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Clinical Benefits of Self-monitoring of Blood Glucose in
Non-insulin Treated Patients with Type 2 Diabetes : A systematic
Review and Meta-analysis
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While Self-monitoring of blood glucose (SMBG) has been recommended in some diabetes mellitus (DM) patients popu-
lation according to the 2010 American Diabetes Association (ADA), 2007 Korean Diabetes Association (KDA), 2005
International Diabetes Federation guideling, it is excluded from a routine insurance coverage for outpatients in Korea.
The objective of this study is to meta-analyze the impact of SMBG on HbA1c in non insulin-treated diabetes mellitus
(NIT) DM patients. Published clinical literatures were identified through electronic database searches from inception and
until May 2010. Studies were selected if they met the following inclusion criteria: 1) randomized controlled trials
(RCTs), 2) comparing SMBG with non-SMBG in NIT type 2 diabetes, 3) measuring HbAlc as an outcome. Literature
qualities were assessed by the Scottish Intercollegiate Guidelines Network Checklist. The mean difference of HbAlc
between the 2 groups was pooled from non-heterogeneous 6 RCTs by meta-analysis using Review Manger (RevMan)
Version 5.0 program. Pooled results demonstrated that SMBG is associated with a statistically significant improvement
in glycemic control (mean HbA1c difference -0.23, 95%CI -0.32, -0.13). Sensitivity analysis showed that glycemic con-
trols were significantly improved in patients with shorter study duration, more frequent self-monitoring, higher basdline
HbA1c vaue, and without prior SMBG experiences. Conclusively SMBG s effective in improving glycemic control in
NIT DM patients, but additional evidences from further researches in Korean patients and cost-effectiveness analysis
would be necessary to make a suggestion for coverage expansion.
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344t (GDP)9] 0.96%% =<5}l eY

o|FA AW Hrte] T P2 HFH | AT dFx
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FEA A ] e] A ot frols o 2415+
Al 2SI 84S Frskazat sk
ol W YA F8AE HrEhe d AMEE AR E
Tt A SAE FIE A (HbAL) TA 2 skl
AF7HA] A8 ATF 3t FmIAtel A 9] HbAlc 43|
T AFEeIY B P Ee A 918 d3Eioa o4
2 9)7] WP gy A8e] 2F Exo AMEHY
HEe AT 5T & e TUAEEA HbALe TA=
Folmsl & 4= gloh. weka, 2 AT A% HbAlc =
APA Q] YA B3 FrRE2A AHEE

HAY AE BEY FAARE BF QAT e
2o FRe ol Efulo] 28 FEstsich T TR A4 47
FE&3EA Y (KERIS®] RISS, 8H29]8t=F-d o] e o] 2
(KMBase), KoreeMed, 59| 8] 7% w55 2| st=A] 3t
o) A E HMA (PubMed) (AU 20104 54). W) &
o] 7% 7o) ((Blood Glucose Self Monitoring) OR A}
7+ 24) AND ((Disbetes Mellitus) OR &x))2 AH-31%]
T3 AT 1o & 2080 el AT F9)
2] A9 MeSH (Medicd Subject Headings) term 224
((Blood Glucose Sdf-Monitoring) AND (Digbetes Mélitus,
Type 2))5 AA o1& ARE-3kl L, AFHAkel, o] B U7
7t =& Algsle] (Limits randomized controlled trid,
English, publication from January 1990) 12} .2 3% 94w 0]
A= .

et
op

vl A48 B F oee) 44715 BF BEE
e HE AT Q6D WFe] Al 28 FuaAE
o2 APVRRER S AN 9 AN e L )

\_
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o il

gt AT, 2 gl A o] 9ol 7]el mehHS (confounding
factor)ol] 2|8t °3FS # 43} &t A7, HbAlc 39| 731A
EF AX e At EA e g a9E Eelst A7
o3t AMA7|ES W3k I £ o 3 HE %l
L =¢] F8-> 6ol (Figure 1). o3 F AA=
739 & Hrl= ¢Isle] Scottish Intercollegiate Guiddines
Network (SIGN) ¢] H7}22 (Checklig)™® & F=19]u) A
v A e WAetE FrkE 913 10714 35 - A
Aol A4 o HEA, R A, 9ds o,
o] FW A, ¥7t 1M Akee] A, vER (bias) o1, A}
=2 v, &ehE, intention to treat F-A ol N, 7] @z
AR - & A& 4 HrkeEEE wel covered
(WC), adequately addressed (AA), poorly addressed (PA),
not addressed (NA), not reported (NR), not applicable
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International Database Korean Database

Database: PubMed

Keywords (Me SH): Blood Glucose Self-Monitoring Database: RISS, KMBase, KoreaMed
AND Diabetes Mellitus, Type 2 Keywords: Blood Glucose Self Monitoring AND
Limits: Randomized controlled trial, English, Diabetes Mellitus

Published from 1990

A 4 A 4

Retrieved (n=94) Retrieved (n=20)

Excluded (n=88)
- Improper research question(73)

- Improper comparator(8)

> »| Excluded (n=20)

™| - Improper outcome(3) > .
-Non-RCT(2) - Improper research question(20)
- Same study(1)

- Extra intervention applied(1)

v \ 4

Selected (n=6) Selected (n=0)

Fig. 1. Clinical literature search and selection process.

(NAP) 22 F-E3te] AaE AAlsliet. HEHd £ Ae] 7MWk (Table 2).

ARzt 7F £ A J§7]~— =29l da} 290 4335}

‘%ii"‘] o)Ao] BAXE A$ B} iAol AAS ulsidl, X2 £E3 A 2A uhy
ATlA 2 ARE o T A4S FEEE YUk AA A f13te] 2E AAE £33 6Ho2E

7*4 WC o AA 2 718 Bl B o)kl Ageln  AZIEREATI WISAE HoALe o AR HE &

T 3o A ) AHE “good” &E, 5 w]ke] A FE3H Tk o, Famer AJ 2009 7= A7
“poor” = vteligltt. 49 (Farmer AJ 2009; Banett A9 27HE vl o] ngﬂ%lﬂ el Z47+e] Fell A %—

AH 2008, O'Kane MJ 2008; Guerci B 2003)2 “good’ & A ZIEL W/ 51¥ F2oF 784, uehd, &

2 H7IEAIL o] F Farmer AJ 2009 1 7-9] Ao] 7P = AFE 7 SAAS S4Ek AEl A S AAEE 7

oteh. wbw 23 9] o7 (Davidson MB 2005, Schwedes U ] HbAlc 7|- 2|9} #F SR zlo|E A1 dEA
2002) &= “poor’ Z 7}E| 1L Schwedes U 2002 A7) ol o7 dAstEAR e, o5 ARghS Sl

Table 1. Quality assessment of literatures by SIGN Checklist

Sudy 1D Check item no. Overdl
1 2 3 4 5 6 7 8 9 10
Farmer AJ 2009 AA WwC WC NA AA AA AA PA AA AA good
Barnett AH 2008 AA AA NA NA AA AA AA AA AA NA good
O'Kane MJ 2008 wC WC PA PA AA AA PA WwC WC NAP good
Davidson MB 2005 AA NR NA AA AA PA PA NA  AA NAP poor
Guerci B 2003 AA NR NA NA AA AA AA AA PA AA good
Schwedes U 2002 AA PA NA PA AA PA wC AA PA PA poor

SIGN=Scottish Intercollegiate Guidelines Network; 1=Appropriate and clearly focused question; 2=Randomized assignment; 3=Adequate
concealment; 4=Blinding of subjects and investigators; 5=Groups are similar at basdline; 6=The only difference between groups is treatment
under investigation; 7=Standard, valid, and reliable measurement of outcome(s); 8=The drop out rate is acceptable and is comparable between
the groups, 9=Intention-to-treat (ITT) analysis performed; 10=Comparable results for multiple study sites; WC=well covered; AA=adequately;
PA=poorly addressed; NA=not addressed; NR=not reported; NAP=nct applicable
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W el & AlAslgdch. wElEA S RevMan (Review
Manager Verson 5.0. Copenhagen: The Nordic Cochrane
Centre, The Cochrane Collaboration, 2008) 2 73S 3-8
sle] Sayaloieh. ¥A81s Aigte] basdine 7} gt &
A A AL go)7] wiEel FAH WE inverse
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HAFEA7E, S HbALe &= i) F&8A AAIEAL Sl
B BFHAE AMSsI . 28Y, RFEAAE AAE)
3 9)A] S OKane MJ 2008 Tl A1e] A=, =7}
A=A 73 v|=2A 79 AAkE cordation  coefficient
(Corrg)'® & H8-5te] AR Zh (De gengd S AHE3IATE
o] o SDggumge AT H NS viAIS FA3hE AHE-3}
9332, OKane MJ 2008 17| A&l EFHXR= SMBG

sl WZa w3 (random-effects model)-> o] A A o]
A of A B Ao 23H AFE2 A oA
o)A ghehal getate] 1A GRS AHE-sll ot Wl oi1zdn}t
Izt Eaghe Fare] ol 2 sl o, BAA o)A |2
o=, Z933F (publication biasy> funnd plot &2 7} MHEE 2519 sg

=

st e vF

1.83, H]SMBG- 1.99 &It}

Table 2. Sudy design, patients characteristics and study interventions

Patients characteristics Intervenion
Study - Sudy Grou i i S
D Design ps Age Male DM duration Prior SMBG DM pyration Frequency of Other
(v, (MeatSD) (%) (MeatSD) Experience therapy? SMBG
Non- b)
SMBG 66.3+10.2 55.9 36m NAP Standard care
open, ran- Dig, . .
A':j‘rzrggrg domised, L-SMBG 652+106 587  36m° NA Mono, 12m  3/d*2dw L%ég?s"e
paralée Combi
. b) Moreinten-
M-SMBG 655499  57.6 36m 3/d* 2d/w Sve C&E
random-  Non-
Barnett . 56.1+9.1 518  2.8+37y L
AH 'Zedl' efl’ara" SMBG New users G'ﬂ;%;de 27w NAP C&E
2008 | iticenter SMBG 559493 482  28+45y
Non-
i 61+12 64 New pts NAP
OKane do:ﬁinsed SMBG P No drug,
MJ prospec- Newusers Mono, 12m Afasting & C&E
2008 TL.loT SMBG 58+11 57  Newpts Combi 4pogt-prandial/
W
David snge O 498+112 33 5547y Diet, MR NAP
; SMBG U,
son MB blind, ran- NA ME+SU 6m C&E
2005 domized guBG ~ 50.9+110 21 5858y Triple 6/d*6d/w
openran- VO 622101 566 1008:79.6m S, Bigu- NAP
Guerci B domized SMBG an d&s_ Gl,
2003 prospec-’ New users SU+Bigu-  6m C&E
tive =~ SMBG 60994 537 923t750m anides, 6/d* 3d/w
Triple
random-  Non- Non-standard-
Schwede ized, SvBG 60566 518 626+47.3m NAP el C
sU multi- NA NA 6m
2002 center, pro- SVMBG =~ 58.747.6 522 655t57.2m 6/d*2dw  Standardized C
spect| ve

L-SMBG=less intensive counseling and education group; M-SMBG=more intensive counseling and education group; SD=standard deviation;
d=days, w=weeks, m=months; y=years; NA=Not Available; Diet=diet only; Mono=monotherapy; Combi=combination therapy; Triple=triple
therapy; MR=modified release; SU=sulfonylureas, MF=metformin; Gl=a-glucosidase inhibitors; NAP=not applicable; C=counseling; E=education
3 ora therapy

5 median
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AT 7 o)Are® JhA Al oy} OKane MJ 2008 1+
A3 AR g ATk A RESA I vSA
Zholl $AFE2] voluh AW 5 <l7EHe A A
Aol ol = Fol gt xhol 7} gldet.

A A GEA Y] AY of 5= di-E dFEHA G
Ao ol RS AR 39tk 3RS IdRAR
Hoze dFE Ael8y, 774 dd7sAl Sl ey
wHaew So] £3¥ ¢, Schwedes U 2002 Aol A=
ArEe] 9)=] gk} (Table 2). A& F2H9 gz vlwy
2 AT EelA AT 77 B 612704 Aol
12147 3% AFEE Famer AJ 2009 972} OKane
MJ 2008 ©] A7} sledth. Farmer AJ 2009 <1 -9}
Davidson MB 2005 17-5 A|¢]ahd EF el s
A7, Banett AH 2008 A7 73 B ohz} o}A]o}
71 23t o) A7} Guerd B 2003 A7E A
TA9A (sponsor)7F AFHA k3 Barnett AH 2008 <
75 Aestd 25 ArtEgGEA7] A ZAS (Abbott,
Johnson & Johnson, Lifescan, Bayer)®] A 3lol] 3%l
AT-Eeldct. AT-rsAdel w2, At gESA el viA
5 Aol = AR ESA W el sk x| A|Afeke] A
HRAL, A EEA A AAAFE o] 9] AE I W&
(counsding and education, C&E)2] 7= o7 e} 2}
o7} lsiet. 3ol gt Bl stk Abdshs 7ol
v 252 dgSAAe] sy Soll digk ek
Farmer AJ 2009 97 A FIHESAH TS A RE o2 D=2
e &5 9 AS5HeR Ad 2 2SS 2 (les
intensve C&E) T3} ©] Wo] HF2 o= Ag 4l
Hke (more intensve C&E) 722 o] ATE Y, o5

dn ey el

o

zse

b
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Table 3. HbA1c valuse extracted from individual studies
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VNl A A7k AAghE BT Q17| wiitel o5 24
AN GEA TS 5P 22 w83}l v). Banett AH 2008
ATE= A7HEAYSA intervention ©]2]9] felel 2§ <3
S FHaslsl| $1ste) & bl AR £330 A=l zlo] S
FA kS ¥ ol dgsiAlY TRt S5 94
glidazide modified release (MR) 30-120mg 22 ¥F3A) 7
t}. 1 vl OKane MJ 2008, Davidson MB 2005, Guerci B
2003 2] ATol M= Al Aol A s g e 7
%ol 2po] 2 FA| ¢FakAINE, Schwedes U 2002 &1 Fof| Al
AN GEA ol T3 RS AAE vk v SA T
M BFEIEA e AES ANsEH. A EEA
A7k 7482 & 3-63], AFYell 2-63] 5oE HoFsist
(Table 2). 7§17 Aol 2= F2H41uiA = 3xl+= 88
6897 © 2 c}ekg) v Davidson MB 2005 <1 T-ollA] 713+
2 327}, Guec B 2003 ATollA 7 %2 3z B
A= (Table 3).

HelE o] 235 699 UATRA o] E ATEZHY
o| AL H7IEH A oW L vif e o7 FelEg]
o (1%=0%). 12 A% ATFe o] A A=s} wleliA A
ol w X = I3 e] F7)E AR A EEA ik o=
25% 1|9t 79 BAFH R oA o] i HriEg &
233} (publication biasyS- %713t A3}, funnd plot Al A
HAH Q) A =S Jeplo] E3Hge] 4] d5S & F
Uit (Figure 2).

Aot S§ A - HEREY

ol H|Eo] A 28] PuIAtE giAro g 3} 6ul T2
S e A%, AN A AR EA e
1,200 o] 3 ¥ A o] 1,190 o vt A7 FEA w3t A}
7| S8 A2l A 714 Al A A1) HbAle 43k
HF AA-eIM] Sk, 2B 2Fhe) 7)Moz E )
H3Ro] Hale] Fo2HE SAHE FES AviEg, 9
TFkol AN FEAFelME -014 FE -19 7RG oH,

SMBG group Non-SMBG group

Sudy ID n  Basline Fndvist % 0 Badine Findvist O
Farmer AJ2009: L-SMBG 150 7.41+1.02 7.28+0.88  0.14+0.82
Farmer AJ2009: M-SMBG 151  7.53+1.12 7.36+1.05  0.17+0.73 152 749:109 - 7495120 0005102
Barnett AH 2008 311 8124089 6.95+097  115+1.14 299 8124084 724122  091+1.29
OKane MJ 2008 9%  88+21 6.9+0.8 1.9+1.83 88  86+23 6.9+1.2 1.7+1.99
Davidson MB 2005 43 8522 77416 0.8+1.6 45 84421 78+15 0.6+2.1
Guerci B 2003 345  90+13 8.1+16 0.88+1.54 344 89+13 84114 0.60+1.54
Schwedes U 2002 113 8474086  7.47+1.27 1.0+1.08 110 835+0.75 7.81+152  054+141

L-SMBG=less intensive counseling and education group; M-SMBG=more intensive counseling and education group

Unit: %, MeantSD
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Fig. 2. Funnd plot.

F%i o ME -0.00 FE -1.7 7 e (Table 3). ©] & &
3 F25 F 27k HbAlc ¥3kx|2] Ajolel] wjsle] A4=
TS B e S AR AR AR EA el A 9
HbAlc 78t = w]=A Fol| A2 7alAnet HF (mean
difference) -0.23% (95%Cl, -0.32, -0.13) =& o o}
(Figure 3). O'Kane MJ 2008, Davidson MB 2005 #3-2
T 27t A7) Zpolel] Higk AlFF-zbe] it WL 0
% Egeta oA TEgE FE shed 284 MR
Aol TEEMA 7HEA (weight)7} Ao Aoz w5 A
A=

5k, HbAlc F3|7} =& #, A77|7, Ak 23l
=, AHEREA A 77 ol wel d9st St A}

o7} AEAE H7I3H] $18ted RIFAERAM S T
Al Farmer AJ 2009 315 A €3t BE F3oME 234
5 djAkziake] HbAlc 714 %7} 8% °]Ate]slet. HbAle &
2|7} 8% o]ikel 3 o]dll FLo R o] AR EAE
AAE A3}, HbAlLc ©] 8% °]AHe] A= diAe = 3 <
TFoll M A7 & el A9] HbALc 73t Ezte] 2}o]7} -
0.28% (95%Cl, -041, -0.15) °]3l21}, 8% w|gte] A=
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hAFS 2 3} Aol A= -0.16% (95%Cl, -0.30, -0.01) &2
A, ZIAA AN M S A7 22 A AR EA] o

s F7) Aot o] aus AL 4 4 It (Figure
4). F3vit AR 717be] SRR A& ateisled, A7)

s o1 12712 o] EAE FAE . A7t
ol e/l F3E2] ¥ A wSATH v|wT o 27}
Hop=A Fol| A o] Fdrtsliate] xfo]7} -0.29% (95%CI, -
042, -0.16) o|3l3L, A77|zke] 189l F3ES] & A=
-0.16% (95%Cl, -0.30, -0.020& viepllo], 19 dTF-ol M B}
1Y AToAe] HbAlc ZstErt o] e &+ UA
o 27F R SN A dTgmtiet 2he 7t olal7] W],
SN ol wE st atel] zfeo|7t l=A] Felstaat
T2 7152 wid 23] w|Rt (F 143] v|vh) SA= A
-2} 23] oA (F 143] o] o= e vlm FAsE A
157 143] v]9kel ATF-Sol A e A g EA el A o] g9
748k=] Aol 7} 4 -0.22% (95%Cl, -0.32, -0.11)°] % 14
3] oAl AFEolA = HFE -0.27% (95%CI, -0.49, -0.05)
olgict. Sl =rt o it 7R Afel7t o & A
22 Jepydd sk, diAksRte] ke A el @
Fd AS s, AHEREA S Heow g8t 3t
<} :L?ﬁxl e i‘rx}?«ﬁi vhre] A A9 A 54
S WA= g AFeME AT vSA T
HbAlc z}s}zu 2po]7} S -0.25% (95%Cl, -0.40, -0.11)
ol w2 HABHA] ek vA| ATl A H -0.21%
(95%Cl, -0.34, -0.07) A, A7 F2A L XS 3= 3x}
Tl A 7FsEA] 7} 7t & A2 2 ERsih

™

il &

E AAA F31FZ Q75 B3t & v]Fod A 28
DGR3z ed WA 1209 Fot ApHEEEA S AlA§
WA 22 s AE|dE A3 2R g2 gAfof| B}
o ¥ 0.23% (95%Cl, -0.32, -0.13) BF= HbAlce] o 7}
e S Faldd 4 9lddd ol A3l A=

SMBG Non-SMBG Mean Difference Mean Difference
Study or Subgrou Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Barnett AH 115 114 311 091 1.29 299 248% 0.24([0.05 0.43] —
Davidson MB 08 16 43 06 21 45 1.5% 0.20[-0.58,0.98]
Farmer AJ (L) 014 082 150 0 1.02 152 21.3% 0.14[0.07, 0.35] T
Farmer AJ (M) 017 073 151 0 1.02 152 233% 017[0.03,037] T
Guerci B 0.88 154 345 06 154 344 175% 0.28([0.05 0.51] —
O'Kane MJ 19 1.83 96 1.7 1.99 g8 3.0% 0.20[0.35, 0.75] ]
Schwedes U 1 1.08 113 054 141 110 85% 046([013,079] I
Total (95% Cly 1209 1190 100.0% 0.23[0.13,0.32] L 4
Heterogeneity: Chi=3.13, df=6 (P = 0.79); F= 0% 4 T : s 1
Testfor overall effect: Z= 4.60 (P < 0.00001) Favours expeﬁmental Favours. contral

Fig. 3. Combined result of meta-analysis for the mean Difference(95% CI) of HbA1c from baseline between SMBG and non-SMBG

group.
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High HbAlc group (HbAlc >8%)

Testfor overall effect: Z= 4.29 (P < 0.0001)

SMBG non-SMBG Mean Difference Mean Difference
Study or Subgrou| Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% C1
Barnett AH 115 114 311 091 129 299 447% 0.24[0.05043] ——
Davidson MB 08 16 43 06 21 45 2.8% 0.20[0.58, 0.98]
GuerciB 0.88 1.54 345 06 154 344 31.7% 0.28[0.05 0.51] ——
O'Kane MJ 19 1.83 96 1.7 1.99 88  55% 0.20[035 0.75] B
Schwedes U 1 108 113 054 141 110 154% 046[013 079 e
Total (95% Cl) 908 886 100.0% 0.28 [0.15, 0.41] <>
Heterogeneity: Chi*=1.42, df= 4 (P = 0.84); F= 0% 4 o ! s 3

Favours experimental Favours control

Low HbAlc group (HbAlc <8%)

Testfor averall effect: Z=2.12 (P =0.03)

SMBG non-SMBG Mean Difference Mean Difference
Study or Subgrou Mean SD Total Mean SD Total Weight [V, Fixed, 95% Cl IV, Fixed, 95% Cl
Farmer AJ (L) 014 0.82 150 0 1.02 152 47.8% 0.14[0.07, 0.35)
Farmer AJ (M) 017 073 151 0 1.02 152 52.2% 017[0.03 0.37]
Total (95% Cl) 301 304 100.0% 0.16 [0.01, 0.30]
Heterogeneity: Chi*= 0.04, df= 1 (P = 0.84); F= 0% 4 1: ;) s 1

Favours experimental Favours control

Fig. 4. Meta-analysis: Sensitivity analysisfor pooled glycemic control effect in high and low HbA1c groups at basdline.
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