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Abstract  Angiotensin-converting enzyme (ACE) gene has 
been associated with the pathogenesis and progression of 
chronic kidney diseases. Diabetic nephropathy has become 
leading cause of renal end stage disease (ESRD). An I/D 
polymorphism of angiotensin-converting enzyme (ACE) 
gene has been suggested as one of the risk factors for the 
progression of diabetic nephropathy. We analyzed the 
genotype and allele frequency distribution of ACE gene in 
166 Type 2 diabetic patients without any complication 
(T2DM), 61 with diabetic nephropathy (DN), 50 with non- 
diabetic nephropathy (NDN) and  50  healthy individuals 
from western Indian population. ACE genotype was 
analyzed  by  PCR method. The D  allele distribution for 
the ACE I/D polymorphisms was not significantly different 
between control group and patients with T2DM without 
any complication (41.0% vs. 45.2%, P= 0.461) and between 
control subjects and patients with non-diabetic nephropathy 
(NDN) (41.0% vs. 44.0%, P= 0.668). Frequency of the D 
allele (63.9% vs. 45.2%, P < 0.001) and DD genotype (I 
allele noncarrier) (44.3% vs.  25.3%,  P= 0.006)  of  ACE 
gene was significantly higher in patients with diabetic 
nephropathy (DN) than in patients with T2DM without any 
complication.  Results  of  the  present  study  indicate  that 

ACE gene polymorphism does not have significant influ- 
ence on development of diabetes mellitus and nondiabetic 
nephropathy, whereas, the DD polymorphism in ACE gene 
has been associated with the development of diabetic 
nephropathy in the Western Indian population. 
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Introduction 
 
Diabetic nephropathy (DN) has become the leading cause 
of end-stage renal disease (ESRD) characterized by 
persistent microalbuminuria (i.e. albumin levels in the 
urine,  >30 mg/24h). Decreased glomerular filtration rate 
frequently occurs in patients with T2DM ultimately 
requiring renal replacement therapy [1, 2]. Various factors 
including gender, older age, presence of hypertension, 
moderate or severe proteinuria and severe renal lesions are 
responsible for the progression of renal damage. 

Furthermore,  drugs  such  as  angiotensin  converting 
enzyme  (ACE)  inhibitors  and  angiotensin  II  receptor 

   antagonists (ARA) protect the development and progression 
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of nephropathy and also delimit progression of nondiabetic 
proteinuric kidney disease [3]. These studies suggest that 
ACE, the key component of renin angiotensin system 
(RAS) is implicated in the development of diabetic 
nephropathy. This  system plays an  essential role  in  the 
regulaton of blood pressure, vasoconstriction, anti-diuretic 
hormone release and sodium homeostasis. ACE, a dipep- 
tidyl exopeptidase converts angiotensin I to the potent 
vasoconstrictor angiotensin II and  inactivates bradykinin 
which  is  a  potent  vasodilator [4].  Genetic studies have 
revealed  that  various  environmental and  genetic  factors 
affect the status of RAS in individuals due to its highly 
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polymorphic nature. There is an increasing evidence that 
genetic predisposition plays a significant role in the 
development  of  diabetic nephropathy [5].  ACE  level  is 
modulated by ACE gene located on chromosome 17q23 
consist of 26 exons and 25 introns. Within intron 16 of 
ACE gene, the presence or absence of 287-bp fragment 
called Alu repeat sequence are defined by insertion (I) or 
deletion (D) polymorphism respectively [6]. A correlation 
between ACE (I/D) polymorphism and its enzymatic levels 
was established for both circulating and cellular ACE level 
[7]. The ACE (I/D) polymorphism has been suggested to be 
a significant risk factor for various chronic kidney diseases, 
[8] coronary artery disease, coronary heart disease (CHD) 
[9] and hypertension [10]. A strong genetic association has 
also been found between a DD genotype and increased risk 
of diabetic nephropathy. Recent studies on the role of ACE 
(I/D) polymorphism on development of progression of 
diabetic nephropathy gave contradictory results among 
different ethnic groups [11]. In light of these contrasting 
findings, we analyzed distribution pattern of ACE gene to 
investigate  the  association  of  ACE  gene  polymorphism 
with Type 2 diabetes mellitus, nondiabetic nephropathy and 
diabetic nephropathy in the Western Indian population. 

 

 
Materials  and methods 

 
We studied the ACE (I/D) polymorphism in 227 patients with 
Type 2 diabetes (126 male and 101 female). Fifty patients with 
nondiabetic nephropathy (NDN) (28 male and 22 female) 
were recruited from P. S. Medical College and Hospital, 
Karamsad and Muljibhai Patel Urological Hospital, Nadiad. 
Nondiabetic subjects were selected from visitors to the health 
care center of the same hospital and staff of various depart- 
ments. The patients with Type 2 diabetes were divided in to  

two groups: with nephropathy (DN, n= 61) and without any 
complication (T2DM, n= 166). Diagnosis of diabetes melli- 
tus was based on the physical and clinical examination of 
patients by the doctors followed by appropriate laboratory and 
other investigations as per the recommendation of American 
Diabetes Association (ADA). Duration of diabetes was 
considered as the time from which the patient was diagnosed 
with diabetes. Nephropathy was diagnosed on the basis of 
persistent microalbuminuria (UAER  20–200  mg/24  h)  or 
proteinuria (UAER > 200 mg/24 h) in diabetic and nondiabetic 
subjects by the consulting physician. The detailed medical and 
clinical demography including height, weight, duration of 
diabetes, age and medication were obtained. The weight and 
height were recorded and the body mass index (BMI) was 
calculated using the formula: BMI = Weight/Height (kg/m2). 
After explaining the purpose of this study, signed informed- 
consent forms were obtained from the subjects included in 
the present study. The study protocol was approved by local 

medical and research committee of Sardar Patel University. 
Blood samples were collected in Vacutainer™ tubes  and 
plasma was separated from blood cells by centrifuge at 3,000 
rpm for 10 min. The serum creatinine and glucose concentra- 
tion was determined using commercially available enzymatic 
kits using the modified Jaffe’s and GOD/POD method 
respectively. Glycosylated hemoglobin was determined by 
chemical method described previously [12]. 
 

 
Genomic DNA isolation 
 
Whole  genomic  DNA was  isolated  from  2.0  ml  whole 
blood using standard protocol described by Mathew [13]. In 
brief, whole blood cell lysis was carried out by DNA buffer 
followed by overnight incubation with DNA buffer, 10% 
SDS and 40µl  of Protease K (20mg/ml). The DNA was 
extracted from the mixture by PCI (phenol: Chloroform: 
Isoamyl  alcohol; 25:24:1)  treatment and  precipitated  by 
chilled iso-propenol. Genomic DNA was washed with 70% 
ethanol,  resuspended  in  TE  buffer  (pH-7.4),  stored  at 
20°C for the further analysis. The DNA yield and purity 
was determined by taking absorbance at 260 nm and 
A260/A280  nm   using  UV   Spectrophotometer  (Cary 
Win, Japan) respectively. 
 

 
Determination  of ACE genotypes 
 
ACE gene sequence was amplified by polymerase chain 
reaction (PCR) using mismatch primers (forward primer 5′- 
CTGGAGACCACTCCCATCCTTTCT-3′ and reverse 
primer 5′-GATGTGGCCATC ACATTCGTCAGAT-3′) on 
a Thermal Cycler (My cyclerTM, Bio-Rad laboratory, USA). 
The PCR reaction mixture (25µl) consisting of 200ng 
genomic DNA,  500nM of each primer, 0.2mM of  each 
dNTPs and 1.0 units of Taq polymerase was prepared in 
PCR buffer containing 1.5mM MgCl2.   The ACE gene was 
amplified after denaturation of the reaction mixture at 95°C 
for 5 min followed by 35 cycle of 94°C for 1.0 min, 58°C 
for 1.0 min (annealing) and 72°C for 1.0 min (extension). 
The PCR product was visualized on 8% polyacrylamide gel 
electrophoresis (PAGE) stained with silver or 1% agarose 
gel electrophoresis stained with ethidium bromide (EtBr) 
and the bands were visualized under white light or UV light 
respectively. The following genotype pattern were observed 
as: I/I (490bp), I/D (190bp + 490bp) and D/D (190bp) 
 

 
 
Statistical  analysis 
 
Data  are  shown  as  mean ± SD.  Statistical  comparisons 
between  different  studied  groups  were  performed  by 
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(ANOVA) SPSS  software  version  11.0.  The  allelic and 
genotype  frequencies of  ACE  gene  polymorphism were 
compared among the studied groups using chi-square (χ2) 
test or Fisher’s exact test. The recessive genetic model was 
used to find out its association with progression of 
nephropathy in diabetic patients. 95% confidence Interval 
(CI) and odd ratio (OR) were calculated to assess the 
strength of association between ACE gene polymorphism 
with DN or NDN. Odds ratios (OR) were calculated with 
95% confidence intervals to estimates of relative risk (RR) 
for disease. A P value of <0.05 was considered significant. 

 

 
 

Results 
 

The clinical characteristics and demographic details of 
control, T2DM, DN and NDN subjects are summarized in 
Table 1. The mean age of the control subject (49.8 ± 12.5) 
was non-significantly lower than the T2DM (58.1 ± 9.6) or 
DN  (58.3 ± 13.5)  or  NDN  (59.6 ± 14.2).  There  was  no 
significant difference observed in body mass index (BMI), 
systolic and diastolic blood pressure and hemoglobin levels 
in all the three studied groups (T2DM, DN, NDN) 
compared to control subject and also between three 
different  studied  groups  (T2DM, DN,  NDN).  However, 
fasting blood glucose (FBG) and glycosylated hemoglobin 
(HbA1c) in Type 2 diabetic patients without any complication 
and in patient with diabetic nephropathy were significantly 
(P < 0.05) higher than control healthy subjects. Serum creat- 
inine level was significantly (P < 0.05) higher among patients 
with NDN and DN compared to T2DM and control subjects 

Use of mismatch primers for detection of I/D 
polymorphism in ACE gene results in amplification 
products of 490 and 190 bp corresponding to I and D 
alleles  respectively  are  depicted  in  Fig.  1. The serum 
creatinine  level was  found  to  be  associated  with  ACE 
genotypes status as evaluated using box and whisker plots, 
represented in Fig. 2. Serum creatinine was significantly 
higher in subjects with DD genotype than ID or II 
genotype individuals. 

The genotypic and allelic frequencies of ACE (I/D) gene in 
T2DM, DN, NDN patients, and control subjects are shown in 
Table 2.  ACE  genotypic  distribution was  consisted  with 
Hardy-Weinberg equilibrium. Genotype II  + ID/DD and I/D 
allele of ACE gene was compared between T2DM verses 
control, DN verses control, NDN verses control and T2DM 
verses DN. (Table 3) 

I alleles and I/D genotype were found to be most 
common in healthy control subject. The frequencies of D 
allele  (χ2 = 0.545, OR = 1.186,  95% CI of 0.755–1.863, 
RR = 1.076, P= 0.461) and DD genotypes (χ2 = 0.591, OR = 
1.355, 95% CI of 0.630–2.903, RR = 1.071, P=0.442)  of 
ACE gene were not different between control subjects and in 
Type 2 diabetic patients without any complication (T2DM). 
There was no significant difference in D allele (χ2 = 0.184, 
OR = 1.131, 95% CI of 0.646–1.978, RR = 1.054, P=0.668) 
and  DD  genotypes  (χ2 = 0.233,  OR = 1.263,  95%  CI  of 
0.497–3.206, RR = 1.053, P= 0.810) between control subjects 
and patients with non-diabetic nephropathy (NDN). These 
results suggest that D allele and DD genotype are not 
associated with  development  of  diabetes and  nondiabetic 
nephropathy. In patients with diabetic nephropathy (DN), D 

 

 
 

Table 1  Basic clinical and biochemical characteristics of 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 58.3 ± 13.5 59.6 ± 14.2 
Sex (Male/Female) 

BMI (kg/m2) 
40/10 

24.9 ± 2.7 
85/81 

25.3 ± 2.4 
41/20 

24.6 ± 2.1 
28/22 

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 11.3 ± 2.4 
HbA1c    (%) 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*† 2.1 ± 0.7* 

Data are expressed as mean ± SD 

BMI body mass index; HbA1c glycosylated hemoglobin; FBG fasting blood glucose; SBP systolic blood pressure; DBP diastolic blood pressure; 
T2DM Type-2 diabetes without any complication; DN diabetic nephropathy; NDN non-diabetic nephropathy 

* P < 0.05 when compared to control 

† P < 0.05 when compared to T2DM 



 
 
 
 
 
 
 

FOR 

 

Int J Diab Dev Ctries 
 

Fig. 1  Gel Electrophoresis 
demonstrating the different 
genotype of ACE (I/D) 
polymorphism after PCR 
analysis. Lane M shows DNA 
marker (100bp), Lane 4 
shows I/I homozygous (490bp), 
Lane 1,2,3 shows I/D 
heterozygous (490bp and 
190bp), Lane 5,6,7 shows D/D 
homozygous (190 bp) 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
allele  (χ2 = 12.551, OR = 2.151, 95% CI of 1.404–3.295, 
RR = 1.520, P < 0.001) and DD genotype (χ2 = 7.580, OR = 
2.345,  95%  CI  of  1.273–4.320,  RR = 1.340,  P =0.006) 
were significantly higher than in patients with diabetes 
without  any  complication  (T2DM).  Frequencies  of  D 
allele (χ2 = 11.632, OR = 2.551, 95% CI of 1.484–4.385, 
RR = 1.636, P= 0.001) and DD genotypes (χ2 = 7.279, OR = 
3.176, 95% CI of 1.361–7.391, RR = 1.435, P=0.007) were 
significantly higher in patients with  diabetic nephropathy 
(DN) than control subjects. In contrast, frequencies of I 
allele and I/I genotypes were significantly lower in patients 
with diabetic  nephropathy  (DN)  in  comparison  with  
Type  2 

 

 
 

 
 

Fig.  2  Serum creatinine level according to status of ACE  
genotype (II, ID, DD) in total studied subjects. Box and  whisker 
plots show median,  25th/75th  percentile  and   full  range.  *  and  
†  P< 0.05, significantly higher than in subject with ID and II 
genotype 

diabetese without any complication (T2DM), suggests that 
D  allele and D/D genotype are related to higher risk of 
development of diabetic nephropathy in the Western Indian 
population. 
 

 
Discussion 
 
The present study has indicated a significant association of 
ACE I/D polymorphism with progressive deterioration of 
renal  function and  development of  diabetic nephropathy 
located in the intron 16 region of ACE gene in the Western 
Indian population. Individuals with D allele or DD 
genotype of ACE gene have shown susceptibility to the 
development of diabetic nephropathy in Type 2 diabetes. 
Despite this, the frequency of D-allele and DD genotype 
among patients with nondiabetic nephropathy was not 
significantly different with control subjects, indicating that 
ACE (I/D) polymorphism is not associated with the 
development  of nondiabetic nephropathy, which may be 
controlled by some other genetic factors. There has been 
growing agreement from many studies, which reveal the 
non alliance between the D allele of the ACE gene and the 
development and progression of nondiabetic nephropathy 
[14]. A higher serum creatinine level was noted in 
individual with DD genotype compared to II and ID 
genotype in the present study, which indicated that 
individuals with DD genotype are most susceptible for the 
renal damage followed by ID and II genotypes in the 
Western Indian population. In agreement with our result, a 
multiple logistic regression analysis showed that DD 
genotype was significantly associated with progression of 
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Table 2  Genotype distribution and allele frequencies of ACE gene polymorphism in control, Type 2 diabetes without any complication (T2DM), 
diabetic nephropathy (DN) and non-diabetic nephropathy (NDN) groups 

 
Group Allele frequency n (%) Genotype frequency n (%) 

 

 I D  I/I 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 as n (%)       
 
 

diabetic nephropathy that those with II genotype in Korean 
Type 2 diabetic patients [15]. 

It has been demonstrated that DD genotype is 
associated  with  high  activity  of  ACE  compared to  ID 
and II genotype not only in plasma but also in several 
tissues such  as  heart  and  kidney  [7, 16]. The deletion 
polymorphism is associated with elevated serum and 
cellular ACE levels. DD genotype of ACE gene leads to 
the development of diabetic nephropathy (DN), probably 
due to high level of angiotensin II, a vasoactive peptide 
that increased Glomerular Filtration Rate (GFR) and 
intraglomerular pressure and also promoted proliferation 
of  mesangial cells  and  matrix [17]  and  inactivation of 
bradykinin rereleased from the variety of tissues effecting 
arterial vasodialation and venoconstriction. DD genotype 
or D allele strongly associated with increased serum ACE 
activity leads to higher ACE expression and its activity 
and may predispose individuals to diabetic complication 
[18]. Experimental data suggest that elevated ACE activity 
is genetically associated with pathogenesis of diabetic 
renal damage [5]. It has been demonstrated that treatment 
with Losartan, an angiotensin II antagonist reduces the 
progression of renal damage in proteinuric Type 2 diabetic 
patients with D allele [19]. It has been reported that D 
allele  genotype  accelerates  the  progression  of  chronic 
renal failure in diabetic nephropathy patients. In a 
previous study, the presence of DD genotype or D allele 
in Asian patients with Type 2 diabetes had increased risk 

 
 

Table  3  Probability value (P  value) of  ACE genotype  and  
allele frequencies between different studied group comparisons 

for developing diabetic nephropathy [11]. In agreement 
with our results, Ahluwalia et al. showed that ACE (D 
allele) and its interaction with RAS polymorphisms 
associated with increased risk of nephropathy in Type-2 
diabetic patients of Asian Indians [20]. Our study has also 
shown a positive association between the DD genotype of 
ACE gene polymorphism in patient with diabetic ne- 
phropathy. Recently, a research group has reported that 
DD genotype of ACE gene has been associated with 
progression of diabetic nephropathy on the basis of renal 
function impairment in Korean patients with T2DM [21]. 
The  result of  the  present  study  are  in  agreement  with 
previous study reported that ACE I/D polymorphism do 
not predict the course of idiopathic nephritic syndrome in 
Swiss children [22]. We have not observed any association 
between ACE genotypes and the development of Type 2 
diabetes, which was previously reported [23]. I/D poly- 
morphism of ACE gene have been implicated as a risk 
factor for the development of various pathological con- 
ditions such as cardiovascular disease, [9] hypertension 
[24]  in  patients  with  Type  2  diabetes. The  percentage 
frequency of D allele of the control group in our study was 
41.0%, similar to the earlier report (45.0%) in Asian 
Indians population [11]. Patients with Type 2 diabetes who 
have DD genotype or D allele are at higher risk for 
developing diabetic nephropathy. A  positive correlation 
was found between D allele (DD genotype) of the ACE 
polymorphism and  increased incidence  and  severity  of 
diabetic  nephropathy in  south  Indian  patients [22, 25], 
but contradictory results were found in the north Indian 
population [26]. 

Here,   we   report   a   significant   and   independent 
 
 

 
ACE 

Control 
vs. T2DM 

Control 
vs. DN 

Control 
vs. NDN 

T2DM 
vs. DN 

association between the DD genotype and diabetic 
nephropathy in Western Indian Type 2 diabetic patients. 
Our  results  suggest  that  D  allele  has  a  co-  dominant 
effect on the development of diabetic nephropathy. This 

I/D allele 0.461 0.001 0.668 < 0.001 

  II  + ID/DD 0.442 0.007 0.223 0.006 
 

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

also suggests that the ACE deletion polymorphism is a 
risk factor for the development of diabetic nephropathy 
in  the Western Indian Type 2 diabetic patients but not 
associated with nondiabetic nephropathy. 
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Abstract  Aim of the study was to estimate the prevalence 
of peripheral arterial disease (PAD), by measuring ankle 
brachial pressure index (ABPI), and evaluate risk factor 
impacts on asymptomatic PAD in type 2 diabetes mellitus 
(T2DM) patients in Eastern India. It is a clinic based study 
of consecutive patients with calculated number for reason- 
able power. Eighty-four patients were studied. Risk factors 
assessed  were  T2DM  duration, age,  gender, body  mass 
index (BMI), systolic (SBP) and diastolic (DBP) pressure, 
lipids and smoking status. Risk factor levels and impacts on 
ABPI was studied in total patients and then by segregation 
according to gender, ABPI level, smoking status and 
duration (3 groups: <1 year;1–10 year; >10 year). Student’s 
T Test,  Pearson’s correlation, Multiple linear regression. 
Prevalence  of  mild  PAD  was  53%  and  moderate 14%. 
Mean ABPI was lower in males (0.83 ± 0.09) and smokers 
(0.84 ± 0.099), but higher in <1 year duration (0.91 ± 0.13). 
Male gender (p = 0.000) and duration of T2DM (p = 0.016) 
were prime contributors of ABPI lowering, lipids might 
play  some  role.  Higher SBP  was  partially contributory; 
independent role of smoking, age, DBP was questionable. 
Higher BMI and female gender seems protective. Asymp- 
tomatic  PAD  prevalence  in  T2DM  is  high.  Lean  male 
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dyslipidemics are more predisposed; duration and SBP adds 
to it. Risk factor impacts differ at different durations in the 
various segregated groups compared to the total patients. 
 
Keywords  T2DM . PAD . Prevalence . Risk factor . India 
 

 
 
Introduction 
 
Peripheral arterial disease (PAD) may be defined as disease 
of any artery that is not part of the heart or brain; 
commonly lower limb vessels are implicated [1, 2]. In type 
2 diabetes mellitus (T2DM) it has a chronic, predominantly 
asymptomatic course [3]. It is fourfold commoner, mani- 
fests earlier, progresses rapidly, probably has equal gender 
distribution [4, 5] PAD has been implicated as an important 
indicator of increased coronary artery disease (CAD) 
related mortality [5, 6]. Because of the asymptomatic 
nature, true prevalence of PAD is difficult to determine 
[3]. Indian studies report a prevalence of 6.3% to 15.3% [7, 
8]. International data reveals prevalence range from 20% to 
30% [9, 10]. Indians are supposed to be less predisposed 
[7]. A cluster of conditions such as metabolic syndrome, 
hyperglycemia and its duration, hypertension, smoking, 
advanced age, body mass index(BMI), male gender and 
dyslipidemia are important risk factors for PAD [11, 12]. 
Prior cardiovascular event, neuropathy and retinopathy are 
also recognized risk markers [13, 14]. Early identification 
of high risk T2DM patients, asymptomatic for PAD may 
guide preventive strategies, as few options exist for estab- 
lished, symptomatic and advanced PAD; moreover it can also 
indicate the CAD related risk in the patient [15, 16]. 

In a country with high prevalence of CAD, PAD cannot 
lag behind. Despite the increased vascular risk, PAD 
remains  underrecognized,  and  naturally  underdiagnosed 
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and undertreated. Increased awareness will overcome this 
barrier to effective secondary prevention of vascular events. 
Measurement of ankle-brachial pressure index (ABPI) is a 
simple way of identifying PAD [17, 18]. Studies on 
asymptomatic PAD status in T2DM vis-à-vis prevalent risk 
factors are few from India [7, 8, 19]. This clinic based study 
was planned to find the approximate prevalence of PAD in 
asymptomatic T2DM patients, as detected by ABPI and its 
risk factor associations. 

ABPI status as well as impacts of risk factors will be 
studied in total patients as well as patients segregated by 
gender, high and low ABPI levels, smoking and nonsmok- 
ing status and early, intermediate and late duration of 
T2DM. 

 

 
Methods 

 
This study was performed during November 2007–March 
2008 at NRS Medical College Kolkata and had approval of 
the  ethical  committee of  the  institution. It  was  a  cross 
sectional survey based on convenience sampling. Consec- 
utive T2DM patients satisfying inclusion criteria were 
selected from the Diabetes Clinic of the hospital. Informed 
consent was taken in accordance with the Helsinki 
declaration. Inclusion criteria were all cases of clinical 
T2DM above the age of 30 years without any overt or 
clinically apparent complications. T2DM with symptomatic 
foot (painful or painless, swelling, infection, ulcer, gan- 
grene, claudication), heart failure, severe hypertension, 
recent (less than I year) stroke, myocardial infarction or 
any  vascular event(including retinopathy requiring inter- 
vention), dipstick proteinuria and those on medications that 
might alter vascular morphology(statin, ARBs, ACEIs), 
were excluded for relevant reasons [1, 13–16]. 

The assumed prevalence of PAD was 30% (as it is a 
tertiary referral  clinic)  and  for  estimation  of  the  actual 
prevalence within 10% limits of the true population 
prevalence the calculated patient number was 84 [1, 16]. 
Risk parameters studied were age, body mass index (BMI), 
gender,duration of T2DM, systolic blood pressure (SBP), 
diastolic blood pressure (DBP), lipids (HDL cholesterol - 
HD, total cholesterol- TC, LDL cholesterol- LD, 
triglyceride- TG, and total cholesterol to HDL cholesterol 
ratio- TC/HD, smoking status(smoker-Sm/nonsmoker-NSm) 
[15, 16]. Impacts of the risk factors were assessed in total 
patients as well as by gender, ABPI levels, smoking status 
and duration of T2DM. Prevalent HbA1c is often not 
correlated with ABPI and serial data on the preceding levels 
are sparsely available, so it was not included as a risk 
variable [20]. 

The duration stratification was done depending on the 
time from initial detection, as stated by the patient as well 

as corroboration from previous treatment documents, into 
three groups—group A composed of patients having T2DM 
diagnosed for less than 1 year; group B had patients having 
T2DM diagnosed for more than 1 year to upto 10 years and 
group C comprised of patients of more than 10 years 
duration. Each duration group was then segregated by 
gender, ABPI levels and smoking status [15]. The 
segregation  of  ABPI  into  low  (LAb)  and  high  (HAb) 
was done by the levels of ≤0.8 and >0.8 respectively; an 
ABPI of ≤0.8 is more often associated with adverse 
vascular outcomes [15, 21]. 

Age was assessed from the voter ID cards issued by the 
Election Commission of India. BMI was measured by the 
standard formula—weight in kilogram divided by height in 
meter  squared. Resting supine SBP  was measured from 
both the brachial arteries—higher value was the denomina- 
tor, and in both posterior tibial and dorsalis pedis arteries— 
the highest value was the numerator; this ratio was the 
ABPI [15, 21]. A hand held continuous wave Doppler with 
a 10 MHz probe and an ankle blood pressure cuff was used 
[7, 15]. The ABPI range of 0.91–1.30 was taken as normal, 
values below 0.9 indicated obstructive PAD; values above 
1.3 were considered false negative [22]. Any amount of 
persistent smoking for more than 5 years was considered 
smoker. Lipids were measured by auto analyzer (Ebras 600) 
and rest of the parameters was decided from clinical 
assessment. For patients with hypertension a drug washout 
period of 5 days were allowed with close monitoring of 
blood pressure. 

Statistical analysis: Univariate data for the continuous 
variables were presented as mean ± standard deviation. The 
discrete variables were put as percentage and differences 
assessed by z score. Differences between 2 groups were 
analyzed  by  independent sample Student’s t-tests. More 
than 2 groups were compared by one way Anova with post 
hoc analysis by Bonferroni modification. Bivariate linear 
correlation between ABPI (of the various patient groups) 
and the different risk parameters were calculated by 
Pearson’s Correlation. The risk factors for PAD were 
examined  by  a  multiple linear  regression  analyses with 
stepwise removal of the independent variables to find the 
most significant ones contributing to the ABPI status(the 
dependent variable) in a particular group; a negative ‘β’ 
and ‘t’ value were considered to have a negative impact 
while a positive value a positive impact. Along with it the 
adjusted R2 values and Anova were computed. The number 
of independent variables varied for each group of patients 
(total patients, males, females, smokers, non smokers, low 
ABPI, high ABPI, 3 durations –A,B,C) as the number of 
patients varied- approximately 10 patients per independent 
variable were considered. These independent variables were 
selected from the results of Pearson’s correlation coefficient 
values—the best correlating variable was chosen according 
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to the calculated number of cases in each patient group. 
Positive smoking status and male gender were given a score 
of  1  while  nonsmoking  status  and  female  gender  were 
given a score of 0 while inputting them as variables in the 
linear regression analysis. Regression analysis was not done 
in case groups having less than 20 patients as that would 
lead  to  much  skewed  results (duration segments  of  the 
genders, ABPI groups and smoker and nonsmoker), the risk 
factor impact analysis in them was inferred from the 
univariate and bivariate analysis. A two-tailed p < 0.05 was 
considered statistically significant. 

 
Result analysis 

 
Ninety-one consecutive patients of T2DM satisfying the 
inclusion criteria and attending for the first time were 
selected over a period of 5 months; 7 could not complete 
the total protocol. Ultimately 84 patients were studied with 
written  informed consent. There were  45  males and  39 
females with age range of 30 to 76 years. The duration 
segregated groups (A, B, C.) each had 28 patients. Around 
53.6% of patients had an ABPI < 0.9, in 14.3% it was <0.8 and 
none were below 0.7. In low ABPI group the prevalence of 

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 the 
prevalence of males was 88.9% and 35.4% (p = 0.00) and 
an ABPI of <0.9 of 55.6% and 50.1% (p > 0.05) respectively. 
The percentage of male was 50%, 67.9% and 53.4% 
respectively  for  duration  groups  A,  B  and  C  (p >0.05). 
Prevalence of ABPI ≤0.8 (%) in group A was 42.9%, in 
group B 60.7% and in group C it was 57.1% (p >0.05). 

Table 1 outlines the clinical parameters and Table 2 the 
biochemical parameters of total patients and the segregated 
broad groups (genders, smokers and non-smokers, low and 
high ABPI and the 3 duration segregated groups) as mean ± 
standard deviation. Tables 3, 4 and 5 depict the clinico- 
biochemical parameters of the genders, smokers and non- 
smokers, and low and high ABPI levels by duration 
segregation respectively as mean ± standard deviation. 
Table 6 enumerates the ABPI correlations of risk factors of 
total  patients and non-duration segregated broad groups. 
Table  7  enumerates  the  ABPI  correlations and  of  risk 
factors of duration segregated groups. 

Student’s T test: (Tables 1 and 2) Males had higher age, 
duration  and  SBP  but  lower  ABPI,  BMI  and  DBP 

 

 
 

Table  1  Clinical parameters: total patients, males and females, smokers and non-smokers, low and high ABPI and  duration groups (mean ± 
standard deviation) 

 

Groups(no.) Age(yrs) BMI(kg/m2) Duration(yrs) SBP(mmHg) 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 23.8 ± 4.1 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 ± 3.5 

 
7.09 ± 5.1 

 
148.1 ± 25 

 
84.9 ± 12.1 

 
0.77 ± 0.04 

H-Ab(39) 51.4 ± 10.8 23.3 ± 3.4 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 

 
133.5 ± 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 duration groups (A= <1 year, B = 1–10 years, C= >10 years); ABPI ankle brachial pressure index; L-Ab 
low ABPI; H-Ab high ABPI; SBP systolic blood pressure; DBP diastolic blood pressure 

* = significant p value; (no.): number of patients 
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Table 2  Biochemical parame- 
ters: total patients, males and 
females, smokers and non- 
smokers, low and high ABPI 
and 3 duration groups (mean ± 
standard deviation) 

 

 
 
 
 
 
 
 
 
 
 
 

Sm smoker; NSm non-smoker; 
A, B, C duration groups 
(A= <1 year, B = 1–10 years, 
C= >10 years); L low; H high; 
Ab ABPI; TC total cholesterol; 
TG triglyceride; HD HDL cho- 
lesterol; LD LDL cholesterol; 
TC/HD total 
cholesterol and HDL cholesterol 
ratio; no. number of patients 

Groups (no.) TC (mg/dl) TG (mg/dl) HD (mg/dl) LD (mg/dl) TC/HD 

Total(84) 191 ± 82 159.6 ± 82.1 41.4 ± 12.7 116.8 ± 67.1 4.9 ± 2.9 

Male(49) 184 ± 73 155.6 ± 79.3 39.8 ± 13.5 112.7 ± 62.9 5.1 ± 2.7 

Female(35) 200.7 ± 93.5 165.1 ± 86.7 43.7 ± 11.4 122.5 ± 73.1 4.6 ± 1.2 

p-value 0.38 0.61 0.17 0.51 0.44 

 
L-Ab(45) 194.1 ± 100 141.3 ± 75 41.9 ± 13.1 121.6 ± 82.6 4.7 ± 1.4 

H-Ab(39) 187.4 ± 54.8 180.7 ± 85.8 40.9 ± 12.5 111.3 ± 43.3 5.2 ± 3.9 

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* 

 
A(28) 169.8 ± 42.4 159.9 ± 82 39.8 ± 10 97.5 ± 30.3 4.41 ± 1.0 

B(28) 198 ± 90.2 163.2 ± 78.1 42.1 ± 11.6 125.8 ± 72.2 4.8 ± 1.4 

C(28) 205.2 ± 100 155.7 ± 88.6 42.4 ± 16.2 127.2 ± 82.3 5.6 ± 4.6 

Anova p value 0.237 0.945 0.719 0.174 0.324 

p-value: A-B 0.6 1.00 1.00 0.34 1.00 

p-value: A-C 0.33 1.00 1.00 0.29 0.43 

p-value: B-C 1.00 1.00 1.00 1.00 0.99 
*  = significant p value    

 
 
compared to females. The smokers had higher age, SBP, 
and TC/HD ratio but lower ABPI, BMI, duration, DBP and 
HD  compared  to  nonsmokers.  Patients  of  lower  ABPI 
group had higher age, duration, systolic and diastolic blood 
pressure but lower TG and TC/HD ratio compared to the 
higher ABPI group. 

On  duration  segregation  (Table  3) of the genders— 
females of (A) group had higher BMI, LD, and  ABPI 
compared to their males; none of the parameters differed 
in group B and group C females. Only females of C group 
had higher ABPI. On duration segregation of smokers 
and nonsmokers (Table 4) none of the parameters 
including ABPI differed between any groups. Duration 
segregation of low and high ABPI revealed only higher 
SBP in low ABPI group of intermediate duration (B). 

Anova with post hoc paired T test and Bonferroni 
modification analysis: The  mean  differences between  the 
three duration groups were significant for mean distribution 
of the parameters of age, SBP, duration of T2DM and ABPI. 
On post hoc analysis age did not have any significant 
difference amongst the 3 groups. SBP was significantly 
higher in both groups B and C compared to A but it did not 
differ between B and C. Duration was progressively higher 
in the 3 groups. ABPI was higher in group A compared to 
both B and C. The other parameters did not differ. 

Pearson’s correlation of ABPI with risk factors: (Table 6 
and 7) Age predominantly had a variable correlation being 

significantly negative in intermediate duration smokers 
(group SmB), short duration nonsmokers (group NSmA) 
and short duration low ABPI (LAbA). Male gender had 
predominantly negative correlations being significantly (the 
reverse being true for female gender) so in total patients, 
duration groups A and C, both smokers and nonsmokers 
and high ABPI patients. BMI was predominantly positive 
in most groups but significant only in nonsmokers of 
duration group B. Duration of T2DM was mainly negative 
and was significantly so in total patients, high ABPI, group 
C of low ABPI but positive in longest duration of females 
(FC). Smoking had mostly negative correlations, but 
significant only in early duration (LAbA) of low ABPI. 
SBP had predominantly negative correlations significant in 
duration group B especially their males (MB). TC, HD, TC/ 
HD and TG predominantly had positive correlations with 
ABPI; TC had significant positive association in low ABPI, 
and TG had positive correlation with total patients, males, 
and nonsmokers of group C; however, both HD and TCHD 
were never significant. 

Linear regression analysis with ABPI as dependent 
variable: (1) In the total patients—analysis was done with 
age,  gender, duration, BMI, smoking  status, and  TG (6 
independent variables and 84 patients) and male gender 
(0.000) had negative impact while TG (0.017), had positive 
impact and Anova was significant (0.006). (2) In males, 5 
independent  variables  were  used  for  49  patients—age, 
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Table 3  Clinicobiochemical parameters of the genders by duration segregation (mean ± standard deviation) 

 

Groups (no.) 

M-A(14) 

F-A(14) 

p-value 

Age (years) 

50.8 ± 12.2 

44.8 ± 8.9 

0.16 

BMI(kg/m2) 

21.1 ± 3.1 

24.9 ± 3.4 

0.005* 

SBP(mmHg) 

135.4 ± 20.9 

131 ± 14.2 

0.53 

DBP(mmHg) 

80 ± 6.3 

84.2 ± 7.4 

0.13 

ABPI 

0.86 ± 0.12 

0.96 ± 0.11 

0.04* 
 
M-B(19) 

 
56.1 ± 10.4 

 
22.5 ± 2.5 

 
150.5 ± 22.5 

 
86 ± 9.1 

 
0.82 ± 0.08 

F-B(9) 49.3 ± 9.6 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 ± 2.2 153.8 ± 22.9 83.5 ± 15.1 0.8 ± 0.08 
F-C(12) 55.1 ± 9.7 24.1 ± 4.2 143.7 ± 22.8 86.7 ± 12.4 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) 179.8 ± 44 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) 

 
192.3 ± 44.1 

 
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 female; BMI body mass index; A, B, C duration groups (A= <1 year, B = 1–10 years, C= >10 years); SBP systolic blood pressure; DBP 
diastolic blood pressure; ABPI ankle brachial pressure index; TC total cholesterol; TG triglyceride; HD HDL cholesterol; LD LDL cholesterol; TC/ 
HD total cholesterol and HDL cholesterol ratio; no. number of patients 

* = significant p value 
 
 

duration, SBP, TG and TC/HD; duration had negative 
(0.031)  while triglyceride was found to  have a  positive 
impact  (0.031). (3)  For  the  females with  35  patients  4 
variables were used—age, duration, TC and TC/HD; none 
had any significant impact and Anova was nonsignificant. 
(4) In the 3 duration segregated groups regression was done 
with 3 parameters as they each had 28 patients; in group A 
gender, BMI, and TG were used and gender had an 
negative impact (0.035) and Anova was significant 
(0.035); in group B—smoking, BMI, and SBP were used; 
BMI (0.027) had positive while SBP (0.014) had negative 
impact and Anova was significant (0.01); in group C 
independent variables were BMI, gender and TG and all 
had significant impacts on ABPI; male gender(0.002) and 
BMI(0.005) were negative and TG (0.012) was positive, 
Anova was significant (0.001).  (5)  In  case  of  Smokers 
(N = 36) the independent variables were male gender, SBP, 
TG and age; male gender had significant negative impact 
(0.001) and TG was positive, Anova was significant 
(0.001). (6) In case of Nonsmokers (N = 48) regression was 

done with 5 variables (gender, duration, BMI, TG, HD); 
duration of T2DM (0.009) had a negative while TG (0.039) 
had a positive impact and Anova was significant (0.002). (7) 
Patients with low ABPI numbered 45 and 5 independent 
variables were used for regression—age, gender, TG, HD 
and TC; none had any significant impact and Anova was not 
significant (0.068). (8) For high ABPI patients numbering 
39, duration (0.011) and male gender (0.038) had negative 
impact and Anova was significant (0.04), with gender, 
duration, Sm and TC as independent variables. In the model 
summary the adjusted R2 values were mostly between 0.21 
to 0.29; value in females was 0 and in low ABPI group was 
0.054; meaning the models could explain for 20 to 30% of 
ABPI status in most groups but failed to provide significant 
insight in the status in females and low ABPI group. 
 
Discussion 
 
For the total number of patients, the prevalence of mild 
grades  of PAD was fairly high in asymptomatic T2DM 
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Table 4  Clinicobiochemical parameters of Smoking status by duration segregation. (mean ± standard deviation) 

 

Groups(no.) 

Sm-A (11) 

NSm-A (17) 

p-value 

Age(years) 

50.5 ± 10.9 

46 ± 10.8 

0.31 

BMI(kg/m2) 

22.4 ± 3.8 

23.5 ± 3.7 

0.46 

SBP(mmHg) 

137.8 ± 22.4 

130.2 ± 13.6 

0.51 

DBP(mmHg) 

83.3 ± 4.5 

81.4 ± 8.5 

0.29 

ABPI 

0.87 ± 0.13 

0.93 ± 0.12 

0.26 
 
Sm-B(13) 

 
56.7 ± 11.4 

 
22.5 ± 2.4 

 
155.5 ± 22.1 

 
86 ± 7.2 

 
0.81 ± 0.06 

NSm-B(15) 51.5 ± 9.3 22.1 ± 3.7 143.7 ± 17.6 86.9 ± 11.1 0.87 ± 0.09 
p-value 0.22 0.77 0.14 0.8 0.06 
Sm-C(12) 54.3 ± 11.1 22.1 ± 2.3 151.3 ± 24.5 82.5 ± 11.1 0.84 ± 0.09 
NSm-C(16) 54.3 ± 9.7 23.3 ± 4 148 ± 22.4 86.4 ± 15.8 0.83 ± 0.1 
p-value 0.94 0.36 0.72 0.49 0.65 

 
Groups(no.) 

 
TC(mg/dl) 

 
HDL(mg/dl) 

 
LD(mg/dl) 

 
TG(mg/dl) 

 
TC/HD 

Sm-A (11) 169.9 ± 51.8 39.9 ± 10 94.7 ± 36.3 185.5 ± 104 4.7 ± 1.2 
NSm-A (17) 169.7 ± 36.9 41.7 ± 9.8 99.2 ± 26.9 143.4 ± 61.8 4.2 ± 0.93 
p-value 0.99 0.22 0.71 0.19 0.27 

 
Sm-B(13) 

 
187.9 ± 47.6 

 
40.4 ± 9.3 

 
120.8 ± 40.6 

 
137.7 ± 47.5 

 
4.8 ± 1.4 

NSm-B(15) 206.7 ± 111.6 43.6 ± 13.4 130.1 ± 92.8 185.3 ± 93.3 4.8 ± 1.4 
p-value 0.59 0.47 0.74 0.098 0.95 

 
Sm-C (12) 

 
206 ± 12.1 

 
36.6 ± 15.8 

 
136.4 ± 111.2 

 
157.1 ± 87.5 

 
6.98 ± 6.9 

NSm-C (16) 204 ± 79.9 46.6 ± 15.6 120.3 ± 60 154.7 ± 92.2 4.5 ± 1.2 
p-value 0.97 0.11 0.63 0.94 0.16 

Sm smoker; NSm non-smoker; BMI body mass index; A, B, C duration groups (A= <1 year, B = 1–10 years, C= >10 years); SBP systolic blood 
pressure; DBP diastolic blood pressure; ABPI ankle brachial pressure index; TC total cholesterol; TG triglyceride; HD HDL cholesterol; LD LDL 
cholesterol; TC/HD total cholesterol and HDL cholesterol ratio; no. number of patients 

* = significant p value 
 
 

(53%) but more severe grades were not frequent (14%), this 
ratio was observable from the early stages [1]. This pattern 
is in contrast to other Indian reports [7, 8, 19]. Male gender, 
increasing duration of T2DM, had the most significant 
independent impact on ABPI lowering; age of the patient, 
SBP and smoking status were not so significant [19, 23]. 
These also differ with other Indian reports [24]. The SBP 
had better negative association than DBP. Probably higher 
BMI is protective [25]. The TC/HDL ratio was not more 
accurate a predictor than TC or HDL singly; role of TG is 
difficult  to explain as it seems predominantly protective 
[11, 13, 15]. 

Male gender had significantly lower ABPI; they also had 
higher risks [26]. Duration, smoking, and SBP was better 
associated in males and higher BMI and age seemed 
protective. However it was only duration that had indepen- 
dent impact on ABPI lowering in males. Probably, gender 
as a risk factor had the most significant effect and other 
independent variables were dependent on it [27]. ABPI was 
significantly  lower  in  smokers  who  also  had  higher 

percentage of males, age, SBP, and lower BMI and HD. 
The male gender had significant negative impact in smokers, 
but it was duration in nonsmokers. Smoking probably alters 
the usual impact of known risk markers in T2DM [28]. Low 
ABPI patients had longer duration of T2DM, higher age, 
blood pressure, proportion of males and smokers [16, 25]. 
Though most of the risk factors had negative correlation with 
ABPI except lipids, none had independent impact. In higher 
ABPI patients, duration and male gender had independent 
negative impacts. Low ABPI state could hardly be accounted 
by traditional risk markers, probably nontraditional markers 
or genetic influences are more important [19, 20]. Lipids 
correlated better in females, nonsmokers and higher ABPI 
but their individual impacts are questionable as most had a 
positive impact [25, 29]. 

On duration segregation of the total patients, mean ABPI 
was significantly higher in short duration patients; ABPI in 
intermediate and longest durations were similar. The gender 
did  not  have any  significant impact in  the  intermediate 
duration [30]. Probably the role of gender became con- 
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Table 5  Clinicobiochemical parameters of ABPI levels - duration segregation (mean ± standard deviation) 
 

Groups(no.) 

L-Ab-A(12) 

H-Ab-A(16) 

p-value 

Age(years) 

45.6 ± 11.8 

49.44 ± 10.2 

0.38 

BMI(kg/m2) 

21.5 ± 3.1 

24.2 ± 3.8 

0.07 

SBP(mmHg) 

132 ± 24.5 

134 ± 12.7 

0.83 

DBP(mmHg) 

81.1 ± 6.7 

83 ± 7.9 

0.55 

ABPI 

0.78 ± 0.05 

1.01 ± 0.06 

0.000* 
 
L-Ab-B(17) 

 
56.4 ± 10.7 

 
21.6 ± 3.0 

 
156.5 ± 22.2 

 
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 

 
23.3 ± 3.8 

 
151 ± 24 

 
84.5 ± 15.4 

 
0.76 ± 0.05 

H-Ab-C(12) 55.1 ± 11.2 22.03 ± 2.6 147 ± 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/dl) 

 
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 4.5 ± 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 ± 1.5 

H-Ab-B(11) 184.5 ± 53.1 40,9 ± 11.9 108.3 ± 42.9 185.8 ± 71.5 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 

 
127.8 ± 71.4 

 
4.7 ± 1.6 

H-Ab-C(12) 205.3 ± 70.4 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 ABPI; H-Ab high ABPI; BMI body mass index; A, B, C duration groups  (A= <1 year, B = 1– 
10 years, C= >10 years); SBP systolic blood pressure; DBP diastolic blood pressure; TC total cholesterol; TG triglyceride; HD HDL cholesterol; 
LD LDL cholesterol; TC/HD total cholesterol and HDL cholesterol ratio; no. number of patients 

* = significant p value 
 
 

founded by the other risk factors which expressed better 
correlation in this duration segment, especially SBP. Duration, 
age, smoking and DBP had more pronounced inverse 
relations  in  the  intermediate duration. Higher  BMI  had 
protective role in duration group B but had adverse impact 
in the longest duration. Higher age of onset associated with 
smoking may predispose to significant early ABPI lowering 
[21, 28]. However, impact of smoking and age is probably 
less in T2DM than in non diabetics [28]. 

Male gender and duration of T2DM had the most 
significant impact on ABPI decrement except in longest 
duration where higher BMI and age were major contrib- 
utors; impact of duration was often more in males [12, 15, 
25]. Higher BMI and female gender was probably 
protective  in  earlier durations; but  the  interplay of  risk 
factors in  females remain uncertain. Dyslipidemia being 
common association of diabetes, whether its impact is real 
or casual is difficult to comment. SBP was contributory in 
especially in males and intermediate duration. The impact 

of DBP was negligible [25, 28]. Higher age was marginally 
protective  in  earlier durations. Smoking seems  to  affect 
ABPI adversely after some duration but never significantly. 
Impact of smoking and age is less than in nondiabetic [28]. 
With  increasing duration  females  probably become  less 
predisposed, the post-menopausal state may be contributory. 
In the initial period it is probably the very diabetic state that is 
important for ABPI alterations; in intermediate duration 
multiple traditional risk factors play a role. In longer duration 
risk factor impacts are significantly altered; they are either 
masked by development of collaterals and vascular calcifica- 
tion or these patients are primarily less predisposed [31]. 

PAD in people with diabetes is different from others in 
its biology, clinical presentation and management [2, 22]. 
The very state of T2DM has been implicated as a major 
factor that independently predicts progression of PAD [18]. 
It is estimated that 8% of diabetics have PAD at the time of 
diagnosis of diabetes, 15% after 10 years, and 45% after 
20  years [32]. Nontraditional risk  factors,  such  as  high 
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Table 6  ABPI correlations of risk factors of the broad groups- total patients, gender, smoking and ABPI segregation 

 
 

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 P C −.029 .(a) −.239 −.038 −.237 −.044 .126 .131 .032 .377(**) .156 
N = 49 Sig. .843 . .098 .794 .101 .762 .387 .369 .829 .008 .285 
F P C .007 .(a) −.168 .227 .051 −.058 .043 −.158 −.102 .152 −.169 
N = 35 Sig. .970 . .334 .190 .771 .740 .806 .364 .561 .383 .333 
Sm P C −.209 −.491(**) −.028 .(a) −.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. .800 .035 .011 . .800 .626 .254 .716 .579 .053 .975 
LAb P C −.254 −.250 −.243 −.141 −.010 .112 −.039 .320(*) .275 .271 .244 
N = 45 Sig. .092 .098 .107 .355 .948 .465 .802 .032 .068 .072 .107 
HAb P C .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 
Dur A PC .107 −.400(*) .126 −.221 −.001 .070 .347 .306 .208 .225 .116 
N = 28 Sig. .589 .035 .522 .258 .997 .723 .070 .113 .289 .249 .558 
Dur B P C −.157 −.324 −.315 −.360 −.397(*) −.228 .339 −.027 −.081 .343 .038 
N = 28 Sig. .425 .092 .103 .060 .037 .243 .078 .893 .681 .074 .846 
Dur C P C −.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 smoker; NSm non-smoker; A, B, C duration groups; L low; H high; Ab ABPI; BMI body mass index; TC 
total cholesterol; TG triglyceride; HD HDL cholesterol; TCHD ratio of TC/HD; Dur duration of  diabetes; SBP systolic blood pressure; 
DBP diastolic blood pressure; PC correlation value; Sig = p value of correlation; N: number of patients; * Correlation is significant at the 
0.05 level (2-tailed); ** Correlation is significant  at the 0.01 level (2-tailed);a: Cannot be computed because at least one of the 
variables is constant 

 

 
 
 
 

levels of homocysteine, C-reactive protein (CRP), fibrino- 
gen, interleukin IL-1 and IL-6, creatinine and cystatin C are 
also implicated for PAD. Relative impacts of traditional and 
nontraditional  risk  factors  probably  differ  in  PAD  and 
CAD, site specific atherogenic mechanisms might be more 
important in PAD [20]. 

 
Strength of the study: 1) Reasonable patient number 
for  broad  group  analysis; 2)  Detailed  dissection of 
patient group associations of risk factors of PAD. 

 
Limitations of the study: 1) It being a cross sectional 
study, a single incidental correlation may not signify a 
true effect over longer periods; 2) for subgroup 
analysis the patient number was not reasonably 
adequate; 3) quantification of smoking is often difficult 
and was arbitrary. 

 

 
In conclusion, PAD has to be identified early as the number 

of the modifiable risk factors become fewer or are altered with 

increasing duration [1, 6, 10, 12]. Calcified, poorly compress- 
ible vessels may artificially elevate ABPI values; it may be 
falsely negative with moderate aorto-iliac stenosis [31]. The 
different risk factors had differing impacts on ABPI at 
different durations on the gender types, smokers and non- 
smokers and high and low ABPI segments [10, 16, 23, 24, 
31]. Indians are not less predisposed and asymptomatic PAD 
is not equal in genders as far as the severity is concerned [16, 
24]. Intervention strategies have to be individualized and be 
aggressive in durations below 10 years. 

Traditional risk factors fail to explain wholly the more 
adverse ABPI (≤0.8) state, ABPI status in females and it 
explains only about 20 to 30% in other groups. Probably 
local vascular events, sex hormones or genetic factors are 
more important [20, 33]. Relative impacts of traditional and 
nontraditional  risk  factors  probably  differ  in  PAD  and 
CAD, site specific atherogenic mechanisms might be more 
important in PAD [20]. The previously reported PAD 
prevalence in India as well as the role of sex hormones in 
PAD needs further evaluation. 
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Table 7  ABPI correlations of risk factors—ABPI, gender and smoking status groups by Duration segregation 

 

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. .011 .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 P C −.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 P C −.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 .(a) −.001 −.145 −.027 −.097 .332 .281 .414 .185 −.091 
N = 14 Sig. .844 . .996 .622 .926 .743 .246 .330 .141 .528 .756 
FA P C .518 .(a) −.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 .(a) −.329 −.257 −.525(*) −.105 .311 .305 −.025 .662(**) .325 
N = 19 Sig. .336 . .169 .289 .021 .668 .195 .204 .918 .002 .174 
FB P C .305 .(a) .000 .(a) −.010 −.572 .533 −.304 −.171 −.295 −.551 
N = 9 Sig. .425 . 1.000 . .980 .107 .139 .426 .660 .440 .124 
MC PC .185 .(a) −.035 .327 .028 .095 −.331 .165 −.167 .391 .377 
N = 16 Sig. .494 . .897 .217 .919 .728 .211 .541 .537 .134 .149 
FC P C −.332 .(a) .751(**) .363 .361 .289 −.508 −.135 .210 .322 −.377 
N = 12 Sig. .292 . .005 .246 .250 .362 .092 .677 .512 .308 .227 
SmA P C −.299 −.467 .150 .(a) −.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 .(a) .296 .171 .213 .076 −.082 .311 .156 
N = 17 Sig. .048 .293 .788 . .249 .511 .412 .773 .755 .224 .551 
SmB P C −.720(**) .(a) −.117 .(a) −.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 .(a) −.267 −.424 .560(*) −.155 −.166 .182 −.129 
N = 15 Sig. .138 .577 .336 . .336 .115 .030 .582 .554 .515 .646 
SmC P C .449 −.562 .348 .(a) −.224 −.406 −.318 −.032 .059 −.047 .144 
N = 12 Sig. .144 .057 .268 . .485 .191 .313 .920 .855 .885 .656 
NSmC P C −.376 −.467 .044 .(a) .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 smoker; NSm non-smoker; A, B, C duration groups; L low; H high; Ab ABPI; BMI body mass index; TC 
total cholesterol; TG triglyceride; HD HDL cholesterol; TCHD ratio of TC/HD; Dur duration of  diabetes; SBP systolic blood pressure; 
DBP diastolic blood pressure; PC correlation value; Sig = p value of correlation; N: number of patients; * Correlation is significant at the 
0.05 level (2-tailed); ** Correlation is significant at the 0.01 level (2-tailed);a: Cannot be computed because at least one of the variables is 
constant 
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Abstract  The aim of the present study was to determine 
the parameters related to glycemic and insulinemic 
responses of type 2 diabetic patients to three low Glycemic 
Index (GI) breakfast meals and study the effects of each 
breakfast meal on a standard lunch meal. Breakfast meals 
were boiled chickpea, red rice (AT 353) meal and atta roti 
and the standard lunch was red rice (AT 353) with 
accompaniments.  Study  design  was  random  cross  over 
(n = 11 age: 40–62 year). GI and Insulinemic Indices (II) of 
breakfast meals were calculated with white bread as the 
standard.  Serum glucose peak concentration of chickpea 
was  significantly  lower  than  rice  (p = 0.0321),  roti  (p = 
0.0019) and bread (p = 0.0001). GI of chickpea, rice and roti 
meals  were 40 ± 7, 64 ± 11 and 88 ± 9 respectively. GI of 
chickpea was significantly lower than rice (p = 0.0466) and 
atta  roti  (p = 0.0016) meals. Chickpea and rice breakfast 
meals had low GI and atta roti medium GI. GI values in 
diabetic patients were not significantly different (p > 0.05) 
from that obtained previously in the same laboratory in 
healthy individuals. II of chickpea, rice and roti were 76 ± 
13, 90 ± 20, 115 ± 28. Glycemic and insulinemic responses 

showed a linear positive relationship (r = 0.984) indicating 
that low GI was due to the macronutrients present in the 
meals. Breakfast meals given in the present study did not 
lower Glycemic nor insulinemic responses of the subse- 
quent lunch meals. These data are useful especially in 
primary patient care for modulating diets of diabetic 
patients. 
 
Keywords  Glycemic index . insulinemic index . Type 2 
diabetic patients . Second meal effect 
 

 
 
Introduction 
 
Carbohydrate foods of diverse nature are digested at 
different rates releasing glucose into the blood stream. 
According  to  the  postprandial glycemic responses  these 
foods are categorized as low, medium and high using the 
respective Glycemic Index (GI) values [1]. The incorpora- 
tion of foods with slow release carbohydrates (low/medium 
GI foods; lente carbohydrates) in the diets indicate a 
therapeutic  potential  in  reducing  insulin  resistance  [2], 

   hyperglycemia between  meals  [3]  and  acute  or  chronic 

U. P. K. Hettiaratchi : S. Ekanayake  
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complications associated with type 2 diabetes [4, 5]. 
The increase in blood glucose following consumption of 

foods triggers the release of insulin which facilitates the 
uptake of glucose by extra-hepatic tissues. However, the 
amount of insulin released to counteract the effect of a 
carbohydrate load varies with food as well as health status 
of individuals, i.e., healthy or diabetic [6]. 

Certain foods ingested at breakfast have shown to 
improve glycemia and insulinemia of a subsequent lunch 
meal (4 h later) [7–9] which is recognized as the “second 
meal effect” [7–9]. A  similar effect of dinner meals on 
breakfast (overnight second meal effects) had  also been 
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demonstrated [10]. However, not all low GI foods elicit a 
second meal effect and improve the glycemic nor insuline- 
mic responses of the subsequent meal [11]. 

Foods with slow release carbohydrates and meals that 
elicit second meal effects will be important in the long-term 
dietary management of impaired glucose tolerant (IGT) and 
type 2 diabetic patients [3]. This approach will lead towards 
a reduction in the degree of insulin resistance in diabetic 
patients and will be beneficial for healthy individuals as 
well. The prevalence of diabetes mellitus (DM) is rapidly 
increasing in Asian countries with India topping the list [12, 
13].  Thus,  the  data  on  the  dietary  influences on  above 
factors would help guide a  clinician in primordial care, 
primary, secondary and even in tertiary prevention of 
diabetes. The underlying factors responsible for this 
problem have been recognized as life style changes that 
lead  to  reduced physical activity, consumption of  foods 
with rapid release carbohydrates and excess calorie intake 
[14]. The correct guidance on diet is a cost effective and 
practical way to control or prevent diabetes mellitus (DM), 
which is a chronic disease with long term complications 
that affect the quality of life and productivity as well as the 
economy of a country. 

Furthermore, an increase in the incidence of type 2 
diabetes among children and teenagers in Asian countries 
extends this health issue to the next generation [13, 15]. 
Due to this epidemic nature of type 2 diabetes, early 
prevention strategies should be undertaken to combat this 
health issue before long. The objectives of this study 
therefore were to determine the glycemic and insulinemic 
responses of the Type 2 DM patients to three commonly 
consumed Sri Lankan breakfast meals with known GI [16] 
and further to determine the second meal effect of these 
breakfast meals on a rice lunch meal. 

 

 
Materials,  subjects and methods 

 
The details of breakfast and lunch meals are presented in 
Table  1.  The  breakfast  meals  analyzed  were;  meal  1- 
boiled and tempered chickpea with onions, meal 2—“atta” 
roti with onion salad (10 g), meal 3—boiled red rice (AT 
353 obtained from Rice Research Institute, Sri Lanka) with 
meal  accompaniments (lentil curry,  coconut  salad).  The 
lunch served was boiled red rice (AT 353) with other meal 
accompaniments  (lentil  curry,  boiled  egg,  green  leafy 
salad,  coconut  gravy).  White  sliced  bread  without any 
meal  accompaniments  was  used  as  the  standard  and 
given twice. 

Type 2 Diabetes Mellitus (DM) patients (n = 11; age: 40– 
62 year, BMI: 25 ± 2  kg/m2)  with fasting blood glucose 
levels  of  126–200  mg/dL  and  only  on  the  oral  drug, 
metformin  participated  in  this  study.  Patients  were 

requested to refrain from taking metformin for 36 h prior 
to a study day. The removal of metformin for the duration 
specified above was done to study the true physiological 
response  to  foods. Individuals were requested to  refrain 
from vigorous physical activities, smoking and  drinking 
alcohol the previous day. There was a 7–10 days interval 
between two study days and the patients resumed taking 
metformin during this period. Each patient completed the 
study (test—3 days, standard—2 days) within 4–6 weeks. 
The coefficient of variation (CV) of fasting serum glucose 
concentrations of the patients were 5–18%. 

Ethical clearance for the study was obtained from Ethics 
Committee, Faculty of Medical Sciences, University of Sri 
Jayewardenepura and Hospital Ethical Committee, 
Colombo South Teaching Hospital, Sri Lanka. Informed 
and written consents were obtained from the subjects before 
enrolling for the study. 

The  study  was  carried  out  as  a  randomised  cross 
over  design.  Patients  were  requested  to  undergo  10– 
12 h overnight fast. Fasting venous blood samples were 
taken  on  arrival  each  morning  by  inserting  a  canula 
(20 G). Either a test meal or standard containing 25 g 
available carbohydrate portion was given with 250 mL 
of  water on  each day to  be consumed within 15  min. 
Further  blood  samples (0.5–1.0  mL)  were  obtained at 
30, 45, 60, 90, 120, 150 and 180 min intervals after the 
first bite  [17] for analysis of serum glucose and insulin 
levels. 

Serum glucose concentrations were determined by the 
enzymatic kit (GOD-PAP, Biolabo, France) and Glycemic 
Indices  (GI)  of  the  breakfast  meals  were  calculated by 
taking the ratio of incremental area under curve (IAUC) of 
test and the standard [6]. 

Serum insulin concentrations were estimated with 
Elecsys insulin reagent kit (Roche Diagnostics GmbH, 
Germany) using Elecsys 1010 analyzer at Ceymed Labora- 
tory (Sri Lanka). Insulinemic Indices (II) of breakfast meals 
were expressed as the ratio of incremental area under curve 
(IAUC) of test to that of the standard. 

The effects of the three breakfast meals on a standard 
lunch meal were analyzed by serving the rice lunch meal 
containing  25  g  available  carbohydrate  portion  at  4  h 
(240 min) after taking the first bite of each of the breakfast 
meals or standard. Further venous blood samples were 
drawn at 30, 45, 60, 90, 120, 150 and 180 min intervals 
following ingestion of the lunch meal. 

To determine the second meal effects of breakfast meals 
the IAUC of serum glucose and insulin response curves 
following ingestion of lunch meal were calculated. 

The GI and incremental area under curve (IAUC) values 
are presented as mean±standard error of mean (SEM). The 
results were analyzed and correlations studied using Micro- 
soft Excel (2003) and Minitab, USA (Version 14). 
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Table 1  Breakfast meals, lunch meals, preparation methods and portion sizes 

 

Food Preparation method Portion sizes 

Breakfast meals: 
 
1. Chickpea 

 
 
Chickpea  was soaked overnight in  excess 

water and boiled with sufficient amount of 

water. Chickpea (200 g) was tempered with 

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

 
 

186 g 

2. “Atta” roti meal 
 

Atta roti 
 
 
 
 
 
 
 
 
 

Onion salad 

 
 
Roti dough was prepared by mixing  

“atta” flour (whole wheat flour-50 g) with 

coconut scrapings (50 g). The  dough was 

flattened on a circular plate (~ 15 cm) and 

cooked on a pan by turning the sides (~ 10 

min). Chopped  onions  (50  g),  chilli  

pieces  (5), salt powder (5 g) were mixed 

and lime was added to prepare the onion 

salad. 

 
 

75 g 
 
 
 
 
 
 
 
 
 

10 g 

3. Rice meal 
 

Red rice 
 
 
 

Lentil curry 
 
 
 
 
 
 
 
 
 
 
 

Coconut salad 

 
 
Red rice was boiled with water (1:2; w:v) in 

a rice cooker. 

Lentils (200 g) were boiled with water (400 

mL) and spices for 10 min. Lentil curry was 

prepared by adding  coconut milk (63 

mL), salt (20 mL),  green chilli (10 g) and 

curry leaves   (5  g).  Curry  was  tempered  

with chopped onions (10 g) and garlic (5 g). 

Coconut  salad  was  prepared  by  grinding 

coconut  scrapings  (100  g)  with  chopped 

onions  (20  g),   garlic  (5  g),  dried  

chilli pieces (10 g), lime and salt powder (10 

g). 

 
 

86 g 
 
 
 

38 g 
 
 
 
 
 
 
 
 
 
 
 

25 g 



Parameter aStandard bChickpea bRoti bRice meal 

1Fasting glucose concentration 8.8 ± 3.1 8.3 ± 3.2 8.7 ± 3.1 8.6 ± 3.2 
1Peak glucose concentration *13.7 ± 3.1 *9.9 ± 3.3 *13.1 ± 3.8 *11.8 ± 3.6 
Peak glucose time (min) 
1Fasting insulin concentration 
1Peak insulin concentration 

90 

11.4 ± 5.4 

47.5 ± 33.9 

120 

10.4 ± 9.3 

27.6 ± 14.4 

90 

9.7 ± 6.6 

34.2 ± 25.8 

60 

13.5 ± 6.7 

32.5 ± 15.3 
Peak insulin time (min) 
2IAUC (glucose) 
2GI 
2IAUC (insulin) 

90 

*547 ± 45 

100 

4042 ± 1125 

150 

*210 ± 33 

*40 ± 7 

2326 ± 452 

90 

*478 ± 64 

*88 ± 9 

3142 ± 755 

120 

*357 ± 71 

*64 ± 11 

2215 ± 343 
2II  100 76 ± 13 115 ± 28 90 ± 20 
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Table 1 (continued) 

 
Food Preparation method Portion sizes 

Lunch meal: 
 

Red rice 

Lentil curry 

Boiled egg 

Green leafy salad 

(Gotukola  –   Centella 

asiatica) 

 
 

Coconut gravy (Kiri 

hodi) 

 
 
As in the rice meal (breakfast meal 3) 

 
 
 
Eggs were boiled for 10 min. 

 
Chopped   Centella  asiatica  (100  g)   was 

mixed   with   coconut   scrapings   (50   g), 

onions (20 g), garlic (10 g), green chilli (10 

g), salt powder (10 g) and lime. 

Coconut   milk   extracts   (175   mL)   were 

boiled with onions (10 g), garlic (5 g), green 

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

powder (1 g) for ~ 15 min. 

 
 

86 g 
 
 
 

38 g 
 

25 g 
 
 
 
 
 
 
 

30 mL 

 
 
Results 

 
The data  related to  glycemic and  insulinemic responses 
following breakfast meals are stated in Table 2. The peak 
glucose  concentrations of chickpea and  rice meals were 
significantly low (p = 0.0001, p = 0.0004 respectively) when 
compared with the peak glucose concentration of the 
standard.  Correspondingly a 27% and 14% reduction in 
peak  glucose concentrations of  chickpea and  rice meals 
were observed compared with the standard. The peak 
glucose concentrations of chickpea were also significantly 
lower than that of rice meal (p = 0.0321) and atta roti meal 
(p = 0.0019). However, the serum glucose concentrations at 

3  h  from  ingestion  of  test  foods  or  standard  were  not 
significantly different (p > 0.05; Fig 1). 

The GI values of chickpea, red rice meal and atta roti 
(breakfast meals) were 40 ± 7, 64 ± 11 and 88 ± 9 respectively 
(Table 2). Thus, the chickpea and rice meals can be 
categorized as low GI foods while the atta roti meal was 
medium GI when determined with type 2 diabetic patients. 
The GI of chickpea was significantly lower than that of rice 
(p = 0.0466), and atta roti (p = 0.0016). 

When considering individual glycemic responses, all 
individuals (n = 11) elicited low glycemic responses (low 
GI) with the chickpea meal. Low and medium GI were 
obtained  for  rice  meal  with  64%  and  18%  individuals 

 
 
 

Table 2  Glycemic and insuli- 
nemic responses of breakfast 
meals and standard with type 2 
diabetic patients 

 
1Values are given as mean±SD 
(Standard deviation); 2Values are 
given as mean±SEM (Standard 
error of mean); 3Glycemic Load 
(GL) values were calculated for 
the 25 g available carbohydrate 
portion; an =12; bn = 11; Glucose 
concentrations are expressed as 
mmol/L; Insulin concentrations 
are expressed as microIU/mL; 
*indicates the values that are 

 
 
 
 
 
 
 
 
 

 
3GL  17.9 7.3 15.7 11.6 

significantly different    



In
cr

e
m

e
nt

al
 s

e
ru

m
 

in
su

lin
 c

on
ce

nt
ar

tio
ns 

(m
ic

ro
IU

/m
L)

 
In

cr
e

m
e

nt
al

 s
e

ru
m

 g
lu

co
se

 c
on

ce
nt

ra
tio

n
s

 
(m

m
o

l/L
) 

Int J Diab Dev Ctries 
 

Fig.  1  Glycemic  responses  to 
(a) breakfast meals and (b) 
lunch meal following the break- 
fast meals and standard. Each 
test food represents an average 
of 11 (standard, n = 12) 

6.00 

 
5.00 

 
4.00 

 
3.00 

(a) (b) 

 
2.00 

 
1.00 

 
0.00 

 
-1.00 
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respectively. However, roti elicited each low and high GI 
with 45% subjects. 

The peak insulin concentrations of chickpea meal were 
significantly lower (p = 0.0433) compared with those of the 
standard (Fig. 2). The insulinemic indices (II) of chickpea, 
rice  and  roti  meals  were  76 ± 13,  90 ± 20,  and  115 ± 28 
respectively (Table 2) and not significantly different from 
each  other  (p > 0.05).  The  glycemic  and  insulinemic 
responses for the foods analyzed in the present study 
indicated a positive linear relationship (r = 0.984; Fig. 3). 

Glucose and insulin peak concentrations of lunch meals 
following consumption of standard and test breakfasts were 
not significantly different (p > 0.05). However, insulin  
concentra- tions at 3 h from ingestion of lunch meals were 
significantly lower in bread compared with rice meal (p = 
0.0344) and atta roti (p = 0.0216) but not with chickpea (p = 
0.07664). IAUCs of  glycemic nor insulinemic responses  
of  lunch following ingestion of test breakfasts were not  
significantly different from that of the lunch following 
standard (Table 3, Fig. 1). 

Serum glucose peak concentrations of lunch meals 
following the three breakfast meals and the standard were 
analyzed and all the glucose peak concentrations of lunch 
meals were observed to be similar or less (2.5–3.3 mmol/L) 
compared with the rice breakfast peak (3.2 mmol/L). 

Discussion 
 
The present study was designed with the aim to study the 
suitability  of  some  low  GI  breakfast meals  in  the  diet 
regime of diabetic patients. 

Chickpea and rice meal can be categorized as low GI 
while atta roti was medium GI (with respect to glucose as 
the standard). Inter individual variations to the breakfast 
meals were analyzed to assess the levels of variations of 
individuals to respective foods. Chickpea elicited minimum 
inter individual variations (100% low GI). However when 
atta roti and rice were consumed, the variations in glycemic 
responses of individuals were high. 

Serum glucose peak concentrations of breakfast meals 
and standard were analyzed. The reduction of peak 
concentrations of chickpea, rice and roti meals by 27%, 
14% and 3% compared to the standard respectively and 
also the peak concentrations of chickpea and rice being 
significantly lower than the standard indicates the potential 
of incorporating the two low GI plant based meals in South 
Asian diabetic meal plan (Table 2). Consumption of rice 
with a variety of meal accompaniments containing other 
macro and micronutrients should be promoted. A Glycemic 
response curve with a plateau was obtained for chickpea 

 
Fig. 2  Insulinemic responses to 
(a) breakfast meals and (b) 
lunch meal following the break- 
fast meals and standard. Each 
test food represents an average 
of 11 (standard, n = 12) 
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standard in type 2 diabetic patients 1Glucose concentration at 4 h (fasting) 8.7 ± 3.8 8.5 ± 3.1 9.7 ± 4.3 9.0 ± 4.2 
 1Peak glucose concentration 11.2 ± 4.1 11.3 ± 3.5 12.4 ± 4.8 12.3 ± 4.6 
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Fig. 3  Relationship between the glycemic indices and the insulinemic 
indices of the test foods. R2 = 0.974 

 
meal (Fig. 1) reinforcing the beneficial effects of legumes 
as the major carbohydrate portion in a meal. It would also 
be beneficial to include chickpea as a meal accompaniment 
with rice. 

GI of chickpea containing similar load of available 
carbohydrate  (25 g) and atta  roti  containing double the 
amount of available carbohydrates (50 g) determined 
previously in the same laboratory with healthy individuals 
[16]  were  observed  to  be  low  GI  (29 ± 5  and  67 ± 9 
respectively). GI of a rice meal containing all the 
components of the rice meal served for lunch with a 50 g 
available carbohydrate portion had been 60 ± 5 with healthy 
individuals [18]. The data indicates the same categorization 
of foods with regard to GI in diabetic and healthy 
individuals except for roti. Although the GI values with 
diabetic patients were not significantly different (p > 0.05) 
from healthy individuals, [16] the GI values obtained with 
diabetics  were  always  higher.  The  different degrees  of 
insulin resistance and longer time to clear glucose from the 
circulation in the diabetic patients might be contributing to 
the increase (although not significant) in glycemic response 
when compared with healthy individuals. A similar observa- 
tion had been reported previously for the two categories of 
individuals [19]. 

Roti elicited different categorizations in terms of GI with 
diabetic and healthy individuals, i.e., low GI with healthy 
individuals  and  medium GI  with  diabetic patients. This 

might be due to the evident trend of diabetic patients 
eliciting higher GI values compared with the healthy 
category.  However, the GI values obtained with healthy 
individuals and diabetics were not significantly different 
(p ≥ 0.05). These differences of GI values between the two 
categories could be due to the higher Glycemic responses 
elicited by the diabetics for the same foods compared to the 
healthy individual. 

Delayed serum glucose peaking of test foods and 
standard were observed with the diabetic individuals 
compared with healthy individuals. This could be attributed 
to the differences in the digestion and absorption processes 
in  diabetic patients,  i.e.,  delayed gastric emptying [20], 
absorption of glucose into the blood stream and the diabetic 
patients being insulin resistant. 

Insulin responses to three meals were also analyzed to 
observe the effect of meals on insulin secretion (Table 2). 
The  glycemic and  insulinemic  responses of  these foods 
indicated a positive linear relationship (r = 0.984) confirm- 
ing the low GI foods elicit a lower insulin output and vice 
versa (Fig. 3). Thus, the low GI foods will be beneficial in 
reducing the blood glucose level as well as preserving the 
insulin output [21]. However, the linear positive relation- 
ship indicates that there were no insulin secretagogue 
properties of the meals tested as was reported for certain 
other foods i.e., dairy products [22]. Thus, the low GI of 
chickpea and rice meals were due mainly to the other 
factors such as proteins [chickpea −16 g [16], rice meal— 
10 g] and dietary fibre [chickpea—21 g [16], rice meal— 
13 g] present. As chickpea was given without any other 
accompaniments, the proteins and fibre content of the meal 
was only due to the legume itself. When considering the 
rice meal, the meal accompaniments included in the 
composite meal (Table 1) have also contributed to the total 
protein and fibre content. The accompaniments used in the 
rice meal are mainly vegetables, protein sources and other 
starchy sources with less carbohydrate contents compared 
to rice. Thus, the GI values of the meal accompaniments 
were not determined. 

The “Glycemic load” concept (GL) introduced later in 
1997  makes  use  of  the  Glycemic  index  values  [23]  in 

 
Table 3  Glycemic and insuline- 
mic responses of lunch meal fol- 
lowing the breakfast meals and 

 
Parameter aStandard bChickpea bRoti bRice meal 

 
 

Glucose concentrations are 
expressed as mmol/L; Insulin 
concentrations are expressed as 
microIU/mL; 1Values are given 
as mean±SD (Standard devia- 
tion); 2Values are given as mean 
±SEM (Standard error of mean); 

Glucose peaking time (min) 90 60 60 60 
1Insulin concentration at 4 h (fasting) 16.2 ± 4.6 19.2 ± 11.9 21.8 ± 13.9 18.2 ± 6.5 
1Peak insulin concentration 32.1 ± 18.4 41.2 ± 31.5 36.9 ± 18.2 40.3 ± 17.7 

Insulin peaking time (min) 90 60 60 120 
2IAUC (glucose) 320 ± 40 351 ± 61 264 ± 58 382 ± 51 
2IAUC (insulin) 2171 ± 462 3098 ± 668 2070 ± 339 3196 ± 648 

an = 12; bn = 11: h-hour    
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determining the actual Glycemic load of a normal serving 
size (NSS). According to GL values, foods are categorized 
as low (<10), medium [10–20], high (>20) against glucose 
as  the  standard [23]. When  considering  the  portions of 
breakfast meals served in the present study only rice meal 
represented a normal edible portion while the portion of 
chickpea was more and roti less. According to the patients 
(100%), NSS of chickpea meal would be 2/3 of the portion 
given and roti, twice the amount. Thus, GL for the NSS of 
chickpea, rice and roti would be 5, 11, and 31 respectively 
indicating chickpea to be low GL meal, rice a medium and 
roti a high GL meal. This further stress the importance of 
including legumes, as the main carbohydrate source in a 
meal of diabetic food plan. 

The second meal effects of breakfast meals (chickpea, 
rice meal and roti) were analyzed following the rice mixed 
meal as the lunch (Table 3). The IAUCs of neither glycemic 
responses  nor  insulinemic  responses of  lunch  following 
ingestion of test breakfasts were significantly different (p > 
0.05) from that of lunch following the standard. (Table 3, 
Fig. 1). The tested breakfast meals had no effect on the 
glycemic responses nor insulin responses following the 
subsequent lunch. 

Serum glucose peak concentrations of the lunch meals 
following the three breakfast meals and the standard were 
analyzed to compare with the glucose peak concentration 
obtained with the rice breakfast meal. All the glucose peak 
concentrations of lunch meals were similar or less (2.5– 
3.3 mmol/L) compared with the rice breakfast peak 
concentration (3.2 mmol/L). The data of the present study 
indicate the suitability of the rice lunch meal also, with the 
diabetic patients despite not eliciting a second meal effect. 
Lunch meal served can also be consumed as a breakfast 
meal and according to the patients participated in the study 
(100%) had a high satiating factor. 

The slow release (lente) carbohydrates and foods with 
high dietary fibre which can undergo colonic fermentation 
have been recognized as factors responsible in extending a 
second meal effect [10, 24]. However, in the present study 
we did not observe a second meal effect in spite of presence 
of lente carbohydrates in legumes (chickpea, lentils) and 
high dietary fibre (21 g) in chickpea [16]. The presence of 
54% rapidly available glucose (RAG) content (unpublished 
data) and increased levels of low molecular weight 
carbohydrates in chickpea as observed with gel filtration 
chromatography (Unpublished data) might be responsible 
for not extending any second meal effect. 

Although  the  second  meal  effect of  foods  had  been 
determined mostly with healthy individuals [10, 11, 24] by 
serving a 50 g available carbohydrate portion, the present 
study was carried out with diabetic patients giving a lower 
carbohydrate load (25 g) as the data can be directly applied 
to the dietary therapy of the said category of individuals. 

The  data  of  this  nature  which  focuses  especially on 
diabetic patients can be used in primary patient care when 
modulating diets of diabetic patients. Effective dietary 
interventions with regard to Diabetes mellitus are both 
patient friendly and cost effective without any side effects. 
Hence, dietary strategies aimed at diabetes prevention 
should be more popularized. 
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Abstract  Evaluate safety of insulin glargine/aspart regimen 
in type 1 diabetics who are willing to fast Ramadan. Thirty- 
three patients with type 1 diabetes (mean age ± SD; 21.9 ± 
8.7  years)  were  included.  One  week  before  the  study, 
clinical and laboratory evaluations were undertaken. 
Patients on basal/bolus insulin had  their doses adjusted. 
Those with another insulin regimen were changed to 
glargine/aspart regimen with adjustment of doses. At the 
beginning of Ramadan, patients were shifted to glargine 
once-daily and aspart before Iftar (sunset-meal), Suhur 
(sunrise-meal) and a meal in between. Total dose was 
reduced to 90% of pre-Ramadan dose. Patients were 
instructed to report any hypoglycemia, severe hyperglyce- 
mia or ketosis, and their self-monitored plasma glucose at 
five planned visits in Ramadan. All clinical and laboratory 
evaluations were repeated at the end-of-Ramadan. At the 
end of Ramadan, there was no report of severe hypoglyce- 
mia, hyperglycemia or diabetic ketoacidosis. Twenty 
patients suffered 70 hypoglycemia events; one discontinued 
fasting  in  2  days.  There  was  no  significant  change  in 
HbA1c (p = 0.373) between pre-Ramadan (Mean ± SD; 
6.5 ± 1.2%) and end-of-Ramadan level (Mean ± SD; 6.9 ± 
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1.2%). Moreover, there was no  significant  change (p  = 
0.251) in fructosamine level  between pre-Ramadan (2.8 ± 
0.9 mol/L) and end-of-Ramadan (3.2 ± 1.1 mol/L). Insulin 
dose had increased by 7% of the starting dose (p = 0.0496). 
There was no significant (p > 0.05) change in weight, BMI 
and lipid profile at the end–of-Ramadan. Patients with type 
1 diabetes can fast Ramadan safely, using low-peak basal 
insulin and rapid-acting pre-meal insulin, under strict blood 
glucose-monitoring and close supervision. 
 
Keywords  Type 1 diabetes . Fasting . Ramadan . 

Insulin glargine . HbA1c 
 

 
 
Introduction 
 
The study of epidemiology of diabetes and Ramadan 
(EPIDIAR study) reported that about 43% of patients with 
type 1 diabetes mellitus (T1DM) managed to fast a 
minimum of 15 days of Ramadan. [1] However, there are 
few studies addressing the management of those fasting 
patients as regards the most appropriate insulin regimen in 
terms of safety and maintaining euglycemia; thus fasting in 
Ramadan comes to be a challenge to both patients with 
diabetes and healthcare providers [2]. 

Furthermore, one of the Evidence-Based Medicine 
(EBM) pillars is to consider patients’ values and culture. 
Hence, management of patients with T1DM in Ramadan is 
a step in the direction of EBM diabetes control. 

Different suggested regimens are  based upon  clinical 
practice and not upon evidence-based studies. For that 
reason, there is no standard regimen for the situation of 
Ramadan fasting for patients with type 1 diabetes [3]. One 
of  the  recommended regimens for  those  patients is  the 
intensified regimen using the long-acting low-peak insulin, 
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e.g. glargine once, combined with a rapid-acting insulin, 
e.g. aspart or lispro immediately before each meal [4]. 

Table 1  Baseline characteristics  
 
Range Mean (SD) 

Two studies examined the use of the intensified regimen    
in fasting patients with T1DM but with a few numbers of 
cases. One of them by Azar et al. (2005) examined this 
regimen in nine patients; however, only five patients 
actually continued fasting. One patient developed hyper- 
glycemia, and two developed hypoglycemia events. In the 
other study Mucha et al. (2006) tested the hypothesis that 
insulin glargine would maintain euglycemia in patients with 
type 1 diabetes during an 18-h fast, such as would occur 
when a person with type 1 diabetes sleeps late or misses 
meals. The study was done upon 15 volunteers with no 
exercise and  only for 2  days, one  control day and  one 
fasting day. 

The purpose of this study was to examine the hypothesis 
that intensified regimen (insulin glargine once daily with 
three doses of insulin aspart as prandial insulin) in a total 
dose reduced by 10%, is safe; without exposing those 
patients to risk of severe hypoglycemia, diabetic ketoaci- 
dosis (DKA) or severe hyperglycemia and to study their 
glycemic profile. 

 

 
Patients  and methods 

 
This is an open-label, non-comparative, one-center 
interventional study. We do not have a standard regimen 
for management of fasting patients with T1DM, so we 
used  non-comparative  design  type.  We  consider  the 
current study as a step in the way of studying different 
regimens to  develop appropriate guideline for  manage- 
ment of those patients. The study was conducted in 
accordance with the Declaration of Helsinki and was 
approved by the Ethics Committee of Alexandria 
University, Egypt. 

 

 
Patients 

 
Seventy eight patients with T1DM were screened for the 
eligibility criteria. According to the inclusion and exclusion 
criteria, only 33 patients of this group were enrolled for the 
study. Patients were chosen from the out-patient diabetes 
clinic in the Main Alexandria University Hospital, Egypt. 
Inclusion criteria were Age ≥11 years, T1DM with HbA1c 
≤8.5 or less, willing to fast Ramadan and signed an 
informed consent himself/herself or by parents in case of 
individuals less than 18 years. Exclusion criteria were 
pregnant or lactating females, patients who suffered DKA 
or severe hypoglycemia in the previous 3 months and 
patients with renal impairment, proliferative retinopathy or 
macrovascular diseases. 

Age (year)  11–44 21.9 (8.7) 

Duration of diabetes (year)    1–17   6.3 (4.5) 

Body weight (kg) 37.5–97 74.1 (16.5) 

BMI (kg/m2) 17.4–33.8 27.0 (4.6) 

 
 

The 33 patients consisted of 15 males and 18 females. 
Their baseline characteristics are shown in (Table 1). 
 

 
Methods 
 
After the screening visit, all patients who enrolled for the 
study were evaluated on six visits (one visit before and 5 
visits during Ramadan) as shown in (Fig. 1). 
 
Phase I: before Ramadan 
 
Visit (0): 1 week before Ramadan 
 
During this visit patients were screened for inclusion and 
exclusion criteria. The  study  protocol  was  explained  to 
enrolled patients before signing the informed consent. Full 
history taking and physical examination were done. 
Laboratory assessment including HbA1c, fructosamine, 
lipid profile, ESR, blood urea, serum creatinine, urinary 
albumin/ creatinine ratio, CBP, ALT and Alkaline phospha- 
tase levels were undertaken. Twenty of them were on basal 
bolus therapy (either analogues or conventional) insulin, 9 
patients were on twice daily premixed insulin with short 
acting insulin before lunch and 4 patients were on twice 
daily  premixed  insulin without short  acting insulin.  All 
premixed insulins were conventional insulin. 
 
Visit (1): 3 days before Ramadan 
 
Patients without any of exclusion criteria were shifted from 
their current insulin regimen to a single dose of insulin 
glargine between 8 and 12 pm and insulin aspart immedi- 
ately before each meal. The total daily insulin dose they 
were injecting was calculated and further divided into 50% 
glargine and 50% insulin aspart; insulin aspart was divided 
between three meals (25% before breakfast, 50% before 
lunch and 25% before dinner) 

We provided patients with insulin preparations in the 
form of either re-filled or pre-filled pen devices for insulin 
glargine  (Lantus® OptiSet pen  or  Solostar pen,  Sanofi- 
Aventis, Frankfurt-Höchst, Germany) and pre-filled pen for 
insulin  aspart;  (NovoRapid® FlexPen®: Novo  Nordisk, 
Bagsværd, Denmark:) and home blood glucose monitoring 
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Fig. 1  Study design 
 

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

Patients were informed that once Ramadan started the 
insulin dose was to be reduced by 10% and was divided 
into 35% glargine and 65% aspart. The rationale for 
reducing the total dose and the basal insulin ratio is to 
keep the patient on the hyperglycemic side during the day- 
hours to avoid the undesired fasting hypoglycemia during 
the early days of Ramadan. On the other hand, the dose of 
the  prandial insulin was increased to 65% to match the 
heavy meals and the intake of large amounts of juices and 
sweets during Ramadan. 

Aspart dose was divided between three meals 50% 
immediately  before  the  sunset-meal  (Iftar),  and  25% 
before the pre dawn-meal (Suhur) 25% before a meal in 
between  the  two  meals.  This  was  pre-calculated  and 
clearly recorded in a written prescription for each patient 
and  his  family. Patients were  encouraged to  maintain  a 
healthy  balanced  diet,  increase  fluid  intake  during  the 
non-fasting hours, and to maintain their normal level of 
physical activity, but avoid severe exercise during hours 
of fasting. 

Also patients were instructed to monitor their blood 
glucose level by daily capillary blood glucose testing, 
together with testing their urine for sugar and acetone, at 
least 5 times per day, on awakening from sleep, at 12–1 pm, 
3–4 pm, just before end of fasting; Iftar (sun set), 2 h after 
Iftar  and  whenever  they  felt  any  symptoms.  After  the 
1 week of Ramadan the patients were instructed to test the 
sugar profile three times: at 1 pm, 5 pm and 2 h after Iftar. 

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

the investigators by phone (available 24 h) by one of their 
relatives if they were unable to communicate. Furthermore, 
the patient was to be transferred to a hospital emergency. 
Whenever a patient developed severe hypoglycemia (re- 
quiring assistance of another person to administer carbohy- 
drate, glucagon or other resuscitative actions according to 
the ADA criteria) [8] or developed DKA, he was requested 
to  be admitted to emergency room, stop fasting and be 
excluded from the study. 

Patients were advised to break their fasting for 1 day if 
they developed one attack of hypoglycemia in which the 
recorded blood glucose was less than 60 mg/dl 
 
Phase II: during Ramadan 
 
The average fasting period was about 12.5 h, approximately 
from 4:30 am to 5 pm. 
 
Follow up visits 
 
During visit (2), visit (3), visit (4) and visit (5), evaluation of 
the patient’s general well-being during the preceding period 
was  done.  The patients’ diaries for glucose  profile  were 
inspected, adjusting insulin doses individually according to 
each patient’s metabolic profile and discussing patient’s needs 
to change daily activities or meals. Also, reporting of any 
hypoglycemia, ketoacidosis,  severe hyperglycemia or any 
other emergent adverse event was done. Clinical examination 
was made during each visit focusing on vital signs, any signs 
of dehydration, infection or metabolic disturbance. 

Glargine dose was down-titrated if the blood glucose 
level in the day time (1:00 PM, 3:00 PM) or pre-Iftar (5:00 
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Table 2  Hypoglycemia events during the study 

 
Number of patients suffered hypoglycemia events 20 patients 

Statistical analysis 

   Inferential statistics and comparison within patients were 
Number of hypoglycaemia events <70 mg/dl 70 events 

At awaken from sleep 17 events 

At 1 PM   9 events 

At 3 PM 12 events 

At 5 PM just before (Iftar) 13 events 

At 2 hours after (Iftar) 19 events 

Symptoms of hypoglycemia 

Documented symptomatic 32 events 

Asymptomatic 38 events 

Severe   0 events 

 
 
PM) was less than 80 mg/dl, even if this was tolerated by 
the patient. On the other hand, glargine dose was up titrated 
by 1–2 units if the pre-Iftar blood glucose level was 
between 140 and 180 mg/dl and by 2 to 4 units if it was 
more than 180 mg/dl, based on patient’s weight. 

Insulin aspart dose was titrated up or down based on the 
blood glucose level in the morning for the pre-dawn meal 
(Suhur) dose and 2 h after Iftar for breakfast (Iftar) (5:00 
PM) dose. The target blood glucose level was between 80 
and 180 mg/dl. One unit of insulin aspart was added or 
reduced, for every 50 mg/dl blood glucose above or below 
target. 

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

 
At the final visit the same parameters examined at visit (0) 
were repeated. 

undertaken using paired t-test. Data are presented as (means 
[SD]);  a  value  for  P < 0.05  was  considered  statistically 
significant.  SPSS  software  (Statistical  Package  for   the 
Social  Sciences,  version  13.0,  SSPS  Inc,  Chicago,   IL, 
USA) was used for the statistical analyses. 
 

 
Results 
 
Patients 
 
All the included patients (n = 33) completed the study. Only 
one patient had to interrupt fasting on two different days 
because of asymptomatic hypoglycemia. 
 
Hypoglycemia events 
 
No patient suffered severe hypoglycemia during Ramadan. 
20 patients (61% of studied patients) suffered a total of 
70 hypoglycemia events. Hypoglycemia is defined as 
blood-glucose  level  below  70  mg/dl  according  to  the 
ADA  criteria [7]. The calculated mean rate of hypogly- 
cemia events was 2.1 events/ patient/ month. Maximum 
number  of  hypoglycemia events  in  one  case  was  nine 
events & minimum was one. Details of such events are 
shown in (Table 2). 

Nine patients (27% of the studied patients) suffered 11 
hypoglycemia events during which the recorded blood 
glucose was less than 60 mg/dl; whenever these events 

 
 

Fig. 2  Mean blood glucose 
levels at different times 
of the day 
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Table 3  Insulin dosage during the study 

 

 At start of Ramadan Mean (SD) At end of Ramadan Mean (SD) Percent change p 

Total Insulin (IU/day) 57.8 (22.8) 61.7 (24.7) 6.75% 0.0496* 
Basal Insulin (IU/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 were advised 
to interrupt fasting by protocol. However, only one patient 
followed this advice in two days. Other patients continued 
fasting with frequent measurements of their blood glucose 
without any deterioration. 

 
Hyperglycemia 

 
No patient suffered from DKA or severe hyperglycemia 
requiring hospitalization. 

 
Glycemic profile 

 
All subjects adhered to the protocol of self-monitoring of 
blood-glucose levels. The post-prandial glucose excursion 
was 18 mg/dl [=mean value of blood-glucose 2 h after the 
sunset meal (Iftar) – mean value of blood-glucose level at 5 
pm].  Mean  blood-glucose  levels  of  patients at  different 
times of the day are demonstrated in (Fig. 2). 

We adjusted the total daily insulin doses individually 
for  each subject at  all visits; when  required. The  total 

insulin dosage was increased slightly by about 6.75% of 
the starting dose; this increase is statistically signifi cant. 
Insulin glargine was  increased by  7.94%  while  insulin 
aspart was increased by only 6.04% of the starting dose. 
(both values Not significant, Table 3). 

HbA1c and fructosamine showed no significant differ- 
ence  (p > 0.05)  between  the  pre-  Ramadan  and  end-of- 
Ramadan (Table 4). 
 
Clinical assessment and laboratory investigations 
 
Hemoglobin level, serum creatinine and alkaline phospha- 
tase are the only variables that changed significantly at the 
end of Ramadan. Other variables did not change signifi- 
cantly (Table 4). 
 

 
Discussion 
 
In our study, no patient suffered severe hypoglycemia. 
Furthermore, no patient was admitted to a hospital due 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/m2) 27.0 (4.6) 27.3 (4.8) 0.130 
HbA1c (%) 6.5 (1.2) 6.9 (1.2) 0.373 
Fructosamine (mol/l) 2.8 (0.9) 3.2 (1.1) 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 creatinine ratio (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 (×103/cmm) 7.6 (2.3) 7.3 (2.6) 0.397 
Platelets (×103/cmm) 320.0 (80.2) 299.7 (63.6) 0.127 
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hypoglycemia. In addition, only one patient had to interrupt 
fasting on two different days because of hypoglycemia. 

In accordance with our study finding, the absence of 
severe hypoglycemia during Ramadan fasting in patients 
with T1DM has been previously reported [8–11]. Azar et al. 
reported that two patients had to interrupt fasting because of 
daytime hypoglycemia; however, the severities of these 
attacks  were not  mentioned  [5]. Bin-Abbas reported that 
three patients, maintained on twice-daily “split-mixed” 
insulin regimen, had to interrupt their fast during Ramadan, 
once or twice because of hypoglycemia. On the other hand, 
none of the patients on insulin pump therapy had to interrupt 
their fasting as a result of hypoglycemia. Nevertheless, both 
groups did not suffer severe hypoglycemia [12]. 

The calculated mean rate of hypoglycemia events in our 
study was 2.1 events/ patient/ month. Moreover, the maxi- 
mum number of hypoglycemia events per patient/month was 
nine events. These results are in accordance with the results 
of the Diabetes Control and Complications Trial (DCCT) that 
an intensively treated individual with T1DM can experience 
up to 10 hypoglycemia events per week [13]. 

Asymptomatic  hypoglycemia  is  expected  in  patients 
with  T1DM, who are attempting tight glycemic control. 
The results of the present study showed that 46% of the 
total number of the hypoglycemia events was documented 
symptomatic hypoglycemia events, while 54% were 
asymptomatic. In the DCCT, about one-third of all episodes 
of hypoglycemia in intensively treated patients were not 
accompanied by sufficient signs or symptoms [13]. 

Another finding of our study is that, no patient developed 
DKA or was admitted to a hospital with hyperglycemia. This 
was previously reported in fasting patients with T1DM during 
Ramadan in other studies [5, 8–12, 14]. 

The EPIDIAR study, contrary to our study, reported a 
statistically significant increase in the rate of severe 
hypoglycemia and severe hyperglycemia in patients with 
T1DM during Ramadan [1]. Based on its results, the ADA 
workgroup report about “Management of diabetes during  
  Ramadan” considered patients with T1DM at very high 
risk if they fasted during Ramadan [4]. However, the 
reliability of these results has been debated as it depended 
only upon a survey  with  patients  after  the  end  of  
Ramadan,  which would be subjected to recall bias [15]. 
Another limitation of the EPIDIAR study is that there was 
no differentiation between the group of patients with micro 
/ macro vascular complications, and the group without those 
complications [1]. 

In our study, we found that there is an increase in both 
body weight and BMI at the end of Ramadan. 
However, this increase is mild and statistically not 
significant. This is in accordance with the study of Kadiri 
et al., which reported no statically significant change in 
BMI after Ramadan fasting  in  patients  with  T1DM  [9]. 
Al  Nakhi et  al.,  in disagreement with our study, 
reported a decrease in BMI 

after Ramadan fasting [8, 16]. Another finding of our study 
is that the lipid profile revealed no statistically significant 
changes either in total cholesterol, LDL-C, HDL-C, 
Triglycerides or VLDL-C. Al Nakhi et al., in agreement 
with this study, reported no statistically significant change 
in the levels of total cholesterol after Ramadan fasting in 
patients with T1DM [8]. The glycemic profile of the study 
subjects did not change significantly at the end of Ramadan 
as measured by HbA1c [16] and fructosamine. The mild 
increase in both HbA1c & fructosamine can be explained 
by the high caloric diet during Ramadan and the decrease in 
physical activities & working hours [17]. This finding is in 
accord with previous studies addressing the same question 
[5, 8, 10, 11]. 

The present study had some limitations, including the 
lack of a control group as we do not have a standard 
regimen to be used as control and a small sample size. 
Evidence based comprehensive guideline for management 
of patients with T1DM, who want to fast Ramadan are 
needed. This guideline should include a unified protocol for 
insulin dose adjustment, suitable insulin regimens and 
setting criteria to allow fasting in those patients. Our study, 
combined with other studies describing different regimens, 
is a step in that direction. 

The  results  of  our  study  demonstrate the  possibility 
of  fasting  during  Ramadan,  for  patients  with  T1DM 
using intensified insulin therapy, with minimal risks. 
However, there is a need to be compared with another 
insulin  regimens,  previously  used  in   this  group  of 
patients during Ramadan, in a large scale randomized 
controlled studies. 

In conclusion, the main outcome of this study was that 
patients with T1DM are able to fast successfully during 
Ramadan safely. The study showed that using the intensi- 
fied insulin therapy (glargine as basal insulin with insulin 
aspart before meals) in this group of patients when 
appropriately  selected is  safe  under  strict  blood-glucose 
self-monitoring and close supervision. 
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Are low dose pioglitazone combinations justifiable? 
Rakesh M. Parikh 

Int J Diabetes Dev Ctries. 2011; 31:239 
 
 
 
 
Dear Sir, 
Recently number of pharmaceutical companies in India have 
started marketing various oral hypoglycemic agent (OHA) 
combinations with low dose (7.5 mg) pioglitazone. All these 
combinations are based on very small data from two studies 
conducted in the Japanese population. Based on these studies, 
low  dose  pioglitazone is  promoted to  be having efficacy 
comparable to that of 15 mg with significantly less side effects. 
The first study was conducted in Japanese women who were 
recently diagnosed to be diabetic [1]. The researchers 
concluded that though the HbA1C reduction was more in 
group receiving 15 mg pioglitazone, there was no statistically 
significant difference between standard dose (15 mg) and low 
dose group. The study has numerous limitations in addition to 
being representative of only Japanese females. All the 
participants were newly diagnosed diabetic with HbA1C of 
7.57% and 7.69% in low dose and standard dose groups 
respectively. The study did not have any control arm on 
placebo though a similar reduction in HbA1C can be 
expected even by lifestyle modification in newly diagnosed 
diabetics. Pioglitazone being an  insulin  sensitizers, is  not 
expected to cause hypoglycemia and it is expected that it will 
not lower HbA1C further after reaching normoglycemia 
irrespective of the dose. HbA1C of 6.96% was achieved in 
low dose group after 6 months while that in standard dose 
arm was 7.0%. Any further lowering in HbA1C after 6.96% 
would be at the cost of hypoglycemia which is not seen with 
pioglitazone and hence expecting any further lowering by 
increasing dose of pioglitazone will be unrealistic. 

The second study was done in 14 male and 16 female 
diabetic subjects. All the participants were on sulphony- 
lurea monotherapy at baseline and were additionally given 

 
R. M. Parikh 
drrakeshparikh@g
mail.com 

pioglitazone 7.5 mg per day. The authors demonstrated a 
significant reduction in HbA1C and significant improve- 
ment in serum levels of adiponectin without any significant 
rise in side effects [2]. The study had very small number of 
participants and did not have any control arm. 

Another study with 80 and 79 subjects being randomized 
to 7.5 mg and 15 mg of pioglitazone has shown that only 
standard dose of 15 mg pioglitazone could show significant 
improvement in HbA1C [3]. A separate study looking at 
dose response relationship with insulin sensitivity and 
secretion, has shown no effect of 7.5 mg and 15 mg of 
pioglitazone on fasting plasma glucose and fasting plasma 
insulin [4]. 

Dose calculation is a part of early phase II studies and is 
the foundation of designing phase III and phase IV studies. 
The  scarce  data  available from  poorly  designed  studies 
should not be used to promote use of low dose pioglitazone 
in the treatment of diabetic subjects. 
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Pseudoainhum of toes in type 2 diabetes 
K. V. S. Hari Kumar,  Sumit Bhasker, P. K. Banga 
Int J Diab Dev Ctries. 2011 ; 31 : 241 

 
 
 
 
 
A  43  year old  woman known  case  of  type  2  diabetes 
for 12 years presented with claudication pain and short- 
ening of toes of left leg of 1 year duration. The clau- 
dication  distance  decreased  gradually  from  3  km  to 
1 km with no history to suggest rest pain. The pain 
involved   the   foot   with   sparing   of   thigh   and   calf 
muscles. She also noticed gradual shriveling and short- 
ening  of  toes  belonging to  left foot.  She denied similar 
complaint in other extremities, exposure to cold or consump- 
tion of ergot alkaloids. Past history revealed poor glycemic 
control (A1c: 9.2%) and microvascular disease in the form of 
retinopathy   and   nephropathy.   Left foot examination 
revealed feeble pulse, diminished sensation to pinprick with 
absent ankle jerk. Toes of left foot were at varying stages of 
autoamputation with distal ulceration of 2nd toe (Fig. 1a). 
Radiograph showed resorption of terminal phalanges and 
osteopenia (Fig. 1b). Doppler study revealed normal ma- 
jor  arteries  with  poor  visualization  of  digital  arteries 
(Fig. 1c). Based on the presentation and findings, she was 
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diagnosed to have Pseudoainhum of toes. Pseudoainhum or 
Morior is defined as the autoamputation of toes or fingers 
with shriveling seen in chronic diseases like diabetes [1]. 
Our patient had features of both macro and microvascular 
disease with normal major arteries on doppler examination. 
She was treated with insulin, atorvastatin, ramipril, clopidogrel, 
aspirin, cilostazole and pentoxifylline. Marginal improvement 
was observed in the severity of pain and claudication distance 
with therapy. 

Ainhum or spontaneous dactylolysis is a disease described 
in dark skinned individual of autoamputation of small toes [2]. 
The classical disease is usually preceded by a constricting 
band or groove encircling the toes. Pseudoainhum is similar 
process secondary to an identifiable disease independent of 
skin  color.  Though  the  pathogenesis is  unclear, various 
theories like genetic predisposition, angiodysplasia, hyper- 
keratosis, trauma and environmental factors are proposed 
for the same [3]. The course of pseudoainhum is character- 
ized by hyperkeratotic skin, fissuring, digital degeneration, 
skeletal erosion culminating into autoamputation. The dif- 
ferential diagnosis includes localized scleroderma, trauma, 
frost bite and ergot poisoning. Ainhum and Pseudoainhum 
are graded into 4 stages according to the stage of pathology 
[4]. Our patient had all the stages affecting different toes 
simultaneously. The therapy differs according to the stage of 
involvement. Oral vitamin A and etretinate are used in early 
stages and surgical procedures like release of constricting 
band, skin grafting and amputation are required in advanced 
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 
and osteopenia. c. Doppler 
studies showing normal flow 
characteristic in major arteries 
with poor visualization of 
digital arteries 
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Hidekatsu  Yanai, Taro  Yoshimi, Hidetaka  Hamasaki 

Int J Diab Dev Ctries. 2011; 31:240 
 

 
 
 
Dear Sir, 
Long-acting insulin analogs, the insulin glargine (glargine) 
and insulin detemir (detemir) induce a more prolonged, less 
peaked absorption profile compared with that of NPH 
insulin [1], and have been used in the basal-bolus insulin 
therapy for diabetic patients. 

Here we report a type 2 diabetic patient who developed 
severe insulin resistance due to anti-insulin antibody after 
2  years of  the  basal-bolus insulin therapy using  insulin 
lispro  (lispro) and  detemir. Switching to  three  pre-meal 
injections of the newest rapid-acting insulin analog, insulin 
glulisine  ameliorated hyperglycemia and  decreased  anti- 
insulin antibody level. 

A 75-year-old man had been treated with the basal-bolus 
insulin therapy by five daily insulin injections: three 
injections  of  lispro  before  breakfast  (10  units),  lunch 
(6 units), and dinner (10 units) and two of detemir before 
breakfast (30 units) and at bedtime (50 units). His body 
weight was 73.4 kg and height 176.0 cm, BMI 23.7 kg/m2. 
Plasma glucose (378 mg/dl), HbA1c   [9.3% (NGSP 
value)], 
and anti-insulin antibody (125I-insulin binding rate, 35.9%; 
normal range, < 0.4%) levels was significantly elevated. 
Switching to the combination of glulisine and glargine 
brought down his blood glucose levels to 106–186 mg/dl 
by using 10, 8, and 8 units of glulisine before breakfast, 
lunch, and dinner, respectively, and 30 units of glargine at 
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bedtime. Interestingly, further reduced dosing of glargine 
remarkably improved his glycemic control, and blood 
glucose levels were 88–180  mg/dl by  using  8,  10,  and 
8  units of  glulisine before breakfast, lunch,  and  dinner, 
respectively, and 10 units of glargine at bedtime. However, 
his anti-insulin antibody level was still high (37.5%). Three 
pre-meal injections of glulisine (14 units before each meal) 
and discontinuation of glargine use finally controlled blood 
glucose (151–195 mg/dl) and decreased anti-insulin anti- 
body level (125I-insulin binding rate, 25.1%). 

Unlike other insulin analogs, glulisine allows for a viable 
drug product in the absence of hexamer-promoting zinc, 
which may provide immediate availability of glulisine at 
the injection site for absorption [2], while long-acting 
insulin analogs were designed to prolong absorption from 
subcutaneous tissue. The presence of insulin in a monomer 
form and the rapid absorption from the subcutaneous tissue 
may result in less anti-insulin antibody formation [3]. 
Therefore, switching to three pre-meal injections of 
glulisine from the basal-bolus insulin therapy may be 
effective in the treatment of patients with long-acting 
insulin analogs-mediated immunogenic insulin resistance. 
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Metabolic syndrome (MS) is a constellation of individual risk 
factors of cardiovascular disease. The World Health Organi- 
zation (WHO) was the  first to publish an internationally 
accepted definition for metabolic syndrome in 1998, but the 
criteria that have received the most widespread  acceptance 
and use in the United States are those established as guidelines 
in the ATP III (the third report of the  National Cholesterol 
Education Program expert panel on  Detection, Evaluation, 
and Treatment of High Blood Cholesterol in Adults). 

The scientific evidence related to definition was reviewed 
and considered from several perspectives: (1) major clinical 
outcomes (2) metabolic components (3) pathogenesis (4) clin- 
ical criteria for diagnosis (5) risk for clinical outcomes and 
(6) therapeutic interventions [1]. Hence, there are many 
defini- tions and many criteria for diagnosis of metabolic 
syndrome like ATP III adult panel, WHO guidelines, IDF 
and AACE. There is no universal agreement on criteria for 
the diagnosis. 

ATP III identified 6 components of the metabolic syn- 
drome [1] that relate to CVD: 

 
& Abdominal obesity 
& Atherogenic dyslipidemia 
& Raised blood pressure 
& Insulin resistance and/or glucose intolerance 
& Proinflammatory state 
& Prothrombotic state 

 
For the purposes of ATP III, metabolic syndrome is 

present  when  ≥3  of  the  following criteria are  present: 
waist circumference >102 or >88 cm in men and wom- 
en respectively; triglycerides ≥150 mg/dl; HDL 
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cholesterol <40 or <50 mg/dl in men and women re- 
spectively; blood pressure ≥130/≥85 mmHg; and fasting 
blood glucose ≥110 mg/dl. 

The WHO guidelines also viewed CVD as the primary 
outcome of the metabolic syndrome. In WHO guidelines, 
unlike the ATP III criteria, stipulate that insulin resistance is 
required for the diagnosis along with two other risk factors out 
of the following: high blood pressure, raised triglycerides, low 
HDL and increased BMI (or increased waist: hip ratio) and 
microalbuminuria. In addition, a higher blood pressure was 
required for the ATP III criteria. Like the ATP III criteria, the 
presence of type 2 diabetes does not exclude a diagnosis of 
metabolic syndrome. A potential disadvantage of the WHO 
criteria is that special testing of glucose status beyond routine 
clinical assessment may be required. 

The AACE has proposed a third set of criteria for the 
insulin resistance syndrome [2]. These criteria appear to be a 
mixture of the ATP III and WHO criteria except that no 
defined number of risk factors is specified and the diagnosis 
is left to clinical judgment. When a person develops diabe- 
tes, the term insulin resistance syndrome no longer applies. 
Finding abnormal 2-hour glucose will improve prediction of 
type 2 diabetes. 

International Diabetes Federation defines metabolic syn- 
drome to include central obesity with 2 of the following 4 
factors: raised triglycerides, low HDL cholesterol, and rised 
blood pressure raised fasting plasma glucose. 

Thus the definition, criteria, pathogenesis and therapeutic 
intervention in the metabolic syndrome is controversial. By 
definition, syndrome is a group of symptoms that collective- 
ly indicate or characterize a disease, psychological disorder, 
or other abnormal condition. To recognize a syndrome a 
group of symptoms alone is not sufficient. The syndrome 
should have a common etiopathogenesis and a common 
pathway which leads to the syndrome. Do we have such a 
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unifying hypothesis in  case of  metabolic syndrome? To 
accept that metabolic syndrome is a risk for cardio vascular 
disease, the aggregate risk of metabolic syndrome should be 
more than the addition of individual risk factors. Each 
component of metabolic syndrome may have different car- 
diovascular risk, depending on the regional, ethnic, racial 
and geographical factors. In such a situation is it possible to 
have a universal definition and criteria for metabolic 
syndrome? 

MS is a complex web of metabolic factors that are asso- 
ciated  with  a  2-fold risk  of  CVD  and  a  5-fold risk  of 
diabetes. Individuals with MS have a 30%–40% probability 
of developing diabetes and/or CVD within 20 years, 
depending on the number of components present [2]. 

Metabolic syndrome is only a syndrome with multiple 
risk factors for future cardiovascular disease and diabetes 
mellitus and should not be misdiagnosed as a disease. How 
often do we dare to write in a case record of a person 
diagnosis of metabolic syndrome? 

The association between MS and cancer mortality is yet 
to be proved. Research to focus on pre-cancer risk factors in 
metabolic syndrome is necessary. Studies have shown that 
MS is associated with an increased risk of all-cause cancer 
mortality in men. In a study by Jason R et al. [3] of 33,230 
men aged 20–88 years, at baseline 28% of all the partici- 
pants had MS. During an average of 14 years follow-up, 
there  were  a  total of  685  deaths due  to  cancer. MS  at 
baseline was associated with a 56% greater age-adjusted 
risk  in  cancer  mortality. A  relationship appears to  exist 
between the number of MS components and the higher risk 
of all-cause cancer mortality and risk is escalated with the 
presence of three or more components. Thus MS and its 
implications extend beyond cardiovascular risk, like future 
risk of diabetes and may be cancer. 

Metabolic syndrome and cardiovascular risk in South 
Asians is also heightened by their higher body fat, truncal 
subcutaneous fat, intra-abdominal fat, and ectopic fat depo- 
sition  (e.g. liver fat). Further, cardiovascular risk cluster 
manifests at a lower level of adiposity and abdominal obe- 
sity. The cutoffs of body mass index and waist circumfer- 
ence for defining obesity and abdominal obesity, 
respectively, have been lowered and the definition of the 
metabolic syndrome has been revised for the Asian Indians 
in a recent consensus statement, so that physicians could 
intervene early with lifestyle management [4]. 

In recently held National Obesity and Metabolic Syn- 
drome Summit in New Delhi, India, a consensus on diag- 
nostic cutoffs of obesity (BMI, waist circumference) and 
optimal definition of  the  metabolic  syndrome for Asian 
Indians was reached. Recommendations were as follows: 
BMI (kg/m2) cutoffs, normal, 18–22., overweight, 23–24., 
and obesity, ≥25; waist circumference cutoffs, ≥90 cm 
(male) and ≥80 cm (females) [5]. 

Epidemiologists in India and international agencies such 
as the World Health Organization (WHO) have been sound- 
ing an alarm on the rapidly rising burden of CVD for the 
past decade. The prevalence of MS among South Asians is 
higher than in other Asians and Europeans [6].In India, 
CVD  is  projected to  be  the  largest cause of  death and 
disability by 2020, with 2.6 million Indians predicted to 
die due to coronary heart disease, which constitutes 54.1% 
of all CVD deaths [7]. 

There is high prevalence of metabolic syndrome in the 
urban Indian population .In a study involving 19 973 sub- 
jects across India, prevalence of CVD risk factors among 
individuals aged 20–69 years,the overall prevalence of most 
risk factors was high, with 50.9% of men and 51.9% of 
women  being  overweight, central  obesity  was  observed 
among 30.9% of men and 32.8% of women, and 40.2% of 
men and 14.9% of women reported current tobacco use. The 
study demonstrated very high levels of CVD risk factors 
among a  relatively young population from 10 industrial 
settings across India [7]. 

There are many studies from Asia in general and India in 
particular. There are many studies on the urban prevalence 
of metabolic syndrome [8] and a few on the rural preva- 
lence. Some studies [9, 10] compared Indian rural popula- 
tion with urban for prevalence of metabolic syndrome. Most 
of these studies have used one criteria for diagnosis (NCEP, 
ATP III, IDF, AACE or WHO criteria). 

The study by Puneet Gowda et al. [11] is unique in that 
the same rural population of south India in Karnataka was 
studied both by modified National Cholesterol Education 
Programme-Adult Treatment Panel III definition and Inter- 
national Diabetes Federation criteria for the diagnosis of 
Metabolic Syndrome to evaluate the concordance or discor- 
dance of the diagnosis. There was significant discordance in 
the prevalence of metabolic syndrome using two criteria. 
The authors are of the opinion that the discrepancy could be 
the higher WC cut-off in the modified NCEP ATP III crite- 
ria, which excludes subjects considered obese as per IDF 
criteria. The differences in combinations of the individual 
parameters in the two criteria could also contribute to the 
discrepancy. 

Nearly 70% of Indian population lives in the rural areas. 
The difference in health care, life style and economics are 
very wide between rural and urban India. The lower preva- 
lence of obesity, hypertension, dysglycemia and dyslipide- 
mia in rural areas is obviously due to dietary and lifestyle 
differences between rural and urban India. The psycholog- 
ical stress which is  common  in  urban living cannot be 
quantified easily, though it is well accepted as one of the 
risk factors for cardiovascular disease. It is surprising that 
smoking which is a significant risk factor is not included in 
the metabolic syndrome. Increasing urbanization and inter- 
nal migration of people from rural to urban areas contribute 



Int J Diab Dev Ctries 187 

 
to increasing prevalence of metabolic syndrome which is a 
pre-diabetic and cardiac risk factor. 

Is the combined cardiovascular risk of each component of 
metabolic syndrome greater than the CV risk of metabolic 
syndrome? In fact, the individual components of the MS have 
been recognized and treated effectively by physicians for 
many decades. Life style modifications and pharmacotherapy 
wherever indicated will reduce the burden of metabolic 
syndrome. 

Cardio-metabolic risk is high in South Asians, starting at 
an early age. Increasing awareness of the cluster of risk 
factors and how to prevent them should be emphasized in 
population-based prevention strategies in South Asian 
countries, primarily focusing on children and adolescent. 
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Abstract   Although  the  metabolic syndrome  is  a  known 
predictor of coronary heart disease and type-2 diabetes mellitus, 
it has no agreed definition. The concordance of its various 
definitions has been studied for a limited number of populations 
and there are few studies on the rural populations in India. The 
present study was done to determine the prevalence of 
metabolic syndrome in a rural population of South India and 
to evaluate the concordance of the modified National 
Cholesterol Education Programme-Adult Treatment Panel III 
definition and Interna- tional  Diabetes  Federation 
definition  for  the  diagnosis of Metabolic Syndrome. 
Anthropometric and biochemical param- eters (fasting blood 
glucose and lipid profile) and blood pressure were measured 
using standard procedures. The prevalence of metabolic 
syndrome was calculated using the two sets of criteria and 
compared for their concordance. Descriptive statistics was 
used to analyze age and risk factors of metabolic syndrome. The 
chi-square  test  was  applied  to  compare  the  prevalence of 
metabolic syndrome obtained from the two criteria (significant 
if p<0.05). An  inter-rater reliability analysis using the kappa 
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statistic was performed to determine consistency between the 
two sets of criteria in diagnosing the metabolic syndrome. The 
modified  National Cholesterol Education  Programme-Adult 
Treatment Panel III definition and International Diabetes 
Federation definition for metabolic syndrome identified overall 
age-adjusted  prevalence of  17.8%  and  20.5%  respectively, 
which were not significantly different. Kappa statistics revealed 
only moderate agreement of 0.44 between the two sets of 
criteria. The impact of economic development and preponder- 
ance  of  genetic  factors  is  increasing  the   prevalence  of 
metabolic syndrome in rural India. It is important to determine 
which  definition  of  the  metabolic  syndrome  best  predicts 
coronary heart disease and type 2 diabetes in this population in 
order to formulate effective public health policy. 
 
Keywords  Metabolic syndrome . Rural India . Prevalence . 
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Introduction 
 
The metabolic syndrome (MS) is a cluster of metabolic risk 
factors including central obesity, dyslipidemia, insulin 
resistance or  glucose intolerance, hypertension and  pro- 
inflammatory  state.  Insulin  resistance, inflammation and 
central obesity have each been proposed as  its  primary 
cause, and indeed, this may vary between individuals. MS 
is associated with an increased risk of coronary heart 
disease  (CHD)  and  type-2  diabetes  mellitus  (DM)  [1]. 
Asian Indians are a population with high cardiometabolic 
risk which starts at an earlier age [2]. In India in the year 
2000, 31.7% of all deaths reported were due to cardiovas- 
cular disease; 52% of these cardiovascular deaths occurred 
below the age of 70, compared with 23% in countries with 
established market economies [3]. Epidemiological data 
from rural South India revealed that in the year 2003–4, 
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32% of all deaths were due to circulatory system diseases 
[4]. Predictions of an increase in the prevalence of CHD in 
the rural and lower economic section on par with the other 
sections of the society irrespective of the age and gender 
have been reported [5]. The early diagnosis of MS may help 
in reducing the associated morbidity and mortality. While 
several studies on the prevalence of MS worldwide have 
been carried out, there are limited studies on its epidemiol- 
ogy especially in the rural population of India [6, 7]. 

Several organizations have attempted to develop a definition 
for MS.  In  1998,  the World Health  Organization 
(WHO) proposed the first definition for metabolic syndrome. 
This was followed  by  European  Group  for  the  Study  
of  Insulin Resistance (EGIR) and  the National 
Cholesterol Education Program’s Adult Treatment Panel III 
(NCEP ATP III) [8–10]. The NCEP ATP III was later 
modified in 2005 [11]. Recently, the International Diabetes 
Federation (IDF) proposed another definition which 
provides South Asian specific cut-off  points for central 
obesity [12]. This diversity in definitions and the influence 
of environmental and ethnic variation amongst the different 
populations has  led  to  different  estimates of  the 
prevalence of MS [6, 13]. 

Although numerous studies comparing the modified 
NCEP ATP  III  and  IDF  criteria have  been  carried out 
worldwide, similar studies on the Indian rural population 
are few [14–16]. This study was conducted to estimate the 
prevalence of MS and its risk factors in a rural lower socio- 
economic population of South India using IDF and 
modified ATP III criteria and to evaluate the concordance 
between the two criteria in diagnosing MS. 

 

 
Materials  and methodology 

 
This community-based, cross-sectional, randomized study 
was  conducted  in  2008  in  Santhekallahalli  sub  center, 

Kaiwara Primary Health Center, Karnataka, India. Ethical 
clearance was obtained from the ethical review board of the 
institution.  Informed consent was  obtained from  all  the 
participants prior to their inclusion into the study. 

The study  population of  495  subjects comprised 304 
men and 191 women, evenly spread over the age range 20– 
98, were from five villages around Santhekallahalli having 
a total population of about 8000. The number of subjects 
from each village was proportionate to the population of the 
village. The subjects from all the five villages belonged to 
the lower socio-economic group with similar life-styles and 
food habits, being agriculturalists by profession. Only 
subjects aged above 20 years that had lived in the study 
area for at least 6 months were included in the study. 

Detailed information regarding demographic, socio- 
economic, behavioral and health status was collected from 
each study subject. Anthropometric measurements (waist 
circumference (WC), weight and height) and blood pressure 
were obtained using standard procedures. Blood samples 
were collected from each participant after an overnight fast. 
They were analyzed for fasting glucose levels, serum total 
cholesterol and serum triglycerides (enzymatic kit methods: 
Vital Diagnostics Pvt. Ltd, Mumbai); and serum High 
Density Lipoprotein (HDL-C) (Kit method: Bayer Diag- 
nostics, Baroda) using a semi-auto-analyzer. 

MS was defined based on the IDF [12] and modified 
NCEP ATP III criteria [11]. The components of these two 
definitions are given in Table 1. 
 

 
Statistical  analysis 
 
The statistical analysis was done using Statistical Package for 
Social Survey (SPSS) version 16. Descriptive statistics was 
used to analyze age and risk factors of metabolic syndrome. 
The age and gender-wise prevalence of MS was calculated 

 
Table 1  Criteria for the definitions of metabolic syndrome used in the study 

 

Characteristic Modified NCEP-ATP III criteria IDF criteria 
 Presence of any three of the following Presence of central obesity plus any two of the following 

Adiposity Waist circumference >102 cm for men and 
>88 cm for women 

Impaired glucose regulation Raised fasting plasma glucose 
(FPG) ≥110 mg/dL (6.1 mmol/L), 
or previously diagnosed type 2 diabetes 

Raised blood pressure Systolic BP ≥130 or diastolic 
BP ≥85 mm Hg, or treatment of 
previously diagnosed hypertension 

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

Waist circumference in Asians ≥90 cm for men and 
≥80 cm for women 

Raised fasting plasma glucose (FPG) ≥100 mg/dL 
(5.6 mmol/L), or previously diagnosed type 2 diabetes 

 
Systolic BP ≥130 or diastolic BP ≥85 mm Hg, 

or treatment of previously diagnosed hypertension 
 
Raised TG level: ≥150 mg/dL (1.7 mmol/L), or specific 

treatment for this lipid abnormality; or Reduced HDL 
cholesterol: <40 mg/dL (1.03 mmol/L) in males and 
<50 mg/dL (1.29 mmol/L) in females, or specific 
treatment for this lipid abnormality 



Int J Diab Dev Ctries 

 
using 10 year intervals. The chi-square test was applied to 
compare the prevalence of MS obtained from IDF criteria and 
modified ATP III criteria (significant, if p <0.05). An inter- 
rater reliability analysis using the Kappa (κ) statistic was 
performed to determine consistency among the two criteria 
in diagnosing MS. The level of agreement is considered poor 
with κ ≤ 0.20, fair with κ = 0.21 to 0.40, moderate with κ = 
0.41 to 0.60, substantial with κ = 0.61 to 0.80, and very good 
with κ >0.80 [17]. To enable comparison with similar studies 
across the world, the prevalence of MS was age-adjusted by 
direct standardization method with 10-year bands using 
World standard population. 

 

 
Results 

 
The ratio of males: females were 1.59:1. The mean ages of 
men and women were 47.12 ± 17.15 and 44.00 ± 15.19 years, 
respectively. 

The BMI, WC, blood pressure and the various biochemical 
parameters assessed in the subjects are given in Table 2. The 
mean BMI of the study population was 21.36 ± 4.53 kg/m2; 
there was no statistically significant gender difference. The 
mean WC was higher in the case of men when compared to 
women but within the cut-off points by any of the criteria, 
including the South Asian-specific definition. The prevalence 
of the risk factors of MS for each gender is given in Table 3. 
Central obesity was present in 9.21% of men and 19.37% of 
women by the modified NCEP ATP III criteria; this value 
increased to 36.84% in men and 34.55% in women by IDF 
criteria. This difference was mainly due to the IDF 
definition having South Asian specific criteria for central 
obesity. Hypertriglyceridemia was observed in 24.24% of 
the total population  with  a  higher percent of  men  
(26.97%) than women (19.89%) exhibiting 
hypertriglyceridemia, which was statistically insignificant. 
The HDL-C level was signif- icantly low in this population 
with women having lower HDL-C levels (93.2%) than men 
(76.97%) (p <0.001). 

There was a significantly higher percentage of women 
than men with hypertension (39.8 v 34.1%; p = 0.036). The 

prevalence of hyperglycemia (impaired fasting glucose and 
DM) was 29.29% in the total population with the 
prevalence in men being 29.93% and women 28.27%. 
However, the gender-specific difference was not observed 
in the prevalence of diabetes mellitus. 

The age-adjusted prevalence of MS was 20.52% (crude 
prevalence  21.81%) as per the IDF criteria and 17.76% 
(crude prevalence 19.59%) according to the modified 
NCEP ATP III criteria. Interestingly, although the preva- 
lence of MS in the total population using IDF criteria and 
modified NCEP ATP III criteria were similar, the affected 
population was different. While a higher percentage of men 
were  found  to  have  MS  according to  IDF  criteria, the 
prevalence  was higher in women using modified NCEP 
ATP III criteria, though not  statistically significant. The 
kappa statistic revealed only a moderate agreement between 
the two criteria in diagnosing MS in the study population 
[total κ-0.44 (95% CI- 0.34–0.54), men κ-0.41 (95% CI- 
0.28–0.53), women κ-0.49 (95% CI- 0.34–0.64)]. A Venn 
diagram showing the agreement and disparity between the 
two criteria among men and women is given in Fig. 1. 
 

 
Discussion 
 
The prevalence of MS is frequently used in epidemiological 
studies to quantify cardiovascular risk in the population. 
However, depending on the definition of MS, there is 
marked variability in its prevalence among different ethnic 
groups [6, 13]. The socio-economic status, lifestyles and 
food habit variations also affect differences in urban and 
rural populations within an ethnic group leading to diversity 
in the prevalence of MS [6, 7, 18]. 

The distribution of the subjects in different age groups 
was  uniform  except  in  the  higher  ages,  that  is,  above 
70 years. A growing increase in the prevalence of MS was 
observed using both criteria; however, the maximum 
number  was  observed  in  the  middle age  group  of  40– 
69 years. Similar observations have been reported both in 
India and globally [7, 18, 19]. 

 
Table 2  Anthropometric and 
Biochemical characteristics 
of the study population 
(N = 495) 

 
Risk factors Total (N = 495) Male (N = 304) Female (N = 191) 

Mean± SD Mean± SD Mean± SD 
 
Waist circumference (cm) 80.72 ± 13.41 84.38 ± 12.38 74.91 ± 12.95 

Body Mass Index (kg/m2) 21.36 ± 4.53 21.17 ± 4.25 21.66 ± 4.94 

Systolic blood pressure (mm Hg) 118.11 ± 12.59 117.41 ± 11.77 119.21 ± 13.78 

Diastolic blood pressure (mm Hg) 79.73 ± 6.73 79.49 ± 6.52 80.10 ± 7.05 

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 prevalence of risk factors of MS by the two criteria 

 
Risk factors                                  IDF                                NCEP ATP III 

 
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 syndromea 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 
a  The overall age-adjusted prevalence of MS in the study population as per IDF criteria and modified NCEP-ATP III  criteria is 20.52% and 
17.76%, respectively 

 
Prabhakaran et al. [7] reported a higher prevalence of 

MS in women compared to men in North India. However, 
the DECODE study reported a higher prevalence of MS 
among European men [20]. The present study did not find 
any statistically significant difference in the prevalence of 
MS between the men and women (Table 3). This is similar 
to the results seen in the Nigerian population in a study 
done by Adegoke et al., although the prevalence was much 
lower than in our study [21]. 

The prevalence of individual risk factors of MS  was 
higher in the present study when compared to other similar 
studies across India [6, 18] and worldwide, [19] indicating 
the growing influence of modernization on the rural areas. 
Vaughan et al. reported an inverse association between the 
level of physical activity and MS with BMI as the 
mediating factor. They observed that physical activity in 
adults, particularly in women, could reduce the risk of MS 
and associated vascular diseases [22]. A recent multi-center 
study reports a measurable reduction in CHD risk factors 
with increased physical activity in overweight or obese, 
type 2 diabetic individuals [23]. Misra and Khurana 
reviewed the epidemiology of MS  among South Asians 

and observed a high prevalence of MS and associated 
cardiovascular  risk  factors in  all  sectors  of  the  society, 
including the  rural community consequent to  increasing 
mechanization [24]. 

The prevalence of central obesity according to modified 
NCEP ATP III criteria was significantly lower than IDF 
criteria (p < 0.0001) in the present study. More subjects were 
considered normal when the modified NCEP ATP III 
criterion was applied. Since obesity is a major determinant 
of cardiovascular diseases, this may delay the interventions 
necessary to reduce the cardiovascular morbidity and 
mortality. Studies have shown that Asian Indians develop 
metabolic abnormalities at a lower BMI and WC than other 
groups [25]. Most of the cardiovascular risk factors 
manifest  at  a  lower  level  of  adiposity  and  abdominal 
obesity in South Asians as compared to Caucasians [24]. 
A major difference in the modified NCEP ATP III and IDF 
definitions for MS is the cut-off point for WC. Thus, the 
higher  cut-off for  WC  in  the  modified  NCEP ATP  III 
criteria (>102  cm  for men and  >88  cm  for women) in 
comparison to the IDF criteria for South Asians (>90 cm in 
men and >80 cm in women) decreases the predictive ability  

 

 
 

Fig.  1  Venn diagram showing the agreement and  disparity in 
the diagnosis  of  metabolic  syndrome  using  NCEP-ATP  III  and  
IDF criteria among the 90 males  and  58 females who qualified 
for the 

diagnosis of metabolic syndrome by at least one of the definitions. 
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for MS by modified NCEP ATP III criteria among Asian 
Indians. 

Reports from other Asian countries such as China and 
Japan  report a  low  prevalence of  dyslipidemia [26,  27]. 
Similar prevalence rates  were  reported from  the  African 
population by Ntandou et al. [28]. In our study, low HDL-C 
level (83.23%) was the most common abnormality causing 
dyslipidemia. Basit and Shera reported low HDL-C levels in 
68–81% of the Pakistani population [29]. The predominance 
of atherogenic dyslipidemia, glucose intolerance, thrombotic 
tendency, subclinical inflammation, and endothelial dysfunc- 
tion among Asians in comparison to Caucasians has been 
reported [24]. Low HDL-C levels could partly explain the 
disparity between various races. In our study, 93.2% of the 
women had low HDL-C levels compared to men, which is 
contrary to the present understanding. Most of the women in 
our study were in the reproductive age group wherein the 
protective effects of estrogen and progesterone are known to 
increase the HDL-C levels. This suggests that the percentage 
may be in fact higher or the protective effect is nullified in 
MS. 

There was no statistically significant difference between 
the prevalence of MS according to the two definitions of 
MS  in our study. Chow et al. reported a  prevalence of 
32.5% and 23.9% among men and women in rural Andhra 
Pradesh, India, using the modified NCEP ATP III criteria 
[30]. Mahadik et al. reported a prevalence of MS of 20.6% 
in their study of rural Indian population [18]. Rahim et al. 
studied the rural Bangladesh population for the prevalence 
of MS using modified NCEP ATP III and IDF criteria, and 
found a prevalence of 20.7% and 11.2% respectively [31]. 
Deepa et al. identified MS in 25.8% of the subjects by IDF 
criteria as against 18.3% applying NCEP ATP III criteria 
(2001) in the urban population of Chennai, India [6]. In an 
urban population of Pakistan, the prevalence of MS 
according to the IDF definition and modified NCEP ATP 
III criteria was  34.8%  and  49%  respectively [32]. In  a 
recent  study in Chandigarh (North India), Mangat et al. 
found a higher prevalence of MS (51.8% versus 41.2%) in 
the urban population in comparison to the rural counterparts 
(41.3% versus 34.9%) by both IDF and NCEP ATP III 
definitions [33]. The frequency of MS was higher among 
women than men by both criteria. The comparable 
prevalence of MS in the rural population with their urban 
counterparts may be due to the marked shift in lifestyle and 
nutrition of the rural population leading to the increased 
risk for CHD [24]. 

The concordance between the NCEP ATP III criteria and 
IDF criteria in diagnosing MS has been shown to vary from 
moderate to excellent agreement in various studies world- 
wide.  While the Mexican study reported a high concor- 
dance (0.87) between the two criteria in diagnosing MS, 
Deepa et al. reported a concordance of 0.58 for the urban 

population of Chennai [6, 14]. Recent studies in Turkey and 
in the Republic of Seychelles reported a high concordance 
between the two criteria [15, 16]. In the present study, the 
concordance of subjects with MS according to modified 
NCEP ATP III criteria in comparison to IDF was moderate 
(0.44) with only 62 subjects diagnosed as having MS by 
both criteria. Individual consideration of the two criteria 
was unable to identify all the cases of MS from the study 
population. While IDF criteria recognized 108 subjects to 
have MS, 46 of these subjects were termed normal by the 
modified NCEP ATP III criteria. Similarly, of the 105 MS 
positive  subjects  according  to  modified  NCEP ATP  III 
criteria, 43  were  normal according to  IDF  criteria.  The 
rationale behind the discrepancy could be the higher WC 
cut-off in the modified NCEP ATP III criteria, which 
excludes subjects considered obese as per IDF criteria. The 
differences in combinations of the individual parameters in 
the two criteria could also contribute to the discrepancy. 
The superiority of one criterion over the other in the 
prediction of MS in the present study could not be 
established. Although the IDF criterion has been adjusted 
and adapted for the Asian population, it could not identify 
many of the cases in the community. The present 
definitions will overlook several cases of MS. In this study, 
although low HDL-cholesterol, hypertension and hyper- 
triglyceridemia may be considered to identify MS; further 
investigations would be necessary to provide suitable 
criteria to define MS in this population. There is a need to 
develop  more  robust  and  applicable  criteria which  will 
increase the sensitivity and specificity of the parameters 
used to diagnose MS in different populations, especially 
Asian Indians. 
 

 
Conclusion 
 
Comparison of the present findings with those reported by 
others  suggests that  the  prevalence  of  MS  in  the  rural 
population of India is increasing. This may be due to the 
impact of rapid lifestyle and nutritional transitions. These 
changes  together with  genetic factors in  this  population 
increase the risk for CHD and DM at an earlier age. In 
addition, the rural population lacks awareness of the risk 
factors for CHD and DM and have low accessibility to 
proper health care facilities. Early diagnosis of MS could 
help in timely intervention and reduction of the associated 
morbidity and mortality. To this end, it is important to use 
the definition of MS that best predicts the future incidence 
of CHD and DM. This study also highlights the inability of 
the current definitions to identify all the cases of MS in this 
rural population and hence there is a necessity for 
developing suitable region-based, specific cost-effective 
criteria to identify the affected population. 
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Abstract  Aim of this study was to examine relationship 
between Limited Joint Mobility syndrome (LJM) in 
patients  with  type-1  and  type-2  diabetes  and  duration, 
metabolic control  and  other  complications  of  diabetes, 
and to assess effects of the syndrome on hand functions 
and   quality  of  life.  Demographic characteristics, and 
micro-macrovascular and hand complications were 
recorded. Level of fasting blood sugar and HbA1c, 
superficial, pain, temperature, vibration and cortical senses, 
and deep tendon reflexes were measured. Hand dexterity 
was evaluated  with nine-hole peg  test. Grip and  pinch 
strengths were recorded. Functionality of the hand with 
Hand  Functional Index  (HFI) and  quality  of  life  were 
evaluated with Short Form 36. Group 1 included 37.8% (n = 
130) of 344 hands of 172 patients with LJM according to 
Rosenbloom classification, group 2 included 44.8% (n = 
154) according to the same, and group 3 included 17.4% 
(n = 60). In the comparison between groups, deterioration 
correlating with the increase in LJM stage was found in 
terms of duration of disease, level of fasting blood sugar 
and HbA1c, frequency of retinopathy and nephropathy, 
diabetic foot involvement,  Dupuytren contracture, pres- 
ence of CTS, superficial, pain, temperature and cortical 
senses, DTR, hand dexterity, grip strengths and function 
of the hand and quality of life except pain. In patients with 
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long-term DM with poor metabolic control, presence of 
LJM can make contribution to prevent morbidity, mortal- 
ity and functional disabilities of these patients. 
 
Keywords  Diabetes mellitus . Limited joint mobility 
syndrome . Complication . Hand function . Quality of life 
 

 
 
Introduction 
 
Diabetes Mellitus  (DM)  is  a  chronic, metabolic  disease 
characterized with hyperglycemia developed as a result of 
absolute of relative insulin insufficiency or ineffectiveness 
that can cause increases in mortality and morbidity through 
its effects on various systems [1]. 

Increases in mortality and morbidity in DM is frequently 
related with micro and macrovascular complications occur- 
ring in the long term. Particularly microvascular complica- 
tions cause functional disabilities with blindness, renal 
insufficiency, foot amputations and deterioration in the 
quality of life [2]. 

In  addition  to  these  complications,  hands  are  more 
frequently involved in diabetics as compared to the normal 
population. Limited joint mobility syndrome (LJM) and 
sclerodactyly that is specific for DM and Dupuytren 
contracture, tenosynovitis of flexors and carpal tunnel 
syndrome (CTS), which are more frequently seen in DM 
although not  specific, are complications related to  hand 
involvement [3]. 

Limited Joint Mobility syndrome (LJM) is a complica- 
tion  with  fibrosis in  subcutaneous tissues and  abnormal 
thickening of the dermis causing painless restriction in the 
extension movements of the hand joints. It was first 
described in 1971 by Jung et al. [4] as hand stiffness 
syndrome related to DM; however, with the demonstration 
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of its relation with juvenile type 1 DM by Rosenbloom [5], 
it was recognized as a complication. 

LJM typically starts at the ulnar side of the hand in the 
fifth finger, and spreads to the radial side by involving 
metacarpophalangeal and interphalangeal joints, and starts 
to affect bigger joints in time. It has been reported that the 
extension restriction in the fingers causes disability in hand 
movements in time through the clumsiness in fine move- 
ments and weakness of fingers. 

Relationship of LJM with micro- and macrovascular 
complications of DM has been shown in several studies 
[3, 6], and particularly, it has been reported that it can be 
used  for  the  detection of  microangiopathy in  the  early 
stages [5, 7]. 

The purpose of this study was to investigate the relation 
of  limited joint mobility syndrome with the duration of 
diabetes, its metabolic control and other complications of 
diabetes in patients with types 1 and 2 DM together with 
this syndrome and to evaluate its effects on hand functions 
and the quality of life. 

 

 
Material  and method 

 
Total one hundred and seventy-two patients applying to our 
clinic between December 2005 and January 2009 with 
musculoskeletal  system complaints, diagnosed  with  DM 
(directed from endocrinology clinic of our hospital) and 
limited joint mobility syndrome was found in their hands 
were included in the study. 

Patients were informed about the study and their verbal 
approvals and written consent were obtained at the start of 
the study. Prayer sign was sought for in the hands of the 
patients for the diagnosis of LJM. Lack of contact of the 
palmar surfaces of the fingers when two hands are pressed 
together with elbows in flexion, wrists in extension and 
fingertips facing upwards in the vertical plane was 
considered as “positive prayer sign”. 

Patients with trauma or injuries in the upper extremities 
in  the  history or  cervical radiculopathy, and  those with 
vitamin B12   deficiency, thyroidal diseases, autoimmune 
and inflammatory rheumatoid diseases and patients with  
cere- brovascular diseases were excluded from the study. 

Demographic data, disease characteristics and metabolic 
factors of the patients were recorded. Fasting blood sugar 
(FBS) and HbA1c levels were tested after fasting of 8 h as a 
minimum and 16 h as a maximum. Weights and heights of 
patients were taken, and basal mass index (BMI) was 
calculated according to the formula, (BMI) = (weight/ 
(height)2), in kg/m². 

Classification of patients was made according to Rose- 
nbloom classification [8]. Limited joint mobility classified 
by  Rosenbloom  as  Stage  0:  No  limitation. Those  with 

unilateral or doubtful findings, Stage 1: Mild limitation. 
Involvement of one or two interphalangeal joints or 
involvement of only the metacarpal joints (bilateral), Stage 
2: Medium-level limitation. Involvement of three or more 
interphalangeal joints or involvement of only one finger or 
one large joint (bilateral), Stage 3: Severe limitation. Overt 
hand deformity at rest. According to this classification, 344 
hands of 172 patients were grouped as Group 1 (stage 1), 
group 2 (stage 2) and group 3 (stage 3). 

Presence of microvascular (retinopathy, nephropathy, 
neuropathy, diabetic foot involvement), macrovascular 
(atherosclerotic heart disease (ASHD)) and other hand 
involvements (Dupuyten contracture, flexor tenosynovitis, 
sclerodactyly, carpal tunnel syndrome) seen in patients 
related to DM were recorded. 

In the patient, retinopathy was determined according to 
the results of the fundoscopic examination after consulting 
with the ophthalmology clinic, and nephropathy was 
determined by testing albuminuria, serum creatinine levels 
and creatinine clearance in the 24-hour urine, and patients 
with albuminuria of 30 g or more in the 24-hour urine 
and/or high levels of serum creatinine and/or proteinuria 
of mg or higher were found after consulting with the 
nephrology clinic. 

Neuropathy was investigated by the same practitioner for 
all the patients using Medelec Synergy 10-channel (Oxford, 
U.K.) electroneuromyography (ENMG) device a with 
motor transmission study on upper and lower extremities 
by  evaluating median,  ulnar, tibial and  peroneal  nerves 
bilaterally, with sensory transmission study, bilateral 
median and ulnar evaluation and unilateral radial and sural 
nerve evaluation. 

To determine ASHD, diagnoses of angina pectoris and 
cardiac diseases were questioned in the history of the patient. 

Feet of the patients were evaluated with physical 
examination as regards neuropathic and vascular involve- 
ment  with development of calluses, ulcers, joint motion 
ranges and presence of deformities and presence of diabetic 
foot was recorded. 

Presence of CTS was investigated with provocative 
Phalen and Tinel tests and with the evaluation of sense in 
the innervation area of the median nerve in patients 
defining paresthesia in the thumb, and second and third 
fingers particularly t night. Evaluation with ENMG was 
performed for definitive diagnosis. 

Consequences of micro- and macrovascular complications 
in the patients were evaluated as “present” or “absent”. 

Evaluation of the superficial senses of the patients was 
performed with Semmes Weinstein Monofilament Test 
(SWMT).  The  lack  of  sense  in  2.83  was  evaluated  as 
‘deterioration of superficial sense’, lack of sense in 3.61 
was evaluated as ‘diminished mild touch, lack of sense in 
4.31 as ‘reduced protective sense’, lack of sense in 4.56 as 
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‘loss of the protective sense’, and lack of sense in 6.65 as 
‘could not be tested’. The smallest number of the 
monofilament sensed was recorded. 

Pins were used to evaluate sense of pain. The patient was 
asked to differentiate between touches with blunt and sharp 
tips on each fingertip. Sense of pain was considered as 
‘normal’ in case of eight correct answers out of ten trials. 

To evaluate sense of heat, test tubes filled with cold 
water containing ice particles or hot water were used. These 
tubes were contacted to the fingertips for three seconds and 
the patient was asked to discriminate between hot and cold. 
Results were evaluated as ‘normal’ or ‘deteriorated’.  

For the evaluation of vibration sense, a diaposon of 256 Hz 
was used. Results were evaluated as ‘normal’ or ‘reduced’. 

Cortical sense was evaluated with static two-point 
discrimination test using pins. Ability to discriminate 
between two points 6 mm. apart and closer was considered 
as normal, discrimination between 7 and 10 mm. was 
considered as loss of sense in medium level, between 11 
and 15 mm. was considered as reduced sense, and over 
15 mm. was considered as ‘loss of protective sense’. 

Deep tendon reflexes (DTR) were tested in the upper 
extremities on biceps, brachioradialis and triceps muscles, 
and results were evaluated as ‘normal’ or ‘reduced’. 

Hand dexterities were evaluated with Nine-Hole Peg Test 
(NHPT). Periods were measured with a chronometer, and 
periods of 20 s and over were evaluated as ‘loss of dexterity’. 

Grip strength was measured with Jamar hand dynamom- 
eter. Measurements were repeated three times in the involved 
and intact hands each and mean values were taken in 
kilograms (kg). Pinch strengths were evaluated in three 
different positions (lateral, fingertip, palmar) with pinchmeter. 

Functionality of the hand was evaluated with Hand 
Functional Index (HFI). Hands were evaluated one by one 
using the scale consisting of the first 9 items in the Keitel 
Functional Index that evaluates the movements of the wrist 
and fingers and were scored between 2 and 21. 

Quality of life was evaluated with Short Form 36 related 
to health. Using the scale consisting of 8 subgroups, 
physical function, physical role limitation, emotional role 
limitation,  general  perception  of  health,  vitality,  bodily 
pain,  mental health  and  social function were  evaluated. 
Scoring was between 0 and 100. According to the 
subscales,  0  indicated the  worst  health  status,  and  100 
indicated the best health status. 

Data analyses were made using the Statistical Package 
for the Social Sciences 15.0 for Windows. Whether the 
distribution  of normally distributed continuous variables, 
were assessed with the Kolmorov-Smirnov test. Descriptive 
statistics were  shown  using  Chi-square tests as  mean ± 
standard deviation for continuous variables and number of 
observations (%) for nominal variables. Because of all of 
continuous variables normally distributed, continuous var- 

iables were investigated with Anova test between groups. 
Significance of the differences between the groups for 
nominal variables was investigated with Spearman correla- 
tion  analysis. Relation between sub-groups were  shown 
using  post hoc  analysis (Tukey-HSD). The results were 
considered as significant for p < 0.05. 
 

 
Results 
 
One hundred and seventy-two patients were included in the 
study. Of the patients, 129 (75%) were females and 43 
(25%)  were  males,  mean  age  was  62.58 ± 9.99,  and  77 
(44.8%) were type 1 while 95 (55.2%) were type 2 DM. 
The mean age at the onset of the disease was found as 
51.45 ± 11.75 years and duration of the disease was found as 
11.10 ± 7.48 years. Dominant hand was the right hand in 
161 patients (93.6%) and left hand in 11 (6.4%). Involve- 
ment of both hands was present in all the patients (n = 344). 
While family history was positive in 93 patients (54.1%), it 
was negative in 79 (45.9%). While there were no diseases 
accompanying DM  in  8  patients (4.7%), there was one 
accompanying disease in 95 patients (55.2%), two accom- 
panying diseases in 47 (27.3%), three in 15 (%8.7) and four 
accompanying diseases in 7 (4.1%). Hypertension was 
determined as the most frequent disease accompanying DM 
with 142 patients (82.5%). Mean FBS levels was 164.76 ± 
65.57 mg/dl, mean HbA1c was 8.87% ± 1.59, and  mean 
BMI was 30.99 ± 5.28 kg/m². 

Of the three hundred and forty-four hands having LJM 
according to Rosenbloom classification, group 1 constituted 
37.8% (n = 130), group 2 constituted 44.8% (n = 154) and 
group  3  constituted  17.4%  (n = 60).  Complications seen 
related to DM were recorded as retinopathy in 142 (41.2%) 
of the 344 hands with limited joint mobility syndrome, as 
nephropathy in 161 (46.8%), as ASHD in 259 (75.2%), as 
neuropathy in 266 (77.3%), and as diabetic foot involve- 
ment in 89 (25.8%). Dupuytren contracture was found in 
76  (22.1%), flexor tenosynovitis in  80  (23.2%), sclero- 
dactyly in  22  (6.4%), and  carpal tunnel  syndrome was 
found in 154 (44.7%). 

Distribution and comparison of demographic data, 
disease characteristics and metabolic factors are given in 
Table 1, distribution and comparison of complications are 
given in Table 2. Also, the results of correlation analysis 
that  made  to  verify  the  correlation in  terms  of  disease 
characteristics, metabolic factors and complications are 
presented in Table 3. 

In comparison between groups in terms of disease 
characteristics, metabolic factors and complications, we 
found that, LJM stage increases with increasing duration of 
disease, high FBS levels and presence of retinopathy, 
nephropathy, diabetic foot involvement and sclerodactyly. 
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Table 1  Distribution and 
comparison of demographic 
data, disease characteristics and 
metabolic factors according to 
the groups 

 
 
 
 
Gender 

 
Group 1 Group 2 Group 3 
 
n(%), mean ± SD n(%), mean ± SD n(%), mean ± SD 

 
 
 
 
 
 
 
 
 
 
 
 
 

mean ± SD: mean ± standard 
deviation, BMI body mass 
index, FBS Fasting blood sugar 
aFor the data compared, 
statistical differences were 
found  between groups 1  and 3 
and groups 2 and 3 (p < 0.05) 
bFor the data compared, 
statistical differences were 
found  between groups 1  and 
3 (p < 0.05) 

Female 96 (%73.8) 120 (%77.9) 42 (%70.0) 

Male  34 (%26.2)  34 (%22.1)  18 (%30.0) 

Age    63.72 ± 8.57    63.16 ± 10.04   58.63 ± 12.03 

Type of Diabetes 

Type 1  50 (%38.5)b 70 (%45.5) 34 (%56.7)b 

Type 2 80 (%61.5) 84 (%54.5) 26 (%43.3) 

Age at the onset of the disease (years)  52.81 ± 10.52  52.48 ± 11.39  46.00 ± 13.89 

Duration of the disease (years) 10.95 ± 8.57a  10.63 ± 6.74a  12.63 ± 6.87a
 

Positive family history 64 (%49.2) 92 (%59.7) 30 (%50) 

Number of diseases 

accompanying DM 

No accompanying disease 16 (%12.3) 0 0 

1 accompanying disease 66 (%50.8) 88 (%57.1) 36 (%60.0) 

2 accompanying disease 38 (%29.2) 40 (%26.0) 16 (%26.6) 

3 accompanying disease 4 (%3.1) 22 (%14.3) 4 (%6.7) 

4 accompanying disease 6 (%4.6) 4 (%2.6) 4 (%6.7) 

BMI (kg/m²) 31.99 ± 6.76 30.67 ± 3.66 29.63 ± 4.85 

FBS level (mg/dl) 153.33 ± 47.82a  158 ± 59.20a  175.64 ± 77.30a 

HbA1c level (%) 7.70 ± 1.63b  7.95 ± 1.44 9.46 ± 1.75b
 

 
 
Also, advanced stage (stage 3) more seen than early stage in 
patients with type 1 DM, high HbA1c level, Dupuytren 
contracture and CTS. 

Distribution  and  comparison of  physical examination, 
functional status of the hand, and the subgroup of quality of 
life assessment are given  in  Table  4  and  the  results of 
correlation analysis that made to verify the correlations are 
presented in Table 5. 

In comparison between groups in terms of physical 
examination, functional status of the and quality of life 
assesment, was found that, with the increase of LJM stage 
decreased superficial, pain and heat senses, fingertip strengths, 

hand function, vitality level, mental health and social 
functionality and increases emotional role limitation. Also, 
advanced stage (stage 3) more seen than early stage in patients 
who have anormal cortical sense and DTR, loss of hand 
dexterity, reduced grip strength, decreased physical function 
and general health and increased physical role limitation. 
 

 
Discussion 
 
In our study, relations of presence of LJM with the duration 
of diabetes, its metabolic control and complications, and the 

 
 

Table 2  Distribution and 
comparison of complications 
according to groups 

Group 1 Group 2 Group 3 

n(%) n(%) n(%) 

Retinopathy 42 (%32.3)a 64 (%41.5)a 36 (%60.0)a 

Nephropathy 50 (%38.5)a 73 (%47.4)a 38 (%63.3)a 

Atherosclerotic cardiac disease 92 (%70.7) 120 (%77.9) 47 (%78.3) 

Neuropathy 98 (%75.4) 120 (%77.9) 48 (%80.0) 
aFor the data compared, statisti- 
cal differences were found be- Diabetic foot involvement 25 (%19.2)a

 32 (%20.8)a 32 (%53.3)a 

tween groups 1 and 3 and 
groups 2 and 3 (p < 0.05) 
bFor the data compared, statisti- 
cal  differences  were  found be- 

Dupuytren contracture 22 (%16.9)b 34 (%22.1) 20 (%33.3)b
 

Flexor tenosynovitis 24 (%18.5) 42 (%27.3) 14 (%23.3) 

Sclerodactyly 4 (%3.1)a 8 (%5.2)a 10 (%16.7)a 

Carpal tunnel syndrome 56 (%43.1)b 66 (%43.5) 32 (%53.3)b
 

tween groups 1 and 3 (p < 0.05)    
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Table  3  The results of correlation analysis that made to  verify the 
correlation in terms of disease characteristics,  metabolic factors 
and complications 

 
Parameters r P 

 
Type of Diabetes −0.125 0.020 
Duration of the disease (years) −0.174 0.001 
FBS level (mg/dl) −0.163 0.012 
HbA1c 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 body  mass  index,  FBS 
Fasting blood sugar 

 
 

effects on the hand functionality and the quality of life were 
investigated. Between the groups, positive correlation was 
found between the stage of LJM and functional incapability 
of the hand, energy level, mental health and social 
functionality and negative correlation was found in super- 
ficial sense; between groups 1 and 3 and groups 2 and 3, 
positive correlation was found in FBS level, retinopathy, 
nephropathy, diabetic foot involvement, sclerodactyly, 
emotional role limitation and negative correlation was 
found in pain and heat senses and grip strength; between 
groups 1 and 3, positive correlation was found in HbA1c 
level, Dupuytren contracture, CTS, physical function, 
physical role limitation and  general health and  negative 
correlation was found in cortical senses, DTR, finger 
strengths and hand dexterity (p < 0.05). 

It has been reported in the literature that LJM is 
particularly related with the duration of DM, is generally 
seen in patients with long-duration disease and that duration 
of the disease can be an independent predictor for LJM [9]. 
It was reported in some studies that the incidence is 40– 
50% in patients with diabetes duration is longer than 12 to 
16 years [10], and LJM was seen in 22.7% for the disease 
duration of 2–5 years, and in 89.3% for the disease duration 
of more than 10 years [11]. In our study also, mean duration 
of disease was found as 11 years, and positive correlation 
was found between the increase of duration and the increase 
of the stage of LJM, complying with the literature. 

Articles reporting that continuous high levels of tissue 
glucose is effective on the development of LJM have been 
published  [6,  12].  It  was  reported  in  the  literature that 
increase in the stiffness of the joints correlated with the 

increased glycolization of collagen and that there is a 
relation between LJM and FBG [12]. The relationship 
between the level of HbA1c, which is used to define the 
changes in blood glucose levels in long periods, and LJM, 
and it was reported that level of HbA1c can be used as an 
independent risk factor for the development of LJM and a 
predictor, and that there was positive correlation between 
these two [13]. In our study also, FBS and HbA1c levels 
were found high, and a positive relation was determined 
with the stage of LJM. 

It has been reported in the literature that there is a 
positive relation between the presence of LJM and 
microvascular complications of DM and although not very 
clear, the mechanisms for the development of these two 
groups of complications can be the same [9, 14]. It was 
reported in some other studies that LJM can be used as a 
risk factor when evaluating the presence of microvascular 
complications since it seen 4.5 years in the average before 
the occurrence of microvascular complications [15, 16]. 

The microvascular complication that relation with LJM 
is reported most frequently is the presence of retinopathy. 
Togetherness of LJM and retinopathy was found as 43– 
96.4% in the studies performed, and it was reported that 
this relationship became closer with the increasing severity 
of retinopathy and rate of development of severe retinop- 
athy increased 2.5 to 2.8 folds [9, 17, 18–19]. 

In their study on patients with type 1 DM, Borch- 
Johnsen et al. [19] reported with a low sensitivity that LJM 
could be used as a potential predictor for the development 
of nephropathy. The rate of nephropathy in patients with 
LJM was reported as 40–90.9% in the literature and the 
relation  with  both  micro  and  macroalbuminuria  was 
shown [10]. In the study of Aoki et al. [20] it was reported 
that nephropathy stage increased with the increasing 
severity of LJM. 

In our study also, retinopathy was found as 41.2% and 
nephropathy as 46.8% as compliant with the literature, and 
it was found that frequency of retinopathy and nephropathy 
increased with the increasing stage of LJM. 

Diabetic neuropathy is reported as 10% at the time of 
DM diagnosis, and between 5–60% for all the patients with 
DM; this rate reaches 100% with the inclusion of 
subclinical transmission abnormalities. Neuropathy is pres- 
ent from the early stages of DM according to some authors, 
and can reach 80 to 90% when duration of diabetes reaches 
10–12 years [21]. Big myelinated nerve fibers and non- 
myelinated  nerves  are  affected in  DM  resulting  in  the 
reducing of superficial, pain, and heat senses, loss of two- 
point discrimination and DTRs, and reducing of gripping 
strength [22, 23]. It has been reported that sensory 
deterioration and strength losses prevent use of the joint 
and lead to decrease in joint movements and increase in 
stiffness  [24].  Reducing  of  nerve  transmission  speed  is 
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Table 4  Distribution and com- 
parison of physical examination, 
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 
aFor the data compared, statisti- 
cal  differences  were  found be- 
tween   group  1,  group  2  and 
group 3 (p < 0.05) 

Parameters Group 1 Group 2 Group 3 

n(%),mean ± SD n(%),mean ± SD n(%),mean ± SD 

Superficial sense 

Normal  68 (%52.3)a   38 (%24.7)a   2 (%3.3)a 

Reduced slight touch 40 (%30.8) 66 (%42.9) 10 (%16.7) 

Reduced protective sense 18 (%13.8)b 32 (%20.8)b 27 (%45.0)b 

Protective sensory loss 4 (%3.1) 15 (%9.7) 8 (%13.4) 

Senses not tested 0b  3 (%1.9)b 13 (%21.6)b 

Sense of pain (normal) 118 (%90.8)b 124 (80.5)b 35 (%58.3)b 

Sense of heat (normal)  120 (%92.3)b   115 (%74.7)b   32 (%53.3)b 

Vibration (normal)  6 (%4.6)  4 (%2.6)  1 (%1.7) 

Two-point discrimination 

Under 6 mm 34 (%26.2)c 18 (%11.6) 1 (%1.7)c
 

7–10 mm 50 (%38.5) 40 (%26.0) 13 (%21.6) 

11–15 mm  28 (%21.5)  58 (%37.7)  21 (%35.0) 

Over 15 mm. 18 (%13.8)c 38 (%24.7) 25 (%41.7)c 

DTR (normal)  87 (%66.9)c   88 (%57.1)  25 (%41.7)c 

NHPT (under 20 s)  37 (%28.5)c   34 (%22.1)  3 (%5.0)c 

Grip strength (kg.)  15.05 ± 6.40c    14.34 ± 8.86  11.99 ± 6.22c 

Lateral pinch strength (kg.)  7.28 ± 2.28b    6.93 ± 2.21b    5.42 ± 1.73b 

Palmar pinch strength (kg.)  5.62 ± 1.91b    5.23 ± 1.78b    4.59 ± 1.46b 

Fingertip pinch strength (kg.)  4.73 ± 1.73b    4.10 ± 1.65b    2.65 ± 1.43b 

HFI (2–21)  7.97 ± 2.76a    15.69 ± 2.40a    19.81 ± 3.54a
 

Physical function (0–100) 36.10 ± 27.81c  30.83 ± 22.53 26.07 ± 16.64c 

Physical role limitation (0–100) 10.58 ± 23.02c  8.20 ± 12.55 3.33 ± 8.64c
 

Emotional role limitation (0–100) 35.61 ± 35.37b  29.58 ± 31.75b  19.99 ± 35.66b 
bFor the data compared, statisti- 
cal  differences  were  found be- 

General perception of health (0–100) 38.13 ± 20.29c 35.21 ± 19.74 30.96 ± 19.71c 

tween  groups  1  and  3   and 
groups 2 and 3 (p < 0.05) 
cFor the data compared, statisti- 
cal  differences  were  found be- 

Vitality level (0–100) 42.69 ± 21.52a  31.00 ± 18.63a  13.90 ± 8.23a
 

Pain evaluation (0–100) 25.96 ± 19.69 22.93 ± 21.86 22.44 ± 19.28 

Mental health status (0–100) 63.90 ± 19.82a  53.23 ± 13.48a  41.68 ± 21.10a 

Social function (0–100) 48.86 ± 30.08a  28.75 ± 20.14a  11.22 ± 12.83a 

tween groups 1 and 3 (p < 0.05)    
 
 
correlated with the reducing of senses of heat and vibration 
in diabetic neuropathy [25]. In the study of Rahman et al. 
[26], it was reported that evaluation of particularly the sense 
of vibration and with monofilaments can be used as the 
predictor of neuropathy. Togetherness of neuropathy and 
LJM was reported as 50–70.2% in the literature. Starkman 
et al. [9] found a relationship between the development of 
neuropathy and LJM in DM patients younger than 40 years 
of age with disease duration less than 20 years. In their 
study on 204 patients with type 1 DM, Beacom et al. [27] 
found significant decreases in vibration sense and ENMG 
transmission rates in patients with LJM as compared to 
those without LJM. 

In our study, neuropathy was present in 77.3% or the 
patients, and deterioration in vibration sense was present in 
97%. However, a statistically significant increase related to 
the stage of LJM could not be found. This can be explained 
with  the presence of  neuropathy in  the majority of  our 

patients and the decrease in vibration sense. Also, deteri- 
oration in the parameters of sense evaluation paralleling 
LJM stage suggests that neuropathy also increases with the 
LJM stage. 

In the literature, it is reported that decrease in the mobility 
of foot joints also is found in cases where LJM is found in the 
hand [28]. Duffin et al. [29] reported in their study on 302 
patients with DM that prayer sign was positive in 35% of the 
patients, and at the same time, they found the rate of 
restriction in subtalar joints in the feet was 35%, and reported 
that the prayer sign being positive could indicate the 
possibility of restriction in the mobility of other joints also. 
In our study also, positive correlation was found between the 
diabetic foot involvement and increase of the LJM stage. 

There are too few studies in the literature on LJM and 
macrovascular complications. Together with this, coronary 
heart disease and hypertension is present in the majority of 
patients. In the study of Frost et al. [10], it is reported that 
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Table  5  The results of correlation analysis that made to  verify the 
correlations in terms of physical examination, functional status of the 
hand, and the subgroup of quality 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 deep tendon reflexes, NHPT 
nine-hole peg test, HFI hand functional index 

 
 
finding early subclinical macrovascular involvement signs 
is statistically significant particularly in women with LJM, 
and hypertension is seen more frequently as compared to 
patients without LJM. Arkkila et al. [30] reported that LJM 
constitutes a high risk for coronary heart disease. Slama et 
al. [31] found ASHD giving clinical findings by 11% in 
their study. 

ASHD was found with a rate of 75.2% and hypertension 
82.5% in our study. The reason may for lack of statistically 
significant changes with the stage of LJM is that majority 
of our patients has these complications. 

It is reported in the literature that LJM and Dupuytren 
contracture, tenosynovitis and sclerodactyly develop with 
the same mechanisms [32]. Togetherness of LJM with 
Dupuytren contracture is reported in the literature as 12– 
95% [30, 31], with sclerodactyly as 6.4–85% [33], and with 
flexor tenosynovitis as 17.5–100% [34]. 

CTS  is  the  most  frequently seen  mononeuropathy in 
DM; the risk increases in diabetics with duration of the 
disease is over 20 years and long-term high levels of blood 
glucose reportedly to reach 8–19% in asymptomatic cases 
and to 22–29% in symptomatic cases. This risk increases to 
reach some 75% in patients with LJM [35]. 

Although the frequency rates of Dupuytren contracture, 
sclerodactyly, flexor tenosynovitis and CTS in our study 

was harmonious with the literature, significant increases in 
LJM stage were found only regarding Dupuyten contrac- 
ture, sclerodactyly and CTS. The reason for studied patients 
in the literature may have different features than our groups. 

Hand grip strength and lateral pinch strength is reported 
to  be reduced in patients with DM as compared to the 
normal population in the literature [36]. And it has been 
suggested that the reducing in the hand grip strength was 
related to peripheral neuropathy accompanying DM, cardi- 
ac diseases, vision problems and renal insufficiencies. 
Lundbaek et al. [37] reported that LJM could cause 
reducing in the muscular strength in the hand. In a study 
of Savaş et al. [14] evaluating the hand grip strength in 
patients with DM was found reduced, 23 kg in the average. 
In two studies in the literature performed on patients with 
DM  using  different hand  function scales  were  reported 
relation with decreased hand muscular strengths between 
decreased  in  physical activity and  deterioration  in  daily 
living  activities.  In  our  study,  negative  correlation was 
found for lateral, palmar and fingertip pinch and grip 
strengths with the stage of LJM. We think that lower values 
for hand grip strength as compared to the literature is the 
high incidence of micro- and macrovascular complications 
and neuropathy in our patients. In the literature in the study 
of  Cederlund  et  al.  [13],  insufficiencies in  daily  living 
activities and hand functions were reported for LJM 
patients with findings of neuropathy. Also, in our study, 
inadequacy of hand functions and LJM stage were 
correlated with each other harmoniously with the literature. 

There is no study same our study in the literature. It 
has been reported in the literature that in the evaluation 
of quality of life in patients with diabetes using SF-36, 
physical  function  played  a  role  by  60–74%,  physical 
role  limitation by  56.5–64.5%,  level  of  pain  by  62.7– 
73%, general health perception by 48.9–63.9%, vitality 
level by 54.5–58.9%, social function by 74.8–81.4%, 
emotional role limitation by 63.2–80.9%, and mental 
health by 60.1–77.2% [38]. Hart et al. [39] have reported 
that  macrovascular complications in  patients  with  DM 
were related to both physical and mental functions; 
Papadopoulos et al. [40] however, reported that all but 
physical role limitation were affected in the presence of 
microvascular complications. 

It was reported that occurrence of complications deteri- 
orate the quality of life in the domains of physical function, 
physical role difficulties, and general health; quality of life 
was negatively affected with the increasing severity of the 
complications; domains that most badly affected were 
physical role limitation, vitality level and general health 
perception; and values for physical function and pain got 
worse in cases older than 10 years in duration [38]. 

Deterioration in all the quality of life parameters 
excluding pain level correlated with LJM stage was found 
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in our study. Lack of finding changes in pain levels 
correlated with LJM stage and finding the rates of other 
parameters lower as compared to DM patients without LJM 
suggest that quality of life in LJM is affected from hand 
involvement and microvascular complications that increase 
with the increasing stage in a correlated fashion contribute 
to this result. 

As a secondary result, we found that, advanced stage 
LJM in patients with type 1 DM more seen than type 2 DM. 
Studies in the literature, were often evaluated patients with 
type 1 DM [18, 21, 28]. Therefore, we think that, especially 
in  patients  with type 1  DM  should  be  more careful as 
regard development of complication, loss of hand function 
and reduce the quality of life. 

 

 
Conclusion 

 
LJM, although seen rather frequently in diabetes, is a 
condition overlooked in general. Duration of diabetes is 
related with the metabolic control and microvascular 
complications and this relation gets stronger with the 
increasing stage. Serious inadequacy occurs in the func- 
tionality and quality of life of these patients with the 
increasing  microvascular  complications. We  believe  that 
detection of the presence of LJM particularly in DM of long 
duration  with  poor  metabolic  control  will  contribute to 
prevent morbidity, mortality and functional incapability in 
these patients. 
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Abstract  This  study  was  undertaken  to  determine  the 
effect of smoking and diabetes mellitus individually and 
combined on the total antioxidant capacity (TAC) of saliva 
in type 2 diabetes mellitus. The study consisted of four 
groups, one control and three study groups, each with 20 
subjects. Salivary and serum samples were collected from 
all the groups, which were further subjected to biochemical 
analysis. The observations of the study were subjected to 
statistical analysis using SPSS software version 12. The 
level of salivary TAC decreases secondary to diabetes 
mellitus and smoking. As the duration of diabetes mellitus 
increases, the level of total antioxidants decreases. Correla- 
tion of salivary TAC with Russell’s index had a negative 
correlation.  Smoking  has  a  synergistic effect  on  diabetes 
mellitus in reducing the salivary total antioxidant level. Further 
research  should  be  devoted  to  the  possible  benefits  of 
supplementation with  antioxidant  supplements.  Saliva  is 
considered to be a representative of serum and salivary analysis 
is simple and noninvasive. From the clinical standpoint, it may 
be reasonable to conclude that salivary TAC can be a 
useful 

marker  to  assess  the  oxidative stress,  as  an  indicator of 
progression of diabetes mellitus. 
 
Keywords  Diabetes mellitus . Total antioxidant capacity . 

Reactive oxygen species . Saliva . Free radicals . Smoking 
 

 
 
Introduction 
 
Hyperglycemia in Diabetes Mellitus (DM) is associated with 
increased production of Reactive Oxygen Species (ROS), 
which in turn contribute to the development of diabetic 
complications. Numerous studies have shown that while 
different indices of free-radical damage increase, there is a 
decrease in the concentration of various individual antioxidant 
substances, indicating the presence of oxidative stress in DM. 
It has also been suggested that there is a link between the 
development of microvascular and macrovascular diabetic 
complications in the form of free oxygen radical damage[2]. 
The profound effect of DM on salivary antioxidant param- 

   eters  may  be  of  great  importance  with  respect  to  the 
R. R. Kashyap  
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diagnosis and evaluation of the complications [3]. 
Cigarette smoke is a major exogenous source of free 

radicals. Obligatory use of the body reserve of antioxidants 
to detoxify the excess of free radicals in smokers therefore 
results in an alteration in the level of different antioxidants. 
Saliva is the first body fluid to encounter exogenous 
materials or gases that penetrate the human body. Smoking 
affects the antioxidants in the saliva, thereby affecting the 
protective mechanism of saliva [4, 5]. 

Oral  health  researches have  been  developing  salivary 
diagnostic tools to monitor oral diseases including periodontal 
disease as well as caries. The major advantages for using 
saliva rather than blood in the diagnosis are easy access & 
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Table 1  Mean HbA1c, Russell's index and salivary TAC 

 
Groups Mean HbA1c (%) Russell’s index Saliva TAC (mM) Duration of DM (yrs) Duration of smoking (yrs) 

 

Non diabetic, Non smokers 5.9 ± 0.2 2.65 ± 1.05 3.65 ± 1.53  
Non diabetic, Smokers 6.0 ± 0.4 4.68 ± 1.88 1.60 ± 0.77  6.0 ± 5.6 
Diabetic, Non smokers 7.6 ± 1.2 3.75 ± 1.90 1.12 ± 0.50 6.55 ± 5.87  
Diabetic, Smokers 8.1 ± 1 5.60 ± 1.90 0.93 ± 0.94 6.00 ± 5.60 23.7 ± 8.2 
P <0.001* <0.001* <0.001* 0.805** 0.912**  

{* highly significant; ** non significant} 
 

 
non-invasive collection. The correlation between depletion of 
total antioxidant capacity (TAC) and poor glycemic control 
suggests that measurement of TAC in diabetic patients can be 
used as an index of glycemic control and development of 
diabetic complications in both types of diabetes. Hence this 
study was undertaken to determine the effect of smoking and 
DM, singly and in combination on TAC of saliva. 

 

 
Subjects and methods 

 
A total number of 80 subjects, above the age of 45 years were 
randomly selected for the study [6]. Study group comprised 
of 40 known diabetics either on diet and exercise or on oral 
hypoglycemic agents. Study groups were further divided into 
two groups of 20 each, according to the habit of smoking. 
Control group comprising of 40 adults without any systemic 
diseases, were further divided into two groups of 20 each 
according to the habit of smoking. Criteria for selection of 
smokers was, any form of tobacco smoking done every day 
as habit for at least 1-year duration. Subjects with other 
systemic diseases, those on medications other than hypo- 
glycemics and those on deleterious habits other than 
smoking were excluded from the study. 

The subjects were asked not to smoke or consume any 
food 2 hours prior to the collection of saliva. Following a 

thorough mouth rinse using distilled water, saliva was 
allowed to accumulate in the mouth for 5 min. Accumulat- 
ed saliva was collected by spit method. Intra oral 
examination was done and findings were recorded. Peri- 
odontal attachment loss was assessed by  Russell’s peri- 
odontal index [7]. Blood sample was drawn and subjected 
for analysis of glycated hemoglobin (HbA1c) by Turbidi- 
metric Inhibition Immunoassay and random glucose level 
by glucose oxidase-peroxidase method using Hitachi 902 
automatic analyzer. 
 
Estimation of total antioxidant capacity: 2 ml of collected 
saliva was stored at a temperature of +4°C in glass vials, 
which were then subjected to analysis by phosphomolyb- 
denum method for the quantitative determination of total 
antioxidant capacity using Spectrophotometer. One millili- 
ter of reagent solution was prepared using 0.6 M of sulfuric 
acid,     28  mM  sodium  phosphate and  4  mM  ammonium 
molybdate  (30  ml  sulfuric  acid  +218.4   mg  sodium 
phosphate +247.2 mg ammonium molybdate  made up to 
50 ml). The assay is based on the reduction of molybdate to 
molybdenum and the subsequent estimation of a green 
phosphomlybdenum complex. An aliquot of 0.1 ml of 
sample solution containing a reducing species (ethanol) was 
combined in an Eppendrof tube with 1 ml of reagent 
solution. The tubes were capped and incubated in water 

 
 

Table 2  Severity of periodontitis in different groups 
 

Severity Groups Total 
 

Group 1 Group 2 Group 3 Group 4 
 

Russell’s staging Early destructive 
periodontal disease 

 

Established destructive 
periodontal disease 

N 
% within the group 

 

N 
% within the group 

6 1 1 8 

30.0% 5.0% 5.3% 10.4% 

13 9 14 7 43 

65.0% 45.0% 73.7% 38.9% 55.8% 

Terminal disease N 
% within the group 

 

Total N 
% within the group 

1 10 4 10 26 

5.0% 50.0% 21.1% 61.1% 33.8% 

20 20 19 18 77 

100.0% 100.0% 100.0% 100.0% 100.0% 
 

Group 1: Non-diabetic, Non-smokers; Group 2: Non-diabetic, Smokers; Group 3: Diabetic, Non-smokers; Group 4: Diabetic, Smokers 
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bath at 37°c for 90 min. After 90 min. the samples were 
allowed to cool to the room temperature. The absorbance of 
the aqueous solution for each was measured at 695 nm 
against a blank using spectrophotometer. A typical blank 
solution containing 1 ml of reagent solution and the 
appropriate volume of the same solvent used for the sample 
was incubated under the same conditions as the rest of the 
samples [8]. 

Data  obtained  were  analyzed  using  chi-square  test, 
Kruskal-Wallis H test, Spearman correlation coefficient ratio 
& Fisher’s Exact Test using SPSS version 12 software.  The P 
value < 0.01 was considered as statistically significant. 

 
 
Results 

 
The present study comprised of 80 male subjects above 
45  year  age,  divided  into  four  groups,  n =20× 4, with 
95% confidence level and 80% power, as follows; Group 1: 20 
non-diabetic non-smokers; Group 2: 20 non-diabetic smokers; 
Group 3: 20 diabetic non-smokers; Group 4: 20 diabetic 
smokers. 

 
Salivary TAC:  Mean salivary TAC values were as  
given (Table 1). It was lower in group II, III& IV when 
compared to group I; it was significantly lower in group 
IV. 

 
Russell’s periodontal index: One subject in group 3 and 
three subjects in group 4 were completely edentulous. 
Hence they were not included for Russell’s index. Amongst 
other 77 subjects, 10.4% had early destructive periodontal 
disease, 
55.8% had established destructive periodontal disease and 
33.8% had terminal disease. Terminal disease was seen with 
higher percentage in both the groups of smokers (Table 2). 

 

 
Correlations 

 
Correlation  of  salivary  TAC  with  Russell’s  index  was 
highly significant with a negative correlation (Fig. 1). 

On comparing group wise, in group 1, 2 and 3 salivary 
TAC showed negative correlation with Russell’s index 
however,  with  group  4  the  correlation was  statistically 
significant (P = 0.046). 

As the HbA1c level increased, there was a drop in the 
salivary TAC level (Fig. 2). However it was statistically not 
significant probably due to the smaller sample size. 

Correlation of salivary TAC with type of   smoking in 
groups 2 & 4 was not statistically significant. Correlation of 
salivary TAC with duration of smoking, revealed negative 
correlation in group 4. Correlation of salivary TAC with 
duration of diabetes showed negative correlation. However, 
it was not statistically significant. 

 
Fig. 1  Correlation of salivary TAC with Russell’s index 
 

 
Discussion 
 
Hyperglycemia in DM is associated with increased production 
of ROS, which in turn contributes to the development of 
diabetic  complications. Saliva  may  be  described  as  a 
heterogeneous fluid  composed  of  proteins,  glycoproteins, 
electrolytes and small organic molecules as well as com- 
pounds transported from blood [9]. The salivary antioxidant 
system includes various molecules and enzymes, of which 
the most important are the uric acid molecule and the 
peroxidase enzyme, both of which are water soluble [10]. 

The present study was carried out with the objective of 
estimating the TAC of saliva in diabetic smokers and 
nonsmokers and to correlate them with controls. The mean 
salivary TAC of smokers was significantly less than that of 
non-smokers, suggestive of the effect of smoking on 
salivary TAC. Saliva in smokers is constantly exposed to 
free radicals, which leads to a depletion in the TAC of 
saliva. A study by Zappacosta et al. has demonstrated that 
 

 

 
 
Fig. 2  Correlation of salivary TAC with HbA1c 
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even one cigarette reduces the concentration of glutathione 
in saliva, which, however, returns to the pre-smoking value 
after 1 ± 2 h [11]. It can be considered that with chronicity, 
this mechanism may be hampered. 

The present study showed negative correlation of salivary 
TAC  with duration of  diabetes. As  the  diabetic duration 
increases, there is an increase in the production of free radicals 
which would probably deplete the TAC as has been reported 
in previous literature [2]. However, the correlation between 
salivary TAC and HbA1c level was not statistically 
significant.  A  study  conducted  by  Zloczower et  al.  has 
shown an overall increase in salivary antioxidant in DM 
patients. This study included estimation of selected individ- 
ual antioxidants like peroxidase, superoxide dismutase and 
uric acid [12]. But, it has been suggested that antioxidant 
systems act in concert rather than alone and investigation of 
individual antioxidant may be misleading and measurement 
of individual antioxidant may be less representative of the 
whole antioxidant status [9]. 

Smoking as well as DM is implicated as the causative 
factors for periodontitis. Chronic generalized periodontitis 
is one of the main oral manifestations in diabetics. Mean 
Russell’s index value for diabetic smokers was high 
amongst all the groups and was very highly significant. 
But when compared to diabetic nonsmokers, nondiabetic 
smokers had higher index value, suggestive of the major 
role played by smoking in the pathogenesis of 
periodontitis. In the present study, a negative correlation 
was observed between Russell’s index and salivary TAC 
consistent with the cohort study conducted by Sculley et al. 
that periodontal disease is associated with reduced salivary 
antioxidant status and increased oxidative damage within 
the oral cavity [13]. 

In the present study, mean salivary TAC level is lowered in 
both groups of smokers, significantly more so in diabetic 
smokers. Salivary TAC revealed negative correlation with 
duration of smoking in both the groups, though it was 
statistically not significant probably because of smaller sample 
size. Compared to non-diabetics, the diabetic subjects had 
lower salivary TAC. Similar study conducted by Boemi et al. 
to analyze the association of smoking with the antioxidant 
enzyme paraoxonase in the serum of Type 2 diabetic patients, 
a deficiency of paraoxonase was consistently observed. 
Smoking was associated with a further, significant decrease 
in serum concentrations and activities of this enzyme [14]. 
DM as well as smoking is individually known to deplete the 
TAC. In diabetic smokers synergistic effect can be observed 
between DM and smoking in depleting the salivary TAC. 

Salivary analysis is simple, noninvasive and can easily 
be obtained from the ambulatory patient. Several studies 
have been done to assess whether saliva can be used as a 
diagnostic tool. However, it harbors its own limitations. 
Collection  of saliva must be performed in a meticulous 

manner and the saliva must be preserved in proper 
conditions for further analysis, in order to avoid various 
technique-related effects. Saliva, although considered to be 
a  representative of  serum,  is  influenced  by  other  local 
factors affecting oral cavity. Serum glucose and HbAlc are 
still considered the proven gold standard for diagnosis and 
monitoring in diabetes. Though the objectives of the study 
were achieved, correlations were not statically significantly 
probably because of smaller sample size. The study has the 
confounding factor of self-reporting of smoking status and 
duration of diabetes and the medications taken for the same. 
However, this study adds to the existing literature as it is 
the  first  to  examine  salivary  total  antioxidant status  in 
diabetic smoker patients. From the clinical standpoint, it 
may be reasonable to conclude that salivary TAC can be a 
useful marker to assess the oxidative stress, as an indicator 
of progression of DM and to monitor the efficacy of 
treatment. Further, it can be used to motivate diabetic 
smokers to abstain from the habit. 

In conclusion, the findings of this study strengthen the 
need for extensive research to identify the potential 
relationship between depletion of TAC in saliva of diabetics 
and smokers. Further research should be devoted to the 
specific diabetes mellitus-related adverse effects and possi- 
ble benefits after supplementation with antioxidant supple- 
ments. However this issue still remains open and needs to 
be further investigated and confirmed. 
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