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ABSTRACT

Type2 diabetesisasilent killer disease and mortality rateishigh among the
physically inactive middle and old aged people. In this study the impact of
physical activity on the inflammatory biomarkers among young, middlie
and old aged diabetic subjects, living in semi urban area Thanjavur town,
Tamil Nadu has been investigated. For the present study, the mal e subjects
of 35-45, 46-55 and 56-65 years were selected and thereafter classified as
young, middle and old diabetic subjects. In the present study C reactive
protein, homocysteine, fibrinogen and WBC count were analyzed as in-
flammatory biomarkers in different age group of diabetic subjects. The
level of inflammatory biomarkers was found to be very high in elderly
diabetic persons when compared to the physically active diabetic sub-
jects. People with diabetes have an elevation in the level of inflammatory
biomarkers, because of excess chronic oxidative stress produced in the
hyperglycemic state. Everyday physical activity such aswalking isassoci-
ated with the increased insulin sensitivity and decreased oxidative stress.
In the present study, physical activity improved the levels of inflammatory
biomarkers among the walking diabetics which may be attributed to anti-
inflammatory effect of physical activity.
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INTRODUCTION

Diabetesmdlitusisaprogressive chronicinflam-
matory diseaseemerging asaGloba epidemic®. It has
adigtinct pathophysiologica mechanismthat may lead
to unique impact on eye, kidney, nerve damage and
further complicationsbesidesincreased risk for car-
diovascular diseasg?. Further, diabetesimposesatre-
mendous burden on health economies mainly because
of itsdevastating nature of complications.

Indiais currently termed as “diabetes capital of
theworld” due to increasing number of diabetic sub-
jects?. According to the diabetic atlas published in 2006
by the International Diabetes Federation, the number
of peoplewith diabetesin Indiaiscurrently around 40
millionand thisnumber isexpectedtoriseto 70million
by 2025, unless urgent preventive steps are taken to
control thisdiseasg. Physicd inactivity isanindepen-
dent risk factor for diabetesin Indians. Researchers
looking at levelsof physicd activity among southAsans
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noted some awareness of itsimportance but alack of
putting it into practice®. Thereasonsincluded cultural
norms, socia expectations, timeconstraintsand hedlth
problems. It has a so been reported that hedthcare pro-
fessionalsperceive SouthAsiansasholding fatalistic
beliefssurrounding their hedlth statusand arerel uctant
to providelifestyleadvicebecause of poor cultural and
religious understanding®, thus exacerbating the prob-
lem.

Physiciansfind pedometersasauseful tool for mo-
tivating patientsand monitoring their exercise habits.
Simple, daily, vigorouswaking cansignificantly improve
cardiac risk factorsand glucose metabolism. Because
walkingisaccessibleand rdatively safeit can beeasly
incorporated into daily routines. Itisaform of exercise
that ispractica and suitablefor most diabetic patients,
especialy elderly persons.

Diabetesisconsidered asastate of chronic, low-
level inflammation™. Inflammationisone of themani-
fegtationsof oxidative stressand markersof inflamma-
tionareall induced by oxidativestress®. Inflammation
isakey feature of plagueinstability and triggers pro-
gression of atherosclerosisin diabetic patients® and it
isassociated with apathway invol ving cytokine-medi-
ated acute-phase response to infection and other in-
flammeatory processes™. Inflammation, endothdlid dys-
function and abnormalities of coagul ation are associ-
ated withinsulin res stance and thereby become com-
mon antecedents of both diabetes and coronary heart
diseases. Thenove risk factorsfor diabeteshave been
categorized into factorsthat arederived from adipose
tissue, hepaticfat, endothelium and inflammatory mark-
ers. Some of these factors are of importance among
southAsiansthanin Europeans™. Inthe present study,
CreactiveProtein [ CRP], Homocysteng HCy], fibrino-
gen, WhiteBlood Cells[WBC] wereanalyzed inthe
diabetic group asinflammatory biomarkers.

CRP, an acute phase reactant is the most exten-
sively studied biomarker of chroniclow gradeinflam-
mation™ andlow gradesystemicinflammation enhances
therisk of type 2 digbetesmellitus[ T2DM]3. HCy is
sulphur containingamino acid intermediary inthe meta-
bolic pathway of methioning4., It haspro-oxidant prop-
ertiesand in high concentrationsisacause of endothe-
lia dysfunction. Plasmafibrinogen level representsa
strong cardiovascular risk factor and it isregulated by
interplay of genetic and environmental factors. Fibrino-

genisanimportant coagulation protein that isinvolved
inthemesh like network of thecommon blood cl ot!*!.
The prothrombotic factor fibrinogen and
proinflammatory factor HCy play avita roleinthe cau-
sation of cardiovascular disease among diabetic sub-
jects. Inflammatory response appearsto be over acti-
vated in diabetes. Leucocytes are major mediators of
inflammation. They aso contributeto theoxidetivestress
associated with diabetes.

Reportshave pointed out that the actua causes of
death among the diabeticsare usage of tobacco, physi-
cd inactivity, manutrition, excessveuseof a cohal, etc.
Inthe present study theimpact of lifestyleintervention
(physical activity) on the inflammatory biomarkers
among young, middle and older aged diabetic subjects,
livingin Thanjavur town, Tamil Nadu hasbeen investi-
gated.

EXPERIMENTAL

For the present study, only the mal e subjectswere
selected. The age groups sel ected were 35-45, 46-55
and 56-65 years and categorized asyoung, middieand
old aged diabetic subjects. All the human volunteers
wereissued with aquestionnaireto determinethedigi-
bility for participationin the study. Thequestionsdlic-
ited vital information on age, body weight, height, exer-
cise, habits, hedth status, smoking habit, acohol intake
and the use of dietary supplements. Physically active
diabetic subjectswith the habit of waking for at |east
30min/ day or 2 daysoncewereincluded for thein-
vestigation. Writteninformed consent was obtained from
al theparticipantsof the study after providing sufficient
explanation for participation in the study. The blood
samplewascollected from thesubjectsusingthemethod
described by NCCL S, The blood was collected by
venousarm puncturein heparinized and unheparinized
tubes after an overnight fasting.

Plasmaand serum were separated by centrifuga-
tion at 1300 x g for 15 min and stored at 4°C until
analysisfor inflammatory biomarkers. The CRPwas
estimated followingthemethod of Singer et d.. When
aCRPlatex suspensonismixed with serum containing
elevated CRPlevelsonadide, clear agglutinationis
seen within 2 minutes. The Hcy was determined by
ELISA method 8. Protein-bound Hey isreduced to
freeHcy and enzymatically converted to S-adenosyl-
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L-homocysteine[ SAH] in aseparate procedure prior
to theimmunoassay. The enzymeis specificfor theL -
formof Hey, whichistheonly form presentintheblood.

ThePlasmafibrinogen was estimated using thety-
rosinemethod devel oped by Shaw*. Fibrinogenwas
convertedto fibrinand the clot was separated from the
plasma. Theclot was hydrolyzed by boiling with so-
dium hydroxide and tyrosinewas measured. Theblue
colour devel oped was measured in aspectrophotom-
eter at 630 nm. Thetotal leucocyte count was deter-
mined by haemocytometry method as described by
Becton-Dickinson®!, Theglacid acetic acid lysed the
red cellswhilethe gentian violet dightly stained the nu-
clel of theleukocyte. The blood specimenwasdiluted
to 1:20inaWBC pipettewith thediluting fluid and the
cellswerecounted under low power of the microscope
by using acounter chamber. Thenumber of cellsinun-
diluted blood wasreported asthe number of whitecells/
cu.mm of wholeblood. Thevalues are expressed as
Mean + Standard Deviation. The values between pa-
rameters and age Groups were anayzed by oneway
andyssof variance(ANOVA) using SPSSverson12.0
for windows.

RESULTSAND DISCUSSION

Thelevelsof CRPinthediabetic subjectsand physi-
caly activediabetic subjectsareshownin TABLE 1. It
can beinferred fromthetablethat thelevelsof CRPis
elevated sgnificantly [P<0.01] among thediabetic sub-
jectscompared to thewal king diabetic subjects. Acute
phase responses are associated with T2DM and the
mechanism by which atherosclerosisisaccel erated in
T2DM includesmediation by acute phaseproteinsthem-
selves. CRP causesexpression of endothelia adhesion
moleculesand chemoattractantsand mediates|ow den-
sity lipoprotein [LDL] uptake by macrophages. CRP
bindstotheLDL particlein atherosclerotic plaqueslead-
ing to activation of complement thus being
proinflammeatory and contributingto atherogeness. CRP
maly also increaseischemic tissue damage by comple-
ment dependent mechanism and ti ssuefactor produc-
tion by macrophages®! .Dehghan et d .1 supported the
hypothesi sthat serum CRP enhancesthe devel opment
of diabetes. Radhikaet al.[?2 confirmed the presence
higher levelsof CRP among thediabetic South Indians.
Similarly asignificant increasein CRPlevelswasob-
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served inthe present study among diabetic subjects.
Regular physical activity made an gppreciableimprove-
mentininsulinsengtivity and hyperglycemia, among dia-
beti c subjects. Regular exercise suppressed the pro-
duction of CRP. Weight lossreduces CRPlevels. Ex-
erciselevelsareinversely associated with CRP con-
centrationg®.

It can beseenfromthe TABLE 2 that thelevelsof
Hcy wassignificantly elevated [ P<0.01] anongtheold
diabetic subjects[32.57+1.60] compared to the physi-
cally active diabetic subjects. Walking wasfound to
significantly declinethelevelsof Hcy among thedia-
betic subjects, of all age groups [11.50+0.55;
12.29+0.76 and 12.13+0.71 respectively]. Narang et
a . suggested that €l evated plasmatotal HCy may be
arisk factor for cardiovascul ar diseasesamong dia-
betic subjects. Elevated HCy promotes oxidative dam-
age by ROS and causes smooth muscle proliferation.
The increased risk of cardiovascular diseases with
hyperhomocysteinemiaisindependent of other risk fac-
torssuch aslipid abnormalities. Tawakol et a.? re-
ported that putative mechanismsof atherothrombosis
in hyperhomocyste nemiaindudeenthothdid cdl injury,
endothelial dysfunction, increased vascular smooth
muscle cell growth, increased platel et adhesi veness,
enhanced LDL oxidation and depositioninthearteria
wall and direct activation of coagulation cascade.
Hyperhomocysteinemiamay bedirectly linked to en-
dothelial dysfunction.An elevated HCy level among
T2DM subjects as found in our study predicted the
cardiovascular risk and vascular damage, among dia
betic subjects. Physicaly activewalking digbeticsin our
study showed significantly declined levelsintheinflam-
meatory biomarkersindicating theanti-inflammetory ef-
fect of physicd activity.

It can beinferred from TABLE 3 that theleve sof
fibrinogen were significantly elevated [P<0.01] inall
aged diabetic subjects. Wa king habit showed signifi-
cant decline[Fvalue—26.27; P<0.01] in fibrinogen
levelsto near normal [275.00+13.78, 310.00+10.00
and 290.42+17.90 respectively]. Lowe!®! cautioned
that elevated plasmalevel sof inflammation biomarker
fibrinogen asastrong factor for al causesof death. As
for coronary artery diseaserel ated death the emerging
risk factor, e evated fibrinogen levelsshow associaion
with cardiovascular mortdity. InT2DM, fibrinogenlevels
increased with age among men?® as observed in our
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TABLE 1: Effect of walkingon C reactiveprotein levelsamong
young middleand old aged diabetic subjects

TABLE 2: Effect of walking on homocysteinelevelsamong
young middleand old aged diabetic subjects

Groups Agegroups N MeantSD F-value P Value Groups Agegroups N MeantSD F-value P Value
Normal Control 20 4.26+0.18 Normal Control 20 12.25+0.97
young 16 1.89+0.09 young 16 13.76+0.62

Diabetic subjects middle 20 2.23+0.21 1015.38 0.001[0.01] Diabetic subjects middle 20 16.51+1.50 216.37 0.001[0.01]
old 14 2.84+0.14 old 14 21.79+1.19
young 16 0.96+0.04 young 16 11.50+0.55

Eihaf;ﬂ'igjcgc‘g middle 17 1.02:012 229.15 0.001[0.01] z?gs&ﬁi”igf;‘g middle 17 1229+076 137  0.265[NS]
old 12 4.62+0.26 old 12 12.13+0.71

Values are meanstSD

TABLE 3: Effect of walking on fibrinogen levels among
young middleand old aged diabetic subjects

Values are means+SD

TABLE 4 : Effectsof walking on WBC count among young
middleand old aged diabetic subjects

Groups Agegroups N MeantSD F-value P-value Groups Agegroups N MeantSD F-value P-value

Normal Control  20282.45+29.70 Normal Control 20 4.26+0.18
young  16302.44+19.54 young 16 5.83+0.42

. . . ; 0.001 Diabetic . 0.001

Diabetic subjects middle 20382.50+17.73 123.88 [0.01] subjects middle 20 6.30£0.20 271.96 [0.01]
old 14402.50+16.26 Old 14 6.51+0.21
young  16275.00+13.78 young 16 4.20+0.23

Physically active ; 0.001 Physically active . 0.001

disbetic subjects middle  17310.00+10.00 26.27 [0.01] disbetic subjects middle 17 4.41+024 8.03 [0.01]
old 12290.42+17.90 old 12 4.62+0.26

Values are means+SD

study. Hencefibrinogen can be considered clearly asa
marker of cardiovascular risk.

It may be seen from TABLE 4 that the WBC count
wass gnificantly elevated [ P<0.01] among the diabet-
icsof dl agescompared to thenorma range between 5
and 6. Diabeticswith the habit of walking showed near
normal of WBC values [4.20+0.23; 4.41+0.24 and
4.62+0.26]. Ruggiero et a .1 reported that WBC count
asamarker of systemicinflammation and anindepen-
dent risk factor for cardiovascular and cerebrovascular
events. Accordingly WBC count is considered as a
biomarker of inflammatory processesthat actively con-
tributeto vascular injury and atheroscleross. Theclose
associ ation between WBC count and both micro and
macro vascular complicationra sesthe hypothesisthat
inflammation may beacommon linkingfactor. In sup-
port of thisnotion, theinflammatory processisrecog-
nized to be amajor component of atherosclerosi .

Mononuclear leucocytesarerecruited to thesite of
endothelial injury and form foam cellsin the plague.
Activation of neutrophil leadsto changesin the rheo-
logical propertiesand adherenceto theendothelium, all
of whichleadto capillary plugging and tissueischemia
Furthermore, variouscytokinesand growth factorssuch
asinterleukinsand tumour necrosisfactor arereleased

Values are means+SD

from activated | eucocytesto cause endothdid dysfunc-
tion'®. In addition activated | eucocytes rel ease super-
oxideradica sand proteases, which promote oxidative
stress. Taken together, it is plausible that low grade
chronicinflammatory responseinteract with other risk
factors, leading to widespread vascul ar damage, en-
dothdia dysfunction, increased oxidativestressandin-
creased production of growth factorsand cytokinesto
cause micro and macro complication in T2DM pa-
tientd®). The excesschronic oxidative stress produced
inthe hyperglycemic state by the activated leucocytes
explainsthe mechanism of increased oxidativeinjury
associated with heart diseasein diabetes.

Thus, we conclude from the present study, that
WBC count isan inflammatory biomarker for cardio-
vascular risk among T2DM subjects. Physical activity
might affect the WBC count viathebeneficial effect of
exerciseontheinnate and adaptiveimmunity. Regular
exercisemight positively impact therelease of anti in-
flammatory cytokines, T helper 1/ T helper 2imbal-
ance and neutrophil, natural killer cell and macroph-
agesactivity. Even household related physical activity
showed a significantly low level of inflammatory
biomarkers fibrinogen, CRP, HCy and WBC count.
Physicdl activity wasfound to beinversely associated
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with WBC count. Fonescaet al.®Y suggested that ex-
erciseimproved endothelial functionin diabetic sub-
jects.

CONCLUSION

Diabetesisachronic diseaseincreasingin explo-
sivepatterninIndiaand Thanjavur isnot an exception
toit. Changesin socio-economic pattern and lifestyles
may beimportant in addition to susceptible genesfor
the causation. Our studiesareintended to find out the
impact of lifestyleintervention walking ontheinflam-
matory status, among diabetic subjects residing in
Thanjavur town. The present study on inflammation
markers showed that higher C reactive protein, Ho-
mocystei ne and fibrinogen besidesWBC count inthe
old diabetic peopleindicating that inflammation triggers
progression of atheroselerosis. Theoveral study indi-
cated that regular walking augmented normd hedthand
thebiomarkersindicated that thiskind of lifestyleinter-
vention could help in achieving the management and
control of diabetes.
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