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Abstract Angiotensin-converting enzyme (ACE) gbias ACE gene polymorphism does not have significaniuinf

been associated with the pathogenesis and prognes$i ence on development of diabetes mellitus and nbetia

chronic kidney diseases. Diabetic nephropathy leaeine nephropathy, whereas, the DD polymorphism in ACEege

leading cause of renal end stage disease (ESRD)/DAn has been associated with the development of d@mbeti

polymorphism of angiotensin-converting enzyme (ACEnephropathy in the Western Indian population.

gene has been suggested as one of the risk fdototise

progression of diabetic nephropathy. We analyzeel ttKeywords Diabetemellitus- Diabeticnephropathy ACE

genotype and allele frequency distribution of AGEhg in  gene Polymorphism

166 Type 2 diabetic patients without any complmati

(T2DM), 61 with diabetic nephropathy (DN), 50 witlon-

diabetic nephropathy (NDN) and 50 healthy indinits  Introduction

from western Indian population. ACE genotype was

analyzed by PCR method. The D allele distributfor Diabetic nephropathy (DN) has become the leadingea

the ACE I/D polymorphisms was not significantlyfdifent of end-stage renal disease (ESRD) characterized by

between control group and patients with T2DM withoupersistent microalbuminuria (i.e. albumin levels tine

any complication (41.0% vs. 45.2®50.461) and between urine, >30 mg/24h). Decreased glomerular filtnatimte

control subjects and patients with non-diabetidmepathy frequently occurs in patients with T2DM ultimately

(NDN) (41.0% vs. 44.0%P=0.668). Frequency of the D requiring renal replacement therapy P]. Various factors

allele (63.9% vs. 45.2%P<0.001) and DD genotype (I including gender, older age, presence of hypemensi

allele noncarrier) (44.3% vs. 25.3%=0.006) of ACE moderate or severe proteinuria and severe renahtesre

gene was significantly higher in patients with @&tb responsible for the progression of renal damage.

nephropathy (DN) than in patients with T2DM withauty Furthermore, drugs such as angiotensamverting

complication. Results of the present studgicate that enzyme (ACE) inhibitors and angiotensin llceptor

antagonists (ARA) protect the development and msgjon

of nephropathy and also delimit progression of raipetic

K. Kalia proteinuric kidney diseases][] These studies suggest that

kirankalia_in@yahoo.com ACE, the key component of renin angiotensin system
(RAS) is implicated in the development of diabetic
nephropathy. This system plays an essential imléhe
regulaton of blood pressure, vasoconstriction,-dintietic
hormone release and sodium homeostasis. ACE, g-dipe
tidyl exopeptidase converts angiotensin | to thdepb
vasoconstrictor angiotensin 1l and inactivatesdigkain
which is a potent vasodilatod]] Genetic studies have
revealed that various environmental and geng&tators
affect the status of RAS in individuals due to liighly
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polymorphic nature. There is an increasing evideiheg medical and research committee of Sardar Pateldsity.
genetic predisposition plays a significant role timle Blood samples were collected in Vacutainer™ tubes
development of diabetic nephropatty].[ACE level is plasma was separated from blood cells by centri&g@000
modulated by ACE gene located on chromosome 17g2Bm for 10 min. The serum creatinine and glucoseentra-
consist of 26 exons and 25 introns. Within intrah df tion was determined using commercially availaeymatic
ACE gene, the presence or absence of 287-bp fragmddits using the modified Jaffe's and GOD/POD method
called Alu repeat sequence are defined by inselfipor respectively. Glycosylated hemoglobin was deterthibg
deletion (D) polymorphism respectivel@][ A correlation chemical method described previously|[

between ACE (I/D) polymorphism and its enzymaticels

was established for both circulating and cellul&@®Alevel

[7]. The ACE (I/D) polymorphism has been suggesteogo Genomic DNAisolation

a significant risk factor for various chronic kidndiseases,

[8] coronary artery disease, coronary heart dise@stDj Whole genomic DNA was isolated from 2.0 mhole
[9] and hypertensionlf)]. A strong genetic association hasblood using standard protocol described by MathEsj [n
also been found between a DD genotype and incraésded brief, whole blood cell lysis was carried out by B¥uffer

of diabetic nephropathy. Recent studies on theadblkCE followed by overnight incubation with DNA buffer,0%
(I/D) polymorphism on development of progression oSDS and 40l of Protease K (20mg/ml). The DNA was
diabetic nephropathy gave contradictory results ragno extracted from the mixture by PCI (phenol: Chlorofio
different ethnic groupsifl]. In light of these contrasting Isoamyl alcohol; 25:24:1) treatment and preaigtl by

findings, we analyzed distribution pattern of ACEng to
investigate the association of ACE gene polyhism
with Type 2 diabetes mellitus, nondiabetic nephtbpand

chilled iso-propenol. Genomic DNA was washed wi@9%&
ethanol, resuspended in TE buffer (pH-7.4prexd at
20°C for the further analysis. The DNA yield andripu

diabetic nephropathy in the Western Indian popaoitati was determined by taking absorbance at 260 nm and
A260/A280 nm using UV Spectrophotometer {Car
Win, Japan) respectively.

Materials andmethods

We studied the ACE (I/D) polymorphism in 227 patsewith
Type 2diabeteg126maleand 10ifemale).Fifty patientswith
nondiabetic nephropathy (NDN) (28 male and 22 fejnal ACE gene sequence was amplified by polymerase chain
were recruited from P. S. Medical College and Hw$pi reaction (PCR) using mismatch primers (forward 8-
Karamsad and Muljibhai Patel Urological Hospitahdiand. CTGGAGACCACTCCCATCCTTTCT-3 and reverse
Nondiabetic subjects were selected from visitorthéohealth primer 8B-GATGTGGCCATC ACATTCGTCAGAT-3 on
care center of the same hospital and staff of uaritepart- a Thermal Cycler (My cyclé}, Bio-Rad laboratory, USA).
ments. The patients with Type 2 diabetes were e to  The PCR reaction mixture (2B consisting of 200ng
two groups: with nephropathy (DM,=61) and without any genomic DNA, 500nM of each primer, 0.2mM of each
complication (T2DM,n=166). Diagnosis of diabetes melli- INTPs and 1.0 units of Taq polymerase was prepared
tus was based on the physical and clinical exaimatf PCR buffer containing 1.5mM Mggl The ACE gene was
patients by the doctors followed by appropriat@tabory and  amplified after denaturation of the reaction mietat 95°C
other investigations as per the recommendationraédcan for 5 min followed by 35 cycle of 94°C for 1.0 misg°C
Diabetes Association (ADA). Duration of diabetesswafor 1.0 min (annealing) and 72°C for 1.0 min (exien).
considered as the time from which the patient wagrnbsed The PCR product was visualized on 8% polyacrylangiele
with diabetes. Nephropathy was diagnosed on thés lwds electrophoresis (PAGE) stained with silver or 1%urage
persistent microalbuminuria (UAER 20-200 mg/2# dr  gel electrophoresis stained with ethidium bromi@B¢)
proteinuria(UAER >200 mg/24 h) in diabetic and nondiabeticand the bands were visualized under white light'grlight
subjectsby theconsultingphysician. Theletailedmedical and respectively. The following genotype pattern webserved
clinical demography including height, weight, disat of as: I/I (490bp), I/D(190bp+490bp) and D/D (190bp)
diabetes, age and medication were obtained. Theghtvand
height were recorded and the body mass index (BNi3
calculated using the formul®&MI =Weight/Height(kg/m?).
After explaining the purpose of this study, sigmefrmed-
consent forms were obtained from the subjects deduin
the present study. The study protocol was apprbyedcal

Determination of ACE genotypes

Statistical analyss

Data are shown ameantSD. Statistical comparisons
between different studied groups were perfalnigy
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(ANOVA) SPSS software version 11.0. The atledind Use of mismatch primers for detection of I/D
genotype frequencies of ACE gene polymorphiserew polymorphism in ACE gene results in amplification
compared among the studied groups using chi-sqy@)e products of 490 and 190 bp corresponding to | and D
test or Fisher’s exact test. The recessive genstitel was alleles respectively are depicted in Fiy. The serum
used to find out its association with progression ocreatinine level was found to be associatdth VACE
nephropathy in diabetic patients. 95% confidenderlml genotypes status as evaluated using box and whbéds,
(Cl) and odd ratio (OR) were calculated to asséms trepresented in Fig2. Serum creatinine was significantly
strength of association between ACE gene polymsrmhi higher in subjects with DD genotype than ID or Il
with DN or NDN. Odds ratios (OR) were calculatedhwi genotype individuals.
95% confidence intervals to estimates of relatisk (RR) The genotypic and allelic frequencies of ACE (I42he in
for disease. A P value of <0.05 was consideredfsignt.  T2DM, DN, NDN patients, and control subjects arevsh in
Table 2. ACE genotypic distribution was consisted hwit
Hardy-Weinberg equilibrium. Genotydée+I1D/DD and 1/D
Reslts allele of ACE gene was compared between T2DM verses
control, DN verses control, NDN verses control &iZbM
The clinical characteristics and demographic detaif verses DN. (Tablg)
control, T2DM, DN and NDN subjects are summarized i | alleles and I/D genotype were found to be most
Table 1. The mean age of the control subjé4®.8+12.5) common in healthy control subject. The frequence®
was non-significantly lower than the T2D[#8.1+9.6) or allele (¥2=0.545, OR=1.186, 95% CI of 0.755-1.863,
DN (58.3£13.5) or NDN (59.6+14.2). There was no RR=1.076,P=0.461) and DD genotypdx2=0.591,0R=
significant difference observed in body mass in(@I), 1.355, 95% CI of 0.630-2.90RR=1.071, P=0.442) of
systolic and diastolic blood pressure and hemogléhiels ACE gene were not different between control subkjead in
in all the three studied groups (T2DM, DN, NDN)Type 2 diabetic patients without any complicatidgizDM).
compared to control subject and also between thrélthere was no significant difference in D allé¢j2=0.184,
different studied groups (T2DM, DN, NDN). Hovex, OR=1.131, 95% CI of 0.646-1.97&R=1.054,P=0.669
fasting blood glucose (FBG) and glycosylated hembigi and DD genotypegx2=0.233, OR=1.263, 95% CI of
(HbA1c) in Type 2 diabetic patients without any gication  0.497-3.206RR=1.053,P=0.810) between control subjects
and in patient with diabetic nephropathy were digantly and patients with non-diabetic nephropathy (NDNjeJe
(P<0.05) higher than control healthy subjects. Secueat- results suggest that D allele and DD genotype ae n
inine level was significantlyP<0.05) higher among patients associated with development of diabetes anddiabetic
with NDN and DN compared to T2DM and control sutgec nephropathy. In patients with diabetic nephropgibi), D

Table 1 Basic clinical and biochemical charactiesf control and study subjects

Variables Control T2DM DN NDN
Number (n) 50 166 61 50

Age (years) 49.8+12.5 58.1+9.6 58.3t13.5 59.6£14.2
Sex (Male/Female) 40/10 85/81 41/20 28/22
BMI (kg/m?) 24.9+2.7 25.3t2.4 24.6£2.1 24.2+1.2
Diabetic duration (years) N.A. 7.4+3.5 11.5¢5.3 N.A.
Hemoglobin (%) 12.2+2.6 12.3+2.7 11.4+3.0 11.3t2.4
HbA. (%) 5.5+0.8 8.8£1.4* 8.4+1.2*% 6.0+0.8
FBG (mmol/l) 4.4+0.4 8.2+1.5*% 8.1+1.2* 5.2+0.2
SBP (mm Hg) 125.4+14.2 136.4+20.1 143.1+21.1 142.8+15.2
DBP (mm Hg) 77.3£7.07 82.8+7.5 82.4+8.5 83.1+10.1
Serum creatinine (mg/dl) 1.1+0.3 1.2+0.8 1.9£0.5*t 2.1+0.7*

Data are expressed aant SD

BMI body mass index:dbAlc glycosylated hemoglobin; FBG fasting blood glucd&BP systolic blood pressure; DBP diastolic blooespure;
T2DM Type-2 diabetes without any complication; Didtiktic nephropathy; NDN non-diabetic nephropathy

* P<0.05 when compared to control
T P<0.05 when compared to T2DM
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Fig. 1 Gel Electrophoresis
demonstrating the different
genotypeof ACE (I/D)
polymorphism after PCR
analysis. Lane M shows DNA
marker (100bp), Lane 4

shows I/l homozygous (490bp),

Lane 1,2,3 shows I/D
heterozygous (490bp and
190bp), Lane 5,6,7 shows D/D
homozygous (190 bp)

200 bp = st

'I90bp=>_ St s

100 bp=:>h~

490 bp =

| S S —

allele (x2=12.551,0R=2.151, 95% CI of 1.404-3.295, diabetese without any complication (T2DM), suggehtst

RR=1.520,P<0.001) and DD genotypg2=7.580,0R=
2.345, 95% CI of 1.273-4.32(RR=1.340, P=0.006)
were significantly higher than in patients with loédes
without any complication (T2DM). Frequencie$ D
allele (x2=11.632,0R=2.551, 95% CI of 1.484-4.385,
RR=1.636,P=0.001) and DD genotypdg2=7.279,0R=
3.176, 95% CI of 1.361-7.39RR=1.435, P=0.007) were
significantly higher in patients with diabetic meppathy
(DN) than control subjects. In contrast, frequescod |
allele and I/l genotypes were significantly lowarpatients
with diabetic nephropathy (DN)

in comparisonithw

Type 2

5
54 nt
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g
L
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g
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=
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Fig. 2 Serum creatinine level according to statfs ACE

genotype (ll, ID, DD) in total studied subjects.xBand whisker
plots show median, 25th/75th percentile and fange. * and
T P< 0.05, significantly highethan in subject with ID and Il

genotype

D allele and D/D genotype are related to highek rof
development of diabetic nephropathy in the Westedman
population.

Discussion

The present study has indicated a significant aasson of
ACE I/D polymorphism with progressive deterioratioh
renal function and development of diabetic nephthy
located in the intron 16 region of ACE gene in Ykestern
Indian population. Individuals with D allele or DD
genotype of ACE gene have shown susceptibilityhe t
development of diabetic nephropathy in Type 2 diedhe
Despite this, the frequency of D-allele and DD dggpe
among patients with nondiabetic nephropathy was not
significantly different with control subjects, irditing that
ACE (I/D) polymorphism is not associated with the
development of nondiabetic nephropathy, which rbay
controlled by some other genetic factors. There tesn
growing agreement from many studies, which revaal t
non alliance between the D allele of the ACE geme the
development and progression of nondiabetic neplingpa
[14]. A higher serum creatinine level was noted in
individual with DD genotype compared to Il and ID
genotype in the present study, which indicated that
individuals with DD genotype are most susceptilnethe
renal damage followed by ID and Il genotypes in the
Western Indian population. In agreement with owute a
multiple logistic regression analysis showed thab D
genotype was significantly associated with progoessf
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Table 2 Genotype distribution and allele frequescf ACE gene polymorphismin control, Type 2 dial without any complication (T2DM),

diabetic nephropathy (DN) and non-diabetic nephifop@IDN) groups

Group Allele frequency n (%) Genotype frequencys) (

| D I/l I'D D/D
Control (n=50) 59 (59) 41 (41) 19 (38) 21 (42) 10 (20)
T2DM (n=166) 182 (54.8) 150 (45.2) 58 (34.9) 66 (39.8) 42 (25.4)
DN (n=61) 44 (36.1) 78 (63.9) 10 (16.4) 24 (39.3) 27 (44.3)
NDN (n=50) 56 (56) 44 (44) 18 (36) 20 (40) 12 (24)

Data are expressed ag%)

diabetic nephropathy that those with 1l genotyp&arean
Type 2 diabetic patientd p].

for developing diabetic nephropath§1]. In agreement
with our results, Ahluwalia et al. showed that ACB

It has been demonstrated that DD genotype iallele) and its interaction with RAS polymorphisms

associated with high activity of ACE compared ID

associated with increased risk of nephropathy ipefrg

and Il genotype not only in plasma but also in salve diabetic patients of Asian Indiang(]. Our study has also
tissues such as heart and kidn&y 16]. The deletion shown a positive association between the DD gemobfp
polymorphism is associated with elevated serum anfiCE gene polymorphism in patient with diabetic ne-
cellular ACE levels. DD genotype of ACE gene ledds phropathy. Recently, a research group has repditat
the development of diabetic nephropathy (DN), pbdpa DD genotype of ACE gene has been associated with

due to high level of angiotensin Il, a vasoactiepiide

progression of diabetic nephropathy on the basisenél

that increased Glomerular Filtration Rate (GFR) andunction impairment in Korean patients with T2DK1].

intraglomerular pressure and also promoted pralifen

of mesangial cells and matridq and inactivation of

bradykinin rereleased from the variety of tissufeating
arterial vasodialation and venoconstriction. DD ggpe
or D allele strongly associated with increased seACE
activity leads to higher ACE expression and itsivatgt
and may predispose individuals to diabetic compiica

[18]. Experimental data suggest that elevated ACEvigti
is genetically associated with pathogenesis of atiab

The result of the present study are in aped with
previous study reported that ACE I/D polymorphism d
not predict the course of idiopathic nephritic ssorde in
Swiss children22]. We have not observed any association
between ACE genotypes and the development of Type 2
diabetes, which was previously report&2B|[ 1/D poly-
morphism of ACE gene have been implicated as a risk
factor for the development of various pathologicah-
ditions such as cardiovascular disea$}, Hypertension

renal damage5]. It has been demonstrated that treatmer[24] in patients with Type 2 diabetes. The patage

with Losartan, an angiotensin Il antagonist reduties
progression of renal damage in proteinuric Typeabetic

frequency of D allele of the control group in otudy was
41.0%, similar to the earlier report (45.0%) in #si

patients with D allele 9]. It has been reported that D Indians population][1]. Patients with Type 2 diabetes who

allele genotype accelerates the progressionchobnic

renal failure in diabetic nephropathy patients. dn
previous study, the presence of DD genotype or |Bleal

in Asian patients with Type 2 diabetes had incrdassk

Table 3 Probability value (P value) of ACE gspe and
allele frequencies between different studied groomparisons

Control Control Control T2DM
vs. T2DM vs. DN vs. NDN vs. DN
ACE
I/D allele 0.461 0.001 0.668 <0.001
11+1D/DD 0.442 0.007 0.223 0.006

T2DM Type 2 diabetes without angomplication; DN
diabetic nephropathy; NDN non-diabetic nephropathy

have DD genotype or D allele are at higher risk for
developing diabetic nephropathy. A positive catien
was found between D allele (DD genotype) of the ACE
polymorphism and increased incidence and severit
diabetic nephropathy in south Indian patierg, P5],
but contradictory results were found in the nontldian
population p6].

Here, we report a significant and ineegent
association between the DD genotype and diabetic
nephropathy in Western Indian Type 2 diabetic pasie
Our results suggest that D allele has a d@ominant
effect on the development of diabetic nephropaitys
also suggests that the ACE deletion polymorphisna is
risk factor for the development of diabetic neptaty
in the Western Indian Type 2 diabetic patients bat
associated with nondiabetic nephropathy.
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patterns and risk factor associations
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Abstract Aim of the study was to estimate the plemnce
of peripheral arterial disease (PAD), by measutamile
brachial pressure index (ABPI), and evaluate riaktdr
impacts on asymptomatic PAD in type 2 diabetesitusll
(T2DM) patients in Eastern India. It is a clinicsed study
of consecutive patients with calculated numberréason-
able power. Eighty-four patients were studied. Radtors
assessed were T2DM duration, age, gender, lodys
index (BMI), systolic (SBP) and diastolic (DBP) psare,
lipids and smoking status. Risk factor levels angacts on
ABPI was studied in total patients and then by egation

dyslipidemics are more predisposed; duration ang 8&ds
to it. Risk factor impacts differ at different dticns in the
various segregated groups compared to the totanst

Keywords T2DM PAD - PrevalenceRisk factar - India

Introduction

Peripheral arterial disease (PAD) may be definedisesase
of any artery that is not part of the heart or byrai

according to gender, ABPI level, smoking status andommonly lower limb vessels are implicatéd 2]. In type

duration (3 groups: <1 year;1-10 year; >10 yeandént’s
T Test, Pearson’s correlation, Multiple linear nesgsion.

2 diabetes mellitus (T2DM) it has a chronic, predwntly
asymptomatic coursed]. It is fourfold commoner, mani-

Prevalence of mild PAD was 53% and moderat®.1 fests earlier, progresses rapidly, probably haslegender
Mean ABPI was lower in malg®.83+0.09) and smokers distribution §, 5] PAD has been implicated as an important

(0.84+£0.099), but higher in <1 year durati¢@91+0.13).
Male gender(p=0.000) and duration of T2DNp=0.016)
were prime contributors of ABPI lowering, lipids ghit
play some role. Higher SBP was partially ciiiory;

indicator of increased coronary artery disease (LAD
related mortality %, 6]. Because of the asymptomatic
nature, true prevalence of PAD is difficult to detae
[3]. Indian studies report a prevalence of 6.3% t@%5[7,

independent role of smoking, age, DBP was quediiena 8]. International data reveals prevalence range 20f% to
Higher BMI and female gender seems protective. Asym 30% [, 10]. Indians are supposed to be less predisposed

tomatic PAD prevalence in T2DM is high. Leamle

U. S. Ghosh
e-mail: nokusank@yahoo.com

[7]. A cluster of conditions such as metabolic symaeo
hyperglycemia and its duration, hypertension, smgki
advanced age, body mass index(BMI), male gender and
dyslipidemia are important risk factors for PAD1] 12].
Prior cardiovascular event, neuropathy and retitigpare
also recognized risk markers3 14]. Early identification
of high risk T2DM patients, asymptomatic for PAD yna
guide preventive strategies, as few options existektab-
lished, symptomatic and advanced PAD; moreovearitalso
indicate the CAD related risk in the patieh§[16].

In a country with high prevalence of CAD, PAD cahno
lag behind. Despite the increased vascular riskD PA
remains underrecognized, and naturally undgntised
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and undertreated. Increased awareness will overdhime as corroboration from previous treatment documents,
barrier to effective secondary prevention of vaacelents. three groups—group A composed of patients havingM 2
Measurement of ankle-brachial pressure index (AB$B diagnosed for less than 1 year; group B had patiesting
simple way of identifying PAD 17, 18]. Studies on T2DM diagnosed for more than 1 year to upto 10 yead
asymptomatic PAD status in T2DM vis-a-vis prevalesik group C comprised of patients of more than 10 years
factors are few from India/[ 8, 19]. This clinic based study duration. Each duration group was then segregated b
was planned to find the approximate prevalenceAd i gender, ABPI levels and smoking status5][ The
asymptomatic T2DM patients, as detected by ABPligsd segregation of ABPI into low (LAb) and higiHAb)
risk factor associations. was done by the levels ¢0.8 and >0.8 respectively; an
ABPI status as well as impacts of risk factors vedd ABPI of <0.8 is more often associated with adverse
studied in total patients as well as patients gggesel by vascular outcomeslp, 21].
gender, high and low ABPI levels, smoking and nooism Age was assessed from the voter ID cards issudtiehy
ing status and early, intermediate and late dumattd Election Commission of India. BMI was measured by t
T2DM. standard formula—weight in kilogram divided by Hign
meter squared. Resting supine SBP was measuoed fr
both the brachial arteries—higher value was theodena-
Methods tor, and in both posterior tibial and dorsalis geliteries—
the highest value was the numerator; this ratio s
This study was performed during November 2007—Marci\BPI [15, 21]. A hand held continuous wave Doppler with
2008 at NRS Medical College Kolkata and had apdrof/a a 10 MHz probe and an ankle blood pressure cuffusesl
the ethical committee of the institution. Itasva cross [7, 15]. The ABPI range of 0.91-1.30 was taken as normal,
sectional survey based on convenience samplingsé@en values below 0.9 indicated obstructive PAD; valabsve
utive T2DM patients satisfying inclusion criteriaecke 1.3 were considered false negatia?][ Any amount of
selected from the Diabetes Clinic of the hospitaiormed  persistent smoking for more than 5 years was censi
consent was taken in accordance with the Helsinkimoker. Lipids were measured by auto analyzer E608)
declaration. Inclusion criteria were all cases &ihical and rest of the parameters was decided from clinica
T2DM above the age of 30 years without any overt oassessment. For patients with hypertension a dagheut
clinically apparent complications. T2DM with symptatic  period of 5 days were allowed with close monitoriofiy
foot (painful or painless, swelling, infection, aetg gan- blood pressure.
grene, claudication), heart failure, severe hypmesita, Statistical analysis: Univariate data for the comtius
recent (less than | year) stroke, myocardial irtfancor variables were presented as mean + standard devidtne
any vascular event(including retinopathy requirimger-  discrete variables were put as percentage diffierences
vention), dipstick proteinuria and those on meddret that assessed by z score. Differences between 2 groeps w
might alter vascular morphology(statin, ARBs, ACEIs analyzed by independent sample Student's t-tddtse
were excluded for relevant reasofis13-16). than 2 groups were compared by one way Anova waigt p
The assumed prevalence of PAD was 30% (as it isteoc analysis by Bonferroni modification. Bivaridirear
tertiary referral clinic) and for estimatiorf the actual correlation between ABPI (of the various patienbugps)
prevalence within 10% limits of the true populationand the different risk parameters were calculatgd b
prevalence the calculated patient number was184.]. Pearson’s Correlation. The risk factors for PAD ever
Risk parameters studied were age, body mass irBldk)( examined by a multiple linear regression asedywith
gender,duration of T2DM, systolic blood pressurBRE stepwise removal of the independent variablesrid the
diastolic blood pressure (DBP), lipids (HDL chotst - most significant ones contributing to the ABPI s&fthe
HD, total cholesterol- TC, LDL cholesterol- LD, dependent variable) in a particular group; a negdfs’
triglyceride- TG, and total cholesterol to HDL cesterol and ‘t’ value were considered to have a negativpaith
ratio- TC/HD, smokingstatus(smokeSm/nonsmokeNSm) while a positive value a positive impact. Along hwit the
[15, 16]. Impacts of the risk factors were assessed ial totadjusted R2 values and Anova were computed. Théaum
patients as well as by gender, ABPI levels, smolstajus of independent variables varied for each group aifepts
and duration of T2DM. Prevalent HbAlc is often noftotal patients, males, females, smokers, non srepkew
correlated with ABPI and serial data on the prewgdivels ABPI, high ABPI, 3 durations —A,B,C) as the numiwoér
are sparsely available, so it was not included asdslk patients varied- approximately 10 patients per paoelent
variable pQ]. variable were considered. These independent vasatxére
The duration stratification was done depending loa t selected from the results of Pearson’s correlatm@ificient
time from initial detection, as stated by the patias well values—the best correlating variable was choseardog
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to the calculated number of cases in each patiemipg
Positive smoking status and male gender were giv&ore
of 1 while nonsmoking status and female gendere
given a score of 0 while inputting them as variahtethe
linear regression analysis. Regression analysiswadone

males and smokers was 84.6% and 53.8% and in the high

ABPI group it was 37.8%p=0.00) and 33.3%p>0.05)
respectively. In the smoker and nonsmoker groups th
prevalence of males was 88.9% and 35.¢4#40.00) and
an ABPI of <0.9 of 55.6% and 50.1¢#>0.05) respectively.

in case groups having less than 20 patients aswbald The percentage of male was 50%, 67.9% and 53.4%
lead to much skewed results (duration segmehftshe respectively for duration groups A, B and (©£>0.05).
genders, ABPI groups and smoker and nonsmokerjigke Prevalence of ABPKO0.8 (%) in group A was 42.9%, in
factor impact analysis in them was inferred frome th group B 60.7% and in group C it was 57.1%%0.05).
univariate and bivariate analysis. A two-tailed0.05 was Table 1 outlines the clinical parameters and TaBléhe
considered statistically significant. biochemical parameters of total patients and tigeesmted
broad groups (genders, smokers and non-smokersatolw
high ABPI and the 3 duration segregated groupsheasn +
standard deviation. Tabley 4 and 5 depict the clinico-
biochemical parameters of the genders, smokersnane
smokers, and low and high ABPI levels by duration
segregation respectively as mean * standard dewiati
the total protocol. Ultimately 84 patients weredsta with  Table 6 enumerates the ABPI correlations of risk factors of
written informed consent. There were 45 maled &8 total patients and non-duration segregated braadpg.
females with age range of 30 to 76 years. The murat Table 7 enumerates the ABPI correlations and of risk
segregated groups (A, B, C.) each had 28 patidntsind  factors of duration segregated groups.

53.6% ofpatientshad amABP1<0.9, in 14.3% itwas <0.8 and  Student’s T test: (Tablesand2) Males had higher age,
none were below 0.7. In low ABPI group the prevaedenf duration and SBP but lower ABPI, BMI and PB

Result analysis

Ninety-one consecutive patients of T2DM satisfyitig
inclusion criteria and attending for the first tinweere
selected over a period of 5 months; 7 could notpleta

Table 1 Clinical parameters: total patients, maad females, smokers and non-smokers, low artd AiRPI and duration groups (mean +
standard deviation)

Groups(no.) Age(yrs) BMI(kg/m?) Duration(yrs) SBP(mmHQ) DBP(mmHg) ABPI
Total(84) 52.1+11.2 22.7+3.5 6.7£5.9 144.2+22.3 84.5+11 0.86+0.11
Male(49) 53.9+11.4 21.9+2.7 7.2+6 147.2¢23.4 83.4+11.2 0.83+0.09
Female(35) 49.5+10.5 23.8x4.1 6+5.8 139.3:19.5 85.9+10.3 0.91+0.11
p-value 0.000* 0.000* 0.000* 0.000* 0.000* 0.000*
L-Ab(45) 52.6+11.6 22.1+35 7.09t5.1 148.1+25 84.9+12.1 0.77+0.04
H-Ab(39) 51.4+10.8 23.3t3.4 6.3:6.8 139.2+18 83.9+9.4 0.95+0.06
p-value 0.000* 0.000* 0.000* 0.000* 0.000* 0.000*
Sm(36) 54+11.6 22.3+2.8 7.3£6.3 148.7£24.5 84+8.3 0.84+0.1
NSm(48) 50£10.7 23+£3.9 7.4£4.9 140+19.9 84.8+12.5 0.88+0.1
p-value 0.000* 0.000* 0.000* 0.000* 0.000* 0.000*
A(28) 47.8+11.1 24.04:3.7 0.26+0.27 1335 +17.8 82.1+7.2 0.91+0.13
B(28) 53.9+£10.6 22.3+3.2 6.6£1.2 149.2 + 20.7 86.5+9.5 0.84+0.08
C(28) 54.5+10.3 22.6+3.4 13.2¢4.2 149.4+1 3.4 84.7+14.1 0.83+0.09
Anova- p value 0.043* 0.728 0.000* 0.006* 0.325 0.014*
p-value: A-B 0.11 1.00 0.000* 0.018* 0.41 0.049*
p-value: A-C 0.07 1.00 0.000* 0.016* 1.00 0.024*
p-value: B-C 1.00 1.00 0.000* 1.00 1.00 1.00

BMI body mass index; yrs years; A, B, C duratioougs(A=<1 yearB=1-10 years, C= >10 yeargBPI ankle brachial pressure index; L-Ab
low ABPI; H-Ab high ABPI; SBP systolic blood pressuDBP diastolic blood pressure

* = significant p value; (no.): number of patients
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Table 2 Biochemical parame-

ters: totalpatients,males and Groups (no.) TC (mg/dl) TG (mg/dl) HD (mg/dl) LEng/dl) TC/HD

females, smokers ambn-

smokers,low and high ABPI Total(84) 191+82 159.6:82.1 41.4+12.7 116.8t67.1 4,9+2.9

and 3 duration groups (mean £ Male(49) 184+73 155.6:79.3 39.8t13.5 112.7¢62.9 5.1£2.7

standard deviation) Female(35) 20076935  165.1+86.7  43.7+11.4 1225731 4.6+1.2
p-value 0.38 0.61 0.17 0.51 0.44
L-Ab(45) 194.1+100 141.3t75 41.9+13.1 121.6+82.6 4.7+1.4
H-Ab(39) 187.4¢54.8 180.7485.8 40.9+12.5 111.3:43.3 5.2+43.9
p-value 0.71 0.03* 0.71 0.48 0.000*
Sm(36) 188.5+82.2 158.8:81.8 38.1+11.8 118+71.5 5.5+4.1
NSm(48) 192.9+82.8 160.2+83.2 43.9+12.9 116+£64.3 4.4+1.1
p-value 0.81 0.94 0.04* 0.89 0.000*

Sm smoker; NSm non-smoker;

A, B, C duration groups

(A=<1 yearB=1-10years, A(28) 169.8:42.4 159.9+82 39.8+10 97.5+30.3 4.41+1.0

C; >10 years); L|I0\r/1v;|H highl; B(28) 198+90.2 163.2+78.1 42.1+11.6 125.8:72.2 4.8+£1.4

Ab ABPI; TC total cholesterol;

' ’ + + +

TG triglyceride: HDHDL cho- C(28) 205.2:100 155.7+88.6 42.4+16.2 127.2¢82.3 5.6+4.6

lesterol: LD LDL cholesterol: Anova p value 0.237 0.945 0.719 0.174 0.324

TC/HD total p-value: A-B 0.6 1.00 1.00 0.34 1.00

Cth'?Stefo' a?,d H[:L Cpo'iStem' p-value: A-C 0.33 1.00 1.00 0.29 0.43

ratio, no. NUMber ot patients | alue: B-C 1.00 1.00 1.00 1.00 0.99

* = significantp value

compared to females. The smokers had higher agB, SBignificantly negative in intermediate duration %®rs
and TC/HD ratio but lower ABPI, BMI, duration, DBdhd  (group SmB), short duration nonsmokers (group NSmA)
HD compared to nonsmokers. Patients of low@&Pl and short duration low ABPI (LAbA). Male gender had
group had higher age, duration, systolic and diedtiood predominantly negative correlations being signiiitga (the
pressure but lower TG and TC/HD ratio comparedh® t reverse being true for female gender) so in todiepts,
higher ABPI group. duration groups A and C, both smokers and nonsrsoker
On duration segregation (TabB of the genders— and high ABPI patients. BMI was predominantly pesit
females of (A) group had higher BMI, LD, and ABPIlin most groups but significant only in nonsmokeifs o
compared to their males; none of the parameteferdd duration group B. Duration of T2DM was mainly ndgat
in group B and group C females. Only females ofr@ug and was significantly so in total patients, highPABgroup
had higher ABPI. On duration segregation of smoker€ of low ABPI but positive in longest duration afnales
and nonsmokers (Tablel) none of the parameters (FC). Smoking had mostly negative correlations, but
including ABPI differed between any groups. Duratio significant only in early duration (LAbA) of low ABI.
segregation of low and high ABPI revealed only leigh SBP had predominantly negative correlations sigaift in
SBP in low ABPI group of intermediate duration (B). duration group B especially their males (MB). T@ HIC/
Anova with post hoc paired T test and BonferronHD and TG predominantly had positive correlatiorithw
modification analysis: The mean differences betwdéhe ABPI; TC had significant positive association imlé&BPI,
three duration groups were significant for mearrithistion and TG had positive correlation with total patiemtsles,
of the parameters of age, SBP, duration of T2DM/AB®&I1. and nonsmokers of group C; however, both HD and DCH
On post hoc analysis age did not have any significawere never significant.
difference amongst the 3 groups. SBP was signifigan Linear regression analysis with ABPIl as dependent
higher in both groups B and C compared to A bdidtnot variable: (1) In the total patients—analysis wasi&avith
differ between B and C. Duration was progressivefjher age, gender, duration, BMI, smoking status, ditl (6
in the 3 groups. ABPI was higher in group A compa® independent variables and 84 patients) and malelegen
both B and C. The other parameters did not differ. (0.000) had negative impact while TG (0.017), haditve
Pearson’s correlation of ABPI with risk factorsaple6 impact and Anova was significant (0.006). (2) Inlesa5
and7) Age predominantly had a variable correlation geinindependent variables were used for 49 ptieage,
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Table 3 Clinicobiochemical parameters of the gemtdy duration segregation (mean * standard dewipti

Groups(no.) Age (years) BMI(kg/m?) SBP(mmHQ) DBP(mmHg) ABPI
M-A(14) 50.8£12.2 21.1+3.1 135.4:20.9 80+6.3 0.86+0.12
F-A(14) 44.8+8.9 24.9+3.4 131+14.2 84.2+7.4 0.96+0.11
p-value 0.16 0.005* 0.53 0.13 0.04*
M-B(19) 56.1+10.4 22.5¢2.5 150.5t22.5 86+9.1 0.82+0.08
F-B(9) 49.3t9.6 21.8+4.2 146.4:15.7 87.5+10.1 0.88+0.08
p-value 0.12 0.58 0.64 0.70 0.09
M-C(16) 54.1+10.7 21.8+2.2 153.8t22.9 83.5t15.1 0.8£0.08
F-C(12) 55.1+9.7 24.1+4.2 143.7+22.8 86.7t12.4 0.88+0.09
p-value 0.8 0.08 0.28 0.54 0.04*
Groups(no.) TC(mg/dl) HDL(mg/dl) LD(mg/dl) TG(mg/dl) TC/HD
M-A(14) 160+40 37.4£10.8 86.1+25.9 171.4+93.6 4.4+1.1
F-A(14) 179.8t44 42.3+8.8 108.8+31.1 148.4:70.5 4.4+1.0
p-value 0.22 0.2 0.047* 0.47 0.98
M-B(19) 192.3t44.1 42.2+10.1 121.7+37.5 144.6:63 4.7+1.4
F-B (9) 210+£151 42+14.9 134+119.7 202+95.6 4.9+1.5
p-value 0.71 0.97 0.68 0.07 0.77
M-C(16) 195.4+112 39.1+18.6 125.4+97.3 155+86.1 6+1.5
F-C (12) 218.2+84 46.7+11.6 129.7+67.3 157+95.5 4.7+1.3
p-value 0.55 0.2 0.89 0.96 0.4

M male; F femaleBMI body mass indeX, B, C duration groupA=<1 yearB=1-10 years, C= >10 years); SBP systolic bloodsures DBP
diastolic blood pressur@BPI ankle brachial pressure index; TC total cholest@@ltriglyceride; HD HDL cholesterol; LD LDL chadéerol; TC/
HD total cholesterol and HDL cholesterol ratio; mamber of patients

* = significant p value

duration, SBP, TG and TC/HD; duration had negativelone with 5 variables (gender, duration, BMI, TGD)H
(0.031) while triglyceride was found to have asitve duration of T2DM (0.009) had a negative while TGOED)
impact (0.031). (3) For the females with 3&tignts 4 had a positive impact and Anova was significar@@@). (7)
variables were used—age, duration, TC and TC/HDgno Patients with low ABPI numbered 45 and 5 indepehden
had any significant impact and Anova was nonsigaift. variables were used for regression—age, gender, HI,
(4) In the 3 duration segregated groups regresgamdone and TC; none had any significant impact and Anoea not
with 3 parameters as they each had 28 patientgiomp A significant (0.068). (8) For high ABPI patients rosning
gender, BMI, and TG were used and gender had &9, duration (0.011) and male gender (0.038) haghthe
negative impact (0.035) and Anova was significanimpact and Anova was significant (0.04), with gemde
(0.035); in group B—smoking, BMI, and SBP were ysedduration, Sm and TC as independent variables.dmtbdel
BMI (0.027) had positive while SBP (0.014) had naga summary the adjusted R2 values were mostly betWezh
impact and Anova was significant (0.01); in group Qo 0.29; value in females was 0 and in low ABPIlugravas
independent variables were BMI, gender and TG dhd #®.054; meaning the models could explain for 20 @&o3f
had significant impacts on ABPI; male gender(0.082) ABPI status in most groups but failed to providgngficant
BMI(0.005) were negative and TG (0.012) was positiv insight in the status in females and low ABPI group
Anova was significant (0.001). (5) In case ®fokers

(N=36) the independent variables were male gendeP, SEDiscussion

TG and age; male gender had significant negatiyeagh

(0.001) and TG was positive, Anova was significanFor the total number of patients, the prevalencemdd
(0.001). (6) In case of Nonsmokdi$=48) regression was grades of PAD was fairly high in asymptomatic T2DM
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Table 4 Clinicobiochemical parameters of Smokitagus by duration segregation. (mean + standaritien)

Groups(no.) Age(years) BMI(kg/m?)
Sm-A (11) 50.5+10.9 22.4+3.8
NSm-A (17) 46+10.8 23.5£3.7
p-value 0.31 0.46
Sm-B(13) 56.7¢11.4 22.5+2.4
NSm-B(15) 51.5+9.3 22.1+3.7
p-value 0.22 0.77
Sm-C(12) 54.3t11.1 22.1+2.3
NSm-C(16) 54.3t9.7 23.3t4
p-value 0.94 0.36
Groups(no.) TC(mg/dl) HDL(mg/dl)
Sm-A (11) 169.9+51.8 39.9+10
NSm-A (17) 169.7+36.9 41.7+9.8
p-value 0.99 0.22
Sm-B(13) 187.9+47.6 40.4+9.3
NSm-B(15) 206.7+111.6 43.6+13.4
p-value 0.59 0.47

Sm-C (12) 206+12.1 36.6£15.8
NSm-C (16) 204+79.9 46.6+15.6
p-value 0.97 0.11

SBP(mmHQg) DBP(mmHg) ABPI
137.8t22.4 83.3t4.5 0.87+0.13
130.2+13.6 81.4+8.5 0.93+0.12
0.51 0.29 0.26
155.5+22.1 86+7.2 0.81+0.06
143.7+17.6 86.9+11.1 0.87+0.09
0.14 0.8 0.06
151.3+24.5 82.5+11.1 0.84+0.09
148+22.4 86.4+15.8 0.83t0.1
0.72 0.49 0.65
LD(mg/dl) TG(mg/dl) TC/HD
94.7¢36.3 185.5:104 4.7£1.2
99.2426.9 143.4:61.8 4.2+0.93
0.71 0.19 0.27
120.8+40.6 137.7+47.5 4.8+1.4
130.1+92.8 185.3t93.3 4.8t1.4
0.74 0.098 0.95
136.4+111.2 157.1+87.5 6.98+6.9
120.3t60 154.7+92.2 4.5+1.2
0.63 0.94 0.16

Sm smokerNSm non-smoker; BMI body mass index; A, B, C duratisoups(A=<1 year,B=1-10 years, C= >1Qears); SBP systolic blood
pressure; DBP diastolic blood press#BPI ankle brachial pressure index; TC total cholestdr@l triglyceride; HD HDL cholesterol; LD LDL
cholesterol; TC/HD total cholesterol and HDL chééesl ratio; no. number of patients

* = significant p value

(53%) but more severe grades were not frequent (1ts)
ratio was observable from the early stagds This pattern
is in contrast to other Indian repor® 8, 19]. Male gender,
increasing duration of T2DM, had the most significa
independent impact on ABPI lowering; age of thaqut
SBP and smoking status were not so significaft 23].
These also differ with other Indian repor&si]l The SBP
had better negative association than DBP. Probailglyer
BMI is protective P5. The TC/HDL ratio was not more
accurate a predictor than TC or HDL singly; roleT@ is
difficult to explain as it seems predominantly teaiive
[11, 13, 15).

Male gender had significantly lower ABPI; they alsad

percentage of males, age, SBP, and lower BMI and HD
The male gender had significant negative impasniokers,
but it was duration in nonsmokers. Smoking probathigrs
the usual impact of known risk markers in T2DRg]] Low
ABPI patients had longer duration of T2DM, higheea
blood pressure, proportion of males and smok&és 75].
Though most of the risk factors had negative catiah with
ABPI except lipids, none had independent impachig/her
ABPI patients, duration and male gender had inddgpen
negative impacts. Low ABPI state could hardly beoaoted
by traditional risk markers, probably nontraditibnzarkers
or genetic influences are more importah®,[20]. Lipids
correlated better in females, nonsmokers and higi®I

higher risks 26]. Duration, smoking, and SBP was betterbut their individual impacts are questionable astiad a
associated in males and higher BMI and age seemepdsitive impact25, 29.

protective. However it was only duration that hadepen-
dent impact on ABPI lowering in males. Probablyndger
as a risk factor had the most significant effead amher
independent variables were dependent o7k [ABPI was
significantly lower in smokers who also hdugher

On duration segregation of the total patients, n/sRR|
was significantly higher in short duration patierA8PI in
intermediate and longest durations were similae génder
did not have any significant impact in theemmediate
duration BQ]. Probably the role of gender became con-
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Table 5 Clinicobiochemical parameters of ABPI Ieveduration segregation (mean + standard deviatio

Groups(no.) Age(years) BMI(kg/m?) SBP(mmHg) DBP(mmHg) ABPI
L-Ab-A(12) 45.6+11.8 21.5+3.1 132+24.5 81.1+6.7 0.78+0.05
H-Ab-A(16) 49.44+10.2 24.2+3.8 134+£12.7 83+7.9 1.01+0.06
p-value 0.38 0.07 0.83 0.55 0.000*
L-Ab-B(17) 56.4+10.7 21.6+3.0 156.522.2 87.8+11 0.78+0.04
H-Ab-B(11) 50.2¢9.5 23.4+3.1 138+£13.4 84+5.3 0.93+0.05
p-value 0.14 0.14 0.02* 0.3 0.000*
L-Ab-C(16) 54.1+9.5 23.3t3.8 151+24 84.5+154 0.76+0.05
H-Ab-C(12) 55.1+11.2 22.03t2.6 147+24.5 85+13 0.93+0.05
p-value 0.8 0.34 0.69 0.93 0.000*
Groups(no.) TC(mg/dl) HDL(mg/dI) LD(mg/dl) TG(mg/dl) TC/HD
L-Ab-A(12) 161.7+44.7 38.5£10.5 91.2+35 148.6:80.8 4.3+0.9
H-Ab-A(16) 175.9:41 40.8£9.8 102.2+26.5 168.3:88.5 45+1.1
p-value 0.39 0.55 0.35 0.55 0.71
L-Ab-B(17) 206.8:109 42.9£11.7 137.1+85.5 148.6:80.8 4.9+15
H-Ab-B(11) 184.553.1 40,9+11.9 108.3:42.9 185.871.5 4.7+1.3
p-value 0.53 0.67 0.31 0.23 0.66
L-Ab-C(16) 205+120 43.4+16.3 128+101.2 127.871.4 4.7+1.6
H-Ab-C(12) 205.3t70.4 40.9£16.7 126+56.8 192.9+98.2 6.6£6.9
p-value 0.99 0.69 0.95 0.052 0.29

ABPI ankle brachial pressure index; L-Ab low ABM:Ab high ABPI; BMI body mass index; A, B, C duraii groups(A=<1 year,B=1—
10 years, C= >10 years); SBP systolic blood pres®BP diastolic blood pressure; TC total cholesfarG triglyceride;HD HDL cholesteral;
LD LDL cholesterol; TC/HD total cholesterol and Hzholesterol ratio; no. number of patients

* = significant p value

founded by the other risk factors which expressetteb of DBP was negligibled5, 28]. Higher age was marginally
correlationin this duration segmergspeciallySBP. Duration, protective in earlier durations. Smoking seemsaffect
age, smoking and DBP had more pronounced invergedBPIl adversely after some duration but never sigaitftly.
relations in the intermediate duration. Higr@kl had Impact of smoking and age is less than in nondialp2§].
protective role in duration group B but had advemspact With increasing duration females probably becoless
in the longest duration. Higher age of onset assediwith predisposed, the post-menopausal state may bebedaty.
smoking may predispose to significant early ABRidoing  In the initial period it is probably the very didloestate that is
[21, 28). However, impact of smoking and age is probablymportant for ABPI alterations; in intermediate dtion
less in T2DM than in non diabeticgq). multiple traditional risk factors play a role. loniger duration
Male gender and duration of T2DM had the mostisk factor impacts are significantly altered; thexe either
significant impact on ABPI decrement except in lesiy masked by development of collaterals and vascalaifica-
duration where higher BMI and age were major cbntri tion or these patients are primarily less predisgd31].
utors; impact of duration was often more in malgs [L5, PAD in people with diabetes is different from othén
25]. Higher BMI and female gender was probablyits biology, clinical presentation and management2p].
protective in earlier durations; but the intaypof risk The very state of T2DM has been implicated as aomaj
factors in females remain uncertain. Dyslipiderb&ing factor that independently predicts progression/AD P19].
common association of diabetes, whether its imgotal It is estimated that 8% of diabetics have PAD atttme of
or casual is difficult to comment. SBP was contdoy in  diagnosis of diabetes, 15% after 10 years, and 4§&
especially in males and intermediate duration. itgact 20 years 32]. Nontraditional risk factors, such as high
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Table 6 ABPI correlations of risk factors of theodéd groups- total patients, gender, smoking anélAg&gregation

ABPI Age  Gen Dur Sm SBP DBP BMI  TC HD TG TCHD
T PC  -.089 -.402(*) -.230(*) -.167 -.179 -001 .178  .025 039 .273(% .037
N=84 Sig.  .423  .000 .035 129 104 995 104  .818 724 012 741
M PC -029 . -.239 -.038 -.237 -.044 126 131 032 .377(*) 156
N=49  Sig.  .843 . .098 794 101 762 387 369 829 .008 285
F PC .007 . -.168 227 051 -.058 043 -.158 -102 152 -.169
N=35 Sig. .970 . 334 190 771 740 806  .364 561 .383 333
Sm PC -209 -.491(*) -.028 (@  -.298 -186  .163  .136 140 267 116
N=36 Sig. .221  .002 871 . 077 278 342 429 417 115 501
NSm  PC 038 -.305(*) -.366() .a) -.038 072 168 -.054 -.082 .281 .005
N=48 Sig. .80 .03t .a11 . .80( 626 250 71¢ 579 .05% 97t
LAb PC -254 -.250 -.243 -141  -.010 112 -039 20(® 275 271 244
N=45 Sig.  .092  .098 107 355  .948 465 802  .032 068 .072 107
HAb PC 073 -331() -.398(*) -.238 -.012 040 179 -.137 046 .033 -.178
N=39 Sig.  .657  .040 012 144 943 807 275 404 780  .840 279
DurA PC 107 —.400(¥) 126 -221 -.001 070 347 306 208 225 116
N=28  Sig. ~ .58¢ .03t 52z 25¢ 997 72 .07C 113 28¢  .24¢ 55¢
DurB PC -157 -.324 -.315 -360 -.397() -.228 393 -.027 -081  .343 .038
N=28 Sig.  .425  .092 103 060  .037 243 078  .893 681 .074 846
DurC PC -.021 -.400(* 202 089  .078 206 -.238  .088 065 .331 126
N=28 Sig. .917  .035 304 653  .694 292 223 658 743 085 522

T total patient; M male; F female; Sm smokegm non-smoker; A, B, C duration groups; L low; H higklh ABPI; BMI body mass index; TC
total cholesterol; TG triglyceride; HD HDL choleste TCHD ratio of TC/HD; Dur duration of diabeteSBP systolic blood pressure;
DBP diastolic blood pressure; PC correlation valsigy = p valueof correlation; N: number of patients; * Correlatisnsignificant at the
0.05 level (2-tailed); ** Correlation is significanat the 0.01 level (2-tailed);a: Cannot be coredubecause at least one of the

variables is constant

levels of homocysteine, C-reactive protein (CRRirio-
gen, interleukin IL-1 and IL-6, creatinine and @tst C are
also implicated for PAD. Relative impacts of traalital and
nontraditional risk factors probably differ iIRAD and
CAD, site specific atherogenic mechanisms mightrioee
important in PAD £Q].

increasing duratiornl| 6, 10, 12]. Calcified, poorly compress-
ible vessels may artificially elevate ABPI valugsmay be
falsely negative with moderate aorto-iliac sten¢3i§. The
different risk factors had differing impacts on ABRBt
different durations on the gender types, smokers rzon-
smokers and high and low ABPI segment [L6, 23, 24,
31]. Indians are not less predisposed asginptomatidAD

Strength of the study: 1) Reasonable patient NUMb@Y ot equal in genders as far as the severitgriserned16,

for broad group analysis; 2) Detailed dissectof
patient group associations of risk factors of PAD.

Limitations of the study: 1) It being a cross seadl
study, a single incidental correlation may not giga

24]. Intervention strategies have to be individualizandbe
aggressive in durations below 10 years.

Traditional risk factors fail to explain wholly th@ore
adverse ABPI0.8) state, ABPI status in females and it
explains only about 20 to 30% in other groups. Bbdp

true effect over longer periods; 2) for subgroungca| vascular events, sex hormones or genetioffacre
analysis the patient number was not reasonablysre important0, 33). Relative impacts of traditional and

adequate; 3) quantification of smoking is ofterficlifit
and was arbitrary.

In conclusion, PAD has to be identified earltf@snumber
of the modifiable risk factors become fewer oratered with

nontraditional risk factors probably differ iRAD and
CAD, site specific atherogenic mechanisms mightrioee
important in PAD P0O]. The previously reported PAD
prevalence in India as well as the role of sex lmes in
PAD needs further evaluation.
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Table 7 ABPI correlations of risk factors—ABPIgker and smoking status groups by Duration segmgat

ABPI Age Gen  Dur Sm SBP DBP BMI TC HD TG TCHD
LAbA PC  -703( -.408 .262 -683() -.156 -194 364 486 526 .189 -.034
N=12  Sig. .01l 188 411 014 629 546 245 109 079 557 916
HAbA P C .260 -320 .119 -.320 -.054 -042 -052 320 .085  .340 187
N=16  Sig. .331 228 .659 228 844 876 848 226 754 198 487
LAbB P C -.057 -214 -.156 -.074 -.219 -229  .083 242 118 .443 341
N=17 Sig. .828 409 549 778 398 376 753 349 653  .075 .180
HAbB P C .548 -261 137 -.375 353 .032 337 -014 -.193 .016 -.144
N=11  Sig. .081 438 .688 256 287 926 310 968 569  .964 673
LAbC PC -171 -244 -640(*) .067 223 388 -241 405 300 .128 287
N=16  Sig. .527 363 .008 .806 407 137 370 120 259 635 281
HAbC PC -.073 -.488 419 -.192 394 374 024 -408 220 -.094 -.288
N=12 Sig .822 108 175 549 205 231 942 188 491 772 364
MA PC  .058 (@  -.001 -.145 -.027 -.097 332 281 414 185 -.091
N=14  Sig. .844 . 996 622 926 743 246 330 141 528 756
FA PC 518 (@  -.001 157 181 -.020 .038 196  -259 .493 365
N=14  Sig. .058 . .998 592 536 947 .898 502 372 .073 199
MB PC  -.233 (@  -.329 -.257 -525(" -.105  .311 305 -.025 .662(*) .325
N=19 Sig. .336 . 169 289 021 668 195 204 918  .002 174
FB PC .305 @) .000 1) -.010 -572 533 -304 -171 -.295 -.551
N=9  Sig. .425 . 1.000 . .980 107 139 426 660  .440 124
MC PC  .185 @) -.035 327 .028 .095 -331 165 -.167 .391 377
N=16  Sig. .494 . 897 217 919 728 211 541 537 134 149
FC PC -.332 @) 751(%)  .363 361 289 -508 -.135 .210  .322 -.377
N=12  Sig. .292 . .005 246 250 362 .092 677 512 .308 227
SmMA  PC -.299 -467 150 @) -.166 -.066  .483 564 508 301 191
N=11  Sig. .372 148 661 . 626 846 132 071 111 .369 573
NSmA PC  .486(*) -271  .070 @) 296 471 213 076  -082 .311 156
N=17  Sig. .048 293 .788 . 249 511 412 773 755 224 551
SmB  PC -720*) . = -.117 @) -.440 140 -058 263 -.089 .526 329
N=13  Sig. .005 . 703 . 133 648 851 386 772 .065 272
NSmB P C .401 -157 -.267 @) -.267 -424  560() -.155 ~-.166 .182 -.129
N=15 Sig. .138 577 .336 . 336 115 .030 582 554 515 646
SmC PC .449 -562 .348 @) -.224 -406 -318 -.032 .059 -.047 144
N=12  Sig. .144 057 268 . 485 191 313 920 855  .885 656
NSmC PC -376 -467 .044 @) 289 517() -197 219 123 568()  .130
N=16  Sig. .151 068  .870 . 278 .040 464 415 651  .022 633

T total patient; M male; F female; Sm smoke¢gm non-smoker; A, B, C duration groups; L low; H higkiy ABPI; BMI body mass index; TC
total cholesterol; TG triglyceride; HD HDL cholesté TCHD ratio of TC/HD; Dur duration of diabeteSBP systolic blood pressure;
DBP diastolic blood pressure; PC correlation valsig; = p value of correlation; N: number of pat&rt Correlation is significant at the
0.05 level (2-tailed); ** Correlation is significamat the 0.01 level (2-tailed);a: Cannot be comg@uiecause at least one of the variables is
constant
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Glycemic and insulinemic responses to breakfast and succeeding
second meal in type 2 diabetics
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Abstract The aim of the present study was to deter showed a linear positive relationsHip=0.984) indicating

the parameters related to glycemic and insulinemithat low Gl was due to the macronutrients presernthe

responses of type 2 diabetic patients to threeGdyeemic meals. Breakfast meals given in the present studyndt

Index (GI) breakfast meals and study the effecteath lower Glycemic nor insulinemic responses of thessub

breakfast meal on a standard lunch meal. Breakfestls quent lunch meals. These data are useful espedially

were boiled chickpea, red rice (AT 353) meal and edti  primary patient care for modulating diets of diabet

and the standard lunch was red rice (AT 353) witlpatients.

accompaniments. Study design was random covss

(n=11 age: 40-62 year). Gl and Insulinemic Indicsdi = Keywords Glycemic indexinsulinemic index Type 2

breakfast meals were calculated with white breadhas diabetic patientsSecond meal effect

standard. Serum glucose peak concentration ofkpbi

was significantly lower than ricp=0.0321), roti(p=

0.0019) and brea@=0.0001). Gl of chickpea, rice amdti  Introduction

meals were40+7, 64+11 and88+9 respectively. Gl of

chickpea was significantly lower than ri¢@=0.0466) and Carbohydrate foods of diverse nature are digested a

atta roti (p=0.0016) meals. Chickpea and rice breakfadifferent rates releasing glucose into the bloodkash.

meals had low Gl and atta roti medium GIl. Gl valies According to the postprandial glycemic respongasse

diabetic patients were not significantly differédpt>0.05) foods are categorized as low, medium and high uslieg

from that obtained previously in the same labosator respective Glycemic Index (Gl) valuel.[ The incorpora-

healthy individuals. Il of chickpea, rice and retere76+  tion of foods with slow release carbohydrates (foedium

13, 90+ 20, 115+28. Glycemic and insulinemic responsesGl foods; lente carbohydrates) in the diets indicat

therapeutic potential in reducing insulin sésnce 2],

hyperglycemia between meal8] [and acute or chronic

U. P. K. Hettiaratchi S. Ekanayake complications associated with type 2 diabete$].

e-mail: sagarikae@hotmail.com The increase in blood glucose following consumptibn
foods triggers the release of insulin which faatkts the
uptake of glucose by extra-hepatic tissues. Howether
amount of insulin released to counteract the effdce
carbohydrate load varies with food as well as hestiatus
of individuals, i.e., healthy or diabeti6][

Certain foods ingested at breakfast have shown to
improve glycemia and insulinemia of a subsequenthu
meal (4 h later) 7-9] which is recognized as the “second
meal effect” [[-9]. A similar effect of dinner meals on
breakfast (overnight second meal effects) had aksen
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demonstrated1j0]. However, not all low Gl foods elicit a requested to refrain from taking metformin for 3tior
second meal effect and improve the glycemic nauling- to a study day. The removal of metformin for theation
mic responses of the subsequent medl [ specified above was done to study the true phygicdd
Foods with slow release carbohydrates and meats th&sponse to foods. Individuals were requestedefeain
elicit second meal effects will be important in thag-term  from vigorous physical activities, smoking and n#iing
dietary management of impaired glucose toleranTjlénd alcohol the previous day. There was a 7-10 days\iat
type 2 diabetic patientS]. This approach will lead towards between two study days and the patients resumedgtak
a reduction in the degree of insulin resistanceiabetic metformin during this period. Each patient completee
patients and will be beneficial for healthy indivas as study (test—3 days, standard—2 days) within 4—6kaee
well. The prevalence of diabetes mellitus (DM) apidly = The coefficient of variation (CV) of fasting serugtucose
increasing in Asian countries with India topping tlst [L2,  concentrations of the patients were 5-18%.
13]. Thus, the data on the dietary influenoes above Ethical clearance for the study was obtained frahmds
factors would help guide a clinician in primordiedre, Committee, Faculty of Medical Sciences, UniversifySri
primary, secondary and even in tertiary preventmn Jayewardenepura and Hospital Ethical Committee,
diabetes. The underlying factors responsible fois th Colombo South Teaching Hospital, Sri Lanka. Infodme
problem have been recognized as life style chatiggis and written consents were obtained from the subjeetore
lead to reduced physical activity, consumptionfobds enrolling for the study.
with rapid release carbohydrates and excess cadltgake The study was carried out as a randomisexbsc
[14]. The correct guidance on diet is a cost effectimé over design. Patients were requested to godd0—
practical way to control or prevent diabetes madliilDM), 12 h overnight fast. Fasting venous blood samplesew
which is a chronic disease with long term complamad taken on arrival each morning by insertingcanula
that affect the quality of life and productivity e®ll as the (20 G). Either a test meal or standard containibgg2
economy of a country. available carbohydrate portion was given with 250 m
Furthermore, an increase in the incidence of type @f water on each day to be consumed within 1. m
diabetes among children and teenagers in Asiantdesn Further blood samples (0.5-1.0 mL) were olsdimt
extends this health issue to the next generati® 5. 30, 45, 60, 90, 120, 150 and 180 min intervalsratie
Due to this epidemic nature of type 2 diabetes)yearfirst bite [L7] for analysis of serum glucose and insulin
prevention strategies should be undertaken to cothim levels.
health issue before long. The objectives of thisdgt Serum glucose concentrations were determined by the
therefore were to determine the glycemic and ingufiic  enzymatic kit (GOD-PAP, Biolabo, France) and Glyaem
responses of the Type 2 DM patients to three conynonindices (Gl) of the breakfast meals werecuated by
consumed Sri Lankan breakfast meals with known1®] [ taking the ratio of incremental area under curvdJC) of
and further to determine the second meal effecthefe test and the standard]]
breakfast meals on a rice lunch meal. Serum insulin concentrations were estimated with
Elecsys insulin reagent kit (Roche Diagnostics GmbH
Germany) using Elecsys 1010 analyzer at Ceymedrkaabo
Materials, subjects anthethods tory (Sri Lanka). Insulinemic Indices (ll) of brefakt meals
were expressed as the ratio of incremental arearunave
The details of breakfast and lunch meals are pteden (IAUC) of test to that of the standard.
Table 1. The breakfast meals analyzed were; meal 1- The effects of the three breakfast meals on a atand
boiled and tempered chickpea with onions, n#eal‘attd’  lunch meal were analyzed by serving the rice lumgal
roti with onion salad (10 g), meal 3—boiled rederiAT  containing 25 g available carbohydrate portamn 4 h
353 obtained from Rice Research Institute, Sri lE@nidith (240 min) after taking the first bite of each oé threakfast
meal accompaniments (lentil curry, coconut Salathe meals or standard. Further venous blood sampleg wer
lunch served was boiled red rice (AT 353) with otheeal drawn at 30, 45, 60, 90, 120, 150 and 180 min vaier
accompaniments (lentil curry, boiled egg, oreleafy following ingestion of the lunch meal.

salad, coconut gravy). White sliced breadhwit any To determine the second meal effects of breakfastisn
meal accompaniments was used as the standadd the IAUC of serum glucose and insulin response &sirv
given twice. following ingestion of lunch meal were calculated.

Type 2 Diabetes Mellitus (DM) patienis=11; age: 40— The GI and incremental area under curve (IAUC) ealu

62 year, BMI: 2522 kg/nf) with fasting blood glucose are presented as meanzstandard error of mean (SEi).
levels of 126-200 mg/dL and only on thelodaug, results were analyzed and correlations studiedgusiicro-
metformin participated in this study. Patient®ere soft Excel (2003) and Minitab, USA (Version 14).
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Table 1 Breakfast meals, lunch meals, preparatiethods and portion sizes

Food

Preparation method

Portion sizes

Breakfast meals:

1. Chickpea

Chickpea was soaked overnight in ex
water and boiled with sufficient amouaf
water. Chickpea (200 g) was tempereith

coconut oil (10 mL) and onions (10 g).

2. “Atta” roti mea

Atta roti

Onion salad

Roti dough was prepared by mixing

“atta’ flour (whole wheat flour-50 g) with
coconut scrapings (50 g). The dough w
flattened on a circular plate (~ 15 cm) an
cooked on a pan by turning the sides (~ 1
min). Chopped onions (50 g), chilli
pieces (5), salt powder (5 g) were mixed
and lime was added to prepare the onion

salad.

3. Ricemea

Red rice

Lentil curry

Coconut salad

Red rice was boiled with water (1:2; w:v)
a rice cooker.

Lentils (200 g) were boiled with water (4
mL) and spices for 10 min. Lentil curry w
prepared by adding coconut milk (63
mL), salt (20 mL), green chilli (10 g) al
curry leaves (5 g). Curry was tempe
with chopped onions (10 g) and garlic (5
Coconut salad was prepared by grind
coconut scrapings (100 g) with chopy
onions (20 g), garlic (5 g), dried
chilli pieces (10 g), lime and salt powder

9)-

ess 186 g
759
as
d
0
10 g
in 86¢g
00 38¢g
as
d
ed
).
ing 259
ed
10
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Table 1 (continued)

Food Preparation method Portion sizes
Lunch meal:
Red rice As in the rice meal (breakfast meal 3) 86 g
Lentil curry }
Boiled egg Eggs were boiled for 10 min. 38¢g

Green leafy salad | Chopped Centella asiatica(100 g) wa 259

2}

(Gotukola — Centellamixed with coconut scrapings (50 |g),
asiaticg onions (20 g), garlic (10 g), green chilli (10
g), salt powder (10 g) and lime.
Coconut gravyKiri | Coconut milk extracts (175 mLjvere 30 mL

hodi) boiled with onions (10 g), garlic (5 gjreen

chilli (10 g), curry leaves (5 g) and turmeric

powder (1 g) for ~ 15 min.

Reslts 3 h from ingestion of test foods or stawdavere not
significantly differentp>0.05; Figl).
The data related to glycemic and insulinemicpoases The GI values of chickpea, red rice meal and attia

following breakfast meals are stated in TaBleThe peak (breakfast meals) wed9+7,64+11 and88+9 respectively
glucose concentrations of chickpea and rice meadse (Table 2). Thus, the chickpea and rice meals can be
significantly low(p=0.0001,p=0.0004 respectively) when categorized as low Gl foods while the atta roti meas
compared with the peak glucose concentration of thmedium Gl when determined with type 2 diabetic gras.
standard. Correspondingly a 27% and 14% redudtion The GI of chickpea was significantly lower thanttbérice
peak glucose concentrations of chickpea and meals (p=0.0466), and atta rofp=0.0016).

were observed compared with the standard. The peakWhen considering individual glycemic responses, all
glucose concentrations of chickpea were also saifly individuals (n=11) elicited low glycemic responses (low
lower than that of rice megb=0.0321) and atta roti meal GI) with the chickpea meal. Low and medium GI were
(p=0.0019). However, the serum glucose concentrations obtained for rice meal with 64% and 18% ividtlals

Table 2 Glycemic and insuli-

nemic responses of breakfast ~ Parameter 3Standard ®Chickpea PRoti PRice meal
meals and standard with type 2
diabetic patients Fasting glucose concentration  8.8+3.1 8.3+3.2 8.7+3.1 8.6+3.2
Peak glucose concentration "13.7+3.1 *9.9+3.3 *13.1+3.8 *11.8+3.6
'Values are given as meantSD  peak glucose time (min) 90 120 90 60
(Standard deviationjyaluesare 'Fasting insulin concentration 11.4£5.4 10.4+9.3 9.7+6.6 13.5+6.7
givenas mean+SEM (Standard | ; ) )
error of mean)3Glycemic Load Peak insulin concentration 47.5+33.9 27.6x14.4 34.2+25.8 32.5+15.3
(GL) valueswere calculated for ~ Peak insulin time (min) 90 150 90 120
the 25 g available carbohydrate - 2AyC (glucose) *547+45 *210+33 *478+64 *357+71
portion;®n=12;°n=11; Glucose . . .
concentrationsre expressedis ZGI o 100 40£7 8819 64+11
mmol/L; Insulin concentrations IAUC (|nsu||n) 4042+1125 2326+452 3142+ 755 2215+343
are expressed as microlU/mL; 2)| 100 76+13 115+28 90+20
*indicates the values that are 3GL 17.9 7.3 15.7 11.6

significantly different
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respectively. However, roti elicited each low arighhGl  Discussion

with 45% subjects.

The peak insulin concentrations of chickpea mealewe The present study was designed with the aim toysthe
significantly lower(p=0.0433) compared with those of thesuitability of some low Gl breakfast meals tine diet

standard (Fig2). The insulinemic indices (I) of chickpea,

rice and roti meals wer@&6+13, 90+20, and 115+28
respectively (Tabl&) and not significantly different from

regime of diabetic patients.
Chickpea and rice meal can be categorized as low Gl
while atta roti was medium Gl (with respect to gise as

each other(p>0.05). The glycemic and insulinemicthe standard). Inter individual variations to theedkfast
responses for the foods analyzed in the presemty stumeals were analyzed to assess the levels of \angabf

indicated a positive linear relationship=0.984; Fig.3).

Glucose and insulin peak concentrations of lunaals
following consumption of standard and tbseakfasts we
not significantly different (p > 0.05). However, insulin
concentra- tions at 3 h from ingestion of lunch Ineeere
significantly lower in bread compared with rice inéa=
0.0344) and atta ro{jp=0.0216) but not with chickpeg=
0.07664). IAUCs of glycemic nor insulinemi@sponses
of lunch following ingestion of test breakfasts weret n
significantly different from that of the lunch foilving
standard (Tablg, Fig. 1).

individuals to respective foods. Chickpea elicitethimum
inter individual variations (100% low Gl). Howeveihen
atta roti and rice were consumed, the variatiorglynemic
responses of individuals were high.

Serum glucose peak concentrations of breakfastsmeal
and standard were analyzed. The reduction of peak
concentrations of chickpea, rice and roti meals2@¥s,
14% and 3% compared to the standard respectivaly an
also the peak concentrations of chickpea and riiegb
significantly lower than the standard indicates pla¢ential
of incorporating the two low GI plant based meal$Sbuth

Serum glucose peak concentrations of lunch mealssian diabetic meal plan (Tab®. Consumption of rice

following the three breakfast meals and the stahaeare
analyzed and all the glucose peak concentratiorarah
meals were observed to be similar or less (2.5/81®I/L)
compared with the rice breakfast peak (3.2 mmol/L).

with a variety of meal accompaniments containinigeot
macro and micronutrients should be promoted. A &tyic
response curve with a plateau was obtained forkpkia

Fig. 2 Insulinemic responses to 9 4000 (@) (b)
(a) breakfast meals arfd) S 1
lunch meal following the break- S 35.00]
fast meals and standard. Each S 3000
test food represents an average e 1 T~
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§ _g 15.00| P RN .
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"= 1000| g "o
g /
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a might be due to the evident trend of diabetic pasie

S/ eliciting higher Gl values compared with the hewlth
pd category. However, the Gl values obtained withlthga
60 ,_3/'/ individuals and diabetics were not significantlyffelient
e (p>0.05). These differences of Gl values betweentwe
40 ¢ categories could be due to the higher Glycemicaeses

elicited by the diabetics for the same foods comgpdo the
healthy individual.
Delayed serum glucose peaking of test foods and
0 20 40 60 80 100 120 10  standard were observed with the diabetic individual
insulinemic index compared with healthy individuals. This could beiltited
Fig. 3 Relationship between the glycemic indiases #he insulinemic to the differences in the digestion and absorppiatesses
indices of the test foods.2R0.974 in diabetic patients, i.e., delayed gastric emmgt [20],
absorption of glucose into the blood stream anditabetic
meal (Fig.1) reinforcing the beneficial effects of legumespatients being insulin resistant.

80

Glycemic index
hN

20

as the major carbohydrate portion in a meal. It id@lso Insulin responses to three meals were also analjzed
be beneficial to include chickpea as a meal accoinpent  observe the effect of meals on insulin secreticab(&?2).
with rice. The glycemic and insulinemic responses of thiesels

Gl of chickpea containing similar load of availableindicated a positive linear relationship=0.984) confirm-
carbohydrate (25 g) and atta roti containing kdeuthe ing the low GI foods elicit a lower insulin outpaihd vice
amount of available carbohydrates (50 g) determineeersa (Fig.3). Thus, the low Gl foods will be beneficial in
previously in the same laboratory with healthy indisals reducing the blood glucose level as well as présgrihe
[16] were observed to be low GR9+5 and 67+9 insulin output P1]. However, the linear positive relation-
respectively). GI of a rice meal containing all theship indicates that there were no insulin secrejago
components of the rice meal served for lunch withOag properties of the meals tested as was reported¢ddain
available carbohydrate portion had bé&®&+5 with healthy other foods i.e., dairy product&@Z]. Thus, the low Gl of
individuals [L8]. The data indicates the same categorizatiophickpea and rice meals were due mainly to the rothe
of foods with regard to Gl in diabetic and healthyfactors such as proteins [chickpea —1616][rice meal—
individuals except for roti. Although the GI valugsth 10 g] and dietary fibre [chickpea—21 §6], rice meal—
diabetic patients were not significantly differdpt>0.05) 13 g] present. As chickpea was given without anyeot
from healthy individuals,1[6] the GI values obtained with accompaniments, the proteins and fibre contenh@fmeal
diabetics were always higher. The differengrdes of was only due to the legume itself. When considethmy
insulin resistance and longer time to clear gludosm the rice meal, the meal accompaniments included in the
circulation in the diabetic patients might be cimiting to composite meal (Tablg) have also contributed to the total
the increase (although not significant) in glycemgsponse protein and fibre content. The accompaniments irsede
when compared with healthy individuals. A simildiserva- rice meal are mainly vegetables, protein sourcesather
tion had been reported previously for the two catieg of starchy sources with less carbohydrate contentgpaosd
individuals [L9]. to rice. Thus, the Gl values of the meal accompanis)

Roti elicited different categorizations in terms@if with ~ were not determined.
diabetic and healthy individuals, i.e., low Gl witlealthy The “Glycemic load” concept (GL) introduced later i
individuals and medium Gl with diabetic patenfThis 1997 makes use of the Glycemic index val[&§ in

Table 3 Glycemic and insuline-

mic responses of lunch meal fol- Parameter 3Standard bChickpea bRoti PRice meal
lowing the breakfast meals and
standard in type 2 diabetic patients !Glucose concentration at 4 h (fasting)  8.7+3.8 8.5+3.1 9.7+4.3 9.0£4.2
!peak glucose concentration 11.2¢4.1 11.3+t3.5 12.4+4.8 12.3+4.6
Glucose concentrations are Glucose peaking time (min) 90 60 60 60
expressed as mmol/L; Insulin Ynsylin concentration at 4 h (fasting)  16.2+4.6 19.2+11.9 21.8+13.9 18.2¢6.5
ngc‘;ﬁ;rittoq\sla‘?{;Sez‘;;e;ig‘:] 3 1peak insulin concentration 3214184 4124315  36.9:18.2  40.3:17.7
as mean+SD (Standard devia-  Insulin peaking time (min) 90 60 60 120
tion); Values are given as mean 2AUC (glucose) 320+40 351+61 264+58 382+51
+SEM (Standard error of mean); 2ayc (insulin) 2171£462  3098:668  2070+339 3196648

a=12; *n=11: h-hour
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determining the actual Glycemic load of a normalise
size (NSS). According to GL values, foods are catiegd

The data of this nature which focuses egfigcon
diabetic patients can be used in primary patier¢ @zhen

as low (<10), medium1p-20], high (>20) against glucose modulating diets of diabetic patients. Effectivestdry
as the standard2B]. When considering the portions of interventions with regard to Diabetes mellitus deth

breakfast meals served in the present study ook meal
represented a normal edible portion while the partdf
chickpea was more and roti less. According to thgepts
(100%), NSS of chickpea meal would be 2/3 of thdipo
given and roti, twice the amount. Thus, GL for &S of
chickpea, rice and roti would be 5, 11, and 31 eetpely
indicating chickpea to be low GL meal, rice a mediand
roti a high GL meal. This further stress the impage of
including legumes, as the main carbohydrate soimrca
meal of diabetic food plan.

The second meal effects of breakfast meals (chakpe

rice meal and roti) were analyzed following theermmixed
meal as the lunch (Tab8. The IAUCs of neither glycemic
responses nor insulinemic responses of luradtowing
ingestion of test breakfasts were significantlyfeté&nt(p>
0.05) from that of lunch following the standardafle 3,

patient friendly and cost effective without any esiefffects.
Hence, dietary strategies aimed at diabetes prevent
should be more popularized.
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Fig. 1). The tested breakfast meals had no effect on thgeferences

glycemic responses nor insulin responses followtng
subsequent lunch.

Serum glucose peak concentrations of the lunch sneal

following the three breakfast meals and the stahaeare
analyzed to compare with the glucose peak cond@ntra
obtained with the rice breakfast meal. All the gise peak
concentrations of lunch meals were similar or IE58§—

3.3 mmol/L) compared with the rice breakfast peak

concentration (3.2 mmol/L). The data of the presguaty
indicate the suitability of the rice lunch mealalsvith the
diabetic patients despite not eliciting a secondlneéfect.
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Abstract Evaluate safety of insuljfargine/asparntegimen 1.2%). Moreover, there was no significant change=(
in type 1 diabetics who are willing to fast Ramadgmrty- 0.251) in fructosamine level between pre-Rama@a® £
three patients with type 1 diabetes (mean age +23[% + 0.9 mol/L) and end-of-Ramadan (3.2 + 1.1 mol/Lulin
8.7 years) were included. One week before $tudy, dose had increased by 7% of the starting dose (19496).
clinical and laboratory evaluations were undertakenThere was no significarfp>0.05) change in weight, BMI
Patients on basal/bolus insulin had their dosgastetl. and lipid profile at the end—of-Ramadan. Patierith type
Those with another insulin regimen were changed tb diabetes can fast Ramadan safely, using low-peak!
glargine/aspart regimen with adjustment of dosesth& insulin and rapid-acting pre-meal insulin, undeicsblood
beginning of Ramadan, patients were shifted toggi@r glucose-monitoring and close supervision.
once-daily and aspart before Iftar (sunset-mealjhus
(sunrise-meal) and a meal in between. Total dose w&eywords Type Idiabetes Fasting Ramadan
reduced to 90% of pre-Ramadan dose. Patients weresulin glargine- HbAlc
instructed to report any hypoglycemia, severe hylyee-
mia or ketosis, and their self-monitored plasmagbe at
five planned visits in Ramadan. All clinical anddaatory Introduction
evaluations were repeated at the end-of-Ramadanheit
end of Ramadan, there was no report of severe fygog The study of epidemiology of diabetes and Ramadan
mia, hyperglycemia or diabetic ketoacidosis. Twent§EPIDIAR study) reported that about 43% of patiemith
patients suffered 70 hypoglycemia events; one disitoed type 1 diabetes mellitus (T1DM) managed to fast a
fasting in 2 days. There was no significafiange in minimum of 15 days of Ramadari] [However, there are
HbAlc (p = 0.373) between pre-Ramadan (Mean * SDfew studies addressing the management of thosendast
6.5 + 1.2%) and end-of-Ramadan level (Mean + SD;#6.9 patients as regards the most appropriate insugjimen in
terms of safety and maintaining euglycemia; thssirig in
Ramadan comes to be a challenge to both patierits wi
Introduction, Patients and Methods, Statisticalysis, Results, diabetes and healthcare provideZk [
Discussion, Conclusions Furthermore, one of the Evidence-Based Medicine
A ABdeIRanm (EBM) pillars is to conside_r patier_1ts’ values_ andtla:r_e.
aaarahim55@gmail.com Hence, management of patients with TIDM in Ramaslan
a step in the direction of EBM diabetes control.
Different suggested regimens are based uponcalini
practice and not upon evidence-based studies. It t
reason, there is no standard regimen for the muaif
Ramadan fasting for patients with type 1 diabe®s(Qne
of the recommended regimens for those patientthe
intensified regimen using the long-acting low-pé&adulin,
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e.g. glargine once, combined with a rapid-actingulim,
e.g. aspart or lispro immediately before each njéhl

Two studiesexaminedthe useof the intensifiedregimen
in fasting patients with TLDM but with a few numbeof

cases. One of them by Azar et al. (2005) examihésl t Duration of diabetes (year)
regimen in nine patients; however, only five patsen Body weight (kg)

actually continued fasting. One patient developgdeh
glycemia, and two developed hypoglycemia eventghén
other study Mucha et al. (2006) tested the hypdghibst
insulin glargine would maintain euglycemia in patgewith
type 1 diabetes during an 18-h fast, such as wouatdir
when a person with type 1 diabetes sleeps lateisses
meals. The study was done upon 15 volunteers with
exercise and only for 2 days, one control dag ane
fasting day.

The purpose of this study was to examine the hygsigh
that intensified regimen (insulin glargine oncelyawith
three doses of insulin aspart as prandial insuird total

Table 1 Baseline characteristics

Range MearfSD)
Age (year) 11-44 21.8.7)
1-17 6.3 (4.5)
37.5-97 74.1 (16.5)
BMI (kg/m?) 17.4-33.8 27.04.6)

The 33 patients consisted of 15 males and 18 female
Their baseline characteristics are shown in (Tahle

n
Methods

After the screening visit, all patients who enrdlifor the
study were evaluated on six visits (one visit befand 5
visits during Ramadan) as shown in (Fig.

dose reduced by 10%, is safe; without exposing those

patients to risk of severe hypoglycemia, diabegtokci-
dosis (DKA) or severe hyperglycemia and to studgirth
glycemic profile.

Patients andnethod

Phase I: before Ramadan
Visit (0): 1 week befor®kamada
During this visit patients were screened for inmusand

exclusion criteria. The study protocol was expd to
enrolled patients before signing the informed cansEull

This is an open-label, non-comparative, one-centdistory taking and physical examination were done.

interventional study. We do not have a standardmeg

Laboratory assessment including HbAlc, fructosamine

for management of fasting patients with TIDM, so wdipid profile, ESR, blood urea, serum creatininginary

used non-comparative design type. We consither
current study as a step in the way of studyingedéiht
regimens to develop appropriate guideline for aggn
ment of those patients. The study was conducted

albumin/ creatinine ratio, CBP, ALT and Alkalineqspha-
tase levels were undertaken. Twenty of them werbaxal
bolus therapy (either analogues or conventionaljlin, 9
jratients were on twice daily premixed insulin wihort

accordance with the Declaration of Helsinki and wasacting insulin before lunch and 4 patients weretwite
approved by the Ethics Committee of Alexandriadaily premixed insulin without short acting ifisu All

University, Egypt.

Patients

Seventy eight patients with TIDM were screenedtlier
eligibility criteria. According to the inclusion drexclusion
criteria, only 33 patients of this group were elealfor the
study. Patients were chosen from the out-patiembetes
clinic in the Main Alexandria University HospitaEgypt.

Inclusion criteria were Agell years, T1DM with HbAlc
<8.5 or less, willing to fast Ramadan and signed
informed consent himself/herself or by parents asec of
individuals less than 18 years. Exclusion criteware
pregnant or lactating females, patients who suffédd&A

premixed insulins were conventional insulin.
Visit (1): 3 days before Ramaa

Patients without any of exclusion criteria wereftgli from
their current insulin regimen to a single dose msulin
glargine between 8 and 12 pm and insulin aspartddim
ately before each meal. The total daily insulin eldkey
were injecting was calculated and further dividet i50%
glargine and 50% insulin aspart; insulin aspart diagled
between three meals (25% before breakfast, 50%rdefo
alunch and 25% before dinner)
We provided patients with insulin preparations he t
form of either re-filled or pre-filled pen devicés insulin
glargine (Lantus® OptiSet pen or Solostar p8&anofi-

or severe hypoglycemia in the previous 3 months amdventis, Frankfurt-Hochst, Germany) and pre-fillgeh for

patients with renal impairment, proliferative refgathy or
macrovascular diseases.

insulin aspart; (NovoRapid® FlexPen®: Novo Nakdi
Bagsveerd, Denmark:) and home blood glucose mongori
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Fig. 1 Study design

Screening Visit (0): 1 week before Ramadan

¢ Obtaining an informed consent.

* Baseline assessment.

!

Phase 1

Before Ramadan

Visit (1): 3 days before Ramadan
Shift to the study insulin regimen

!

Visit (2): 3* day of Ramadan

v

Visit (3): 8% day of Ramadan

Follow Up
Visits

v

Visit (4): 13t day of Ramadan

Phase 11

¥

During Ramadan

Visit (5): 20® day of Ramadan

|

Visit (6): 29th day of Ramadan
Evaluation at the end of the study

kit (Accu-Check® Go, Roche, Switzerland) and insted
them about their proper usage.

the investigators by phone (available 24 h) by ohtheir
relatives if they were unable to communicate. Femtfore,

Patients were informed that once Ramadan started tthe patient was to be transferred to a hospitalrgemey.
insulin dose was to be reduced by 10% and was ativid Whenever a patient developed severe hypoglyceneia (r
into 35% glargine and 65% aspart. The rationale foguiring assistance of another person to admingstdrohy-

reducing the total dose and the basal insulin raido
keep the patient on the hyperglycemic side durgday-
hours to avoid the undesired fasting hypoglycenignd
the early days of Ramadan. On the other hand, ake df
the prandial insulin was increased to 65% to mateh
heavy meals and the intake of large amounts otguand
sweets during Ramadan.

drate, glucagon or other resuscitative actions raiag to
the ADA criteria) B] or developed DKA, he was requested
to be admitted to emergency room, stop fasting bed
excluded from the study.

Patients were advised to break their fasting falay if
they developed one attack of hypoglycemia in whicé
recorded blood glucose was less than 60 mg/dl

Aspart dose was divided between three meals 50%

immediately before the sunset-meal (Iftar),d aB5%
before the pre dawn-meal (Suhur) 25% before a rimeal
between the two meals. This was pre-calcdlaaad
clearly recorded in a written prescription for egudtient
and his family. Patients were encouraged tontaa a
healthy balanced diet, increase fluid intadering the
non-fasting hours, and to maintain their normalelesof
physical activity, but avoid severe exercise durhmurs
of fasting.

Also patients were instructed to monitor their oo
glucose level by daily capillary blood glucose itegpt
together with testing their urine for sugar andtece, at
least 5 times per day, on awakening from sleep2af pm,
3—4 pm, just before end of fasting; Iftar (sun s2th after
Iftar and whenever they felt any symptomdteA the
1 week of Ramadan the patients were instructeddpthe
sugar profile three times: at 1 pm, 5 pm and 2tératftar.

In case of emergency, including marked hypo-
hyperglycemia or DKA, patients were asked to report

Phase Il: during Ramadan

The average fasting period was about 12.5 h, appeigly
from 4:30 am to 5 pm.

Follow up visits

During visit (2), visit (3), visit (4) and visit {5evaluation of
the patient’s general well-being during the prexgdveriod
was done. The patients’ diaries for glucose ilgrofvere
inspected, adjusting insulin doses individually axding to
each patient’'s metabolic profile and discussingepés needs
to change daily activities or meals. Also, repatiof any
hypoglycemia, ketoacidosis, severe hyperglycenizamy
other emergent adverse event was done. Clinicahieedion
was made during each visit focusing on vital sigms; signs
of dehydration, infection or metabolic disturbance.
Glargine dose was down-titrated if the blood glecos

level in the day time (1:00 PM, 3:00 PM) or preatf{5:00
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Table 2 Hypoglycemia events during the study

Number of patients suffered hypoglycemia events

p&fents

Statistical analysis

Inferential statistics and comparison within patsemwere

Number of hypoglycaemia events <70 mg/dl
At awaken from sleep

At 1 PM

At 3 PM

At 5 PM just before (Iftar)

At 2 hours after (Iftar)

Symptoms of hypoglycemia

Documented symptomatic

Asymptomatic

Severe

70 events undertaken using paired t-test. Data are presergt¢theans

17 events
9 events
12 events
13 events
19 events

32 events
38 events
0 events

PM) was less than 80 mg/dl, even if this was taéteby
the patient. On the other hand, glargine dose \pattrated
by 1-2 units if the pre-Iftar blood glucose levelhsv
between 140 and 180 mg/dl and by 2 to 4 units ifiats
more than 180 mg/dl, based on patient’s weight.
Insulin aspart dose was titrated up or down basethe
blood glucose level in the morning for the pre-daweal
(Suhur) dose and 2 h after Iftar for breakfasa)ft(5:00
PM) dose. The target blood glucose level was beivate
and 180 mg/dl. One unit of insulin aspart was added
reduced, for every 50 mg/dl blood glucose abovbealow

target.

End visit: visit (6): 29th day of Ramada

At the final visit the same parameters examinedsat (0)

were repeated.

Fig. 2 Mean blood glucose
levels at different times
of the day

Blood glucose (mgidl)

180 +

160

140

120 -

100

Awaken

193162

[SD]); a value forP<0.05 was considered statistically
significant. SPSS software (Statistical Packdge the
Social Sciences, version 13.0, SSPS Inc, agoic IL,
USA) was used for the statistical analyses.

Reslts
Patients

All the included patientén=33) completed the study. Only
one patient had to interrupt fasting on two différdays
because of asymptomatic hypoglycemia.

Hypoglycemia events

No patient suffered severe hypoglycemia during R#ana
20 patients (61% of studied patients) suffered tal tof
70 hypoglycemia events. Hypoglycemia is defined as
blood-glucose level below 70 mg/dl accordite the
ADA criteria [7]. The calculated mean rate of hypogly-
cemia events was 2.1 events/ patient/ month. Masximu
number of hypoglycemia events in one case wag
events & minimum was one. Details of such events ar
shown in (Table?).

Nine patients (27% of the studied patients) sutfeté
hypoglycemia events during which the recorded blood
glucose was less than 60 mg/dl; whenever theset®even

188161

178156

176%55

16264

T T T 1
2 hrs after Iftar
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Table 3 Insulin dosage during the study

At start of Ramadan Mean (SD) At end of RamadaMean (SD) Percent change p
Total Insulin (1U/day) 57.8(22.8) 61.7(24.7) 6.75% 0.0496*
Basal Insulin (1U/day) 21.4(9.0) 23.1(10.2) 7.94% 0.1094
Prandial Insulin (IU/day) 36.4(15.9) 38.6(16.4) 6.04% 0.0727

*p is significiant

occurred during fasting (six events), patients wadgised insulin dosage was increased slightly by about % 7
to interrupt fasting by protocol. However, only opatient the starting dose; this increase is statisticalbynificant.
followed this advice in two days. Other patientsittaued Insulin glargine was increased by 7.94% whifsuiin
fasting with frequent measurements of their blotutgse aspart was increased by only 6.04% of the stadioge.

without any deterioration.

Hyperglycemia

Ramadan (Tablé).

No patient suffered from DKA or severe hyperglycami
requiring hospitalization.

Glycemic profile

(both values Not significant, Tablg).
HbAlc and fructosamine showed no significant differ
ence (p>0.05) between the pre- Ramadan and end-of-

Clinical assessment and laboratory investigations

Hemoglobin level, serum creatinine and alkaline gpta-

tase are the only variables that changed signitigat the
All subjects adhered to the protocol of self-monitg of end of Ramadan. Other variables did not changeifsign
blood-glucose levels. The post-prandial glucoseuesion cantly (Tabled).

was 18 mg/dl [=mean value of blood-glucose 2 hrafie
sunset meal (Iftar) — mean value of blood-glucesel at 5

pm]. Mean blood-glucose levels of patientsdiferent Discussion

times of the day are demonstrated in (2.

We adjusted the total daily insulin doses individjua In our study, no patient suffered severe hypoglyeem
for each subject at all visits; when requiredheTtotal Furthermore, no patient was admitted to a hosplii@ to

Table 4 Clinical and laboratory
parameters assessed before and
at the end of Ramadan

Before Ramadan End of Ramadan p
Mean (SD) Mean (SD)
Weight (kg) 74.1 (16.5) 74.6 (15.9) 0.223
Body mass index (kg/fjn 27.0 (4.6) 27.3 (4.8) 0.130
HbAlc (%) 6.5 (1.2) 6.9 (1.2) 0.373
Fructosamine (mol/l) 2.8 (0.9) 3.2 (11 0.251
Total cholesterol (mg/dl) 203.7 (38.4) 215.3 (42.7) 0.107
HDL-C (mg/dl) 47.9 (17.6) 44.4 (15.2) 0.082
LDL-C (mg/dl) 138.0 (37.9) 152.7 (38.6) 0.056
VLDL-C (mg/dl) 17.8 (10.4) 18.1 (9.9) 0.867
Triglycerides (mg/dl) 79.6 (42.4) 80.3 (33.4) 0.936
Blood urea (mg/dl) 28.2 (7.0) 26.8 (4.5) 0.433
Serum creatinine (mg/dl) 0.75 (0.12) 0.69 (0.14) 0.014*
Urine albumin creatinineatio (ug/mg) 0.0509 (0.03) 0.0513 (0.02) 0.963
ALT (U/L) 26.1 (26.0) 27.7 (25.3) 0.584
Alkaline phosphatase (U/L) 269.7 (190.8) 128.0 (83.8) 0.000*
ESR (mm/hr) 12.7 (10.6) 12.3 (9.9) 0.689
Hemoglobin (g/dl) 13 (1.7) 14 (1.3) 0.000*
WBCs (x16/cmm) 7.6 (2.3) 7.3 (2.6) 0.397
Platelets (x18cmm) 320.0 (80.2) 299.7 (63.6) 0.127
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hypoglycemia. In addition, only one patient hadnterrupt
fasting on two different days because of hypoglyieem

after Ramadan fastin®,[16]. Another finding of our study
is that the lipid profile revealed no statisticadlignificant

In accordance with our study finding, the absente ahanges either in total cholesterol, LDL-C, HDL-C,

severe hypoglycemia during Ramadan fasting in pegie
with TIDM has been previously reported-{1]. Azar et al.
reported that two patients had to interrupt fasbegause of
daytime hypoglycemia; however, the severities afsth
attacks were not mentioned].[ Bin-Abbas reported that
three patients, maintained on twice-dalilgplit-mixed”
insulin regimen, had to interrupt their fast duriRgmadan,
once or twice because of hypoglycemia. On the dihed,
none of the patients on insulin pump therapy hadtesrupt
their fasting as a result of hypoglycemia. Nevdets® both
groups did not suffer severe hypoglyceniid] |

The calculated mean rate of hypoglycemia eventsumn
study was 2.1 events/ patient/ month. Moreover, ntaei-
mum number of hypoglycemia events per patient/maat
nine events. These results are in accordance hathesults
of the Diabetes Control and Complications Trial (DK} that
an intensively treated individual with TLDM can exignce
up to 10 hypoglycemia events per we&g][

Asymptomatic hypoglycemia is expected in pa#te
with T1DM, who are attempting tight glycemic caitr
The results of the present study showed that 46%hef
total number of the hypoglycemia events was docuetken

Triglycerides or VLDL-C. Al Nakhi et al., in agreemt
with this study, reported no statistically sign#it change
in the levels of total cholesterol after Ramadastifey in
patients with T1DM 8]. The glycemic profile of the study
subjects did not change significantly at the enéRamadan
as measured by HbAld§] and fructosamine. The mild
increase in both HbAlc & fructosamine can be ex@di
by the high caloric diet during Ramadan and theebse in
physical activities & working hoursl]. This finding is in
accord with previous studies addressing the sanestiqun
[5, 8, 10, 11].

The present study had some limitations, including t
lack of a control group as we do not have a stahdar
regimen to be used as control and a small sampk si
Evidence based comprehensive guideline for managieme
of patients with T1IDM, who want to fast Ramadan are
needed. This guideline should include a unifiedquol for
insulin dose adjustment, suitable insulin regimensl
setting criteria to allow fasting in those patier@aur study,
combined with other studies describing differemimeens,
is a step in that direction.

The results of our study demonstrate the ipdgg

symptomatic hypoglycemia events, while 54% weref fasting during Ramadan, for patients wiliDM

asymptomatic. In the DCCT, about one-third of pilsedes
of hypoglycemia in intensively treated patients everot
accompanied by sufficient signs or symptoh3d].[

Another finding of our study is that, no patienvdeped
DKA or was admitted to a hospital with hyperglycami his
was previously reported in fasting patients witibM during
Ramadan in other studies B-12, 14.

The EPIDIAR study, contrary to our study, reported
statistically significant increase in the rate ofvere
hypoglycemia and severe hyperglycemia in patients w
T1DM during Ramadanl]. Based on its results, the ADA
workgroup report about “Management of diabetesrdyri

Ramadan” considered patients with T1DM at verghhi
risk if they fasted during Ramadad].] However, the
reliability of these results has been debated dgpended
only upon a survey with patients after the ewd
Ramadan, which would be subjected to recall bidg. [
Another limitation of the EPIDIAR study is that tkeewas
no differentiation between the group of patientthwhicro
/ macro vascular complications, and the group withbose
complications{].

In our study, we found that there is an increaskathn
body weight and BMI at the end of Ramadan
However, this increase is mild and statisticallyt no
significant. This is in accordance with the studyKadiri
et al., which reported no statically significantacige in
BMI after Ramadan fasting in patients with T1D[9.

Al Nakhi et al.,

reported a decrease in BMI

in disagreement with our study,

using intensified insulin therapy, with minimal k&
However, there is a need to be compared with amothe
insulin regimens, previously used in thisogp of
patients during Ramadan, in a large scale randamize
controlled studies.

In conclusion, the main outcome of this study wet t
patients with T1DM are able to fast successfullyimy
Ramadan safely. The study showed that using trengit
fied insulin therapy (glargine as basal insulinhnibsulin
aspart before meals) in this group of patients when
appropriately selected is safe under stricoitglucose
self-monitoring and close supervision.

Conflicts of interest The authors have no firiah disclosures to
declare and no conflicts of interest to report.
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Arelow dose pioglitazone combinations justifiable?

Rakesh M.Parikh
Int J Diabetes Dev Ctries. 2011; 31:239

Dear Sir,

Recently number of pharmaceutical companies iralhdive
started marketing various oral hypoglycemic ageéditiA)
combinations with low dose (7.5 mg) pioglitazond.these
combinations are based on very small data fromdiudies
conducted in the Japanese population. Based om shadies,
low dose pioglitazone is promoted to be hawfficacy
comparabldo that of 15 mg witignificantlyless side effects.
The first study was conducted in Japanese womenwetie
recently diagnosed to be diabetit].[ The researchers
concluded that though the HbA1C reduction was niore
group receiving 15 mg pioglitazone, there was atistically
significant difference between standard dose (1pand low
dose group. The study has numerous limitationdiditian to
being representative of only Japanese females. thdl
participants were newly diagnosed diabetic with HBAof

pioglitazone 7.5 mg per day. The authors demorestrat
significant reduction in HbA1C and significant inope-
ment in serum levels of adiponectin without anyngigant
rise in side effects?]. The study had very small number of
participants and did not have any control arm.

Another study with 80 and 79 subjects being randenhi
to 7.5 mg and 15 mg of pioglitazone has shown timdy
standard dose of 15 mg pioglitazone could showifsgmt
improvement in HbA1C J]. A separate study looking at
dose response relationship with insulin sensitivéyd
secretion, has shown no effect of 7.5 mg and 15ofng
pioglitazone on fasting plasma glucose and fagpilagma
insulin [4].

Dose calculation is a part of early phase Il stsidied is
the foundation of designing phase Ill and phasetiies.
The scarce data available from poorly desigsadiies

7.57% and 7.69% in low dose and standard dose grougisould not be used to promote use of low dose ipéagine

respectively. The study did not have any controh am

in the treatment of diabetic subjects.

placebo though a similar reduction in HbA1C can be

expected even by lifestyle modification in newlhaghosed
diabetics. Pioglitazone being an insulin sereitiz is not
expected to cause hypoglycemia and it is expehtdttwill

not lower HbA1C further after reaching normoglycami

irrespective of the dose. HbA1C of 6.96% was acluidne
low dose group after 6 months while that in staddiose
arm was 7.0%. Any further lowering in HbA1C afte®@%
would be at the cost of hypoglycemia which is regrswith
pioglitazone and hence expecting any further lavegiby
increasing dose of pioglitazone will be unrealistic
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Pseudoainhum of toes in type 2 diabetes
K. V. S. Hari Kumar,Sumit BhaskerP. K. Banga
Int J Diab Dev Ctries. 2011 ; 31 : 241

A 43 year old woman known case of type abdies
for 12 years presented with claudication pain ahadrts
ening of toes of left leg of 1 year duration. Thaue
dication distance decreased gradually fromkr8 to

diagnosed to have Pseudoainhum of toes. Pseudoainhu
Morior is defined as the autoamputation of toegimgers
with shriveling seen in chronic diseases like diabdl].
Our patient had features of both macro and micrmyas

1 km with no history to suggest rest pain. The paidisease with normal major arteries on doppler eration.

involved the foot with sparing of thigland calf
muscles. She also noticed gradual shriveling arattsh
ening of toes belonging to left foot. She ddnsimilar
complaint in other extremities, exposure to cold¢dansump-
tion of ergot alkaloids. Past history revealed pglycemic
control (Alc: 9.2%) and microvascular disease énftrm of
retinopathy and nephropathy. Left foot exaation
revealed feeble pulse, diminished sensation torjgiapvith
absent ankle jerk. Toes of left foot were at vagyétages of
autoamputation with distal ulceration of 2nd toég(R.a).
Radiograph showed resorption of terminal phalareyes

She wadreatedwith insulin,atorvastatin, ramiprilclopidogrel,
aspirin, cilostazole and pentoxifylline. Marginadprovement
was observed in the severity of pain and claudioatistance
with therapy.

Ainhum or spontaneous dactylolysis is a diseaserithes]
in dark skinnedhdividual of autoamputatiolof small toes?].
The classical disease is usually preceded by atrictirsy
band or groove encircling the toes. Pseudoainhigimigar
process secondary to an identifiable disease imikge: of
skin color. Though the pathogenesis is unglgarious
theories like genetic predisposition, angiodysplakiyper-

osteopenia (Figlb). Doppler study revealed normal ma-keratosis, trauma and environmental factors ar@qsed

jor arteries with poor visualization of digiit arteries

for the samed]. The course of pseudoainhum is character-

(Fig. 1c). Based on the presentation and findings, she wased by hyperkeratotic skin, fissuring, digital @éagration,

K. V. S. H. Kumar
hariendo@rediffmail.com

skeletal erosion culminating into autoamputatiohe Wif-

ferential diagnosis includes localized sclerodertreyma,
frost bite and ergot poisoning. Ainhum and Pseuttaain
are graded into 4 stages according to the stagatbblogy
[4]. Our patient had all the stages affecting différmes
simultaneously. The therapy differs according ®stage of
involvement. Oral vitamin A and etretinate are usedarly
stages and surgical procedures like release oftricirgg

band, skin grafting and amputation are requiregidwanced
stages.
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Fig. 1 a. Toes at varying stage of
auto amputation with distal
ulceration of second toe.

b. Radiograph showing
resorption of terminal phalanges
andosteopeniac. Doppler

studies showing normal flow
characteristic in major arteries
with poor visualization of

digital arteries
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Switching to three pre-meal injections of insulin glulisine from the basal-
bolus insulin therapy improves glycemic control in a patient with type 2

diabeteswho had anti-insulin antibody
Hidekatsu YanaiTaro YoshimiHidetaka Hamasaki

Int J Diab Dev Ctries. 2011; 31:240

Dear Sir,
Long-acting insulin analogs, the insulin glargiggafgine)
and insulin detemir (detemir) induce a more prokmhdess

bedtime. Interestingly, further reduced dosing tfrgjne
remarkably improved his glycemic control, and blood
glucose levels were 88-180 mg/dl by using 8, aid

peaked absorption profile compared with that of NPH8 units of glulisine before breakfast, lunch,dadinner,
insulin [1], and have been used in the basal-bolus insulirespectively, and 10 units of glargine at bedtirewever,

therapy for diabetic patients.

Here we report a type 2 diabetic patient who degyedo
severe insulin resistance due to anti-insulin antjbafter
2 years of the basal-bolus insulin therapy usimgulin
lispro (lispro) and detemir. Switching to thrgee-meal
injections of the newest rapid-acting insulin agalmsulin
glulisine ameliorated hyperglycemia and decreaart-
insulin antibody level.

A 75-year-old man had been treated with the baghisb
insulin therapy by five daily insulin injectionshree
injections of lispro before breakfast (10 tapi lunch
(6 units), and dinner (10 units) and two of deteb@fore
breakfast (30 units) and at bedtime (50 units). biisly
weight was 73.4 kg and height 176.0 cm, BMI 2&gin?.
Plasma glucose (378 mg/dl), HRA [9.3% (NGSP
value)],
and anti-insulin antibody*{I-insulin binding rate, 35.9%;
normal range, < 0.4%) levels was significantly eteda
Switching to the combination of glulisine and gliary
brought down his blood glucose levels to 106—18@ding
by using 10, 8, and 8 units of glulisine beforeatkfast,
lunch, and dinner, respectively, and 30 units afgjhe at

HYanai
e-mail: dyanai@hospk.ncgm.go.jp

his anti-insulin antibody level was still high (3%). Three
pre-meal injections of glulisine (14 units befoeck meal)
and discontinuation of glargine use finally condlblood
glucose (151-195 mg/dl) and decreased anti-insatiti-
body level {*I-insulin binding rate, 25.1%).

Unlike other insulin analogs, glulisine allows #oviable
drug product in the absence of hexamer-promotimg, zi
which may provide immediate availability of gluhs at
the injection site for absorption?]] while long-acting
insulin analogs were designed to prolong absorpfiom
subcutaneous tissue. The presence of insulin im@omer
form and the rapid absorption from the subcutandisase
may result in less anti-insulin antibody formati¢a].
Therefore, switching to three pre-meal injections o
glulisine from the basal-bolus insulin therapy mbg
effective in the treatment of patients with londiag
insulin analogs-mediated immunogenic insulin resise.
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Metabolic syndrome

K. M. Prasanna Kunra
Int J Diab Dev Ctries2011; 31:185-187

Metabolic syndrome (MS) is a constellation of indial risk
factors of cardiovascular disease. The World Healttani-
zation (WHO) was the first to publish an interoaglly
accepted definition for metabolic syndrome in 199&, the
criteria that have received the megtlespreadacceptance

cholesterol <40 or <50 mg/dl in men and women re-
spectively; blood pressurel30485 mmHg; and fasting
blood glucose>110 mg/dl.

The WHO guidelines also viewed CVD as the primary
outcome of the metabolic syndrome. In WHO guidealine

and use in the UniteBtatesare those established as guidelinesinlike the ATP Il criteria, stipulate that insuliesistance is

in the ATP Il (the third report ofhe National Cholesterol
Education Program expert panel on Detection, Eian,
and Treatment of High Blood Cholesterol in Adults).

The scientific evidence related to definition wasiewed
and considered from several perspectives: (1) nddijacal
outcomes (2) metabolic components (3) pathoge(#sidin-
ical criteria for diagnosis (5) risk for clinicautcomes and

required for the diagnosis along with two othek factors out
of the following: high blood pressure, raigadlyceridesow
HDL and increased BMI (or increased waist: hipaatnd
microalbuminuria. In addition, a higher blood pregsswas
required for the ATP Il criteria. Like the ATP ItFiteria, the
presence of type 2 diabetes does not exciudiagnosisof
metabolic syndrome. A potential disadvantage of\WHdO

(6) therapeutic interventionsl]] Hence, there are many criteria is that special testing of glucose stéieygond routine

defini- tions and many criteria for diagnosis of teimlic
syndrome like ATP IIl adult panel, WHO guidelinéBF
and AACE. There is no universal agreement on Gaiter
the diagnosis.

ATP Il identified 6 components of the metabolimsy
drome [1] that relate to CVD:

Abdominal obesity

Atherogenic dyslipidemia

Raised blood pressure

Insulin resistance and/or glucose intolerance
Proinflammatory state

Prothrombotic state

2o Ro 2o Lo Lo 2o

clinical assessment may be required.

The AACE has proposed a third set of criteria tog t
insulin resistance syndrom# [ These criteria appear to be a
mixture of the ATP Il and WHO criteria except thad
defined number of risk factors is specified anddlagnosis
is left to clinical judgment. When a person deveslajmbe-
tes, the term insulin resistance syndrome no loageties.
Finding abnormal 2-hour glucose will improve preidio of
type 2 diabetes.

International Diabetes Federation defines metatsyic
drome to include central obesity with 2 of the daling 4
factors: raised triglycerides, low HDL cholesterahd rised
blood pressure raised fasting plasma glucose.

Thus the definition, criteria, pathogenesis andapeutic

For the purposes of ATP Ill, metabolic syndrome isntervention in the metabolic syndrome is contreiadr By
present wher>3 of the following criteria are present: definition, syndrome is a group of symptoms thaleotive-
waist circumference >102 or >88 cm in men and womly indicate or characterize a disease, psycholbdisarder,

en respectively; triglycerides>150 mg/dl; HDL

K. M. Prasanna Kumar
dr.kmpk@gmail.com

or other abnormal condition. To recognize a syndrcm
group of symptoms alone is not sufficient. The spnie
should have a common etiopathogenesis and a common
pathway which leads to the syndrome. Do we havé suc
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unifying hypothesis in case of metabolic syndr@ni®
accept that metabolic syndrome is a risk for cavdiscular
disease, the aggregate risk of metabolic syndrdmeld be
more than the addition of individual risk factoisach
component of metabolic syndrome may have diffecant
diovascular risk, depending on the regional, ethracial
and geographical factors. In such a situation pegsible to
have a universal definition and criteria for metabo
syndrome?

MS is a complex web of metabolic factors that axsoa
ciated with a 2-fold risk of CVD and a Heorisk of
diabetes. Individuals with MS have a 30%—40% prdiigbi

Epidemiologists in India and international agenaash
as the World Health Organization (WHO) have beamde
ing an alarm on the rapidly rising burden of CVD fhe
past decade. The prevalence of MS among South &\fgan
higher than in other Asians and Europea@isiri India,
CVD is projected to be the largest cause e#tld and
disability by 2020, with 2.6 million Indians pretkd to
die due to coronary heart disease, which conssittite1%
of all CVD deathsT].

There is high prevalence of metabolic syndromehim t
urban Indian population .In a study involving 19395ub-

jects across India, prevalence of CVD risk factamsong

of developing diabetes and/or CVD within 20 yearsindividuals aged 20—69 years,the overall preval@fcaost

depending on the number of components pregnt [

risk factors was high, with 50.9% of men and 51.8%6

Metabolic syndrome is only a syndrome with multiplewvomen being overweight, central obesity waseoked

risk factors for future cardiovascular disease diabetes
mellitus and should not be misdiagnosed as a diséssy

often do we dare to write in a case record of asquer
diagnosis of metabolic syndrome?

The association between MS and cancer mortalijpeis
to be proved. Research to focus on pre-cancefagtkrs in
metabolic syndrome is necessary. Studies have slioatn
MS is associated with an increased risk of all-eazencer
mortality in men. In a study by Jason R et 3].df 33,230
men aged 20-88 years, at baseline 28% of all thicipa
pants had MS. During an average of 14 years follpw-
there were a total of 685 deaths due to exandS at
baseline was associated with a 56% greater agstadju
risk in cancer mortality. A relationship appedo exist
between the number of MS components and the hiigler
of all-cause cancer mortality and risk is escalatét the
presence of three or more components. Thus MS tsnd
implications extend beyond cardiovascular riske Iflature
risk of diabetes and may be cancer.

among 30.9% of men and 32.8% of women, and 40.2% of

men and 14.9% of women reported current tobaccoTilse
study demonstrated very high levels of CVD risktdas
among a relatively young population from 10 indiast
settings across Indi&]

There are many studies from Asia in general andalimd
particular. There are many studies on the urbavapgace
of metabolic syndrome8] and a few on the rural preva-
lence. Some studie9,[10] compared Indian rural popula-
tion with urban for prevalence of metabolic syndeolost
of these studies have used one criteria for diagrb&CEP,
ATP Ill, IDF, AACE or WHO criteria).

The study by Puneet Gowda et dll][is unique in that
the same rural population of south India in Karkatavas
studied both by modified National Cholesterol Ediga
Programme-Adult Treatment Panel Il definition anter-
national Diabetes Federation criteria for the dasis of
Metabolic Syndrome to evaluate the concordancascod
dance of the diagnosis. There was significant désace in

Metabolic syndrome and cardiovascular risk in Soutthe prevalence of metabolic syndrome using twoegat

Asians is also heightened by their higher body tfatcal
subcutaneous fat, intra-abdominal fat, and ecttgiidepo-
sition (e.g. liver fat). Further, cardiovasculaskr cluster
manifests at a lower level of adiposity and abd@nabe-
sity. The cutoffs of body mass index and waistainfer-
ence for defining obesity and abdominal
respectively, have been lowered and the definibbrihe
metabolic syndrome has been revised for the Asidiahs
in a recent consensus statement, so that physicauld
intervene early with lifestyle managemedi. [

The authors are of the opinion that the discrepaocyd be
the higher WC cut-off in the modified NCEP ATP dliite-
ria, which excludes subjects considered obese asDfe
criteria. The differences in combinations of theiudual
parameters in the two criteria could also contebtd the

obesitydiscrepancy.

Nearly 70% of Indian population lives in the ruaaéas.
The difference in health care, life style and ecnios are
very wide between rural and urban India. The loprewva-
lence of obesity, hypertension, dysglycemia andiplge-

In recently held National Obesity and Metabolic Synmia in rural areas is obviously due to dietary #febtyle

drome Summit in New Delhi, India, a consensus agdi
nostic cutoffs of obesity (BMI, waist circumferefpcnd
optimal definition of the metabolic syndrome fésian

differences between rural and urban India. The psipg-
ical stress which is common in urban living aainibe
quantified easily, though it is well accepted ag @f the

Indians was reached. Recommendations were as fallowisk factors for cardiovascular disease. It is ssipg that

BMI (kg/m2) cutoffs, normal, 18-22., overweight,-23l.,
and obesity,>25; waist circumference cutoff$90 cm
(male) and>80 cm (females)q].

smoking which is a significant risk factor is natiuded in
the metabolic syndrome. Increasing urbanization iatet-
nal migration of people from rural to urban areastdbute
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to increasing prevalence of metabolic syndrome igca
pre-diabetic and cardiac risk factor.

Is the combined cardiovascular risk of each compbog
metabolic syndrome greater than the CV risk of inata
syndrome? In fact, the individual components of\t&have
been recognized and treated effectively by physscitor
many decades. Life style modifications and pharrterapy

wherever indicated will reduce the burden of meliabo

syndrome.
Cardio-metabolic risk is high in South Asians, stey at
an early age. Increasing awareness of the clusteislo

factors and how to prevent them should be emphésize
population-based prevention strategies in SoutharAsi

countries, primarily focusing on children and adacknt.
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Abstract Although the metabolic syndrome iskrown
predictor of coronary heart disease and type-Zthatnellitus,
it has no agreed definition. The concordance ofvésous
definitions has been studied for a limited numtbgropulations
and there are few studies on the rural populatioh®dia. The
present studywas done to determine the prevalence of

statistic was performed to determine consistentyd®n the
two sets of criteria in diagnosing the metabolicdsgpme. The
modified National Cholesterol EducatidProgramme-Adult
Treatment Panel Il definition and Internationalabetes
Federation definition for metabolic syndrome idigadi overall
age-adjusted prevalence of 17.8% and 20rB%pectively,

metabolic syndrome in a rural population of Souttlid and which were nosignificantly different. Kappa statistics revealed
to evaluate theconcordance of the modified National only moderate agreement of 0.44 between the twe alet
CholesteroEducation Programme-Adult Treatment Panel llkriteria. The impact of economic developmant preponder
definition and Interna- tional Diabetes  Federatioance of genetic factors is increasing threvadence of
definiton for the diagnosis of Metabolic Synawe.  metabolic syndrome in rural India. It is importémtdetermine
Anthropometric and biochemical paraeters (fastingolood  which definition of the metabolic syndromesteredicts
glucoseand lipid profile) and blood pressure were measuredoronary heart disease and type 2 diabetes ipdpislation in
using standard procedures. The prevalence of nietaboorder to formulate effective public health policy.

syndrome wagalculatedusing the two sets of criteria and
compared for their concordance. Descriptive siedistvas
used taanalyzeage and risk factors afetabolic syndromé he
chi-square test was applied to compare tewajence of
metabolic syndrome obtained from the two critesigriificant

if p<0.05). An inter-rater reliability analysising the kappa

Keywords Metabolisyndrome Rural India- Prevalence
NCEP ATP IlI-IDF

Introduction

The metabolic syndrome (MS) is a cluster of metiatrigk
factors including central obesity, dyslipidemia,sutin
resistance or glucose intolerance, hypertensiah jro-
inflammatory state. Insulin resistance, inflantioa and
central obesity have each been proposed as iisagyr
cause, and indeed, this may vary between individudB
is associated with an increased risk of coronargrthe
disease (CHD) and type-2 diabetes mellitus)O1].
Asian Indians are a population with high cardiorheta
risk which starts at an earlier agd.[In India in the year
2000, 31.7% of all deaths reported were due toicead-
cular disease; 52% of these cardiovascular deaitigried
below the age of 70, compared with 23% in countnik
established market economieg].[ Epidemiological data
from rural South India revealed that in the yead2e1,

P. Kempegowda
drpunith@gmail.com
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32% of all deaths were due to circulatory systeseaées Kaiwara Primary Health Center, Karnataka, Indishi#l
[4]. Predictions of an increase in the prevalenc€ldD in  clearance was obtained from the ethical reviewdoéthe
the rural and lower economic section on par with ¢ther institution. Informed consent was obtained frath the
sections of the society irrespective of the age gexder participants prior to their inclusion into the syud
have been reported][ The early diagnosis of MS may help The study population of 495 subjects compris€d 3
in reducing the associated morbidity and mortalhile  men and 191 women, evenly spread over the age 2ihge
several studies on the prevalence of MS worldwideeh 98, were from five villages around Santhekallahadiving
been carried out, there are limited studies ompislemiol- a total population of about 8000. The number ofjetts
ogy especially in the rural population of Ind& ). from each village was proportionate to the popatatf the
Several organizatiortsaveattemptedo developaddinition  village. The subjects from all the five villagesidreged to
for MS. In 1998, the World Health Organizationthe lower socio-economic group with similar lifgdss and
(WHO) proposed the first definition for metabolimdrome. food habits, being agriculturalists by professidbnly
This was followed by European Group for théudy subjects aged above 20 years that had lived insthey
of Insulin Resistance (EGIR) and the Nationahkrea for at least 6 months were included in thdystu
Cholesterol Education Program’s Adult TreatmentdPaih Detailed information regarding demographic, socio-
(NCEP ATP 1lI) B-10]. The NCEP ATP Il was later economic, behavioral and health status was cotlefttem
modified in 2005 11]. Recently,the International Diabetes each study subject. Anthropometric measurementssi{wa
Federation (IDF) proposed another definition whicltircumference (WC), weight and height) and bloogspure
provides South Asian specificut-df points for central were obtained using standard procedures. Blood leamp
obesity [L2]. This diversity in definitions and the influence were collected from each participant after an oigtfast.
of environmental and ethnic variation amongst tifferent They were analyzed for fasting glucose levels, reerotal
populations has led to different estimates tfie cholesterol and serum triglycerides (enzymatiadthods:
prevalence of MS€] 13]. Vital Diagnostics Pvt. Ltd, Mumbai); and serum High
Although numerous studies comparing the modifiedensity Lipoprotein (HDL-C) (Kit method: Bayer Diag
NCEP ATP lll and IDF criteria have been ocadriout nostics, Baroda) using a semi-auto-analyzer.
worldwide, similar studies on the Indian rural plzion MS was defined based on the IDEZ] and modified
are few [L4-16]. This study was conducted to estimate th&CEP ATP Il criteria L1]. The components of these two
prevalence of MS and its risk factors in a ruraléo socio- definitions are given in Tablg&.
economic population of South India using IDF and
modified ATP 1l criteria and to evaluate the cordance
between the two criteria in diagnosing MS. Statistical analyss

The statistical analysis was done using Statisfieakage for
Materials andmethodobgy Social Survey (SPSS) version 16. Descriptive sizgisvas

used to analyze age and risk factors of metabgtidreme.
This community-based, cross-sectional, randomizedys The age and gender-wise prevalence of MS was edécll
was conducted in 2008 in Santhekallahalli sigmter,

Table 1 Criteria for the definitions of metabadyndrome used in the study

Characteristic Modified NCEP-ATP Il criteria IDF criteria
Presenc of any three of the following Presenc of centra obesity plus any two of the following

Adiposity Waist circumference >102 cm for men and Waist circumference in Asianr®90 cm formenand
>88 cm for women >80 cm for women

Impaired glucose regulation Raised fasting plasmeoge Raised fasting plasma glucose (FR&GPO mg/dL
(FPG)>110 mg/dL (6.1 mmol/L), (5.6 mmol/L), or previously diagnosed type 2 digset
or previously diagnosed type 2 diabetes

Raised blood pressure Systolic BIP30 or diastolic Systolic BP>130 or diastolic BR2-85 mm Hg,
BP >85 mm Hg, or treatment of or treatment of previouslgiagnosechypertension
previously diagnosed hypertension

Dyslipidemia Raised TG levek150 mg/dL (1.7 mmol/L), Raised TG level>150 mg/dL (1.7 mmol/L), or specific
or specific treatment for this lipid treatment for this lipid abnormalitgr Reduced HDL
abnormality; or Reduced HDL cholesterol: <40 mg/dL (1.03 mmol/L) in males and
cholesterol: <50 mg/dL (1.29 mmol/L) in females, or specific
<40 mg/dL (1.03 mmol/L) in males and treatment for thidipid abnormality

<50 mg/dL (1.29 mmol/L)n females,or
i : g .
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using 10 year intervals. The chi-square test wandiexpto  prevalence of hyperglycemia (impaired fasting ghecand
compare the prevalence of MS obtained from thiteriaand DM) was 29.29% in the total population with the
modified ATP IIlI criteria (significant, if9<0.05). An inter- prevalence in men being 29.93% and women 28.27%.
rater reliability analysis using the Kappe) (statistic was However, the gender-specific difference was noteoked
performed to determine consistency among the titerier  in the prevalence of diabetes mellitus.
in diagnosing MS. The level of agreement is consid@oor The age-adjusted prevalence of MS was 20.52% (crude
with «©<0.20, fair withk=0.21 to 0.40, moderate with=  prevalence 21.81%) as per the IDF criteria and’@%.
0.41 to 0.60, substantial witt=0.61 to 0.80, and very good (crude prevalence 19.59%) according to the modified
with «>0.80 [L7]. To enable comparison with similar studiesNCEP ATP Il criteria. Interestingly, although thpreva-
across the world, the prevalence of MS was agestatjlby lence of MS in the total population using IDF cridgeand
direct standardization method with 10-year bandmgus modified NCEP ATP Il criteria were similar, thefadted
World standard population. population was different. While a higher percentafenen
were found to have MS according to IDF ciéte the
prevalence was higher in women using modified NCEP
ATP Il criteria, though not statistically sigrifint. The
kappa statistic revealed only a moderate agreebenteen
The ratio of males: females were 1.59:1. The megas ®f the two criteria in diagnosing MS in the study plapion
men and women wed/.12+17.15 andi4.00+ 15.19 years, [total k-0.44 (95% CI- 0.34-0.54), ment0.41 (95% ClI-
respectively. 0.28-0.53), womemk-0.49 (95% CI- 0.34-0.64)]. A Venn
The BMI, WC, bloodpressureand the various biochemical diagram showing the agreement and disparity between
parameters assessed in the subjects are givemi@ZIalrhe two criteria among men and women is given in Rig.
mean BMI of the study population wag.36+4.53 kg/n?;
there was no statistically significant gender défece. The
mean WC was higher in the case of men when comparedDiscussion
women but within the cut-off points by any of theteria,
including the SouttAsian-specificdefinition. The prevalence The prevalence of MS is frequently used in epidéogical
of the risk factors of MS for each gender is giieable3. studies to quantify cardiovascular risk in the pafian.
Central obesity was present in 9.21% of men an@8728.of However, depending on the definition of MS, these i
women by the modified NCEP ATP Il criteria; thislue marked variability in its prevalence among differethnic
increased to 36.84% in men and 34.55% in womenD#y | groups B, 13]. The socio-economic status, lifestyles and
criteria. This difference was mainly due to the IDFood habit variations also affect differences iam and
definition having South Asian specific criteria foentral rural populations within an ethnic group leadingiteersity
obesity. Hypertriglyceridemia was observed in 2%24f in the prevalence of M5[ 7, 18].
the total population with a higher percent ofemm The distribution of the subjects in different ageups
(26.97%) than women (19.89%) exhibitingwas uniform except in the higher ages, tisatabove
hypertriglyceridemia, which was statistically insificant. 70 years. A growing increase in the prevalence &f Whs
The HDL-C level was signif- icantly low in this pojation observed using both criteria; however, the maximum
with women having lower HDL-C levels (93.2%) tharm number was observed in the middle age grotiplO—
(76.97%)(p<0.001). 69 years. Similar observations have been reportgil in
There was a significantly higher percentage of wome India and globally T, 18, 19].
than men with hypertension (39.8 v 34.18%,0.036). The

Reslts

Table 2 Anthropometric and

Biochemicalcharacteristics Risk factors Tota(N=495) Male(N=304) Femal¢N=191)

of the study population Mean+ SD Mean+ SD Mean+ SD

(N=495)
Waist circumference (cm) 80.72+13.41 84.38:12.38 74.91£12.95
Body Mass Index (kg/f) 21.36:4.53 21.17+4.25 21.66x4.94
Systolic blood pressure (mm Hg) 118.11+12.59 117.41+11.77 119.21+13.78
Diastolic blood pressure (mm Hg) 79.73t6.73 79.49£6.52 80.10t7.05
Fasting blood glucose level (mg/dL) 102.18:44.37 104.85:49.48 97.92+34.41
Total cholesterol (mg/dL) 172.66:35.35 169.28:34.88 178.05:35.52
Triglycerides (mg/dL) 139.15:46.01 141.17%48.23 135.94£42.17
HDL-cholesterol (mg/dL) 34.53:7.07 33.86+:6.98 35.610:7.11
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Table 3 Gender-wise comparison of the prevalefcslo factors of MS by the two criteria

Risk factors IDF NCEP ATP Il
Total Male Female Total Male Female

Central obesity 178 (35.96) 112 (36.84) 66 (34.55) 65 (13.13)* 28 (9.21) 37(19.37)
Diabetes mellitus 145 (29.29) 91 (29.93) 54 (28.27) 121 (24.44) 80 (26.32) 41 (21.47)
Hypertriglyceridemia 120 (24.24) 82 (26.97) 38 (19.89) 120 (24.24) 82 (26.97) 38(19.89)
Low HDL-cholesterol 412 (83.23) 234 (76.97)* 178 (93.2) 412 (83.23) 234 (76.97) 178 (93.2)
High blood pressure 169 (34.14) 93 (30.59)* 76 (39.79) 169 (34.14) 93 (30.59) 76 (39.79)
Metabolic syndronfe 108 (21.81) 67 (22.03) 41 (21.46) 97 (19.59) 55 (18.09) 42 (21.99)

The numbers in parenthesis represent the %
*p<0.001,**p <0.05

2The overall age-adjusted prevalence of MS in thelysipopulation as per IDF criteria and modified NGETP Il criteria is 20.52% and
17.76%, respectively

Prabhakaran et al7] reported a higher prevalence ofand observed a high prevalence of MS and associated
MS in women compared to men in North India. Howevercardiovascular risk factors in all sectors thé society,
the DECODE study reported a higher prevalence of Mfaicluding the rural community consequent to iasiag
among European me2(]. The present study did not find mechanizationd4].
any statistically significant difference in the paéence of The prevalence of central obesity according to fiedii
MS between the men and women (TaBJeThis is similar NCEP ATP Il criteria was significantly lower thalbF
to the results seen in the Nigerian population istady criteria(p<0.0001) in the present study. More subjects were
done by Adegoke et al., although the prevalencemiash considered normal when the modified NCEP ATP Il
lower than in our study2[]. criterion was applied. Since obesity is a majoedatnant

The prevalence of individual risk factors of MS swa of cardiovascular diseases, this may delay theviatgions
higher in the present study when compared to attmeitar necessary to reduce the cardiovascular morbiditgg an
studies across Indi®,[ 18] and worldwide, 19] indicating mortality. Studies have shown that Asian Indiansettsp
the growing influence of modernization on the ruae¢as. metabolic abnormalities at a lower BMI and WC tludiner
Vaughan et al. reported an inverse associationdmivwhe groups P5]. Most of the cardiovascular risk factors
level of physical activity and MS with BMI as the manifest at a lower level of adiposity aatbdominal
mediating factor. They observed that physical dgtiin  obesity in South Asians as compared to Caucasi2dis [
adults, particularly in women, could reduce thé& e§ MS A major difference in the modified NCEP ATP Il ahdF
and associated vascular diseag%. [A recent multi-center definitions for MS is the cut-off point for WC. Thuthe
study reports a measurable reduction in CHD rishtofs higher cut-off for WC in the modified NCEP RTIII
with increased physical activity in overweight obese, criteria (>102 cm for men and >88 cm for womém
type 2 diabetic individuals2B]. Misra and Khurana comparison to the IDF criteria for South Asians@>9n in
reviewed the epidemiology of MS among South Asiansnen and >80 cm in women) decreases the predidbilieya

J /’_\\\ //
/ / /
25.56% H 29.31% 27.59%
/ 2 35.56% 388050 'rr 43.10%
BOTH BOTH

MALES FEMALES

Fig. 1 Venn diagram showing the agreement anspadity in

the diagnosis of metabolic syndrome using N@&P Il and

IDF criteria among the 90males and 58 females who qualified
for the

diagnosis of metabolic syndrome by at least ort@eflefinitions.
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for MS by modified NCEP ATP lll criteria among Asia
Indians.

population of Chennab| 14]. Recent studies in Turkey and
in the Republic of Seychelles reported a high cothance

Reports from other Asian countries such as Chir& arbetween the two criterialp, 16]. In the present study, the

Japan report a low prevalence of dyslipidenaig, [27].
Similar prevalence rates were reported from &fdcan
population by Ntandou et al§]. In our study, low HDL-C

concordance of subjects with MS according to medifi
NCEP ATP Il criteria in comparison to IDF was moale
(0.44) with only 62 subjects diagnosed as having WS

level (83.23%) was the most common abnormality icgus both criteria. Individual consideration of the tveoiteria

dyslipidemia. Basit and Shera reported low HDL-@ls in

was unable to identify all the cases of MS from $iedy

68-81% of the Pakistani populatiazf]. The predominance population. While IDF criteria recognized 108 sultgeto

of atherogenic dyslipidemia, glucose intoleranbegmbotic
tendency, subclinical inflammation, and endothealigfunc-

have MS, 46 of these subjects were termed normahéy
modified NCEP ATP Il criteria. Similarly, of theOb MS

tion among Asians in comparison to Caucasians leas b positive subjects according to modified NCEPPAIII
reported 24]. Low HDL-C levels could partly explain the criteria, 43 were normal according to IDF aide The

disparity between various races. In our study, @3dt the

rationale behind the discrepancy could be the high€

women had low HDL-C levels compared to men, whih icut-off in the modified NCEP ATP Il criteria, whic

contrary to the present understanding. Most ofithenen in
our study were in the reproductive age group whetiee¢
protective effects of estrogen and progesteron&rzoan to
increase the HDL-C levels. This suggests that gregmtage
may be in fact higher or the protective effect udlified in
MS.

There was no statistically significant differenaveeen
the prevalence of MS according to the two defimisiaf
MS in our study. Chow et al. reported a prevatent

excludes subjects considered obese as per IDFiarifehe
differences in combinations of the individual paedets in
the two criteria could also contribute to the dég@ancy.
The superiority of one criterion over the other time
prediction of MS in the present study could not be
established. Although the IDF criterion has beejustdd
and adapted for the Asian population, it could identify
many of the cases in the community. The present
definitions will overlook several cases of MS. histstudy,

32.5% and 23.9% among men and women in rural Andhadthough low HDL-cholesterol, hypertension and hype

Pradesh, India, using the modified NCEP ATP |litamia
[30]. Mahadik et al. reported a prevalence of MS o620
in their study of rural Indian populatioi§]. Rahim et al.
studied the rural Bangladesh population for thevalence
of MS using modified NCEP ATP Ill and IDF criteriand
found a prevalence of 20.7% and 11.2% respectijzy
Deepa et al. identified MS in 25.8% of the subjdmtdDF
criteria as against 18.3% applying NCEP ATP llltenia
(2001) in the urban population of Chennai, Indif [n an

triglyceridemia may be considered to identify M8rther
investigations would be necessary to provide sigtab
criteria to define MS in this population. Thereaisieed to
develop more robust and applicable criteriactvhwill
increase the sensitivity and specificity of the graeters
used to diagnose MS in different populations, eisigc
Asian Indians.

urban population of Pakistan, the prevalence of M&onclusion

according to the IDF definition and modified NCEFRA
Il criteria was 34.8% and 49% respectiveB2[ In a
recent study in Chandigarh (North India), Mangatak

Comparison of the present findings with those rieggbby
others suggests that the prevalence of MShm rural

found a higher prevalence of MS (51.8% versus 4).i2% population of India is increasing. This may be daethe

the urban population in comparison to the ruraintetparts

impact of rapid lifestyle and nutritional transit& These

(41.3% versus 34.9%) by both IDF and NCEP ATP llchanges together with genetic factors in thigoybation
definitions B3]. The frequency of MS was higher amongincrease the risk for CHD and DM at an earlier age.
women than men by both criteria. The comparabladdition, the rural population lacks awarenesshef tisk

prevalence of MS in the rural population with theiban
counterparts may be due to the marked shift irstjfie and
nutrition of the rural population leading to thecieased
risk for CHD [24].

factors for CHD and DM and have low accessibility t
proper health care facilities. Early diagnosis o6 Mould
help in timely intervention and reduction of thes@sated
morbidity and mortality. To this end, it is impontato use

The concordance between the NCEP ATP Il critenié a the definition of MS that best predicts the futimeidence

IDF criteria in diagnosing MS has been shown to/\esm
moderate to excellent agreement in various studim$d-

wide. While the Mexican study reported a high ayac rural population and hence there is a necessity

dance (0.87) between the two criteria in diagnosutg,
Deepa et al. reported a concordance of 0.58 fouthan

of CHD and DM. This study also highlights the ifapiof

the current definitions to identify all the casédMs in this

for
developing suitable region-based, specifiost-effective
criteria to identify the affected population.



Int J Diab DevCtries

References

1. National Cholesterol Education ProgredCEP Expert Panel on
Detection, Evaluation, and Treatment of High Bldtblesterol in
Adults (Adult Treatment Panel Ill). Third Reportf dhe
National Cholesterol Education Program (NCEP) Expanel on
Detection, Evaluation, and Treatment of High Blood
Cholesterol in Adults (Adult Treatment Panel Hfipal report.
Circulation. 2002;106:3143—

421.

2. Reddy KS, Yusuf S. Emerging epidemic of cardsowdar disease
in developing countries. Circulation. 1998;97:598+6

3. Ghaffar A, Reddy KS, Singhi M. Burden of non-

communicable
diseases in South Asia. BMJ. 2004;328:807-10.

4. Joshi RCardonaM, lyengar S, Sukumar A, Raju CR, Raju KR, etal.
Chronic diseases now a leadingpuse of death in rural
India— mortality data from Andhra Pradesh Health

Initiative. Int J Epidemiol. 2006;35:1522-9.

World health  Organization. NCMH Background pees-
Disease burden in India Estimations and causaysisaNew Delhi
(India), Ministry of Health and family Welfare, 280 Available
from http:/
www.whoindia.org/LinkFiles/Commision_on_Macroecorionand_
Health_Bg_P2_Burden_of Disease_ Estimations_and_a&asu
analysis.pdf
. Deepa M, Farooq S, Datta M, Deepa R, Mohan &v&ence of

metabolic syndrome using WHO, ATPIIl and IDF défons in

Asian Indians: the Chennadirban Rural Epidemiology Study

(CURES-34). Diabetes Metab Res Rev. 2007;23:127-34.

. Prabhakaran D, Chaturvedi V, Shah P, Manhaprde®emon P,
Shah B, et al. Differences in the prevaéenof
metabolic syndrome in urbaand rural India: a problem of
urbanizationChronic Ilin. 2007;3:8-19.

. World Health Organization: Definition, diagnosiad classifica-
tion of diabetes mellitus anits complications. Report of a WHO
consultation. Part 1: diagnosis and classifon of
diabetes mellitus. Geneva, World Health Orgaromat 1999.
Available from
http://lwww.staff.ncl.ac.uk/philip.home/who_dmg.pdf

. Balkau B, Charles MA. Comment on the provisioredort from

the WHO consultation. European Groigp the Study of Insulin

Resistance (EGIR). Diabet Med. 1999;16:442-3.

Expert Panel on Detection, Evaluation, andtireat of High Blood
Cholesterol in Adults. Executive summarfythe third report of the
National Cholesterol Education Program (NCEP) sexpanel
on detection, evaluation and treatment of high odlo
cholesterol in adults (Adult Treatment Panel [IJAMA.
2001;285:2486-97.

Grundy SM, Cleeman Jl, Daniels SR, Donato KEBgkel
RH, Franklin BA, et al. Diagnosis and managemehttte
metabolicsyndromean AmericarHeart Association/Nationdfleart,
Lung, and Blood InstituteScientific Statement. Circulation.
2005;112:2735-52.

12. Alberti KG, Zimmet P, Shaw J, IDF Epidemiologgsk

Force

Consensus Group. The metabolic syndrome—a new dwialé

definition. Lancet. 2005;366:1059-62.

Lee CM, Huxley RR, Woodward M, Zimmet P, Shawfio NH,
et al. Detect-2 collaboration: Comparisons of meliaksyndrome
definitions in four populations of the Asia-Pacifiegion. Metab
Syndr Relat Disord. 2008;6:37—46.

Guerrero-Romero F, Rodriguez-Moin Concordancebetween
the 2005 International Diabetes Federation definifor diagnos-
ing metabolic syndrome with the National Choledt&ducation
Program Adult Treatment Panel Ill andhe World
Health Organization definitions. Diabetes Care.3228:2588-9.
Can AS, Bersot TP. Analysis of agreement anaefaitions of
metabolic syndrome in nondiabetic Turkish adultsmeethodo-
logical study. BMC PubHealth.2007;19:353.

10.

11.

13.

14.

15.

16

17.

18.

19.

20.

21.

22.

23.

26.

27.

30.

31.

32.

. Kelliny C, William J, Riesen W, Bovet P. Metdibosyndrome
according to different definitions in a rapidly @toping country
of the African region. Cardiovasc Diabetol. 200877:

Landis JR, Koch GG. The measurement of obseyerement for
categorical data. Biometrics. 1977;33:159-74.

Mahadik SR, Deo SS, Mehtalia SD. Increapeevalence of
metabolic syndrome in non-obese Asian Indian—dvamy
rural comparison. Metab Syndr Relat Disord. 20043-52.
Qiao Q, DECODE Study Group. Comparison different
definitions of the metabolic syndrome in redatito cardio-

vascular mortality in European men and women.
Diabetologia.
2006;49:2837-46.

Balkau B. The DECODE study. Diabetes epidengipl
collab- orative analysis of diagnostic criteriaknrope. Diabetes
Metab.
2000;26:282-6.

Adegoke OA, Adedoyin RA, Balogun MO, Adebayo,PAsiriyu
LA, Salawu AA. Prevalencef metabolic syndrome in a rural

community in Nigeria. Metab Syndr Relat Disord. Q@&59-62.
Vaughan C, Schoo A, Janus ED, Philpot B, Dauiseloise N,
Lo SK, et al. The association of levels of phykiaativity

with metabolic syndrome in rural Australian aduBBVIC Publ

Health.

2009;9:273.

Redmon JB, Bertoni AG, Connelly S, Fenney RBlasser S,

Glick H, et al. Effect of the Look AHEAD Study imeention on
medication use and related cost to treat cardiaVasdisease risk

factors in individuals with type 2 diabeteDiabetes

Care.

2010;33:1153-8.

Misra A, Khurana L. The metabolic syndrome i8outh
Asians: epidemiology, determinants, and preventidfetab
Syndr Relat Disord. 2009;7:497-514.

. Enas EA, Mohan V, Deepa M, Farooq S, Pazho@h8nnikkara
H. The metabolic syndrome and dyslipidemianoag

Asian Indians: a population with high rates of bdies and
premature coronary artery disease. J CardiometahdrSy

2007;2:267-75.

Morimoto A, Nishimura R, Suzuki NViatsudairaT, Taki K,
Tsujino D, et al. Low prevalence of metabolic syrde and its
components in rural Japan. Tohoku J Exp Med. 20@86D-75.
Zuo H, Shi Z, Hu X, Wu M, Guo Z, Hussain A.eRalence of
metabolic syndrome and factors associated witbaisponents in
Chinese adults. Metabolism. 2009;58:1102-8.

Ntandou G, Delisle H, Agueh V, Fayomi B. Abdoah
obesity explains the positive rural-urban gradient the
prevalence of the metabolic syndrome in BeniWest
Africa. Nutr Res.
2009;29:180-9.

. Basit A, Shera AS. Prevalence of metabolic syme in Pakistan.
Metab Syndr Relat Disord. 2008;6:171-5.

Chow CK, Naidu S, Raju K, Raju R, Joshi R, i8ahi D, et al.

Significant lipid, adiposity and metabolic abnoritiaé amongst

4535 Indians from a developing region of rural AradiPradesh.

Atherosclerosis. 2008;196:943-52.

Rahim MA, Khan AK, Sayeed MA, Akhtar B, Nah&,
Ali SMK, et al. Metabolic syndrome in rural Bandksh:
compar- ison of newlyproposedIDF, modified ATP Ill and
WHO criteria and their agreements. Diabetes bletyndr
Clin Res Rew.
2007;1:251-7.

Hydrie MZ,SheraAS, Fawwad A, Basit A, Hussain Rrevalencef
metabolic syndrome in urban Pakistan (Karachi)mgarison

of newly proposed International Diabetes Fedematiand
modified Adult Treatment Panel criteria. ethb Syndr
Relat Disord.
2009;7:119-24.

. Mangat C, Goel NK, Walia DK, Agarwal N, Sharii&, Kaur J,
et al. Metabolic syndrome: a challenging healtsués in
highly urbanized Union territory of North India. @&hietol Metab
Syndr. 2010;2:19.



Int J Diab Dev Ctries

ORIGINAL ARTICLE

©Research Society for Study of Diabetes in Indial201

Relationship between limited joint mobility syndromeand duration, metabolic control,
complications of diabetes as well as effects of the syndrome on quality of life

Ebru UmayAlev Cevikol,Ozlem Avluk, Ece UnluAytul Caka
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Abstract Aim of this study was to examine relagbip long-term DM with poor metabolic control, presenafe
between Limited Joint Mobility syndrome (LJM) in LIJM can make contribution to prevent morbidity, tabr
patients with type-1 and type-2 diabetes ahlation, ity and functional disabilities of these patients.
metabolic control and other complications dabetes,

and to assess effects of the syndrome on handidmsct Keywords Diabetemellitus- Limited joint mobility

and quality of life. Demographic charactedstiand syndrome Complication- Handfunction- Quality of life
micro-macrovascular and hand complications were

recorded. Level of fasting blood sugar and HbAlc,

superficial,pain,temperatureyibration andcortical senses, Introduction

and deep tendon reflexes were measured. Hand dgxter

was evaluated with nine-hole peg test. Grip agmich Diabetes Mellitus (DM) is a chronic, metaboliisease
strengths were recorded. Functionality of the havith characterized with hyperglycemia developed as altre$
Hand Functional Index (HFI) and quality ofelifwere absolute of relative insulin insufficiency or inectiveness

evaluated with Short Form 36. Groumtluded37.8%(n=  that can cause increases in mortality and morbitityugh
130) of 344 hands of 172 patients with LIM accogdio its effects on various system.[
Rosenbloom classification, group 2 included 44.8% Increases in mortality and morbidity in DM is freqily

154) according to the same, and group 3 included%7 related with micro and macrovascular complicatioosur-
(n=60). In the comparison between groups, deterionati ring in the long term. Particularly microvasculangplica-
correlating with the increase in LJM stage was fbum tions cause functional disabilities with blindnessnal
terms of duration of disease, level of fasting blaugar insufficiency, foot amputations and deterioratian the
and HbAlc, frequency of retinopathy and nephropathyuality of life [2].
diabetic foot involvement, Dupuytren contractupees- In addition to these complications, hands amere
ence of CTS, superficial, pain, temperature andicar frequently involved in diabetics as compared torbemal
senses, DTR, hand dexterity, grip strengths andtiom population. Limited joint mobility syndrome (LIM)nd
of the hand and quality of life except pain. Inipats with  sclerodactyly that is specific for DM and Dupuytren
contracture, tenosynovitis of flexors and carpahnti
syndrome (CTS), which are more frequently seen M D
This paper was accepted as a poster presentatibe Fifth although not specific, are complications related hand
International Physical Medicine and Rehabilitat@ongress planned  involvement B].
to be held between June 12 and 17, 2009. Limited Joint Mobility syndrome (LIM) is a complica
tion with fibrosis in subcutaneous tissues amhormal
thickening of the dermis causing painless restiictn the
E. Umay extension movements of the hand joints. It wast firs
e-mail: ebruumay@gmail.com described in 1971 by Jung et a#] [as hand stiffness
syndrome related to DM; however, with the demortisina
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of its relation with juvenile type 1 DM by Rosenbfo [5],  unilateral or doubtful findings, Stage 1: Mild litation.
it was recognized as a complication. Involvement of one or two interphalangeal joints or

LJIM typically starts at the ulnar side of the handhe involvement of only the metacarpal joints (bilatgr&tage
fifth finger, and spreads to the radial side byoiming 2: Medium-level limitation. Involvement of three amore
metacarpophalangeal and interphalangeal joints,séamtis interphalangeal joints or involvement of only orgér or
to affect bigger joints in time. It has been repdrthat the one large joint (bilateral), Stage 3: Severe litioia Overt
extension restriction in the fingers causes digghil hand hand deformity at rest. According to this classifion, 344
movements in time through the clumsiness in finevero hands of 172 patients were grouped as Group le(stqg
ments and weakness of fingers. group 2 (stage 2) and group 3 (stage 3).

Relationship of LIJM with micro- and macrovascular Presence of microvascular (retinopathy, nephropathy
complications of DM has been shown in several ssidi neuropathy, diabetic foot involvement), macrovaacul
[3, 6], and patrticularly, it has been reported thatah de (atherosclerotic heart disease (ASHD)) and othemdha
used for the detection of microangiopathy e tearly involvements (Dupuyten contracture, flexor tenosgiis,

stages §, 7]. sclerodactyly, carpal tunnel syndrome) seen in epédi
The purpose of this study was to investigate thatiosn  related to DM were recorded.
of limited joint mobility syndrome with the durati of In the patient, retinopathy was determined accgrdin

diabetes, its metabolic control and other complicest of the results of the fundoscopic examination aftersciting
diabetes in patients with types 1 and 2 DM togethigh  with the ophthalmology clinic, and nephropathy was
this syndrome and to evaluate its effects on handtions determined by testing albuminuria, serum creatihavels
and the quality of life. and creatinine clearance in the 24-hour urine, @attents
with albuminuria of 30 g or more in the 24-hournari
and/or high levels of serum creatinine and/or pnatea

Material andmethod of mg or higher were found after consulting withe th
nephrology clinic.
Total one hundred and seventy-two patients appliongur Neuropathy was investigated by the same practitifore

clinic between December 2005 and January 2009 withl the patients using Medelec Synergy 10-chan@gfdrd,
musculoskeletal system complaints, diagnosed Wit  U.K.) electroneuromyography (ENMG) device a with
(directed from endocrinology clinic of our hospjtalind motor transmission study on upper and lower extiemi
limited joint mobility syndrome was found in thdiands by evaluating median, ulnar, tibial and peroneatves
were included in the study. bilaterally, with sensory transmission study, e

Patients were informed about the study and thebale median and ulnar evaluation and unilateral radia sural
approvals and written consent were obtained astae of nerve evaluation.

the study. Prayer sign was sought for in the hafdhe To determine ASHD, diagnoses of angina pectoris and
patients for the diagnosis of LIM. Lack of contattthe cardiac diseases were questioned in the histdiyegbatient.
palmar surfaces of the fingers when two hands ezsspd Feet of the patients were evaluated with physical

together with elbows in flexion, wrists in extensiand examination as regards neuropathic and vasculaiviev
fingertips facing upwards in the vertical plane wasnent with development of calluses, ulcers, joindtion

considered as “positive prayer sign”. ranges and presence of deformities and presendialoétic
Patients with trauma or injuries in the upper exitees foot was recorded.
in the history or cervical radiculopathy, anabge with Presence of CTS was investigated with provocative

vitamin By, deficiency, thyroidal diseasesutoimmune Phalen and Tinel tests and with the evaluationewofse in

andinflammatory rheumatoid diseases and patients witthe innervation area of the median nerve in padient

cere- brovascular diseases were excluded fromttiay.s defining paresthesia in the thumb, and second &ird t
Demographic data, disease characteristics and pl@tab fingers particularly t night. Evaluation with ENM@as

factors of the patients were recorded. Fastingdlsagar performed for definitive diagnosis.

(FBS) and HbALlc levels were tested after fasting bfas a Consequences of micro- and macrovascular commitsti

minimum and 16 h as a maximum. Weights and heights in the patients were evaluated as “present” oréatis

patients were taken, and basal mass index (BMI) was Evaluation of the superficial senses of the patienmas

calculated according to the formula, (BMI) = (weigh performed with Semmes Weinstein Monofilament Test

(height}), in kg/m2. (SWMT). The lack of sense in 2.83 was eatd as
Classification of patients was made according teeRo ‘deterioration of superficial sense’, lack of sense3.61

nbloom classificationd]. Limited joint mobility classified was evaluated as ‘diminished mild touch, lack afseein

by Rosenbloom as Stage 0: No limitation. Ehagith  4.31 as ‘reduced protective sense’, lack of semge56 as
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‘loss of the protective sense’, and lack of sems6.65 as iables were investigated with Anova test betweesups.
‘could not be tested’. The smallest number of thé&ignificance of the differences between the grofms
monofilament sensed was recorded. nominal variables was investigated with Spearmareta
Pins were used to evaluate sense of pain. Thenpatees tion analysis. Relation between sub-groups wdrews
asked to differentiate between touches with bluct sharp using post hoc analysis (Tukey-HSD). The resulese
tips on each fingertip. Sense of pain was constie@® considered as significant fp0.05.
‘normal’ in case of eight correct answers out af teals.
To evaluate sense of heat, test tubes filled will c
water containing ice particles or hot water weredu§ hese Reslts
tubes were contacted to the fingertips for thremsds and
the patient was asked to discriminate between indtcald. One hundred and seventy-two patients were incluwléloe

Results were evaluated as ‘normal’ or ‘deteriorated study. Of the patients, 129 (75%) were females 48d
For theevaluationof vibration sense, a diaposon of 256 HZ25%) were males, mean age w&58t9.99, and 77
was used. Results were evaluated as ‘normal’ dutred’. (44.8%) were type 1 while 95 (55.2%) were type 2 .DM

Cortical sense was evaluated with static two-poinThe mean age at the onset of the disease was fasind
discrimination test using pins. Ability to discrindte 51.45+11.75 years and duration of the disease was fasnd
between two points 6 mm. apart and closer was deresi  11.10t7.48 years. Dominant hand was the right hand in
as normal, discrimination between 7 and 10 mm. wak6l patients (93.6%) and left hand in 11 (6.4%Yolve-
considered as loss of sense in medium level, betvide ment of both hands was present in all the patigrnt844).
and 15 mm. was considered as reduced sense, and oVehile family history was positive in 93 patientgt(5%), it
15 mm. was considered as ‘loss of protective sense’ was negative in 79 (45.9%). While there were neakss

Deep tendon reflexes (DTR) were tested in the uppaccompanying DM in 8 patients (4.7%), there voa
extremities on biceps, brachioradialis and tricepsscles, accompanying disease in 95 patients (55.2%), tvoorae
and results were evaluated as ‘normal’ or ‘reduced’ panying diseases in 47 (27.3%), three in 15 (%@nd) four

Hand dexterities were evaluated with Nine-Hole Pest accompanying diseases in 7 (4.1%). Hypertension was
(NHPT). Periods were measured with a chronometet, adetermined as the most frequent disease accomgabyih
periods of 20 s and over were evaluated as ‘logexierity’.  with 142 patients (82.5%). Mean FBS levels Wéd.76t

Grip strength was measured with Jamar hand dynamor65.57 mg/dl, mean HbAlc wa&87%t1.59, and mean
eter. Measurements were repeated three times invblyed BMI was 30.99£5.28 kg/mz2.
and intact hands each and mean values were taken inOf the three hundred and forty-four hands havinlylLJ
kilograms (kg). Pinch strengths were evaluated hre¢ according to Rosenbloom classification, group 1stituted
different positions (laterafingertip, palmar) with pinchmeter. 37.8% (n=130), group 2 constituted 44.8%=154) and

Functionality of the hand was evaluated with Handyroup 3 constituted 17.4%n=60). Complications seen
Functional Index (HFI). Hands were evaluated oneobg related to DM were recorded as retinopathy in 14223%)
using the scale consisting of the first 9 itemshiea Keitel of the 344 hands with limited joint mobility syndre, as
Functional Index that evaluates the movementsefattist nephropathy in 161 (46.8%), as ASHD in 259 (75.286),
and fingers and were scored between 2 and 21. neuropathy in 266 (77.3%), and as diabetic foobive-

Quality of life was evaluated with Short Form 3tated ment in 89 (25.8%). Dupuytren contracture was found
to health. Using the scale consisting of 8 subgsoup76 (22.1%), flexor tenosynovitis in 80 (23.2%ylero-
physical function, physical role limitation, emata role dactyly in 22 (6.4%), and carpal tunnel syndeomas
limitation, general perception of health, Wfia bodily found in 154 (44.7%).
pain, mental health and social function weraleated. Distribution and comparison of demographic data,
Scoring was between 0 and 100. According to thdisease characteristics and metabolic factors arengn
subscales, 0 indicated the worst health stamsl 100 Table 1, distribution and comparison of complications are
indicated the best health status. given in Table2. Also, the results of correlation analysis

Data analyses were made using the Statistical Backahat made to verify the correlation in terrof disease
for the Social Sciences 15.0 for Windows. Whethes t characteristics, metabolic factors and complicatiare
distribution of normally distributed continuousriables, presented in Tabla.
were assessed with the Kolmorov-Smirnov tBstscriptive In comparison between groups in terms of disease
statistics were shown using Chi-square testsnaan = characteristics, metabolic factors and complicajowe
standard deviation for continuous variables and memof found that, LIJM stage increases with increasingtiom of
observations (%) for nominal variables. Becausellobfa disease, high FBS levels and presence of retingpath
continuous variables normally distributed, continsiovar- nephropathy, diabetic foot involvement and scleobyls
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Table 1 Distribution and
comparisorof demographic

Group 1

Group 2

Group 3

data, disease characteristics and
metabolicfactorsaccordingto

n(%), mean + SD

n(%), mean + SD

n(%), mean + SD

the groups Gender
Female 96 (%73.8) 120 (%77.9) #270.0)
Male 34 (%26.2) 34 (%22.1) 1§%30.0)
Age 63.72+8.57 63.16:10.04 58.63t12.03
Type of Diabetes
Type 1 50 (%38.5Y 70 (%45.5) 34%56.7Y
Type 2 80 (%61.5) 84 (%54.5) 2%43.3)
Age at the onset of the disease (years)52.81+10.52 52.48t11.39 46.00£13.89
Duration of the disease (years) 10.95t8.57 10.63t6.74 12.63t6.87
Positive family history 64 (%49.2) 92 (%59.7) 30 (%50)
Number of diseases
mean + SD: mean * standard accompanying DM
deviation, BMI body mass No accompanying disease 16 (%12.3) 0 0
index, FBS Fasting blood sugar 1 accompanying disease 66 (%50.8) 88 (%57.1) 36 (%60.0)
°For thedatacompared, 2 accompanying disease 38 (%29.2) 40 (%26.0) 16 (%26.6)
?éﬁaztlcbﬂt\c/jvlgeerr]egfsjpmslerle and 3 3 accompany?ng d?sease 4 (%3.1) 22 (%14.3) 4 (%6.7)
and groups 2 and (<0.05) 4 accompanying disease 6 (%4.6) 4 (%2.6) 4 (%6.7)
"For the data compared, BMI (kg/m?) 31.996.76 30.67+3.66 29.63+4.85
statistical differences were FBS level (mg/dl) 153.33:47.82 158+59.2¢ 175.64+77.3¢
found between groups 1 and  pHpaic level (%) 7.70+1.63 7.95+1.44 9.46£1.75

3 (p<0.05)

Also, advanced stage (stage 3) more seen thanstagg in hand function, vitality level, mental health andcisd
patients with type 1 DM, high HbAlc level, Dupuyire functionality and increases emotional role limiati Also,
contracture and CTS. advanced stagstage3) moreseen than early stage in patients

Distribution and comparison of physical examimat who have anormal cortical sense and DTR, loss ofdha
functional status of the hand, and the subgrouguafity of  dexterity, reduced grip strength, decreased phlygication
life assessment are given in Takleand the results of and general health and increased physical rolédiion.

correlation analysis that made to verify the catiehs are
presented in TablB.

In comparison between groups in terms of physicdDiscussion

examination, functional status of the and qualifylite
assesment, was found that, with the increase of ktige
decreaseduperficial, pairandheatsensedjngertipstrengths,

In our study, relations of presence of LIM with theation
of diabetes, its metabolic control and complicagicand the

Table 2 Distribution and
comparison of complications

Group 1

Group 2

Group 3

according to groups

Retinopathy

Nephropathy

Atherosclerotic cardiac disease
Neuropathy

a .
For the data compared, statisti- Diabetic foot involvement

cal differences were found be-
tween groups 1 and 3 and Dupuytren contracture
groups 2 and 3 (0.05) Flexor tenosynovitis

°For the data compared, statisti- Sclerodactyly
cal differenceswere found be-  carpal tunnel syndrome
tweengroupsl and 3 (p<0.05)

n(%)
42 (%32.3)
50 (%38.5)
92 (%70.7)
98 (%75.4)
25 (%19%)
22 (%16°9)
24 (%18.5)
4 (%3.1)
56 (%43.1)

n(%)

64 (%41.5)

73 (%47.4)

120 (%77

120 (%77.9)

32 (%20.8}

34 (%22.1)
42 (%27.3)

8 (%5.21

66 (%43.5)

n(%)
36 (%60.03
38 (%63.3)
47 (%78.3)
48 (%80.0)
32 (%53.3)
20 (%33.8)
14 (%23.3)
10 (%16.7}
32 (%53.8)
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Table 3 The results of correlation analysis tmaide to verify the
correlation in terms of disease characteristicsetabmwlic factors
and complications

Parameters r P

Type of Diabete -0.12¢ 0.02¢
Duration of the disease (years) -0.174 0.001
FBS level (mg/dl) -0.163 0.012
HbAlc level (%) -0.081 0.013
Retinopathy -0.351 0.001
Nephropathy -0.181 0.013
Atherosclerotic cardiac disease 0.077 0.156
Neuropathy 0.158 0.282
Diabetic foot involvement -0.186 0.012
Dupuytren contracture -0.138 0.004
Flexor tenosynovitis 0.096 0.176
Sclerodactyly -0.113 0.016
Carpal tunnel syndrome -0.067 0.016

r rho coefficient, p correlation rate, BMI bodgass index, FBS
Fasting blood sugar

effects on the hand functionality and the qualitjife were
investigated. Between the groups, positive coriiatvas
found between the stage of LIM and functional iatélty

increased glycolization of collagen and that thésea
relation between LIJM and FBGLZ]. The relationship
between the level of HbAlc, which is used to defihe
changes in blood glucose levels in long periods, laiM,
and it was reported that level of HbAlc can be us&dn
independent risk factor for the development of LAMI a
predictor, and that there was positive correlatietween
these two 13]. In our study also, FBS and HbAlc levels
were found high, and a positive relation was detegh
with the stage of LIM.

It has been reported in the literature that thereai
positive relation between the presence of LJM and
microvascular complications of DM and although wety
clear, the mechanisms for the development of these
groups of complications can be the sarfe 14]. It was
reported in some other studies that LIM can be ased
risk factor when evaluating the presence of micsoutar
complications since it seen 4.5 years in the awetsfore
the occurrence of microvascular complicatiohs, [L6].

The microvascular complication that relation witdML
is reported most frequently is the presence ohogiathy.
Togetherness of LJM and retinopathy was found as 43
96.4% in the studies performed, and it was repoitbed
this relationship became closer with the increasiegerity
of retinopathy and rate of development of sevetmaop-

of the hand, energy level, mental health and socialthy increased 2.5 to 2.8 fold3, [L7, 18-19].

functionality and negative correlation was foundsirper-

ficial sense; between groups 1 and 3 and groupsd23a

positive correlation was found in FBS level, repathy,

nephropathy, diabetic foot involvement, sclerodbgty
emotional role limitation and negative correlatiovas

found in pain and heat senses and grip strengtineles

groups 1 and 3, positive correlation was found ImARic

level, Dupuytren contracture, CTS, physical funetio
physical role limitation and general health anegative

correlation was found in cortical senses, DTR, ding
strengths and hand dexter{jy<0.05).

In their study on patients with type 1 DM, Borch-
Johnsen et all1P] reported with a low sensitivity that LIM
could be used as a potential predictor for the ldgweent
of nephropathy. The rate of nephropathy in patiemts
LIM was reported as 40-90.9% in the literature Hred
relation with both micro and macroalbuminur@as
shown [L(]. In the study of Aoki et al.Z0] it was reported
that nephropathy stage increased with the incrgasin
severity of LIM.

In our study also, retinopathy was found as 41.2% a
nephropathy as 46.8% as compliant with the litesgtand

It has been reported in the literature that LIJM ist was found that frequency of retinopathy and mephthy

particularly related with the duration of DM, is rgally
seen in patients with long-duration disease antdheation
of the disease can be an independent predictdrifdr[9].
It was reported in some studies that the incidéacé0—
50% in patients with diabetes duration is longantii2 to

increased with the increasing stage of LIM.

Diabetic neuropathy is reported as 10% at the tirhe
DM diagnosis, and between 5-60% for all the pasievith
DM; this rate reaches 100% with the inclusion of
subclinical transmission abnormalities. Neuropathpres-

16 years 10], and LIM was seen in 22.7% for the diseasent from the early stages of DM according to sontaars,

duration of 2-5 years, and in 89.3% for the diseasation

and can reach 80 to 90% when duration of diabetshes

of more than 10 year4]]. In our study also, mean duration 10-12 years 41]. Big myelinated nerve fibers and non-

of disease was found as 11 years, and positivesledion
was found between the increase of duration anéhtirease
of the stage of LIM, complying with the literature.
Articles reporting that continuous high levels @fstue
glucose is effective on the development of LJIM hbgen

myelinated nerves are affected in DM resultiimg the
reducing of superficial, pain, and heat senses, tdswo-
point discrimination and DTRs, and reducing of piy
strength P2, 23]. It has been reported that sensory
deterioration and strength losses prevent use ®fjamt

published 6, 12]. It was reported in the literature thatand lead to decrease in joint movements and iner@&as

increase in the stiffness of the joints correlatgth the

stiffness P4]. Reducing of nerve transmission speed is
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Table 4 Distribution and com-
parison of physicaéxamination,
functional status of the hand,
and the subgroup of quality of
life assessment

mean = SD: mean + standard
deviation, DTR deep tendon
reflexes, NHPT nine-hole peg
test, HFI hand functional index

%For the data compared, statisti-
cal differenceswere found be-
tween group 1, group 2 and
group 3(p<0.05)

cal differenceswere found be-
tween groups 1 and 3 and
groups 2 and $<0.05)

°For the data compared, statisti- Mental health status (0-100)

cal differenceswere found be-
tweengroupsl and 3 (p<0.05)

Parameters

Group 1

Group 2

Group 3

Superficial sense

Normal

Reduced slight touch
Reduced protective sense
Protective sensory loss
Senses not tested

Sense of pain (normal)
Sense of heat (normal)
Vibration (normal)
Two-point discrimination
Under 6 mm

7-10 mm

11-15 mm

Over 15 mm.

DTR (normal)

NHPT (under 20 s)

Grip strength (kg.)

Lateral pinch strength (kg.)
Palmar pinch strength (kg.)

Fingertip pinch strength (kg.)

HFI (2-21)
Physical function (0-100)

Physical role limitation (0—-100)
g ~ Emotional role limitation (0-100)
For the data compared, statisti- Gonera| perception of health (0-100)

Vitality level (0—100)
Pain evaluation (0-100)

Social function (0-100)

n(%),mean + SD

68 (%52.3)
40 (%30.8)
18 (%13.8)
4 (%3.1)
o)
118 (%90.8)
120 (%92.3)
6 (%4.6)

34 (%26.2)
50 (%38.5)
28 (%21.5)
18 (%13.8)
87 (%66.95
37 (%28.5)
15.05+6.4C
7.28+2.28
5.62+1.97
4.73£1.73
7.97+2.76
36.10+27.8F
10.58+23.02
35.61+35.37
38.13+20.29
42.69£21.52
25.96+19.69
63.90+19.82
48.86+30.08

n(%),mean + SD

38 (%24.7)
66 (%42.9)

32 (%20.8Y
15 (%9.7)

3 (%1.9¥

124 (80.5)

115 (%74.7)

4 (%2.6)

18 (%11.6)
40 (%26.0)
58 (%37.7)
38 (%24.7)
88 (%57.1)
34 (%22.1)
14.34+8.86
6.93+2.27
5.23+1.78
4.10+1.68
15.69+2.40
30.83+22.53
8.20+12.55
29.58:31.7%
35.21+19.74
31.00:18.63
22.93+21.86
53.23+13.48
28.75:20.14

n(%),mean = SD

2 (%3.3§

10 (%)16.
27 (%45.09

8 (9913.4
13 (%21.6Y
35 (%58.3Y
32 (%53.3)
1 (%1.7)

1 (%1.7)
13 (%21.6)

21 (%35.0)
25 (%41.9)
25 (%41.7§
3 (%5.0§
11.99+6.27
5.42¢1.7%F
4.59+1.46
2.65£1.4%
19.81+3.54
26.07+16.64
3.33+8.6F
19.99+35.66
30.96+19.7F
13.90:8.23
22.44+19.28
41.68:21.1C°
11.22+12.83

correlated with the reducing of senses of heatwalmdhtion  patients and the decrease in vibration sense. Alstgri-
in diabetic neuropathy2p]. In the study of Rahman et al. oration in the parameters of sense evaluation letira
[26], it was reported that evaluation of particulaHg sense LJM stage suggests that neuropathy also increaiseshe
of vibration and with monofilaments can be usedttes LJM stage.
predictor of neuropathy. Togetherness of neuropaiiy In the literature, it is reported that decreasthemobility
LIM was reported as 50-70.2% in the literaturerkdtan of foot joints also is found in cases where LINbisnd in the
et al. P] found a relationship between the development dfiand p8]. Duffin et al. P9 reported in their study on 302
neuropathy and LIJM in DM patients younger than é@rg  patients with DM that prayer sign was positive §%8of the
of age with disease duration less than 20 yearghéir patients, and at the same time, they found the odte
study on 204 patients with type 1 DM, Beacom ef2l] restriction in subtalar joints in the feet was 3%¥d reported
found significant decreases in vibration sense BNAMG  that the prayer sign being positive could indicabe
transmission rates in patients with LIJM as compaed possibility of restriction in the mobility of othgoints also.
those without LIM. In our study also, positive correlation was fouretWeen the
In our study, neuropathy was present in 77.3% er thdiabetic foot involvement and increase of the Likbs.
patients, and deterioration in vibration sense prasent in There are too few studies in the literature on Ldivl
97%. However, a statistically significant increastated to macrovascular complications. Together with tloigronary
the stage of LIM could not be found. This can h@l@red heart disease and hypertension is present in therityaof
with the presence of neuropathy in the majodfyour patients. In the study of Frost et dl(], it is reported that
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Table 5 The results of correlation analysis timaide to verify the
correlations in terms of physical examination, fiimal status of the
hand, and the subgroup gdfiality of life assessment

Parameters r P

Superficial sense (normal) -0.151 0.005
Sense of pain (normal) -0.218 0.001
Sense of heat (normal) -0.128 0.017
Vibration (normal) 0.026 0.485
Two-point discrimination (under 6 mm) -0.112 0.038
DTR (normal) -0.090 0.019
NHPT (under 20 s) -0.049 0.016
Grip strength (kg.) -0.081 0.013
Lateral pinch strength (kg.) -0.377 0.004
Palmar pinch strength (kg.) -0.205 0.014
Fingertip pinch strength (kg.) -0.166 0.009
HFI -0.484 0.001
Physical function -0.153 0.005
Physical role limitation -0.016 0.003
Emotional role limitation -0.189 0.001
General perception of health -0.163 0.014
Vitality level -0.081 0.013
Pain evaluation 0.068 0.210
Mental health status -0.187 0.018

r rho coefficient, p correlation rate, DTR deepdem reflexes, NHPT
nine-hole peg test, HFI hand functional index

finding early subclinical macrovascular involvemeaigns
is statistically significant particularly in womenmith LIM,
and hypertension is seen more frequently as cordpare
patients without LIM. Arkkila et al3[] reported that LIM
constitutes a high risk for coronary heart dise&ama et
al. [31] found ASHD giving clinical findings by 11% in
their study.

was harmonious with the literature, significantreases in
LIM stage were found only regarding Dupuyten camntra
ture, sclerodactyly and CTS. The reason for studattents
in the literature may have different features tbangroups.
Hand grip strength and lateral pinch strength poreed
to be reduced in patients with DM as comparedh® t
normal population in the literatureg€]. And it has been
suggested that the reducing in the hand grip sthengs
related to peripheral neuropathy accompanying Daidie
ac diseases, vision problems and renal insufficesnc
Lundbaek et al. 7] reported that LIJM could cause
reducing in the muscular strength in the hand. Istualy
of Sava et al. [L4] evaluating the hand grip strength in
patients with DM was found reduced, 23 kg in therage.
In two studies in the literature performed on patewith
DM using different hand function scales weeparted
relation with decreased hand muscular strengthedmat
decreased in physical activity and deteriorationdaily
living activities. In our study, negative oslation was
found for lateral, palmar and fingertip pinch andpg
strengths with the stage of LIM. We think that lowalues
for hand grip strength as compared to the liteeatsrthe
high incidence of micro- and macrovascular compilces
and neuropathy in our patients. In the literataréhie study
of Cederlund et al.1P], insufficiencies in daily living
activities and hand functions were reported for LIM
patients with findings of neuropathy. Also, in ostudy,
inadequacy of hand functions and LJM stage were
correlated with each other harmoniously with ther&ture.
There is no study same our study in the literatiire.
has been reported in the literature that in theluaten
of quality of life in patients with diabetes usirgF-36,
physical function played a role by 60-74%hysical
role limitation by 56.5-64.5%, level of paby 62.7-
73%, general health perception by 48.9-63.9%, itytal

ASHD was found with a rate of 75.2% and hypertemsio level by 54.5-58.9%, social function by 74.8-81.4%,

82.5% in our study. The reason may for lack ofistiatlly
significant changes with the stage of LIM is thatjamty
of our patients has these complications.

It is reported in the literature that LJM and Dupen
contracture, tenosynovitis and sclerodactyly dgvehith
the same mechanism82. Togetherness of LIM with
Dupuytren contracture is reported in the literatasel2—
95% [30, 31], with sclerodactyly as 6.4—859%3], and with
flexor tenosynovitis as 17.5-100%4].

CTS is the most frequently seen mononeuropathy
DM; the risk increases in diabetics with duratiointle
disease is over 20 years and long-term high lesveldood
glucose reportedly to reach 8-19% in asymptomaties
and to 22—-29% in symptomatic cases. This risk ases to
reach some 75% in patients with LJBH].

Although the frequency rates of Dupuytren contrestu
sclerodactyly, flexor tenosynovitis and CTS in @iudy

emotional role limitation by 63.2-80.9%, and mental
health by 60.1-77.2%3B]. Hart et al. B9] have reported
that macrovascular complications in patients hwidM
were related to both physical and mental functions;
Papadopoulos et al4(] however, reported that all but
physical role limitation were affected in the prese of
microvascular complications.

It was reported that occurrence of complicationteide
orate the quality of life in the domains of physiftanction,
physical role difficulties, and general health; kifyeof life
was negatively affected with the increasing seyeoftthe
complications; domains that most badly affected ewer
physical role limitation, vitality level and genérhealth
perception; and values for physical function anéh pgot
worse in cases older than 10 years in duratd@h [

Deterioration in all the quality of life parameters
excluding pain level correlated with LIJM stage viasnd
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in our study. Lack of finding changes in pain level
correlated with LIM stage and finding the ratesotfer
parameters lower as compared to DM patients withdivt
suggest that quality of life in LIM is affected rinohand
involvement and microvascular complications tinatease
with the increasing stage in a correlated fashiomtribute
to this result.

As a secondary result, we found that, advancedestaga3.

LJIM in patients with type 1 DM more seen than tgpeM.
Studies in the literature, were often evaluatedeps with

type 1 DM [18, 21, 28]. Therefore, we think that, especially 14

in patients with type 1 DM should be moreegalr as
regard development of complication, loss of hanacfion
and reduce the quality of life.

16.

Conclusion

LIM, although seen rather frequently in diabetass,ai
condition overlooked in general. Duration of diadsets

related with the metabolic control and microvasculal?.

complications and this relation gets stronger wilie

increasing stage. Serious inadequacy occurs inftthe- g
tionality and quality of life of these patients ithe
increasing microvascular complications. We ha&lighat
detection of the presence of LIM particularly in @fong
duration with poor metabolic control will doibute to

prevent morbidity, mortality and functional incagap in  20.

these patients.

21.
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Salivary total antioxidant capacity in type 2 diabetes mellitugpatients—a clinical

and biochemical study amongst tobaccosmokers
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Abstract This study was undertaken to deteemthe
effect of smoking and diabetes mellitus individya#ind
combined on the total antioxidant capacity (TAC)safiva
in type 2 diabetes mellitus. The study consistedfoofr
groups, one control and three study groups, eath 20
subjects. Salivary and serum samples were collected
all the groups, which were further subjected tach@mical
analysis. The observations of the study were stigeto
statistical analysis using SPSS software version Tl

marker to assess the oxidative stress, asndigator of
progression of diabetes mellitus.

Keywords Diabetemellitus- Total antioxidantapacity
Reactive oxygempecies Saliva: Freeradicals Smoking

Introduction

level of salivary TAC decreases secondary to d&betHyperglycemia in Diabetes Mellitus (DM) is assoeétvith

mellitus and smoking. As the duration of diabeteslitns
increases, the level of total antioxidants decreaGerrela-
tion of salivary TAC with Russell's index had a atge
correlation. Smoking has a synergistic effent diabetes
mellitus in reducing the salivary total antioxidéexel. Further
research should be devoted to {messible benefits of
supplementation with antioxidargupplements.Saliva is
considered to berapresentativef serum andalivaryanalysis
is simple andhoninvasiveFrom the clinicaktandpointjt may

increased production of Reactive Oxygen SpeciesS)RO
which in turn contribute to the development of ditd
complications. Numerous studies have shown thatewhi
different indices of free-radical damage incredkere is a
decrease in the concentration of various individuréibxidant
substances, indicating the presence of oxidatressin DM.

It has also been suggested that there is a linkdeet the
development of microvascular and macrovascular etiiab
complications in the form of free oxygen radicahdaep].

be reasonable to conclude that salivary TAC canabe The profound effect of DM on salivary antioxidargram-

useful

eters may be of great importance with resgec the

R. R. Kashyap
e-mail: roopashri.r.k@gmail.com

diagnosis and evaluation of the complicatiosjs [

Cigarette smoke is a major exogenous source of free
radicals. Obligatory use of the body reserve ofaxidants
to detoxify the excess of free radicals in smokbesefore
results in an alteration in the level of differantioxidants.
Saliva is the first body fluid to encounter exogesio
materials or gases that penetrate the human baalgkiSg
affects the antioxidants in the saliva, therebeetfhg the
protective mechanism of saliv4, [5].

Oral health researches have been developitigasa
diagnostic tools to monitor oral diseases inclugiagodontal
disease as well as caries. The major advantagessing
saliva rather than blood in the diagnosis are e&sgss &
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Table 1 Mean HbAlc, Russell's index and salivék€ T

Saliva TAGM)n Duration of DM (yrs)

Duration of smoking (yrs)

Groups Mean HbAlc (%) Russell's index
Non diabetic, Non smokers 5.9+0.2 2.65+1.05
Non diabetic, Smokers 6.0+0.4 4.68+1.88
Diabetic, Non smokers 7.6+£1.2 3.75£1.90
Diabetic, Smokers 8.1+1 5.60£1.90
P <0.001* <0.001*

3.65+1.53

1.60+£0.77 6.0+5.6

1.12+0.50 6.55+5.87

0.93+0.94 6.00+5.60 23.7+8.2
<0.001* 0.805** 0.917"

{* highly significant; ** non significant}

non-invasive collection. The correlation betweepléegon of
total antioxidant capacity (TAC) and poor glycemiuntrol
suggests that measurement of TAC in diabetic piatEan be
used as an index of glycemic control and developroén
diabetic complications in both types of diabetesnte this
study was undertaken to determine the effect okémgyeand
DM, singly and in combination on TAC of saliva.

Subjects andmethods

A total number of 80 subjects, above the age ofetss were
randomly selected for the stud§].] Study group comprised
of 40 known diabetics either on diet and exerciserooral
hypoglycemic agents. Study groups were furthed@iiinto
two groups of 20 each, according to the habit obléng.
Control group comprising of 40 adults without aygtemic
diseases, were further divided into two groups @feach
according to the habit of smoking. Criteria foression of
smokers was, any form of tobacco smoking done edayy
as habit for at least 1-year duration. Subjects wither
systemic diseases, those on medications other Higpo-

thorough mouth rinse using distilled water, salwas
allowed to accumulate in the mouth for 5 min. Acciet

ed saliva was collected by spit method. Intra oral
examination was done and findings were recorded- Pe
odontal attachment loss was assessed by Ruspelfis
odontal index T]. Blood sample was drawn and subjected
for analysis of glycated hemoglobin (HbAlc) by Tidib
metric Inhibition Immunoassay and random glucoselle
by glucose oxidase-peroxidase method using HitQCa
automatic analyzer.

Estimation of total antioxidant capacity: 2 ml ajllected
saliva was stored at a temperature of +4°C in gléals,
which were then subjected to analysis by phosphgiorol
denum method for the quantitative determinationtatél
antioxidant capacity using Spectrophotometer. Oiiélim

ter of reagent solution was prepared using 0.6 Mutfuric
acid 28 mM sodium phosphate and M ammonium
molybdate (30 ml sulfuric acid +218.4 mgdaom
phosphate +247.2 mg ammonium molybdate made up to
50 ml). The assay is based on the reduction of buzte to
molybdenum and the subsequent estimation of a green

glycemics and those on deleterious habits othen thgphosphomlybdenum complex. An aliquot of 0.1 ml of

smoking were excluded from the study.
The subjects were asked not to smoke or consume a
food 2 hours prior to the collection of saliva. lBaling a

Table 2 Severity of periodontitis in different gps

sample solution containing a reducing species (ethavas
ocpmbined in an Eppendrof tube with 1 ml of reagent
solution. The tubes were capped and incubated iterwa

Severity Groups Total
Group 1 Group 2 Group 3 Group 4
Russell’'s staging Early destructive N 6 1 1 8
periodontal disease % within the group 30.0% 5.0% 5.3% 10.4%
Established destructive N 13 9 14 7 43
periodontal disease % within the group 65.0% 45.0% 73.7% 38.9% 55.8%
Terminal disease N 1 10 4 10 26
% within thegroup 5.0% 50.0% 21.1% 61.1% 33.8%
Total N 20 20 19 18 77
% within thegroup 100,09 100.0% 100.0%  100.0%  100.0%

Group 1: Non-diabetic, Non-smokers; Group 2: Noabéiic, Smokers;

Group 3: Diabetic, Non-smokersu@r4:Diabetic, Smokers
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bath at 37°c for 90 min. After 90 min. the samplesre p
allowed to cool to the room temperature. The atearb of | »
the aqueous solution for each was measured at 695 n o /
against a blank using spectrophotometer. A typidahk I P 7
solution containing 1 ml of reagent solution ance th _ 4 g
appropriate volume of the same solvent used fos#maple
was incubated under the same conditions as theofeéke
samples §].

Data obtained were analyzed using chi-squeast,
Kruskal-Wallis H test, Spearman correlation coéffit ratio —
& Fisher’s Exact Test usirgPSSversion 12 softwareThe P 1 i

value<0.01 was considered as statistically significant.

(]

Mean

Salivary
v TAC
Group 1 Group 2 Group 3 Group 4 (MM)

GROUP

Reslts
Fig. 1 Correlation of salivary TAC with Russelifglex
The present study comprised of 80 male subjectveabo
45 year age, divided into four groupss20x4, with  Discussion
95%confidence levehnd 80%power,asfollows; Group 1: 20
non-diabeticon-smokersGroup 2: 2on-diabetismokers; Hyperglycemian DM is associatedvith increasegroduction

Group 3: 20 diabetic non-smokers; Group 4: 20 diabe of ROS, which in turn contributes to the developtmeh
smokers. diabetic complications. Saliva may be descritesd a

heterogeneous fluid composed of proteins, glya®ins,
Salivary TAC. Mean salivary TAC values were ase€lectrolytes and small organic molecules as welcas-

given (Tablel). It was lower in group II, 11I& IV when pounds transported from blool][ The salivary antioxidant
compared to group |; it was significantly lower gmoup System includes various molecules and enzymes,hathw
\VA the most important are the uric acid molecule ahd t

peroxidase enzyme, both of which are water sol[tl§

Russell's periodontal indexOne subject in group 3 and  The present study was carried out with the objeca
three subjects in group 4 were completely edensulouestimating the TAC of saliva in diabetic smokersd an
Hence they were not included for Russell's indemohgst nonsmokers and to correlate them with controls. flean

other 77 subjects, 10.4% had early destructiveogerital ~salivary TAC of smokers was significantly less thhaat of
disease, non-smokers, suggestive of the effect of smoking on
55.8% had established destructive periodontal sésemd ~salivary TAC. Saliva in smokers is constantly exgzbgo
33.8% had terminal disease. Terminal disease weaswith ~free radicals, which leads to a depletion in theCTAf
higher percentage in both the groups of smokefisié P saliva. A study by Zappacosta et al. has demoestrisiat

10

Correlations

Correlation of salivary TAC with Russell'sdex was
highly significant with a negative correlation (FiD.

On comparing group wise, in group 1, 2 and 3 saliva ¢
TAC showed negative correlation with Russell’s xde
however, with group 4 the correlation wastistizally 4]
significant (P = 0.046).

As the HbAlc level increased, there was a drophén t

salivary TAC level (Fig2). However it wastatisticallynot 2 e pEiln

significant probably due to the smaller sample.size é e LT mmw‘mc
Correlation of salivary TAC with type of smoking 0| .

groups 2 & 4 was nditatisticallysignificant. Correlation of Sroup 1 Group 2 Group 3 Group 4

salivary TAC with duration of smoking, revealed atge GROUP

correlation in group 4. Correlation of salivary TA@th  Fig. 2 Correlation of salivary TAC with HbA1c
duration of diabetes showed negative correlatimweler,
it was not statistically significant.
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even one cigarette reduces the concentration ¢athione manner and the saliva must be preserved in proper
in saliva, which, however, returns to the pre-smgkvalue conditions for further analysis, in order to avoidrious
after1+2 h [L1]. It can be considered that with chronicity, technique-related effects. Saliva, although considiéo be
this mechanism may be hampered. a representative of serum, is influenced Hllyeo local

The present study showed negative correlationlofess
TAC with duration of diabetes. As the diabediaration
increases, there is arcreasan theproductionof free radicals
which would probably deplete the TAC as has beporied

factors affecting oral cavity. Serum glucose andildbare
still considered the proven gold standard for désis and
monitoring in diabetes. Though the objectives @& #tudy
were achieved, correlations were not staticallyigicantly

in previous literatureZ]. However, the correlation between probably because of smaller sample size. The dtadythe
salivary TAC and HbAlc level was not statisticallyconfounding factor of self-reporting of smokingtsgand
significant. A study conducted by Zloczower @t has duration of diabetes and the medications taketh®isame.
shown an overall increase in salivary antioxidantDM  However, this study adds to the existing literataseit is
patients. This study included estimation of sekkdétalivid- the first to examine salivary total antioxidastatus in
ual antioxidants like peroxidase, superoxide digmeitand diabetic smoker patients. From the clinical stanafpat
uric acid fL2]. But, it has been suggested that antioxidannay be reasonable to conclude that salivary TAC @
systems act in concert rather than alone and iigatisin of  useful marker to assess the oxidative stress, asdaator
individual antioxidant may be misleading and measwent of progression of DM and to monitor the efficacy of
of individual antioxidant may be less representaidf the treatment. Further, it can be used to motivate atiab
whole antioxidant statu®]. smokers to abstain from the habit.

Smoking as well as DM is implicated as the causativ In conclusion, the findings of this study strengtttbe
factors for periodontitis. Chronic generalized pdantitis need for extensive research to identify the po&nti
is one of the main oral manifestations in diabetdgan relationship between depletion of TAC in salivadadbetics
Russell’s index value for diabetic smokers was higland smokers. Further research should be devotettieto
amongst all the groups and was very highly sigaific specific diabetes mellitus-related adverse effaots possi-
But when compared to diabetic nonsmokers, nond@abetble benefits after supplementation with antioxidsupple-
smokers had higher index value, suggestive of ta@m ments. However this issue still remains open aretiseo
role played by smoking in the pathogenesis obe further investigated and confirmed.

periodontitis. In the present study, a negativeradation
was observed between Russell’s index and salivéy@ T
consistent with the cohort study conducted by Sgudital.
that periodontal disease is associated with redsaédary
antioxidant status and increased oxidative damaidieiny
the oral cavity 13].

In the present study, mean salivary TAC levelvgdied in
both groups of smokers, significantly more so iabatic
smokers. Salivary TAC revealed negative correlatigth
duration of smoking in both the groups, though iasw

statistically nosignificantprobably because of smaller sample

size. Compared to non-diabetics, the diabetic stjrad
lower salivary TAC. Similar study conducted by Baanal.
to analyze the association of smoking with the cadiant
enzyme paraoxonase in the serum of Type 2 diapatients,
a deficiency of paraoxonase was consistently observ
Smoking was associated with a further, significdetrease
in serum concentrations and activities of this emzyf14].
DM as well as smoking is individually known to defa the
TAC. In diabetic smokers synergistic effect canobserved
between DM and smoking in depleting the salivanCTA
Salivary analysis is simple, noninvasive and casilga
be obtained from the ambulatory patient. Sevenadliss
have been done to assess whether saliva can beassad
diagnostic tool. However, it harbors its own lintibas.
Collection of saliva must be performed in a mdtos
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