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ABSTRACT
Beckground: Diabetes mellitus is a non+ommunicable disease tbat has a high prevalence in our country and is known for
causing borh microvascular and rnacrovascular complistions, espec'ially ir patient with unconcrolled HbAlC. Since the
beginning of clinical use in the 1970s, hemoglobinAlc (Alc) has become the standard tool for monitoringgtycemic control
iu prtiurts with diabercs. Thc role of thc Ale tcst was broadelred fu 201q wheu 6c ,Aunerican Diab*es AsJociatiou arlded
Alc as I fir8nostic critdifl fur diabcres" Bccawe of hrmoglobinAlc's inregral role in diagnoeis aud treatmcor, it is
imputant to recoguize clinical scena'ios and imerfcring factcrs that yield false resultsl. HbAIC has been uaditionally done
in paticats with diabotc to assess the previuls thrce rmths'a\Eratc glyccnic cmbol. &* it has go{ its fntfalts. e p*iat
with hperglycemic and hypoglycemic episodes can have a nmmal HbAIC because FIbAlc shows jrxt an average rralue. A
normal HbAlc doesn't mean that the patient was in a euglycemic state for the past three mqnths. Borh intraday and inter-
day variability in blood glucose levels can contribute significantly to HbAIC levels. Noctumal hypoglycemia is usually
missed becar:se most of the patie{s are not trained to check for blood suga.r valucs during sleeping honrs. Quite oftan,
paticnts with normal IIbAle arc fomd to havc a higfr incidcnec of nocturnal hlpr:gtyccmia; csp"ciulty thosc who arc on
fwice daily premixed insulin. Evea with the use of insulin prmps and long-acting insulin analogs, swere hypoglycemia is
comnxxr in pdients with tpe I diabeteq especially during deep at nighr tn the Diabetes Contrd and Ccrnplicatisrs Trial,
more than half of severe hypoglycemic events occurred during sleep (D, and othu studies have shown an even grealer
incidence of severe nocturnai hypoglycemic events in rype I diabetes 1f). Mmeover, Sovik and Thordarson p) reported tnat
among patients aged <40 years who died over l0 years period, 60/, of the deaths were due to "dead-in-bed' sylrdrome, which
in many instances probably was the result of severe noctumal hypogtycemia. DelaSzed glucoseJowering effec,ts of aftemoon
excrcisc ($' geceinArea d€f€cts io csuteff€gulatory hmmooe responses to hypoglyceria (!"4, srd misscd bedti6
snacks {$ arc arnong the contriburing causes ofsevere noctumal hyrpoglycemic events.
Aim; To find tttc iscidaacc of toctumal hypogtyce*ia in tJpe 2 diabetes palisds wfth nrrmal It[pUQ lcvgls
ObJectives
c To lind the incidence of nociurnal hyoogl.vcemias in parienrc wirh normal HbAiC (<7?a,).

r To detcct asymptomatic noctumal hypoglycemias and its oontribution to HbAIC in paticnts who have numal HbAl C.
r Topiok up nocnrmal phenornena like deu,ns and &e Sonrogyi phenomenon.
Mcttods: A total of 100 patients betwcen 1850 years undrr both OP ad IP carc werc exasoired, afta errfuding psticgts
with knorvn conditions that can falsely elevate or bring down the HbAIC levels like anemi4 ru:emiq-severe
hlputriglyceridemia, severe hlperhiliruhinemi4 pregnancy, hemolyticanemia, $cnomcgaly, and chronic atcoholics" A
detailed history of the patient was taken includiag the treatunent history to know the duration of the disease and proper drug
compliance. Aii the padents enroiled in our sariy were monimred tbr two weeks by artaching an Abbou Freescyie Ubre Pro
CGMS device onto the patient's left arm posterior aspecl After the completion of trwo weeks with CGMS, the serrsm was
remcrvcd &onr the patieatis body and su$ectcd to assessmrnt aad
Ecrultr; At let{t me cprisodc of aecnrrnal hypogly,cemia was

{Ambu latery glucose profi le).
aad 9 of the tCal 28 patieets had

pologcd hlpoglyccmia lasting fo mue tban 2 hours. A higher was s€en ammg thc
patients who were on insulin, especially pre,mixed insulin.
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Conclusion: A hig! prevalence (28%) of nocnrrnal hypoglycemia including asymptomatic $poglycemias was seen in evan
patients with nmmal HbAIC levels and approrinutely 10% of the btal patients had TIR above 95%.
Kevwords: I)iahetas mellitrrs I-IhA I C C-GMS Nmnrmal
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IhI'[R(U}UCTION
India is well known as the Diabetic capital of the
'lvorld with its mpidty escalating prevalence rates
rising tom less than 3o/" tn l97O to 7 .ZYo in 201.9 with
62 million people suffering from the diseaseg. The
rapid socioeconomic transition and the increased
g€nstic susceptibility of the Indian population along
with the rmhealthy high-caluie diets and sedentary
lifestyle has made the counfi;r one of the epic€erters of
the global DM pandemicl0,l l.
The term 'diabetes' describes a group of metabolic
disr&s charactsized and identified by the prcscncc
of hyperglycemia in ths abserce of reatment. The
hcterqgeneurs aetie'patrology iacludes defects in
insulin secreticrl. insulin action, or both, and
disturbances of carbohydrate, fat, aud protein
metabolism. Diabetes is classifred into two t1pes, with
We 2 also called non-insulindependent diabetes
mellitus primarily caused due to various degrees of p-
cell dysfunction and insulin resistance; commonly
associated with overweight and obesityl2. With
ciiabetes being Lnoum as the disease of tire
vasculature, it leads to both microvascular and
macrgv-ascular cornplications as the disease
progresses I 3,14, I5.
Vascular cornplications of diabetes result tom long-
lasting msatisfaclory glpemic conkol. We usually
asse.ss glycemic control based on the value of
glycatedhemoglobin HbA lc. The glycatedhemoglobin
test, however, says nothing about short-term glycemic
flusnrations. Recently, continuous monitoring of
glyccmia has enabled us an in-depde assessment of
changes in glucose cmcenkatims, cailed glycemic
variability. [n connection widr the research into shut-
term glycemic variabrlity, also the snrdy of long-trm
fluctuations in glycemic control based on IIbAlc
variability has now intensified. Glycemic variability
may be relatcd to oxidation stress, endothelial
dlnftnction, and inflammation, thc factors
traditionally associated with vascular darnage. Sevsral
studics havc dcscribcd thc rclationship of gly'ccmic
variabiliry to macrovascular complications of
diabetesl6
It is increasingly recognized that g$cemic variability
(GV), referring to oscillations in blmd glucose levels
aadrepresating either shrt-tsrm u long-term GV, is
involved in the pathogenesis of diabetic complicatiurs
and has anerged as a possible indepardant risk factor
for thernl6.
While glycatedhemoglobin (I{bAlc) is considered the
gold standard for determining glycemic manageinent,
it has numerous disadvantages, such as a lack of data
on glpemic fluctuation or hypoglycemia risk.

M6eover, it govides urly a single reading, which
rspresents the avrage of glucose levels over 2-3
months but does not guide change in teatnent.
Fspecially, in cases where SMBG readings are

discordant widr IIbAlc, CGM helps identifo the
actual time when the glucose lwel is high, low, or
within range. Even titation of dosages of med.ications
is possible by studlng the trends and day-night
glucose patterns of individual patients with diabetes to
control fasting or postprandial glucose levels with
much more precision. Thus, with dre advent of CGM
technolo,gy in recent Jrcars, glyremic conBol
teclmiques have progressed beyond HbAlc. Thry
incupmate csnt€mptray glucose m€tric cslccpts
such as glycemic variabilit_y (GV) and time-in-range
(TIR) glucose. The professional flash glucose

monitoring system is ore urique CGM device that
gencrates an ambulatory glucose profile (AGP). This
AGP is a collated report that represents several days
of glucose data in a 24-h model day format, rcvcaling
GV, and highlighting areas that require immediate
aEention. In contrast m anempting ma&onarical
formulas for deriving GV, a demonstration of GV
through this tool hclps not only in diagnosis and
planning of treament lines for the patient but also as

an educational tml to help patients understand thcir
diabetes and thereby take informative actisrs
accordingly. Utilizing AGP obtained via CGM has

shown improvement in quality of life by improving
glycemic control, and lowering the froquency of
hypoglycemia through the increased opport$ity of
identification of such events With the prwalence of
t1pe 2 DM in the adolescents and young adults
dramatically increasing, they are in a higher risk for
such chronic but oftcn ovcdookcd microvascular and
macrovascular complications. Even though IIbAIC is
routinely assessed, the parients should also be
scresned for noctumal glycemic variability to ensure
euglyccmia around the clock.
A phenomenon known as the danm phanomenur was
introduccd by Dr.Schimdt in thc 1980s, stating that
morning hlperglycemia is due to the decreased levels
of endogenous inzulin sccreted at nipfrt. The dawn
phmomenm also contributes to morning
hyperglycernia to increased csnc.entrations of insulin-
antagonist hcmores Thc dawn Srenunenon is
comparable to the Somogy phenomenon, which
attributes moming hyperglycemia to

hormones from low glucose. The
dawn been noted to occur more

phenornenon. While tre
in all cases of insulin-

to note that the
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best way to prevent eith€r is optimal diabetes control
with &eprry insulin &sapy.
The Somogyi phenomenon states that early moming
hlperglycemia occurs due to a rebound effect from
latc-night hypoglycernia. However, the dawn
phenunenm does not include hlpoglycemic episodes
to be a factor. Somogyi proposed that when blood
glucoee levels drop too Iow during the lde evening
activation of counterregulatory hormones such as
arlrcnaline, r.xrrticosteroids, g;owih hormone, and
glucagon may be observed, teading to activation of
gluconeogenesis and resultant hlpergllremia in the
eady rntrrning.

MATE,RTAI,S AND MTTIIODS
STUDYDESIGN
The study was a Descriptive Cross-sectional Study
which was conducted on OP pariorts ar the Diabetic
Cliaic, Deparfrneirt of Intffiral Medicine. Amala
I{.$i$te of Medicd Sciences, Thris$r" Kerala druing
the period of August 2020 tn hl/ry 2022. The patierts
who were selected tbr the study were known to have
Type 2 Diabetes mellitus according to the ADA22
criteria and wsre under OPD care with an IIbAIC lab
value of less than 7'lo. These patisils included alt
males and fernales between the ages of l8 - 60 years.
Patisnts with anemi4 uremia, severe
blpertriglyceridemia, se\,fere hlperbi!L-;binemia,

pregnancy, hemolyicanemia, splenomegaty, and
chrsric alcoholics wece exeluded &om the study.
The sample size of the srudywas 100 with 64 males
and 36 females participating in the sfudy. A
consecutive sampliag method was used. Infonned
consent was obtained from all the participants. A
detailed history of the patieirt was takm ingluding the
treatnent histuy (OtIAs and insulin), time and *re
nrunber of hypoglycemic episodes, drug compliance,
melhod of insulin injection, and the riuration oi
diabetes. A11 the patients enrolled in this study got
Abbqtts's Freestyle Like ko sensor attached to the
pnsterior aspect of the left arm. All the pree-rutir:ns
related to the device were conveyed to the patient in
detail. After completion of fwo weeks, the dara from
the sensor was rekieved and assessed including
noctumai episo<ies ol hypogiycemia, estrmated
HbAlC, and tims in range. H1'poglycemia \tras

documented as an intersfitial sugar level of less than
70mddL. The low€r blood sugar range in the rader
device was set ar ?&ng/dl- anil the upper rarge wirs
kept at l4Omgldl-. In the graphs, any blood sugar
reading below 70mg/dl will be shown as red and any
value above l40mg/dl will be shown as pllow. Next
to the daily g.raphC we will ses the avsrage glucose of
that particulff day, the percentagc of the time spent in
range, above range, and belcw range ae well. The
predicted [IbAlc levels as per rhe l4-day recordings
rrrill olc^ h^ ^r^.-"".,1vv P^ vvvoowv.
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DATA ANALYSH
The incideirce of nocturnal h_ypoglycemia \ila6
calculated from the final report of CGMS. 14
individual 24-hotx graphs were obtained during the
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study period of two weeks. Al1 the glucose readings
below 70 was taksn as one episode of hlpoglycemia.
The data obtained was entered in MS Excel worksheet
and work*reet analysis was done.
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Drug Therapy

. Male r Female r r r Only OHA : lnsulin

RESULT
In &is study, 100 subjects were evaluated for
noctumal hlpoglycemia out of which 64 were males
and 36 were females. The msan age of ttre study
populafiur was 50.97 +/- 8.36 ( mean +/- SD ). Out of
the 100 ptients srolled into the study, 457o of them

Nocturnal Hypoglycemic episodes

00

rYes rno q 4

It was found drning the study that 28 out of 100 w-eredetectedfi'the patiantswtrichmeans 149'"ofthe

Sex

were currently using insulin urhile the rest 54 patients
were m OHAs" 3(F/o we.re on twice daily pre-mixed
insulin while 12o/o were on basal bolus and 3Yo were
on basal plus insulin regimen. In the study, 80% of the
patients had normal fasting blood glucose levels on
the day on enrolment into the study.

subjects had noctumal hypoglycemic episodes tnd94/,
had prolmged hypoglycemia lasting for ttran 2 horus.
Only 50oZ of the noclurnal hypoglycemic episotles

total study pqulation had asymptomatic nocturnal
hypoglycemias.
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Somogyi phenomenon was noted in 3 out of 100

patients enrolled into the study which has been a

proposed phenomenon in insulin{ependsrt diabetic

patients. These patient's night insulin dose was
reduced in order to avoid nocturnal hlpoglycemia.
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Dawn phorom€non wiui detected in 5 patients which
required escalatim ofnight dose ofinsulin.

CONCLUSION
This sfirdy evaluated the incid€mce of nocturnal
hypoglycemias in patients with type II diabetes which
is vtry oftel misscd during routine practice.
Hypogl)rcemia in a patimt, be it nocturnal or dayime,
predisposes them to cardiovascular co-morbidities and
mortality. Asymptomati c hlpoglycem ias even during
the daytime may be missed but it may later predispose
the patieirts to autonomic instability and even death.
Dctcction of thcsc hypoglyccmic cpisotlcs at an carlicr
stage might help the clinician to slow down the
progression of the disease and to aim at better
glyccnric control. Morc sfirdics nced to be dme to
rmderstand the pathophpiology and mechmism of
thme hlpoglycemias oocurring without insulin or
secretagogues. with ernphasis on better diapgrostic and

therapeutic measures. It may not be practical to acsess

for both dayime and nocturnal hlpoglycemias at
every routine visit, these assessmcnts can be done
yearly or at regular intervals as a part of routine
screening similar to diabetic retinopathy and

nephropathy. It is high time we enlist this unforeseen

complication along with the known compiications of
the disease such as peripheral neuropathy and

retinopthy since hypoglycem ic compl ications heavily
csntributc to mortality and causcs significant
morbidity. The nocturnal glycemic excwsims are

very important as far as a diabctes patiort is

concerned trecause the time spent dwing sleep

approximately ranges from 6-8 hours which will
amount to 25-334/s of the entire day. The study and
ressareh in this area of nocturnal hlpoglycemic events

are still lacking and more research is required for
better detection and managanent of such patierts.
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