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Background: First degree relatives (FDR) of type 2 diabetic (T2D) are predisposed for type 2 diabetes
mellitus (T2DM) which accelerates cardiovascular aging. Pulse wave analysis (PWA) gives non-invasive
measurement of central hemodynamics like central blood pressure (cBP), cardiac output (CO), stroke
work (SW) and vascular stiffness like pulse wave velocity (PWV) and augmentation index at heart rate 75
(AIX@75).
Objective: To study PWA derived cardiovascular parameters in FDRs of T2D as compared to controls.
Materials and methods: We enrolled 117 FDRs of T2D and 117 matched controls for a cross-sectional study.
We performed PWA using Mobil-o-Graph (IEM, Germany) by oscillometric method to derive
cardiovascular parameters which were compared and correlated for significance. P value less than
0.05 was considered statistically significant.
Results: Gender, age, height, weight, body mass index (BMI), physical activity were comparable between
groups. FDRs of T2D had significantly higher blood pressure (brachial-systolic 125 vs 118, diastolic 80 vs
77, mean 100 vs 96 mmHg and central- systolic 113 vs 105, diastolic 82 vs 79, pulse pressure 31 vs 28
mmHg), SW (98 vs 90 g m/bt), rate pressure product (RPP- 113 vs 107), PWV (5.14 vs 4.89 m/s), AIx@75 (30
vs 27) than control. Dependant variables correlated with brachial BP more than age or anthropometric
variables. Result did not differ by maternal or paternal inheritance in case group.
Conclusions: Young, sedentary, non-obese FDRs of T2D have adverse cardiovascular profile which is
suggested to worsen before or with onset of T2DM and definitely need attention for life style modification
as primary prevention.
© 2017 Published by Elsevier B.V. on behalf of Cardiological Society of India. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

blood pressure (cBP), cardiac output (CO), stroke work (SW), rate
pressure product (RPP) and vascular stiffness parameters like

Rise of type 2 diabetes mellitus (T2DM) with worrying future
trend for world and India’ is known so as the concept of early onset
of diabetes.? Positive family history is most significant and
independent predisposing factor for T2DM.? It is thought to be,
sometimes, a disease of vascular aging with hyperglycemia as late
manifestation. Cardiovascular aging is early and accelerated once
T2DM ensues,” but whether is it a risk for the same in young first
degree relatives (FDRs) of type 2 diabetics (T2D), remains a
question. It more so probable if FDR of T2D is sedentary,” living
stressful life. It can be measured non-invasively by pulse wave
analysis® under headings of hemodynamic parameters like central
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augmentation pressure (AP), pulse wave velocity (PWV) and
augmentation index (Alx). We tested the hypothesis of early
cardiovascular ageing in young FDRs of T2D as compared to
matched controls.

2. Materials and methods
2.1. Study design and subjects

We conducted a community based observational study at
clinical research laboratory of Physiology department of a
government medical college attached to tertiary care teaching
government hospital from 18th June 2015 to 25rd April 2016. Prior
approval for the study was taken from institutional review board
and each participant gave written informed consent. We enrolled,
using convenience sampling method, from our institute total 482
apparently healthy subjects with known parental history of T2DM
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and hypertension. After scrutiny we finally had 117 subjects as first
degree relatives (FDR) of type 2 diabetic taken as case group. We
excluded subjects with family history of hypertension from current
study. Of remaining participants, we set to make a control group of
117 subjects matched to case group by age, gender, BMI and
physical activity, but with negative family history of T2DM
[Fig. 1].

2.2. Inclusion and exclusion criteria

We included FDRs T2D, aged 15 to 35 years, of either sex, not
known for any disease, not taking any medical treatment
(including anti-diabetic medication), living sedentary life style,
ready for written consent. We excluded subjects known to have
T2DM, aged more than 35 years or less than 15 years, having
hypertension, any acute or chronic cardiovascular diseases,
denying written consent, having any disease or drug history,
current or ex-smokers or tobacco chewers, trained athletes,
subjects using of any alternative system of medicines/life style
managements like yoga and mediation. We excluded one subject
from analysis after pulse wave recording due to irregular pulse
wave rhythm. Criteria for control group were similar as above
except absence family history of T2DM.

2.3. Initial assessment and definitions

We personally interviewed all subjects before enrolment. It was
in the form of questionnaires including general features, demo-
graphic characteristics, height, weight, disease history, drug
history, life style intervention used, intake of tea, coffee, alcohol
or meal, sleep history and family history of T2DM and hyperten-
sion.

Diabetes mellitus was defined as per the American Diabetes
Association criteria 2014.”

First degree relative of T2D was defined as subject having either
a parent or a grandparent having known T2DM.

Systolic blood pressure less than 140 mmHg and diastolic blood
pressure less than 90 mmHg were defined as controlled blood
pressure.

2.4. Instrument used® "0

We used portable, PC attached, calibrated and validated
instrument Mobil-o-Graph (IEM Gmbh, Stolberg, Germany) owned
by Physiology department to record brachial pulse wave. It
performs pulse wave analysis based on Oscillometric method.
Arterial pulsation generates the pressure oscillations, which are
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Fig. 1. Study subjects selection-flow chart.

transmitted to blood pressure cuff and measured by transducer to
be fed into microprocessor. Computerized software records pulse
wave from brachial artery and by a transfer factor derives central
aortic pulse wave. It further undergoes point based and area based
analysis by computer to derive various cardiovascular parameters.

2.5. Measurement protocol

A blood pressure cuff of appropriate size was chosen based on
mid arm circumference (small, medium or large) and applied to
left arm using standard protocol. All readings were taken after
10 min of rest, in post absorptive phase with subjects avoiding
smoking or alcohol for 12 h before the test, in a calm room avoiding
external influences or arm movement.

2.6. Parameters measured

1) Heart rate (HR), body mass index (BMI), body surface area (BSA)

2) Brachial blood pressure (bBP) — systolic (bSBP), diastolic
(bDBP), pulse (bPP) and mean (bMBP)

3) Central blood pressure (cBP) — systolic (cSBP), diastolic (cDBP),
pulse (cPP)

4) Central hemodynamics- cardiac output (CO), cardiac index (CI),
systemic vascular resistance (SVR)

5) Arterial stiffness- augmentation pressure (AP), augmentation
index at heart rate 75 per minute (AIx@75), reflection
magnitude percentage (Ref%), pulse wave velocity (PWV)

2.7 Parameters derived

1) Rate pressure product (RPP)!! — (heart rate per minute) x
(systolic blood pressure) x 1072

2) Stroke volume (SV) - cardiac output/heart rate

3) Stroke volume index (SVI) - stroke volume/body surface area

4) Stroke work (SW)'?- (pulse pressure) x (stroke volume)
x 0.0144

5) Total arterial stiffness (TAS)'>- pulse pressure/stroke volume

2.8. Statistical analysis

Sample size was calculated by Raosoft software (Raosoft, Inc.
free online software, Seattle, WA, USA). To have 95% confidence
level and 5% precision, a sample size of 138 (Considering either
parent diabetic for each subject, size is halved to 62) for population
of the city 6 lakhs with 8.7% prevalence of type 2 diabetes mellitus
in Asian region'® was adequate. The data was transferred on Excel
spreadsheet and descriptive analysis was expressed as mean 4
standard deviation until specifically indicated. All calculations
were done by Graph Pad in Stat 3 software (demo version free
software of GraphPad Software, Inc. California, USA) and MedCalc
Statistical Software version 16.4.3 (MedCalc Software bvba,
Ostend, Belgium; https://www.medcalc.org; 2016). We calculated
the statistical significance of differences in mean distribution of
various parameters between various groups by Mann-Whitney test
or unpaired Student’s t-test for quantitative data and by Normality
test for qualitative data. Spearman’s correlation test was used for
correlation between parameters — parametric or nonparametric.
Statistical significance level was set at p < 0.05.

3. Results

Case and control group were comparable in age (mean 22 years)
and gender (68 males, 49 females in each), with matched height
(mean 163 vs 162 cm),weight (mean 58.86 vs 58.38 kg), BMI (Mean
2213 vs 22.14kg/m?), BSA (mean 1.62 vs 1.61m?) and physical
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Table 2
comparison of baseline data and study parameters between individuals with
paternal history and maternal history of type 2 diabetes mellitus in case group.

Table 1
Comparison of baseline data and study parameters between case and control group.
Parameter Case group (n=117) Control group p value
(n=117)
Age, years 21.97 +5.48 21.72 +5.47 0.473
M/F (no.) 68/49 68/49 1.000
Height, cm 163.26 +14.29 162.33+9.71 0.675
Weight, kg 58.86 +£13.42 58.38 £12.90 0.842
BMI, kg/m? 2213+4.21 22.14+4.22 0.902
BSA,m? 1.62+0.22 1.61+0.21 0.863
Physical activity (no.) 5/117 4/117 1.000
Brachial BP
SBP, mmHg 124.52 +11.63 117.97 £9.22 0.000°
DBP, mmHg 80.11+8.86 76.81+9.83 0.033
MBP, mmHg 99.63 +12.08 95.72+723 0.000°
PP, mmHg 43.62+10.85 40.59 +8.44 0.012°
HR, bpm 90.91+13.04 90.42 +12.73 0.769
RPP, mmHg.bpm 113.46 +20.94 106.87 + 18.41 0.012°
Vascular stiffness
AP, mmHg 7.29+3.21 5.35+2.60 0.000°
Ref (%) 61.12+714 59.64 £6.83 0.107
AIx@75 (%) 30.21+9.96 26.83+9.78 0.009°
PWV, m/s 514+043 4.89+0.38 0.000°
TAS, ml/mmHg 0.81+0.19 0.79+0.17 0.352
Central BP
cSBP, mmHg 113.05+10.25 105.22 + 14.60 0.000°
cDBP, mmHg 81.79+8.81 79.06 +7.37 0.028"
cPP, mmHg 31.06 +7.33 27.61+£6.56 0.000"
Central
hemodynamic
CO,L/min 4.86 £0.56 4.65+0.55 0.002"
PR,mmHg/mL 1.25+0.11 1.25+0.12 0.915
CLL/min/m? 3.02+0.41 2.92+0.41 0.075
SV,ml/beat 54.37 +£9.42 52.48 +10.28 0.031
SVI, ml/m?/beat 33.78+0.43 32.82+6.18 0.164
SW,g m/beat 98.09 +22.21 89.56 +20.93 0.001"

BMI=body mass index, BSA=body surface area, SBP=Systolic blood pressure,
DBP =diastolic blood pressure, MBP=mean blood pressure, PP=pulse pressure,
HR = heart rate, AP =augmentation pressure, Ref=reflection percentage Alx@75 =
augmentation index at heart rate 75 beats per minute, PWV = pulse wave velocity,
TAS =total arterial stiffness, cSBP =central systolic blood pressure, cDBP = central
diastolic blood pressure, cPP=central pulse pressure,CO=cardiac output,PR=
peripheral resistence, Cl=cardiac index, SV =stroke volume, SVI=stroke volume
index, SW = stroke work.
" indicates statistical significance.

activity (5 vs 4 out of 117 in each group) (Table 1). This matching
was possible as per selection scheme presented in Fig. 1. Case group
had higher values of parameters encompassing brachial blood
pressure, vascular stiffness, central blood pressure and central
haemodynamics as compared to control group, with all but 5
having statistical significance (Table 1).

The case group of FDR of T2DM, when sub grouped based on
maternal versus paternal heritance of disease, showed that most of
the parameters had no statistically significant difference between
them (Table 2).

In simple and multiple linear regression models we checked
correlation between dependant parameters and independent
parameters in each group separately.

Correlation of vascular stiffness parameters revealed that age,
height showed correlation significant only in simple linear
regression. PWV showed most consistent positive correlation in
either group with age. In case group, PWV correlated positively and
significantly with weight, SBP, DBP, MBP, and negatively and
significantly with PP. In control group PWV correlation with co-
variates lacked significance in multiple linear regression model. AP,
only in case group correlated negatively with DBP, HR and
positively with SBP, having statistical significance. AIx@75 in
either group, showed significant positive correlation with HR in
either regression model (Table 3).

Correlation of central hemodynamic parameters revealed that
height, weight, BMI, MBP and PP correlated with cPP, CO and SW

Parameter FDR with Paternal ~ FDR with maternal P value
FH+(n=70) FH+(n=41)
Age, years 21.79+£5.18 2212+5.75 0.917
M/F (no.) 45(25 21/20 0.230
Height, cm 164.61 +10.02 160.68 4+ 10.01 0.139
Weight, kg 60.82 +13.30 55.56 +13.70 0.018
BMI, kg/m? 22.47 +4.36 21.47 +4.08 0.174
BSA,m? 1.64+0.22 1.57+0.22 0.056
Brachial BP
SBP, mmHg 124.24 +12.07 124.614+11.58 0.876
DBP, mmHg 80.76 +8.43 78.54+9.47 0.116
MBP, mmHg 99.27 +13.68 99.73 +£9.77 0.462
PP, mmHg 42.43 +11.91 45.63 +8.27 0.131
HR, bpm 90.23 +12.78 91.90 + 13.50 0.516
RPP, mmHg.bpm 112.51 +£21.64 113.93+23.24 0.747
Vascular stiffness
AP, mmHg 7.03+3.12 7.95+3.28 0.154
Ref (%) 60.91 +£6.49 61.66 +8.39 0.603
AIX@75 (%) 29.73+9.86 31.59+9.73 0.338
PWV, m/s 5124045 5.15+0.41 0.732
TAS, ml/mmHg 0.79+0.20 0.85+0.17 0.119
Central BP
cSBP, mmHg 112.794+10.30 113.02 +10.84 0.908
cDBP, mmHg 82.49+8.38 80.59 +£9.49 0.164
cPP, mmHg 30.27 +7.46 32.444+6.78 0.130
Central hemodynamic
CO,L/min 4.79+0.57 4.93 +0.54 0.216
PR,mmHg/mL 1.27 £0.11 1.22+0.11 0.027
CILL/min/m? 2.93+0.37 3.16 £ 0.45 0.007"
SV,ml/beat 53.90+8.34 54.89+10.94 0.976
SVI, ml/m?/beat 33.01+5.71 34.59 +6.61 0.196
SW,g m/beat 97.03 +20.60 99.15 +24.87 0.629

FDR =First degree relative, FH family history, rest similar to Table 1.

only in simple linear regression model. SBP (positively) and DBP
(negatively) correlated significantly, in either model, in majority
with cPP, CO and SW, in both groups, more consistently in case than
control. Heart rate correlated significantly and negatively with cPP
and SW in both group, positively with CO with significance only in
case group (Table 4).

4. Discussion

Type 2 diabetes mellitus is modern epidemic with India as one
of its epicenters.”” Early onset, rapid progression, delayed
detection, poor disease control, poor management, lack of self
awareness are the features of our T2D."® Positive family history is
one of the potent but non-modifiable risks to develop T2DM,?
more so with stress, sedentary life style and ignorance of possible
primary prevention. Progeria (premature aging) in young and
middle aged individuals is a feature of Insulin resistance and
increased adipokine production,'® which is possible before onset of
type 2 diabetes mellitus. With the trend of early onset T2DM,? one
can predict progeria early in the course in T2DM. FDR of a T2D is at
risk for the same. Cardiovascular aging is one of the determinants
of lifespan'® and this is early and accelerated in T2D and their
siblings. Pulse wave analysis provides a measure to mark this
cardiovascular change with sensitivity and specificity. These
parameters are affected by age, gender, height, weight, BMI,
ethnicity, profession, physical activity.'” Having all these con-
founders matched, we studied PWA derived cardiovascular
parameters in FDRs of T2D as compared to controls.

We found significantly higher peripheral (brachial) and central
(aortic) blood pressure in FDRs of T2D as compared to controls. As
such similar study from our regions is not noted but FDRs of T2D
have abnormal sympathovagal balance and cardiovascular profile
even at young age.'® Raised blood pressure indicates vascular
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Table 3

Correlation between parameters of vascular stiffness (as dependant variables) with other parameters (independent variables) in study and control group using simple and

multiple linear regression models.

Parameter Regression type Case group-r (p value) Control group-r (p value)
PWV AP Alx@75 PWV AP Alx@75
Age SR 0.40 (0.000) —-0.02 (0.813) —0.07 (0.449) 0.28 (0.003) —0.12 (0.192) —0.16 (0.080)
MR 0.85 (0.000) 0.11 (0.917) 0.02 (0.831) 0.81 (0.000) 0.03 (0.771) 0.03 (0.814)
Height SR 0.23 (0.012) —0.20 (0.031) —0.47 (0.000) 0.33 (0.000) —0.04 (0.0636) —0.24 (0.009)
MR 0.67 (0.486) —1.62 (0.108) —0.14 (0.153) —0.16 (0.089) —0.17 (0.072) —0.17 (0.080)
Weight SR 0.43 (0.000) 0.01 (0.910) —0.22 (0.018) 0.38 (0.000) —0.05 (0.575) —0.14 (0.130)
MR —0.20 (0.037) —0.68 (0.498) —0.17 (0.083) 0.15 (0.122) 0.11 (0.234) 0.11 (0.252)
BMI SR 0.37 (0.000) 0.13 (0.179) 0.04 (0.703) 0.24 (0.008) —0.02 (0.792) 0.02 (0.818)
MR 0.15 (0.124) 0.77 (0.445) 0.13 (0.162) —-0.19 (0.051) —0.12 (0.230) —-0.12 (0.199)
SBP SR 0.78 (0.000) 0.24 (0.009) —0.01 (0.989) 0.73 (0.000) 0.16 (0.077) 0.06 (0.551)
MR 0.95 (0.000) 2.78 (0.007) 0.10 (0.286) 0.06 (0.530) 0.01 (0.894) —-0.02 (0.824)
DBP SR 0.45 (0.000) —-0.15 (0.102) 0.04 (0.696) 0.41 (0.000) —0.20 (0.032) 0.04 (0.664)
MR —0.21 (0.030) —2.03 (0.045) —0.02 (0.870) 0.07 (0.497) 0.02 (0.874) 0.05 (0.610)
MBP SR 0.69 (0.000) 0.06 (0.505) —0.00 (0.989) 0.64 (0.000) —0.01 (0.914) 0.04 (0.652)
MR 0.32 (0.001) —-0.32 (0.751) —0.07 (0.484) —-0.03 (0.723) —0.10 (0.291) 0.63 (0.000)
HR SR 0.13 (0.159) —0.04 (0.699) 0.57 (0.000) 0.00 (0.982) —0.01 (0.942) 0.60 (0.000)
MR —-0.16 (0.110) —2.06 (0.042) 0.48 (0.000) —0.08 (0.414) —0.08 (0.384) 0.63 (0.000)
PP SR 0.45 (0.000) 0.45 (0.000) 0.05 (0.610) 0.40 (0.000) 0.40 (0.000) 0.10 (0.2714)
MR —0.39 (0.000) 0.60 (0.552) —0.01 (0.893) 0.07 (0.484) 0.03 (0.757) 0.04 (0.707)

SR- simple regression, MR- multiple regression, significant correlations are highlighted bold.

Table 4

Correlation between central hemodynamic parameters (as dependant variables) with other parameters (independent variables) in study and control group using simple and

multiple linear regression models.

Parameter Regression type Case group-r (p value) Control group-r (p value)
cPP co SW cPP co SW
Age SR 0.07 (0.440) 0.07 (0.430) 0.05 (0.562) —0.03 (0.713) —0.07 (0.449) 0.01 (0.904)
MR 0.18 (0.058) 0.23 (0.019) 0.22 (0.023) 0.20 (0.337) 0.06 (0.508) 0.06 (0.530)
Height SR 0.13 (0.172) 0.29 (0.002) 0.41 (0.000) 0.20 (0.032) 0.40 (0.000) 0.45 (0.000)
MR —0.11 (0.264) 0.06 (0.533) 0.05 (0.592) —0.15 (0.113) 0.07 (0.460) 0.01 (0.923)
Weight SR 0.23 (0.013) 0.31 (0.001) 0.33 (0.000) 0.17 (0.075) 0.24 (0.010) 0.27 (0.003)
MR 0.06 (0.560) 0.05 (0.632) 0.04 (0.684) 0.16 (0.107) —0.02 (0.822) 0.04 (0.696)
BMI SR 0.20 (0.032) 0.20 (0.034) 0.15 (0.119) 0.09 (0.336) 0.06 (0.554) 0.06 (0.557)
MR —0.00 (0.977) —0.04 (0.703) —0.01 (0.917) —0.15 (0.110) 0.02 (0.841) —0.03 (0.741)
SBP SR 0.52 (0.000) 0.77 (0.000) 0.73 (0.000) 0.448 (0.000) 0.75 (0.000) 0.669 (0.000)
MR 0.65 (0.000) 0.58 (0.000) 0.76 (0.000) 0.09 (0.351) 0.15 (0.118) 0.20 (0.037)
DBP SR —0.25 (0.006) 0.28 (0.003) 0.25 (0.007) —0.28 (0.003) 0.22 (0.184) 0.31 (0.001)
MR —0.62 (0.000) —0.25 (0.008) —0.25 (0.009) 0.08 (0.415) —0.13 (0.168) —0.15 (0.112)
MBP SR 0.15 (0.105) 0.58 (0.000) 0.56 (0.000) 0.11 (0.237) 0.55 (0.000) 0.55 (0.000)
MR —0.00 (0.986) —0.01 (0.888) 0.01 (0.889) —0.05 (0.649) 0.09 (0.368) 0.01 (0.306)
HR SR —0.05 (0.620) 0.22 (0.015) —0.44 (0.000) —0.05 (0.610) 0.11 (0.145) —0.49 (0.000)
MR —0.25 (0.008) 0.23 (0.015) —0.87 (0.000) —0.34 (0.006) —0.40 (0.677) —0.83 (0.000)
PP SR 0.80 (0.000) 0.57 (0.000) 0.52 (0.000) 0.79 (0.000) 0.59 (0.000) 0.10 (0.000)
MR 0.05 (0.572) —0.06 (0.538) —0.07 (0.468) —0.00 (0.995) —0.09 (0.341) —0.11 (0.239)

SR- simple regression, MR- multiple regression, significant correlations are highlighted bold.

ageing, reduced arterial compliance and increased arterial
stiffness'® that becomes even more important considering type
of matching done and young age of study groups. Cardiac output,
peripheral resistance, heart rate was not significantly different
between groups. But we used two derived parameters of central
hemodynamic, namely rate pressure product'? and stroke work'>
and found that case group revealed significantly raised value of
these two which indicates the extra load on heart and
cardiovascular system. Apart from cardiac aging, vascular aging,
evident as increased stiffness is also a risk with genetic
predisposition to T2DM.?° It is even more reliable than blood
pressure as it measures the vascular compliance and is more
stable variable. FDRs of T2D had raised pulse wave velocity (PWV)
which indicates central (aortic) arterial stiffness and raised

Alx@75, which indicates peripheral (local) arterial stiffness.?!
PWV was dependant on and correlated with peripheral blood
pressure more than AIx@75 which is contrasting to others but it is
in line with the fact that AIx@75 is more useful marker of vascular
stiffness in younger subjects, like ours, than PWV.?? Most

parameters correlated with brachial blood pressure, which is in
line with previous study results?' indicating usefulness of
brachial blood pressure as a simple gold standard cardiovascular
screening test. Age, height, weight and BMI correlated poorly with
central hemodynamic and vascular stiffness parameters as
opposed to others,'”?">3> who found them significant. This may
be due to Asian ethnicity,?* mean low BMI?>® and mean low age'”
as compared to others. We did not find any significant difference
of test parameters within case group, based on whether they had
paternal or maternal positive family history of T2DM. This is in
contrast to few?® who found females with maternal history more
at risk than the rest. This accelerated ageing of cardiovascular
system in FDRs of T2D can be explained by slowed endothelial
function, increased stiffness despite normal blood sugar and
pressure, reduced arterial compliance and decreased compliance
of peripheral arteries.?” All these are seen in young adults of
T2DM parents?’ and supports the fact that anatomical change
may be late?” and screening can detect early changes of
subclinical disease.
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Being an offspring of a diabetic parent is one of the most
significant individual risk factors,? which cannot be modified. It is
more so due to not only common genetic sharing but also common
cultural-environmental factors,?® whose interaction predispose to
T2DM which is showing a trend of ever increasing early onset.
Sharing a house with T2DM may offer expected benefits also for
improved risk profile for cardiometabolic disorder due to improved
health behaviour and closer contact to health care system but this
hypothesis fails most of the time.?® Parameters like RPP, PWV
indicate cardiovascular risk which can be used amongst at risk
FDRs not only for screening but also for diagnosis and prognosis.>°
Accelerated cardiovascular aging, preceding incident T2DM, may
be a link of metabolic syndrome or insulin resistance that
progresses to hypertension'® with its possible aftermaths in years
to come. Screening for the same is possible with tool like PWA and
parameters like PWYV, with life style modifications and other
primary preventions being there to be offered to individuals at risk.

5. Limitations of study

We had a moderate sample size and cross sectional study which
needs further consolidation by large scale vertical study. We intend
for follow up of these subjects after five years for next assessment.
We did not opt for measurement of biochemical parameters and
few untraditional risk factors.

6. Conclusion

We found young, non-obese, sedentary FDRs of T2D to have
early vascular aging and abnormal hemodynamics as compared to
matched controls, dependant on blood pressure with a need of
follow up study and implementation of primary prevention by life
style modifications to slow, if not to stop, its aftermaths in years to
come.
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