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Abstract

Introduction and Objective: Preclinical diabetes has been associated with cardiovascular morbidity and mortality in Indian
population. The current study was conducted to screen out preclinical diabetes (impaired fasting glycemia and impaired glucose
tolerance) and assess serum lipids as atherogenic risk factor for future cardiovascular complications. We compared serum lipids
in subjects with IFG and IGT to find out the high risk population so that early interventions can be done to prevent future
cardiovascular morbidity and mortality.

Materials and Methods: 200 non-diabetic apparently healthy subjects were selected for the study. 75g oral Glucose tolerance
test (GTT) was performed in all of them, plasma glucose levels were estimated by GOD-POD method. Based on criteria by
American Diabetic Association they were divided in four groups: Group | Normal fasting Glucose/Normal glucose tolerance
(NFG/NGT, n=70), Group Il isolated Impaired fasting glucose (ilFG, n=34),Group Il isolated Impired glucose tolerance (ilGT,
n=38), Group IV Impaired fasting glucose and IGT(IFG/IGT, n=54).Serum cholesterol, Triglycerides and HDL were estimated in
the morning fasting samples from all the subjects and compared among the groups.

Results: The current study showed that Serum LDL and Triglycerides were significantly higher and serum HDL is significantly
lower in prediabetic subjects (ilGT, ilIGT, IFG/IGT) when compared with Control subjects (NFG/NGT). Also Serum LDL was
significantly higher in those with iIGT and IFG/IGT as compared to those with ilFG thus increasing atherogenic risk in ilIGT
subjects. Also it was observed that Serum LDL, TG and HDL do not show significant changes between those having ilGT and
IFG/IGT. Also these levels were comparable in those with ilFG and NGT. A positive correlation is also found between serum
lipids and other known cardiovascular risk factors like BMI, Systolic blood pressure and Rate pressure product in prediabetic
subjects.

Conclusion: This suggested that ilGT subjects having raised LDL, TG and low HDL were at a higher risk of atherogenesis and
future coronary heart diseases (CHD), hence can be targeted for early dietery, lifestyle and pharmacological interventions to
prevent future risk of CHD.

Keywords: Impaired fasting glycemia (IFG), Impaired glucose tolerance (IGT), Low density lipoprotein (LDL), Triglycerides
(TG), High density Lipoprotein (HDL), Coronary Heart Disease (CHD).

Introduction

India is home to 72 million diabetics, second only
to China which is home to 114 million diabetics in 2017
as per data of International Diabetes Federation. IFG
and IGT are preclinical conditions to diabetes mellitus
which along with its fatal macrovascular complications
mainly coronary heart disease (CHD) is one of the
leading causes of mortality and morbidity in the Indian
population. Hence it is important to screen the
population for preclinical diabetes by performing oral
Glucose Tolerance Test (GTT) and assessing the risk
factors for future diabetes and its cardiovascular
complications at an early stage so that necessary
lifestyle, dietary and medical interventions can be done
to prevent future morbidity and mortality. Though both
IFG and IGT are risk factors for future DM and
coronary heart disease, IGT has been more consistently
associated with metabolic syndrome increasing risk for
CHD in various studies.** However association of IFG
with future cardiovascular complications is still
unclear.*>7 There are evidences showing that decreased
HDL and raised LDL and triglycerides have been

consistently associated with increased risk of CHD by
increasing plaque formation, inflammation, endothelial
damage, thrombosis and affecting vasomotion.8® In the
current study we have attempted to find out serum
lipids as atherogenic risk factor for future CHD in
various prediabetic groups (ilFG, ilGT, IFG/IGT) to
identify the high risk population. Further we have tried
to find out the correlation between serum lipids and
other cardiovascular risk factors like body mass index
(BMI), systolic blood pressure, plasma glucose and
Rate pressure product (RPP) in various prediabetic
groups.

Materials and Methods

Study Design: A cross sectional study was conducted
on 200 non diabetic apparently healthy subjects aged
30-70 years. A detailed history and examination was
done and subjects with history of known cardiovascular
disorders, liver and renal dysfunction, thyroid disease,
pregnant and nursing females, smokers and those with
any acute or chronic illness were excluded from the
study. An informed written consent was obtained from
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all the participants and details of procedure were Group 11 Isolated impaired glucose tolerance (ilGT)
explained to them in the local language. Institutional with FPG<100mg% and 2hPG>140mg% but less than
Ethics committee approval was obtained and as per the 200mg%.

guidelines by World Medical Declaration of Helsinki
study was conducted.

Glucose and lipid estimation and classification of
subjects: After an overnight fasting morning blood
samples were collected for fasting plasma glucose and
lipid estimations followed by 75g oral GTT. Four
subjects with fasting plasma glucose (FPG)>126mg%
and 2 hour post challenge glucose levels
(2hPG)>200mg% were defined to have diabetes and
excluded from the study. Serum cholesterol was
estimated by cholesterol oxidase peroxidase method,
triglycerides were estimated by GPO-ESPAS enzymatic
method and HDL by HDL-PEG-PAP precipitation
method using Glaxo estimation kits. LDL was
calculated using Friedewald’s formula. All biochemical
estimations were done by Miura biochemical fully
automatic (Trans Asia biomedical limited model: Erba
XL-640, Mumbai) in the biochemistry laboratory, GMC
Surat.

Based on criteria by American Diabetic
Association, the subjects were divided into four groups
based on their FPG and 2hPG values as follows:

Group I: normal fasting glucose/normal glucose
tolerance (NFG/NGT) with FPG<100mg% and
2hPG<140mg%.

Group Il: Isolated IFG (ilFG) with FPG >100mg% but
<126mg% and 2hPG< 140mg%.

Results

Group IV: IFG/IGT with FPG>100mg% but <126mg%
and 2hPG>140mg% but <200mg%.

Other Parameters: Height and weight were measured
to calculate BMI using formula weight (kg)/height (m?).
Heart rate (HR) and BP were measured after 10 minutes
of supine rest. Rate pressure product (RPP), which is an
index of myocardial risk factor and a known
cardiovascular risk parameter was calculated using
formula:

RPP = HR x systolic BP/100.

Statistical Analysis of Data

Statistical software SPSS version 16 was used for
statistical analysis of data. Serum HDL, TG, LDL,
BMI, FPG, 2hPG, SBP, DBP and RPP were expressed
as Mean+Standard deviation. For the purpose of
statistical analysis, data were assessed for normal
distribution and variables were compared in the four
group using one way ANOVA and post-hoc test.
Pearson’s correlation analysis was done to find out
correlation between serum TG, HDL and LDL with
other variables like BMI, SBP and RPP. Simple linear
regression analysis was done using Serum TG and LDL
as dependent variable and RPP, a known cardiovascular
risk factor as independent variable in all the four
groups. P value<0.05 was considered as statistically
significant.

Table 1 Age, BMI and cardiovascular parameters (Systolic BP, Diastolic BP, Heart rate and RPP) among the

groups

Variables NFG/NGT ilFG iIGT IFG/IGT p
n 70 34 38 54 -
Age (years) 48.6 +8.6 50.6 +9.8 51.1+9.1 54.8 +8.6™% | 0.002
BMI (kg/m?) 21.3+3.1 22.7+31 24+39" 245+47°% | 0.000
SBP (mmHg) 1213 +9.0 1215+111 1249+99 126.4 + 11.17% | 0.023
DBP (mmHg) 79.2+509 80.0 + 6.3 80.7 +6.1 822+7.0° 0.075
Heart rate (opm) 74.2+6.8 85.1+7.1™ 86.1+8.1™ 89.0 +10.6™* | 0.000
RPP (mmHg/min) 90.2+12.3 | 1035+ 13.6° | 107.4+12.3" | 113.1+20.87# | 0.000

(The p<0.05 was statistically considered significant. The * mark indicates comparison with NFG/NGT group and
the # mark indicates comparison with ilFG group. *p<0.05, **p<0.01, ***p<0.001, *p<0.05, #p<0.01, ##p<0.001.
NFG/NGT: Normal fasting glucose/normal glucose tolerance, ilFG: Isolated impaired fasting glucose, ilGT:
Isolated impaired glucose tolerance, IFG/IGT: Impaired fasting glycemia/impaired glucose tolerance, BMI: Body
mass index, SBP: Systolic blood pressure, DBP: Diastolic blood pressure, RPP: Rate pressure product)

Table 2: Fasting plasma glucose, 2 hour plasma glucose and Serum lipids (HDL, LDL and Triglycerides)

among the groups

Variables NFG/NGT ilFG iIGT IFG/IGT
(n=70) (n=34) (n=38) (n=54)
FPG (mg %) 84.3+8.4 1139+ 7.2™ 89.4 + 6,0"###ITT 114.8+6.3™
2 h PG (mg %) 119.0+11.6 129.1+6.5™ 164.4 + 16.0""## 168.6 + 15.9™"
HDL (mg/dl) 452 +9.2 41.3+74 415+85" 422 +7.4"
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LDL (mg/dl) 117.7 +32.2 119.2 + 30.8 135.1 + 33.9™# 133.9 + 23.9"#
TG (mg/dl) 129.5 + 34.9 132.8 + 31.0 149.9 + 35.9" 1515 + 28.3™

(The p<0.05 was statistically considered significant. The * mark indicates comparison with NFG/NGT group, the #
mark indicates comparison with ilFG group and T mark indicates comparison with ilGT group. *p<0.05, **p<0.01,
***n<0.001, #p<0.05, #p<0.01, ##p<0.001, Tp<0.05, Tp<0.01, ""p<0.001. NFG/NGT: Normal fasting
glucose/normal glucose tolerance, ilFG: Isolated impaired fasting glucose, ilGT: Isolated impaired glucose
tolerance, IFG/IGT: Impaired fasting glycemia/impaired glucose tolerance, WBC: White blood cell, FPG: Fasting
plasma glucose, 2 h P: 2 hour post-challenge glucose values.)

Table 3: Bivariatecorrelation of serum HDL with BMI, SBP, RPP in four groups

NFG/NGT (n=70) ilFG (n=34) iIGT (n=38) IFG/IGT (n=54)

r p r p R p r P
BMI -0.18 0.13 0.08 0.66 -0.05 0.76 0.13 0.34
SBP -0.19 0.11 0.14 0.42 0.13 0.44 0.24 0.08
RPP -0.22 0.07 0.16 0.36 -0.29 0.08 0.18 0.19

(*p<0.05 was statistically considered significant. NFG/NGT: Normal fasting glucose/normal glucose tolerance,
ilIFG: Isolated impaired fasting glucose, ilGT: Isolated impaired glucose tolerance, IFG/IGT: Impaired fasting
glucose/impaired glucose tolerance, BMI: Body mass index, SBP: Systolic blood pressure, RPP: Rate pressure
product)

Table 4: Bivariatecorrelation of serum LDL with BMI, SBP, RPP in four groups

NEG/NGT (n=70) ilIFG (n=34) ilGT (n=38) IFG/IGT (n=54)

r p r p R p r P
BMI 0.44 0.00* 0.78 0.00* 0.34 0.03* 0.32 0.12
SBP 0.46 0.00* 0.36 0.04* 0.53 0.00* 0.36 0.01*
RPP 0.46 0.00* 0.33 0.06 0.39 0.02* 0.34 0.01*

(*p<0.05 was statistically considered significant. NFG/NGT: Normal fasting glucose/normal glucose tolerance,
ilIFG: Isolated impaired fasting glucose, ilGT: Isolated impaired glucose tolerance, IFG/IGT: Impaired fasting
glucose/impaired glucose tolerance, BMI: Body mass index, SBP: Systolic blood pressure, RPP: Rate pressure
product)

Table 5: Bivariatecorrelation of serum TG with BMI, SBP, RPP in four groups

NFG/NGT (n=70) iIFG (n=34) iIGT (n=38) IFG/IGT (n=54)

r p r p R p r P
BMI 0.48 0.00* 0.67 0.00* 0.26 0.12 0.32 0.02*
SBP 0.41 0.00* 0.37 0.03* 0.36 0.03* 0.38 0.01*
RPP 0.44 0.00* 0.42 0.01* 0.49 0.00* 0.33 0.02*

(*p<0.05 was statistically considered significant. NFG/NGT: Normal fasting glucose/normal glucose tolerance,
ilIFG: Isolated impaired fasting glucose, ilGT: Isolated impaired glucose tolerance, IFG/IGT: Impaired fasting
glucose/impaired glucose tolerance, BMI: Body mass index, SBP: Systolic blood pressure, RPP: Rate pressure
product)

Table 6: Simple linear regression analysis with serum LDL as dependent variable and RPP as independent
variable in all 4 groups

Group Model Unstandardized Standardized t Significance
Coefficients Coefficients
B Std. Error Beta

NFG/NGT Constant 8.27 25.66 0.32 0.75

(n=70) RPP 1.21 0.28 0.46 4.30 0.00*
Regression Equation: Serum LDL=8.27 + 1.21 (RPP)

iIFG Constant 41.87 39.42 1.06 0.30

(n=34) RPP 0.75 0.38 0.33 1.98 0.06
Regression Equation: Serum LDL=41.87 + 0.75 (RPP)

iIGT Constant 18.68 45.83 0.41 0.69

(n=38) RPP 1.08 0.42 0.39 2.56 0.02*
Regression Equation: Serum LDL=18.68 + 1.08 (RPP)
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IFG/IGT Constant 89.20 17.22 5.18 0.00*
(n=54) RPP 0.40 0.15 0.34 2.64 0.01*
Regression Equation: Serum LDL=89.20 + 0.40 (RPP)

(*p<0.05 was statistically considered significant. RPP: Rate pressure product, NFG/NGT: Normal fasting
glucose/normal glucose tolerance, ilFG: Isolated impaired fasting glucose, ilGT: Isolated impaired glucose
tolerance, IFG/IGT: Impaired fasting glucose/impaired glucose tolerance)

Table 7: Simple linear regression analysis with serum TG as dependent variable and RPP as independent
variable in all 4 groups

Group Model Unstandardized Standardized t Significance
Coefficients Coefficients
B Std. Error Beta

NFG/NGT Constant 15.85 28.19 0.56 0.58

(n=70) RPP 1.26 0.31 0.44 4.07 0.00*
Regression Equation: Serum LDL= 15.85 + 1.26 (RPP)

iIFG Constant 34.49 38.28 0.90 0.37

(n=34) RPP 0.95 0.37 0.42 2.59 0.01*
Regression Equation: Serum LDL=34.49 + 0.95 (RPP)

iIGT Constant -4.71 45.86 -0.10 0.92

(n=38) RPP 1.44 0.42 0.49 3.39 0.00*
Regression Equation: Serum LDL=-4.71 + 1.44 (RPP)

IFG/IGT Constant 101.11 20.52 4.93 0.00*

(n=54) RPP 0.45 0.18 0.33 0.02*
Regression Equation: Serum LDL=101.11 + 0.45 (RPP)

(*p<0.05 was statistically considered significant. RPP: Rate pressure product, NFG/NGT: Normal fasting
glucose/normal glucose tolerance, ilFG: Isolated impaired fasting glucose, ilGT: Isolated impaired glucose
tolerance, IFG/IGT: Impaired fasting glucose/impaired glucose tolerance)

Table 1 depicts mean and standard deviation of
different variables in all four groups. Age of the
subjects was comparable in all the four groups (except
in the IFG/IGT). BMI was significantly higher in ilGT
and IFG/IGT as compared to NFG/NGT and ilFG
groups. There was no significant difference among four
groups for SBP and DBP (except in the IFG/IGT). HR
and RPP were significantly higher in pre-diabetic
subjects compared to NFG/NGT group.

Table 2 depicts that serum HDL level was
significantly lower in pre-diabetics as compared to
NFG/NGT group. While, serum LDL and TG level was
significantly higher in ilIGT and IFG/IGT group
compared to NFG/NGT group. Further, the serum LDL
level was significantly higher in ilGT and IFG/IGT
groups compared to ilFG group.

Pearson’s correlation analysis depicts that there
was no significant correlation of BMI, SBP and RPP
with serum HDL in all four groups. While BMI, SBP
and RPP had significant positive correlation with serum
LDL and serum TG in all four groups, more so in
NFG/NGT group (Exception: no significant correlation
of serum LDL with BMI in IFG/IGT group and serum
LDL with RPP in ilFG group) [Table 3, 4, 5].

Table 6 depicts simple linear regression of serum
LDL and RPP and table 7 depicts simple linear
regression of serum TG with RPP. Both LDL and TG
were found to be an independent atherogenic risk factor

for future cardiovascular complications in all four
groups except LDL in ilFG group.

Discussion

Dyslipidemias characterized by raised triglycerides
(TG) and LDL and decreased HDL have been
positively associated with plaque formation, endothelial
dysfunction, atherogenesis and future cardiovascular
complications.>*3 In prediabetics due to insulin
resistance oxidized LDL and triglycerides rich
lipoproteins increases which leads to endothelial
accumulation and uptake by macrophages to form foam
cells which promotes fatty streak formation.*%* Also
they enhance recruitment and attachment of monocytes
by increasing Tumour Necrotic Factor-alpha(TNF),
Interleukin-1beta(IL-1), chemotactic proteins, cellular
adhesion molecule-land matrix metalloproteinase-3
which decreases flow mediated vasodilatationthus
leading to atherosclerosis.® They also suppress
atheroprotective and anti-inflammatory effects of HDL
by blocking sterole efflux from monocytes. Various
studies have shown that dyslipedemias and other
cardiovascular risk factors like hsCRP, IL-1, WBCs and
other inflammatory markers start increasing in
prediabetics even before onset of clinically evident
diabetes.!* Studies have shown increased cardiovascular
risk factors like elevated Resting heart rate, rate
pressure product (RPP), decreased heart rate variability
(HRV) in first degree relatives of type 2 DM. Hence the
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current study has been undertaken to study the lipid
profile in prediabetics and compare Serum LDL, TG
and HDL in IFG and IGT groups to assess the
atherogenic risk profile and find out the high risk group
for future cardiovascular complications, so that early
interventions can be done to prevent future risk of
Coronary heart disease in them. Also we have
attempted to study the association between serum lipids
and other cardiovascular risk factors like raised BMI,
Blood pressure and Rate pressure product in various
prediabetic groups. It was found that BMI, Heart rate,
pulse pressure and serum LDL and Triglycerides were
significantly higher in prediabetics as compared to
control. Also serum LDL was found to be significantly
higher in iIGT and IFG/IGT groups as compared to
ilIFG group. Correlation analysis showed that serum
LDL and TG were significantly positively associated
with BMI, SBP, RPP in all four groups except that no
correlation of LDL and BMI is found in IFG/IGT
groups and LDL with RPP in ilFG group. Linear
regression analysis showed that serum TG and LDL are
independent risk factors for future cardiovascular
complications with RPP (a known cardiovascular risk
factor) as independent variable in all four groups except
for LDL in ilFG group.

Various previous studies have distinctly associated
prediabetes (defined as IFG and IGT) with future risk
of coronary heart disease (CHD). Tominga et al (1999)
in  Fungata diabetes study,> DECODE study
group(2001)® and Blake et al(2004)! have positively
associated IGT with increased risk of CHD in western
population. Pan et al(1993) found similar associations
in Chinese population.* However studies associating
IFG with future CHD showed conflicting results
Levitzky et al(2008) and Kim et al(2013) have
positively associated IFG with risk of CHD in women
and men respectively.>8 Whereas Blake et al(2004)and
Hashemi et al(2008)have not found any correlation
between IFG and increased risk of CHD.Y" In 1990
Haffner et al found raised LDL, TG, fasting glucose,
insulin, BMI, BP and decreased HDL in prediabetics in
Mexican population and attributed this atherogenic risk
profile to insulin resistance and hyperinsulinemia.'*
Chakarova et al (2009) associated both IFG and IGT
with  increased cardiovascular risk  which s
characterised by significant atherogenic changes in
serum lipids and hsCRP.!! Also they found that those
with IGT has significantly higher TG, free fatty acids
and lower HDL-c as compared to IFG group making it
a higher prediabetic risk group for future cardiovascular
complications similar to newly diagnosed Diabetics.
These findings are consistent with our results. Wien et
al (2010) suggested a 16 week ADA diet with 20%
energy derived from almonds (20 oz per day) to
improve markers of insulin sensitivity in prediabetics
thus reducing the risk of atherogenesis in them.®
Thiyagarajan et al(2012) found elevated heart rate,
altered cardiac autonomic functions, raised total

cholesterol, LDL-c, TG to HDL-c ratio, oxidative stress
and inflammatory markers like hs CRP, TNF alpha in
IFG subjects as compared to control making them more
prone for future cardiovascular complications in Indian
population.t” Similar results were found in our study
too. Lorenzo et al(2013) difference in lipoprotein and
apolipoprotein B by a more sophisticated method like
nuclear magnetic resonance(NMR) spectroscopy in IFG
and IGT group and found increased cardiovascular risk
in IGT group due to difference in degree of insulin
resistance which also supports our findings.*® Kansal et
al (2016) also screened population for prediabetes
(IFG/IGT) by performing Glucose tolerance test(GTT)
and found that total cholesterol(TC), LDL, TG, VLDL,
TG/HDL ratio were significantly higher in prediabetics
and suggested pharmacotherapy and lifestyle
modifications in them to decrease future cardiovascular
risk in Indian population.®

Limitations: Specific inflammatory markers like
hsCRP, TNF alpha etc, oxidative stress markers and
cardiac autonomic function tests have not been done in
the current study to specifically define the higher
cardiovascular risk group. Therefore further
longitudinal follow up studies should be conducted on
larger population to predict and control atherogenic risk
in prediabetic population.

Conclusion

With the established fact that prediabetics are
having higher risk of future cardiovascular morbidity as
compared to normal population, it can be concluded
from our study that ilGT and IFG/IGT groups have a
significantly higher atherogenic risk profile due to
difference in insulin sensitivity as compared to ilFG
group amongst prediabetics. Hence it is important to
screen out prediabetics from general population by
performing oral GTT so that we can identify the high
risk group (ilGT and IFG/IGT) and early dietery,
lifestyle and pharmacological interventions can be done
in them to prevent future cardiovascular morbidity and
mortality in Indian population.
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