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ABSTRACT

INTRODUCTION  Self-monitoring of blood glucose (SMBG) is a crucial element of clinical care in type 1
diabetes, but it may not provide adequate glucose control. A newer alternative approach is continuous
glucose monitoring (CGM) system, which allows a more thorough metabolic control. However, the results
of trials comparing CGM with SMBG are inconsistent.

0BJECTIVES Based on a systematic review and meta-analysis, we aimed to assess the efficacy and
safety of various CGM systems compared with SMBG.

METHODS We searched major medical databases up to June 2011 for randomized controlled trials
comparing CGM and SMBG in type 1 diabetes. Studies of at least 12-week duration were included.
Weighted mean difference (WMD) or standardized mean difference (SMD) was calculated for continuous
measures and dichotomous data were expressed as odds ratio (OR) or risk ratio.

RESULTS We identified 14 relevant trials including a total of 1268 type 1 diabetic patients, of whom
670 were randomized to the CGM group and 598 to the SMBG group. Patients using CGM had a greater
decrease in hemoglobin A, (HbA, } from baseline compared with those using SMBG (WMD —0.26% [-0.34;
—0.19]). We found that the magnitude of the effect was similar in the subset of children and adolescents
(WMD -0.25% [-0.43; —0.08]) to that in adults (WMD —-0.33% [-0.46; —0.2]). Only real-time devices for
CGM improved glycemic control (WMD —0.27% [-0.34; —0.19]). The percentage of patients achieving
target HbA, was higher in the CGM group (OR 2.14 [1.41; 3.26]). Pooled results from 4 studies revealed
a reduction in hypoglycemic events in the CGM group (SMD -0.32 [-0.52; —0.13]).

concLusions CGM, partcicularly its real-time system, has a favorable effect on glycemic control
and decreases the incidence of hypoglycemic episodes in both adult and pediatric patients with type 1
diabetes.

INTRODUCTION The landmark Diabetes Control
and Complications Trial (DCCT) established that
intensive insulin therapy with either multiple dai-
ly injections (MDI) or continuous subcutaneous
insulin infusion (CSII), resulting in lower hemo-

globin A, (HbA, ) levels compared with standard
treatment in type 1 diabetic patients, prevents
the occurrence and postpones the progression
of microvascular complications.!? Thus, main-
taining near-normal glucose levels is a crucial
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component of diabetic care. While both the MDI
and CSII methods help achieve treatment tar-
gets, they also increase the likelihood of hypo-
glycemic episodes.! One of the key components
of the intensive therapy approach in DCCT was
self-monitoring of blood glucose (SMBG) per-
formed by the patient with a glucose meter used
to adjust the insulin dose.! Currently recognized
as the standard element of clinical care in type 1
diabetic subjects, SMBG is used in conjunction
with intensive insulin therapy.® However, its lim-
itations may be responsible, at least partially, for
failed glucose control in many patients. For ex-
ample, SMBG restricts the available information
to only a few daily measurements. Consequent-
ly, short-term hyperglycemia and asymptomatic
hypoglycemic episodes may not be recorded by
the glucose meter and thus escape the patient’s
attention, which may delay appropriate thera-
peutic intervention.*

Continuous glucose monitoring (CGM) sys-
tems, a newer alternative approach for patient
glucose monitoring, use a sensor that is insert-
ed subcutaneously to obtain interstitial fluid glu-
cose values and provide a more complete picture
of the patient’s glucose profile.’ The first ambula-
tory CGM system was approved by the Food and
Drug Administration (FDA) in 1999, and its use
has significantly increased over the years.5” These
devices, requiring regular calibration with glucose
meter readings, can be used intermittently or con-
tinuously and are available in 2 forms: retrospec-
tive and, a newer one, real-time in combination
with retrospective. The former allows the user to
download past data and look for trends in glucose
values, and the latter provides also a rapid feed-
back to the user.®® Compared with SMBG, CGM
systems allow a more thorough evaluation of dai-
ly glycemic fluctuations and assessment of their
potential causes, and subsequently allow to per-
form appropriate adjustments to therapy.* Addi-
tionally, new advances in technology have led to
the combination of CGM and insulin pump devic-
es, merging monitoring with therapy.'

Several individual studies comparing CGM with
SMBG in type 1 diabetes have been published
in recent years, but their results are inconsis-
tent. Some of them demonstrated that CGM as
compared with SMBG improved glycemic con-
trol, while others did not show differences in
comparison with standard glucose meter read-
ing.9 Thus, it is important to establish the true ef-
fect of CGM based on all the available published
studies, because there has been no systematic re-
view and meta-analysis comparing these 2 inter-
ventions that would take into account specific pa-
tient groups and different technological systems
of CGM devices. Therefore, based on a systematic
review and meta-analysis, we aimed to determine
the efficacy and safety of CGM systems compared
with SMBG in adult and pediatric populations
with type 1 diabetes. Additionally, in subgroup
analyses, we tested whether individual CGM sys-

tems and schemes of their use (ongoing vs. inter-
mittent) differ in terms of health benefits.

METHODS Searchstrategy An extensive search
in MEDLINE, EMBASE, CENTRAL, Trip Data-
base, and the Centre for Reviews and Dissemina-
tion was carried out with a very sensitive search
strategy including terms grouped into 3 catego-
ries: population (e.g., diabetes, TIDM, hyper-
glycemia), intervention (e.g., glucose monitor-
ing, glucose measurement, continuous glucose
monitoring, CGM, CGMS), and study design (e.g.,
random, randomization, RCT). Moreover, clini-
cal trial registers, sources provided by agencies
responsible for medical product approval (Euro-
pean Medicines Agency, FDA), and conference
abstracts presented at international diabetic me-
etings (American Diabetes Association, Europe-
an Association for the Study of Diabetes) were
screened for most up-to-date studies. Referen-
ces from retrieved articles were also reviewed to
identify potentially relevant papers that are not
indexed in electronic medical databases.

Inclusion and exclusion criteria Randomized con-
trolled trials (RCTs) were considered relevant if
they compared CGM with SMBG in type 1 diabet-
ic patients on an intensive insulin regimen with

CSII or MDI. However, both study arms had to be

well-matched with respect to the insulin regimen.
There were no restrictions related to age, type of
CGM systems, and schemes of their use; howev-
er, CGM readings had to be used by patients or
professionals to adjust insulin doses or to modify
diet therapy. Only studies of at least 12-week du-
ration were included. Trials were excluded from

the analysis if they 1) had no available full-text
version of the publication; 2) included patients

treated in an intensive care unit; 3) involved in-
traperitoneal administration of insulin; 4) as-
sessed noninvasive systems of glucose monitor-
ing; 5) included only new-onset type 1 diabetes;

or 6) included pregnant women.

Study selection and quality assessment All abs-
tracts identified in the systematic search were in-
dependently screened by 2 experienced reviewers

in order to find relevant studies fulfilling the abo-
ve criteria. Data was subsequently extracted in-
dependently by both analysts. Any disagreement
between the reviewers was resolved by consensus

or assistance of the third independent expert du-
ring verification based on the full texts. The qu-
ality of RCTs was assessed using the criteria pro-
posed by Jadad et al.”

Outcome measures  The following variables were
examined: HbA, change from baseline, HbA
at the end of the study, percentage of patients
achieving target HbA, , and the number and
duration of hypo- and hyperglycemic episodes.
Furthermore, safety was assessed with respect
to the risk of severe hypoglycemic events, keto-
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records identified through
database searching
(n = 2287)

additional records identified
from the reference list
(n=2)

(n=1327)

records after duplicates removed

v

records screened
(n=1327)

v

full-text articles assessed
for eligibility (n = 56)

v

v

records excluded
(n=1271)

v

studies included in qualitative synthesis
(n = 14 described in 15 publications)

v

studies included in quantitative synthesis
(n = 14 described in 15 publications)

FIGURE 1

full-text articles excluded,
with reasons (n = 41)

reasons for exclusion:

irrelevant population

(type 1 diabetes + type 2
diabetes, recent outset type 1
diabetes) — 4
inappropriate intervention
(noninvasive CGM, CGM
alarm on vs. off) — 3
inappropriate methodology
(non-RCT) - 3

additional publications to
the JDRF study — 11

cost analysis — 1

review —1

conference abstracts — 16
duplicate publications — 2

PRISMA diagram of study selection process

Abbreviations: CGM — continuous glucose monitoring, JORF — Juvenile Diabetes
Research Foundation, RCT — randomized controlled trial

acidosis, and adverse reactions at the sensor im-
plantation site as well as CGM system errors.

Statistical analysis The effect measure for dichot-
omous data was the odds ratio (OR) or risk ratio
(RR). However, if differences between the CGM
and SMBG reached statistical significance, num-
ber needed to treat (NNT) or number needed to
harm was calculated. Weighted mean difference
(WMD) was calculated for continuous (measur-
able) outcomes. When different methods of evalu-
ation were used for the same continuous endpoint
and the units could not be unified, each individ-
ual result was standardized according to the Co-
hen’s method by dividing difference in means
by the pooled standard deviation and present-
ed as a standardized mean difference (SMD)."?
Wherever possible, results from individual stud-
ies were pooled in a meta-analysis. In case of sta-
tistical homogeneity between trials, the results
were pooled with inverse variance (for continu-
ous outcomes) or Mantel-Haenszel (for dichoto-
mous outcomes) methods. Otherwise, the DerSi-
monian and Laird random effect model was per-
formed both for continuous and dichotomous
data. Significance of the overall effect was test-
ed with the Fisher’s z-test assuming P <0.05 as
the level of significance. All results representing
the effect size were stated with a 95% confidence

interval (CI). Data analysis was performed with
the Sophie v. 1.5 software for meta-analysis de-
veloped by HTA Consulting.

If pertinent values (mean with correspond-
ing standard deviation, standard error, or CI) re-
quired for meta-analysis were not presented for
each study arm separately, aggregated data (e.g.,
between group difference with P value or 95% CI)
were used. If standard deviation of change from
baseline in HbA, was missing, the precision of
the value was estimated using correlation co-
efficient from studies reporting considerable
details."

Data were stratified according to a prespec-
ified criteria and a subgroup analysis was per-
formed regarding patient age (children and ado-
lescents, adults), level of glycemic control at base-
line (measured by HbA ), type of device (retro-
spective, real-time, sensor-augmented pump),
and frequency of its use (ongoing, intermittent).
We considered CGM measurement as ongoing
when the device was continuously used at least
6 days per week, and intermittent when used for
less than 6 days per week." Interactions were
tested using the Cochrane Q-test for heterogene-
ity according to the Borenstein method.' Publi-
cation bias was analyzed for HbA, change from
baseline with the Egger’s test.

RESULTS Electronic search of medical data-
bases was performed revealing 1325 records, of
which 54 publications were considered poten-
tially relevant and underwent further assess-
ment. Screening of the references of the includ-
ed studies identified 2 additional papers. Follow-
ing a detailed examination based on full texts, 41
publications were excluded. Finally, 14 trials de-
scribed in 15 publications fulfilled the inclusion
criteria and were incorporated into this review
(FIGURE 1),1016-28

Study characteristics The studies enrolled a total
of 1268 patients, of whom 670 were randomized
to CGM and the remaining 598 patients were as-
signed to SMBG alone. The mean age ranged from
9 to 52 years. Seven trials included type 1 diabetic
patients of all age groups, 022242729 while the re-
maining studies enrolled children and adoles-
cents'®'82! or exclusively adults.'”-?® Mean dura-
tion of diabetes ranged from 6 to 28 years, but
this information was not provided in 2 trials."®?!
Populations of the included trials were heteroge-
neous with respect to glycemic control. Two trials
enrolled only patients with good glycemic control
(HbA,_<7.5%).7"?® Five studies included subjects
with uncontrolled diabetes (HbA, >8%),'016.:22.26.28
while the remaining papers did not provide infor-
mation whether they applied any restrictions to
glycemic control''*?" or included both adequately
and inadequately controlled patients.'®?*?5 Mean
baseline values of HbA, levels differed between
the studies and ranged from 6.4% to 11.5%.

In 3 trials, all patients received the CSII regi-
men,'%2426 2 studies used the MDI regimen,'’"?
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TABLE 1

Characteristics of the included studies

No. of

patients

Diabetes
duration, y? HbA, ., %?

Baseline Type of CGM

system

Battelino Ché&aA, CGM 62 26 (14) 12 (11) 6.9 (0.6) Freestyle Navigator (Abbott
etal.?® adults SMBG 58 26 (15) 11 (1) 6.9 (0.7) Diabetes Care)
Beck Ch&A, CGM 67 29 (16) 16 (15) 6.4 (0.5) various CGM systems?
etal.” adults g 62 32(18) 18 (15) 6.5(03)
Chase Ch&A, CGM 15 (2) 6(1) 10.0 (0.7) MiniMed (Medtronic)
etal.” SMBG 6 12 (1) 703) 9.0(12)
Chico adults CGM 40 37(12) 17(12) 8.3(1.6) MiniMed (Medtronic)
etal? SMBG 35 41 (10) 21 (10) 8.0(1.4)
Cosson adults CGM 3 47 (7) 15 (6) 9.0(0.7) GlucoDay (Menarini
etal SMBG 52 (13) 21(10) 9.0(0.1) Diagnostics)
Deiss Ch&A CGM 15 10 (2-16)® 2(0-7)° 1.8(1.2) MiniMed (Medtronic)
etal.” SMBG 15 12 (3-16)° 3(0-6)° 8.4 (1.0)
Deiss Ch&A, CGM 54 Ch&A: 14 NA 9.5(1.1) Guardian-RT MiniMed
et al.2? adults CGM 54 (8—-19)® 9.6 (1.2) (Medtronic)
adults: 39
(19-60)°
SMBG 54 9.7(1.3)
Hirsch Ch&A, CGM 66 33(15) 21 (12) 8.5(0.8) Paradigm 722 MiniMed
etal.” adults g 72 33 (16) 17 (10) 8.4 (0.6) (Medtronic)
Lagarde Ch&A CGM 18 10 (3) 5(3) 8.4 (1.0) MiniMed (Medtronic)
et al.?’ SMBG 9 14 (3) 4(2) 8.8(0.9)
Ludvigsson Ch&A CGM 16 13 (3)° 7 (4) 8.0(1.1) MiniMed (Medtronic)
etal.” SMBG 16
0'Connell Ch&A, CGM 31 23(9) 11(8) 7.3(0.6) Paradigm RT MiniMed
et al.2 adults SMBG 31 23 (8) 9(7) 7.5 (0.7) (Medtronic)
Raccah Ch&A, CGM 55 28 (15) 11(9) 9.1(1.3) Paradigm RT MiniMed
etal.' adults SMBG 60 29 (17) 12(9) 9.3(1.2) (Medtronic)
Tamborlane Ch&A, CGM 165 24 (14) 12 (8) 7.9(0.7) various CGM systems?
etal.” adults — gmg 157 78(0.7)
Yates Ch&A CGM 19 15¢ NA 8.2(0.9) MiniMed (Medtronic)
etal” SMBG 17 14 7.9(0.9)
a mean (SD), if not otherwise stated
b median (range)
¢ data of 27 patients
d Paradigm RT Minimed (Medtronic), DexCom Seven (DexCom), or Freestyle Navigator (Abbott Diabetes Care)
e median
and the remaining 9 publications stated that in-  the study period.'®?*?72% Intermittent methods
sulin could be administered either by an insu-  of glucose measurement were applied in 7 subse-
lin pump or by multiple injections.'6.18.20-22.25.27-28  quent studies, ranging in frequency from a single
A combination device composed of an insulin  72-hour reading at the beginning of the study'’ to
pump and CGM system (sensor-augmented  asequence of 6 readings performed monthly cor-
pump) was used in 5 trials;'%%?" however, only ~ responding to up to 18 days of measurement per
in 3 studies it was available to all patients in ~ month.'"® One remaining publication described
the CGM group.'0.24.26 a 3-armed trial designed to compare both con-
Apart from differences regarding the manufac-  tinuous and intermittent CGM with each other
turer (Abbott, Medtronic, DexCom, Menarini Di-  and with SMBG.??
agnostics), studies were also heterogeneous with Eight studies offered real-time glucose read-
respect to the reading type and continuity of mea-  ings,'022.24-2% while the remaining 6 provided
surement. In 6 studies, CGM was used to monitor ~ only a retrospective method of data analysis.'®?'
glucose levels in an ongoing manner throughout  The duration of follow-up never exceeded 26 weeks.
336 POLSKIE ARCHIWUM MEDYCYNY WEWNETRZNEJ 2011; 121 (10)



Continuity of CGM Reading  Insulin NY Data Allocation Discontinuation, %  Jadad
reading type regimen duration, mo analysis concealment
ongoing RT Csli, MDI 6 mITT YES 16 3/5
ongoing RT CSll, MDI 6 ITT unclear 2 3/5
intermittent RETRO CSll, MDI 3 ITT unclear 1 2/5
(6 X <72 h/mo)
intermittent RETRO MDI 2-3 NA unclear NA 1/5
(72 h'in 0 mo)
intermittent RT CSll, MDI 3 PP yes NA 3/5
(2x48hin0
and 3rd mo)
intermittent RETRO MDI 2x3 ITT unclear NA 1/5
(72hin0, 3rd, and (cross-over)
6th mo)
ongoing RT CSll, MDI 3 PP unclear 5 1/5
intermittent
(2 %72 h every
2 wk)
ongoing RT csi 6 PP unclear 6 1/5
intermittent RETRO CSll, MDI 6 ITT yes 0 3/5
(72 hin 0, 2nd, and
4th mo)
intermittent RETRO Csll, MDI 2%x3 PP unclear 16 1/5
(72 h every (cross-over)
2 wk)
ongoing RT csl 3 PP yes " 3/5
ongoing RT csi 6 miTT, PP unclear 17 1/5
ongoing RT CSll, MDI 6 ITT unclear 2 3/5
intermittent RETRO CSll, MDI 3 miTT yes 8 3/5
(72 h every
3 wk)

Abbreviations: Ch&A — children and adolescents, CSIl — continuous subcutaneous insulin infusion, ITT — intention-to-treat analysis, MDI — multiple daily
injections, mITT — modified ITT, NA — not available, PP — per protocol analysis, RETRO — retrospective, RT — real-time, SD — standard deviation, SMBG —
self-monitoring of blood glucose, others — see FIGURE 1

In 6 studies, patients assigned to the SMBG group
wore blinded CGM systems only to collect data on
the time spent in hypo- and hyperglycemia, but
not for insulin dose modification.'019.20.24.27.29
All studies were specified as randomized,
open-label with parallel or cross-over design.
However, the double-blind method could only
be employed in retrospective CGM. The random-
ization method was described in all but 3 stud-
ies,'1617 while adequate allocation concealment
was provided in only 5 trials.?0.21.26.28.28 Inten-
tion-to-treat analysis based on all randomized pa-
tients was performed in 5 trials,'6.9.20.25.27 while
the remaining studies applied either modified

ORIGINAL ARTICLE Efficacy and safety comparison of continuous glucose monitoring...

intention-to-treat analysis based on patients with
available recordings,'%?"-?9 or per-protocol analy-
sis including only those who completed the full
study period (TABLE 1).8.22.24.26.28

Glycemic control HbA, change from baseline
was reported in 14 studies included in the ana-
lysis. Five studies showed a statistically signifi-
cant improvement in favor of CGM as compared
with SMBG, and the remaining 9 did not demon-
strate a difference between the groups. A quanti-
tative accumulation revealed that patients using
CGM had a significantly greater decrease in HbA,
from baseline compared with the control group
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Outcome

HbA, ; change from baseline

study CGM SMBG WMD [95% CI] weight,  WMD [95% CI]

of subcategory mean D m mean SD fixed effects model % fixed effects model
Battelino et al.” 62 0.00 - 58 0.27 - + 13.41 —0.27 [-0.47; -0.07]
Beck et al.?’ 67 0.02 0.45 62 0.33 0.43 '-' 23.26 -0.31 [-0.46; -0.16]
Cosson et al.?8 3 -0.53 0.27 6 -0.22 0.23 _-_' 4.22 -0.31 [-0.67; -0.05]
Deiss et al.2? 108 -0.85 1.20 54 -0.40 1.00 _'— 4.38 -0.45 [-0.80; -0.10]
Hirsch et al.?* 66 -0.71 0.7 72 -0.56 0.72 _"." 9.4 —0.15 [-0.39; 0.09]
0’Connell et al.26 26 - - 29 - - _'_" 6.84 —-0.43 [-0.75; -0.19]
Raccah et al.” 55 -0.81 1.09 60 -0.57 0.94 _.__ 3.84 —-0.24 [-0.61; 0.13]
Tamborlane et al.? 162 -0.34 0.73 155 -0.15 0.55 ".' 26.64 -0.19 [-0.33; -0.05]
subtotal (real-time) Q = 4.79, df = 7 (P = 0.685) /? = 0% . -0.27 [-0.34; -0.19]
Chase et al.’® 5 -1.04 0.96 6 -0.62 1.07 0.37 -0.42 [-1.63; 0.78]
Chico et al.”” 40 -0.80 1.28 35 -0.50 1.10 —"—— 1.85 —0.30 [-0.84; 0.24]
Deiss et al.' 15 0.00 1.01 15 -0.01 0.92 ——l_ 1.12 0.01 [-0.68; 0.70]
Lagarde et al.? 18 —-0.61 0.68 9 -0.28 0.78 _"‘—— 1.50 —-0.33[-0.93; 0.27]
Ludvigsson et al.® 13 -0.39 0.67 14 -0.10 0.72 _'__ 1.96 -0.29 [-0.81; 0.23]
Yates et al.?' 19 -0.10 1.01 17 -0.10 1.04 ——'— 1.19 0.00 [-0.67; 0.67]
subtotal (retrospective) Q = 1.23, df = 5 (P = 0.942) /2 = 0% —-—- -0.22 [-0.48; 0.04]
total Q 100.00  -0.26 [-0.34; 0.19]

I I : I I

test for heterogenity: Q = 6.13, df = 13 (P = 0.9414) /2 = 0%

-1.2

|
o
=

favors CGM

test overall effect: Z = -7.01 (P <0.0001)

o

0.6 12

favors SMBG

FIGURE 2 HbA,,
change from baseline for
the comparison of CGM
and SMBG - data
stratified according to
the type of glucose
reading

Abbreviations:

Cl - confidence interval,
HbA,, — hemoglobin A, ,
WMD - weighted mean
difference, others — see
FIGURE 1 and TABLE 1
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(WMD -0.26 [-0.34; —0.19]) with no statistical
heterogeneity between the studies (FIGURE 2). Stra-
tified analysis showed that this difference was si-
gnificant for both ongoing and intermittent ty-
pes of CGM use. Real-time devices for continu-
ous glucose monitoring improved glycemic con-
trol when compared with SMBG (WMD -0.27
[-0.34; -0.19]), while no significant differen-
ce was noted for retrospective CGM systems

(WMD -0.22 [-0.48; 0.04]). However, the ma-
gnitude of this effect did not differ between re-
al-time and retrospective CGM (P value for inter-
action 0.744). Furthermore, a significant decre-
ase in HbA, compared with the SMBG group

was observed in patients who used both types

of CGM systems: sensor-augmented pumps and
separate sensors displaying values in real time

(FIGURE 4). We found a similar magnitude effect of
CGM use in the subset of children and adolescents

(WMD -0.25 [-0.43; —-0.08]) as was observed for
adult patients (FIGURES 3 and 4). Efficacy of CGM

did not differ significantly between the subgro-
ups representing various levels of baseline HbA,

(FIGURE 4). No evidence for publication bias was

found (P = 0.8070).

The benefit of CGM on glycemic control was also
confirmed in the analysis of HbA, levels at the end
of the trials. Meta-analysis of 12 trials demon-
strated that patients in the CGM group had low-
er end-of-treatment HbA, values when compared
with the SMBG group (WMD -0.22 [-0.42; -0.02]).
However, there was a high degree of heterogene-
ity in this estimate, likely caused by differences
in baseline HbA, between the groups observed
in small studies. A significant advantage in com-
parison with SMBG was observed for real-time

CGM (WMD -0.33 [-0.48; —0.18]), but not for
retrospective devices (WMD -0.08 [-0.47; 0.31]).
Four studies reported numbers of patients
who achieved predefined target HbA, levels. In
3 trials?*?® the target was defined as <7%, and in
1 study?' the threshold was a bit higher (<7.5%).
Pooled results of all 4 trials indicated that signif-
icantly more subjects in the CGM group achieved
predefined target levels of HbA, when compared
with those using SMBG only (OR 2.14 [1.41;
3.26]; NNT, . 7.91 [5.16; 16.94]). Similar re-
sults were also obtained in the meta-analysis of
3 studies with target HbA, <7%. Additionally, in
1study®®a significantly greater percentage of pa-
tients achieved at least a 10% reduction of HbA,
in the CGM group as compared with SMBG (OR
2.95[1.53; 5.71]; NNT, _ 7.40 [4.70;17.43]).

Hyperglycemia  Six trials assessed endpoints at-
tributable to the occurrence of hyperglycemia.
Time spent in hyperglycemia at the end of treat-
ment was assessed in 3 studies, none of which
demonstrated a significant difference between
CGM and SMBG. Meta-analysis was unfeasible
due to differences in definitions and outcome
presentations. Three trials reported a change
from baseline in hyperglycemia duration. In 2
of them, a significant reduction in favor of CGM
was observed, while no statistically significant
difference between the groups was reported in
1 study (TABLE 2).

Hypoglycemia Hypoglycemic outcomes were re-
ported in 10 trials. However, the data were pre-
sented in a different manner, namely, as the num-
ber of any hypoglycemic episodes during the study,
percentage of patients with at least 1 episode of

POLSKIE ARCHIWUM MEDYCYNY WEWNETRZNEJ 2011; 121 (10)



TABLE 2 Duration of hyper- and hypoglycemia for comparison of CGM with SMBG

Outcome Definition Study No. of No. of Estimate References
duration, mo studies patients [95% CI]
hyperglycemia
time spent in >10.0 mmol/l; 6 3 198 NS in each trial 19, 26, 29
hyperglycemia >13.9 mmol/l
change of time spent ~ >10.0 mmol/l 6 1 322 MD -60.52 23, 25
in hyperglycemia (min/day) [-101.35; -19.69]*
>10.5 mmol/l 6 1 100 MD -2.80 10
(h/day) [-4.52; -1.08]*
>13.9 mmol/l 6 1 322 MD -29.15 23,25
(min/day) [-45.37; -12.92]
>10.0 mmol/l 6 1 126 NS 27
(min/day)
>13.9 mmol/l 6 1 126 NS 27
(min/day)
hypoglycemia
time spent in <3.1 mmol/l 6 1 116 MD -0.19 29
hypoglycemia (h/day) [-0.34; -0.04]°
<3.5 mmol/l 6 1 116 MD -0.49 29
(h/day) (-0.93; -0.05)°
<3.9 mmol/l 6 2 143 WMD -0.01 20, 29
(h/day) [-1.49; 1.46]
<3.3 mmol/l 3 1 30 NS 19
(min/day)
<3.9 mmol/l 3 1 52 NS 26
(% of observation
period)
change of time spent ~ <2.8mmol/l; 6 3 548 NS in each trial 10, 23, 25,
in hypoglycemia <3.3 mmol/l; 27
<3.9 mmol/l
(min/day)

a statistically significant

Abbreviations: MD — mean difference, NS — nonsignificant, others — see FIGURE 2

severe hypoglycemia, and time spent in hypo-
glycemia. Four studies provided information on
the frequency of hypoglycemic episodes. Two of
them reported a benefit of CGM use, while the re-
maining 2 did not reveal any significant differenc-
es between the groups. Pooled results of those
4 studies demonstrated a significant reduction of
hypoglycemic events in the CGM group as com-
pared with the SMBG group (SMD -0.32 [-0.52;
-0.13]). No heterogeneity between the studies
was noted (FIGURE 5). The difference remained sig-
nificant even after the exclusion of the only trial
in which glucose reading in the CGM group was
performed retrospectively (WMD -0.24 [-0.38;
-0.10]).2% In 1 study, which reported change from
baseline in the frequency of hypoglycemic epi-
sodes, no significant difference between CGM
and SMBG was observed (mean difference 0.00
[-0.32; 0.32])."

Percentage of patients with severe hypoglyce-
mic episodes was reported in 5 studies, none of
which revealed any statistically significant differ-
ences between the groups. Pooled results of all
4 studies'®?%2729 confirmed that cumulative risk
of severe hypoglycemic episodes was compara-
ble in both groups (6.5% vs. 8.0%; RR 0.83 [0.47;
1.45]) with no heterogeneity (I> = 0%; P = 0.9869).

Similar results were obtained from the meta-anal-
ysis of 3 studies??>?’ providing data on severe
hypoglycemic episodes requiring assistance (4.4%
vs. 2.7%; RR 1.63 [0.69; 3.83]).

Of 4 studies that reported time spent in hypo-
glycemia at the end of treatment, 1 revealed im-
provement in the CGM group regardless of the hy-
poglycemia definition (<70 mg/dl, <63 mg/dl, or
<55 mg/dl), while the remaining 3 did not demon-
strate significant differences between the groups.
Meta-analysis was feasible only for 2 studies and
showed no difference in the mean daily time spent
in hypoglycemia <70 mg/dl (WMD -0.01 [-1.49;
1.46]). No differences with respect to a change of
time spent in hypoglycemia were presented in any
of the 3 studies reporting this outcome (TABLE 2).

Safety Data on the rate of adverse events were
available only in a few trials and comprised main-
ly mild reactions at the sensor implantation site
in the CGM group. In 1 study, which enrolled 30
patients, 23% of the cases reported redness, 16%
redness and itching, and 1 patient (1%) experi-
enced painful itching.'® Severity of pain associat-
ed with sensor implantation was assessed in an-
other trial on the basis of tolerability question-
naires. More than half of the patients (54.4%)
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Outcome

HbA, ; change from baseline

study CGM SMBG WMD [95% CI] weight,  WMD [95% CI]
of subcategory mean D n mean sD fixed effects model % fixed effects model
Chico et al.”? 40 -0.80 1.28 35 -0.50 1.10 —.—— 1.81 -0.30 [-0.84; 0.24]
Cosson et al.28 3 -0.53 0.27 6 -0.22 0.23 + 412 —-0.31 [-0.67; 0.05]
Hirsch et al.2* 49 -0.69 0.73 49 -0.64 0.57 —I— 7.80 -0.05 [-0.31; 0.21]
0’Connell et al.?8 - - - - - - +— 2.59 -0.25 [-0.70; 0.20]
Tamborlane et al.? 52 -0.50 0.56 46 0.02 0.45 —a— 13.09 —-0.52 [-0.72; -0.32]
subtotal (adult) Q = 8.08, df = 4 (P = 0.89) /2 =51% : -0.33 [-0.46; -0.20]
Chase et al.’s 5 -1.04 0.96 6 -0.62 1.07 = 0.36 -0.42 [-1.63; 0.78]
Deiss et al.” 15 0.00 1.01 15 -0.01 0.92 1.09 0.01 [-0.68; 0.70]
Hirsch et al.2* 17 -0.79 0.65 23 -0.37 0.95 —-——- 2.13 -0.42 [-0.92; 0.08]
Lagarde et al.?0 18 -0.61 0.68 9 -0.28 0.78 _...—— 1.46 -0.33[-0.93; 0.27]
Ludvigsson et al.’ 13 -0.39 0.67 14 -0.10 0.72 —.—— 1.92 —-0.29 [-0.81; 0.23]
0'Connell et al.2 - - - - - —_— 2.10 —~0.60 [1.10; -0.10]
Tamborlane et al.” 56 -0.37 0.90 58 -0.22 0.54 —".—— 7.00 —0.15[-0.42; -0.12]
Yates et al.?! 19 -0.10 1.01 17 -0.10 1.04 —-—I— 1.16 0.00 [-0.67; 0.67]
subtotal (children, adolescents) Q = 4.09, df = 7 (P = 0.769) 2 = 0% —.— -0.25 [-0.43; -0.08]
Battelino et al.2? 62 - - 58 - - + 13.11 —-0.27 [-0.47; -0.07]
Beck et al.” 67 0.02 0.45 62 0.33 0.43 - 22.74 —0.31 [-0.46; -0.16]
Deiss et al.2 108 -0.85 1.20 54 -0.40 1.00 _._ 4.29 —0.45 [-0.80; -0.10]
Raccah et al.™® 55 -0.81 1.09 60 -0.57 0.94 —l—— 3.76 -0.24 [-0.61; 0.13]
Tamborlane et al.?s 57 -0.18 0.65 53 -0.21 0.61 _._ 9.46 0.03 [-0.21; 0.27]
subtotal (mixed population) Q = 7.32, df = 4 (P = 0.120) /2 = 45% .- -0.25 [-0.35; -0.15]
total ‘ 100.00  -0.27 [-0.34; -0.20]
I : I I

-1.2 -0.6 0 06 12

test for heterogenity: Q = 20.48, df = 17 (P = 0.2502) /2 = 17.01% favors CGM favors SMBG

test overall effect: Z = —7.36 (P <0.0001)

FIGURE 3  HbA,_ change from baseline for the comparison of CGM and SMBG - data stratified according to the age group
Abbreviations: see FIGURE 1, FIGURE 2, and TABLE 1

FIGURE 4 HbA1.c Subgroup WMD (95% CI) P\il:tls::a:giron
z:z;?:uzoanr:akl);::: rf]zr_ °°"n2'2§;‘uyr§fniﬁt“” ongoing —= ~0261703% -018) 0.965
the comparison of CGM intermittent —_— -0.26 [-0.45; -0.06]
and SMBG ba:zlllur;e HbA, >8.0% HbA, —_— -0.34 [-0.54; -0.14]
Abbreviations: see <7.5% HbA —— -0.30 [-0.42; -0.17] 0.461
FIGURE 1, FIGURE 2, and no restriction —a— -0.22 [-0.32; -0.12]
TABLE 1 age group adults —_—l -0.33 [-0.46; -0.20]
children and adolescents -_—l —0.25 [-0.43; -0.08] 0.610
mixed age —— -0.25 [-0.35; -0.15]
reading type real-time reading —— —0.27 [-0.34; -0.19] -
retrospective reading —-0.22 [-0.48; 0.04]
sensor sensor-augmented pump —_— -0.26 [-0.43; -0.10]
augamentation separate real-time sensors _—l —-0.31 [-0.47; -0.16]
separate retrospective sensors —0.22 [-0.48; 0.04] 0.895
mixed use of sensors _—— —-0.25 [-0.35; -0.14]
—.— -0.26 [-0.34; -0.19]
T T T I
-0.6 -0.4 -0.2 0 0.2
CGM better  SMBG better

or cellulitis.”*? Three studies reported technical
problems related to the use of CGM including reg-
ister interruption for several hours or days, device
errors that precluded data storage, and alarms go-
ing off as a result of major discrepancies between

sensor and glucose meter values.'”'82¢ The risk
POLSKIE ARCHIWUM MEDYCYNY WEWNETRZNEJ 2011; 121 (10)

did not feel any pain during implantation, 38.2%
reported mild pain, 5.8% moderate, and only 1
(1.4%) experienced severe pain.?® Other report-
ed adverse reactions were infrequent and consist-
ed of individual cases of skin abscess formation
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Outcome

Frequency of hypoglycemic episodes

study CGM SMBG SMD [95% CI] weight,  SMD - Cohen [95% CI]

of subcategory mean D n mean SD fixed effects model % fixed effects model
Battelino et al.? 62 053 0.60 54 0.76 0.94 +- 28.58 -0.30 [-0.66; 0.07]
Beck et al.? 67 0.25 0.40 62 0.47 0.68 —I-— 31.61 -0.40 [-0.75; -0.05]
Hirsch et al.2* 66 0.88 0.76 72 1.17 0.74 —.‘— 33.86 -0.38 [-0.72; -0.04]
subtotal (real-time) Q = 0.17, df = 2 (P = 0.917) I = 0% _._
Lagarde et al.2 18 1.20 2.20 9 0.67 1.00 = 5.95 0.28 [-0.52; 1.08]
subtotal (retrospective) . 0.28 [-0.52; 1.08]
total 213 197 ’ 100.00  -0.32 [-0.52; -0.13]

I I 1 I I

test for heterogenity: Q = 2.46, df = 3 (P = 0.4834) /* = 0.00%

-0.8 -0.4

favors CGM

test overall effect: Z = -3.22 (P = 0.0013)

0 0.4 08

favors SMBG

FIGURE 5 Frequency
of hypoglycemic episodes
for the comparison of
CGM and SMBG
Abbreviations: see
FIGURE 1, FIGURE 2, and
TABLE 1

of ketoacidosis episodes was rare and compara-
ble in both groups (1% vs. 0.3%; RR 1.58 [0.38;
6.54]).21.24.25,29

DISCUSSION Despite enormous progress in
the medical care of type 1 diabetic patients, it is still
not possible to achieve full normalization of their
glucose levels. However, step by step, this ultimate
goal is being achieved. One of the elements of this
progress is the introduction to the medical market
of a new generation of devices that allow continu-
ous glucose monitoring. Our meta-analysis based on
a systematic review revealed that CGM use signifi-
cantly lowers HbA,_as compared with SMBG. This
is concordant with a reduction of time spent in hy-
perglycemia demonstrated in 2 of 3 trials report-
ing this outcome. While the magnitude of this ef-
fect on HbA, may provoke questions on their clini-
cal relevance, it should be noted that observational
analyses showed a continuous complication risk re-
duction accompanying a decrease in HbA, levels in
type 1 diabetic patients.® This moderate decrease in
HDbA,_in our study should be considered in the con-
text of a concomitant reduction in the frequency of
hypoglycemic events. Improvement with regard to
both of these measures, which usually demonstrate
a reversible correlation,®* indicates that CGM sys-
tems may offer a comprehensive and clinically rele-
vant benefit in type 1 diabetes.

Our stratified analyses showed that results fa-
voring CGM over SMBG were consistent across
different age groups and different levels of ini-
tial glycemic control. The effect of CGM on pa-
tients of various ages has been a topic of recent
debate. The Juvenile Diabetes Research Founda-
tion (JDRF) Continuous Monitoring Study Group
found that CGM improved HbA,_in adult pa-
tients who were 25 years or older, while no differ-
ences were observed in comparison with SMBG
among individuals under 25 years of age.?® Based
on the results from the JDRF study, current clin-
ical guidelines recommend CGM for improving
glycemic control mainly in the adult population
with type 1 diabetes. In our analysis, we catego-
rized adults as individuals over 18 years old, chil-
dren or adolescents as those below 18 years of age,
and a mixed population was considered if studies
did not separate data for different age groups. For

the adult population, the results were consistent
with the previous studies, demonstrating a de-
crease in HbA, . Additionally, our meta-analysis
also showed a benefit of CGM on HbA, change
from baseline in children and adolescents. Re-
sults from all 8 studies providing specific data for
the younger population were homogeneous, with
consistently similar results. Moreover, the mag-
nitude of the effect appeared to be very simi-
lar in both groups. These observations provide
anew important insight into the discussion about
the effect of CGM in different age groups, sug-
gesting that not only adults but also children and
adolescents benefit from CGM use.

Two different CGM systems are available for
patients: older retrospective and, with increasing
frequency, newer real-time. The former model re-
quires glucose data to be retrospectively reviewed
after being downloaded from the device by phy-
sicians, while the latter provides instantaneous
information about the patient’s glucose values,
allowing immediate self-adjustment of the insu-
lin dose. Both of these systems are utilized ther-
apeutically, serving to guide patient treatment
and allowing physicians to successfully adjust in-
sulin doses in order to provide adequate glycemic
control.3*3 As proposed earlier by the Cochrane
Metabolic and Endocrine Disorder Group,* we in-
cluded both systems in our initial meta-analysis,
provided that retrospective measurements were
also used to modify patient treatment and thus
used both diagnostically and therapeutically. Sub-
sequently, data were stratified to detect poten-
tial differences between the groups. Real-time
CGM systems were observed to have an impact
on HbA, change from baseline as compared with
SMBG. Conversely, retrospective CGM devices did
not demonstrate statistical significance. How-
ever, there was no interaction between the sub-
groups, indicating that the effect size might be
comparable for both real-time and retrospective
designs. Nevertheless, our quantitative accumu-
lation displayed a trend favoring retrospective
CGM over SMBG. This trend was consistent be-
tween individual studies and could potentially
achieve statistical significance with the addition
of new evidence. One should also note that the ev-
idence for the hypoglycemic episodes reduction
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was available for real-time CGM but not for ret-
rospective systems.

The included trials differed with regard to con-
tinuity of glucose measurement. While both ongo-
ing and intermittent approaches to glucose mea-
surement seem to be equally effective in reducing
HbA,_levels, this finding should be treated with
caution in the context of the specific cut-off point
of <6 days and 26 per week use. A favorable ef-
fect of CGM on the frequency of hypoglycemic ep-
isodes was shown only in trials applying an ongo-
ing manner of blood glucose reading. On the oth-
er hand, the method of intermittent reading has
the advantage of significantly reducing the cost
of sensors®® and likely reducing discomfort asso-
ciated with wearing the device.

CGM systems were generally well tolerated
by patients and not associated with serious ad-
verse events, particularly diabetic ketoacidosis.
Reported adverse events were limited mainly to
mild skin reactions occurring at the implantation
site. However, the device can cause some difficul-
ties in everyday activities, most commonly relat-
ed to the size of the device.?8.37:%

This paper is the first meta-analysis that com-
prehensively evaluates the efficacy and safety of
the available CGM systems vs. SMBG in various
subpopulations of type 1 diabetic patients and
types of devices. In the past, a few systematic re-
views were performed comparing these 2 inter-
ventions, but none of them answered the ques-
tion about the efficacy of CGM in different clin-
ical and technological settings. Golicki et al.%
searched medical databases up through June 2007
in order to find the RCTs enrolling children with
type 1 diabetes. In their meta-analysis no signif-
icant improvement in HbA, levels was shown in
the CGM group. More recently, 3 systematic re-
views were published evaluating the efficacy of
CGM using exclusively real-time devices. Hoeks
et al.’ reviewed 9 RCTs enrolling both type 1 and
type 2 diabetic patients, but did not conduct a me-
ta-analysis claiming clinical heterogeneity. They
found 6 studies showing that real-time CGM
could improve HbA, reduction by 0.3% to 0.7%;
however, only one of them clearly demonstrated
a statistically significant benefit of CGM. Pickup
et al.** performed a meta-analysis of 6 trials using
individual patient data and confirmed the benefit
of real-time CGM systems over SMBG with regard
to HbA _decrease in the general type 1 diabetic
population. These 2 studies analyzed the general
population regardless of age and did not attempt
to evaluate potential differences of the effect size
in particular subsets of patients.

Our systematic review based on RCTs pub-
lished throughout June 2011 included 8 studies
for real-time CGM and 6 for retrospective CGM.
Moreover, we evaluated not only differences be-
tween CGM and SMBG, but also the effect magni-
tude depending on different settings in blood glu-
cose (type of CGM, continuity of glucose readings)
and patient characteristic (age, glycemic control).
Our review was limited by a lack of access to patient

level data, thus we were only able to perform a sub-
group analysis according to Cochrane Collaboration

principles. After our analysis had already been ac-
complished, another systematic review was pub-
lished by Gandhi et al.,** overlapping to some ex-
tent with the scope of our work, but character-
ized by several limitations influencing its results.
First of all, the authors included trials represent-
ing different populations (type 1 and type 2 diabe-
tes) and did not exclude noninvasive CGM systems.
This led to a high level of heterogeneity and forced

the authors to apply a random effect model reduc-
ing the credibility and increasing the imprecision

of the results. As a consequence, they downgrad-
ed the strength of evidence to moderate just due

to imprecision. In our study, we considered only
type 1 diabetes and excluded noninvasive methods

of CGM, thus receiving more precise results with-
out substantial heterogeneity. Gandhi et al.* also

showed a strong effect of CGM in adult type 1 di-
abetic patients (WMD -0.50 [-0.69; -0.30]) with

a concomitant lack of benefit in pediatric patients

(WMD -0.06 [-0.31; 0.18]). However, several prob-
lems that could have affected the results can be

pointed out in their work. Firstly, they did not in-
clude the results presented by Hirsh et al.,” who

reported minor CGM effect on HbA,_in type 1 di-
abetic adults. Secondly, they used data reported by

O’Connell et al.? for the entire population rather
than stratified according to the age group. More-
over, it appears that the authors made a technical

error during the inclusion of the study by Tambo-
rlane et al.,”® which depleted the efficacy of CGM

in children population. Finally, Gandhi et al.®? in-
cluded a study for noninvasive CGM in pediatric
patients, in which nonsignificant differences fa-
voring the control group were reported. All these

shortcomings could have resulted in an exaggerat-
ed CGM effect in adults with its concomitant de-
preciation in pediatric patients.

The current results are consistent with the pre-
vious findings and recommendations demonstrat-
ing glycemic control improvement in adults us-
ing CGM.?*% However, according to our knowl-
edge, this is the first report which proves that
CGM systems improve glycemic control also in
children and adolescents. Although the results
of recent individual patient data meta-analysis
showed that there was no correlation between
age and HbA, _decrease, it was certainly insuffi-
cient to conclude about significance of the effect
size in pediatric group.*' Our systematic search
identified 8 studies that provide information re-
garding HbA, _decrease in more than 281 children
and adolescents (TABLE 1). Five of these trials en-
rolled exclusively patients below 18 years of age.
The remaining 3 studies also included adults; how-
ever, the reported data were stratified according
to age so that they could be utilized in our me-
ta-analysis. Moreover, these 3 studies were pub-
lished after 2007 and therefore could not be in-
cluded in the earlier meta-analysis.?*?6 This new
finding is of practical importance and may influ-
ence current clinical guidelines.
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In summary, CGM, particularly its real-time
system, has a favorable effect on glycemic con-
trol and decreases the incidence of hypoglyce-
mic episodes in both adult and pediatric type 1
diabetic patients.
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STRESZCZENIE

WPROWADZENIE  Samokontrola poziomu glukozy (self-monitoring of blood glucose — SMBG) jest istotnym
elementem terapii chorych na cukrzyce typu 1, aczkolwiek moze nie zapewnia¢ wtasciwego wyrdwnania
metabolicznego. Nowa, alternatywna metoda jest ciagte monitorowanie glikemii (continuous glucose
monitoring — CGM), ktdre pozwala uzyskac jej lepsza kontrole. Wyniki badan klinicznych poréwnujacych
CGM z SMBG sg jednak niejednoznaczne.

ceLE  Celem niniejszej publikacji byta ocena skutecznos$ci i bezpieczenstwa réznych systeméw CGM
w poréwnaniu z SMBG w oparciu o przeglad systematyczny oraz metaanalize.

METODY Przeszukano najwazniejsze bazy informacji medycznej do czerwca 2011 w celu identyfikacji
randomizowanych badan klinicznych poréwnujacych CGM z SMBG u chorych na cukrzyce typu 1. Kryteria
wigczenia spetnialy badania trwajace co najmniej 12 tygodni. Srednia wazona réznica (weighted mean
difference — WMD) lub standaryzowana $rednia réznica (standardized mean difference — SMD) zostaty
obliczone dla warto$ci ciggtych, natomiast dane dychotomiczne przedstawiono w postaci ilorazu szans
(odds ratio — OR) lub ryzyka wzglednego.

wyNIKI - Zidentyfikowano 14 badan obejmujacych tacznie 1268 chorych na cukrzyce typu 1, z ktérych
670 przydzielono do grupy CGM, a 598 do grupy SMBG. U chorych stosujacych CGM nastapita istot-
nie wigksza redukcja poziomu hemoglobiny A,_(HbA, ) w poréwnaniu z osobami stosujgcymi SMBG
(WMD -0,26% [-0,34; —0,19]). Wielko$¢ efektu byta poréwnywalna w podgrupie obejmujacej dzieci
i mtodziez (WMD -0,25% [-0,43; —0,08]) i u dorostych (WMD -0,33% [-0,46; —0,2]). Przewage CGM nad
SMBG potwierdzono tylko w przypadku systeméw CGM pracujacych w czasie rzeczywistym (WMD -0,27%
[-0,34; -0,19]). W grupie CGM wigkszy byt odsetek chorych, u ktérych warto$¢ HbA,  ulegta zmniejsze-
niu do warto$ci docelowych (OR 2,14 [1,41; 3,26]). Kumulacja iloSciowa 4 badan wykazata redukcje
czestos$ci epizodéw hipoglikemii w grupie CGM (SMD -0,32 [-0,52; -0,13]).

wnioskl  Systemy CGM, szczeg6lnie pracujace w czasie rzeczywistym, wykazuja korzystny wpiyw
na wyréwnanie glikemii oraz redukcje incydentéw hipoglikemii zaréwno u dorostych, jak i u dzieci
z cukrzyca typu 1.
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