quartiles were assessed by a com-
parison of their calculated confidence intervals. The 
database was analyzed by structured query language 
routines and the Python programming language (www.​
python.​org, version 3.7.3), and further summarized by 
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KNIME (http://​www.​knime.​org, version 4.1.3). Com-
parisons were considered significantly different at the 
p < 0.05 level.

A supplementary analysis of the relationship 
between the standardized metric Glucose Manage-
ment Index (GMI) [21] and other glucose metrics 
was performed. GMI was categorized as < 7%, ≥ 7% 
and ≤ 9% or > 9% and analyzed as described above for 
scanning frequency quartile, eA1c and TIR categories.

Results
Automatic glucose measurements
The dataset from Saudi Arabia contained information 
from a total of 6097 readers, 35,747 sensors, and 40 
million automatic glucose measurements.

Relationship between scanning frequency and glucose 
metrics
Glucose metrics according to each scanning frequency 
quartile are shown in Table 1 and Fig. 1. Greater scanning 
frequency was associated with lower mean eA1c, greater 
mean TIR and lower glucose variability. Greater scanning 
frequency was also associated with lower time in hypo-
glycemia as well as lower time in hyperglycemia.

Relationship between eA1c and glucose metrics
Glucose metrics according to eA1c category are shown 
in Table  2. Lower eA1c was associated with greater 
mean daily scans, greater TIR and lower glucose variabil-
ity. Lower eA1c was also associated with lower time in 
hyperglycemia but slightly higher time in hypoglycemia. 
Similar results were observed for GMI (data provided in 
Additional file 1).

Relationship between TIR and glucose metrics
Glucose metrics according to TIR category are shown 
in Table  3. Higher TIR was associated with greater 
mean daily scans, lower eA1c and lower glucose vari-
ability. Higher TIR was also associated with less time in 
hyperglycemia.

Discussion
The results of this real-world data study demonstrate 
the benefits of greater scanning frequency in flash glu-
cose monitoring users in Saudi Arabia. Higher scanning 
frequency users demonstrated significantly higher TIR, 
lower eA1c, lower time in hypoglycemia and hyper-
glycemia, and lower glucose variability compared with 
lower scanning frequency users. Furthermore, users 
who spent more time in range had more favorable gly-
cemic outcomes in terms of eA1c, glucose variability 

Table 1  Glucose metrics by scanning frequency quartile

Values are presented as mean (95% confidence interval) unless specified

CV coefficient of variation, eA1c estimated A1c, SD standard deviation, TIR time in range

*Median (95% bias-corrected and accelerated bootstrap confidence intervals) presented for time below 54 and 70 mg/dL

Q1 Q2 Q3 Q4 p-value

Number of readers 1523 1524 1524 1526

Daily scans 5.2 (5.10‒5.23) 9.4 (9.38‒9.51) 14.9 (14.76‒14.97) 32.0 (31.21‒32.71)  < 0.0001

eA1c, % 9.77 (9.65‒9.88) 9.28 (9.18‒9.39) 8.96 (8.86‒9.05) 8.47 (8.38‒8.57)  < 0.0001

Time below range

 < 54 mg/dL, %* 1.08 (0.92‒1.18) 1.07 (1.00‒1.22) 0.80 (0.71‒0.89) 0.41 (0.36‒0.45)  < 0.05

 < 70 mg/dL, %* 3.31 (3.00‒3.60) 3.60 (3.40‒3.88) 3.01 (2.77‒3.25) 2.31 (2.03‒2.51)  < 0.05

TIR

 ≥ 70 and ≤ 180 mg/dL, % 32.8 (31.9‒33.8) 37.1 (36.1‒38.1) 40.5 (39.5‒41.5) 46.4 (45.4‒47.5)  < 0.0001

Time above range

 > 180 mg/dL, % 62.0 (60.9‒63.1) 57.8 (56.7‒58.9) 55.0 (53.9‒56.1) 49.6 (48.4‒50.8)  < 0.0001

 > 250 mg/dL, % 40.3 (39.1‒41.4) 35.2 (34.1‒36.3) 31.4 (30.4‒32.5) 25.7 (24.7‒26.8)  < 0.0001

Glucose variability

 Glucose SD, mg/dL 94.9 (93.5‒96.2) 90.2 (88.9‒91.6) 84.6 (83.3‒85.8) 75.0 (73.8‒76.2)  < 0.0001

 Glucose CV, % 41.3 (40.8‒41.8) 41.5 (41.0‒41.9) 40.4 (40.0‒40.8) 38.2 (37.9‒38.6)  < 0.0001

Fig. 1  Relationship between scanning frequency and glucose metrics Mean values are connected by solid lines, 75th and 25th percentile values 
are connected by dashed lines. For percent time below 54 and 70 mg/dL, median values are connected by solid lines.

(See figure on next page.)
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Fig. 1  (See legend on previous page.)
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and time above range and had greater scanning fre-
quency compared with users who spent less time in 
range. Similarly, users with lower eA1c had better gly-
cemic markers in terms of TIR, glucose variability and 
time above range and had greater scanning frequency 
compared with users with higher eA1c. Analysis of 
real-world data demonstrates that higher scanning 
frequency, lower eA1c and higher TIR in flash glucose 

monitoring users from Saudi Arabia is associated with 
improved glycemic markers.

Previous real-world data studies have similarly associ-
ated lower eA1c with greater scanning frequency in flash 
glucose monitoring users. In a Spanish study, eA1c was 
significantly lower for the highest scanning frequency 
group (6.9%) than it was for the lowest scanning fre-
quency group (8.0%; p < 0.001) [13]. Furthermore, in a 

Table 2  Glucose metrics by eA1c group

Values are presented as mean (95% confidence interval) unless specified

CV coefficient of variation, eA1c estimated A1c, SD standard deviation, TIR time in range

*Median (95% bias-corrected and accelerated bootstrap confidence intervals) presented for time below 54 and 70 mg/dL

eA1c < 7% eA1c ≥ 7% & ≤ 9% eA1c > 9% p-value

Number of readers 924 2231 2942

eA1c, % 6.22 (6.17–6.26) 8.04 (8.02–8.06) 10.85 (10.8–10.9)  < 0.0001

Daily scans 19.6 (18.5–20.6) 16.5 (15.9–17.0) 13.2 (12.8–13.6)  < 0.0001

Time below range

 < 54 mg/dL, %* 1.62 (1.33–1.90) 1.25 (1.13–1.37) 0.47 (0.42–0.51)  < 0.05

 < 70 mg/dL, %* 7.55 (6.72–8.21) 4.31 (4.07–4.61) 1.76 (1.65–1.89)  < 0.05

TIR

 ≥ 70 and ≤ 180 mg/dL, % 73.0 (72.1–73.9) 47.1 (46.7–47.5) 22.6 (22.3–22.9)  < 0.0001

Time above range

 > 180 mg/dL, % 17.6 (17.0–18.3) 47.4 (47.0–47.8) 74.8 (74.4–75.1)  < 0.0001

 > 250 mg/dL, % 3.8 (3.6–4.1) 20.0 (19.6–20.3) 52.4 (51.8–52.9)  < 0.0001

Glucose variability

 Glucose SD, mg/dL 50.6(49.4–51.7) 77.8 (77.1–78.5) 103.7 (103.0–104.4)  < 0.0001

 Glucose CV, % 37. 7(37.0–38.4) 42.3 (41.9–42.6) 39.7 (39.4–40.0)  < 0.0001

Table 3  Glucose metrics by TIR group

Values are presented as mean (95% confidence interval) unless specified

CV. coefficient of variation, eA1c estimated A1c, SD standard deviation, TIR time in range

*Median (95% bias-corrected and accelerated bootstrap confidence intervals) presented for time below 54 and 70 mg/dL

TIR < 50% TIR ≥ 50% & ≤ 70% TIR > 70% p-value

Number of readers 4426 1100 571

TIR 29.0 (28.6–29.3) 58.3 (57.9–58.6) 81.8 (81.1–82.5)  < 0.0001

Daily scans 13.6 (13.3–13.9) 19.7 (18.8–20.6) 20.6 (19.2–22.1)  < 0.0001

eA1c, % 9.99 (9.93–10.04) 7.22 (7.18–7.25) 6.07 (6.01–6.12)  < 0.0001

Time below range

 < 54 mg/dL, %* 0.75 (0.69–0.79) 1.4 (1.21–1.61) 0.48 (0.41–0.55)  < 0.05

 < 70 mg/dL, %* 2.53 (2.41–2.66) 5.14 (4.84–5.63) 3.57 (3.09–3.96)  < 0.05

Time above range

 > 180 mg/dL, % 66.9 (66.5–67.4) 34.9 (34.4–35.4) 12.8 (12.1–13.5)  < 0.0001

 > 250 mg/dL, % 42.8 (42.3–43.4) 10.5 (10.3–10.8) 1.7 (1.6–1.9)  < 0.0001

Glucose variability

 Glucose SD, mg/dL 97.2 (96.6–97.8) 65.6 (65.0–66.3) 40.4 (39.4–41.4)  < 0.0001

 Glucose CV, % 41.3 (41.1–41.6) 41.2 (40.8–41.6) 31.3 (30.7–31.9)  < 0.0001
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European study, eA1c was higher for the lowest scanning 
frequency group (8.0%) compared with the highest scan-
ning frequency group (6.7%; p < 0.001) [12]. In a study in 
Italy, eA1c was significantly higher in the quintile with 
the lowest number of daily glucose readings (8.4%) ver-
sus the quintile with the highest number of daily glucose 
readings (6.9%; p < 0.001) [22]. Prospective observational 
studies have reported a similar relationship between daily 
scan frequency and HbA1c [23–25], with two of the stud-
ies reporting a strong correlation between daily scanning 
frequency and HbA1c or eA1c [24, 25]. A national study 
in Belgium reported a logarithmic relationship between 
daily scans and HbA1c [23]; this fit function agrees well 
with the real-world data reported here. The relative 
decreases in HbA1c and eA1c are just over 13% in both 
Belgium [23] and Saudi Arabia across the scan frequen-
cies of 5.2 to 32 per day.

Furthermore, comparable differences in time spent in 
hypoglycemia and hyperglycemia with greater scanning 
frequency with flash glucose monitoring have also been 
observed in other real-world data studies. In a longitu-
dinal analysis over a 6-month period, Jangam et al.dem-
onstrated a greater reduction in hyperglycemia in those 
individuals with greater scanning frequency (−  0.81  h/
day, 14.2% relative reduction) compared with individuals 
with lower scanning frequency (+0.16  h/day, 2.4% rela-
tive increase) [14]. In addition, Gomez-Peralta et al. dem-
onstrated significantly lower time spent below 70  mg/
dL (2.1%), below 54 mg/dL (5.9%), and above 180 mg/dL 
(28.9%) in the highest scanning frequency group com-
pared with the lowest scanning frequency group (3.2%, 
6.9%, and 45.4%, respectively) [13]. Dunn et  al.demon-
strated that higher scanning frequency was associated 
with reduced time below 3.9, 3.1 and 2.5 mmol/L (70.2, 
55.8 and 45.0 mg/dL) by 15%, 40%, and 49%, respectively, 
compared with lower scanning frequency (p < 0.001 for all 
groups). Furthermore, time above 10.0 mmol/L (180 mg/
dL) decreased by 44% for the higher scanning frequency 
group (p < 0.001) [12].

In addition, studies have associated greater time spent 
in range with greater scanning frequency with flash glu-
cose monitoring, with a TIR of 15.6  h/day for higher 
scanning frequencies versus 11.5  h/day for lower scan-
ning frequencies in the aforementioned Spanish real-
world data study [13]. Furthermore, in a European study, 
TIR was shown to be higher for greater scanning fre-
quencies (12.0 h/day) versus lower scanning frequencies 
(16.8  h/day, p < 0.001) [12]. In an observational study in 
Japan, scanning frequency was positively correlated with 
TIR (r = 0.719, P < 0.0001) [25]. Finally, a retrospective 
study of patients in Italy demonstrated a significant trend 
of greater TIR with increasing daily interstitial glucose 
readings [22].

In terms of glycemic variability, the same Spanish 
real-world data study associated lower SD and CV with 
greater scanning frequency with flash glucose monitor-
ing. Glucose SD and CV were 28.7% (p < 0.001) and 13.5% 
(p < 0.001) lower, respectively, in the higher frequency 
scanning group than they were in the lower scanning fre-
quency group [13]. A study of people with type 2 diabetes 
in China has shown a strong correlation between eA1c 
and TIR, which is influenced by glycemic variability in 
continuous glucose monitoring users, demonstrating that 
all these factors need to be accounted for when deciding 
on a clinical target for each individual patient [19].

This study is the first real-world data study that assesses 
the association between flash glucose monitoring scan-
ning frequency, time in range and eA1c and glucose met-
rics in Saudi Arabia. The results confirm findings from 
previous real-world studies in a new setting. The study 
enabled the collection of a large sample size in a real-
life user setting. However, the limitations to this study 
include the lack of additional patient information such as 
patient demographics, diabetes duration, diabetes com-
plications, therapies and self-management information, 
which may be contributing factors to scanning frequency 
or glucose metrics. There is the potential for selection 
bias in this study resulting from the types of individu-
als using the flash glucose monitoring device, with the 
potential for those using the device having high levels of 
motivation for improvement of glycemic indices. Finally, 
this study did not assess the effect of scanning frequency, 
time in range and eA1c on glucose metrics over time; 
there may be the potential for changes in such param-
eters over the course of flash glucose monitoring use, 
therefore this may warrant further investigation.

Conclusions
This study is the first real-world data study that assesses 
the association between flash glucose monitoring scan-
ning frequency, time in range and eA1c and glucose met-
rics in Saudi Arabia. Higher scanning frequency in flash 
glucose users from Saudi Arabia is associated with lower 
eA1c, higher TIR, lower glucose variability and less time 
in hypoglycemia or hyperglycemia. The data demon-
strates that higher scanning frequency, lower eA1c and 
higher TIR in flash glucose monitoring users from Saudi 
Arabia is associated with improved glycemic markers and 
these results demonstrate the clinical benefit of frequent 
blood glucose monitoring on glycemic control.

Abbreviations
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range.
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