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ABSTRACT
E.cfgrmr* Diabctes EeUitus ls a non-coElllrEicablc disEase tbat !1! a high prwalerc€ in our coulry atrd is howo for

causing both micaovascular and inacrov;fiffii;;, ".p""iutty 
lo-pui*o with unconkolled HbAlC. Since the

;;rffi;;rlir; ,* in tbc rszgs, heil;ob6 a-ii <arrl i^i".".i-thcsratrdd 1ool for troniroring slvcomjc c4,t ol

i;;;1;,i;irb.,cs. Tte rote 
"f 

tfiii"-iJ *^ t*ierred in 2010 wheo thc Artrerican Diabetcs Associadcm added

erll-" a"gr*tl" criterion fo( a"t"t *-S".rr* of heooglobin Alc's integral tole ia diagnosis ard q:gc.tl it 
ts

imporrant to rtognizc cliaicl sceaarios and interfering factnathat yreld false rcsul6l. HbAtC has beea uaditiually donc

h !.,i*t *iU al*"tes to assess the previous tbree Jonths' average glycetic control. But it has got its pida.lls. A patie nt

wiir hperglycemic aad hlpoglycemi;€pisod€s can have a rormal IIbAI C becaur tlbAtc sho*s ju;t u avoragt ralue. A

"r*i'mii. dmo't -& 6ir tt p"i-r was in euglyccoic shte for the pa.s tkee msrdrs. Bo'th iDtra+y ald irt rdry
larirbiliry in blood glucose levels can coatribute signilicantly to IlbAlC levels. To ad&ess this area. something new has

corr up with the name "TnIE IN RANGE", Time in rdnge is the amoudt of time you spend iD lhe targel blood sugar (blood
glucoss) rarg..--betwceo 70 dd 180 EgdL fc,r most pecple. M6t people wirh tlDe t atld t',pe 2 diabeles should aio fa I
Ii6c in r@ge of at least 70 perc-ent whicb m€an6 patieDts must airn for rqghly l7 oul of 24 hcrns each day to be in raDge

(nor }igh or low).). Some may have differenl largefs. This is usrully assessed by using a conlinuous gluc6e rnonitoring

dcvic! ad moniteing thc glyc.mic crcsts and aorghs. Frcrn thc graphs and othcr data gc.rcratcd by thc CGMS dclicc, it's

easy ro calculat€ th6 tim€ thc patied spert " t of thc raige", both high and lw. With morc attd morc itrsights i trto ftis arta,
HbAIC is bcing gradually replaced by TIME IN RANGE (TIR). CDi..dvs Thc objective of the snrdy is to ird the

correlatiotr between IIbAtc and "TIME IN RANGE" in patietrts with nonnal }lbAlC levcls. Methods: A total of99 pari€fls
brtweeu 18-60 ),ears under both oP and IP care were examined after excluding patie[ts witb krroqn condilioos that catr
falsely elevare or b.iqg dowo lhe lIbAlC levcls likc anemia, uremi4 severe hyp€rtrigl)rceridemia, socre
hypatili binemia, frepFatrcy, hcnroblic aocmia, splaomegal, ard cbroric alcoholics. Thc dchilcd histo[y of t]E patienr
was takel including the tscaheEt history to ktow the duration of the disc.se and proper drug compliarce. All the patients

trrollcd ia onr study rrcre ooitoed fu two $,elt 6y rftrchi4 Atrh# Free style Lihre ko CGItlS drF/icc @to thc
pati@t's lct arm posteriq aspect After thc completio of two wecks with COMS, the sensor was rernovcd Aorn thc
patis l My aod subjeded to asscssmcllr ard pracssing of AGP (Atubulatory glucosc pofrlc). Atr AGP llEst is a
standardize4 singleloge report rhat includes 8luc6e statistics lik€ TIR. a sunrmary tlucose profile, ard daily gluco€e
graphs. It c{rtrveds blood glucose readings fioo a CGM device iato a detailed picnre, v visualize tle
tirtre you sp@d above atrd bclour )ul. t rgEt rango. The r4t6t is based m I,t rhys ofCGM 1E
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RESIILTS: The TIR >?oplo was foud oDly in 62 patients atrd oaly 9 ofth€ toral paricnts had TIR >95%. A highcr incidctrcc

of glyc€Eic variability wE6 sesr asong tLe patieds Eho wer€ c insulis. 28Pl. of the pdierrt populdiCr had aoctumal

hlpogtyccmias too. conclu.lo : A very high prevaLeacc of glycemic variabitity includiry asyihptomatic h,loglycemias

was s€€n fu evel] palenls witb Eo.Ed HbAIC levels and approxiroately l0% ofthe tolal patieats bad TIR above 95%.

Orlirc ISSN: 22J0-J 137

Print lsSN: 297?{122

wordi: Datr€tes mell HbAI CGMS Time in
$ ar oPeo access and urder tle teIms of the Crcari*o CerDmoas AttribuliooNoo

Comrocrcial -Shar. Alike 4.
credit is

0 Liceuse, which allows othqs to remix, tlvca! aod build upon the work ooo-commercially' as

as

INTRODUCTION
India is wcll lnorrn as thc Diabetic capital of the

world with its rapidly escatating prevalence rates

rising frorn less than 3o/o n 1970 to7.2yo in 20t9 with
62;illion pcople suffcring from the discase2. The

npid sociocconomic transition and the increased

genetic susceptibility of the Indian population along
with the u[healthy high-calaie diets arrd sedentary
lifu,/le have mede tie ctmtry me of th€ @icentem
of the global DM parderniCJ.
The term 'diabctcs' describes a group of metabolic
disorders charact€rized and idcnti6ed by the presence

of hlptrglycaeuria in the absacr of treaurent The
h€t€rogsneous aetio-.pathology ircludes defocts in
insulin sesr*im, insulin actim, 6 both, a[d
disturbances of carbohydrate, fat, ard protein
metabolism. Diabetes is classified into two rypes, rype
I aad tlpe Il of which type I is also called non-
insulin-depeudent diabetes mellitus primarily caused
by various dcgrees of p-cetl dysfirnctim and insulin
resistance; commmly associated with overweight and
obesitt'. D.betes bcing *novn as the disease of the
vasculahne, leads to both microvascular and
macrovascular complicatiors as the disease
progrcsscs4T,l.

Vasculm cueplicatims of diabetes r€sult fronr long
lasting unsatisfactqry glycemic control. We usually
ass€ss gl),cernis contol based m the valuc ofglparcd
hemogtobin }lbAlc. The glycat€d hemoglobin tesr,
however, says nothing about shon-term glycrmic
flucnratiqrs. Recendy, continuous mmitoring of
glycemia has srablcd us an in-depth assessment of
changes in glucose conc€ntratims, called glycemic
vniability. In coonection widr the research inio shcrt-
teml gtycemic variability, also the study of lmg-t€rm
fluctuatiqs in glycemic control lpsed on ibAlc
variability has now intflsified- Glycemic variability
may- be rclated to oxidatioa stess, endothelial
:*lt. d* aud ioflammatiqn. rhe facrorsUadtonally associated wirh vascular danag". S;;;;
sfirdies_. have d€scribed the ."t"ti"o oi gty""_il
variability to macrovascular complicati-oos of
diabetese

]ll"^t-1:T,"t, .*"gnjzed rhat glycemic variabitity
luvr, reternog to oscillarions in blood glucose levels
and represating ei6€r shot_terrn tr lor;_t"_ Gt, ;
1r_ilY ltr dre pathogenesis of diaberic compli carrms

HL"Hfll"r" 
as a possible indepordent risk frcror

and the Eew caoatioos are licensed rtrdcr the identical

disadvantages, such as a lack of data on glyccmic

fluctuatirrr or h),poglyccrnia risk Mueovcr, it
provides only a single reading, l*'hic,h represents the

average of glucose levels over 2-3 mmths but does

not guide change in treaonertl Especially, in cascs

vhere SMBG readings are discordant with HbAlc,
CGM hetps identify the achtal time whsr the glucose

tevel is hig[ low, ot within ralge. Even tifration of
dosages of medicatims is poesible by studying the

trends md day-nipfit gfucme pattems of individul
patienls $,ith diabetes to control fa.sting or
postprandial glucose levels with much more prccision.
Thus, wilh dre advent of CGM tcchnology in recmt
years, gl)rcemic control techniques have progressed

beyond HbAl c. They inctrporate cont@crary
glucose mctic concepts such as glycemic variability
(GU and dme'in-range (IIR) glucme.
The ATTD consensus panel - should skive to spend
morc than 70% oftheir waking hours (about >17 h) in
TIR (70-180 mg/dl), with TBR (70 mg/dl) lcss &an
.t% and TAR (> I 80 mgldl-) <25%
The professimal fla& glucose moaiming systern is
one rurique CGM device that gaerates an amhiatory
glucose profile (AGP). This AGP is a collatcd rcport
thal reprcsents several dap of glucose dzta as a 24-
hour model day format, revealing GV, ond
highlighting areas that require immediate attentim. ln
contrast to attqting Eratheft|tical fqmuhs fcr
deriving GV, a demonstation ofGV thlotgh this tool
heips not only in diagnosis and planning of trcatrnart
Lines for the patient but also as an oducational tool to
help patients undershnd their diabe*es and thereby
take informative actions accordingly. Utilizing AGi
obtained via CGM has shown imprwement in qualiry
of life by improving glycemic contol and lowering
the frequocy of hlpoglycemia tbrough the inaeasci
oppornuity of identificatjon of such events With lhe
preva.lence of q?e 2 DM in adolcscents and pung
aduhs 

"dramatically 
inoeasing, tey are in a UighJns( lor such chrcnic but on., olrcrtoJk.a

microvascular and macrovascular conplications. Even
tbough HbA I C is rourinely asseesed_ tlre TIR which isa-better single predictive laclor for cuglycemia isoften^_undrstated and needs to Uc gi"eo cquaf
relevance_

OBJtsCTIYES
r To fiad the

in Rangc in
correlarion betweeu HbAlc atrd Time
patiats with rormal IJf,AIC (<i%lUhile glycared hemoglobin fHbA I c) istte gold srandard for daermining

management, it has nr:DocrprB

)
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glycenric

To detect
hypergl ycemtas andi
patienb who have n
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Crtculrtlon Of Tlmt iu Range
il-*a1t*-r.oi*"d Aom 

-the 
CGMS afler the

#;|ffi oi *o *or,t of srudy was analyscd Thc

Jiii "ir""rit 
fluctuations are displayed as fourteen

il,jr,:,j o"rtrt tz weeks; Ttre percarage of time in

il-* * ? alrv L*is as we ll as 2 weeks' is processed

anJhe dara is takeo for 6e surdy purpose

tc r'-l

DrrrAr$JrS
The daa obtahd was srt.ftd in MS Excel n ml(shed
and worksheet analpis wae done using the SPSS
software version 23. The correlation between the
pstieot's HbAIC value and the estimated HbAIC
value fiorn the CGMS report including TIR laas

It wes found during the study that only 62 G of 99

subiecs had timc in fre range above 70plo It was

,,*ng. ,n note that just I paliearts (<l f/o) out of 99

sturly su$ects had TIR above 95%, which m€ms that

by inctuding TIR assessnexot in tre routine clinical
pmctice, we can improve the time qpart by the

patients in euglpemia considerably. The reason fm
the gtycemic variabitity may be okained primarily
from tbe patiant's diet patterns and drug therapy.
The corelation betwcen patients' basetine t{bAl C
&om the tab and the estimated HbAIC aftcr
completion of the CGMS was assessed in th6e 99

zubjects.
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that for every l0Topoint decrease in TIR the risk of
developing microalbuminuria increased by 4@/o.
While TTR has becn sccn as bsncficial acr6s typ€s
and skgcs of diabctcs, thac arc select patient gofilcs
that may benefit frorn adopting this metic to achieve
opimal glpemie emtol.
L Oral anti{iabetic (OAD) inadeguacy - Tlris

inclutlcs paticatr vho harc beeo on m:ximizcd
dose6 of OADS ag6ts fq guite sorne time and
yet uncontrolled. leaving them insulin as the lsst
resort- Sometimes, even though OADs are not
maximized, pratients may be afi:aid of insulins and
would wish to delay the initiation as muci as
pcssible.

2. Hypoglycemia in parients on insulin - In India,
pncmixcd insulin dominatcs insulin usagg for
diabetes m.magem@r The popularity of
premixed insulins pedisposes the pati€o.6 to
hpoglycemia. A large proportion of pati(Its
develop hlpoglycemia rmawareoess by the time
th€y reach 10-15 years of diabetes and h€nc€,
h;poglyccmia rcmains undiagnosod

3. Gestationsl DM - Pregnancy is a metabolic strqss

for the human body and with diabaes poscs an
array of challenges for the hormones to cause
huge degree of glucose fluctuatims to meet tie
incrcased metabolic demands. At the same time,
the pregnancy outcome is alwa5a very crucial for
the pareats; heace, tighr glucose control b€csmes
vital both beibre and especially during pegnanry

4. Diel and lifesryle matragement for glucose contol
- Diet and lifesqde modificatior are inevitable in
all forms of diabetes manag€rnent. Horflever,
sorne patierts fmd it easy, phile sonr€ difE(x]lt to
adopt drangcs suggcstcd by 6cir diabctas
educator/cour"selor or
physi cian/diabetologist/endocriuologist. Enabtin g
to visualize the impact of dietary and tifestle
changes by using CGM and TIR, it will help
ernpower and motivate the Ftients to mamge
diabetes on their own.

Pre and post-hospiralization - Parienc with diabetcs
have to deal with hospitalizatim quite often. Good
g1ucose cootrol is cri to ensure faster recovery of

a&nissiorL giucosc

I ?O-59$
I '9695

DISCUSSION
The purpose of diabetes tseatneot is to maintain good
glyccrnic control liom the early stage of diabetes and
te prcvflt fte mset aud progression of c,omplioations
(HbAlc) has been used as a golden standard index of
glyc€dric contol. HbAlc is $e most cemmmly used
merhod for evaluating blood glucose cmtrol in
clirdcal EeaElcat and is recognizcd as thc key
surrogatc makcr for the development of diabetic
complicatioos. High GV is associated with the
development and progrcssion of diabetic vascular
complicaticns, the exacerbatio of hypoglycsmic risk,
and the deteriqation ofpati€nt quatity oftife (QOL)
Ttris AGP is a collated rqtrt ftat reprsents several
da;n of glucose data as a 24-h model day format,
rcvcaling GV, and highlighting arcas which rcquirc
irmcdi&tE adention. ln contasl to atrempting
mathematical formulas for deriving GV, t
dfii@sEaticri of GV lhr('uEi this tml helps not 6lly
in diagnosis and planaing of trcatment line for the
patient bllt also as an educatimal tml to help patients
undcrst nd treir diabct€s and ftcrcby tEke informativc
actioos accudingly. Utili"ing AGP obtaircd via CGM
has $own improvernent in quality of tifc by
imgoving glycomic cmtrol.
Thae are relatively few data on the TIR targeB that
have been achierned in patieats with T2DM. Becli e,
al. rcvealed in the multiplc daily injections and
continuous glucosc mmitoring in diabetes
(DIAMOND) sudy that 158 T2DM pati€nts rcceiving
Multiplc daily lnsulin Injectioas (MDI) increased
thcir TIR from 55.6% to 61.37o after 24 weeks of
CGM use.E In 2019, Vigersky and McMahou
published a metu-analysis indicating fr^t a Ie/.
cfiange in TIR rcsultcd in a 0.t% rcduaion in HbAlc.
Anotha sordy is by Lu er aI. who publi$ed a cross-
scctional study assessing ths correlation between TIR
md alhrminuria- AIso wc have studies of retinopathy
and TIR as welt.
The DCCT stablish€d a strong coffclalion hwe€{r
HbAlc levels and the risk of diabctes-related chronic
vascular complicati@s. B€ck e, a/. examined the
associadqn betrveen TIR aad lhe developmeot and,/or
progrcssim of microalbuminuda and diabctic
reth@thy using thc DCCT tial dataseL He showed

o
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control may decide the number of days in hospitat-
based recoverg whereas in surgicsl cases, glucose
control detmines the decision !o proceed with the
srrgcry and for bctter poetsurgical orteomes.

CONCLUSION
This study evaluatcd the incidence of high glycanic
variabiliry in patients with nomal HbA I C.
Hypoglycemia in a pati€nt, be it ooctumal or dayimq
prcdisposcs them to cardiovarular co-morbidities and
morulity. Asynptomatic hlpoglyccrnias wen during
trc daytime may be missed t t it may latff pedispose
the patients to autmomic instability aad evcn dearh.
Det€ction of t[ese hypogtycemic spisodes and low
TIR at an eadia sage might help the clinician to slow
down the progressioo of the disease aud to aim at
batcr glyccnic control. More snrdies nced to b€ dooe
to undcrsad trc padophXiology and mcchaisn of
those hpoglyccmias occurring without insulin or
semetaSogucs, with cmphasis on bener diagnostic and
thcrapeutic measures. It may not be practical to asscss
for both daytime ad nochrnal hlpoglycemias and
TIR ass6smfi1s at ev6ry routinc visi! thce
assessments caD be done yearly or at regular intervals
as a part of routine sueening like diabetic retinopathy
and nephropathy. It is high time we enlist this
unforeseen complication almg with the known
complicatims of the disease such as peripheral
neurqpathy and retinqpathy since hypogl;cemic
cornplicaticns hcavily cortribute to thc mtrtality aDd
caus€ sigrificant morbidity. The studies ard research
in this arca ofnoctumal hypogl),c€rdc e}'snts and TIR
are still lacking, and mde research is required for
bettcf detcction and managqr€ot of such patiais.
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